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;\ ABSTRACT 

I, ~ INRESB-3D-SUPII (PC version) is a general purpose program written in FORTRAN and 

containing about 30,000 statements. While the PC and supercomputer versions have identical 

functions, PC solution capacity is limited by ~ts_'IIl~n:~ 
,......--'~ 

INRESB-3D-SUPII is suitable for analyzing elastic and inelastic building systems subject 

to static loads, dynamic forces, multi-component earthquake motion, and pseudo-static cyclic 

loads. Also, the program is capable of calculating inelastic post-buckling behavior of steel 

members and systems, natural frequency, and spectral response analysis. A joint-based system 

is used to define the geometry of a structure. Structural members may be elastic 3D prismatic 

beams, nonlinear reinforced concrete shear walls, nonlinear springs, inelastic 3D-beam-column 

elements, finite-segment elements, and nonlinear bracing elements. -~ . 
, --'-

INRESB-3D-SUPII has five main functions. They are 1) elastic static analysis with 

multiple load cases based on control program SaLOl; 2) elastic or inelastic analysis of a 

structure subjected to multiple ground acceleration (one-, two-, or three-dimensional seismic 

input) based on SOL02; 3) calculation of either natural frequencies and mode shape or buckling 

load and mode shape for an elastic structure based on SOL03; 4) calculation of nonlinear static 

cyclic response for a given loading pattern which consists of joint loads, imposed displacements 

or element loads for based on SOL04; and 5) calculation of maximum response for an elastic 

structure subject to pseudo-dynamic force obtained from the response spectrum based on SOL05. 

INRESB-3D-SUPII pertains to analysis of building systems above ground level. Any 

connection with basements is treated as a boundary condition fixed, hinged, or with a spring. 

Detail instruction of using the program is published in Civil Engineering Study Structural 

Series 96-3, INRESB-3D--SUPII, User's Manual. 
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OPERATION PROCEDURE 

INRESB-3D-SUPII is written in FORTRAN and contains about 30,000 statements. In its PC 

version, this program comprises five independent programs: SOLOI (FEMl), SOL02 (FEM2), 

SOL03 (FEM3), SOL04 (FEM4), and SOL05 (FEM5). Five BAT flies, LIl, LI2, LI3, LI4, and 

LI5, show the information needed to construct each program. These files are: 

LIl.BAT 

LINK FEMI + SOLOI + HYST12 + ELE09 + STRUCT + ELELIB + MATLIB + MAELI 

+MAEL2+ELEOl +MATOI +SKYLIN /ST:OXlOOO 

LI2.BAT 

LINK FEM2+S0L02+SOL02A+HYST12+ ELE09+ STRUCT+ELELIB+MATLIB+ 

MAELI + MAEL2 + ELEOI + MATOI + SKYLIN /ST:OXlOOO 

LB.BAT 

LINK FEM3+S0L03+S0L03A+HYST12+ELE09+STRUCT+ELELIB+MATLIB+ 

MAELI +MAEL2+ELEOl +MATOI +SKYLIN /ST:OXlOOO 

LI4.BAT 

LINK FEM4+S0L04+S0L04A+HYST12+ELE09+STRUCT+ELELIB+MATLIB+ 

MAELI +MAEL2+ELEOl +MATOl +SKYLIN /ST:OXlOOO 

LI5.BAT 

LINK FEM5 +SOL05 +SOL05A + HYST12+ ELE09+STRUCT+ ELELIB+ MATLIB+ 

MAELI +MAEL2+ELEOl +MATOI + SKY LIN /ST:OXlOOO 
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c ••••••••••••••••••••••••••••••• ••• ••••• •••••••••••••• .. ················CFEMI0010 
CPEHI0020 

PROGRAM FEM ANALYSIS OP S'!"R.UC"l'URES CFEMI0030 
C CFEMI0040 
C .............................. ••••• ..... •••••••••••• .. ···················CFE!"II0050 
C CPEMI0060 
C NOTE: USE IM PClRTVS2 CCliPILl!JI. OPTION ArJ'TODBl.(DBLPAD4) CPEMI0010 
C TO CCliPIL.E THIS PROO:!l.»l IN DOUBLE PRECISION CFEHIOOao 
C CFEMIDD"O 
C NOTE: USE IBM FORTVS2 CCMFIl.ER OPTI01'I OPT(2) CFEHIOI00 
C TO OPTIMIZE THE COOE POR FA.STD: EXECtrrlON CFEMI0110 
C CPEMI0120 
C •••••• • •••••••••••••••••••••• ••••• ••• ••••••••••••••••••••• .. ···········CFEMI0130 

CHAR.lC'I'ER.80 OPTIaN,INPUT,BIJ.NX PEMI01f.0 
CHARAC'I'ER.8 TII'lEl,DATEl PEMI0150 
CHARACTER· 1 CHll (0: 25) PEMI0160 
LOOICAL TES'T,HEAIl r AJo:I1oJ.. PEl'll 0170 

SI}llCL1.1DE:' tCCHN' PEMI0190 

/ATA CHll/:~:: :~:: :~:: :g:::r: :~:; :;:: :~:: :~:: :~:: :~:: :;:: :~:I ;~=~~~~~ 
c 
C··············· .. · .. ··········· 
C·· ECHO THE INPUT. 
C····························· 

1·55 
L-O 

51995 READ(105,('(A)'),END·951516) INP\1T 
IP (INDEX (INPrJ'T, 'NOECMO') .NE, 0) GO TO 9996 
I·J·l 
L·Lo l 
IF ( J.G'r .55 ) THEN 

WRITE(lOB,51994) (KX,KX·l, B) 
1-0 

ENDIF 
W1UTElIOB,99511) L,INPLlT 
IF (INDEXlINP!JT, 'STOP' ) .EQ,O) GO TO 9995 

99514 FaRIol,\T ('1 ECHO OF UIPI.1r DAT-' '11 
'- 1)(,J)(, • LINE ',8 ('. .',11, 'o'q 

951517 FClIUU'T (lX,I7,': ',A) 
515196 REWIND1105) 
C 

C.···················· .. ······· 
C·· INITIALIZE DATA . 
C··· .. •·····•·····•·•······· .. ·· 

c 

'fITl.E(l)·· • 
TITl.E(2)·· , 
BL.\NX ." 
BUG •. PALSE 
DOUBLE •. PA.LSE. 
IBUC·O 
M.U:EDp·24 
HO(I) ·1 
DO I I·OJ, (M,\XfDP .. l) 
MD(I)·~(I-l) .. (]·ll 

a·o 
<10 READ(lOS,.,END·I000) OPTION 

RATI'Z.·10 0 . "REAl.. ( IZ) IREA.L (IUlCZ) 

C .. •••••••••••••••••••••••••• 
C .. • DEPINE THE OTROCTURE ••• 

C····· .. ····················· 

c· 

IF ONDEX(OFTIClN, 'STR').NE 0) "THEN 

a·l 
TITLE(l)·' , 
TITLE(2)·' , 

GRAV·l!6 .4 
READ(105,·,END·I00(l) 1ITL.E(l) 
CA.LL TIDU('TIliEl,DATEI) 
WRITE(TITL.E!l) (80:),45) 'TIMEl,DA'TEl 
RATIZ·IOO "REAL(IZ) (REAl.(MAXZ) 
Wll.ITE(· ,52) , BULIDING STRUCT1.lJU.L HODEl. 

IZ,RATIZ 
WRITE(",51) TITLE(l) (1'70) 
CALL S'TROC"I' 
IZREL·IZ 
RJ.TIt·lOO .• REAL (IZ) IREAL(MAXZ) 

c················ .. ······ .. ·········· 
C·· DEFINE THE LOADING AND SOLVE •• 

C .. ••••••• .. ••••••••••••••••••••••••• 

c 

ELSE IF (INDEX(OPTION, ·SOl.') NE.O) THEN 
READIl05,·,END·IOOO) TITl..E(2) 
CALL TIDJ.E('Tl~I,DATEl) 
WRITE (TI'TLE (2) (80.) (45) TIMEI,DATE! 
WRI TE (. ,52)' SOLVING S1'ROC"'l't.JR},l. MODEL -

IZ,R.A.TIZ 
WRITE(·,51) 'l'11L.E(1l (1:10) 
WRITI!(·,Sl) 'TITLE (2) (l 10) 
CALL SOUl(OP'l'ION) 
IUTIZ·1 00 .• REAl.. (Iz.) IltEAl.(MAXZ) 

C················· .. ················ 
C.· S"TOP. END OP PROGRAM 

c····· .. · .... ········· .. ··············· 

c 

ELSE IF (INDEX (OPTIO:N, 'STOP') .NE.O) 
WRITE(" ,52) , NORM.U. STOP 

IZ,RATI'l. 
STOP 

THEN 

c·············.········· .......... ··. 
C·· REJo.D REStJLTS FRCIoI INP!JT FILE ••• 
C······················· ........ ·.··. 

c 

ELSE IF (INDEX (OPTION, 'READ') NE ,0) 'THEN 
CALL GETINT(OPTION, 'UNIT·',IUNIT,O, TRUE ,.TRUE ) 
CALl. GE'rlNT(OPTION, ·INC·',INC ,l, 'IlUn:.,.FAl..SE,) 
If' (IUNI'l' GT,O) THEN 

'I'i1l.ITB.(·,5;J) , READING DATA FRO'! PILE 
IZ,IUTlZ 

10PT·4 
CAU. DKPDAT{tOPT,IWRITE,TO,DT) 
GO TO 140 

ENDlP 
RA,lZ·100 'REAL(IZ) IRE,\LrMAJ(zl 

C····· .................. . 
C·· SET BUG OPTI~ C········· ............... . 

150 

c 

ELSE IF (TEST(OPTION,'BUG·',.FALSE.)) THEN 
C\l..L GE1C){R(OPTION,'SOO··,IW'trr, TRUE., PAl..SE) 
IBUG·O 
WRITE (OPTION, 160) INPIJT (1·10) 
DO 150 I·O,2l 

IP (TES'TCINPtJT,CHR(II, FALSE )) lBOO·I8SET(IBUG,I) 
CONTINUE 
PQRI9,.T ('BUG·', A) 
WRITE(" ,52)' SET BOG OPTION 

Il,RATIZ 
WRITE(' ,51) OPTION(l :10) 
WRl'!'El10B(51) 'SET Bue OPTION. 
WRITE[IOB,51) OPTION(1:10) 

C·· .. ••••••••••••••••••• .. • 
C·· SET BUG OPTI01'l 

C .. •• .. •••••••••••••••••••• 
ELSE IF (INDEX(OFTION, 'BUG').NE 0) THEN 

WRITE(',51) I'SE"T 8UG OPTION ·IIOPT!(lN(l:51l) 
BOO· TRUE 
IF (nmEXiOPiION, -NaBUG') NE 0) BUG· FALSE 

C············· .. ········ .. ·············· .. · 
C·, RELEASE IiEHORY FROM LAST SOUJI'ICIN •• 

c··············· .. ····················· .. · 
ELSE IF (INDEJ(IOP'TION, 'RE!.fASE'i.NE 0) 

P£HI0210 
F£1110220 
P£KI0230 
F£!"IIO:UO 
F£KI02S0 
PEPU0250 
PEI'II0210 
FE!'UO<lBO 
PEI1102g0 
PEMI0300 
PEMI0310 
PEI110320 
FEI"II0330 
PEI110340 
FEI'II03S0 
PEI110360 
FEMI0310 
F£11103BO 
PlMI0390 
FEI'II0400 
P'D\10410 
PEMI04:i!O 
P!MI0430 
F£MI0440 
PEMI0450 
PEI'!10460 
F'E1'!1041 0 
FEM10480 
PEI'!l0490 
PKKI0500 
PEI'IIOSI0 
PEKI0520 
PEHI0530 
P£:1'I10540 
PEMI0550 
P£:1'!10560 
PEHIOS10 
PEHIOSBO 
FEl".ll 05 51 0 
PEI110600 
FEI'II0610 
FEI'l10620 
F£11106l0 
FEJ110640 
PEMI0650 
FEMI0660 
PEMI0670 
PEIIII0680 
PEI'!10690 
FEKI0700 
F£I'Il(l110 
PEHI0120 
F!MI01l0 

- - -". PEI'I.I0740 
PEI110150 
121110160 
1"2HI0710 
P211l0780 
P!HI07510 
FEMlOloO 
FEI110UO 
PEMIOB:il:O 
PEI110830 
FEI'IIOB40 
FEMlOB50 
PEMI0B60 
P£1110a70 
F£lIIl0aaO 
PEMI08510 
PEHI0900 
PE!'n05l10 
PEI'II0920 
FEMI09l0 
FE"'10940 
FEMI0950 
PEMI05l60 
FEI'II05l10 
PEKI05l80 

."', FEKI05l5l0 
FEI111000 
FEMlIOIO 
FEHlI020 
PEHI10JO 
PEMII040 
PEMII050 
PEMll060 
PEI'l1l070 
FEl'IllOBO 
P£HI1090 

'FEMl1100 
FEMI1110 
FEH11120 
FEHl1l30 
FEMllUO 
FEHlllS0 
PEHl1l60 
PEHlll70 
FEl'I.l1lBO 
PEHll190 
PEH11200 
FEMll2l0 
FEM:ll'il'ilO 
FEM1123D 
FEMl1240 
FEI111Ol50 
FEI'I11ll60 
FEH1l270 
PEM1l2BO 
FE!'!11Z90 
PEI'I1l300 
FEMIIllO 
FEMlll20 
FEJotllJlO 
FEM11140 
FEKlll50 
FEM1l360 
PEHl1370 
FE1'I11380 
PEMIIHO 
FEMl1400 
FEMll41D 
PEMIUOlO 
PEI11100 
FEMIIUD 
PEM1H~0 

PEI'!1146 0 

1 

l?o 

Wi:lTE (lOB ,52) '. 
Wi:ITE(',5Ol)' RELEASING MEMORY 
'ofRITEllCB,S2)' REl.L\SING I'IEMO~Y 
IF (INDEX (OM'laN, 'ELEMENT') .NE,O] THEN 
WRITE(lOB,52)' RESE'TING EUMEm' FORCES 
WRITE (10B,S2) , 

DO 11 0 IE~O·l, NELMT 
LSTTYp·O 
HEAD •. F-'LSE. 
C;\ll El..ELIB 

(13 ,t.SrTYP, ,FALSE., IREL, HEAD, INPIJT, EESE, EPSE, D).MAGE, DlICPA.G, 
IE~, IEUlOl", KGDOF ,PGECI1, 20 ,A.XI1oJ..,IWDSF,I'Z.DLOA,MSTOR) 

PEMll410 
FEMIUElO 
PEH11490 
FEMll500 
FEKll510 
FEM1l520 
FEK115JO 
PEMll540 
FEM11550 
FEI'I11560 
PEM11510 
FEHl15BO 
FEH1l590 ELSE 

WRITE(l08,S2) '. 
ENDIF 

.• ' PEM11600 

c 

IZ·IZREL 
HACC ·0 
IZDACC·O 
IZDDSp·O 
IZDISp·O 
IZDLOIr.·O 
I ZDVEL· 0 
IZFUB ·0 
l2oLOAD·O 
IZVEL ·0 
RAT a·l 00, • REAL (l2oJ /REAL(MAIZ) 

C····· .... ············· .. · ...... ·········· .. ··· 
C·· SAVE MEMClI:Y POR A RESTART 

C······················· .. ··············· 

'00 

no 

El..SE IF (INDEX (OPTION, 'SAVE') ,NE.O) THEN 
WRITE(·,52)' SAVING DATA 

H,RATI:z. 
WRITE(-,S1) TITLE(I) (1:10) 
WRITE(·,5l) TITLE(a) (1:10) 
WRITc:(108,2001 
PClRMAT(5X, ' ........... WRITING DATA 1'0 UNIT PT051 ... u ••••• ) 

OPEN lUNIT·51, ACCESS· 'SEQUENTIA.L· ,S'TATUS· 'toornCMN' , 
F'QRJo!. 'UNFORHl.TTED' ) 

WRITE (9) TITLE 
WRITE(51) IZ ,lUlL, 

NDQp ,NC~ ,NFllEE ,mES1' ,HAXNOD,NHAT ,NP.lMr ,NNODE , 
NlJlJ.D ,NSOL.N ,HAlIEDP,1'!D,NC06,HAlIEI.D,NELD, 
IZ.ID ,IZIDOF,I'Z.CORD,HCOS ,I'l.OIST,IZMAT ,IULE, 
lz.JFl...O, I2.JCOS, 
I'l.JtE ,I'l.1.J1' ,I7.STIP,IZMtI ,IZl.AlD,I'l.DISP,IZIELD,l'l.EUl 

DO 210 J·l,IZ,256 
X·J. ass 
l·HIN(l,IZ) 
WRITE(9) (Z(I) ,I·J,K) 

Cl.l)SE (UNIT·g) 
RATIZ·IOO, • REAL (IZ) /JEAL(MAU) 

c············· .. ·· .. ······················ 
C·· RESTART PilOGR»l 
C······································· 

FEKlHilO 
FEMlli5~O 

F'EM116JO 
F'EMlI6f.0 
FEMlll!i50 
FEHIHi60 
PEMlll!i10 
PEI'I1l680 
FEM1l690 
FEMll700 
FEI'l1l110 
FEI'!11120 
Fnl11130 
FEM11140 
FEH1l7S0 
FEM1l160 
FEH1l770 
FEH1l7BO 
FEMl17510 
FEH11800 
FEMllBlO 
PEH1U~0 

PEHllEJO 
PEHllB40 
FEI111BSO 
FEHllB60 
FEMllB70 
FEl'!llBBO 
PEI'I1l890 
FEM11900 
PfM1l9 10 
FEM1l9;J:0 
PEH1l9l0 
PEM1l940 
Y!M1l5l50 
PE1'!115160 
F2Kll 51 7 0 
PEH1l5l80 
FEl"I119Sl0 
FEHI',;IOOO 
FEM12010 
PEK120 ~ 0 

WRlTE(",52)" RETRE'VING DATA ., PEM12030 

100 

no 

c 

" IZ,RA1'IZ 
El..SE IF (INDEX(OPTION, 'RESTART') .NE.O) THfN 

WRITE(109,lOO) 
FClRK-'T(5X,' ......... READING DATA FRCIoI UNIT "051 ......... ') 
OPEN(UNIT·51 ,ACCEss·' SEQUEm'IA.L· ,STATUS· 'Oll)', 

FORM· 'UNf'CJIUolA. T'fED ' ) 
RPAD (51) TITLE 
READ (51) 120 ,IZREL, 

NDQp ,NCOND ,NnEE ,NREST ,MAXNOD,NHAT ,NELMT ,NNODE , 
N1...CLUl ,NSOLN ,HAXEDF, KD,NCOS,HA.XELD,NELD, 
ItlD ,I'Z.IDOP,ItCORD, IZCOS ,IZOIST,IZMAT ,IZEI..E, 
IZJPLG, I2oJCOS, 
IZ.KE ,12-lJoI ,IZSTIF,I'Z.KI ,IZl...Q.l.D,IZDISP,IZlEUl,IZElJ) 

DO l10 J·l,IZ,256 
X·J· 255 
X·HIN(K, IZ) 
READ (9) (Z(I),I·J,K) 

CLOSE (UNIT·51) 
WRI'TE(" ,52)' DAn RE"ntElViD 

IZ,RATIZ 
WRITE(",SI) TIT1..Ell) 0:10) 
WRITE(· ,51) TITl.E(2) (1:70) 
UTn·l 00. ·R:&.U. (IZ) (i.EAL(M.\XZ) 

F:£M12040 
FEH12050 
FEM12060 
FEM12010 
PEH12080 
PEM12090 
FI!H12100 
PEM12110 

c··· .. ················ .... ············· .. ··· 

FEMlOi!120 
FEM12110 
FEM12140 
FEM12150 
FEM12160 
PEHI2110 
FEMIHBO 
FE1"I121510 
FEM12200 
FEH12210 
FEM12220 
FEMI2:i!30 
PEHIOJ240 
PEM122S0 
FEMl2260 
FEM12270 
FEHlZ2 BO 
PEMl2290 
PEI11Ol300 
PEM12310 
PEM12320 
PEI'l12JJO 
FEM12HO 
FEM12lS0 
FEM12J60 
FEM12370 
PEMl2JBO 
PEM12l90 
PEMU4DO 
FEMI'il410 
FEM12420 
F:£MU4l0 
FEMU440 
FEJoI12 II. 50 
FEHlOl460 
TIDA0010 
TIDA0020 
TIDAOOlO 

C·· INVALID OPTIa: 
c······································· 

ELSE 
IF (TEST(OFTION,·NOECHO'"FAl..SE ) ) GO TO 20 
IP (OPTION. EQ.8LANX) GO TO 20 
WRITE(IOB,JO) OPTION 
WRITE(·,SI) ('INVALID OPTION: '1IOPTICND:54) 

ENDIP 
GO TO ao 

45 FORMAT (' Tl!'!E. " A., " DATE. ',A) 
50 FClRMlr.T (AI,' SnOC"T'URE. ',A,/UI,' sourrlCN 
51 PaRMAT (lX,A) 

• ,A,/) 

52 POR/'lA.T (U,,'··--·,A4S,···,·,' IZ"',I1,' 1'IFM·',F6,3,'t;') 
30 FCIRJolA.T ('1 INVALID OPTION" ',A) 

110 PClRJll.AT (' ZMATRX(',II!i,'):',115,IP,G20 10,·,G20.10) 
1000 S'TOP 

END 

-. - - TAKE PlI.ESENr TIME AND DATE ... 

SUBROUiIN'E TIDIr.E(TlMEl ,DATE1) TIDA0040 
INTEGER" <: IY'R, IHON, IDAY, IHR, IHUI, I SEC, llO OTH TID-'OO 50 
CKARAC1'J!!R·B TIMEl,DATEI TIDA0060 
CALL ~E'TDAT(ln, IMON, IOAY) TIDA0070 
In.tYll.-15l00 TIDAOOEO 
CALI... Gn-TIM (I!iR , HUN, ISEC ,IlOOTH) TIOA005l0 
Wll.ITE (DArEl, ' (lOl, 11'1./, lOl, 11'1./,121 ') IHaN, IDAY, IYR jIDAOI00 
WRITE (TIMEl, '(12,lh.,1~,lh·,1~) ') IHR.,IMIN,lSEC TIDAOll0 

RET1..1RN TIDA0120 
ENtl TIDA0130 

C SOUi0010 
C .................................. •••• ••••••• ••••• •••• •••••••••• .. ·······SOLND020 
C SOU'10030 

SUBROUTINE SO~(OFTIO:N) SO~OO~O 
CHAJl.AC"l'ER·BO OPTION SOU'10050 

SINCUJDE. 'ZCCKN' SOU>l0060 
STEFID·' • SOl.)l1001O 

c 
C· .. ••••••••••••••••••••••• ... 
C· DETERMINE SOUT'l'ION NO •• 

C············ .. ·············· 
CAl..l. GE"rINr (OPTION, 'SOL· ,NSOUl,O, 'TRfJ"E.,. FALSE. ) 

c 
C·············· .. ········· 
C· CHOOSE THE SOLUTION ... c····· ................... . 

IF INSOLN,EO.1) TH:E:N 
CAl..L SOl.Ol 

ELSE IP (NSOu." £0.2) 
NL~·l 
HAXEW·O 
CAlL SOLO~ 

ELSE IF (NSOUI. EO l) 
Nl..QAD·l 
HA)(ELXl·o 
c.a.u. SOLD3 

EL.SE IF (NSOUl, EQ 4) 
NLQ>.I>-l 
au SOLO~ 

E:..sE IF (NSOt,J.1 EQ. 5) 
NLQAD·l 
M,\):ELD·O 
CALL S01..05 

THEN 

THEN 

THEN 

THEN 

SOl.)llOOBO 
SO~005l0 

SOl.)llOlOO 
SOl.J'ol0110 
SO~0120 

SO~OlJO 

SOLN0140 
SOU/OlS0 
SOU/0160 
SOLND110 
SOLNOIBO 
SOLNOl90 
SOLN0200 
SOLN0210 
SOLN0220 
SOLN02l0 
SOl.)ll0240 
SOUol02S0 
SOUl0260 
SO~0210 

SOlJli02110 
SOUl02510 
SO[JllOlOO 
SO[.t.lOll0 
SOlJllOJ20 
SOU.0330 



ELSE SOLNOJ40 
Wil.ITE(10~,·) 'INVALID SOLNII',NSO~ SOI.J.I0.3S0 
STOP 'INVALID SOLU'I'ION NUoI:B~' SO~0360 

END!F SOtNa.37C 
RF'TURN SOUlO 3 ~ C 
END S0Uo10390 

C MSOLOOIO 
C·"._ ••• _ ••• _ •••••• -_ ••• - ••• _ ••• _ •• - ...... - ••••• -.- - .... -_ ....... o. •• - ••• -- ·-MS01...(lO 20 
C HAiRIlI SOLUTION OF EQUATION UO.P, WHERE THE LIPPER TUJ.NGUl..U I"IA.TRIX MSOLOOJO 
C OP THE SnD-fI!!TRIC KATRa A IS STORED 8'!' sIC'iLINES. P IS STaRED AS A "501...(1040 
C FULL M.»r.'l'RIJ(. THE MAnn P IS REPU~ BY X AFTER BACK SUBSTIT'UlIOJIl MSOL0050 
C IS CQ{PLEATE BOTH A AND P ARE .\LTERED, •. . "SOL0060 
C GUYAl'J OPTION' IP ClU'!:'Al'J IS .TRUE. MASS MATRIX IS .u..so CONDENS'ED "80L0070 C-·······- _ .... -_ .. _ ... _ ... _ .. -._ ... _- -.-- ...... _.o.. -_ .................. _- -"MSOL.OO 80 

SUBROUTINE M50w.. (lOPT, PRIN'l',N, lKO, I..BOW,NLC,Ll ,L~,MD,A, P, FACT~, 1'1501.0090 
.. G!JYJ.N,HA5S,MDMASS , I I1DHAS , XGCCINIl ,XCl,I'!DXG , lJomXG) MSOL0100 

REAl. M).SS(IMDHAS) ,XG(IMDXG) MSOL0110 
LOGICAL GUYAN,PJUN'T,KGCOND 11S0L0120 
DIMENSION A( HID) ,FACTOR (N) ,P (LJI:OW,NLC) ,HD (1"+1) "SOL0130 
DIMENSION MDI"IASS (N'l) ,KDXG(N·l) I'!SOLOl40 

IJI (1,,J}"HI)(J)"J'1 
IJlo! (I ,J) .. HDMASS(J)·J· 1 
IJJ:G (LJ) -MDKG (J) +J·I 

"'SOL0150 
HSOL.0160 
MSOL.01"'0 
M60L.OI80 

•... ·-KSOLC190 
MATRIX STORAGE SCHEME: MSOlAZOO 

·THE MATRIX A IS BANDED AND SYMMETRIC. THUS an.Y THE SXYLINE ABOVE MSOI..o:;no 
Am! THE MAIN DIAGONAL NEEDS TO BE S'I'ORED. MSOl.O:iI;lO 
THE KAnu A IS STCI!.ED IN A UNEAlt .lARA'!:' BY COID'INS. THE VWJE ~ MSOl.O:iI30 
THE MAIN DIAGONAL IS STemED IN THE LINEAR oURAY FIRST. HSOLOHO 
.\I>DRESSES OF THE LINEAR MRAY ELEMEm'S CaNTAINING THE KAIN DIACQlAL MBOL.0250 
TERMS ARE S"!'~ED IN HD 1'1501.Oil60 
EXAMPLE: l..n B BE THE 5X5 Pt.n.L SYI'I:E'T'RIC KATRIX BI:Lo.I. "801.02."'0 

1 3 12 H801..0l80 
~ 11: NOTE' BI1,J),Bll,U .uID B(~,4) .utE ZERO. M90l..C290 

e" : .., 10: MSOl.0300 ,,,,.. : 6 : 9 P'IIl. 1, ~, 4, 6, 8, 13 MBOL4l310 
C 8 : MS01..03Z0 
C THUS, B(3,3)-A( KD(3) )-11.(4) MSOl..O)) 0 
C lHI,J)-A( KD(J).J-I ) IF J)J AND (MD(J) .. J·I) (P'IIl(,J·1) MSOL0l40 
C -0 IF J)l AND (HI)(J).J·I)HI)(J'l) I'!.SOLOl50 
C ·MATRn:: P IS HOT S'!'HMrl'RIC, AND 16 STlJRm AS A FUll.. I'U.TRIJ! MSOUll60 
C· - - .. - - .. _. _. -. _. -- _... - -H,SOLOJ"'O 
C VARIABLE TABU: "SOLOJ 80 
C IOPT • OPTION Ntl4BEIl MSOUlJ90 
C N - NUMBER. OP DEGREES OP PR£E[)O'I OP A. MATR lJ( H90LD400 
C NLC • NtlHBEIl OP l..CIAD CASES F~ THE P HATRlJ( i'lSOL0410 
C L1 • PIRST Jl:C711/ 'TO BE VOR~ VITH "SOLO' ao 
C l.2 - lAST :lOW 'TO BE WOIUXD WITH MBOLOUO 
C MD • ADDRESS OF THE MA.I:N DIA~AL TERMS OF A MSOLOUO 
C P • lAC[) !1J.TRlJI ON INPtrr, SOUl (1) OP AlI·p ON CQ(fL.EA.TI(2.I OF MS0L0450 
C IOPT-4 MSOLO"i50 
C FAcraR" TEHPOR)JI:Y STCRAGE HAnnx MSOl,.Od"'O 
C GU'iIo.N· GU'iAN iJWUC"l'ION PUG FOIl HASS MAnUl KSOLQUO 
C ~8S • K.\6S MATRIX MSOLOC 51 0 
C KDHASS· KASS HA.TllIX ADDRESSES OP MAIN DIAGCfiAL EI.El4ENTS MSOl..0500 
C KGCCIND· FUG POR CONOENSING OUT Jt:G "90L0510 
c 
c 
c 
c 
c 
c· 
c 

c· , , 
c 
c· 

c 
c· 

c ,. 

c 
c-

KG • GECl'fETRIC S'TIFPNI!Ss M.A'rIUJ! MB0L05:10 
MDICG • KG MATRIX ADt)RESSES OF MAIN DIAGONAl. ELE70tENTS MSOLOS.30 
L - ROW NUHBER Pal ELIMINATION MSOLOS40 
I • ROW NUMBER MSOL0550 
J • COLll'fN NlJ(BD MSOL0560 

Ll-tolAJ( ~ L1, 1) 
l.~·I'!IN(L2,N) 

GO TO (10,110,lI0,310) 10FT 

. - -. - 'I'!SOLOS70 
KSOLOSEO 
MSOL0590 
MSOL.0600 
MSOL0610 
1'1.901.06:10 
KSOL063 0 

10 CON! IflU'E MSOLQ640 
10PT-l, REDOC'E A ANt> P -. - _. ·MS0L0650 
GAtlSSIA}.l ELIMINIATION IS usm TO REDUCE 'THE A AND P IQ.TRICIESMS01.0660 
FROPI ROW Ll TO RCW La. IF 1.1 IS NOT I, IT IS AsSlJotm THAT MSOL0670 
A AND P ARE A.l.UEAl:l'i REDUCED nO'!. 1 TO Ll MSOLOiS BO 

IF (PRINT) THEN 
'GITE{106,SOO) 'IOPT-1, REDUCE STIPFNESS AND LOADS",L1,U,N 
au. l.../IP.TR:K{A,MD,N,II'!D ,"INPUT Bl'IPF'NESS') 
CAu.. WMATR:K CP, N ,Nl..C,' INPUT LOAD -) 
IF (GUYAN ) CALL UtATRX (MASs,MDMASS,N, IMDKAS, 'INPUT MASS') 
IF (lCGCCND) CAU. LMATlI.:K(XG ,HD)(G ,N,IMDXG ,'INPUT XG ') 

£NOIF 

DO 100 l.·Ll,LiI: 
IF ~1...EQ.N) GO TO 100 

. -. TEST Fa< ZERO PIvOT. 

- -HSOLQ690 
MBOL.0700 
MSOLQ'" 10 
HSOLO"':lO 
1'1901.0710 
!'!BOLO'" 40 
MSOL0750 
MSOl.Q760 
MSOLO..,70 
"'SOL07~0 
M80L0790 
MSOL0600 
H30L061 0 
M80L08i1:0 
H80L0830 
KSOL0840 
I'ISOL0850 
M90LOB60 
P"lSOLCIB70 
MSOLO~80 

MSOL.Oe5IO 
1'!80L.05I00 
MSOL0910 
H90LQ9l0 
MSOl.09Jo 
1'1501.0940 
,",801.0950 
MSOLOSl60 
1'1901.09"'0 
MSOL09BO 
MB01.0Sl90 
MSOLl000 
MSOLI010 
MSOl.IO~C 

HSOLIOJO 
MS01..1040 
1150Ll050 
M50LI060 
M.SOLI070 
HSOL10BO 
HSOl.l090 
"SOl.l100 
MSOLlllO 
KSOL1l2D 
11S0LIIJO 
M.SOLl140 
1'180L1150 
"'50L1160 
MSOL1l70 
MllOl.llBO 
HSOLl190 
MSOLl200 
MSOL.l4ilO 
MSOLI4i20 
HS01.1~30 

I'\SOLl240 
H90L1250 
MSOL1260 
M80l.1270 
KSOLllBO 
MSOl.l~90 
!'!.SOLDoD 
M50LIJIO 
MSOLIJ~O 

MSOL13JO 
11501.1340 
"SOL1350 
11.S0LlJ60 
I1S01..131 0 
MS01.13BO 
MSOLl3g0 

3D 

" " 

45 
;0 

55 
60 

, 
65 ., 

IF (A(HD~1.1) .EQ,O) THEN 
WRlTE[10B,ilOOO) L,HD(L) ,A(HD(L») 
STOP 

END" 
CALCUl..ATE THE FACTCES EACH ROW IS MUL.TIPLIm BY 

DO JO I· [L"l) ,1'01 
LI"IJl(L,I) 
IF ( LI LT.MD(Iq) ) 'tHEN 

FACTOR(I)"A(LI) /A( HD(L) ) 
E!'sE 

PACTOR(I) -0 
","IP 
CONilNllE 

.. RmUCE A BY CO~S (J) EACH Rat (I). 
DO 40 J. (1.'1) ,:N 

W·IJICl,J) 
IF (W GE HD(J'l) GO TO 4C 
DO 35 1- (1.'1) ,J 

IJ"IJI (I,J) 
11.( IJ) ·AlIJ) ·FA.C"l'~ ([) "A.(W) 
CON'TINUE 

COtrrINtJE 

. RE!:IUCE P B'I! COl.U'!NS (J) EACH RCW (I). 
DO 50 J-1,NLC 

IF [P(L,J) .EO 0) GO TO 50 
DO 45 I· (L+l) ,N 

P (I,J) "PO ,J) . PA.CTOR [I).P (L,J) 
comINUE 

. IHllUCE MASS M).,TIHX BY GUY)JO REDUCTION 
IF ~GU'iA,}.ll THEN 

M2~·M22 + X21/X11 .. 1'!11 • 1/1(11 • K12 
RI"!·KASSlH:DMA.SS(L) ) 
IF (RM.N'E .0) THEN 

ENDIF 

DO 60 J·l,,+I,N 
IF CPACTCJR(J) EQ.o) 00 TO 60 
Il·MAJ([L·l.J-(~SS(J·l)·MDMASSIJ)) ) 
DO 55 I·l1,J 

IJ"IJM(l,J) 
HASS (IJ) ·1iA5S(IJ) +PAC"l'OR (I) -iUPP",CTClR (J) 

CctorJ'INUX 

Mn-M22 - ](21/)(11 - MH 
DO 66 J·L.l,N 

W·IJM(L,J) 
IP (W.GE.MDMASS(J-l» GO TO 66 
IF (M-'SS(W) .EQ.O) GO TO 66 
DO 65 I·L·1,J 

IJ·IJM(I,J) 
IF (IJ .LT.Mtl9.SS(v-l») 
MA.S5(IJ) -HJo.SS [IJ) . FACTOR (I) ·MASS (W) 

CCIN1'INUE 
CON'!'INUt 

MSOLUOO 

2 

c 

1'12~"Ml2 . Mll • l/Xll • Xlii: 
DO 70 Jo.L+l,N 

IP (FAC'TOR(J) EO.O) GO TO 70 
DO 69 I-l.·1,J 

Ll·IJI'!(1..,I) 
IF (LI.~E.HDMA5S(I+ll) GO TO 69 
IJ-IJM~I ,,J) 
IF ~IJ.LT.KDI9.SS(J.ll) 

.. HA.SS(IJ)-MASS~IJ) -PACTOR ~Jl·MASS (1.1) 
59 CONTINUE 
70 CaN'TINIJE 

ENDIP 

· - - RmUC'E GEc:I"I?!'RIC STIPFNESS ~TRIX 
IF (KGCOND) THEN 

c .. )(Gl2-KG22 .. K21/IU1 • KGll • l/Kll • XGlil 
RJ:G .. KG(KDXG(1.) ) 

MSOLU10 
MSOL14ilO 
MSOLU30 
MSOLIuO 
HSOLl~50 

M80Ll~60 

MSOL1470 
HSOL1~BO 
Mso1.1490 
MSOLl500 
P"lSOL1S10 
MSOL15i1:0 
MSOt..15JO 
MSOLl540 
MSOL1550 
H50L1560 
M50L1S70 
1'150L1580 
1"1501.1590 
MSOL1600 
MSOL..1610 
MSOL15ilO 
MSOL16JO 
HSOL1640 
MS01.1650 
MSOL1660 
HSOL1670 
M80L1680 
MSOU690 
1'1501.1700 
MSOL1710 
"'SOL17~0 

MSOL1"'JO 
M50U7tO 
MBOl.1750 
KSOL1760 
KBOL1770 
MSOLli 80 
MS01.1790 
MSOLlBOO 
MSOL1810 
to!SOLU20 
MSOLl6JO 
MSOL1840 
MS01..1950 
MSOL1860 
KSOLlE"'O 
H90LI880 
M.SOLlB90 
HSOW900 
HS01.1910 
MSOL15l;iO 
MSOLl!i130 
MSOL1940 
MSOLlS150 
MS01..1960 
MSOL1910 

" 

· B5 

" 

· •• 
" 

IF (RXG.NE.O) THEN 

ENDIP 

DO 80 J·L+l,N 
IF (FACTClUJ) ,EQ 0) GO TO EO 
Il-I1AJI[L-l,J- (l"!DXG~J+l) 'MDJt:G(J)) ) 
00 ..,5 I.[1,J 
IJ-IJ~G\I ,J) 
XG (I,J) -XG (IJ) +FAC'fOR (I) -RXG"PACT'OR ~JJ 

CONTINUE 

K21/Kll • I:Glil: 
DO 66 J·LOl,N 

W·IJXG(L,J) 
IF (W.GE.KDXG(J'l») 00 TO BI!i 
IP {1((ii(W) .EO.O) QO 'TO 86 
DO E5 I-L.l, J 

IJ-IJJt:G(I,J) 
IF (IJ.LT.MIlJt:G(J'l) 
XG( IJ) .. r:G(IJ) -PA.CTO! (I) ·XG{WI 

CCNI'INUE 
ComlNUE 

KGZl .. 1/Xl1 • J(U 
DO 90 J·L·1,N 

IP (FACTOR(J) .£0.0) GO TO 90 
DO B5I I-L-l,J 

W-IJr:G(L,I) 
IF (1.1 .GE.MIllG(l-I») GO TO 89 
IJ"IJJt:G(I,J) 
IF (IJ.L'T.MIlJ;G(J"I» 
KG(IJ)·KG(IJ) -FICl'Oll(J) -Jt:G(l.I) 

CQlTINUE 
C~INUE 

£NOIP 

100~1NUE: 
IP (PRINT) THZN 

CAI..L l..MATiX{A,KD,N, IPID, 'REDUCED BTIPi':NESs') 
CALL WMATRl(P,N ,NLC,'REDUCED LOAD') 
IF (GUYAN) CAU. l.JoIAn"((KA8S,~SS,N,IHOHAS,'REDUCED MAS8') 
IF (IGC~) CAI..Ll.JoL',nX(XG ,MIlKG ,N,IPmXG ,'REDUCED KG') 

ENI>IF 
RETURN 

110 CQort'INUE: 

KSOL1980 
11.80L1990 
"SOL2000 
MSOL2010 
M901..:o020 
MSOLlOJO 
to!SOt~OdO 

C· 10PT·l, REDOCE P CIU:, . - -M80Ll050 
MSOLil060 
1'1501..20"'0 
KSOL2080 

C GAUSSU.N ELII'IINIATION IS USED TO REDOCE THE P MATRn 
C PROM ROW L1 TO ROiII' l..l IF Ll IS NOT 1, IT lIS ASS'U'lZD TKA'T 
C A AND P ARE Al...UIEADY REDUCED PRCJ4 1 To 1..1 
c-

c 
c-

c 
c 
c 
c 
c 
c-

c 

IF (PUNT) THEN 
WilITE(lOB,500) 'IOPT·2, REDUCE LOADS ONl.'!:",Ll,i..2,N 
au. UQTRX(A,HD,N,KD(N+l), 'REDUCED STIPPNESS') 
au. WMATllJ!(P,:N ,:Nl..C, 'NEW ~ I1.ATRIX ') 

"'"IF 

• LOOP FOR E.\CH ROIl (L) TO REDUCE 
DO 160 L·l.1, i..2 

IF (A~MD~L)) EO,O) THEN 
WRI'TE(106,2000) 1.,HD (L) ,A~1oID IL) 
STOP 

ENDIP 

LOOP FCR EACH COLUMN (J) 
DO 150 J·l,NLC 

IF tP(L,J) .EQ 0) GO TO 150 
DO 120 1- (L·l) ,N 

1.I-IJI (L,I) 
IP (LI.LT.1"ID~I.q» P(I,J)·P(l,J)·A~Ll)·FIL,J)/A(MD(L») 

120 CONTINt1E 
150 CONTINUE 
160 CON'J'INO! 

RETURN 

-H80l..il:090 
MS01.2100 
HS0l...2110 
HSOU1~0 

MSOLil1JO 
",SOU140 
MSOL2150 
I"lS0L2160 
MS01..21"'0 
"50l.2190 
11501..2190 
KSOLnoo 
1'1501..2210 
MSOUl20 
1'180L'2230 
MSOLil4i40 
to!SOL2250 
MSOL..2260 
MSOLl2"'0 
MSOL~280 

MS0l...2290 
I1S0L2300 
HS0L2310 
H80L23l0 
1180L2330 
M80LilHO 

~10 CaN'I'INU'E to!80L2350 
10PT·J, P.CX SUBS"I'UTICIN - - - .. ·HS0L,2350 
BAC~ 8UI!STtITI~ IS USED TO SOLVE FOR X IN no.V, WHERE S IS MSOL~J70 

,.HE REDUCE OPPER 'I"i.IANGut..\R PACTClR OF THE A MATRIX, AND V MSOL2J60 
IS THE Rmuczo FC!UI." OF THE P MAnn. THE RESUl.TS (X) UE I'!SOL2J90 
S'TOREP IN P. MBOL2~ 00 
BACX 5UB.STUTION an.y TAlCES PLACE BETWEEN ROWS L1 AND Lil. MS0I..2410 

IF (PRINT) THEN 
WRITE(108,500) 'IOPT·J, BACI{ ISUBSTtrrION',LI,1.l,N 
CAl..l. l}U.TRX (A ,Mtl, N, tom (:N"1) ,"REDUCED STIPPN.I!!SS') 
CAl..L IIIMA.'TRX(P,N ,NLC, 'RZDtx::ZD l.llUI') 

ENDIF 

c .. 
c 

lOOP FOR EACH RC711/ L 
CAl..CUUGE' lI: FOR EACH LOAD CASE, STORE IN P 
00 250 J·L2,Ll,·1 

- - -- - ·"'SOL2420 
KSOL2430 
"SOL:;440 
MS01..U50 
"SOU460 
MSOU470 
MSOL2UO 
MSOL24510 
MSOL~500 

MSOLl510 
MSOL2SilO 
HS01.2S30 
"'SOL25~O 

"SOL4iSSO 
1'1501.2560 
MS01.~5'?0 

1'180L2580 
MS0L.25510 
to!50:"2600 
I'IS0L261a 
M50Ll6ilO 
M801..2630 
I'IS0L~540 
MSOL2650 
1'1501.2660 
M80L2670 
P"l801.2680 
MSOL~5510 

c 
c 
c 
c , 
c-

I? (A(HD(Jl) .EO,O) THE:N 
WRITE(lO&,ilOOO) J,HD(J),A(P<D(J» 
STOP 

ENDIP 
DO 215 LC·l,NLC 

PIJ, LC) ~P (J, L.C) /1>. ()o[D (J) ) 
IP (J.GT.l) THEN 

I J.11D (J~ 1 ) 
Nt·,J· (M!>(J"l) 'MD(J) "1 
DO 210 I"NI,J·l,.l 

IJ·IJ-l 
DO no LC"l,NLC 

P(l,l..C)·p (I, LC) 'P~J, LC)-A(IJ) 
CaNTIN'UE 

ENDIP 
~50 CONTINUE 

IP (PRINT) C.uL WMATRlC(P,N ,NLC, 'DI5PU,CEMEN'T') 

M50L~700 

MSOL2710 
310 CONTlNU'E MS01.2"'~0 

IOPT-4, RmUCED Ht1LTlPl.lCA'TI~ - - ·MSOL273Cl 
SOLVE FaR V IN S"D·" WHERE S HAS BEEN REDOCm BY GAUSSIAN 
ELIHlNATIaN . 
THE RESULTINC LO.t.P IS STaRED IN P 
THE DI5Pl.A.C:DomNTs ARE INPtn IN 0 
MULTIPUCA7Ic::Q.: ONLY TAXEs PUCE BE"!"W'E'DI R~S l.1 AND L'ii 

IP (PRINT) THEN 
WRITE(lOa,500) 'IOpt"4, R'EI)OCm MULTIPLACATlON',Ll,U,N 
CAl.J... l.KATR:K C~.,MD, N,MD (N·l) , 'REDOCED STIPJ'Ni!SS') 
CAlJ... WKATRX(PACTOR,N ,I,'DISPu..CEMl!ln'") 

£NO" 

- ... CJ.ILY ONE l..OAD asE. 

MSO"27~0 

MSOL'ii750 
MSOL'ii760 
H801..277c 
M80L2780 

·MS0L27S10 
MSOL~BOC 

MS01.~~lc 
MSOL.lB ~O 
M50L~B30 

KS0L..2B40 
"'80:..2850 
1'1501..2960 



c 
c· 

'" 

'" 

ZERO P • 
DO .)20 J·L.l,L2 

IP (A(MD(J)) .EQ 0) THEN 
WRITE(10B,2000) J,MDiJ),A(MD(J) 
STOP 

END" p(J,Le) ·0 

~ - MULTIPLV S REO • DISp • P 
DO 340 J·1.1,N -

ICl·J- IMD!J'U MD(J) ·1 
IC2·M,t,.X(IC1,Ll ) 
DO J40 1·.1, rC2,'1 

IJ·IJliI,JI 
P (I, LC)·p!I, Le) +.\(IJ) "FA("'l'OR (.1) 

IF (PRINT) CALL WMATRX(P,N ,1, 'REDUCED LOAD') 

UNREOUCE THE LOAD KA,TR!X 
00 360 L·L2,Ll,-1 

LDOF FOR EACH COLI..IMN (J) 
DO' 350 J·l,Nl.C 

IF (P(L.,Le) .EQ 0) GO TO lSO 
00 HS I"(L+1) ,N 

1.1·1.11 (L,I) 

HSOU9'70 
I"lS01.2880 
1"1901..<1890 
1"l60l.2900 
MS01.2910 
HSO~920 
MSOU930 
I'ISOL.2HO 
MS0L2S150 
MSOL.2S1iSO 
MS01.29 '7 0 
MS0L.29EO 
1'1501.2990 
HSOUOOO 
I"lSOU010 
MSOLl020 
MSOl..J030 
HSOUC40 
I"lS0!...3050 
MS0I...3060 
HS01..30'70 
MSOUOEO 
MSOWOSIO 
MSOWI00 
MSOUII0 
KSOWl:ilO 

IF (Ll LT.HO(I+1)1 
CON'I'lNfJ'E 

P(l ,Le)·p (1 ,Le) -'\(LI!·P (L, Le) /J. {~(L)) MSOl...l130 

'" '" '60 "0 
CONTINUE 
CONTINUE 
CONTINUE 

IF (FRINT) CALL WMATillC(P,N ,1,'LOAD') 
500 PCP.MJ,i (/2)1,A,2lC,'Ll",I5,' L2.',I5,' N:',IS) 

2000 f'ClUOt.T (1/11X,50('·')1 
" '" D','ROR IlIl SUBRO\.lI'INE HSOLL', '['Sl,'*'/ 

'. PIVOT IS L.E 0 --RC*',IS, TS1,'-'1 
S'TCRJ.GE LI:N ',15, TSl, '" 'I 

PIVOT' ,lP,G15_6,T51, '. '/ 
'. SOLt.rrION 18 ABORTED 'T51, "'I 
lX,SO ('-' )/1 

H60l..3140 
MS0l..3150 
HSOl..J160 
MSOl..ll'70 
HSOUIBO 
MS01..3190 
,",SOU:ilOO 
HSOW210 
H501...J,220 
HSOW230 
MS0l..3:i140 
1'lB0L.325 0 
KS0L3:i160 
MS0l..32?0 
MSOLJHO 

RE'Tl1JU,I MSOUnO 
DID KSOU300 

C REACOOlO 
C ....................... •• •• •••• •• •••• ••• •• ••• ••••••••••••• .. ••••••••••• .. ·REAC0020 
C iEAC0030 

SllaROUTINE REACTN( 10PT ,PRINT ,NNODE,1.1,1..2 ,L.J, lA, PCllCE,DISP1., allCOolo 
, MtJ,.\,101,NDOF,NLOAD,P.A.CTOR, RE.\COOSO 

MA.XNal, lOOP, COCIiII, 10, TITLE, B'TEPID, H!I.D, RE.A.COOIi 0 
£. NCOS,COSINE,JTCOS, JTPLG, SUM) RUC00'70 

CH.M..\CT!R-(-) TIrLE(2),Si'EPID REACOOEO 
CIUJl.ACTER.15 cr:l(IS) REAC0090 
LOGICAL PiINT,HE~,FLAG,BTEST REACOIOO 

. DlMENSIOIll AiXM) ,MDiNDOF+l) ,IOOF (K.UNOO, 6) ,Gili) RE.A.COllO 
DIMENSION PORCE(NDOF,Nl...OAD) ,0ISPL(NDOP,Nt..aA.D) ilEACOl:ilO 
DIMENSIOlIl ID(M,t,.XNCIl) ,COORD I KAJCNOO , 3) ,JTPLG(KAXNOD) RE.A.C0130 
OIMEIIlSION P (6), StJoI(6) ,COSINE (3,3 ,NCOS) , JTCOS (HAlC~) REAC0l40 

IF (IOPT.EO.l) 'THEN 
c 
C············· .. ································ 
C· HCIOIPY l..ll).DS FOR RESTiU.IN'l' 018PLA.CEMENTS ••• 
C············· .. · .. ····· .. ····· .. ······· .. · ......... . 
C C~SlDD THE PA.RTlTlCINED S'TIFYN'ESS WHERE X2 ARE '['HE RESTRAINT OISPL. 
C 
C :Pl: Kll K1' c 
C :P2: K21 '" c 

THE MODIFIED FREE L..aAD IS (P1 Kl2.)I2) • XU"Xl 
·c 

DO 10 I·L1,L2 C 
DO 10 J·l,Nl..ClA.D C 
DO 10 K·U,L4 C 

10 FOFlCE(l,J)·FORCE(I,J)-Kll,K) '015PL(X,J) C 

lO 

" 

00 20 K·U,L4 
HtlK·HO(k+1 ) 

DO 20 J·l,N1...OAD 
DO 10 I·W,Ll,·1 

IJ(·MIlIX) ")C-I 
IF (IK.GE MDK) GO 'TO 20 
FIJ·POII.CEII,J) 
AIK·A(IK) 
DKJ·OISP1.CJ(,J) 
PaRCEl 1, .1) ·FaIICE (I,J) ·A (IK) ·OISPL(X, J) 

CONTINUE 
IF (PRINT) 

" CALl... WMATRX (PORCE,NDOF ,m..oAD, 'HCDIFIED LOADS') 

ELSE!P IIOPT.EQ.2) THEN 

c············.·····.······ 
C· SOLVE pOR REACiIClNS .. .. 

c· .. •···•· .... ••••·•• .. •·• .... •• 

FULL STORAGE 
EQUIVALENT 

C CCINSIDER THE PARTITICNlm STIFFNESS WHERE K2 ARE TH2 RES'I'RAINT DISP1.. 
C 

c 
c 
c 
c 

XlI : )(12 : Xl: 
:. :. :--' , FAC10R 

: X21 : 1:.22 :X2 : 

THE'REAcrlaNS ARE P2· 1'2 • i 1:.2P:ll1 • X22*X2 ) .. FAC'I'OR 
NOTE' EOT}! Pl AND P2 Cc:D>1'I'AIN FIXED END PORCES FRCI'I MEMBER 1...OADS .. 

THUS, X2PXl • X22-K2 IS ~OED TO 1'2 '1'0 GET THE REACTIaNS 

RE.ACOi!lO 
REAC0160 
REACOl'70 
REACOleO 
REACOlS10 
REAC0200 
R2ACO:ill0 
REACol20 
REACC230 
U.A.COHO 
RE.A.C0:i!50 
RE.A.C0260 
RUCO 2'7 0 
REAC0290 
REI\CO:il90 
RE'\C0300 
REAC0310 
REAC03:i10 
R2AC'0330 
RUCOHO 
REAC03S0 
R2AC0360 
i,EAC03?0 
IIEAC0380 
II.E.A.C0390 
REJ.C0400 
IlEAC04.10 
II.!!AC0420 
II.EAC0430 
REACOUO 
REA.C04S0 
REACOUiO 
REACOOO 
REAC04EO 
REACD4S10 
REAC0500 
REAC0510 
REAC0520 
RE.A.c05l0 
REAC054.0 
RE'\C0550 
RE'\COS60 
RE'\COS'70 
REACOSEO 
REACOS90 
lI.EAC0600 
li.EAC0610 
lI.EAC0620 C- -

c 00 l:iIO I·U,lA 
00 ~20 J·l,NLQAD 

. ·c 
C 
c 

FULL S"I'aRAGE II.EAC06JO 
c HOO! EQl!IVAl..ENT' II.E.A.C0640 
Cc 
c 
C 110 
C 
C 120 
c· 

FORCEll,J)·O • P2 CONTAINS PEl"" 
DO 110 X·Ll,L2 

FOPCE (1 ,J) ·FORCE (I ,J).X 1:,10 'DISPL(X,J) 
00 120 X·W,U 

FO'RCEll,J)·FaRCEII,J).X(I K)'DISPL(J(,Ji C 
'''C 

DO l20 I·U,U 
00 UD. J·l ,NLOAIl 
DO 110. X"L:2,Ll, 1 

KI·MD(I) -I' J( 
IF (XI .GE HD(I+l) GO TO 120 
-'XI·A(KI) 

110 FORCE(l,J) .PORCE(I ,J') "AIXI1·OISPLIK,JI-PACTOR 
120 CON'I'~mJE 

00140 I·U,L4 
DO 140 K·U ,lA 

IF (I.l..E. XJ THEN 
a·MD (K)"K I 
MDK·MIl (J(·ll 

ELSE 
U:.MIHI).I 'K 
MDX·MD(I·l) 

ENDIP 
IF 11X GE .I1DXl GO TO 140 
AIX·A 1110 
DO 130 J.l,~ 

130 FaRCE ( I ,J) .F~CE (I, J) +A (11':.) 'OISPLlX,J)' FACiOR 
140 CONjlNUE 

IF (PRINT) 
, CALL 'Iil'IATRl': [FORCE, NOell' ,NlDAD, 'PINAL LOADS AND REACTIONS') 

ELSE IF (IOJ>T.EQ 3 .OR. rOPT EO 4) THEN 
NF·:"2 

c······························ 
C· LCQ;> FOr. V.::H LaM CA5E ••• 

REAC06S0 
REAC0660 
REAC06'70 
REAC06eO 
llEAC06S10 
JlEAC0100 
REAC0'710 
REA,CO'7 ~O 
REAC0'730 
REAC01AO 
REACO?50 
REACO?60 
REAC01?0 
REAC01 BO 
REAC0190 
REACOBOO 
REACOEIO 
REACO&20 
REACOBlO 
lI.EACOUO 
REACOB50 
REACOB60 
REAC08?O 
ilEACOa80 
REAC'OB90 
REAC0900 
REAC0910 
REAC092D 
REAC0930 
REACO!ilAO 
REACO!il50 
REAC09iSO 
REAC0970 
REACC9BO 
REAC0990 
REACIOOO 
REACI010 
R2ACI020 

3 

c····················· .. ········ 
DO 300 1.·1,NLDAD 

c 
c················· .... ····· .. ······ .. 
C· PRINT Gt...OBAL REACT I QNS 

c································ 
C 

190 

IF (PUm) 'THEN 

E:NDI. 

IF (HI!AD) WlUTE(10B,J20) 'T'ITl.E(l) ,'TITLE (2) 
NRD,CT·O 
IP (lOPT.m.A) WRIT'E:(l08,3211 L,STEPID 
II' (Ion.EQ.4.) WIIITE(10a,4:i!1) 

IF (10PT.EO.3) THEN 
00 190 1·1,6 

SlI4(I) .. O 
ENDIF 

llE~CI0JO 

REACI040 
REACI050 
REACI060 
REAC10?0 
REACI080 
REACI090 
REACIIOO 
RE.A.CIIIO 
i1.EAC1l20 
RE1o.Cll)0 
REACllAO 
({EACllS 0 
REAC1l60 
REACll10 
REACllEO 
REAC1l90 
REACHOO 

IP I .NOT.(NCOS_EQ I AND COSINE(l,I,l).EQ.l .... Ntl.COSINE(Z, 2, 1) REAC1210 
.EQ.l AND COSINE(3,3,1) EQ 1).AlID IOPT.EQ G. ) GO '1'0 2'79 'RE.A.CH20 

c 
c. 

c 
'09 

(jET RP..\CTNS IIIl JOINT COCIU)INATE SYSTEM 
FLAG· .FALSE 
DO 109 J·l,6 

IJ·IOOF(I, J) 
IF (IJ_LE.N1' OR. BTEST(JTFLGiI1,J·ll») THEN 

P(J) ·0 
ELSE 

F{J)·FORCEIIJ,L) 
PL.AO· . TRUE 

ENDIF 
CCINTINUE 
IP (.NOT.PLAG) GOTe aDO 

c .. TIlANSFER R.2AC"I'NS TO GLOBAl,. C<XUlDINA'Tl! SYSTEM 

n, 

'" c 

00 2:i!9 Il·I, J 
U·I1-3 
G(I1l·0 
0(12)·0 
DO 219 Jl·1,3 

J.·Jl+3 
G(Il)·G(Il) - COSlNE(Jl,Il,JTCOS(l))·P(Jl) 
O(I.)·G(I2) ~ COSINE(J1,I1,JTCOS(I))·F(J~) 

IP (FlUNT) THEN 
WRI'TE(CO(Il) ,210) G(Il) 
WlI.ITE (cr:l (121 ,210) GiI2) 

ENDIF 
CONTINUE 

c .. SUo! REACTIOlllS 
IF (10M.EO.J) TKE:N 

00 lfiO 11·1,6 

c 

SUHIIlj·SUH(ll) + Gill) 
StJol(4j· saoJ(4) . G(2)'coaw(I,3) 
Stl>l(S)· S~(5) .. G(l)'coaRD(I,3) 
BU1(6j. Sl»!(6) - Q(l)'COOI!.D(I,:iI) 

ENDIF 

• G(3) 'COCIR.O(I,2) 
- G (3) -COCIR.O(I, II 
• Gll)"coaJtD(I,ll 

c .. PRIm' GLDBAL RE.\CTIONS 
NREACT·m.EA.CT·l 

>co 

'" c 

IP (PRINT) WRITE (lOB ,no) 10(1), (cr:l(K),l·1,6) 
CON'l'INt!E 
IF (IOM'.EQ.J AND. PRIN'l' ) WilITE(108,230) Sll'! 
IF (IOM.EQ.4 .AND P1I.INT) WRITEiloB,231) SI..!4 

C .. •••••••••• .. •••••• .. ••• .. ••••••••••••••••••••• .. •••••••• 
C. PIUN'T I...OCAl. JOINT Co::lR.DlNAT£ SYSTEMS RE.A.CTIONS ••• 

c··· .. ··········· .. ····················· .. ··············· 
c 

c 
c. 

,"0 

IF (.NC1I'. P1I.IN'l' ) GO TO JOO 
IF Of:OS.EQ.l .AND. COSlNEU,l,l).EQ.l .ANI). COSlNE(2,2,1).EQ.l 

.AND. COSINEIJ,J,l] .EO.l ) GO TO JOO 

IP (H!I.D . .AND. NREA("'l'.GT.20) W1I.ITE(lOe,320) TlTLE(l),TITL.E(2] 
IF (10M NE.4) !llRI"rE(lOE,J22) 1.,S'TIFIO 
IF (IOM.EO 41 WRITE(10E,A22) 
DO 290 I·l,NNQOE 

GET R~C'TNS IN JOIlIl'T COCIRDlNATE SYSTEM 
PLA.G· .FAL.SE. 
DO 280 J·l,15 

IJ"IDOF(I,J) 
IF (1.1 L.E.NF .CR E'TES1'IJTFLGII),J.ll») THEN 

CDiJl·' , 
ELSE 

WIIlTE(CO(J) ,210) PORCE(lJ,L) 
FLAG·. TRut. 

DlDIF 
CONTINUE 
IF (.NOT .FlAG) GO '1'0 290 

PRINT REAC'7'NS IN L.DCll COORDINATE SYSTEM 
WR1TE(108,221) ID(I), 1cr:l(X) ,X·l(6) ,JTCOS(I) 

0190 COm'INUE 
300 CCN'l'INUE 

:<10 PCS.JoI.AT (1P,GlS.?) 
220 FCQUoIAT 15X,I5,6A) 
421 FORMAT (5X,I5,6A,IlO) 

'230 FORl'tAT (, ',90(' '),1' S~TION',6GlS.1) 
2.31 YClUD.T (, MAX OF AU..',99('-'),!' GCS SlJoUol.',5G15 '7 ) 
320 FORMAT ('I STRUCTURE ... ',A,/' SOLt.rrICN ',A) 
In PCIllMAT (/1' GeS RES'I'RAINT REA.C'rIClNS, LOADING ",IS,SX,A,I 

" ' .......................... ' 1/5!!, 'NODE' ,?!!, 'FX', 
" 13)1,'PY' ,13X, 'F2.' ,13X, '100:' ,13X, 'KY' ,1J)(, 'HZ'/) 

HOi FCIRM}.T (II' JCS RE.S'TlIAINr REACTIONS, I...OADING ",I5,SX,A,1 
" ' .......................... '/1611, 'NODE', '7X, 'PX', 

IJX, 'FY' ,13K, 'PZ', llX, 'I'Q' ,IJX, 'MY' ,1.:>)(, 'M,,', 
" 6lC,' COSINE "11 

421 PClRJolA'T 1//' MAXIKUoI Q:S REST'U.IN'!' REACTIONS', 
£. SX, 'NO't'E I1.UlMU'I VALUES KAY NCYr OCCUR SIMULTANEOUSLY' I , .................. a· .. ·•·· .. ••··• ... ·'I/IS)I, 'NODE','7X, 'PX'. 
" 13:11, 'FY' ,13K, 'PZ' ,1311, 'I1X', 13X, 'Ml", IJK, 'MZ' II 

H2 FCIJUoI.AT (//' MAXIMUM JCS RESTRAIN'T REACiIQNS " 
" 5X,'NO'TE: MAXIMUI"! V.tJ...UES ~y NO!' OCCUR SIM1.JLT)JJ'EOUSLY'1 

, ............. ••••••••••••••• ••• ··.'//6X, 'NODE',1X, 'I'll', 
13X,' PY', llX, 'FZ', i3X. 'MJ(', ll)l, '1'1'1", IJl':, 'MZ', 
i5X,' COSINE "/) 

REAC12JO 
ilE.A.ClaO 
REAC1250 
Ri!AC1250 
REAC1270 
REACl~&O 

R£AC1290 
llEAC1300 
REAClJ 10 
REACl320 
REA(13)0 
REACl)40 
REACUSO 
REAC1360 
R£ACl)10 
REACIHO 
REAC1390 
REAC1400 
1lE.AC1GlO 
REAC1420 
REAC1430 
REACl4.40 
REACl4.50 
REAC1460 
RE.A.Cl4.'70 
REACl4eD 
REAC14S10 
RUClSOO 
REAClSl0 
REAC1520 
REACl530 
R2AC1540 
REAC1550 
REAClS60 
REAClS?O 
lIEAC15 BO 
REAClS90 
REAC1600 
RE.A.C1510 
REAC1520 
REAC1630 
REACllSlI.O 
REACl5S0 
RE1o.C1660 
REAC1510 
REAC1680 
REAC1690 
REAC1700 
REAC1110 
lI.EACl'720 
RE.A.Cl'7)O 
REAC1'74D 
REACl'7S0 
REACl 76 0 
REACl110 
REAC11EO 
REAC1190 
REACUOO 
REACUIO 
lI.EACU 20 
RtAC1830 
REACIUO 
RE.A.CU50 
RE.A.ClB60 
i1.EAClB10 
R£ACU80 
REAC18S10 
REACl!ilOO 
REAC1910 
REAC19~0 

REAC1930 
REAC1940 
REAC1950 
REAC1960 
REAC19'70 
REAC19BO 
REAC1990 
RE.A.C~oOO 

REAC20l0 
R£AC2020 
REAC20JO 
REAC2040 
REAC20S0 
REAC2060 
REAC20'70 
REAC20BO 
REAC2090 
REAC2100 
REAC2110 
RE"'C2120 
Rt.A.CZIJO 
ilEAC2140 
REAC2150 
ilEAC2160 
REAC211 D 
REACH eo 
REA"15l0 
REAC2200 
REAC2210 
REAC2220 
lI.EAC2230 

ELSE RE .... C2240 
WillTE(10B,·) 'INVALID OPTION IN SliBROt11'U,-E REA_C"'rn, ,IOPT REAcnso 

ENOIP REAC2260 
RE'TlIRN REAC2210 
END RE.IICn80 

C F'0Rl1001D 
C .............................. a ••••••••••• _ ............. •••• •• •••• •• ••• •• ·FORHOO~O 

C F0EU101l30 
SUl!ROO'TINE FQRM(IOpT) pORM0040 
CliARA("'l'E,R NAKE~ eo, EI.NO" 130 PORMD050 
LOGICAl. PRJNT ,HEAD, FALSE ,.ua,l., BjEST ,BOOS ,BUGS1 PORM0060 

SINCLUDE: '"caow' PORMOO? 0 
C PORMOOSO 
C' -PORMo090 
C ~T1tIX STORAGE SCHD!! FO:RMolOO 
C ·THE S1'IFFNESS MA'l'R.!l': (X) IS &ANDEr: .AND S'r"HHl:T1lIC PO:RMoIIO 
C 'THUS ONl..Y THE .:inL!NE ,UlQ\l'E THE MAIN DIAGON.\l. NEEPS TO BE STORED POiUOJ0120 
C THE MATRIX X IS S'TCl\E'Xo IIIl A LINP.AR J.Rl.AY BY COUlHNS. PORJO\O 13 0 
C THE VALI.JE aN THE MJ..IN OIAG~ IS STORED IN THE LI:NE.A.i AJffiAY FIRST FORJol0140 

REL.II.T!YE ADDRESSES OF '!'HE 1.INE<U AR:RJ.Y EI..2~5 CONTAINING THE FORH01SO 
MAIN OIAGONA..:... TElU15 ARE STCIR'ED IN P1D FORM016D 
THE ABSOLUTE ADDRESS OF THE FIRS'T Eu:M:EJr. IN THE X MATRIX IS nS'TIF.FORHOI1D 
THE 5'1'IPFNESS "",nIX J( IS STaREr>!N THE Z A.RR.AY, ZIIZS'TIF).J«(l,l) FORMOUO 
THE ABSOUTTE ADDRESS OF THE PIRS"J' ELEMENT IS THE HP MA'T'RIX IS IZH!:l F0RJ10190 
THE STIFFNESS I1ATRIK J( IS S":'OIIEP IN THE 1.1" AlUlA'l, NZII'ZJoIDI·JoID(l) PORHO.OO 



THUS IF r L.£ J rUPPER TRJ ANGULAR ~TRIX) 
[P IZMD-l+J ( IZMO-l-J·l 

IJ·mrIZMP·l"J).J-I REU.1IVE ADDRESS IF ELEMZNT 
B (I,J)·Z( l2.STIF-l .. IJ) 

EL.SE 
B (I,J)·O (I, J) IS ABOVZ THE SKYLINE 

EXAMPLE· LE'T B BE THE 5X5 FUll. Sl'JolETRIC MAntlX BEIDrI. 
1 3 : 1 ~ : 

PORl'lO;;!10 
PORl'!O;;!;;!O 

(l,J)PORM0230 
FOiU'!o:u.O 
PORM02~0 

F0R!10HO 
P0lU102'10 
PQRJoi02BO 
FOiJol02510 

2 50: : II : NOTE, BO,3f,B(l,4f AND B(2,4f ARE ZERO. PORJolOlOO 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c
c 

c 

e- : 4: 7; 10 
SYHH. '6' 51: I'm. I, 2, 4, 6, 8, Il , 

SAY lZHD-121,IZSTlp·:oIOO 
NZ(lill)-l Z(200)-1 
NZ(l22)-2 Z(201)·2 
NZ(123)-4 ZI202)·3 
N'Z <1~4)-6 'Z.(~OJ)-4 
NZ(12S)·8 '2.(204)·5 
NZ026)·l3 Z.(205)-6 

Z.(206)·7 
Z(206) "S 
2.(206)·51 
Z. (~06) ·10 
Z.(:l06)-11 
2.(206)·ll 

THUS, PCIR B(l,4) I·l, J-4 
IJ·NZ(lZHD-I .. J)~J-I • NZ(1:ill-1-4) -4-) -6.4·3 -7 
BII,J)·Z,CI2.STIF-l + IJ) • Z(200-1";) • Z(206) ·7 

THUS, FOR B(2.,4) 1·2, J-4 
IJ·NZ(IZKD-l+J)'J-1 • NZil:ill-104) +4-;;) • 6-.·2 ·8 
NZ(IZMD ·1·J+l) ·m(l21·1-4+1)·9 
SINCE IJ GE m(IZHD·l·J+l) 
E(I,J)·O (I,J) IS ABOVE THE SKYLINE. 

BIJG5 • B'rEST(IBllG,5) 
B005'1· BTEST(IBllG,;) . .lND. BUG5 
LS,-rYP"O 
PRINT· .FALSE_ 
HI!..Ul •. FALSE. 

c- --------- ... -
C 10PT·l PaRlo! STIFFNESS HATRIX 
C IOPT-2 FCIU'I GEQ4.ETRIC S'TIPPNESB HATIi.IX 
c· - - - - - - - .. -... -
c 

IF (BOOS) WRITE (6,·) 'IN ROUTINE PeRM IOPT:',IOP1 

49 POBJ1AT (IX,A/i' Il',D,' HIlMA.SSCI) -' ,Ill)) 

GO TO (100,;;)00) 10M 
c 
c· .... ••••••••••••••• .. ••••••• 
C· ASSEMBLE STIPFNESS ••••• 

C·.· .. ······ .. •· .. •••·········· 

c 
c-

c 
c-

c 
c-

100 cam'INUE 

110 

15 

181 ·IZeM'IP 
IEND·1ZSTIF om: (IZXD'NDOF) ·1 

- - - - - - - '2.ERO STIPfNESS 
DO 110 I·IST, lEND 

1.(1)·0 

I.D:lP PeG'( UCH El.El'lEm' 
DO 1~0 IELNO"I,NELKT 

GE'T STIFFNESS OF EACH ELEMENT 
FA.LSE· .FALSE_ 
CALL EULIE 

(3, L-S'I'TYP ,PALSE, IREL, FALSE,lU.M:E, EESE,EPSE,DAMAG:E, DIJC'PAG, 
IE~ ,IELDOP,XGDOF,PGE04.,Z ,AJllAL,I'ZDISP,IZL.aA.O,KS1Cf1) 

IP (BUG57) THEN 
WRITE (ELNO, IS) IEI.NO, (N'Z,(I -I2.~-l) ,1·1 ,HIN(IELDOF, 19) 
PCIUU.'%' ('ELEMENT Jf', 16,' 1JoI:' ,lBI6) 
CJ.LL l1'D.TJO( (Z(IZJ::E), KD, IELDOP ,MIl (IEl..DOP"l) ,£~) 

IOIIlIF 

c..u.L PCIIML(ZCItS1IF) ,NZ(IZMD) ,NDOF,N'Z(I'l.MIl~NDOF), 
Z (aXE) ,KD, IElDOF ,HD (IELDOP"l) ,m (I'l.LM) , 1.) 

SUJ:ITR.Acr GEat£'TlUC STIPFNESS 
NZ II Z)(,GDT- 3) ·Nt (I'Z.XGD1- 3) 

IP (N2.(IZXGDT-3) EQ.1) THEN 
FALSE· _ FALSE_ 
CAll. EUUB 
(~, LB'M'YP, FALSE, IREL, FALSE, HAJoIE, EESE, EPSE ,DAMAGE, DOCP ... G, 
I2LNO ,IEu>oP, KG[)OF ,PGECJoI, Z ,AXIAl.., I'Z.DISP, I2.l..a.t.D,KSTeG'() 

XGDOF·KGDOP 

IF (BllGS7) THEN 

FORMOllO 
FORJolOl20 
FORJolOllO 
FORJolOl40 
FORMOl50 
PORl'10360 
FOR1'!OJ'10 
P0R!10HO 
P0R!10390 
FOlUlf0400 
FOJUoI0410 
PORM043.0 
PORM0430 
FORMOUO 
POllM04SC 
PORMOUO 
FOXM04'10 
FORMC480 

OX FOltM049C 
pORMOSOO 
FORM0510 
PORMOS20 
FOlU'!OSlO 
POltMo540 

. ·POR/'!Io5S0 
PORJIIOS60 
FORJII0510 
PORMOSBO 
PORJIIOS90 
PORl'!01500 
pORM01510 
FODl01520 

... -- --FORl"J0I530 
FORM01540 
FODl:0650 

... ·PODl06150 
PORM061 0 
PORM06BO 
PO»l0690 
PORl10'100 
l'ORM0710 
FOi.H07:o10 
FO!I.M0730 
FODl07.0 
FORM07~0 
F01I.JII0'160 
POIIJI(077 0 
PORM0780 
PORJoIOHlO 
FORJol0800 
PORMOBIO 
FORMOa:olO 
PORMOSlO 
FORMO'40 
PORJolOISO 
FORMO~60 

FORMOI '1 0 
PORHOeEO 
FORJIIOS90 
FORJol0900 
FORM09l0 
PORH09:o10 
FORJII093 0 
POIl'I094 0 
POIJ109S0 
POiM0960 
POlM09'10 
FOiJoI09~O 

PORH0990 
PO:aMIOOO 
POJUoIIOlO 
FORHIOO!O 
PO»ll030 
POltMI040 
PORMIOSO 
FORMI060 
PORMI0'10 
FORMIOaO 
PORMI090 
FORMIIOO 
PORMIIIO 
FORMl120 
FORMIIlO 

WllITE (ELNO, 15) IELNO, (NZ (I" IZLKXG- 1 ~ , 1·1, M IN (XGDOF, 18) I 
FOIU'Il140 
FOil'll ISO 
F01UUl150 

c 

CAU IJoU,.TRX(Z(ltXEXGI ,MO,J::GDOF,KD(XGDOP+l) ,E~) 
ENDIF 

IF' (.NOT. AXIAL) GO TO 120 
DETERMINE THE PACTCR FaR ItG 

IF (N'Z(IZXGD1"1) EQ 11 THEN 
ACCEU· 1. II ZItGOT) 
PGEQIf·PGEat- (14ACCELZf 

END" 
SWAP THE SIGN ON PGECJoI Pal. SUBTRACTION._ 
PGEOH· - PGEetol 

CA.I...L FORHL(Z (IZSTIE') ,NZ,( IZKD) ,NDOP ,NZ (UI'I!I.NDOFI , 
" Z(lZXE1l:G) ,HD,1l:GDOP,HD(XGOOF·l) ,NZ(I2.L.MJ(G) ,PGECI'I) 

END IF 

CONTINlJ'E 

RETURN 

C' . ASSnml.E GEt>!ETRIC STIFNESS 

c 

200 COlnINUE 
IF INZ(IZXGDToJ) NE.~ ) P:E'TURN 

1ST ·IZXG 
IEND·IZKG .. NZ(IZMDKG'NDOP) 

c- ZE:RO STIfFNESS 
DO 210 l·IS"T,IEND 

'210 Z(1)·O 
c 
C - LOOP FOR EACH ELEHENT 

DO ~20 IEU<O·l,NEL.MT 

- - - - GE"T STIFFNESS OF EACH El...EXENI' 
FALSE· _FAl..SE 
CALL ElJ!LIB 

( 2, LSTTYP, PALSE, I REl., FALSE, NAME, EESE, EPSE, DAMAGE, OOCFAG, 
IEUIO ,IElDOF, XGDOP, PGECI'!, Z ,AXIM.., IZDISP, IZLaAD,MSTeG'() 

IF (.NOT AJlIAL) GO TO no 

IF (BUGS;) '["HEN 
WRITE (6,·) 'PGECJoI·' ,PGECJo1 
WRITE (EI..NO, 151 IELNQ, (N2. (I .IZLHXG -1) , I·~ ,MIN (1<:GDOF' , 1 B f ) 
CALl. lJ'IA.TRlI I Z(IZKEXG) ,MD,XGDOF ,MD(1l:GDOF~ 1) ,ELNO) 

END I , 

CALL FOP:Ki.. (2. (I2.XG~ ,NZ (I 'Z.HDltG) ,NOOF, NZ (I2.MOXG+NDQP) , 
, Z(IZXEkG~ ,KD,XGDOF,HD(KGDOF~l) ,NZII2.U1]{G) ,PGECt1) 

220 CONTINUE 

PORMl110 
FORMl180 
FORM1l90 
FORM1200 
POIUHO!10 
FOJUol120!O 
FOiM10!30 
PORMl:u.O 
PORJo!l2S0 
FORl'l1260 
?ORJoi121 0 
FORk1280 
PORJoi12S10 
POIUiIJOO 
PORJoi1310 
FORl'I13:i10 
FORMl330 
PORJolIJ40 
PORHl350 
PORM1360 
PORMl370 
POJUolIJSO 
PORM1390 
FORM1400 
FORMUlO 
FORM14ilO 
FORM143 0 
PORJ11G40 
PORM14S0 
PORMIUO 
FORM14;O 
FORM1480 
FORM1490 
FORHHOO 
FORMlSlo 
FORM1S20 
FORM1~lO 

FORM1540 
PORM1550 
FORM 1 560 
POiU<!1510 
F0lUo11SBO 
P0R}o1~S90 
PORM1600 
POJUol1610 
PORMl1520 
FORM1630 
PORJol1640 
PORM165D 
POilY.166D 

4 

RE'TtJRN PORl'!1670 
END FORl'!1680 

c··· ............... ········· ..... ··············- .. ·······················CFEH20010 
C CFEH20020 
C PROGRAM FEH . AN.U.VSIS OF s-rRUC'!'1.lRES CFEH;;)OOlO 
C CFEM,200o.0 
C ........................................................................... ·CFEH200 50 
C .. _CFEH20060 
C NOTE: USE IBM FOR1VS2 COIfiIIln. OPTION Al1I'ODBL(DBLP.\D4) crEH~0070 
C TO CCf9ILE 1HIS PROGRAJol IN DOUBLE PiECISION CFEH2.00S0 
C CFEH200510 
C NClTE. USE IBM PaRr.'S~ COoD'lLER OPTION OPT(2) CFEI'I20100 
C TO OPTIMIZE 1HE Ca:lE POR PASTER EXECl1TION CFE'HZOIIO 
C CFEM20120 
C- .......................................................................... ·CF2'1'I201 3D 

CHARAC"'I'ER·SO OP'TION,INPUT,BL.ANX FEH20l40 
CHARACTER·S TIMEl,DATEl FEI1201S0 
CIVJl. ... CTER*l CHRlo·asl FEM20160 
l.OOlCAL TES"T FEM20110 

SINCumE. 'ZCCMN' FEM201~O 
DA'TA CKIl/· A' , 'B ' , 'C' , '0' , 'E' , 'P' , '0' , 'H' , 'I' , 'J' , 'X' , . L' , 'H' , FEM~0190 

" 'N', 'O','P', 'O','R','S', '1', 'U', 'V', 'W', 'Z', '''1'', 'Z'/ FEM20;;)00 
c 
C .... ••••••••••• ...... ••••••••••••• 
C·· ECHO THE INPUT_ 

C .... •• .. •••••••••••••••••••••••• 
1-55 
L-O 

95151S RE.UlI105,('(A.) ') ,EN!>·9!196) INPUT 
IF (INDEX(INPtn', 'J','OECHO') .NE.O) GO TO 51996 
1·1·1 
L·L"I 
IF ( I.G"r.SS) THEN 

WllIT'EOOB,519U) (D:,n:·l, Bf 
I-O 

ENOl' 
'4I1E(108,51997) L,INPtn' 
IF (INDEX(INPU'l', -STOP' ) ,EO.O) 00 TO 5199S 

9951' PCJUoI.AT ('1 ECHO OF INPLrr DATA '/ / 
, IX,3X,'LIl'lE ',S(' .... :. ',11,'0')) 

95151; POFJo(},T (U.,n,'_ ',A) 
951!i16 REWIND(10S) 
c 
c·· .. ••··•······• .. ••••········· 
C·· INITIALIZE DATA_ 
C······· .... ········ .. ··········· 

c 

TITLE(l)·' , 
TI'rLE(2)·' , 
BLA.Nl ." 
BT,X; ".PAUE 
DOUBLE •. FJ.LSE. 
IBOO·O 
M.UEDP·:i14 
HIHl) ·1 
DO 1 1-2, (ItLUCEDF"ll 

MD(I) ·MD(I ·11. (I -I) 
IZ-O 

:010 R.EADOOS,·,EW"lOOO) OPTlaN 
RATIZ .. IOO. ·REAL( It) /REAL (KAXt) 

C············· .... ········· .... · 
c·· DEFIm: THE STRuc:TUJt.E .. - .. 

C······ .. ········· .... ········· 
c --

(INDEX (OPTIaN, 'STR'j _NE. 0) 

n-l 
TITLE(ll·' • 
'!ITLE(2)·' • 

THEN 

GlU,V-386,4 
READ(lOS,·,END"lOOO) 'rITU(l) 
c.u.L TIDll!(1IMEl,DATE1) . 
WRI'l"E(TI1'L.£(l) (90:),'5) 'rIME1,OATEl 
RJ.'T'IZ·IOO.-R.EAL(U) (aUL(MAxz,) 
WRITEi· ,Sill , BULIDING STRtJC'%'Ui.AL HODEL·--. 

c 

IZ,EA1n 
WRIrEi·,51) TITLE(l) (1:10) 

CALL .... = 
IUEL·n 
iATIZ·I00 _ ·REJJ...(IZ) (REA.L(KAXZ,) 

c .. •••••••••• .. •••••••••••• .. ••••••••• 
C·· DEFINE THE UlA.OING AND SOLVE •• 

c························· .... ······· 
ELSE IF (INDEXiOPTION,'SOL') NE.of THEN 

c 

READ(lOS, ',END·IOOO) TI1LE(:iI:l 
CALL TIDU(TlMEl,DA'i'El) 
nlTEiTln.E(2J (80.) ,4S) TIHEl,DA.TEl 
WRITE(·,5:lI' SOLVING S'TR1JC'1llJU.L Ha:lEL 

IZ,RATIZ 
WRITE!·,Sl) lITLE(ll (1:;0) 
WRITEr',Sll lITL.E(2) (1'10) 
CALL OOLN(OPTION) 
R.ATIZ-l 00. ·REAL(IZ) !REA.l.iHAJIZ) 

C··· ... ········· .. ·········· .. ··· .. ··· 
C·· S'10P _ END OF PROGRAM 

c·· .. ·•••·•·•••••••·•·••••·••••• .. ••• 

c 

ELSE IP (INOE:M(OPTION,'STOF').NE.OI 
WRITE(',52), NDBJ1A.L STOP 

a,UTIZ 

STO' 
C····· .. ··························· .. ·· 
C·· READ RESULTS P'R!>l INPUT FILE .... 

c············ .... ············ .. ···· .. ···· 

THEN 

ELSE IF (INDEX (OPTION, 'I\EAD') _NE.D) 1HEN 

c 

140 CA.LL G£lINT(OPTIaN,·UNIT·',IUNIT,O, .nUE., 'TllUE. I 
CAL.L GElINT (OPTION, 'INC"', INC ,l,. 'TllUE. f • p.u.s!.1 
IF (IUNIT .GT 0) THEN 

W'RITE(',S2) , READING DATA. FRa-l PIU 
IZ,RATIZ 

IO?T-4 
CAl.J., DMPDAT(IOPT,IWRI'rE,TO,DTI 
GO TO 140 

ENDI' 
RATIZ·100 -P:E..It.LIIZ)/R.EAL(MAXZ) 

C········ .. ····· .. · .. ······· 
C·· SET BUG OPTICIJ 
C· ........................ . 

C 

150 
'60 

ELSE IF (1ES1(OfTIIJl>l,'BUG·', PALSE.) ~ THDl 
CALL G!1CKR (OPTICI-I, 'BOO·', INP1.J!', . TRUE., . FALSE.J 
IBUG·O 
WRITE(0P110N,160~ INPU1(l'?O) 
DO ISO 1-0,23 

IF (TEST(INPLl1,CHR(I),.PALSE_)1 IBOO·IBSETCIBllG,II 
CONTINIJ! 
FOR~-r (' Bua·' ,AJ 
WRITE(·,~2.)' SET BUG OflICD>l: 

IZ,JlATIZ 
WRITE(·,Sll OPlION(l.?Of 
WRITE(108,51) 'SE"T BUG OP1IaI· 
WRITE(l08,51l oPTIC»ol(l.10) 

C··-4 ....................... . 
C·· SET BUG OP7ION 
c············ .... · ... ······· 

EL.SE IF (INDE:M(OPTION, 'BOO') m..0) 1HEN 
WRITE(',5l) ('SET BOO OPTION. '/IOP1Io:.l[l:S4) 
BOG· '!'RUE 
IF (INDEXIOP1ION, 'NCEOO') .NE 0) BOO·_PALSE 

c .. ·- .. •• .................................. . 
c·· ItNALID OP1IaN c··· .. ·· ................... ··· .. ·· .. · ....... . 

FEM.20210 
PEM20220 
FEH..:iI 0:i13 0 
FEH.:iIOHO 
FEM:il02S0 
FEM200!60 
PEl'l20270 
FEH20280 
FEM20290 
FEM~0300 

FEM20310 
FEH20.} ~O 
PEM;;)Ol30 
PEMil0J40 
PEJoIilOlSO 
FEM20.}60 
PEMil.0370 
FEI120390 
FEI12.0190 
FEH20400 
FEK20o.10 
PEM20420 
FE1'I204J0 
FEH20UO 
FEH20450 
F'EM2.0460 
FEl120470 
FEMOl:04BO 
FEMO!04510 
FEH20S00 
FEM~OSlO 

FEM:lOS:;O 
PEM~OSlO 
FEM20So,O 
PEM20SS0 
F2M;;)OS60 
FEH20S70 
PEM.20580 
F2!"120S90 
PEM40600 
PEH20610 
FEH206~0 

P21'1.20630 
l"EH20640 
l"EH20650 
FEH20660 
FEH:oI06'1o 
F£H.0680 
FEH20690 
FEI'!~O? 00 
l"EH20110 
FEH20? ~o 
FEl1401.30 
FEM20;O,O 
PEM~OiSO 

FE!'I<l0'1150 
PE!'!20i?0 
PD120780 
PEH20;510 
PEM20BOO 
PEM;;)OBIO 
FEM;;)OB20 
FEM;;)OB30 
FEM20S40 
PEHO!OBSO 
P£H20860 
FEH20870 
FEI1:l0B80 
FEM20B90 
FE1'I205100 

,F£H20910 
P£1'I20920 
P£M20930 
P£1'I20940 
FEM209~0 

FEMOIOSl60 
FE"205170 
PEl'I20§l80 
FE1'I209510 
FEMill000 
P£1oI21010 
FEM;;!l020 
FEM210l0 
F£K;tl040 
'EJo!~1050 
F£H21060 
FEI'I21070 
FEHZI080 
l"EH21090 

-·FEH21100 
FEM21110 
PEI"I21 1 20 
FEMZIlJO 
PEHZl140 
FEM211S0 
PEMZ1l60 
FE!"I211;0 
FEH21l80 
FEM21190 
FEHZ1200 
FEI"I21210 
FEM21220 
PEH~1230 

PEH21240 
FEH212S0 
F'EH21260 
PEH212?0 
PEM21;t80 
FE!'121290 
FEM,l,3DO 
FEM21J 10 
FEH21J 20 
FEH2IJlO 
P£M;tlHO 
FEM21350 
FEHJlJEiO 
F!M213?O 
FEM2.lJ BO 
FEM213510 
P£"21400 
FEM21410 
P'EJoI21420 
FEK.21430 
P'EM2144 0 



ELSE 
IF (TEST(OP'l'ICN,'NOECHO',.FALSE.) ) GO To 20 
IF (OPTION. EQ.BLANK) GO TO 20 
WRl'TE(10B,lO) OPTION 
WF.ITE(*,H) ('INVALID OPTION. '1IOPTIaNil:S4)) 

ENDI. 
00 TO 20 

15 FORMAT(' TIHE: ',I.,', DATE: ',A) 
SO FORMAT (AI,' S"l'RUC"l1JJt.E. ',A,/lX,' SOLl1TIiJN 
51 FCIRMAT (lX,A) 

',1.,/) 

5:0 FaP.MAT (lX,'·- ';M~,'·',:,' I:2.·',l"l,' MEM·',F5 J,"') 
3D FORl'IAT l' 1 INVALID OPTION· ',A) 

llO FClRJolAT (' 2XATRX(',II5,') :',IlS,lP,G20.10,·,G20.10) 
1000 STOP 

END 

. - TUE PRESENT TIME AND DATE 

Ffl'101H50 
PEMOIU60 
FEM:il14"lO 
PEH:Ill48 0 
PEK21490 
PEM;n500 
FEI121510 
PEH215010 
FEH21530 
F£l1;nStl.O 
PEM21SS0 
FEM21S 15 0 
PEM:iI IS "l 0 
PZH,,15~0 

FEM21590 
PEM21600 
TlDAOOU] 
TID.\OOlO 
TID.\OO)O 

SUBROUTINI: TIDA! (TIMEr ,DATE1) TIDAOO.O 
IN'TEGER*2 IYlt, IHON, IDA't, IKR, HUN, ISEe, IlOOTH TIDA0050 
CHAR.A,crE:R"a TIH:El,DATEl TIDA00t50 
CALL GnDATOYlt,IMON,IDAY) TIDAOO"lO 
IYlt.r'tR-1900 TIDA0080 
CA.l..l. GET"I'IM(IKR,IHIN, ISEC,IlOOTH) TlDA005lD 
W1UT2(DATEl,' (lOl,lh/,i2,lh/,12) ') lMON,IDAY,I'!1I. TlI)A0100 
WIlITE (TIMEI,' (12, lh:, 12,lh: ,12) ') IHR,IHIN,ISEC '1'10"0110 

RE'f'U&N TlDAOI:ilO 
END TIDA0130 

C SOLNOOI0 
c •• •••••••• •• •• ••• • •• •••••••• ••• • •••• •••• •• ·.·······.···················SOI..tol0020 
C SOLN0030 

8UERC<nlNE 80LN(OMla.I) SOu.l0040 
CK.U.AC'TER·80 OPTIaN SOu.lOOSO 

$INCLUDE: 'Z.C(Io9.l' SOu.l00I50 
STEPID·' , SOLN0070 

C SOLNOOBO 
C .. ••• .. •••••••• .............. . SOLN005l0 

501.,1.10100 
901.,1.10110 
SOl.,l.lOl010 
SOLN0130 
SOLJ,l0140 
SOl..N01S0 
SOl..N0160 
8OUl0170 
SOUlOIBo 
901.,1.101910 
SOu.l0200 
SOLNono 
SOlJ\lO:il20 
8OLNO,,30 
SOLN0240 
SOLJ,lO:i!SO 
SOLN0260 
SOLNono 
SOUi02BO 
BOUl02910 
SOUi0300 
SOLNOlIO 
BOUIOHO 
501.1<10330 
SOlJlZ03.0 
SOLN0350 

c· DE"T'ERMINE SOUJTION NO ... . 

c············ .. ···· .. ········· 
c.u..L GXTINT(OPTIClN, 'SOL',NSOUl,O, .TRUE., .PALSE.) 

c 
c···· .. ··················· 
C· CHOOSE TliE SOLUTIGl •• 

IP (NSOl..N EQ.l) THEN 
CAu.. SOL01 

'ELSE I P [NSOUI. EQ 2) THEN 
IF (NSOLN.EQ.::!) THEN 

~-l 
MAXELD·o 
CAl.L SOLO::! 

ELSE IP (NSOu.l.EQ.3) '!'HEN 
NLG.\D·l 
MAXELD·O 
CALJ... SOL03 

ELSE IF (NSOW.EQ.4) THEN 
NLOAD-l 
CAU. SOL04 

ELBE IF (NSOu.l_ EQ. 5) THEN 
NLOAD-l 
HAXELD·O 
CALL SOLOS 

El.SE 
WlI.ITE(10B,") 'INVALID SOu.lll' ,NSOUII SOUl036 ° 
STOP 'INVALID SOLUTION N1JKBEF.' SOLNOJ 1 0 

ENDIF SOUlOlBO 
RETURN SOu.l03910 
END SOu.l0400 

C KSOl..OOI0 
c········································· .. ·····························MSOl.OO:ilO 
C ~TRn: SOUlTIaN OP EQUATION AX·P, WHERE THE lIJIPER TRIANGt1I.AA MATRn KSOl.0030 
C OF THE S'fIoIME'TRIC KATIi.!X A IS S'Tcm.:m BY SKYLINES, P IS STORED AS A 1'1501..00&0 
C FlTl...L MATRIX. THE MAnux P IS REPLACED BY X AnD. BACK SUBSTlTUTIClN I'ISOLOOSO 
C IS CCMPl.EATE. BOTH A AND P ME ALTERED. '" MSOL0060 
C GlT1'M OPTION: IP GUYAN IS ,TRlfE. KASS I'lAnnx IS ALSO CONrlENSED MB01..0070 
C· ........................................................................ ··MSOLOO a 0 

SUBB:OllTINE KSOl..L( IOPT ,PRIm', N,IMD, U\OW,NLC,Ll, L2 ,tolD, I.,P, PA.C"rCIR, 1'1501..00510 
&. GlT1'M,KASS,I1DI'lA.SS, IMDKAS,XGca-m, KG, MPJ:G, IMP)(G) MSOI..OI00 

REAL MASS (IMDMAS I, KG (IKDXG) MSOLOIIO 
t..C(;ICAL GUYAN,PRINI',KGCOND "SOL0120 
DIMENSION A(IKD] , FACTCIR(N), P (utOW,NLC) ,MIl (N° l) HSOUl130 
DIHZNSION HDKA.SS(N'1.1 ,HDKG(N+l) "'501..0140 

IJI(I,J) .H!l(J) ·J-I 
I Jl'I ~ I, J) ·I'IDI'tASS P) oj - I 
IJKG ~I, J) ·KDXG(J) .J- I 

I'ISOUllSO 
MSOUl160 
MSOL0110 
HSOLQlHO 

C' - -MSOL019l0 
C H.\.TRIJI: STOllAGE SCHEME: MSOLQjlOO 
C ·THE MA.Tkn A IS BANI>ED AND SYMl"IE"l'RIC THUS CM..Y TH! SKYLINE ABOVE KSOL031O 
C lND THE MAIN DIAGONAl. NEEDS TO BE STCIRED MS01..O:II20 
C THE MA'I'Rn A IS S'TCIRED IN A LlNE1lll .UJtAY BY COUJolN'S THE VJJ...UE aN MSOLO 23 0 
C TH.E MAIN DIAGONAl.. Is STORED IN THE LINUJI. AJUl,AY FIRST. 1'lS0LO 24 0 
C ADDRESSES Of THE LINE..U. ARRAY ELEHEN'TS CONTAINING THE MAIN DIAGONAL MSOL02S0 
C TERMS ME STCll.ED IN I'ID MSOUl260 
C EXAMPLE: L:E"I' B BE THE 5X5 FlJU. SYME'TRIC MATRIX BEL"'" K.90U1210 
C 1 J l:il : MSOLD ZlO 
C : 2 : 5 11: NOTE: BO,3),B(l,4) AND B(2,4) llI.E 2.ERO. MS0LIJ290 
C : 4 : "l 10: KSOlJJ300 
C S'fIoIM.: 6 9 MD· 1, 2, 4, 6, 9, 13 I'ISOLOlIO 
C : a MSOLOl20 
c THUS, !(J,3)·A( KD(3) ) • .\(4) MSOLQ330 
C EHI,J)·J.( KD(J) oJ-I) IF J)I AND (KD(J)+J-ll <MD(J'l) MSOLQ340 
C ·0 IF J)I AND (MD(J)oJ-I) )MI)(Jol) I1S0I..0350 
C -M.\TJUX P IS NOT SYHt1E'TRIC, AND IS STaRED AS A FIJl..l.. MATRIX KSOLQlEO 
Co. 
C VARIABL.E TA..EL!· 
CIon • OPTION NtJomER 
C N • NUMBEF. Of DEGREES OF PREEDCJo!. OF A MATRIX 
C NLC • NUMBER OF L£l,U) CASES FOR THE P MATRIli 
C t;.1 • FIR6T ,,(JIll TO BE WORKED WITH 
C 1..2 • LAST ROW TO EE WORXED WITH 
C MIl • ADDRESS OF THE HAIN DIAGONAL TERMS OF' ). 

- -. - -MSOLOJ10 
MSOL03BO 
MSOUl390 
"S01..O&OO 
H601.A410 
HS0L0420 
~OL.OOO 

C P • LAO[) MAn:::x ON INPl1T, SOu.l (X) OF ,u:.p ON CCMPLE}.TIaN OF 
MS01..OUO 
MSOLQ4S0 
MSOI..0460 C IOPT·4 

C F~C"rOR· TEMPORARY S'fORAGE MATltlX 

C 
C 
C 
C 
C 
C 
C 
c· 
c 

GUYAN • GU'l'AN REDUC"rION FU,G POR MASS MATRIX 
MA5S • MASS MAnUlI 
MDHASS· MASS MATRIX ADDRESSES OF' MAIN D:::AGClNAL ELE~S 
KGCaND· FLAG FOlI: CONDENSING OUT XG 
KG • Gl!O'!E"I'UC STIPl"NESS MATlUlI 
HDXG • XG MATRH ADDRESSES OF J1AIN DI).GONAL ELDolENTS 
L • :ROW NUMEE:R FaR ELIMINATION 
I • ROW rruMB~ 
J • eoLlJ1N NlJ'{BEF 

Ll·HAX (1..1 , 1) 
1..2·HIN(L2,N) 

GO TO (10,110,:010,310) IOPT 

MSOL0410 
HSOL04BO 
)1S0L04910 
MSOL05oo 
1'1.501..0510 
!'lS0l..052,0 
MSOL0530 
!'ISOLOS'O 
MSOLOS50 
MSOL0550 

- -MSOLOS70 
M50L05BO 
I1S0!..OS90 
I1S01..0600 
MSOL0610 
1'1501..062,0 
HSOLQ630 

10 CCNTINUE HSOLQ610 

c 
c 
c 
c--

10PT·l, REDUCE A ~ P I'lS OLD 6 SO 
GAUSSIAN EL.IHINIATlaN IS USED TO REDUCE THE J. AND P KATRICIESHSOL.0660 
FROM Row 1..1 TO RCJiof L2 IF Ll IS NOT j, IT IS A6SlJoIED THAT MSOI..0610 
A AND P ARE ALLR!AD:I' REDUCED PR(Io! 1 TO 1..1 MSOL0680 

IP (PRINT) THEN 
WRITE~10e,500) 'IOPT·l, REDUCE S'!IPFNESS AND 1.OADS',Ll,L2,N 
CAll. LHA.TRX(I.,HD,N,IMD , 'INPl1T S"TIPF'N'ESS') 
CAll. WHATJ,X('F,N ,NL.C, 'INPUT I.OAD') 
IF (GUYAll ) CAll. UtAT:RX(MASS,I'!I:II'iASS,N,IMDI'lAS,'INPUT KASS') 
IF (XGCaID) CAll. lJoIAT'itX(KG ,MIlKG ,N,IMDII.G ,'INPUT)(G 'I 

ENDIF 

-' .• 'M50L0690 
HSOL0100 
KSOL0110 
101801..0720 
1'1501..0130 
MSOLO"l40 
H60LQ7S0 
HS01.07t50 
1'!.50L.07"l0 

5 

DO 100 L·Ll, L2 
IF (I... EQ N) GO TO 100 

C 
C' - - TES"I' Felt 2.E:R0 PIVC1I'. 

c 

IF (A(MD(L) .EQ,O) THEN 
WRITE(106,2000) L,Mn (1.) ,A(MIl (1..)) 
STOP 

IOIDI. 

C- -_ .. - CALCULATE THE FACTORS EACH ROW 15 HUL1IPLIED BY 

c 

DO 3D 1· (L 0 1) ,N 
LI-IJI (L, I) 
IF ( LI.LT.MIl(I'I) ) THEN 

FACTOR(I)·A(LI) IA( MD(L) ) 
El.SE 

PACTOR(I)·O 
ENDIF 
CcvrINUE 

C- _.- REDIJCE A S:I' COLlMNS (J) EACH ROoi (I). 

c 

00 40 J. (1.. 0 1) ,N 
U·IJI(1.,J) 
IF (LJ.GEKD(J'l) GO TO 40 
DO 35 I· (L+l),J 

IJ·IJI(I,J) 
A(IJ) ·A(IJ) -PACTOR (U"A(W) 

35 com-nruE 
40 CONTINUE 

c- ... - REDUCE P BY COUJoOlS (J) EACH ROlf II) 
00 50 J·l,NLC 

C 

IF (P(L,J) .EQ.O) GO TO SO 
DO 45 I· (Lol) ,N 

45 P (1 ,J).p [1 ,J) -PACI'ClR (I)"P (L,Jl 
SO CONTINUE 

C· . REDUCE HASS MATRIX' BY GUYAll REDOCTla.l 
IF (GUYA1I) THEN 

C 
C. .. .. l'U~·M42 - X31/lt.11 " 1"111 * l/K11 * X12 

c 

RH·MASS (HIlMASS (L) ) 
IF (F.M,NE.O) THEN 

DO 50 J"L o l,N 
IP (PAC~(J) .EO.O) GO TO 60 
Il·KU(LQ,J-(I'ItIMA.SS(J o l) -MDl'U.SS(J)) 1 
DO SS I"U,J 

IJ·IJM(I,J) 
55 MASS (IJ) ·MABS(IJ) +PACT(R (I) *RH"ncTOR (J) 
60 carrlNUE 

ENDIP 

C. "2:1·1114:1 Ul/XU' 1"113 

C 

DO 65 J·L+l,N 
W·IJl'I(L,J) 
If (W.GE.MDMASS(J.I)) GO TO 56 
IP CK'SS(Wl .EQ.O) GO TO 66 
DO 65 I·L·l,J 

IJ·IJM(l,J) 
IF (lJ.LT.HDtV,SS(J+l)) 

" MASS (IJ) --M,A.SS(IJ) -PAC"rCl1t(I) 'M.ASS(W) 
65 CON'T INUE 
56 CCI't['INUE 

c, . .. M~jI·M22 - 1'121 • l/Jl:ll ~ Kl~ 
DO 70 J·L+l,N 

C 

IP (PACTat(J) .EQ.O) GO TO "l0 
DO 551 I·L o 1,J 

LI·IJM(L,I) 
IF (LI.GE.KDHASS(Iol)) GO TO 691 
IJ·IJ'PI(I,J) 
IF (IJ.LT.KDMASS(J+I) 

" IllASS (IJ) ·MASS (IJ) - PACTOR (J) *MAS S (LI) 
69 can INUE 
70 CCI't['INUE 

ENDI. 

C' .• - F.EDOCE GEa4E"TIUC STIFFNESS MATRU 
IP (XGCOND) THEN 

c 

)(GOI :I .. )(G22 + x:n IK11 " XGll ' l/x11 • :KGl:O 
RXG·XG (HOKG (L) ) 
IF (RXG.NE.O) THEN 

00 BO J·Lol,N 
IF (FACTOR(J) .EO 0) GO TO BO 
Il·M.AX(Lo l,J·(HDXGlJ-l)·MDKGiJ)) ) 
DO "l5 1·11, J 
IJ·IJXG(I,J) 

"IS KG i IJ) ·)(0 (IJ) "'FI.c.-T'aR (I) "RXG·FAC'T~ (J) 
carr I,,", 

ENDIF 

KG2J·XG22 K"l/xll ~ XG12 
DO B5 J·L"l,N 

W·IJXG(L,J) 
IP (W.GE.I'IDICG(Joll) GO 'TO a6 
IF (KG(W) .EO.O) GO TO 96 
DO as I·Lol,J 

IJ·IJXG(I,J) 
IF (IJ.LT.KIlXG(J·11) 

&. KG(IJ)-KG(IJ) -PACI'OR II) *XG(W] 
as caNTIN11E 
B6 CCNl'INUE 

C. )(G:il2·J{G201 XG21· l/xll " Jtl2 
DO 910 J·L+l,N 

IF (PACTCIR(J) .EQ.O) GO TO 90 
DO 8S1 I·L+1, J 

LI·IJXG (1..,1) 
IF (l.I.GE MDJ{G(l+l)) 00 TO a51 
IJ·IJXG!l,J) 
IF (IJ LT KDlCG(J'l» 
KG (IJ) ·KG(IJ) -PAC"rOR (J) *XG(Ll) 

B9 CONTINUE 
910 CCNl'INUE 

ENDI' 

100 CONTINUE 
IP (PRINT) THEN 

CAll. In.TR)( (A, HD,N, lMIl, 'REDUCED STlFPNESS') 
CAll WMA'n.JI(P,N ,NLC, 'REDUCED !.QAD') 
IP (GUYAll) all l,.MATRX (HAS6,MDl'tA.SS,N, IHOMAS, 'R:E:DUCED MASS') 
IP (KGCOND) CAI..L l.'oiA.TRX(XG ,HDXG ,N.IMDXG 'REDUCED XG') 

ENDI' 
RET""" 

11D CCNTIN1J1! 
C· IOPT·2, REDUCE P CIIIILY 
C GAUSSIAN ELI!'lINIATION IS U5:E:D 'f0 REDlICE THE P HA"I'RD: 

MSOL07BO 
MSOL0190 
MSOLO~OO 
MSOLoalo 
MSOLOe20 
MS01..OBJO 
MSOLOB40 
I1S0LOB50 
I1S0LOB60 
H60LOB70 
H60Loaeo 
H50L0990 
H60l.0900 
I'ISOLO!t10 
M60L.09l20 
MSOL0930 
1'1501..0940 
HSOL05l50 
MSOL09t50 
MSOL09"l0 
MSOL09BO 
MSOL0990 
HSOL1000 
I"IS01.1010 
MSOLl020 
MSOLl030 
I'ISOLI040 
MSOL10SO 
MSOLI060 
KSOLI010 
I'IS01..10BO 
I'ISOLI090 
I"ISOLll00 
101.501.1110 
"'50L1l20 
KSOLl13D 
MSOL1l40 
KSOLllSO 
HSOL1l60 
MSOLI110 
MSOLl1BO 
MSOL1190 
MsoLlao 
MS01.l210 
I1S01.H:2Q 
MS01.H:30 
MSOLl2&O 
KSOLl2S0 
MSOL1260 
M50L1270 
MSOLl2HO 
MSOLl:ll90 
MSOLlJOO 
l1S01..lJI0 
HSOL1320 
1'lS0LlJJO 
I"IS0L1.340 
1'1501.1350 
HSOLlJ60 
MSOL13"lO 
M60L1360 
MSOLlJ5IO 
MSOL14 00 
I'ISOL1410 
MSOLl4010 
HSOL14JO 
MSOL1440 
MS01..14S0 
"S01..1460 
M60L14"l0 
MS01.HBO 
115OLU90 
I"IS0LlS00 
MSOL1S10 
HSOL1S20 
MSOLlS30 
MSOLl~40 
MSOUSSO 
MSOL1S60 
MSOLlS"lO 
I'IS01..15BO 
HSOL1S90 
HSOL1600 
HSOL1610 
HSOLl620 
HSOL.lt5JO 
M60L164D 
H50LHi50 
HSOLl1550 
MSOL15"lO 
MSOL16BO 
!'!SOLI6S10 
MSOLl?OO 
M50L1"l10 
M60L1720 
I'IS0L17)0 
M80L1140 
I'IS0L11S0 
MSOL1160 
MSOL1770 
"'S01..1 "laD 
MSOLl790 
HSOLaoo 
MSOLIBlO 
MSOL18:00 
MSOL1S30 
MSOL.H40 
MSOL.U50 
MSOLlB60 
HS01..19"lO 
HSOL1B80 
I'IS0LIB90 
HSOLl900 
MSOL1910 
HSOL1920 
!'lSOLl5I30 
MSOLl940 
I'IS0L1S1S0 
!'!SOLl9160 
MSOLl9"l0 
1180L19BO 
I'IS0L.1990 
MSOL:OOOO 
I'ISOI..~OlO 

MSOL.:2020 
I'tSOL2030 
HSOL2040 

_ .. -MSOL20S0 
MSOL.2060 
MSOL~010 

MSOL20BO 
C PROM ROW Ll 'TO ROIl L.2 I P 1..1 16 NOT 1, IT IS ASSUoIED THAT 
C A AND P ARE .U.LU:ADY REDUCED PROi 1 TO 1..1 
c· 

c 

IF (PRINT) THEN 
WlI.ITE[10B,5(0) 'IOPT·:O, REDtX'E l..£lADS ONLY',Ll,W,!' 
CALL lJo!ATRX(A,!'ID,N,MD(N·l), 'REDUCED STIFFNESS') 
CAU. WMATJtX(P,N ,!'LC, 'NEW LOAD MATRU ') 

ENDI' 

C··· - - - - I..OOP PCI\ EACH ROoi (L.l TO REDUCE. 
DO 160 L·Ll,L2 

IF (A(MD(L))_EQ 0) THEN 
WRITE [10 a, 2000) L.,HD (L) ,A(HO iLl) 
STOF 

ENDIF 

- - - 'M,SOL2090 
MSOL2100 
HSOL2110 
I'IS0L2120 
I'IS0L2130 
MSOU140 
1OI50l..21S0 
M50L:2160 
1'tS0L.:217D 
!'lSOUIB~ 

MSOL21510 
MSOL:2200 
MSOL2:210 
MSOL222a 
I1S0L2230 



LOOP FOR EACJ.t COLUMN (J) 
00 150 J·1,NLC 

IF (P(L,J) .EQ.O) GO TO 150 
DO 1<10 1·11,+1) ,N 

LI·IJI (1,,1) 
IF ILl .LT .MOII ·1)) PI I ,J).p II, J) .1. ILl) -P (L,J) IA(MD IL)) 

1 <10 CONTINUE 
150 COm'INUE 
16 0 CONTINUE 

RFTUIUl 

<lID CONTINUE 
C· Ion·), BACX SUBSTUTICIN ... -
C BA.CX SlJl!,S'I'UTIClN IS USED TO SOLVE POR X IN SX·II, WHERE! S IS 
C THE R£DUCE \JJ'PER TRIANGl1UJ\ FACTCDl. OP THE A. I'!A'TRl);, J.ND II 
CIS TJ.tE REDUCED FCRRM OF THE P MATRIlC THE RESULTS 00 ARE 

o 
o· 

ST01U~D IN P. 
aA.CX SUBS'TU11~ ONLY TAXES PLACE BE'!'WI:EN ROWS Ll AND L2. 

IP I PRINT) THEN 
WRITEIl08,500) 'IOPT·), BACK SUBS'r!J'I'IQN',Ll,L2,N 
C.l.U.. IJQTRX(A.,MD,N,HDIN+l), 'RnlUCED STIFFNESS') 
CAl..L WMATRX(P,N ,NLC, 'REl:lOCED 1.OAD') 

",,"IF 

LOOP F~ EACH ROW' L 
CAl.C1JI.-'GE X FOR EACH ~ CASE, STa:lE IN P 
DO 250 J·L2,Ll,·1 
IF (AlMD(J)) . .EQ.O) THEN 

WRITEIlOB,<ilOOO) J,MD(J),A(HD(J) I 
STOP 

END" 
DO 21S 1..C. 1 ,NLC 

P (J ,Le)·p (J ,l..C) IA(MIl(J) ) 
IF (J.GT.l) THEN 
IJ~!'IIl (J o l) 
NI·J· (HOIJ-l) ·MO(J)) 
DO 220 I"NI,J-l,-I 

IJ·IJ·1 
DO Z<lO LC·I,NLC 

P II, Le)·p (I, LeI ·P(J, Le) 'A(lJ) 
no CGlTINlJE 

END" 
~SO CaN'I'INlJE 

IF (PltIN'I') CALL WlQ.TRl'(P,N ,Nl.C, 'DISPLACamlT') 

KSOU~40 

MSOL22:50 
MSOl.:<260 
MSOl.n10 
MSOL:<HO 
1'!S01.:a290 
MSOUJOO 
I'IS0UJI0 
MSOUHO 
1'1901..23l0 
MS0l..2J40 
MS0l.23S0 

. ·l'!IS0L2J60 
MS0l..2J10 
M50UJ90 
I"IS01..2J90 
MSOUIIoOO 
KSOUII.lO 

. ·KSOL211020 
1'1501.<100 
MSOL<lIIoiloO 
MS01.24S0 
MS0L211060 
MS"OL;jj II. 1 0 
MSOU l1.li 0 
MSOL:anO 
MSOUSOO 
MSOUSIO 
MB01.2SJO 
"50l.25)0 
MS01.2S40 
1'1501.2550 
"50L2560 
MS0L251 0 
MS0L.2S80 
"SOL2S90 
JoISOU600 
"501.2610 
MS0l.26;aO 
MSOU630 
M0L.26foO 
!"ISOU6S0 
MS0l..266 0 
I1S0L.2610 
I1S0U6eO 
KSOU690 
I1S0U100 
I1S0U110 

310 C'CNrlNUE M01.2120 
C·· ......• IOPT·4, REDUCED MULTIPl.lCATlCJ,l .........•. , .•...........• ·I'ISOU1JO 
C SOLVE PaR V IN s·o·p WHERE S HAS BEEN REDUCED BY Q!]SSIAN 1180UHO 
C ELIMlNATI~. H.SOU1S0 
C THE RESULTING LQ,\[) IS B~ED IN P I1S0l..2160 

o 
o· 

o 

THE. DISPL.A.CDmNTS AJ:E INPtrT IN D KS0L211 0 
KllLTIPLACJ.TICIN ctn.Y rUES PLACE BETWEEJiI ROWS Ll AND L2, KS0L2180 

.........•.. ,.. . ·KS0L2190 
IP (PRINT) THEN 

WJlITE(10e,500j 'IOPT"4, REDUCED I'It.n..TIPu.cATION',Ll,L:Ol,N 
CAl..J.. LMA'n.lI (A,MD,N,KD (lIlol), 'REDUCED STIFFNESS') 
CALL WKATRXIPAC"TOR,N ,1, 'DISP1...lCEMENT') 

ENDlF 

MSOL2:800 
KS0L.2910 
MS0L.2820 
"80L2830 
HS01.28fo0 
"S0L2850 

C· ..... ONLY ONE LOAD CASE. 1180L2B60 
HS0L2810 
"SOL2880 
I1S0L2~90 

320 
c 
C·· . 

340 

o 
o· . 

,OS 
lSO 
)60 
400 

""-I 
2.ERO P 

00 320 J·LI,U 
IP (A(MO(J)) .EO 0) THnl 

WRITECIOe,;jjOOO) J,MD(J),A(I1tl(J)1 
STOP 

END" 
P(J, Le)·O 

M!Jl..TIFL'I! S_RED • DI6P • P 
DO 340 J·Ll,N 

ICl·J· (MD('J+l) .!'ID(J) .. I 
IC2·HAJI(ICl,1..11 
DO )40 I·J, ICOl, 1 

IJ·IJIU,J) 
P II, Le)·p (I,l..C) .. A (IJ) ·PAC"TOR (J) 

IF (PRINT) CALl- NMATllX(P.t.l ,1, 'R£DUCEl) LOAD') 

tlNRZDOCE nlE I..aJ.D KlTRIX 
DO 360 L·L2,L1, 1 

l..CIOP FCII EACH CoLl1MN (J) 
00 3S0 J·l,N'LC 

IF (P(L,1..C) .EO.O) GO TO 350 
DO 345 1· (L~I) ,N 

1..1·IJI 11,,1) 

KSOL2900 
1"1901..2910 
MS0L2920 
","80L.29l0 
"S0L2940 
tolSOU9S0 
KS0L2960 
KS0l..291a 
HS0L2980 
KS0L2990 
I1S0LlOOO 
KSOUOI0 
HSOU020 
"SOUOlO 
HSOU040 
tolSOUOSO 
HS0L3060 
HS01..3010 
MaOLJOBO 
"801....3090 
M50l...JI00 
M80Ull0 
HSOU120 

IF (Ll.LT MO(I+l)) 
COtn'INUE 

P n, Le)·p (I, LC) <A(LI)·P (L, LCl/A o"m (L)) M801..31JO 

CON'I'It.lUE 
CONTINUE 
CONTINUE 

IF (PRINT) CALl... NHATR:JI(P,N ,1, 'LOAD') 

I"IS01..3110 
MS01..J1SO 
MS01..3160 
HSOUI10 

SOO PORMAT (/<lJI,A,2X,'L1,',IS,' L<I.',I5,· N:',IS) 

MaOUIBO 
MSOl..J190 
HSOl..J200 
HSOU210 
I'lS0l.3220 
MSOU2JO 
MSOl.3HO 
HSOW:aSO 
"SOUJ60 
M301..3J70 

2000 PQRlo!.A.T (1111X,SO 1"·')1 
'- D',"ROR IN SLlBROln'INE HSOLL', T51,"'1 
'. PIVcrrISL,E0 ····ROW·.IS, T5I,"'1 

STClRAGE LCN.·, IS, 'TS1,' - 'I 
PIVOT''', IP,GlS .6,T51,' - 'I 

... SOLUTION IS ABORTED' TSl, '-' 1 
lX,SOj··' )1) 

"soW.ao 
RE'!'lJRN "S01.:.3290 
END MaOU)OO 

c REACOOIO 
c· .......................................................................... ··REACOO <10 
C· REA-COO)O 

SI.JBRDllrHl'E R£ACTJI/(IOPT, PRINT ,NNODE, Ll, L2. 1-1, lA ,FORCE,DISPL, REAC0040 
" KD,A,JOoI,NDOF,N1...OAD,F",CTOR, llRACOOSO 

HA.XNOD, lOOF, COORD, 10, TITLE, S'TEPID, HEAD, REAC0060 
" :NCOS, COSIN'E, JTCOS, JTPLG, SOM) REAC0010 

CHJJU.CTER'(') TITL.E.!2I,STEPID itEACDoeo 
CHARACTER'IS CDI61 ilEAC0090 
Lo:nCJ.l.. PRINT,HEAD, Ft...\G,BTEST REACOIOO 
DIMENSION A(ICK) , MDOIDOF+ 1), IOOF IMAXNCID,6I,G(6) REACOI10 
DIMENSION FORCE (NDOP, Nl.QAD), DISPLINDOP, lIlLa.l.D) REAC0120 
DIMENSION ID lHAJ(NCID) ,COORD(M..UNOD ,3) ,JTFLGlMAXNOD) REACOIJO 
DIMENSION F (6) ,S~ (6) ,COSIN'E 13 ,J, NCOSI ,JTCOS (M.IJ(NOD) REAC0140 

.i.F (Ion.EO.l) THEN 
o 
C' ••• ~ ••••••••• ~ .......................... ~ ••••• 
C· HODlFY I..OADS POR RESTRAIm" DISPU,CEHE11I'S ••• C····· ..... -..... _ ........... ~~ ................ . 
C CONSIDER THE PARTITIONED STIFFNESS WHD.E X<I ME THE RESTRAINT DI6PL 
o 
C : PI: <I, k12 
C : .. : 
C : P2: '" :x;a: 
o 
o 
o 

THE MODIFIED PREE LOAD IS (Pl·Xl2"lI<I) • Xl]')(1 

C DO 10 I·Ll,L2 
C DO 10 J·l,NL<».D 
C Do 10 X·U,L4 
(' 10 PORCE(I,J)·PClRCEII,J)·X(I,K)'DISPL(X,J) C 
C· -C 

00 20 )(.I..J ,1,11. 
KDX·MD (1(,1) 

PO 20 J·t,Nl.C.Ul 
00 10 I·L2 ,1..1, .] 

IJ.-KD(X)·k, I 
IF (IK.GE.MDJI:) GO TO 20 

Puu.. S10RAGE 
EOUIVA..:.EN'I" 

REACOlS0 
REAC0160 
REAcoI10 
REACOLBO 
llEAC0190 
REAC0200 
REAC0210 
REACO~20 

REAC0230 
RE1.C0240 
REAC02S0 
REAC0260 
REAC0210 
REAC02BO 
il.EAC0290 
REACOJOC 
REACOJIC 
RE1.C0320 
REAcono 
Il.EAC0)40 
REAC0350 
REACO)!lO 
REAC0310 
REAC03S0 
llEACO)5l0 

6 

o 

PIJ·PaRC!(I,J) 
A.IK·A(IX) 
DXJ·DISPL(X,J) 

10 FQRCE(I,J) ·POiICE(I,J) ·A(IX)"DISPLIK,J) 
20 CONTINUE 

IF (PRIN'I") 
... CALL WMATRX(FORCE,NDOF,Nl.QAD, 'HClOIFI'ED t..aA.DS') 

ELSE IP IIOPT.EO J) THEN 

c············ .. ············ 
C- sOLVE POR REAC,-xCUIIS ••• 

C········· .. ··············· 
C CQIIISID~ THE P'u1ITION!D STIFf'NEsS W'HERE X2 ARE THE RESTRAINT DISPL 
o 
C :PI: Xl' :Xl : . :.-

: ]l.Zl :, X22 
.: • PACTOR 

:X2: 

THE REAcrI~s ARE P2· P2 < ( X21-XI + X~Z·X<l ) .. PACTOR 
NOTE: BcrrH Pl AND POl CONTAIN FUZD END POlICES f'JIO"i HFK8ZR LO.\DS 

THUS, KH·Xl + JI:;jjZ-XOl IS ADDED TO P<I TO GET THE REACTIQ]llS. 
o· . 
o 

.. -······C 
DO 120 I·U,lA C FTJU.. STCRAGE 

o 
00 
o 

DO 120 J·l,NLQAD C !"laDE EQUIVALiNr 
PaRCE(I,J).O 'P<I CClNTAlt.lS FEP" I C-
DO 110 1(·1,1,1..2 C 

C 110 
o 

FORCE I I ,J) ·PCS,CE II,J) ·1:(1,10 "DISPLIX,J) C 
00 120 1(·U,L4 C 

C 1<10 
o· 

PORCEI I ,J) ·FatCEO ,J) - K(I, K) 'DISPL(1(,J) C 
.. 0 

o 
DO 120 I·U,L4 
DO 1<10 J·l,NLClAD 
DO 110 J{·U, 1..1,·1 

xr·MD(I)·I·X 
IF (XI .GE.MDCI.l)) 00 TO 1.0 
AXI·A(KI) 

11 0 FORCE (I, J) ·FCRCE (I, J) 'A (It'I I *01 SPL( X, J) -PACTat 
120 CCNI'INUE 

00 140 I·U,lA 
DO 110 X·U,LA 

IF II .l..E.JC) THtN 
ZX·MD(K)·X·l 
MDX·MD (X<l) 

ELSE 
IX·MD(I)·I·J: 
MDX .. MD (1.1) 

ENDIP 
IF (IX GE .MDlt') GO TO 140 
AU:·A(U) 
DO 1)0 J·l,NLQAD 

130 Fa<C'E (I, J) ·peaC! (I, J) +A (lX) 'DISPL{X ,J) ·FAC"TCR 
leO ~TINt.lE 

IF (PRIm') 
" au. WKATRX (PO.iCE, NDOP,NLO.AD, • PINAL LOADS AND REACTIONS') 

ELSE IP (lOPT.EQ.3 .011. IOPT.EO.4) THEN 
t.lP·l..2 

C··············· .. ·······_···· .. .. 
C- LOOP FOR EACH LQ.U) CASE ... . 
C· ............ ~ ................. . 

00 JOo L·l,NLQAD 
o 
C··········· .. ·············· .. · .. ··· 
C· PRINT GLaBAL REACTIa.lS 

C······ .. ··········· .. ··· .. ········· 
o 

o 

IF (PRINT) THEN 

END" 

IP (H'EAD) WRITE(10B,JOlo) TITLEll),TITLE(<I) 
NRE..lCT·O 
IF IIOP"%".NE.fo) WRITE(lOB,Hl) L,STEPID 
IF IIon.EQ.4) WRITE(101l,4.H) 

IF (IOPT EO.l) THEN 
DO 190 1·1,6 

190 St.I4(l)·O 
ENDlF 

IF ( .NOT.(NCOS EO.l AND. COSINE(l,l,l) .EO.l .J..ND.COSIt.lE(<I,<:,l) 
.EQ 1 AND COsINE(),3,1) .EQ.1) .AND. IOPT EO.4 ) GO TO 2.'19 

DO ~OO I·I,NNODE 

. , .... GET REACTNS IN JOINT COClRDINATE SYSTEM 
Pl..\G· . FALSE 
DO ;;)09 J·I,6 

IJ·IDOF(I,J) 
IF (IJ LE.N? .aR. B1'ESTIJTFLGCI),J+ll)) THEN 

F(JI·O 
ELSE 

F(J)·PORCE(IJ,l..) 
FU,G· ."%"RlJE. 

ENDlF 
209 CON'l"INU! 

IF I.:NOT .FUG) GO TO 200 

C. TIUNSFER llEAC"TNS TO GLOBAL COORDINATE S~STEM 
00 Z29 11·1,3 ' 

n·Il·) 
0(11) ·0 
0(12) ·0 
00 2lg JI-I,J 

J2·Jl·3 
G(Il)·GIIl) ,COSINE(JI,Il,JTCOS(II)·P(Jl) 

219 G(l2)·G(l~) • COSlNE(Jl,Il,JTCOS(I))~P(J<I) 
IF (PRINT) THElIl 

o'ITE(CD(Ill,;jjlO) G(IU 
W1UTE(CD(I<l) (210) G(I<I) 

ENDlF 
229 CONTINlJ'E 

C. StlH REACTIONS 

o 

IF DOPT EQ.)) TH'EN 
00 HO 11·1,6 

<140 SlJMIIl)·S!JM(Il) + G(n) 
S~(I)' S~(4) G(2).COOJU)(l,J) 0 G(3)·COORD(I,<I) 
Slt<!(5)· Sl}o!;(S) • G(l)·COORIl(I,J) . G(3)"COORDII,l) 
St.I4(6)· S~l6) G(1I·COCIRD(I,2). G(:a)"COORD(I,l) 

ENDlF 

PRIm GI.JJ8AL REACTICJNS 
NllEA.CT·NREA.CT·l 
IF (PRINT) WRITErIOB,2<10) ID(I), (aJ(K),X-l,61 

200 CON"rIt.lUE 
IF (lOPT EO.3 AND. PRINT ) WlI.I'T"E(10~,2)01 SLIM 

219 IF (lOPT EQ.d .AND. PRINT) WRI'TE(IOB,2)1) SUM 

c···· .... •··•· .. · ...................... ~ ................... . 
C· PRINT LOC.U JOINT COORDINATE SYSTEMS REACTIClHS ••• c········· .. ~ ........................... ~ ............ . 
o 

o 

11" (.NOT. PInN"%" ) GO TO 300 
IF'INCOS.EQ.I AND. cOSINE(l,l,ll.EO I AND. COSINE(2,2,1) EO 1 

" AND. COSINED,3,lJ EQ.l ) GO TO 300 

IF' rHEAD.AND NREACT.GT.:aO) '4ITEI10B,JZOI T:rTLE(ll,TITLE(2) 
IF (IOPT.t.lE 41 WRITE(lOB,322) L,STEPID 
IF (IOPT.EO 41 WRlTE(lOB,4~2) 

00 2.90 I·l,NNODE 

C. GE"T REAC"I'l'lS IlIl JOINT COORDINATE S'tS1'DI 
PLAG- . FALSE 
DO 280 J·l,6 

REA.C0400 
flEAC0410 
RiZAC04Z0 
flE.A.CO 4) 0 
REAC0&40 
REAC0450 
REA.C0460 
REAC0410 
REACOIBO 
REAC0490 
REACOSOO 
REAC0510 
REACOS20 
REA.co':'JO 
RE",COS40 
REACO:'SO 
REAcoS60 
RE",COS10 
REACOS90 
REAC0590 
REA.C0600 
REAC0610 
REAC0620 
REAC06)0 
RUCOUO 
REAC06S0 
REACOEi60 
REACOEi10 
REAC0680 
REAc0690 
REAC0'700 
REAC0'710 
RE.AC0'7<10 
RE.AC01)0 
REAC0'740 
REAC0'750 
REAC0'760 
REA.C0'710 
REACO'7EO 
RE",C01g0 
REAC0800 
REACOEI0 
REACOll20 
REAC08l0 
REACOUO 
REAC08S0 
REAC0860 
REAC09?0 
REAcoaao 
REAC0890 
REAC0900 
REAC0910 
REAC0920 
REAC0930 
REAC0940 
REAC09S0 
REAC0960 
REACOg10 
REAC09BO 
RUC0990 
lI:EACIOOO 
REACIOIO 
:REACI020 
REACI0)0 
:R,EACI040 
REACI0S0 
REACI060 
REACI010 
REAC1080 
REACI090 
REACIIOO 
REA.ClllO 
REACI1Z0 
REACll)O 
REAC1l40 
REACllSO 
REACll60 
REACll10 
REAC1180 
REACll510 
REAC1200 
REAC1<ll0 
REA.C12<10 
RE..lC1230 
REACI240 
RE",Cl ~50 
REAC1260 
RE",C1210 
REACl290 
REAC1~90 

REAC1300 
RE",CI)lO 
REAC1320 
REACI330 
REACIJlO 
REAC13S0 
RE.AC1360 
REAC1)70 
REAC1390 
REAC1390 
REAChoO 
RBAClII0 
REACIIJO 
REAC1130 
RE.AC1UD 
REACHSO 
REAC1450 
REA-CU 10 
REACUeo 
REACl1l90 
llEAC1500 
REA-CISlO 
REAC15~0 
REAC]SJO 
REACIS40 
REAC15S0 
REACIS60 
REAClS"O 
REAClS80 
REAClS90 
REAC1600 
REAC1610 
REACl620 
REAC1630 
REACHi40 
REACl6S0 
REAC1660 
REACl6?0 
REACUi 80 
REACI690 
REACl"J 00 
REACI110 
REACl120 
REACI13Q 
REACl?40 
REAC1?SO 
REAC1?60 
REACl1?0 
REAC11 eo 
REAC1190 
REACIBOO 
REACIBIO 
RE.ACIB20 
REAClB30 
REACIBdO 
REACIB50 



c 
c. 

IJ·lDOF(l,J) 
IF (IJ .LE.N"F CR. BTEST(J7PLG(I) ,J'll)) THDl 

CD(J)·' • 
ELSE 

WRITE(CD(J) ,210) PORCE(lJ,l..) 
FLAG·. TRUE 

ENDl. 
CONTINUE 
IF (.NOT . FLAG) GO TO 2900 

.. PRINT REJ.C1'NS HI LOCAL CCORDlNATE SYSTEM 
WRITE (1011, 221) IDll) , (CD (X), K~l, 6J ,J7COS (H 

290 comnWE 
JOO CONTINUE 

no FOJUolJ.T (IP,G15."I) 
220 Fa:RMAT (S)(,IS,6A) 
221 PORMAT (5)(,IS,6A,IlO) 
2JO FORMAT (' ·,!il0(··'),1· S\.MU'TION·,6G15.7) 
231 PORMAT (' KAX OF All.·,B9('··),I· GCS SLHI"!.',6G15."1 ) 
)20 PaRMAT ('1 STRUCTURE ..... ',A,I' SOU1l'ION ..... : ',A) 
)21 FCIRKAT (II' GCS RESTRAItn' REJ.CTIONS, LOADING .',I5,SX,A,1 

, .... • .. ••• ......... ·~······ .. '116X, 'NODE',1X, 'FX', 
'- l)X, 'PY', 13)(, 'PZ' ,13X, 'JoOC', 1.3):,·MY' ,1.3X, 'HZ'/l 

l2~ PORMAT (fl' JCS RESTRJ..INT REACTIONS, LOAIlI~ .·,15,SX,A,/ 
, •• .. •••••• .. ··~··· .. •••• .. ···'115X,·NCDE',1X,·FX·, 
13X, 'PY',13X, 'pz,' ,13X, 'JoD{' ,13l1, 'MY' ,13X, '1'170', 

'- 6X,' COSINE.·I) 
421 PCfUoI.I.7 fI/' MAXII'M"! GCS RESTRAINT REACTI<ES', 

'- SX, 'NO'T'E MAXI~ VAl..t1!S ~y NOT 0CClJR sIMut:U,NEOUSLY'1 
, ·······--··············-~·······~·115'1.,·NODE·,"I:K,·P:K·, 

'- 13>:, 'FY', 13X, 'PZ', 13X, 'MX', 13X, 'KY', IJX, 'HZ' /l 
422 FaRMAT (II' MAXII'It.I4 JCS RESTRAINT REJ.C1'IctlS " 

5X, 'NorE: MAXI~ VALUES ,,"Y NOT OC~ SIKUL7ANEOUSl.y'l 
, •• _········ .... _ ... ~ .. •••••••• .... ~···'116:K, 'NaDE',"IX, 'FX', 
l JX, 'FY', 1J)(, 'PZ' ,1.3X, 'KK',lJX, 'MY' ,13X, 'HZ', 
H,' COSINE II' /l 

REACl&fiO 
REAC1B'10 
REACU60 
REACU90 
REAC1900 
REAC1910 
REAC1920 
REAC19JO 
REACI51.0 
REAC1950 
REAC1960 
REAC19"10 
REAC19BO 
REAC1990 
lI:EAC2000 
REAC2010 
REAC2020 
REAC20JO 
REAC2040 
REAC20S0 
R£AC;;!060 
REAC;;!070 
REAC:oI080 
REAC;;!090 
REAC2100 
REAC:allO 
REAC21aO 
REAC;;!130 
RE.AC;;!140 
REAC:oIlS0 
REAC;;!160 
REAC2170 
REliC;;! 1 BO 
REAC2190 
REAC;a;;!OO 
REAC2;;!10 
R2AC24l20 
n.ACl;;!30 

ELSE REAC';;!HO 
WRI"rE(lOB,') 'INVAl..ID OPTION IN SIIBROO'I'INE REA_C'I'N, IOPT··,IOPT RU.CnSo 

ENDIF REAC;;!Z60 
RETURN REAC~:iil70 
END REAC~~IIO 

C FO»IOOIO 
c ••••••••••••••••••••••• •• ............. •••••••• .... ···.····-·· .. •••••••••••• .. FOR.MOO~O 
C POIMOCIlO 

SUBRotrrlNE FORH(IOPT) P'ORJ100.0 
CHARACTER N»!E"BO,EUiO"130 P'ODf0050 
~ICA.L PRINT,HE.-'D,PAl..SE,AJlIAl..,BTES'T,BOOS,BUGS"I FORM0060 

SINCWDE' ·2.CCMN' FORM0010 
C FORMoolO 
C· .......... ... . ..... 'PORM0090 

C I'tATRIX STORAGE. SCHEME: PORJo'lOlOO 
C ·'THE S'TIPFNESS MATRIX IK) IS BANDED AND SYl'!ME'1'RIC. PORMOII0 
C 'THUS ONLY THE SrtLINE J.BOVE THE KA.IN DIAGONAL NEfilS TO BE E1T<RED. PORJolOl;;!O 
C 'THE I9.TRIX It: IS 8T~fil IN A LImAR llUlIIY BY C01...tl'mS PORMOllO 
C THE VALUE a.I THE KAIN DIAG~ I S STaRED IN THE UNEAB ~AY F IRS'T. FORMOl.O 
C itELATIV'E ADDRESSES OF THE LINEAR ARRAY EL.El'fEN'I'S CONTAINING 'THE FOil'IOlSO 
CHAIN DIAGONAL TEIIJoIS AltE S'TaRED IN MD PORM0160 
C 'THE ABSOLUTE ADDRESS OP THE PUST ELE'JoI.ENT IN 'THE X ~TRIX IS IZSTIP.FORJ"fOl"lO 
C THE STIFFNESS MA.TRIX If. IS S'T~ED IN THE Z ARRAY, 2.(IZSTIF)"X(l,lJ f'ORMOl&O 
C THE ABSOLUTE ADDRESS OP THE PIRST El.EI1EN'1' IS THE MD I9.T'ilIX IS IZI'IIl. PORM0190 
C 7HE STIPFNESS "",TRIX J. IS S'TORED IN THE NZ ARRAY, N2.(IZHDJ·MD(l) PaJtMO;;l:OO 
C 7HUS' IF I L.E J (UPPER Tll.IANGUl.\R KATItIX) POJtMO;;l:lO 
C IP IZHl)'l"J ( I'loMD·l+J.ol PORMOHO 
C IJ .. m(IZKD·PJ).J·I REUTIVE AtlDRESS IF ELEM2NT (I,-J)PORM02JO 
C B (l ,J) ·Z(IZSTIP·l • IJ) PORMOHO 
C ELSE FORH0250 

B(I,J)·O (I,J) IS ABCIV'E THE SI('(LINI!! FORM0260 

EXAMPLE: LE'T B BE 7HE 5'1.5 PULL SYHETRIC KATRIX BELa..' 
'1' 3' , '12: 

FQRMOnO 
PaM0210 
PaRMO;;l:90 

2: 5: 11 
4 10: 

NOTE: B(l,J),~(l,H ANtI B(2,4l AlI:E ZERO. PaRM0300 
PORJII0310 
PORMOJ~O 
POllJoI0330 

c 
c
c 

c 
c-

9 MD· 1, 2, 4, fi, 8, 13 , 
SAY I'loHD-I21,IZS"Tlp·200 
NZ(Hl)·l 20(200)·1 
NZ(l;;l:2 )·2 20(201).2 
m(123)·4 201;;1:02)·3 
N'2.(H4)·6 2.120.3)·4 
NZ02S)·& 'Z.(;;I:Od)·5 
N'l(1;;!6)·U Z(;;I:05J"6 

Z(206)·"1 
'2.(206)·8 
20(206) ·9 
20(206) ·10 
Z(206) ·11 
'lo(206) "12 

THUS, PaR B(l,4) 1·3, J·d 
IJ·N'ZIIZMD·l·J) ,J·I • N2oI121 1.4) .. d·3 • 5.d·) ."1 
B(I,J)"'lo(lZSTIp·l· IJ) .. Z(200·1·') • 'lo(206) • "I 

THUS, POl'i! B(:2,4) 1·2, J·4 
IJ·N2o(IZMD·l.J)-J·I • NZ(121-1·4) "4·2 • 6 .. 4·:01 ·B 
N2.(IZMD ·1·J'1)·m(U1·1 .. d.ol)~& 
SINCE: IJ GE NZ(IZKD·l+J.l) 
B(I,J)·O (I,J) IS ABOVE THE SXYLINE 

BUG5 • ETEST (IBUG,S) 
BUG5"?· BTEST(IBUG,"?) .APD BUGS 
LST'I'YP~O 

PFINT· .PALSE. 
HEAD • FALSE. 

C 10PT·l FClRl"I STIPFNESS MAnn: 

PORJIIOHO 
POlU'!I03S0 
PORl'1036 0 
PORl'lOl'O 
FORl'l03BO 
PORI'I0390 
PORJl(0400 
PORM0410 
PORl'l0420 
PORM04JO 
POilJo(0440 
PORM0450 
PODlO.60 
FORMO."I0 
PORl'lO.&O 

OJ( FORM0490 
FOlU'I0500 
FORM0510 
FORM05;;!O 
FORM05JO 
PORM0540 

.. ·PORMOSSO 
PORM0550 
fORl'105"10 
PORl'lOSBO 
FORl'IOS 90 0 
FORM0600 
PORl'10610 
PORM06~0 

. ·PORM06.30 
POPJoi064 0 
PORM06S0 C IOP7-2 PaRI'! GEeJoIE'TRIC STIFFNESS KATRIX 

c-
C 

............. ·PORH0660 

PORM06"10 
PORM06BO 
PORM0690 

IP (BUGS) WRITE (5,"1 ' IN ROUTINE FORl'l IOPT ',IOPT 

d9 PORMAT (lx,.-./{' 1",13,' !'lDKo\SS(I):',lll)) 

GO TO nOO,200) IOPT 
c c····· ~~ ..... _ ............. _. _. 
C'. ASSEMBLE STIFFNESS •• -.~ 
C·· •••••• ~ ...... ~~ ••••• _.~~.~ 

c 
c-

c 
c-

100 ca:-rrINtJE 

110 

lSi ·IZ,STlF 
lOo"D·IZ,S'TlF +NZ(IZMD+NDOP) 1 

ZERO STIFFNESS 
DO 110 I-1ST, lEND 

Z(II·O 

LOOP PaR UC H ELEI'fDIT 
DO 120 IELNO·l,NElJiT 

GE'T STIFPNESS OP EACH ELEMnn' 
FAL..SE~ PALSE. 
CAL.L ELELU! 

1 l, l.S"M'YP, PALSE, IREL, PAl..SE, NAME, EESE, EPSE ,D..\MAGE, DUCPAG, 
IE~ ,IELDOP, XGDOF, PGE01, Z ,AXIAL, I2.DISP, I'Z.UlAD ,MSTOR) 

IP IBUG57) TKEtoI 
WRITE (ELNO,15) IELNO,(N:z.(I .. I2oLJol·l),l-l;MIN(IEl..DOF,lB)1 
PaRMAT ('EUMDn .',16,' [J'J·',lBI6) 
CJJ...l, 1.l"..ATRX (Z (I2oXE) ,HO, IEUlOF ,HD (IELDOP. 11 ,El...NO) 

ENDIF 

CAl..L PORI'lLI2o(IZ.STIF) ,NZ(IZMO) ,NDOP,NZ(I'loI<1D·NDQP), 
" Z (IZXE) ,MIl, IEl.DOP ,MD 1 IEWOP-1) ,Nz (IZU'I) , 1 

SUBn.-.cr GECH~IC STIFFNESS 

PORMO'OO 
PORM0710 
PORJIIO'20 
PORMO'.30 
PORM0140 
PORM01S0 
FORMO'60 
PORl'l0110 
P0RJ040180 
PORH0190 
PORMOBOO 
PORMOBlO 
POJUolOB;;!O 
P01U'l0&JO 
POIUolOII&O 
FORM08S0 
FORJl(()8iSO 
PORJolOB'O 
PORJolOBBO 
PORMOB90 
PORM05l00 
PORJII0910 
FORM0920 
F01U109.30 
PORM09010 
PORJol09S0 
PORM0960 
FORM09"10 
PORM09BO 
PORM0990 
PORMIOOO 
PORMIOIO 
PORI·nozo 
PORM10.30 

7 

'" 
c 

NZ (I2.J.GDT· J) "NZ ( l2oXGDT+3) 

IP (NZ(I2.XGIlT·l) .EO, l) 7HEN 
FALSE· . FALSE. 
CALL EL.ELIB 

12, L.ST'TYP, FALSE, IREL, FALSE, N.A.HE , EESE, EPSE ,DAMAGE, DUCPAG, 
IEI.B:l ,IELOOP,X~OP,PGECI'I,Z ,AXIAL,I'Z.IlISP,IZI..QAD,JIIS'I'OR) 

XGDOp·lI:GDOF 

IP (BUG:'''I) THEN 
WRITE (EI.B:l,lS) IELNO, (N'lo(I .IZLMXG·l) ,I·l,MIN(KGOOP,18)) 
CALL Il9.TRX(Z(IZKEI:.G) ,MD,lI:GIlOF,MD(XGDOP+1) ,Eu.lO) 

ENDIF 

IP (.NOT UlAL) GO TO l;;!O 
DE"TERMlm! 7HE F.-.C'TCIR Pall. XG 

If (N'lo(I2.l:.GDT·ll.EQ.l) THEN 
ACCELZ- 2. (IZXGDTJ 
:?GECPI·PGEa'!' (l'ACCELZ) 

ENDl. 
SWAP THE SIGN ON PGECI'I PCI\ SUBTRAc:TION ... 
PGEOH· ·PGECJ1 

CALL PCll.ML(Z(I2oSTlP) ,N'Z(IZKD) ,NDOP,N2o(Iz.MD+N[)OP), 
'- Z!l2oKEXQ) ,I1D,XGDOP,MDIXGDO?t1) ,N2.(I:lJ.XI{G) ,PG!CM) 

ENOl. 

CONTINUE 

C·· _. .. Assamu: GECJofETRIC 8TIFNESS 

c 
c-

:200 CON'TINUE 
IF INZII'loJ.GDT+J) .NE.~ ) i.ETURN 

1S'T ·IZXG 
I END· lUG + N2.(IZMDJ:O+NDQP) 

ZERO STIPFNESS 
DO 210 I"lST,IEKD 

Z;I)·O 

.. lJX)P FOR EACH ELEMENT 
DO :oI;;!O IELHO·l,NElJorT 

.. G!"I' STIFFNESS OF EACH E1.!KEN'I' 
P.-.LSE· .P.u.SE. 
au. ELELIB 

(;;!, LS'lIYP, PAl..SE, IiEL, PAl..9E, NAME, EESE, £PSE, DAMAGE, DOCFAG, 
IE~ ,IELDOF ,KGDOP,PGEaoI, Z ,AXIAL,IZDISP,IZI.CII.D,MSTClI.) 

IP (.NOT .uIAL) GO TO ;;!~O 

IP (BUGS"I) THEN 
WiITE (6,') ·PGEQoI·',PGEOo! 
IOITB (EUiO, 15) IEl..NO, (NZ (I t I2.UOCO· 1) ,I ·I,MIN (KGDOP ,18) ) 
CA.lJ.. lJoIAnx (z IIZmJ.G) ,MD, J(aDOP,KD (XGDOpq), El.NOl 

ENDl' 

CA.I.J.. PClU1L(Z (nJCG) ,N'lo(IZKDII'G) ,NDOP ,NZ (I2..MDlCG+NDQF), 
'- 'lo(I2.JCEltG) ,11D,KGDOF,!1D(XGDQF·l) ,NZ(I2.U1XG) ,PG£CM) 

220 CONTINUE 

FORMI040 
FORMIOSO 
FOiUolI050 
FORMIO"/O 
FORMI080 
PORHI090 
FORJolllOO 
FORMlllO 
POlU'l1l20 
PORJolIIJO 
FORMlldO 
F0RJ111S0 
POlUi1l60 
FORMl110 
FORMIIBO 
PORl'll190 
FORJol12 00 
FORM1210 
FORJol12 ~ 0 
FORl"l12JO 
FORJoIl~40 

FORM12S0 
FORM12fiO 
F0Rl112"10 
FORM12BO 
PORM1290 
FOIUoll300 
PORXlJIO 
FOlUilJ20 
F0Rl11330 
PORJol13tO 
PORHlJSO 
PORJollJ60 
PORM1370 
FORM1380 
PORMll90 
FOR!'lHOO 
FOJtMldlO 
POlU11UO 
PORMldlO 
PO:RM1440 
PORM1450 
PORM1460 
PORMa '0 
FORHaBO 
FORM14900 
PORM1500 
PORMISIO 
PORMlS;;!O 
POJUoIl5l0 
FORM1540 
PORHl550 
FORM1560 
FORM151 0 
PORMlS I! 0 
FORJoIlS90 
FORJollEiOO 
PORMlEilO 
PORJof1620 
FORM1630 
FORJol164 0 
FORM16S0 
PORMlEiEiO 

RE'TtJRN PORMHi" 0 
END FORM11S80 

C. ~.~ ............................ -~ ••••••••• ~.~ ••••••••••• -~ •••••••••• ~~. "CPEMJOO 10 
C CFEMJ0020 
C PRClGlUM PEI1 . ANALYSIS OP STBUCTlJRES CPE:MJ0030 
C CPEH.JOOol.O 
c .............................................. ~~ ...................... ~~~ ••• ·CFEI1J 00 So 
C CPEM.J0060 
C NOTE. USE IBM PCRTVS2 CQoIFILER OPTIctl Atn'ODBl.;DBLPAD4) t::PEMJ0010 
C 'TO CCMPILE THIS PROGUJoI IN DOUBLE PRECISION CFEMJOOBO 
C CPEMJ0090 
C NO'TE: USE IB!'! PaRTVS2 CCMPII...ER OPTION OPT;:2) CPEMJOIOO 
C 'TO OPTIMI'l.E THE caDE Fa;: FASTER EXECLrrION CPEMJOII0 
C CFEMJ0120 
C ...................... ~ ........................... •• .. • .. • ••• ..... •••••••• .. •• .. ·~CPEMJ0130 

CK),RACTER-BO OPTICI.J,INPUT,BJ...Un( P!M.30140 
CHARACTER"B TIME1,D'-'TEl PE!O0150 
CHARACTER-I CHR(O:lS) PEKJ0160 
UXllCAL TEST,KUD,,uIAl.. PEMJ0110 

SINCU/DE"ZCCJo!:N' PEMJOIBO 
DAT ... OOI./·A·,'E','C·,'D','E',·P·,·C:;','H',·I','J','II",·L',·M', FEKJ0190 

, 'N','O', 'p', 'Q', 'R', 'S', 'T', 'U', 'V','W', 'Z','\", ''lo'l fEMJO;;l:oo' 
c 
C· ._ ............... ~ ............. . 
C·· ECHO THE INPtn'. 

C .. • .. ···~····· .. •••••• .. •••••• .. •• 
1·55 .·0 

9995 READ(lOS,('(A) '),END·90996) INPtn' 
IF (INDEX (INPLrr, 'NOECHO') .HE.O) GO TO 9996 
1·1+1 
L"L+l 
IF ( I.GT.55) THDl 

WRlTE(lOB,9994) (JCX,XX·l,B) 
1·0 

ENDIF 
WRITE(10&,9991) l.,INPtn' 
IF (INDE:K(INPtTI', '5"i"OP' ) .EQ.O) GO TO 9995 

9994 PCIUtlAT (' l ECHO OF INPlIT DATA 'II 
" lX,3X, 'LINE ',8 ('. : " II, '0') 1 

5199"1 FIJRMAT (lX,I1,' ',A) 
9996 REWIND(l05) 
c C··· .. ·~··· ....................... . 
c· .. INITIALIZE DATA. 

C .... •••••••••••• .. •• .. ••••••••••• 

c 

TITLEIl)·' , 
'TITLE(2) ~, • 
BLANX ." 
BUG -. FALSE. 
DOUBU. •. PALSE. 
IBOO·o 
M.A.XEDp·H 
J1DD)al 
00 1 1·2, (MAXEDF+l) 

liD (1) ·MD{l ·1)· (l·1) 
12.·0 

20 1I.E.AD!105,',END-1000i OPTlctl 
RATI Z~100 . ·REAL (IZ) 11I.E.AL (MAJ!'lo) 

C·· .. ·~~·· .. ·.··~········ .. ~··· 
C·· DEPlNE 7HE ImlUC"'!URE .. .. 
C ........... _ •• a.··~· .. · .... _. 

c 

IF IINDEXIOPiICN, ·S"TlI.').NE 0) THEN 

12.·1 
TI'l'l..E(1)·' , 
TITL.E(2)·' , 

QlAV .. J86.ol. 
lI.EAD(lOS,·,END·IOOO) TITL.E(l) 
CALL TIDAE!TIKEl,DATEll 
WRITE(TI7LE(1) (80:),45) TIME1,DATEI 
llATIZ-l O(). "REAL (IZ) (REAL I,,"X'lo) 
WlU"r'E(" ,52) , BULIDING STRUCTURAL I'KlDEL 

IZ,RA7I'l. 
WRITE(",51l TITU.(l)Cl 10) 
CALL STRUC"T 
I'Z.REL·IZ 
RATIZ·l00. "REAL ( lZ) !REAL(MAX'lo) 

C~·········~.·· .... ~ ~.~- ... ~ ...... ~ .. --

PEMJO;alO 
PEMJ0220 
PEMJ02J() 
PEMJ0240 
PEMl0250 
PEMJO;;!60 
FEM.JO 2'1 0 
P£MJ O;;!B 0 
PEMJ0290 
PEMJ0300 
FEMJ0310 
PEKJ0320 
PEMJOllO 
PEKl0140 
PEMJOJ50 
FEKJ0360 
FEMJ0l'10 
FEHJOJ&O 
FEKJ0J90 
FEM.J0400 
FE1'lJ0410 
FEI<lJ0420 
PEI<lJ04JO 
PEI'00440 
PEM.)Ool.50 
PEM)0460 
FEKl04"10 
FEMl04 eo 
FEMJ0490 
FEH30S00 
FEM.)0510 
FEMJ0520 
PEMJ0530 
FEMJ0540 
FEK30550 
FEMl0560 
FEMJ0510 
PEMJ05BO 
FEMJ0590 
FEJo'..30600 
PEH30610 
FEKl0620 
PEMJ0630 
F£!006~0 

PEH.30650 
PEKJ0660 
FEJoG06"?0 
PEI'll0680 
FEH.)0690 
PEMJO"lOO 
FEMJO"llQ 
FEKJO"?:20 
FirooO"l)o 

..• ' FEMJ01110 
P'EI<!.)0'1S0 
FE.M.J 0"15 0 
FEM) 0'1 "I 0 
FiM.)()"IBO 
FEMJ()"l90 
F2M)OBOO 
FEXlO&10 



C·· DEFINE THE LOADING AND SOLVE •• C············· ..................... . 
El.SE IF (INDEX (OPTIO]\l, 'SOL') .NE.O) THEN 

READn05,·,END·IOOO) TI'rU(2) 
CALL TIDAE ('TlIo(E1,DATE1) 

PEMJOE20 
PEMJOEJO 
PEM.JOB40 
PEI'DOE50 
PEKlOB60 
FEM.:30B70 WRITE (TITl..E (2) (80) ,45) TIMEI,DATEl 

WRITE(.,S2)' SOLVING STRUC"I'llR.Al. Ma:lEL . .' PEI130lBO 

c 

U,RATIZ 
WRITE(·,51) 'UTLE\l) [1:"10) 
WRITE(' ,51) TITt.E(OI) (l "10) 
c.u.L SOI...NIOPTION1 
RJ,1'IZ·l00 .• RE .... L(IZ) (RUL(MAXZ) 

C .. •••••••••• .... •••••••••• .. •••••••••• 
C·· STOP END OF PROGR»! 

C·································· 
THEN 

FBH30no' 
FDlJ0900 
FEKJ0910 
FEKJ 0g;jJ 0 
FEMl09JO 
PEKJD940 
PEMJ09S0 
PEM)09SD 
FEMJ09"1D 
FEMJ09&0 ELSE IP (INDEX(OPTION, 'STOP').NE 0) 

WRI TE (. , 521 ' NORMAL STOP 
IZ,R.ATIZ 

..• ' FEMJ099D 

STOP 
c 
c··· .. ································ 
C·· READ RESULTS FFlCIo! INPLrl' FILE ••• 

c······· .. ··· .. ·················· .. ····· 

c 

El..SE If (INDE~ (OPTION, 'RF..t.D' 1 .NE .OJ 'THEN 
140 c.u.L GETINT(OPTIClN, 'UNIT"',IUNIT,O, .TRUE., .nU1E. I 

c.u.L GETINT(OPilaN, 'INC·',INC: ,1, .TRUE., P.u..sE.) 
IF (IUNIT.GT.Oj THEN 

WltITEI·,52) , READING DATA FltCt1. PILE 
IZ,llATIZ 

IOPT·4 
C.I.l..L DHPD.A.T(IOP1', IWRITE,TO,DT) 
GO TO ao 

END" 
JI.A'TIZ·l 00. ·REALII2o) /REA.L(M.A.XZ) 

C························ 
c·· SET BUG OPTIaN 
c· .•••••••••.•••••••••••• 

c 

150 
160 

ELSE IF (TEST (OPTION, 'BUG· • , . FALSE.) ) 
CALL GETCHF. (OPTIaN, ·BOO·' ,INPUT, 
IBUO·O 
WIUTE(OPTION, 160) INPLn'(l:"IO) 
DO 150 1·0,23 

IP (TEST(INPlJ'T,CHR(I),.PALSE.» 
CaNTINllE 
FORHAT I'BUG·' ,A) 
WRITE(· ,52)' SET BUG OP'j'IaN: 

IZ,RATIZ 
WRITE(·,51) OPTI~(l:70l 
WRIT!(10B,51) 'SE"l' BUG OPTlaN: 
WRITE \1 OB ,51) OFTIaN(l :70) 

TH." 
TlIU'E , PALSE ) 

1800· IDSET I IBoo, I) 

C····················· .... · 
C·· SET BUG OPTIaN 

C······· .. · .. ····· .. ········ 

c 

ELSE IF UNDE)I(OPTION, 'BUG') .NE.O) THEN 
WRl'rE(',51) I'SE'!' BOO OP'l'ION: '!IOPTI~Il:S4) ) 
BOO·.TRl.1E. 
IF (INDEX(OPTION, 'NOEUG') .NE.O) BOO·.FAUE 

c· .. ··••·•·•·•••• .. ··•··•• .. •••••••·· .•.••• 
C·" REL.E:A.SE MEMClR'i FltOl'l LAST SOurt'ICN •• 

c········ .. ·············· .. ······ .. ···· .. ··· 

170 

c 

ELSE IP (INDEX [OPTION, 'RE1..EASE') .NE.O) THEN 
WRITE (lOB,52) ,. 
W1UTE{",~2l' RE'l..EJ,5ING ~'i 
WRITE (loB,52)' REl..L\SING MEMORY 
IP IINDV:[OP'l'IaN,'E'LEMEN'l").N'E.O) THEN 
WRITE(10B,S2)' RESlrrING ELDa:Nr PCRCES 
WRITE IIOB,52) '.,. 

DO 110 IELHO·l,N'El.J'!:T 
LS'M'Yp·o 
HEAD •. FALSE'. 
C'A.L.I... EI....ELIB 

(13 ,LSrT'fP, PALSE., IREL, HEAD, INPI!T, EESE I EPSE I DAMAGE, DUCFAG, 
IELNO, I£LDOP,XGDOF, PGECt1., 2. ,AXI.I.l., I'l.DDSP, IZDLOA,MSTCf()' 

ELSE 
WlUTED08,SOI) '. 
ENDIF 
U·IZREL 

I2.ACC "0 
IZDACC· 0 
I ZIlDSp· 0 
IZllISp·O 
IZIlL..DA"o 
I'Z.Dv:EL·O 
I'Z.PUB ·0 
IZLOAD·O 
IZ.VEL ·0 
RATIZ·100 -REAL(l2.1/REAL(M.A.}(Z) 

C······················ .. ················ 
C·" SAVi MEI"IORY FOR A RES'TAi:T 
C .. • ••• ~ .................................. .. 

2CO 

210 

c 

ELSE IP (INDE:!L(OPTION, 'SAVE') .NE.O) THEN 
WRITE(",501)' SAVING DATA 

IZ,RATI2o 
WRITE(',51) TITLE(l) D:"IO) 
WRITE(" ,SI) TITLE(2) (1 :"10) 
WRI1E(10S,2001 
FOllI'IATI5X,'········ WIUT1NG DATA TO UNIT noSi ".'."") 
OPEN(UNU·SI,,,CCESS· 'SEQunrTIAL' ,ST"TUS·'~', 

FOTUt!·' UNFORMATTED') 
WRITE (51) TITLE 
WRITE(51) IZ ,I'Z.REL, 

NDOF ,NCOND ,NnEE ,NREST ,MAXNOD,NI'lA.T ,NELMT ,NN®E , 
NLaAD ,NSOLN ,I'lAJIEDP,KD,HCOS,MUELD,NELO, 
IZID .IZ.IDOF,lZCORIl,IZCOS ,UOIS!,lZ.KAT ,I'Z.El..E , 
I ZJPLG, IZJCOS, 
IZKE ,IZl.l'I ,IZSTIF, HMO ,IZLOAD,IZDI5P,I'ZIELD,IZEL.D 

00 210 J·I,I'Z,256 
X·J. 255 
](·~IN(K, I'Z) 
WRITE(SI) (20(1) ,1·J,J() 

CLOSE (UNI1·9) 
RATI'Z·100. "REAL (l'ZJ /REAL(MA.X'Zl 

c······ .... ············· .. ··· .. ·········· .. ·· 
C"· PESTARr PROGRAM 
C· ....................................... . 

)DC 

WJ!ITE(",52)' RE'T'FIEVING DATA 
" IZ,UTI?,. 

EU3E IP (INDEX(OPTION, 'RESTART') NE 0) THEN 
WRITEDOB,.JOO) 
PORMAT ISX, ' •••••••• READING DATA F'Rc::tl UNIT n09 ••••••••• ) 
OPEN (UNIT·9, ACCESS· 'SEQlJD'J'J' Ill' ,SiAruS" 'OLD' , 

PORM· 'UNFORMATTED') 
READ (9) TITLE 
RUD (9) 12. ,n,REL, 

NDOF ,NCaND ,Nl'REE ,NREST ,MAXNOD,Nl'!Al ,NELMT ,NNCl:lE 
NLOAD ,NSOI...N ,toIAJ(EDF,MD,NCOS,!llAXELD,NELD, 
I'Z.ID ,1'Z.IOOP,I'Z.COlUl,IZCOS ,IZCNST,IZMAT ,IZELE 
I 2.JFLG, 12JCOS, 
IZJCE ,IZ,lJ-I ,I'Z-STIF,IZMD ,I2oLC.t..D,IZDISP,IZIELD,IZEt...D 

DO JID J.l, 12,256 
,-·J,i!:5S 
](·HIN(K, I2.) 
READ (9) (Z (!), I·J,]() 

CLOSE IUNIT .. 9) 
WRITE(· ,52) , DA'l'..\ RE"I'REIVEIl 

IZ,JU.'!'lZ 
W'RITE(-,51) "lTLE(11 <1."10) 
W).I'l'E(",5l) TI"!'LE(2) (1,10) 
U'!'!Z·100.·R£AJ...IIZ1/RE:A,LIM.A.);Z) 

PE.M31000 
PEI'\.3101C 
FEKJ1020 
FEKJ10JO 
F£1'01040 
PEH.31050 
P'EKJI060 
P'EH.31070 
P'EMlI080 
FEI'LlI090 

··FEH-lllOO 
FEKJ 11 10 
PEKJllOlO 
P'EM311JO 
FEl'OlldO 
FEM3115D 
PEMJ II 60 
PEMJll?O 
PD!..J1IBC 
FEH.3I190 
F£KJ1200 
PEHJU.IO 
F£KJ12 20 
FDOIOlJO 
FEK31HO 
FEIo01250 
PEK31:i160 
F:tM.lU"lO 
FEMllHO 
PEM) l:i19 0 
P!MJIJOD 
FEH.JIllO 
FE!1J13:i10 
PEMJIJJO 
PBHllHO 
P!MJ1350 
PEM31l60 
FEKJIJ"IO 
FEM31,390 
FEH.31l90 
PEKJUOO 
F1!:KJl&10 
PEKlld.20 
FEKJH30 
FEKlUdO 
PZKJU50 
FEM.JU60 
FEI1lld "I 0 
PEH.3ldEO 
PEM3ld90 
PEM31500 
PEM315 10 
FEMJ1S20 
FEKJ1SJO 
FEM31540 
FEH.31SS0 
FE1'01560 
FEK31S10 
FE/'01S80 
PEXlIS90 
FEM.316 00 
PE!OHilO 
FEKl16010 
PEKlUJO 
FEMl16dO 
PEI'!31650 
FEM3166D 
PE1'l316"10 
PEM31680 
FD!.3169C 
FEl'!.J1100 
PEMll"110 
PEK31"1aO 
FEKJl"lJO 
FEKJ1740 
FEKJl150 
PEKJ 1 '16 0 
FEKl17"10 
PVO 1 "18 0 
PEMll"lSlO 
PEM3lEOO 
PEKJUI0 
PEI1318 010 
PEHJ1830 
PEKJI8(O 
F£I131850 
FEKJlB60 
FEI1.JlB10 
FEKlUIO 
FEKl lB 90 
FEK31900 
PEI'01910 
PEXJH20 
FEI'019JO 
FEI'D1940 
PEK315lS0 
PZMJ19l!iD 
FEMlI9"10 
PEI'019S0 
PEI'IJI990 
PEM .. HOOO 
PEM32010 
PEK301020 
FEM.JOIOlO 
PEKl:il040 
PEI'020S0 
FEI02060 
FEH..3OIO'jlO 
FEM32080 
PEK.3OI090 
PEM32lCO 
PEI'02110 
PE!l!J2120 
PEM.:.2UO 
PEMH140 
FEMJ2l'50 
FEK3;2l60 
FEK301110 
FEK321BO 
FEJot.J2190 
'E1'020100 
PEM.l2210 
PEI'll20120 
PEK.)2:0130 
PEKJ;n .. o 
PEKJ201S0 
PEM)0I260 
PEM.J2210 

8 

c···················· .... ··········· .. ····· 
c·· INVALID OPTION 

C······································· 
ELSE 

IP (TEST(OPTION , 'NOECHO', .P.u..sE ) ) GO TO 20 
IF (OPTION.EQ.BUJ.'lC) GO TO 010 
WRITEI108,JO) oPTION 
WFlITEI~,51) ('INVALID OPTION, '/IOPTION(1:54l) 

ENDIF 
GO TO ;1.0 

4S PCIRMA"f(' TIME ',A,', DATE: ',A) 
50 FaRHAT [.1.1,' ~OC"'I'URE... ',A,!lX,' sourr-ION. 
51 FCJR1oL\T (lX,A) 
S~ FORMAT I1X,·····',MS,"·, " 120·',1"1,' MEM·',FIS.3,"'l 
30 FCJR.MAT (' 1 INVALID OPTION· • ,A) 

lIt:! FORMA'!' (' 2X.I.nll(·,I6,') ",IlS,lP,G20 10,:,020.10) 
1000 orop 

END 

TAXE PRESEN'T '!'IM! AND DATE 

FEM32:aBO 
FEM32290 
PEKH300 
FEK.J2310 
FEM301)20 
FEM32JJO 
FEM32)40 
PEM.32350 
PEM.3;2j60 
PEMJ2.J10 
FEKJ2JBO 
FEM.J2HO 
FEK301dOO 
FEK301410 
FEKJ24010 
FEM.l2dJO 
FEKJOIUO 
FEM32d50 
PEHJ21l.60 
TIDAOOI0 
11D>.o020 
l1D.I.OOJO 

SllBROUTINE '!'IOA.E(TIMEI , DATEl) TIDAD040 
INTEGER' 2 IYR, lMON, IDAY, IHR, IMIN, ISEC, 1l00Tl1 TIDAD050 
CHAR.\C'I'ER'8 TIKEI,DATu TIDA0060 
CALL GE'TDAT(lYi..I~,IDJ.Y) TIDA0010 
IYR.IYR·1900 TIDA0080 
CAl..L GE'I"TII'I(IHR,IMIN,ISEC,IlClOTH) TIDAOOSIO 
WRITE {DATEI , , (12,lh!,l;;t,lh/,l:i1)" IMQN,IDA'i,IYlt TIDA0100 
WRITE (TIME 1 I' (12, Ih:, 101, lh: ,12) '1 IIGI, IMI1'-I, ISEC TIDAOII0 

RET1JlUI TIDA0120 
END TID.A.OlJD 

C SOu/00l0 
c ....................................................... • ...... •• •••• ••••••••• ... 60111100010 
C SOU/0030 

SlmROI.1TINE SOUi(OP'TICIN) SO~OOdO 
CH...t.RA.CTER-SO OYI'I~ SOI...NOOSO 

SIOCLUDE: ''Z,Ca4N' SOUl0060 
STEi<lO.· , SO!..NO 0"1 0 

c 
c·········· .. ················ 
C· DE'TERMINE SOurt'lCJN NO .•• 

c············ .. ·· .. ········· .. · 
c.u.L. ClE'T Ulr (OPTION, 'SOL' ,NSOlJll, 0, . 'l'RlIE., .FALSE ) 

c 
C········· .. · .. ···· .. ······ .. 
C· CHOOSE THE SOLU'TICIIl •• 

C·············· .. ·· .. ······ 
C IF (NSO[.N.£Q.l) THEN 
C CALL BOLOI 
C ELSE IF (NSQ[JIl.EQ.'jI) THEN 
C NLQAD·1 
C HAXElh·O 
C CALL 801.02 
C ELSE IP (NSOUl.EQ.,3) THEN 

IF (NSOLN.EQ.3) THEN 
NLOAJ)-, 
M.A.X!lh·O 
CALL SOL03 

E1...SE IF (NSO~.EQ.4) 
NLOAJ)-l 
CALL SOLC4 

ELSE IF rNSOI...N EQ.S) 

NlA\D-' 
MAXELD·O 
CALL SOLOS 

THEN 

THEN 

SOLNOOBO 
SOI...N0090 
SOI...NOIOO 
SOLNOII0 
SOLN01;;t0 
SOLJ-l'OlJO 
SOL.)lO 14 0 
SOlJl10150 
SOLN0160 
SOU/Ol "I 0 
SOU/OIBO 
SOU/OISIO 
SOLN0200 
SOLNOOllO 

.SOLNO;Z;Zo 
SOI...N(2)0 
SOI...N0;;t40 
SOLN02S0 
SOI...N02i50 
SOUlO;;t"lO 
SOLNO:il80 
SOLNOOlSIO 
SOLN0300 
SOI...NOJlO 
SOI...N03 01 0 
SOU/0330 
SOI1ll034 0 
SOU/03S0 

WRITE(108,·) 'UNAUD SOLlHl',NSOUl SOI...N036 0 
STOP 'INVALID SOUJ"IaN NtJMBER' SO!..N03"1 0 

END I F SOUlOJ SO 
RmntN SOUl0390 
END SOLN0400 

C I'ISOLIJOIO 
C ........................................... a. ••••••• ·······················MSOl.J:lOOlO 
C MATRIX SOUlTIct.J OF E~TIaN AX·P, WHERE THE UPPER TRI~Gt1t.Alt KATRIX MSOLoo)O 
C op THE SYl'IHE'!1tIC I'U.TRIX .I. IS STCRED BY SX't'LINBS P IS STORED ~S A MSOL0040 
C FULL. MATIUX. THE I'!A"nUX P IS REPLACED BY X AFTER BACK SlmSTITt.rTIClN I'ISOLQ050 
C IS CCI'fi't2ATE. BOTH ~ AND P .I.JlE AI.,'!'£RED. .. . . KSOLo060 
C COY»! OPTION. IF GllY.\:N IS .T'FIllE. MASS "-'TRIX IS .u..so CONDENSED MSOLOO"lO 
C ................................................... ••••• ••••••••••••••• .. • .. MSOLOC80 

BUBROUI'INE MSOU.( IOPT, PRINT, H, IMD, 1.1I.000,NLC, 1.1,1.2 ,MD,A,F, P.A.C'I'iJR, MSOL0090 
GU'fAN,H.\SS , I'IDKASS, IMOMAS,ICGCOND, XG, MIlXG, IHDKG) I'!SOLOI00 

RE.A.L !1ASS(IHDMJ.S),ICG(II'IDJ('G) MSOLOIIO 
LOOlc.u. GU'i,Ul,FiINT,lCGCOND MSOLo120 
DIMENSION A(IHD1, f'ACTa:: (N) ,P (~OW,NLC) ,P1D(N·l) MSOLo130 
DIMENSION ltroMASS(N.I),HIlXG(N-l) HSOLo140 

IJI( I,J) ·MD(J) oJ'I 
IJloI( I ,J) ·HDMASS(JloJ·1 
IJKG II ,J) ·MDXG(J 1 ~J. I 

MSOL0150 
HSOLo160 
HSOLOl"lO 
MSOL0180 

C' . ·MSOLOI90 
C M.A.TRIX STORAGE SCHm-t:E: MSOL.oOloO 
C ·THE MATRIX A IS BANDED AND SYKMETRIC. iHUS ONLY THE SJ(YLINE ABOVE. I'{SOLoOlIO 
C AND THE ""IN DIAGON..r. NEEDS TO Bt STaRED. HS OLQ;22 0 
C THE liA'I'Rn A IS STOl<Pll IN .I. LINEAR AAiAY BY CO~S 'THE VALUE QZ.I MSOL0230 
C THE MAIN DIAGONAL lS STaRED IN THE LINE.U.. ARAAY FIRST MSOL00l40 
C ADDRESSES OF THE LlNE.U llR .. U EI...2M'ENTS CCNT.A.INING TH.E KAIN DIAGONAL MSOL02S0 
C TERMS ARE STaRED IN MIl. MSOL.021S0 
C EXAMPl.E: LE'T B BE THE SlIS FUU. SYME"nIC MATIU" BELOW. MS01.Oil'jlO 
C ' I ' 3' : . 12 ' MSOL-OHO 

2 5: 11 NOTE. B(1,3),B(l,4) AND 8(2,4) )JtE 2ERO. MSOLOOlSIC .- 4 : 'jI : 10 HS01.0.J00 
: 6 9 140· I, 2, 4, 6, B, 13 1'1501.0310 

: 8 MSOLo320 
THUS, BD,3)·}.( MIlD) ) • .1.14) MSOLoJ30 

B(l,J)·A( MD(J)·J·I) IP J)l;\NIl (MD(J)·,J·I) <!iD(J+ll "SOLoJ40 
C ·0 IF J>I AND (MD(J)'J'I}lMD(J+H MSOl.,0350 
C M.A.'I'RU P IS NOT SYl'I-I:ETUC, AND IS STCR.ED AS A PULL I'U.'!'RIX J'lSOl.,0360 
C .• · ..... ·KSOLO)"IO 
C V~IiUlL2 TABU: KSOL0380 
C 10PT • OPTIO).l NtMBER HSOL0)90 
C N • NUMBER OP DEGREES OP PREEDCI'l OP OJ. MA'nIX MSOLo4.00 
C NLC • NUMBER OF LOAD CASES FOR THE P MATRIlI MSOLOil-10 

Ll • FIRST R()o/ "f0 BE WORKED WITH MSOL0420 
L2 • LAST ROW TO BE W(JIU(ED WITH !'ISOL04JO 
\'!I) • ADDRESS OP THE !tI.A.IN DIAGQ--Oll TERMS OF' A MSOl.OUO 
P • I..A(J[) PO.TRIX aN INPl1I', SOI...N (X) OF' AJ(.J> O).l C~LEATION OF MSOLOdSO 

IOPT.4 MS01.0460 
PAcr~· TEHPORARY STORAOE MA.'I'RIlI MSOL04 "I 0 
GUYAlJ • GUYAN REDUCTION PUG FOR M.A.SS HATR n MSOL04 BO 
,,"SS • MA.SS MAnU): MSOL0490 
toIDMASS· MASS MATRtll ADDRESSES OF MJ..IN DIAGClNA.L ELEMFNTS MSOLOSOO 
lCGCaND· PUG FOR CONDENSING OO'!' XG HSOL0510 
XG • GECI'lETRIC STIFFNESS M.A.TRIX HSOL0520 
toIDKG • KG KATRIJ( ADDRESSES OF MAn: DIAGONAl.. El...EH.ENrS I1S0L0530 
L • ROIoI N1.1!'!BEll. FOR ELII1INATION MSOLOS40 
r • RQ10I N1.1MBEF 1'1501.0550 
J .. COUl'olN NUMBER MSOLoS60 

Ll"KAX(Ll,l) 
L2 ·MIN (L2, N1 

GO TO (10,110,210,310) IOPT 

.... ·MSOLOS1D 
MSOLOSBO 
MSOLo590 
MSOLQIS 00 
MSOL0610 
MSOL0620 
M50L0630 

10 CetrrINTJE MSOL0640 
10PT·I, REDUCE A AND P . ·MSOL0650 
GAUSSIAN ELIMIN!.A.TION IS [JSED TO REDUCE TH.E " AND P M.A.TRICIESHSOL0660 
FROM ROW Ll TO ROW L2. IF Ll IS NOi I, 11 IS ASStJtt!ED '!'KA'I' I"!.SOL06"10 
A. AND P ARE AU..READ'l' ~EDI.JCE:O YFlc.l 1 TO LI MSOL06BO 

IF I PRINT) THD-J 
WRI"rE(10B,500) 'IOPT·I, REDUCE STIPFNESS AND LQ.U)S',Ll,U,N 
CALL t..XATlIX(~,MD,N,IKD ,'INPl]!' STIFFNESS') 
CAl.J.. WMAiR}(IP,N ,NLC, 'INPUT LOAD') 
IF lGUY...t..N) CAUl..KA'I'RX(MASS,HDK.\SS,N,II'mM.\S,'INPU'I' HASS') 

. ·KSOLQ690 
MSOLQ'100 
MSOLO"l10 
MSOLO"lOlO 
MSOLO?30 
t'lSOLO"l4D 



c 

IF (XGC~) CALL L..HA.TRX (XG 
ENDIF 

DO 100 L·Ll,L.2 
IF 1l..EQ.N) GO 'TO 100 

,KD)(G ,N,II!'!D)(G,' INPUT)(G 'I 

C' ...... TES'I' PaR ZERO PlVOT .. , 

c 
c· 

c 

IF (AiMD(L)) .EO.O) THEN 
WlU'TE(108,2000) L,MD(L) ,A(I'ID(L) 1 
STOP 

ENDIP 

.. CALCULATE THE FACTOiIS EACH ROW IS MULTIPLIED BY 
DO JO I· (L+U ,N 

LI·IJI(L, II 
IF ( LI.LT.HD(I+U ) THEN 

FACiOR(I)-1dLI) IA( HD(L) ) 
ELSE 

FACTOR(IJ·C 
ENDIF 
cawrnroE 

C······· REDUCE A BY COLUMNS (Jl EACH RClII (I) 

c 
c· 

c 

DO '0 ,J. (L-l) ,N 
W·IJI[L,J) 
IF (W.GE.HD(J+l)) GO TO 40 
DO 35 I· (L-l) ,J 

IJ·IJI (I,J) 
A( IJ) ·AOJ) 'PACTOR (I)~" (W) 

JS CONTINlJ!' 
40 CONTINUE 

...... REDUCE P BY COUIMNS (J) EACH RCliIi (1). 

os 

" 

DO SO J-1,NLC 
IF (P(L,J) .EQ.O) GO 70 SO 
DO 4S I· (L+l) ,N 

P (l ,J).p (I ,J) . FACTOR (I)'P i L,J) 
CONTINUE 

' .. REDUCE MASS KATlUX BY GUYAN REDUCTION 
IF (GUY).N) 'THEN 

C.. .... Mn"M22· IC,I/Kll • Mil • 1/1U1 • )(12 

c 

55 ., 

RH·HASS (HDMASS iL) ) 
IF (RH m.o) THEN 

ENDIP 

DO 60 J·L+l,N 
IF (PACT'CIR(J) .EO.O) GO 10 60 
Il-~(L·l,J· (!([lM,ASS(J+1) ·HDHA.SS(J)) ) 
DO S5 I·Il,J 

IJ·IJM(I,J) 
MASS (IJ) -!'lASS (IJ) + FACTaR (I) ~RJo!-:rACTOR (J) 

CONTINUE 

c .. M22"M.2 1C21/X.1l" MH 

c 

, 
.5 .. 

DO 66 J·L+l,N 
U·IJM(L,J) 
IF (U.GE.I'[DMASS(J+l)) GO TO 66 
IF (MASS (W) .EO. 0) GO TO 66 
00 6S I·L~l,J 

IJ·IJ1"I(I,J) 
IF (IJ .l.T.HDKA.9S(J+l)) 
MASS(IJ)·KA.SS(IJ) PAC'T~II)'MASS(W) 

camINUE 
CONTINUE 

· .... M22"1'!<12 . "21 ' I/K11 • :112 
DO 70 J·L+l,N 

IF (FACTCJt(J) ,EO.O) 00 TO 70 
00 651 I·L"l,J 

LI·IJH(L, I) 
IF (LI.GE.MDKASS(I+l)) GO TO 69 
IJ·IJM(l,J) 
IF (IJ.LT.MDKA.SS(J+IH 

.. MASS (IJ) ·MASS (IJ) . FAc-roR (J) ·M,A.S S (LI) 
69 COl'Tt'INUE 
70 CONTINUE 

ENDIF 

C· ..•... REDUCE GEatE'TllIC S'I'IFFNESS KATiI!lI 
IF (XGCOND) 'THEN 

c 

" " 

.. XG2:Z·KG22" X21/Kll ' ICGl1 • l/XlI • XG12 
U.G·XG(I'IDXG(L) ) 
IP CRKG.JIIE 0) THEN 

EN!lIP 

00 BO J·L·l,N 
IF (FACTOR!J) .EQ 0)' GO TO BO 
I1"K.U(I..·l,J·(I'ID)(GlJ'l) ·KDXG(J)) ) 
00 1S I·Il,J 

IJ·IJXG(I, J) 
XG(IJI "XG( IJ).FAC'TQR (l) ~UG'FAC'!'ClR (J) 

CONTINUE 

c .. KG4I2·KG22 X21/K11' ICGI41 

· B5 
e. 

· " 90 

DO B6 J·L·l,N 
W·IJKGiL,J) 
IF (W .GE.KDXGIJ'1)) GO To 1E16 
[P (XG(W) .EQ.O) GO TO e6 
00 8S I-L"l,J 

IJ·IJJG (I,J) 
IF IIJ LT.MDXG(J+l)) 
XG( IJ) ·XG( JJ) 'PAC'TOR (1) ~XG(W) 

CONTINUE 
CONTINUE 

XG22'XG22 J(G21 , l/X11 • X12 
DO 90 J·L+l,N 

IF (FAC1'OR(J) .EQ 0) GO TO 510 
DO B5I I·L"l, J 

l.I"IJ)(G(I..,I) 
IF (LI.GE.I'IDXG(I.l)I GO 'TO e9 
IJ"IJXG(I,J) 
IF (lJ LT HDICG(J+U) 
KG( IJ) ·XG(IJ) . FACTOR [JI '*XG( LI) 

CtwTlNUE 
CONTINUE 

ENDIF 

100 CONTINUE 
IP (PRINT) THEN 

CAU, lJolATIO: lA, MO,l'I, I MIl , 'REDUCED S'TIFFNESS') 
o.U WMATIOI(P,N ,NLC,'REDUCZO UlAD') 
IF IGUYANl CALL LHAn)( (~SS,~SS,N, IMI)MAS, 'RE:DUCED MASS') 
IF (XGCClNDI CALL lJoLI,.TRX(XG ,I'IDJ:G ,N,IMIlKG, 'REDUCED KG') 

ENDIF 
RE'TTJRN 

11 0 CONTlmIE 
C· IOPT-2, REDUCE P ONLY 
C ~USSIAN ELIMINIATIClN I S USED TO REDUCE THE P MATRIX 
C FROM RQIoi L1 TO ROW U IF Ll IS NOT 1, IT' IS ASSUMED THA'T 
C A AND P ARE ALLREADY REDUCED Fll.CJo1 1 TO L1 

MSOl..01S0 
MS01..0160 
H90L0770 
HSOL07BO 
H60L0790 
HSOLC900 
MSOLCBIO 
MSQl.ClB:ZO 
1480LOB30 
HSOLQUO 
I'!SOLoe50 
MSOLOB60 
I'!SOLOB10 
I'!SOLOIBBO 
I'ISOLOB5IO 
MSOL05IOO 
JoISOL05l10 
M50L05l~0 
MSOL0930 
"SOL0940 
KSOL09S0 
HSOL0960 
JoISOL09?0 
M90LC9BC 
MSOL0990 
"60LI000 
MSOLI010 
MSOLI030 
MSOL1030 
HSOLI040 
I'!SOL10SO 
1'!50LI060 
I'!SOl.l070 
HSOLIOBO 
I'lSOLl090 
I'!SOLll00 
I'ISOLUI0 
KSOL1l20 
MBOL.l130 
"SOL1l40 
"SOLllS0 
KBOLl1ISO 
KSOLlI10 
KSOLllBO 
KSOL1l9C 
HSOL1200 
I'lSOL12lC 
KEOLH20 
1'tS0lJ.3l0 
1't90L1UO 
I'IBOL1250 
MSOl.l:il60 
1't900000:;no 
1'tB01.1:ilBO 
MSOLl:il90 
KSOL1300 
I'ISOL1310 
MBOL1l20 
KSouno' 
I'!SOLD40 
MBOLllSO 
14S0U360 
!'ISiOUJ70 
HSOUJ&O 
HSOL1390 
KSOL14 00 
KSOL1410 
"BOL14:ilO 
IIISOLIUO 
M50L1440 
1'I90L1450 
MSOL1460 
MSOl..U10 
MSOl..14 80 
MSOL1490 
I'!SOL1500 
MBOL1510 
HSOL1S4I0 
MSOLlS30 
I'ISOL1510 
HBOUS50 
MSOLlS60 
I'IS0L1570 
KSOLl5BO 
MSOL1590 
I'IS0Ll1S00 
MSOL1610 
I1S0L16l0 
MSOL1630 
KSOLl640 
1'160L1650 
KSOL166C 
"SOL1670 
"60L1680 
KSOLl690 
HBOLl100 
I'tSOL1710 
H60L1120 
MSOl.1710 
I'!SOLl740 
MSOL1150 
MSOLl'?60 
I'!SOL1110 
I'!SOL1780 
MSOL1790 
MSOL1800 
"SOL1810 
MSOLIB20 
,",SOLleJO 
I'I.SOLIB10 
H90LlBSO 
I'I.SOLl960 
IiSOL1810 
MSOLH!O 
HSOL1890 
MSOL1900 
HSOL1910 
M50L1920 
I'!SOL19)0 
I'!SOL15I40 
"SO\..1950 
MSOL15l60 
MSOLl970 
JttSOL1!1BO 
I"\SOL1990 
I'I.S0L2000 
I'!S0L2010 
I1S0L2020 
M.SOL20)0 
1"160L204O 

·MS01..2050 
HS01..2060 
HSOU010 
I1S0L2080 

c· ...... '1150L2090 

c 
c· 

IF (FRINT) THEN 
i'i'RITE(lOB,!.OO) 'IOPT-2, REDUCE LQA.D5 ONLY',Ll,L2,~ 
a!..l. J..KA.TJUiA,KD,N,MD(N·l) ,'REDucrn STIFFNESS') 
o.!..l. WMATlU((P',N ,NI.C, 'NEW I...OAD !9.T1U)( 'J 

ENDIF 

... LOOP FaR EACH ROW (1..) TO REDUCE 
DO 160 L·L~,U 

I'F (A(MD(L») EQ 0) THEN 
WRITE(lOe,:ilooo) L,toIP ILl ,A(H:l(L) 1 

MSOL2100 
MSOL2110 
MSOL21:il0 
1'160L21)0 
I'IS0L.2140 
I'!SOL2150 
,",90L2160 
MS0L2110 
MS0L21BO 
MSOL2190 

9 

Inop 
ENDIP 

t.DOP FOR EACH COl..t1KN (J) 
00 150 J-l,NLC 

IF (P(L,J) .EQ.O) GO TO 150 
00 120 I· (1..+11 ,N 

~; .. ~~~ ~tT ~~ (I "1) 1 P (I ,J) .. p (I ,J) 'A (LI) ·P(L.,J) IA (KD (L)) 
120 comINO! 
150 CONTINUE 
160 CONTINUE 

RmJRN 

MSOL2210 
JoI60L.2220 
MS0L.22)0 
!IIS0L.2240 
MSOL2250 
MSOL2260 
I"ISOL2270 
HS0L22BO 
"S01.2'90 
HS01.2l00 
M50L2)10 
H60U320 
MSOl.n30 
"SOL2340 

210 CClNTINlJE 11501..2350 
C· IOPT·3, aACIC SUBS'!'UTION .. ··MS0L2)60 
C BACIC SUBSTLI1'Ic:JN IS USED To SOLVE FOR X IN 6~·V, WHERE S IS MSOL2310 
C THE. REDTJCE. UPPER TRIANGUUJI: FACTCJt OF THE A I'I.ATRIX, AND V MSOL2HO 
C IS 'THE REDUCED P~M OF THE P HATRIX THE RESUL.TS (X) ARE MSOL.23!10 
C STORED IN P I'ISOL2400 
c 
c· 

BACIC SUBSTUTI~ CNLY TAXES PLACE BEnrEEN ROWS Ll AND 1..2. MSOL2410 
.....• 'MSOL2420 

c 
c· . 
c 

IF (PRINT) 'THEN 
WRITE(10S,SOO) 'IOPT"), BACIC SUBST11rICIN',L1,L2,N 
CALL l&TRX(A,HD,N,MIl{N·l), 'REDUCED STIFFNESS") 
CAU. WMATRX(P,N ,Nl..C, 'iEDOCED ~'l 

ENOl. 

LOOP FC5 EACH ROIl L 
CALCUl.lGE X FOR DCH lA\D CASE, STatE IN P 
00 250 J·L2,Ll,·1 
IF (A(MD(J)) .EO.O) THEN 

WRITE (lOB, 2000) J.MD (JI ,"(MIl (J)) 
STOP 

IO!IlIF 
DO 215 I.C"l,NLC 

P(J,LC)"P(J,LCI/A(MD(J) I 
IF (J .m.1) TH'!N 

IJ·toIP (J+ll 
NI·J· IHD(J'1) 'MD(J)) .1 
DO 2~0 I·NI,J·l,'l 

IJ"IJ·l 
DO 220 LC"l,NLC 

P(I, Le) "P(I, LC) 'P(J, LC)-A(IJ) 
:z 2 0 CQlTINUE 

ENDIP 
2S0 ca-oTINtlE 

IF (PRINT) CAU. WKATRI(P,N ,m..c, 'DISPLAC!MEN''') 

I'ISOL200 
MSOL2440 
1'150L.2450 
PlBOUUO 
!IISOL24iO 
MSOU4ao 
HBOU490 
MSOUSOO 
MSOL2S10 
HSOUS20 
HSOL2S30 
I'I.S0L25110 
1'lS0L2550 
"SOUSSO 
I'tSOL2S10 
HSOL2SBO 
MSOL.2S5iO 
HSOLUiOO 
HSOL.2610 
MSOL.620 
KSOU630 
I'I.S01..2640 
MS0L.26S0 
HS0L.266 0 
"901.2610 
HS0L.2680 
"SOL2690 
rotSOU100 
HS0L2110 

310 CClNTINUE MS0L2720 
C.... 10PT·', REDUCED MUL'TIPLICATI~ ....... MS0L2130 
C SOLVE PCIl v IN S-D·P WHERE S HAS BEEN REDUCED 8Y GAUSSIAN MSOL2"110 
C ELI"lNATIQL MSOU1S0 
C THE RESULTING ~ IS BTCltBD IN P. I'!SOU160 
C THE DISPLACiMENTS AJ.E INPUT IN D MS0L211 0 
C MUL'l'IPl..\CA'TI~ an.Y TAXES PLACE. BE"l'WFEN ROIlS L1 AND L2 ,",SOL27eO 
C· ' .. 'I'!SOL2?90 

IP (PRIN'T) 'THE» I'!SOLHOO 
WRITE (10B,SOO) 'IOPT-4, .EDUCED MULTIPLACA'TION',Ll,L.2,N "S01..2810 
C.u.L lMATlI:X(A,MD,N,HD(N.l),'REDUCED STIFFNESS') MS0L.2820 
CAU.. IllMATRX(PACTOR,N ,1, 'DISPLACEMENT') MSOL2830 

ENDIF MSOLilB40 
c 
c· 

c 
,,, 

.. ClNLY ONE LQAD CASE. 

Le-' ZEilO P ... 
00 laO J·Ll, U 

IF (A(MD·(J)·) .EO 0) THEN 
WRITE(lOB, lOOO) J,MD(J),A(MD(J)) 
STOF 

ENOl' 
P(J, LC)·O 

C·· ........ MULTIPLY S R£D - DISP • P 

,,, 
c 

DO 340 J"Ll,N -
ICl-J· (HD(J-l) 'HO(J)) +1 
IC4I·M.U:(ICl,Ll) 
DO )40 I·J, IC:!,'1 

IJ·IJl(l,J) 
F (I, Le) ·P(l, LC) +A(lJ)-PAC"l"aR(J) 

IF (PRINT) CAI..L WMATRX(P,N ,I, 'REDUCED LQ,U)') 

C·· ... UNRZDUCE !'HE ~ MA'TRI1( 
DO 31S0 L·L2,Ll,·1 

LOOP F ell: EACH COLliKN (J ) 

DO 350 J-l,NLC 
IF (P(L,LC).EQ.O) 00 'TO 3S0 
DO 345 I·(L+l),N 

LI·IJI (L,I) 

MSOL2BSO 
MSOUB60 
MSOLilB70 
"S01...2S80 
'"'SOU 990 
KB0L.2900 
HBOU910 
HSOL2920 
HSOL29)0 
"S0l.29 11 0 
I1S01..2950 
HSOU960 
I1S0U970 
MSOL29B0 
I1S0L29510 
HS0l..30cO 
I'!S0l..3010 
MSOUOilO 
fIIS0L.3030 
MSOU040 
I'ISOl.)050 
fIISOL-J060 
fIISOLJO?O 
I'1S01.) 0 80 
MSOW090 
"SOUl 00 
MSOLJl10 
HSOLJ120 

IF (Ll.LT.MIl(I+l)) 
CONTINUE 

P(I,Le)·P (I, Le)"" (LI) 'P fL, LC) IA (Mel (1..)) MSOLJllO 

'45 
'so ,., 
0" 

CONrINUE 
comINUE 
CONTINUE 

IF (PRINT) CAlJ., WMATRX(P,N ,1,'~') 
SOO PClRMAT (/41~,A,ilX,'Ll.',IS,' L2:',I5,' N:',IS) 

lOOO FClPJoI.A7 (1//lx,.!>O ("')/ 
" ER', 'ROR IN SLlBJlQC.]I'nm l'l5OLL', 
'. PIVot 18 LE 0 ....... ROW:',IS, 
, • S'I'QJU,GE LCN,',I5, 

PIVOT.',lP,GlS 
" SOLlJTIO)ll IS ABORTED 
lX,SO (" I II) 

TSl, 'to' I 
TS1,'" I 
"['51,'·'/ 

6,TS1, '.' / 
T51, '.' / 

MSOLJ140 
11901.3150 
HSOLJ160 
HSOl.Jl10 
HSOl.JIBO 
1'1501...3190 
MSOl.J <! 00 
I1S0l.J210 
MSOU220' 
MSOW230 
MSOl.1HO 
Msou;a50 
I'!S0L.3~60 

I'ISOL.3:<?O 
MSOU2~0 

I'1S0LJ290 
I'1S0L.3300 

C JlEAC0010 
C· .................................................................................. ·REACOO 20 

SUBROlr'I'lNE REACTN [IOPT, PRINT, NNODE, Ll ,L2, LJ, L4, FORCE ,DlSPL, 
I'[D ,A,I01,NDOP ,N~, fACTOR, 
I'!AXNOD, lOOP ,COORD, ID,TITLE, S'TEPID, HEAD, 

"- NCoa, COSINE, J'TCOS, JTPLG, SUI'O 
CH.UtA.CTER- [.) TI'fLE(~) ,STEPID 
CHAltACTER-lS CD(6) 
UX;ICAL PJlINT,HEAD,PUG,BTE5'l' 
DIMENSION A(1QoI) ,M[) IHOOP-l), IOOF(MAXNClD,6) ,G(6) 
OII'IENSION FORCE (NDOF ,NLOAD) ,DISPL{NDOP ,NLOAD) 
DII'!ENSIO!-/ ID(I'!AXNOD~ ,COORD (M.\XNOO,)) ,JTFUi(J'Il.'..XNOD) 
DIJoI!NSION F (6), Stl'!(6) ,COSINE (3,3 ,NCOS) ,JTCOS (JoV"XNOD) 

IF (IOPT.'EQ 1) THEN 
c 
C··· .. ······· .... · .... ········ .. ········ .. · .. ······· .. · . 
C .. MODIFY l..,Q,U)S FOR R!STIlAINT DISPLACEMENTS ... . 
C···· .. ····· .... ··········· .. ··· ...... ······· ........ . 
C CONSIDER THE FAltnTHlNEO STIFFNESS WHERE X2 ARE THE RESTRAINT DISPt... 
C 
C : Fl: : ICll : Xl. : Xl: 
C .. : 
C :P2: : )(21 : K22 : );2: 
c 
C THE MODIFIED FREE LQ.U> IS (Pl·kl~·lf2) • IU1':II1 
c· 
C 
C 
C 
c 
c·· 

........ 'C 

DOI0I·Ll/L2 C 
DO 10 J-l,NLOAD C 
DO 10 X·W,Ld. C 

PCRCE(I,J)·PCRCE(I,.JI·X(I,X) 'DISPLiK,J) C 

00 .0 J:·W,Ld. 
JoIDJ:.MQ (K+l ~ 

DO :20 J·l,N1..OAD 

........ 'C 

FUl.J.. STORAGE 
EQUIVALENT 

REACOO)O 
REAC0040 
R£AC0050 
FlEAC0060 
REAC0010 
REACooeo 
REA.C0090 
REAC0100 
F.E~COI10 

REACOl~O 

REACOUO 
REACOUIO 
R£AC01S0 
REAC0160 
REAC0110 
REACOl BO 
REAC0190 
REAC0200 
REACO:j!10 
REAC0220 
REAC02JO 
REAC02~0 

REAC02S0 
REAC0260 
R£AC021 0 
REAC02ilO 
REAC0290 
R£"-C0300 
REAcono 
REAC032D 
REACOJJD 
RE.ACOJ4D 
REACO)SO 
REACO)60 



c 

DO 10 1·1..2,1..1,'1 
IX·MODO +1(·1 
IF (IK.GE.MDX) GO TO 20 
PIJ·PORCE(I,J) 
AIJ(-A(IX) 
DXJ·D]SPL(X,J) 

10 FaRCE (I, J) ·FORCE (I, J) -A( IX) "DISPL (It, J) 
20 CON'TINlJE 

IP (PRINT) 
'- CALL WMATRX(FORCE,NDCP,l'JL01>.D, 'I1ODIFIED U»..DS') 

ELsE IF (IOPT. EQ. 2) THEN 

C····· ................... . 
C· SOLVE POR REAC'TIONS ••• 
c························· 
C CaNSID~ THE PARTITICINED STIPFN'ESS WHERE X2 ARE THE RESTRAIN'I' DISPL. 
C 

- FAC"TOii: 

c 
C THE REACTI~S.AIl.E POl· POI '" ( l21·Xl + X2Ol·X2 ) " PAC'TQlI: 
C NOTE. BOTH PI AND POl CanAIN FIXED END PCI!.CES F1I.CJot MEMBER I...OADS. 
C THUS, 1::2 I" XI .. )c22"X2 IS ADDfiI TO POl TO GET THE :REAC'TI~S 
C- --C 
C DO 120 I·U,LA C FULl.. S'rORAGE 
C DO 120 J·l,:NIJlA.D C MCElE EQUI .... IJ..ENT 
CC PORCE(I,J)·O .P2CON1J..INSPEP'" C 
C DO 110 X.Ll,U C 
ClIO FORCE(I,J)·FaRCE(I,J)+X(I,X)-DISPL(k,J) C 
C DO 120 X·U ,LA C 
C 120 FORCE(I,J).PORCE(I,J)oX(l,K)"OISPL(X,J) C 
C· --C 
C 

DO 120 I·U,L4 
DO 120 J·l,Nl.,QUl 
DO 110 )C·U , Ll,·l 

KI·MD(I)·I-X 
IF (XI.GE.HDO+l)) 001'0120 
A.XI·A(KI) 

110 PORCE (I, J) ·PaRCE n ,J )+A (XI) "01 SPL (K, J) ·PACTOR 
120 cam'unJE 

DO 140 I·U I LA 
DO 140 K·U, LA 

IF (I.LE.JC.) THEN 
n"MO(J{)+J{-I 
MDK·MD (X o l) 

ELSE 
IX"MD(I) -1·1( 
HIlX·MDU-l) 

ENDIP 
IP (U.GE.l1Plt) GO TO 140 
AU·AlIIe) 
DO ll0 J·I,NLOAD 

1)0 FORCE (I, J) ·patCE (I, J) ·A (lJ{) "DISPL(X, J)'" PJ..C"I'aR 
uO co-rrINUE 

.IP (PRINT) 
" CAll. itn"lA.TR:II (F~Ct,NDOP ,NLOAD,' FINAL LA\DS AND aUCTIONS') 

Et...sE IF (IOPT.EO.J.OR 10PT.EQ.f.) THEN 
Np·1..2 

C· ....................................... .. 

C· LOOP POR EACH LOAD CASE - - • 
c············· .. ···· .. ···· .. ··· .... · 

DO 300 L-l,NlrQAl) 
C 
C .. •••• .. ••• .. • .. •• .... ••• .... ••••• .. • ...... • 
COo PRINT GLOBAL REACTIQ'OS 
c··· .... ·· .... ··· .. · .. ·· .... ·· .... ····· .. ··· 

IF (PRINT) THEN 

ENDIF 

IF (HZAD) WP.!'I'E(lOB,12C) TITl.E(1),"l'ITU(2) 
NREACT"O 
IF (lOPT.NE,4) WRI"l'E(ICB,J:ill) L,S"l'EPID 
IF (IOP"r.EO.4) 'IlRITE(10B,421l 

IF (IOPT.Eg.J) THEN 
DO 190 1"1,6 

IPO slJol(I)·o 
END IF 

IF ( .NOT.(NCOS.EQ.l .AND. COS]NE(l,l,l) .EO.l .AND.COSINE(:iI,.,ll 
.EO.l _AND COSINED,3,1) .BQ.l) .AND. IOP'!'.EQ.4 ) GO 'TO ;ZiSl 

DO 200 I·I,NNeOE 

GET IlEACTNS IN JOINT COORDINATE sYSTn1 
FlAG· PALSE, 
DO ZC9 J·1,6 

IJ·lDOP(I,J) 
IF (lJ .I...E.NF .CR. BTES"l'(J'TFLG(I) ,J'11)) THEN 

F(J)"O 
ELSE 

P(J)"PORCE(IJ,L) 
PLAG· .'TJllJE. 

ENDlF 
2051 CmrTINlJi! 

IP (.NOT.FUG~ GO TO 200 

nt..\NSFER .EACTN5 TO GLDBAL COOl.DlNA'I'E SYS'TEM 
DO 229 11"1,3 

12·Il~J 

G(l1) "0 
G( 12)·0 
DO 219 Jl·1,J 
H·Jl<~ 
G(ll)·O(I1) • COSINE(Jl,ll,J'TCOS(I»)·PIJl) 

219 0(12) ·GI 12) • COSINE IJ1, Il,J''TCOS(I») 'P(J2) 
IF (PRINT) THEN 

ENDIF 

WRITE(CO(II),210) G(Il) 
WRITE(CD(Hl,;ZlO) G(I2) 

2251 CONTINUE 

SUM RUc-rlONS 
IF (IOPT EQ.11 THEN 

DO 240 11·1,6 
240 SUM(Il).SUlo!(Il) ~ G(Il) 

SU"l14j· SUMI4) G(2l·COORDII,3)· GI3)·CC:ORDII,~) 
SUMIS). SUM-IS) ~ G(1l·cOQJU)(I,3) - GIJ)"COORD(l,I) 
SLIM(6). SlJoIJ(6) Gil) "COORD(I,2) • G(2) ·COORD(l,I] 

ENDIF 

PRINT GLDBAL. REAC"l'IONS 
NRE.Ac-r-NilEACT·1 
IF (PRIN'T) ..anI(ICB,2::20) ID(I), (CD(K) ,K·l,6) 

200 CONTINUE 
IF (lOPT EQ.3 .AND. PRIm) WRITE(109,2JO) S\JI'I 

2'79 IF (IOM.EQ.~ .AND. PRIm) WRITE{10B,2JlI SUM 

C·········· .. ···· .... ·· ...... · .. ··· .. · .... ··· .. ····· .... ······ .. ···· 
c. PilINT LCCAl.. JOlin' coaROIN-'.TE SYST:EMS REAc-rIONS .. .. 
c· .... •• .. • .. ••• .... ·••• .. •• ...... ••••••• .. • .. ••·•••••· .. ••• .. • ...... •• 
c 

IF I.NOT PRINT) GO TO 100 
IF (NCOS.EQ.l .AND. COSINE(I,l,l) EQ.l .AND COSINtI2,2,1) EO.l 

" .AND. COSlNE(3,3,l) .EQ.l ) GO TO 300 

IF (HEAD.AND :NREAC"r.G"l'.20l WlI.ITE(los,3.0) TITl.E(1),TITLE(2) 
IF (Ion.NE.4) WltITE(l06,H2) L,STEFID 
IF (IOP'r.EQ.4) WRITE(108,4.22) 
Do 2510 1·1,NNOOE 

RE~C03iO 
ItEAColSO 
REACOHO 
REAC0400 
REAcono 
REAC0420 
REAC0430 
REAI:::0440 
RE.AI:::04S0 
REJ..C0460 
IlEAC04.?O 
REAC04BO 
REAC04.510 
REACOSOO 
REAC0510 
REAC0520 
REAC0530 
REAC0540 
REJ..C05S0 
REJ..C0560 
REACC5?0 
REAcosao 
REAC05!J0 
RRAC0600 
REACOEI0 
REAC06jjJO 
REAC06JO 
RZAC0640 
R.EJ..C065C 
REAC0660 
REJ..C06?a 
REJ..C06BO 
REAC0690 
REAC0700 
RE)"C0710 
IlE)"C0720 
RE~CO?lO 

REACo?40 
REACO?50 
REACO?60 
REACOiiC 
REACoi90 
REAco?90 
REAcoeoo 
REACOIlO 
RUC0620 
REl.C08JO 
REACOUC! 
REAC0950 
REACC860 
REJ..C08io 
REACoaao 
REAC0B90 
RUCO!JOO 
RUCO!JI0 
REACOSl:ilO 
RE~C0930 

REACOSi&O 
REACOSl50 
REAC05l60 
REAC09?O 
REJ..C0980 
REAC0990 
REACIOOO 
REACI010 
REACI0Z0 
RE.\CI0l0 
REACIO'O 
IlEAC10S0 
IlEAC10l!iC 
lI:EACIO?O 
REAC10BO 
REACI09C 
RE.ACllOO 
IlEACl110 
R£ACllZO 
RE.ACIllO 
REAC1l40 
REAC1l50 
REAClll!iO 
i2ACll?O 
RE..\C1l90 
REACl190 
REAClZOO 
REACIZlO 
REAC1201:0 
REJ..C12JO 
REACIHO 
RE~C1250 
REJ..C126I) 
R[ACl2?0 
REACIHO 
R'EAC129C 
REJ..CllOO 
REJ..ClllO 
R£AClJjjJO 
R£AC1l30 
REACIHO 
REAC1l50 
REAClllSO 
REACIJ?D 
iEAC1l60 
R:E!ACI3510 
REJ..C140C 
REJ..C1410 
REACl4.20 
iEACl4JO 
REAC1"0 
REACl450 
REAcueo 
REAC14?O 
REACIUO 
IlEJ..C149C 
REJ..C1500 
F.£AC1SI0 
REAC1520 
REAClSl0 
REAClS40 
IlEAC1550 
REACIS150 
)tEAC15?O 
REAC15eo 
REA-C1590 
REAC1600 
'£ACI6l0 
R£"C1620 
REAC1630 
RE~CHi40 

REACI1550 
REAC1660 
1I.EAC16?0 
REACH BO 
REJ..C1690 
R£AC1700 
REACI? 10 
REACl?20 
REAC1730 
Rl!~Cl?40 

REAC1?SO 
REACl?60 
REJ..Cl'J"JO 
REAC1?90 
REAC1190 
REAClBOO 
REACIUO 
REAClB:.iIO 

10 

c. 

'" 

G'E'T REACTNS IN JOINT COORDINATE SYSTEM 
PUG· FALSE 
DO 2BO 03·1,6 

IJ·IOOF(I,J) 
IP (IJ LE.NF (i{. BTEST(JTPt.G(I),J+ll)) THDl 

CD(J)·' , 
ELSE 

'lRlTE(CD(J) ,OlIO) FORCEtlJ,L) 
FlAG· .TilUE, 

ENDIF 
CONTINUE 
IP (.NOT.PLAG) GO TO 2S10 

PRINT REAcrNS IN l..OCJ..L COORDINATE SYSTEM 
\llRI'TE(10B,221) 10(1), lCOCK) ,K·l,6) ,JTCOS II) 

2510 CONTINlJE 
300 CONTINUE 

ZlO PORl'tJ..T (IF,G15.7) 
220 FORHJ..T (5:11,15,6A) 
221 FClRI'UT (5X, IS,6A, 110) 
2)0 (;'ORM.AT (. ',gOI"'),I' StM(J..TION',6G15 i) 
3J1 PCIRJoI.AT I' MA.X OF Al...L',951('·'),I' GeS SUl9L',6GlS.? ) 
320 P<l\MAT ('1 STRUCTURE .... ; ',A,/' SOLUl'ICIN ..... : ·,A) 
321 PCJRKAT (II' ocr> IlESTRAINT REACTIONS, LCIAIlING .',I5,5X,A,/ 

" ' ...... • .... •• .. •• .......... • ....... ·'IIISI,'NODE',?I,'F):', 
" 131, 'FY- ,13l, 'FZ', llX, 'KJI', 13:11, 'MY', IlX, 'MZ' I) 

322 FClIU4A1 (f/- JC8 RESTB..UNT REACTIa'IlS, LQADING ft' ,IS,5:11,",1 
• •••• .... •• .... • .. • ...... •• ...... ····'/IIS'X,·JmE·,?,;,·P};', 
13)(, ·PY', Ill, 'FZ', Ill, 'M)(', 13X, 'M"i', 1JX, 'M~', 

, 6X,' eoSIN! .'1) 
421 FORMAT UI' KAXIMtJoI GCS RESTU.INT REACTIONS', 

" 51, . NOTE . I'LUIMtI'I V)J..!1ES MAY NO'!' OCCU1l SIMULT.\IlEOl.1SL-Y' I 
, ........................................... ' /161, 'NODE', iX, 'FX', 

" 13:11, 'YY', 13X, 'FZ', llJi, 'M.):' ,13X, 'MY', 1.31, 'm' /l 
422 FORKA.T til' MU:IMa'I JCS RESTRAINT REACTIQNS " 

5", 'NOTE: MAXI~ VAl.UES MAY M1J' OCCUR SIMULTANEOUSLY' / 
, ........................................ ·.·//61, 'NCDE','?X, 'FX' 
131, 'PY', 1331, 'FZ' ,13lt, '10; ',13X, 'MY' ,13)(, '!lIZ', 
61,' COSINE.' I) 

REAC1930 
REACIB40 
REAClB50 
REJ..Cl960 
REACl9?O 
REAClB90 
REAClBSilO 
REAClSilOO 
REAC1910 
REAC1920 
REACl930 
REAC1940 
REA-C1950 
REAC1960 
REAClSIiO 
REACl9BO 
R£ACl990 
REAC2CCO 
REAC2010 
REAC2020 
REAC203C 
II:EAC2040 
RE.A.C2050 
IlEAC2060 
REAC2010 
R£AC2090 
REAC2090 
REAC2100 
REAC2110 
REAC212C 
REAC2IJO 
REAC2140 
IlEJ..C2150 
REAC2160 
REAC21?O 
REAC2HO 
REAC2190 
RtAC2200 
IlEAC2210 
REAC2220 
REACn]O 

ELSE REJ..C2HO 
WltlTE(10B,.) 'INVALID OPTION IN SUBROtTTlNE RE.I._CTN, IOPT·',IOPT REJ..C2250 

ENDIP IlEAC2260 
RE'l"t.mN REAC22?0 
END UAC2HO 

C POiIJIIOOlO 
C ............................................................ • ........ .... ••• .... •• .... ••••• .. ·FOiIJII0020 
C FO]UolOO)O 

SlIBiOClTlNE PCJRM{IOP1'1 FORM0040 
CHAJtACTU NAKE·90, EUf:)"130 FORM0050 
u::GlCAL PlINT, HE.AD, FALSE,AXIAL,BTEST ,BUG5,BUGS7 FORM0060 

$]NCUJDE:' ~CIOo1' PORl'!0010 
C Fo~ooeo 
C- _ .. -- _ .. --_... . FORl'!OO SilO 
C MATllIl STORAGE SCHEKE. F0R)10100 
C -THE STIFFNESS KAnux n() IS BANDED AND SYHKE"TRIC POIIJIIOllO 
C THUS ONLY 'rHE snLlNE ABOVE THE MAIN DIAGONAl.. NEEDS TO BE STORED. PORM01:ilo 
C THE MA'I'inX x IS STaRED IN A LINEAR ARRAY BY COUl4NS, FORM0130 
C Tin: VAUSE ~ TKE KAIN DIAaCHAl. 19 s-raRfiI IN THE LINEAR ARRAY FIRST. FORM0140 
C RElATIVE l.DDRESSES OP THE LINEAR .llUlAY ELE~S CONTJ..INING THE FORMOlSO 
C ,,"IN DIAGONAl. TERMS ,uE STatED HI I'!D. FORM0160 
C THE ABSOLUTE ~DRESS OP THE FIRST ELEMENT IN THE lC ""'TIllX ]S I2.S'I'IF POIlMC1?O 
C 'rHE S'TIFPNESS !'SATlUlI: K IS STCRED IN THE:z. -UlU'i, Z(IZS1IP)·XIl,I) FOIlMOlBO 
C THE AElSOW"rE APDRESS OF THE FIRST EUMn-rI' IS THE HD ""'TRIX IS IZMIl FOlU'lOlSlO 
C TJ;E STIFFNESS MATRIX X IS S'T~ED IN THE N'2. .\lUI.J..Y, NZ(l'l.HD)"MD(l~ FORM0200 
C THOS. IF I I.E J (UPPER 11.IANGUl...AR MAntU) FORM02l0 
c IF IZMD-l.J ( IZHD'loJ~l F01U'l02Ol0 
C IJ"NZ(IZMtI-l·J).J-I : REL.ATIVE ADDRESS IP ELEKENT (I,J)FOIlPf0Ol30 
C B (I,J)"Z(IZSTIP'l • 1J) FOiU'!:0:i!40 
C ELSE F0Rl10250 
C B(l,J)·O (I,J) IS.ABOVE THE SKYLINE F0RJ10~60 
C FOllM02iO 
C E1(J..HPL!: LET B Bl THE 5X5 FULL SYM~IC MATRIX BELeW, FOIlMOHO 
C 1 : J' , '12' FOIU'I0290 
C : 2 : 5 11: NO'I'E!: 811,l),S(l,4) AND B{2,4) ARE ZERO POIUo!OlOO 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
C· . 
C 

c 
c· 

il- : 4 :? 10: FOR.Jo!O)lO 
S'fMIII : 6: g: MD~ 1, 2, 4, 6, B, 1J FOiU"l0320 

: : S: FORl"l0330 
SAY IZ!oI!.I"121,IZS'I'Ip.200 FORMOHO 
NZ(121).l Z~jjJOO)·l FORMOlSO 
m(l22).:.iI Z~201l·2 PORMOJ60 
NZ(123)"4 Z(20:.il)·3 PORMOliO 
NZ(IH).6 Z{2C3)"4 P01U10)B0 
N2.1125).e 20(204)·5 FOllM0390 
~Z(146).13 20(205)·15 FORM0400 

Z(206)"? FOJUol0o.10 
Z(206).S FORMOI 41 0 
Z(206).51 F0lU10430 
Z(206) ·10 P0lU10IaO 
ZI:.iI06).11 PORM04!i0 
Z(~06).12 F01lM0~60 

THUS, PaR B(3,4) 1.3, J·4 POIlM04?0 
IJ·NZ(I'Z.MD·l.J)-J·1 • NZ(121-104) ·4-3·6'4-) .? FORM0480 
BII,J)"Zn:z.S"TIF·1 + IJ) • Z(200-1+?) • Z(;Z06) • 'J OK PORMOnO 

THUS, PCR B(Z,4) 1·2, J·4 PORMOSOO 
IJ.NZ(I'Z.HD-l+J)"'J·I ~ NZ(1:ill·1·4) ";,,2 ·6+4-2 ·B P01U10S10 
NZ(IZHD 'l o Jol) ·NZ(1:i!l·1+4"1)·9 FOIUo!0520 
SINCE IJ G!: m(IZI'ID-l+J"'I) FOJUo'l0530 
B(I,J) .. O (I,J) IS Al!a-IE THE SKYLINE PORJol0540 

BUG5 .. BTEST(ISUG,S) 
BUGS?- BTEST(IBUG,?) .).1ltl. BUGS 
l.Eil'yp·o 
PRINT·. FALSE. 
HUIl •. FALSE 

... -FOlU1"OSSO 
FORJol0560 
PORM05?0 
PORM05BO 
FOJUol0590 
POllM0600 
PORM0610 
PORM0620 

. FOilJol(6)0 

C 10PT·l FaRM STIFFNESS IotATRIX FORMOE40 
FORM0650 C 10FT·2 FOR!'! GEO'IE'TRIC STIFFNESS MATRIX 

c· 
C 

IP (BUGS) WRITE (6,·) , IN kOUTINE FORM IOPT ',IOPT 

4.9 Foru.u.T (lX,A/(' 1",13,' MDM.ASStI) ',Ill) 

GO jO 000,2(0) 10PT 
c 
C .... •• .. •••••• .. ••••• .... •• .. •• .... • 
C· ASSD-mLE STIFnlESS ••••• 
C·· .. • .. • .... •• .. ••• .... ••••••••••• 

c 

100 Com'INIJE 
1ST ·l20571P 
IDltl.IZSTIF _m(I'Z.MD·NDOP) ·1 

ZEilO STIPFNESS 
DO 110 I"lST, lEND 

110 Z (1).0 

C·-- LDOP FOR UCH EL~ 
PO 120 IE~·I,NE1.Hl' 

c 
C· . . . _. Gn STIFFNESS OP EACH ELEKDr. 

FALSE- FALSE. 
CALL ELELIB 

(l, LSTTYP, FALSE, I'£L., FAl..SE,NAME, EESE, EPSE,DAHAGE, DOCFAG, 
lEUID ,IEl.OOP ,XGDOP, PGECM, Z ,AXIAL, I 'Z.rlI SP ,IZLOAD,MSjCR) 

IF (BlIG5?) THEN 

- ... - - 'PORH0660 
FORM06?0 
FO]Uol.06BO 
PORM0690 
PORMO?OO 
FORl-!O?10 
FOiU'10120 
FORMO?30 
FORl-\O?40 
FORMO?SO 
FORKD?6C 
FOPJ-!0?10 
POIlMOiBO 
POJUilO?90 
FORMOSOO 
FOiU'lOBI0 
POiU'10920 
FORJol0630 
P0R1'10B40 
PORMOa50 
POiU-l086C 
POPJII.OB?O 
PORMOB80 
FORMOnO 
FORM0900 
FORMoSlI0 
P0iU'10920 
F0RJ109l0 
l"QRJ1094 0 

~ITE (ELNO, 15) IElfl:l, 1N'Z.(I·U,lJIl·l) ,I·l,MIN(IEl.DOP,lS)) FOJUol0950 
POlU-!.0960 
FORM09iO 
POIlM09BO 
PORJII0990 
POli.M1000 

1~ 'PaRMAr ('£LEKEN"r .',16,' lJo! ',lB"6) 
C.\.U !..MAnx (7.. (IZXE) • HII, IEU)OF ,MIl (IEU>QF·l), E~I 

END I , 

CJ...:..J... PaR!'C. (" I I "STIFI ,N~ (IZMD l ,NDOP, ?J"I I ZI1D"NDQP) , 



'Z. (IZJCE) ,MD I IELDOF ,KD (IElDOP'I) ,NZ (I'ZIl'!) , I.) 

c 
C· SUBTRA.CT GE01E'TRIC S'TIFFlIlESS 

c 

NZnZXGDT·.31·N2o(IZXGDT+3) 

IF (N2o(I'Z.J(GDT+l) .EQ.l) THEN 
PALSE· .P.u.SE 
CAll. ELELIB 

I ~,L.STTYP r FALSE, IREL, FAl..SE, NAME, EESE, EPSE, DMQ.GE, DOCPA.G, 
IELNO ,IEl.DOF,~GDOP,PGECl1,Z ,..u.:IA.L,IZDISP,I'Z.~,MSTOR) 

XGDOP ·Xi2IOP 

IF lEU(57) THEN 
WRITE CELNO, 15) IEl..NO, (NZ (I + I2oLJolKG·1) ,I·1,l'In~(XGDOF, IB) ) 
CJ..l..L l.MA'I'RX (Z(I2.XEXG) ,MD, KGt)Of' ,KD rxc;ooP"l) I E~) 

!NDlP 

IF (.NO'T. UIAL) GO TO 120 
D~E:RMlNE THE FACTOR FOR XG 

IP (NZ(IZXGDT.1) .EQ 1) THE'N 
ACCEU· 2. (I 2.XGDT) 
PGE~"PGEOo!" (I.ACCELZ) 

END IF 
SW).JI THE SIaN eN PGEQII Pcs{ SUBnAC'TICIo<'. 
PGEOM·· PGE01 

CAU. PClRML(2.(I2oSTIP) ,NZ(IZMD) ,NDOF,N2.(I2.MD"NOQP), 
" 2.(I2.ICEXG) ,KD,J(GDOP ,1'!D(XGDQP'I) , N2.(I 2ot..MJ(G) ,PGECI'f) 

ENDIF 

120 CON'nNUE 

C- _ .. - ASSEMBLE GECMETRIC S'T IFNESS 

c 

200 CONTINUE 
IF (NZOZKGDT"3) .m.2 ) RETURN 

1ST ·IZKG 
IDlD·l~KG + N2.(IZMD~G+NDOP) 

C· . . 'ZERO STIPFNESS 
DO 210 r·IS'I',IItNtI 

210 20(1)·0 
c 
c - LOOP FOR EACH ELEMENT 

DO IIl0 IE~·l,NEu-rr 

GET STIPPNXSS OP EACH ELEMEm' 
FALSE· . PALSE' 
all EULlB 

(2, L.ST'TYP ,P,\l.SE, IREL, PAUE,NAHE,E'ESE, EPSE,D»Ur.GE, DOCPAG, 
IELNO ,IEU>OP ,lGDOP ,PGECM, 2. ,AXIll, I'Z.IlISP, IZLOAD,HS'TCIR) 

IP (.NOT. AXIAL) GO TO ~20 

IP (BUGS.., J THEN 
WRITE (15,.) 'Jl'GECM·',PGE01 
WRITE (EUlO,lS) IElJ'ro, (N"Z.(I"IZl...M]{G-l) ,I·l,I1UHKGDOP ,18» 
C1oJ.J.., UQ.T'RX ('Z. (I'Z.ICEXG) ,KD,XGDOF,MD(J:.GDOP'l) ,ElNO) 

ENDIF 

CALL FORML(2o(I2.~G) ,NZ,(I'ZKIlJ:.G) ,NDOP,NZ(!ZMDXG'NDOF), 
'- Z(I2oJCl:J(G) ,KD, XGOOP, liD (J(CiDQP+l), N2,(I ZlJoIXG) ,PGEQoI) 

2110 CONTINUE 

PCRI'IIOIO 
POJUoII0:00 
POlUil0.30 
POJUolI04C 
PORH1050 
PORHI060 
PORHl 0'" 0 
PORH1090 
PoRMI090 
PORMllOO 
FORM1II0 
PORMl1:i10 
FORMIIlO 
FORi'llUO 
FORMl150 
FO'RM1160 
PORMl110 
POPJolI1BO 
PORMl190 
PORH120D 
P0RJ11~10 

FOiU'll~20 

PoRJ11230 
FORJotl •• O 
PORM1250 
i'ORJotl 215 0 

PORJoI121 0 
PORMl~EO 

PORMl~90 

P0lU11300 
PORM1310 
PORH1320 
PORH13.30 
PORHl.340 
PORM1350 
PORM136C 
PORH1.3"'C 
PORH13BC 
PORl'llHO 
PORM1400 
PORM1410 
PORH14 110 
PORH14.30 
FOIU'Il44 0 
PO:aH14~O 

PORl'l1460 
PoRM1.70 
FORMUBO 
POI1J!1490 
'f'OlU'llSDO 
POiHISI0 
POiJo'IIS~O 

PORH1S30 
PORM1540 
FORHlSSO 
P0RJ11SI50 
PORM1570 
PORMlSEO 
POlU"llS90 
POIU116 00 
POR1oI1610 
POiM16:iiO 
PORMI6.30 
PORM1640 
PORM1650 
FORMI660 

R£Tl1RN FORH1670 
ENP FORl'!l1680 

C ......................................................................... ·CFEM400 1 0 
C CFEM&0020 
C PROGRAM PEM ANALYSIS OF S'!'RUt:"l'URES CFEI"I400l0 
C CPEH40040 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ••• •••••• ··CPEI"I400!)0 

NOTE USE IBM. PaRTVS2 COo!PIL£R OPTION Allt'oDBL(DBLPADIl) 
TO CCKflLE THIS PROGRAM IN DOUBLE nECISION 

CF!M40060 
CFEM40070 
CPEM400BO 
CPEM40090 

NOTE: USE IBM ?aR'TVS2 Cc>!PIL£R OPTION OPT(2) CFEP'I40100 
'TO OPTIHI'2.E 'THE CaDE FOR PASTER ElI:EC(}TION CFEP'I40110 

C CFEM40120 
c ••••• • •••••• •••• ......... •• .. ••• .. ••• •••••• ••••••••••••••••••••• .. •••• .. ···eJ'EKcl.Oll0 

CHARACTER·BO OP'TION,INFUT,BLANJ: FE'H40140 
CiW.AC'I''ER·B TIM'E1,DATEl FEM&Ol!)O 
CHARACTER·l CHJ«0:25) FE'H40160 
LCXaCAl... 'TEST,HE.Ul,AXU..L P2M40170 

$INCL.UDE. ''Z.CCKN' PE'M401EO 
DATA. CHR /'''' , 'B' , 'C' , 'D' , 'E' , 'P' , 'G' , 'H' , ' I ' , 'J ' , 'X' , 'L' , 'M' , FE'H401 51 0 

, 'N' , '0' , 'P' , 'Q' , 'R' , 'S' , 'T' , 'U' I 'v' I 'W' , "2.' , 'Y , , 'Z' / 1"2*0.00 
c 
C .... • .. •••••••• .. • .. •••••••••••••• 
C"· ECHO 'l'HE lNPO'I' .. 
c··· ...... ······· .... ·············· 

1·55 L-, 
95195 READ(10S,(·(A)'),END·9996) INPlJT 

IF (INDEX (INPLn', 'NOECHO') .NE.o) GO TO 9995 
1·1+1 
L·L·l 
Ip ( I.GT 55 ) THn-: 

WRlTE(IOB,9994) (KX,KK·l,B) 
1-0 

ENDIF 
o,IRIT£(lO~,9997) L,INP(1l' 
IP (INDEX (INP(}T, '&"'TOP' ) .EQ.O) GO TO 9995 

9994 FORMAT (' 1 ECHO OF INP(1l' DATA '// 
'- lX,3X, 'LINE ',B ('. " 11,' 0') 

9997 FORMAT (H,I'l,': ',A.) 
9996 REWIND (1 05) 
C 
(' ................................ . 
c·· INITIALI:z.E DATA. 
(' ................................ . 

c 

"l'ITLE(I)· • 
TITLE 12)·' 

"u.N' BUG • PA.LSE 
DOOEIU •. F.\LSE. 
IBUG·O 
Ii.'JoCEDF· II 4 
MIlI1)·1 
Do 1 1·2,(MAXEDF+U 

MO(I) ·MO(I -1)' 11'1) 
a·o 

20 RE.AD(]OS,·,END·1000~ OPTION 
RAT I 'Z" 10 0 . 'REAL( 120) IREAL (HAX2o) 

C········· .................. . 
C·· DEFINE THE STIWC'I'URE ••• 

C .... ••••••••• .. •••• .. •••••••••• 
IF (INDEl':IOPTION, 'STR') .NE.O) THEN 

I'Z.·l 
TITL.E(l)·' , 
TITL..E (~J.' , 

GR.AV·,3E5 4 
Jl:EAD(10S,·,END·10001 TITLE(l)' 
CALL'TIDAEITIM!I,DATEl) 
WRITE(TITU(I) (BO.) ,45) T1MEI,DA"I'E1 
RJ.'!'IZ·IOO ·REA:...IIZ1/R£A1.(HAXZ) 
WRI TE (. ,52) , BUl..IDING STlIUCTURAL HODEl.. 

IZ,RA."rl'Z. 
IfiIITE(·,51) TliLE(l) (1.70) 
CAl..L STR1JCj 
l'2.REl.. .. rz 

PEM40:no 
PEH40~:l0 

FEH40230 
PEI'!40240 
PE",,"0250 
PEI'l40aO 
PEM4 0:0'" 0 
PEM40HO 
PEKG0290 
F!M40300 
FEM40J 10 
FEM40HO 
FEIoWOJ30 
PE)440.34 0 
PEMtOJ50 
1"E1140J60 
FEH40J10 
FEH40Ho 
FEH4o)5l0 
PEM40400 
PElol4olllo 
FEI1.40420 
FEM40430 
F21'140440 
FE'M404S0 
FEMl.046 0 
PEM40470 
PEM404EO 
FEM404510 
FEIoU0500 
PEH40S10 
PEM40520 
I"EM40530 
Ffi'!40540 
FEM40550 
FEH40560 
FEH40S70 
FEM.405BO 
FEH4.0590 
FEH40600 
F'EM40610 
FEM40620 
FEH406J.0 
FEM40640 
FEM40650 
F2M40660 
PEI140670 
FEH406EO 
PEM40690 
PEH40700 
FEM40'" 10 
FEM40"'20 
PEM40"'30 
PEH40"'40 
PEH40150 
FEM40160 
PEM40..,10 
FEM401 BD 

11 

iU.TlZ·l 00. ·lIfAL [lZ.) /REAL(HAK2) 
c 
c·································· 
C·· DEFINE THE l.JJADING ..\NO SOLVE •• 

c·.··············· .. ········· ...... · .. ·· 

c 

ELSE IF (INDEX (OP'TJON, 'SOL·).NE 0) THEN 
RE.AD(10S,·,END·1000) TIT12(2) 
CAl.L TIDAE(TlME1,DATE1) 
1"1UTE(TITLE(~1 (BO:) ,45) TII'IEt,DATEl 
WRITE[·,S~)' SOLVING STRUCTI.l'RA.L MCIDEL . 

I'Z,RATIZ 
WRITE(',Sl) TITLE(l) (1:70) 
il'}:tITEI",5l) TITLE(2) (1 :70) 
CA.LL SOLN(OPTION) 
RATa·lOO ·RE.AL(I2ol/REAL(KAlIZ) 

c···· .... ·· .. ······ .. ············ .. ····· 
C·· STOP. .pm OF PROGRAM 

C .. ••••••••••••••••••••• .. • .. ••••••• .... 

c 

ELSE IP [INDEX(OPTION, 'STOP') .NE.O) 
WRITEI',S2)' NORXAL S'TOP 

I2o,UTXZ 
STOF 

THEN 

c·· .. ···••••· .. ····· .. ·•· .. ·· .. ·· .. ••••···· 
C·. READ RESULTS PRCIo! INPLn' PILE ••• 

c·.· .. · .. ······· ........ ···· .. ·· .... ·········· 

c 

ELBE IF (INDEX (OPTION , 'READ') .NE.O) 'l'HZN 
140 CALL GElIN'l' (OPTlctI, 'UN!T"·,IUNIT,O,.nUE.,.Ti.CE. ) 

CALL GETINT(OPTleN, 'INC·',INC ,I, "nI.UE.,.PAl.SE.) 
IF (IUNIT GT.O) THE.N 

WRITEC',S2) , RE.AIlING DATA FRa-I PILE 
IZ,RATIZ 

10PT·. 
CAll. DHJ'D.l.'T(IOP'T, UfRITE,TO,DT) 
GO TO 140 

ENDIF 
RATIZ·I00 ·RP.AL(I2.) /REAL(KA.X2.) 

c······· .. ········ .. ·· .. ·· .. · 
C· .. SET BUG OPTION 

C··········· .... ········ .... · 

c 

ISO 
160 

El..SE IP (TEST(OPTION,'BUG·· , PALSE.») THEN 
CA..LL GETC'HR (OPTION, 'BUG· , ,INFt1I', . 'fiIUE., . FALSE ) 
IBUO·O 
WRITE(OPTIoN,160) INPLn'(l.70) 
tIQ 1501·0,23 

IP ('TES'T(INFU'I',CHR(tl,.PALSE.) IBUG·IBSET(IBUG,I) 
Cc:wTINlJE 
POlUU.T ('BUG·' ,A) 
WRI'TE(',511) , SET BUG OPTIaN' 

l'Z,RATIZ 
WRITE(·,Sl) OPTION(I:10) 
'Q.ITE(109,511 'SET BUG OPTI02>l. 
I(RITE(108,51) OPTION(1 :70) 

C· .. ••••••••••• .. •••••• ...... • 
c· .. SET BUG OPTION 

C········"···"··········· 
'ELBE IP (INDEX(OPTION,'BUQ') m.o) THEN 

';(]lITE(-,Sl) ('S~ BUC OPTION '//OPTION(1:54) ) 
BUG· .TRUE. 
IP (INDEX(OMION,'NasOO') .NE 0) BUG· FALSE. 

c 
c······· .. ············ .... ················ .. 
C·· REl.EASE MEMClII.Y PROM LAST SOllnION •• 

c·.·· ...... · .. ······ .. ··· .. ······ .. ········ .. · .. · 
ELSE IF (INDEX(OPTION,-II.E1...EA.SE·) .NE.O) THEN 

W1UTE(l08,SZ)' _. -" 
WRlTE(*,S2)' RELEASING MEMCIRY 
WRITE(109,SZ)' RELEASING KEMORY 
IP (INDEX (OPTION, 'ELEKENT') NE.O) THEN 
WR[TE(10B,SZ)' RESETING EL.EHE!IJ' PORCES 
WRIT! (lOS ,S~) '. 

DO 170 IELNO"l,NEll1T 
LS'I'TYp·O 
HEAD •. PAUlE 
CAll.. ELELIB 

F'2M40"'90 
F'E!440800 
FEM40EIO 
F'EM40E20 
FEM40830 
FEM40840 
FEM40850 
P£M40860 
PE'M40Q70 
FEM408BO 
FEI'I40Q90 
FEM40900 
FEM409l0 
FEM40920 
PEM40930 
PEM40940 
PEI"l40950 
PEM40960 
PEtoI40970 
PEI"l4Cg,s0 
PEM40990 
PEM41000 
FEJi41010 
PEH410:il0 
FE:M4.1030 
PEM41040 
PEM410S0 
F£M41060 
PE'M41010 
FE'MAlOBO 
PE'H41090 

. - -. - - -*PE'M41100 
FEM41110 
PEH41l20 
PEM411.3o 
PEZoI41140 
PEM4.11SO 
PEM41160 
P£M4111 0 
PEM411BO 
PEK41190· 
FEM41200 
PEM41:illO 
PEM4.1;!~O 

P'EM41230 
PE'M4l;!40 
P'EM41ZSO 
FEK4U50 
PEK4U?O 
PEI"I4UeO 

._., PE'H4129 0 
FEI«1.3oo 
FEM41310 
FEM41.3 ~o 
FEJi41330 
FEI«1.340 
PE'H41350 
FEM41360 
PE'1441310 
FEM41HO 
FEI141.390 
PE'M4UOO 
FEt0!41410 
PEI'I41420 
PEM4UlO 
FEM41440 
PEH414 so 
PEl'W1460 
PEI1414?O 
PEi'I414BO 

- ..• , PEM411l.Sl0 
PEM41500 

•.. -.' PEH41510 
PEI'IUSIIO 
PEI141530 
PEJoI41S40 
FEM41550 
FEJoI41550 110 . (D, LS'TTYP, . pA.l.SE . , IREL, HEAD, INPUT, EBSE, EPSE, DAMAGE, DOCFAG, 

1 ELJK>, IEUlOP, XGIXlF ,PGE01, Z ,A'70Ill, IUlDSP, I ZDLDA, HSTOlI) 
FEI'W.1S10 
PEH415EO 
FEMd1590 ELSE 

WRITE (lOB,52) '
ENtlIF 

., PEK41600 

c 

I2o·I'Z.lIEL 
I'ZACC ·0 
I'ZDAC(,"O 
IWDSp·o 
IZDISP·O 
IZDLOA·O 
lZDVEL·O 
IZPLm ·0 
I'Z.LaA.D·O 
IZVEL ·0 
RATIZ·l00. -REAL (12.) /REAL(MAX2o) 

C······· .. ··········· .... ········· .. ········ 
C .... SAVE MEMORY POll. " REST1JtT 

c·· .... •····· .. •••• .. ·····•• .. ····· .. •• .. · .. ···• 

'00 

,10 

c 

El..SE IF (INDEJI(OPTION,'SAVE').NE .0) THEN 
WlI.ITE(·,S2)' SAVING DJ..TA 

I'Z.,RATIZ 
WlI.ITE!",51) TITLE(1)il:70) 
WilITEI",Sll TITLE(;!) (1:70) 
Wil.I'TEllOB,;!OO) 
PClRMAT(5X,' ••• ••• .... WRITING DATA TO UNIT P'I'09 •••••••• ') 
OPEN(UNIT·9,AccESS· 'SEQrJDorl'lAL' ,STATUS· ,t:lNJ(}IICWN, 

POIU1·'llNFORJolATTED' ) 
WRITE (9) TITLE 
WUT£(9) IZ ,I'ZJ<EL , 

NDOP ,NCaND ,NFREE ,NRE'ST ,KAXNOD,NMAT ,NELHT ,NNODE , 
NLOAD ,NSO~ ,KAXEDF,MD,NCOS,MAXEtll,NELD , 
IUD ,I'Z.IDOF,IZCaRD,IZCOS ,IZ~ST,IZl'IAT ,I'Z.EU , 
IZJPLG,I2.JCOS, 
IZJCE ,IZll1 ,IZSTIP,IZfo!D ,I:z.LOAD,I2oDISP,I'2.IELD,IZELD 

DO 21'0 J·l, 12., 2S5 
,,·J+255 
K·MINIK,I2o) 
WRITEI9) iZ{ I), I·J,X) 

CLDSE (l1NIT·9) 
lUTIZ-I00 .·Jl:EAL(IZ) /REAL(MAX2o) 

c····· .. ···· .. ··········· .. ······· .... ······· 
(' •• RESTART PRC'GJl»I 

c.·· .. ············•· .. · .... ·• .. ········· .... ··· 

300 

310 

WilITEI" ,S2)' RE'I'REYING DATA "-"', 
" I:z.,R"1I2. 

ELSE IP (lNDEX(OP'!'IoN,'RESTART') .NE.O) THEN 
WRITEIIOB,300) 
FORMATIS)!, ••••••••• READING DATA FRCM UNIT nog •••••••• ') 
OPEN(l1NIT·9 ,ACCESS· • SEQlJEN'I' III , ,STATUS· 'OLD', 

FClRM· • UNPORMA.'MED' ) 
REAll (9) TlTLE 
READ (9) IZ ,IUEl.. , 

NDOP ,NCOND ,NFRE'E ,NREST ,I'IAXNOD,NMAT ,NEU1"I' ,NNODE 
Nt..aAD ,NSOlJll ,MAJiEDF,IiD,NCOS,toIAXEI...D,NELD, 
IUD ,IZIDOP,I2.CORD,IZCOS ,IZOlST,IZHAT ,I2.ELE, 
I'Z.JPLG,IZJCOS, 
IZJ(E ,IZtJ'l ,IZ.STIF,IZMD ,I2oL.£lAO,12.D!SP,lZIEI...D , IZELD 

DO 310 J·l, 1~,255 
J(·J"1I55 
J(·MINIX, 1201 
READ (9) (Z(I),I·J,X) 

CLOSE (UN!1·9) 
WRITE(·,S:o)' DATA RETRElVED 

IZ,IlA':'IZ 
WFITEI·,51) TIT[2(1) 11'10) 

FEMU610 
PE:M416~0 
FEM41630 
FEM41640 
FEMU650 
FEJr0S41660 
PE'H416..,0 
FEM416BO 
FEH41690 
FEI'!4l?OO 
PEM41? 10 
FEI'W1?20 
FEM41730 
PEtoW1HO 
FEI'I41750 
P~41"60 
PEM41?70 
PEl'Wl?BO 
FEI141790 
PEM41BOO 
PEH41810 
FEMUBZO 
P~M4lB30 

PEI'I4U40 
FEM41BSO 
PEI'I41B60 
FEH41970 
FEH41B90 
PEH4lB9D 
PEH415100 
FEH415110 
FEM,41920 
FEM41930 
FEM41940 
FEM41950 
PEM41960 
FEM419"'0 
FEI'J4.1980 
FEH41990 
FEI'Wo2000 
PEM42010 
FEH4202(] 
FEM42030 
PE1'I4204(] 
PEM420S0 
PEM42060 
PE1'I420;0 
PEM420BO 
FEM42090 
PE"'42100 
FEI'I4211 0 
FEM4212D 
FEI"l421)0 
FE.H4214 0 
FE"'4nso 
FEH42160 
FEK4~110 

FE1"\4~1 BO 
FEI'«2190 
F£'M42200 
FEM'2210 
FE*22~O 
FEM42230 
PEM.4224 0 



c 

WRITE(",51) TI7LE(OI) 11."101 
R.A.TIZ·100 " RE.AL (lZ) /REAL (MAXZ) 

C· ........................ ~ •••••••••••••• 

F:floW:;'2.~/; 
FEK42260 
FEH4'2.270 
F!K4.OlIiO 
'f'EM4~29() 
FEH4:;300 
FEH4OlllO 
FEK423:i10 
FEI14:;330 
PEM4:il340 
PEI14'2.350 
FEI14:;36() 
FEI14'2.370 
FEK4'2.380 
FEK4:o1l90 
FEK4211oaO 
FE'K42410 
FEK4211020 
FEM4H30 
FEJ"14 '2. 11.40 
FEK4'2.450 

C·· INVALID OPTION C····· ........... ~ ....................... . 
ELSE 

IF (TEST(OPTICIN,'NOECHO',.Fu"sE.) ) GO TO 010 
IF (OFTIClN.EQ.BU.Nl;::) GO TO 20 
WRITE(10B,30) OPTION 
\1/JUTE(',511 ('INVALID OPTION: '//OFTION(l:54)) 

E>IDIF 
GO TO 010 

45 FORMJ.T(' TIME. ',A,', D..,T£.: ',A) 
50 FORMAT (1..1,' STIH}C"]"URE. ',A,/lX,' 50Lll"l'ION. 
51 FORMAT (lX,A) 

, ,1..,/) 

s:a FORMJ,T (1J1,'0---',A45,"', ,'IZ·',I7,' KEM·',F6.3,"') 
30 FORMAT 1 '1 INVALID OPTION· ',-') 

110 FORMAT r' Zl'lATFlX(',16,').',I15,lP,G~0 10,',G20 10) 
1000 STOP 

END 

. - - - - TAKE FRESENt' T l~ AND D~TE 

FEI"I4'2.11060 
TIDA0010 
TIDAOOOlD 
TIDAOO)O 

SUEAOUTINE TIDA!(TIl1El ,DATEl) TIOA0040 
INTEGER" 2 H'lt, IMO~, IDA':t, H~, HUN, ISEC, IlOOTH TIOA0050 
CHARACTER-E TIME1,DATE1 TIDA0060 
CAl.J.. GET!)ATlln, IIQII, !DAYI TIDA0070 
IYR.IYJ.·1900 TIDAOOBO 
CAJ..J... GETTII'I(IKR,IHIN,ISEC,1100THI TIDA0090 
Wl<ITE(DATE1,' (12,lh/,12,lh/,12) ') II'tON,IDAY,IYR TIDA0100 
WTl.ITE (TII'IEl, • (lOl, lh:, 12, In., 1:01) ') IKR, I(IIIN, ISEC 1IOA0110 

RETlJR}.l TIDA01:olO 
END TIO-'0130 

C SOLN0010 
c ........................................... •••••••••••• .. •• .. • .... ··········SOLJ.lOO:<lO 
C SO~0030 

SlJBJU:X1I'INE SOLJ.l(OPTIOO) SOUIOC.O 
CHARACTER"SO onION SOUlo050 

SINCUJDE" ZCCKN' oo~OOfiO 
S1'EFID.· , ooL800?0 

c 
c··························· 
C· DETD!.MINE SOUJTION NO .•• 
C· •••••••••• ~ ••••••••••••••• 

c:.u.L GE't'INT(OPTI~, 'SOL' ,NSOUil, 0, . TRUE., . FALSE .) 
c 
c············ .. ··········· 
C· Cl-IOOSE THE SOUJTIQ.I •• 

c··· .. ············· .. · .... ··· 
C IF INSOLN.EQ.11 THm-l 
C CALL SOLOl 
C EI..9E IF (NSOULEQ.2) THE> 
C NJ....Q.U)·1 
C KA.XELD·O 
C CALJ.. SOLO~ 
C EL.SE IF (NSOUf. EQ J l "IE" C N1...QAD·l 
C HAXELP·O 

aLL SOL03 
E~E IF (NSOUil EO.') THEN 
IF (NSOUl.EQ.d) 'I'HDI 

NL.cw>-1 
CALL SOL04 

El..3E IF (NSOU"EQ.5) 
NL.cw>-1 
,,"lI!ELD·O 
CALL SOUl5 

EUE 

'THEN 

SOUlOOEO 
SOWOOSIO 
SOUolOIOO 
BOUlOllO 
SOUolOl:olO 
SOLH0130 
SOLJ.lOldO 
SOUf0150 
501..1010160 
80Uf01?0 
SOLH01Eo 
SO~OUO 

6Ol.IIO:olOO 
SOUi0210 
SOLH022 0 
SOLNO:ol30 
SOLNO:olGO 
SOLH00l50 
ElOLNO.60 
BOLNO:ol"lo 
BOLN0280 
SOUlo290 
SOLNOlOO 
SOLNOJI0 
BOUfOJ:;o 
SOLHOJ30 
9OUfOJ.o 
BOUiOJ50 

W1UTE{10B,*1 'INVALID SOUlII',NSO[,l.l SOUiOl60 
STOP' INVALID SOW'TI~ Nt.MEIER' SOLH03"10 

ENDIF SOLN036 0 
RE'f'l.1rUl SOUl039 0 
2ND BOUIOG 0 a 

C KSOLOOI0 
c.·.········· .. • .. • .... •• .. •••••••••• ...... •• .... • .. •••••••••••••••••• .. • .... •• .. ······KSOL.0020 
C MAnIX BOW'TION OF EQll,\TICJN ,u·F, WHERE THE U'PPD: TRIANG~ ,,"TJUX I'lBOL0030 
C OF THE SY!9lETIUC KAnU A IS STalED BY SKYLINES. F IS STaRED AS A MSOI..OO.o 
C POLL ""'nUX THE """TRI)! P IS REPUoCEZI BY X APTER SA-CX SUBSTIt't1TION KSOL.0050 
C IS CQ{Pt.LnE. BOTH A AND F ARE ALTERED.... KSOl..0060 
C GOY.ul OPTION: IF GUYAN IS ,TRUf. MASS MATRIX IS Al.S0 CONl)m-lSED 1'lS0LOO"l0 
c················· .. •• .. • .. • .. •••• .. ·········································"'SOL.0080 

SUBROll'TIN'E HSOw... (lOPT ,PRINT, N, IMD,UtCW,NLC, L1 ,U: ,i1D,A,P, FAC"l'CIR, HSOl..O090 
'" Gtn'.\lIl,MASS, ~SS, IMDKAS,XGCC»ID,ItG, MOKG, IMDKG) ",SOLO 1 00 

REAL HA..SS(IMDKAS),KG(IHDKG) "'SOLOll0 
['£x;ICAL GU"'iA.N,PRIN'i, I{GCOND KSOL0120 
DIMENSION 1..( IMD) ,FAC'roR (N), F !L.RO'IIoI,NLC) ,MO(N.1) KSOL.0130 
DIHENSIO~ MDKASS(Nol),MDKG(N+1) KSOL.O 14 0 

IJl(I,J) ·MD(J).J·J 
13M 1 I, J) ·MDKA.SS (J) ~J ·1 
IJXG(l,J) ·MDKG(J) +J' I 

HSOL0150 
KSOLo160 
KSOL.01?0 
KSOI..OIBO 

- - -"SOLol90 
MATlUJ: STOllGE SCH2ME: 1olB01..0200 

·THE MATRU A IS BAl-WED AND SYJoIKETRIC THOS am..y TIlE SKYUNE AEOV! /'tSOL0210 
AND THE HA.IN DIAGONAL NEE05 TO BE STCREO. MSOLO:l.ao 
THE HA.TRIJ! II IS STaRED IN A LINEAR AlUlAY BY COUHNS THE VAl...UE ON HSOl..0230 
THE MAIN DIAGONAL 18 STORED I~ THE LINED. ARRAY FIRST. HSOl..0240 
ADDRESSES OF THE LlNEU ARRAY ELEHENT8 CaN'TAINING THE MA.IN 'DIA~L MSOL0250 
TERMS ME ~CEED IN HD. HSOL0260 
EJIAMPLE: LET B BE THE 515 FULL SYH'E'TIiIC KATaIX SEL~ I'lSOL02?0 

, 1 ' 3' , '1 ~ HSOLOHO 
2 5 11 NO'T'£: Bfl,3),BI1,d) AND Bra,d) ARE ZERO. "SOL0290 

B- d :? 10 HSOL0100 
IS !a: Htl· I, :<I, d, 15, 8, 13 HSOL0310 

: B; MSOL032 0 
'THUS, B(l,J)·A( MD(3) I· Aldl MSOL033 0 

c B(l,J)·A( I1D(J)4J'I ) IF J>I AND (MD(J)+J-I)<HD(J-1) HSOLOHO 
C ·0 IF J)I AND (MD(J)+J-I))I'ID(Jol) HSOL0350 
C -M.\TRIJI P IS NOT SY!1I(E'TRIC, AND IS S1'CIRED AS A FULL MA1UJI !'!SOLO 360 
C· ... 'MSOLOl?O 

c 
c 
c 
c 
c 
c· 

c 
c 
c 
c· 

VAJU.\BLE TABLE. 
10FT ~ OPTION NUiBER 
N • NUMBER OF DEGREES OF PREED01" OF A KATR IX 
NLC • NUMEER OF J..,CW) CASES FOii: THE P !'lATRIX 
L1 • PIRSi ROioi TO BE WORKED WITH 
L2 • UST ROooI' TO BE WORlCED WITH 
MD • .l.DDRESS OF THE MAIN DIA~AL TERMS OP A 
P • LAOD MATRIX aN INPln', SOUl (X) OF u·p ON COiPUATICIN OF 

IOFT·~ 

FACTOR· TEHPORARY S't'cttAGE MATRIX 
GUYAN • GUVAJIl JlEZlUC'TION FLAG FaR MASS MATRIX 
MASS • ""S5 l'U.iRlX 
I"lIlHASS· KA.SS MATRIX ADDRESSES OF I'O.IN DIAG01W... ELEI'!ZNTS 
KGCOND· PUG POR CONDENSING 00,. KG 
KG • GEC!'!E'TlUC S"TIFFNESS MATRIX 
K!)KG • XG MATRU MDRESSES OF MA.IN DlAGON,u EI.D-!:ENTS 
L - ROW N1...fMBER PaR ELIMINATle»; 
I .. ROW NlJHl!D' 
J • COI...l.!PiN NUKED. 

MSOLOlEO 
HSOL03g.0 
HSOL0400 
!'!SOLQ&lO 
HSOL.CI&;!O 
I1S0LO&30 
MSOLQUO 
HSOLQIIo50 
!'!SOL0460 
!'!SOLOd?O 
to!BOLQIIo8D 
HSOLOIIo90 
MSOLOSOO 
to!SOLOSlO 
to!SOL0520 
to!SOL0530 
I'!SOL05dO 
I'!SOL0550 
I'!SOL05S0 

- - _ .. - ·to!SOL0570 

Ll·I'lA.X(Ll,l) 
L2·MtN(L;l,Nl 

GO TO (10,110,210,310) IOPT 

I'!SOLQ580 
"SO[.05 ';I 0 
I'ISOLQ1500 
MSOLQ610 
HSOL.0620 
M50L01530 

10 Com'INlJE HSOL06dO 
!OPT·l, REDUCE A AND P .. -HSOLQ650 
GAUS5IAN ELIHINIATI~ IS USED TO 'REDUCE THE A AND P MAn.ICIESKSOL0660 
FROM ROW Ll TO ROW L2 IF L.l IS NOT 1, IT IS ASSUoI2D THAT KSOL06?0 
" AND F ARE ).lJ..RE.un REDUCED nClo! 1 TO L.l KeOLOISeO 

IF (PRIlIlT) THEPl' 
WJlITE!10B,500) ·IOPT·l, REDUCE S'TIPFNESS .um l.OADS',Ll,W,N' 

-KS01..0690 
HSOLO?OO 
(IIBOLO? 10 
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c 

au.. I.n.T1DI(A,I"ID,N,IMD ,'INFln STIFFNESS') 
CALl. WMATRX(F,N ,NLC, 'INPUT LOAD') 
IF IGurAN' I CAlJ..l..JIU.TRJI(I'IASS,HDMASS,N,IMDKA.S,'INPU"l' HASS') 
IF (ltGcam) CALL LHATRJI\XG ,HDXG ,N,IMDKG ,'INPUT KG ') 

END" 

DO 100 L·L1,L2 
IF (L E.Q.N) 00 TO 100 

C' . - - .. TEST Fea ZERO PIVOT ... 

c 

IF (A(~(L») .EQ.O) THEN 
WRITE(10B,200C) L,MD(L),~(HD(L» 

STOF 
ENDIF 

C' .. CALCULATE THE PACTCltS EACH ROW IS MULTIPL.IED ElY 

c 

DO 30 r· (L'll ,N 
LI·IJI IL, I) 
IF ( LI.LT.I'!D(I 4 1) ) THEN 

PACTCII(I)"A(LII /A( t1D(L) 1 
EUE 

FACTOR ( I) "0 
ENDIF 

30 canINUi! 

. IIEDUCE ~ BY COL.afNS (J) EACH ROW (I). 
DO 40 J. n.-l) ,N 

w·rJl(L,J) 
IF (W.GE.HIliJ+l)) GaTO 40 
DO 35 I· (L.+l) ,J 

IJ·IJI (I,J) 
1..( IJ)·II (IJ) ·PACTCSI (I).). (W) 

35 CONTINUE 
&0 CONTINUE 

c- -_. REDUCE F BY COUI'fNS (J) EACH lOW III. 

c 

DO 50 J·l,Nl.C 
IF (P(L,J) . .EQ 01 GO TO 50 
DO d5 I· iL."U ,N 

d5 P(I,J) ·P(l,J) ·PA.crCll.(I) "P(L,J) 
so COm'JNlJE 

_. REDUCE MASS KATRII BY GUYAN IEDOCTION 
IF (GUYAN) THEN 

..... ":;2·M;;I2 , 121/X11 " "11 * I/JUI • JU2 
RM·H.\SS(KDMABS(L) ) 
IF (1IM.HE,0) THEN 

DO 60 J·L·l,N 
IF (PACTCII:(J) .EQ.O) GO TO 60 
Il"lOJliL.l,J- (MDK1.SS(J+IJ -M!Mlr.SS[J) I ) 
DO ~5 l·I1,J 
IJ·IJI'!(I,J) 

55 KASS(IJ) "MASS (IJ)' FACTOR (I) *R!'f"PACTCR (J) 
60 cannIDE 

ENDIF 

C. . .. H22·M22 . K:ill/Xll • 11114 
DO 615 J·L"l,N 

U·IJM(L,J) 
IF tW.GE.KDMASS(J+l)) GO TO 66 
IF IKlBS(W).EQ.O) GO TO 156 
DO 65 I"L'l,J 

IJ·lJl1 [I,J) 
IF (IJ.LT.MDK.\SS(J.l)) 

" PlASS (IJ I·HASS (IJ) • P"CTaR (I I "MASS (W) 
ISS CCNrINUE 
66 CONTINUE 

C. 1'12:;·111:012 . H21 " l/Ul ' 112 

c 

DO ?O J·L+l,N 
IF fFACTClR(J) .EQ.Oj GO TO "10 
DO 69 I·L·l,J 

LI·IJM{L,I) 
IF (LI.(J!,M:[)MUS(I·lJ) GO TO 69 
IJ·IJMrI,J) 
IF (IJ. LT.I'!DHA.SS(J·l» 

" Ko\SS(lJ)·,,"SS(IJ) 'FACTOR(JI-IQSS(LI) 
69 CONTINUE 
"10 CCNTINUE 

E>IDIF 

C· ..• IEDUCE GEao!E"I'i:lC STIFFNESS MATRU 
IF (XOCOND I THEN 

c 

KG:;2"XG;;!2 + xn/Xll " XGll ' l/X11 " XGl:<l 
IXG"XG(HDkGiL) ) 
If (UG.NE.O) 'THEN 

DO BO J·t..<1,N 
IF (PACTClR(J) .EQ.O) 00 TO 80 
1l·KAJliL·1,J· (HllXG(J'll-HDXG(J)) ) 
DO "15 I·n,J 
IJ·IJKG(I,Jj 

"IS XG IIJ) ·KG( IJ). FACTOR (I I "U:G"FAc-I'OR (J) 
ccmlNUE 

ENDIP 

c. KGn·XG:il2 xn/Xl1" XG12 
DO 86 J"LoJ,N 

W·IJXGCL,J) 
IF (U.GE.I'!DKG(J<1lJ GO TO B6 
IF (XG(W) .EQ.O) GO TO S6 
DO E5 I·L·l,J 

IJ·IJXG(I,J) 
IF iIJ.L.T.KOXG(J41)) 

" kG(IJ)·XGCIJ) 'PAC"l'ORII) ·XG(W) 
85 ccwrlNUE 

Ca-n'INUE 

XG22·XG22 )(G21 " l/lll " X12 
DO SlO J·L·l,N 

If (FACTOR(JI .EQ.O) GO TO SID 
DO 89 I·L+l, J 

LI·IJXG(t..,I) 
IF (LI.GE.HDXG(I.l) GO TO B9 
IJ·IJXO(l,J) 
IF (IJ. L'T .KDXGIJ·I) 

'" KG(IJ) ·KG(IJ) -FACTOR (J) 'XO(LI) 
89 CCN'l'INOt 
90 CClJlI'INlJE 

ENDIF 

100 ccvrINIJE 
IF (PRINT) THEN 

au... LXATJOI(A,MD,N,IMD, 'REDUCED STIFFNESS') 
aLL WP'IATRX(P,N ,NLC,'REDUCiD !.DAD') 
IP (G'UYAN) CAU. LHA'TItJlrMASS,HDMASS,N,IMDH.AS, 'REDUCED I'lASS') 
IF (XGCOND) CALJ..l...H1\.TRJI(]l:G ,I'!IlXG ,N,IMDItG, 'i.EDUcrn KG') 

ENDIF 
RET"'" 

110 CCINTINUE 
C' IOPj·~, REDUCE F ONLY 
C GAlJSSIA.N ELIMINIA'!ICN IS USED 1'0 REDUCE TIlE P HATRIJ: 
C PROH ROW Ll TO ROlli 1..2 IF Ll IS NOT 1, IT IS .ASSlJo{ED TH.AT 
C " ~ P ARE ~!ADY RE.DUCED YROo! 1 TO Ll. 
c· 

IP (PRINT) THEN 
WF.I1E.(10S,500) '10PT·2, REDOCE. LOADS ONLY',Ll,L2,N 
CAll. LXA.TRJ«A,MD,N,MD(N+lI, 'REDrJ:ED STIFFNE9S') 
CAw... 'oiKATRJ«P,~ ,NLC, 'NE'Ii LO.\D MATRIX ') 

<N!JIF 

LOOP Pel< EACH ROlli (LI TO REDUCE. 
DO 160 L·Ll,i..2 

M50L0720 
I"ISOL07JO 
"SOL0740 
MSOL0750 
HSOL0760 
1'150L0770 
HSOL0780 
,""SOLCHO 
HSOLOBOO 
(IISOLCB10 
MSOLCB20 
MSOLOB30 
MSOLOB40 
M90LOB50 
M90L0860 
MSOLOB70 
M90Lono 
MSOLOB90 
MSOLO!aOD 
MSOLOSllO 
MSOLO!a:olO 
MSOL0930 
KSOL0911.O 
MSOL05I50 
HSOUl9fiO 
I'tSOLCI9"10 
MBOL09BO 
MSOLCI9510 
I"ISOLI000 
MSOt..1010 
MSOLI020 
I1S0L1030 
KSOLlOdO 
MSOL1050 
HSOLI060 
MSOL1070 
MSOL.loBO 
'""SOLI OSi 0 
l'lSOLllOO 
(IISOLll10 
MSO[.ll.O 
MSOLl130 
(IISOLIUO 
MSOL1150 
MSOL1160 
MSOLll ?O 
!'!SOLIIBO 
!'!SOL.llSia 
I1S0L1200 
M50L1210 
MSOU2~0 
HSOLl '2.3 0 
,""SOLI240 
HSOL1250 
MSOLl:0160 
HSOLI2"10 
HSOLI01BO 
MSOLlOI 51 0 
MSOL13 00 
I'!SOL.1310 
MSOLI3'2.0 
MSOL1330 
MSOL1340 
H90L1350 
HSOL1360 
HSOL13"10 
MSOL13 80 
M50L1390 
MSOUdOO 
MSOLUI0 
toISOLU:aO 
MSOL1430 
MSOLIUO 
H50Ud50 
M50L1460 
M50L14?0 
MSOLld80 
MSOLU90 
HSOL1500 
MSOL1510 
MSOL1520 
MSOLl530 
MSOL1540 
HSOL155C 
HSOLl560 
"SOL15?0 
MBOL15BO 
M50L1590 
"50L1600 
M50L1610 
JotSOL16 ~O 
"50L1630 
"S01..1640 
MSOL1650 
MSOL1660 
I'lSOL16"10 
"SOLl6BO 
MSOLl690 
"50L1?00 
MSOL1? 10 
"80L1720 
KSOL1?30 
M.90Ll'ldO 
H80L1750 
(1190L1760 
"SOL1??O 
toISOLl7BO 
"SOLI ?SIO 
"SOL1900 
HSOL1810 
MSOL1Bi!O 
"SOL1930 
MSOL1940 
1'I.50L1850 
M50L1860 
MS01.1970 
HSOL1880 
H60L1890 
HSOLI900 
HSOLl910 
M50L1920 
1'1501.15130 
M50L19&O 
HSOL195D 
M50l.l5l60 
M50L15I70 
MSOL15lBO 
M50L15l90 
MSOL2000 
I'IS0L2010 
)oI90L'2.00l0 
)oIS01..2030 
MSOL2011,0 

·HSOL'2.050 
MSOL20S0 
MSOL20"l0 
)oISOL2080 

. -I'IS0L.20510 
!'!SOUl 00 
HSOU11D 
MSOL.2UO 
H.S0L.213 0 
!'!SOL2ldO 
JllS0L.2150 
HSOL21ISO 
HS0L21 "10 



IP (A.(MD(l.)) ,EQ.O) THEN 
WRI1E(lO B ,2000) l.,MD (L) ,A(MD (L) 1 
STOP 

ENDI' 

LOOP FOR EACH COJ..Ulo!N lJ') 
DO 150 J·l,NLC 

IF (P(L,J) .EQ,O) GO TO ISO 
DO 120 I" [L+l) ,N 

1..1-IJI (L,I) 
IF (LI.l.T.MD(I+1)) P(I,J')·P(I,J)·A[LI)'P(l.,J)/A(MD(L») 

120 CONTINUE 
150 CONTINUE 
160 CON'l'INUE 

R~"'" 

MSOt.2lBO 
MS0l..2190 
MS0t.2200 
MSOU210 
I1S0U0I20 
MSOU230 
MS0L.22"0 
1'1901..4250 
MS0L226Cl 
MSO~2?0 

11501.2290 
1'1501.2290 
MS0L2300 
MSOL2jlO 
MSOL2JOIO 
MSOI..n30 
MSOw/HO 

210 CONTINUE MSOl.2J50 
C· lOPT·), SA.CX 5UBSTtrrION .. ··MSOLJ)60 
C B"CJ( SUBSTUTION IS USED TO SOLVE FOR X IN Sl!·V, ioi'JiERE S IS MSO\..23?O 
C THE REDUCE UPfER TRIANGUUJI PACTOR OF THE" !U.TRU, »ID V MS01.23BO 
C IS THE REDUCED FaRRl'! OF THE P MATRU THE RESULTS (X) ARE MS0\..23510 
C STORED IN P. MSOU"OO 
C BACK SIJIISTU'l'lQN CM..Y TAXl!:S PUCE BENEEN ROWS L.l AND L.2. I1BOunO 
C. . .... ·1150U".0 

c 

IP (PRINT) THEN 
WRIT£l10B,500) 'IOPT·3, BACK SUBSTUTlQN',Ll,L2,N 
CALL ~TlIX(A,MD,N,MD(N"l), 'REDUCED STIPFNESS') 
CALL 'lmATRX(P,N ,NLC, 'REDUCED LQ,\D') 

"")IF 

C· ..... LOOP FOR EACH ROW L 

215 

CA.LCULAGE l! FOR EACH LC».O CASE, STORE IN P 
DO 250 J'·1..2,Ll,·1 
IF (A(!iD(J)) .EQ.O) THEN 

WRITE(10B,2000) J,MD(J),A(MD(J)) 
S'TOP 

ENDIF 
DO 215 L.C·l,NLC 

P[J,[..C)·P(J,L.C)/A(!iP(JII 
IF (J GT.ll THEN 
IJ·MD(J'l) 
NI·J· (MD(J+l) ·MD(J) ·1 
00 220 I·Nl,J·1, 'I 

IJ·IJ·1 
DO 220 LC·1,NLC' 

P(I, Le) ·P(I, Le)· P(J, Le) ~A(JJ) 
CaN'TINllE 

ENIlIF 
:i!50 CON'!'INlJE 

IF (PRIN1) CALL 1o.'MATR.l(P,N ,NLC, 'DISPu..CD'\ZNT') 

310 CONTINUE 
C· . IOPT·., REDUCED MU1..TIPLI<:AT ION 
C SOLVE FOR Ii IN B'D .. P 'Iil-IERE. S HA9 BEEN REDUCED BY GAUS6IM 
C ELIMINATIal. 
C THE RESl/LTING LOAD IS STCiiED IN P. 
C THE DISPU.CEMDITS UE INPUT IN D 
C Ii1JLTIPUCATION aNl..Y 'TAXES PLACE BE'J'WXDO ROWS 1..1 A1ID L2. 
c-

c 
c-

c 
c-

c 

'" 

'" 
C·, . 

IF (PRIN'T) THEN 
WltIiE(lOS,SOO) 'IOPT·., REDUCED H!Jl.TIPlACATION',Ll,I..2,N 
CALL lMA.TRl!(A,l'ID,N,MD(N·ll, 'REDUCED STIPPNZSS') 
CALL WKATR:II(FAC"TOR,N ,1,'DISPu..CEta:N'l") 

ENDIF 

CiIll.Y ONE I...OA.D CA.SE. 
Le-1 

ZERO P 
DO 320 J·1..1 , L2 

IF (,t'(KD(J)) .EQ.O) THEN 
WRITE(]OB, 2000~ J,MD(J) ,A(MD(J)) 
""OP 

ENDrF 
P(J, LC)·O 

..... MULTIP1..Y 5 RtD ' OI5P • P 
DO 340 J·Ll,N -

ICl·J· (1'lDIJ-U ·I'IDIJ)) ·1 
IC2·~)((lC1,Lll 

DO 340 I·J, IC2,·1 
IJ·IJI (I,J) 
P (I, Le)·5' (I, LC) 'A(IJ) • FACTOR (J) 

IF (PRINT) CAlJ., Wl'lATRl!(P,N ,1, 'RD>UCED l.OA!I') 

UNREDtJCE THE LOAD MATRn: 
DO 360 L·L2,Ll,·1 

LOOP FaR EACH COLUMN (J) 
DO 350 J·1,NLC 

IF (PlL,Le) EQ.O) GO TO 350 
DO 345 I· (1..-1) ,N 

1..1 ·IJI(1.., 1) 

11S0U43 0 
KBOL.l440 
1150\..2450 
tGOUG60 
K50UG?0 
I1S0U"SO 
I1S01..2.90 
1150L2500 
MSO~510 

11501..2520 
1'1901..2530 
MSOU540 
HS0L2550 
HSOL2560 
I'!S0L25?0 
MSOUSBO 
MS0L2590 
HS0\..2600 
I1S0U610 

'1150U620 
MSOU6)0 
MSOUGiO 
HSOU6S0 
MSOU550 
HSOI...J:1510 
MSOI...J:1510 
MSOU690 
H50U700 
MSOU?10 
M50U?20 

.. ·KSOU"l30 
KSOU"I.O, 
KSOU"lSO 
KSOU"I60 
I'IS0U"l "I 0 
I'IS01..2180 

····1'1801..2190 
MS0l..2900 
MBOUB10 
M50UB20 
MS01..HlO 
MBOUB40 
MSOL;l8S0 
MS0\..2860 
,",S01.2B"I0 
,",souno 
Msouno 
MSOU900 
MS0l.2910 
HSOU9JO 
MSOL2930 
11501..2940 
MS0L2950 
MSOL2960 
HS0L29"10 
KSOU980 
KSOU990 
MS0I..3000 
HSOUOIO 
MSOl..)020 
MSOU030 
1'150l..3040 
MSOU050 
MSOU060 
JIlSOUO?O 
MSOUOIO 
MB01-3090 
I"ISOU100 
MSOUllD 
MSOU120 

,OS 
>50 
]60 

"0 

IF (l.I.LT.HD(I·l)) 
CONTINUE 

CONTINUE 
CONTINUE 
CONI'INUE 

P!l ,LC)·P (I, Le) +" (LI)·P (L,LC) /A (~( L)) MS01-3 13 0 
MS01-3111.0 
MS0L.31S0 
I'!:SOU150 
MSOUl?O 
MS01...>lBO 

500 
2000 

IF (PRINT) CALL WHA1RX{P,N ,1,'I...QAD') 
PORMAT (/2:l1,A,2X,'Ll,',IS,' L2:',15,' N",IS) 
FORMAT (///1):,50 I'~')/ 

,~ ER', 'ROll. IN SU"BRotrTINE MSOLL', TSl, '.' / 
" Plvar IS l..E 0 ....... ROW ',IS, 'T51, '. '/ 

STClR.AGE I...CN ',IS, 151, '. '/ 
Plvar:' ,lP,GlS.6,T51, '. '/ 

" SOLLn'ION IS ABORTED 151,"'/ 
U,SOl"')/J 

MS01...>190 
HS0I..3200 
I1S01...>210 
MSOI..l220 
MSOU230 
MSOUHO 
I"IS01..1250 
I'IS01.1260 
1'1501..3210 
MSOL32 BO 

llF.i'URN I'IS01-3290 
END I'ISOU300 

C REACOOIO 
C············ _ •••• _ ........................................................ ·REACOO 20 
C REAC0030 

c 

SUBROUTINE RUCTN(IOPT ,PRINT, NNODE,Ll, 1..2,U, 1..4, PaRCE ,DI5PL, REACOO.O 
'- MD,A,XM,NDOP,NLOAD,PACTOR, REACOOSO 

MAXNOP, IDOF, COORD, iD, TITl.E, STEPID, HEAD, REAC0060 
'- NCOS,COSINE,JTCOS,JTFLO, SUM:) REACOO"lO 

CHARACTER' (.) TITLE (2) ,STEPID REACOOSO 
C~ACTER'lS CD(6) REAC009C 
~Ic.u. PRINT,HEAD,FI.AO,BTEST REACOIOO 
DIMENSION A (ICM), KP(NDQP+1), lOOP (HA.lQIlOO,6) ,0(61 REAC0110 
DIMENSION FORCE{NDOF,Nl..OAD),DlSPLOIDOF,Nl..OAD) REAC0120 
DIMENSION ID (MoUNaD) ,COORDO~.AXNOD,3) ,JTFLG(HAXNOD) REAC0130 
DIMENSION P (5), SUM (6) ,COSINE (l, 3 ,NCOS) ,J1C05 (M.U:NaD) REAC01.o 

IF (IOPT.EQ.ll THEN 
R["C01SO 
REAC0160 
RE"C0170 

C· ................................................... . REACOlBO 
C- MaDIFY LOADS POR RESTIU.INT DISPLACEMENTS ••• 

c······· .. ············-· .. ····· .. ········· .... ····· .. 
C CONSIDER THE P~TITIONED STIFFNESS WHERE )(2 ARE THE RESTRAINT DISiL 
C 
C :P1: K1l <12 :Xl: 
c 

:X2: c 
c 
c THE MODIFIED FREE LOAD IS IP1·K12"X2j • UP);l 
C· ·····c 
c 00 10 l-L1,L2 C 
C \ DO 10 J·l ,N1...Q.\D C 
C 00 10 -":;1..3,1..4 C 
C 10 FORCEn,J)·FCflCE(I,J) ·K(~,1(I·DlSPL();.,J) C 

RE"C0190 
REAC0200 
REAC0210 
REAC0220 
REA-C02:)O 
REAC02&O 
REAC02S0 
REAC0260 
REAC02"10 
REACOHO 
REAC0290 
REACC300 
REACOllO 
REAC0320 
REACO~30 

13 

DO ;ao x·u,u 
tiDX·MIl(X .. l') 

DO 20 J"l,Nl..QAD 
DO 10 1·U,l.l,·1 

U·I'lD(X) +X·I 
IP (IX.GE.MDK) GO TO 20 
F'IJ·FORCE[I,J) 
An:.·A(lK) 
DJCJ.DISPL(]t:, J) 

10 PORCE (I, J) ·PORCE (r, J) .11.( IX) "DISFL(K, J) 
20 CONTINUE 

IF (fRiNT) 
" <:AU WHATRX (PORCE,NDQP ,NLOAD, 'I'ICPIFIPl) l..DAIlS') 

EL.,.gE IF (IOPT.EQ.2) THEN 

C········ .. ······ .. ········· 
C· SOLVE POR REAC"TI~S .... 

C·············· .. ······· .. ·· 
C CON5IDD THE PAA'T1TIONEI> S'TIFFNESS WHERE X2 ARE THE RES1'RAINT DISPL. 
C 
C :P1: : K11 X12: :Xl: 
C :. :. • FACTOR 
C :P ... l : K:i!l : X22 : :X2: 
c 
c 
c 
c 
c-
c 
c 
cc 

THE R£)'CTI~S ARE P:iI· POI ... ( 'l'U -Xl • DJ-X:iI ) • FAC~ 
N:lTE: BOTl-l Pl AND 1'2 CarrAIN FUED END PClRCES FRCJoI tmiBER UlADS 

THUS, 1t21':Ml .. xa."X2 IS AXlOED TO 1'2 TO GET THE :REACTIONS 
.• ·C 

DO 120 I·W,1..4 C puu. S'T'CIRAGE 
DO 1:i!O J.l,NLaAD C MCDE EQUIVAl...ENT 

FORCE[l,J)·a 'P:i!C~AINSFEF!" C 
c 
ClIO 
C 

DO 110 ';'''Ll,L2 C 
FORCE (I, J) ·FCilC! (I, J) oX (1,11:) -CISPL OC, J) C 

DO IJO It·u,U C 
C 120 
c-

PORCE (I ,J) .. FORCE (l ,J) .11: (I, X) -OISPL (X, J) C 
........ ·C 

C 
DO HO I·U,1..4 
DO 120 J·1,N1.Do\D 
DO 110 X·U,Ll,·l 

XI·MD[ I) .I·K 
IF (XI .GE.MD(I+U) GO TO lao 
AKI·A(XI) 

110 FOll:CE[ I,J) • FatC! II ,JI+A[lI) ·OISPL(lC,J) ·PACTaA 
laO ccwr lNUE 

DO 140 I·U,La 
DO 140 lC·U,L4 

IF (I.LE,X) THEN 
U·MO{l)·X·I 
MDk"Pir:l{X·U 

ELSE 
llC·MD(!) +l·l 
MOJ·HD (I+U 

END" 
IP (U.GE .MDltl GO TO 140 
AIK·A(IX) 
DO 130 J·1,NLOAD 

130 PCliC! (I, J I" Pal.CE (I, J') +A (IK) • DISPL(X, J) • FACTOR 
140 ctIlTINllE 

IP (PRINT) 
" <:Au. WHA.TRX(PORCE,NDOP,NLOAD, 'FINAL WADS AND RUCTIONS') 

E~E 1P (lOPT.EQ.) .elC IOP"I',E\;"4) THEN 
NP·U C·.· ..... ·.··.·· .... ··.· ........... . 

C· LDOP FOR UCH LOAD CA.5E ••• 

C·· .. ••••••• .. •••••••••• .. ••••• .... • 
DO 300 L"l,NI..O.AD 

C······ .... ······· .. · .... ···· .. ······ .. · 
C· PRINT Gl..OBAL R!AC'!'I(!oI:S 

C····· .... ······· .. · .. ······ .. ······ .. · 
C 

c 

IP (PRINT) THEN 
IF (HEAD) WRITE(l08,320) TITl.E(1),TITLE(2) 

NRU.CT·o 
IF (IOn,NE.4) WRITE( 108,321) L,STEPID 
IF II OPT , EO.4) WRI'rE[lOS,42l) 

DlDIF 
IF (lOP'! .EQ,3) THEN 

DO 190 1·1,6 
190 Sll"J(I)·o 

END" 
IP ( .NOT.[NCOS.EQ.1 .AND. COSUH!(I, 1,1) .EQ.l .AND,COSINE(2,2,1) 

.EQ.1 .AND. COSINE(l,3,U.EQ.l).ANIl. IOPT.EQ4 ) GO TO 2"19 

DO 200 I·l,NNODE 

GET REAcrNS IN JOINT COCDlDlNATE S'lSTai 
FUQ·.FAUE. 
DO :Z09 J·l,6 

IJ'''I00F(I,J) 
IF (IJ.l..E NF (51. BTEST[J'rFLG(I),J'+ll)) THEN 

F(J)·O 
ELSE 

F (J). pORCE (I J, L) 
FUG· . TRUE 

ENDIF 
209' cmrrlNUE 

IF ( NO'i FLAG) GO TO 200 

'T'R.ANSFER REAC'TNS 10 GLOBAL COCIROlNATE S'lSTEM 
DO 229 Il·1,J 

12·11"3 
G(I1) ·0 
G(12) ·0 
DO 2151 Jl·l,.! 

J2·Jl·) 
G(I1)·G(I1) .. COSINE(J1,Il,J1COS(I))"F(Jll 

219 G(12)"G(I2) + COSINEIJ1,I1,JTCOS(I))'F(J2) 
IF (PUNT) '!'HEN 

END" 
WltITE(CD(I1) ,210) GIll) 
WltITE(CD(I2) ,210) G(2) 

229 CONTINUE 

., SlJM REACTIONS 
IF (IOFT.EQ 3) THEN 

DO 2.0 11·1,6 
SlJMlIl) ·SIJM(II) + GIll) 

9~(6)· SlJol14) G(2)·COORD(I,l) 
SUM(S)· SLH(S) • G(l)·COORD(I,Jl 
SUM(6)· S~(6) G(1)·COQRD(I,2) 

ENDIF 

PRIN'l' Gl.lIBAL REACTIC2iIS 
NREAC"'I' ·NREACT-l 

• 0(3) -COCIRDII, 2) 
GD) ·COCIRD(I, I) 

.. G(2)"COORD(I,l) 

IF (PIIINT) WRITE(108,220) ID(I),(CD[X),X·l,6) 
COm'IN1JE 
IF (I0P7,EQ.3 AND PRINT) IIrIltITE(108,230) S~ 

279 IF (IOFT EQ 4 .AND PRINT') WRITE( 108, 2Jl) SUM 

c·· .. ·············••·····•·······• .. · .. ········• .... · .. •···· 
C. PRINT LCC\t, JOINT CCQRDlNATE S'lSTEHS REACTI~s ••• 

c·· .. ····· .... ·· .. ·······•····· .... •···············• .. ·• .. ···· 
C 

IP (NOT PRINT) GO TO 300 
IF INCOS EO,l . AND , COSINE!l,l,ll.EO.l .~. COSlNE(2,'Z,1) EO 1 

.r.. AND, COSINE(3,),I) EO.l ) GO TO 300 

IF (HEAD.AND, NREAC1'.GT 20) WRI'!'E(lOE,J20) TI,.U(l),TITLEl~) 
IF (IOPT NE 4) WRITE(lOe,J2;;j) L,STEPIO 

REACOHO 
REACOJSO 
REAC0350 
REAC03?0 
REACOJ80 
REACOJ90 
REACOGOO 
REAC0410 
REAC0420 
REAC0430 
REAC0440 
REAC04S0 
REAC046C 
REAC04"10 
iEACO.BO 
REAC0490 
iEAC0500 
REACOSIO 
REACOS20 
REAC0530 
REACOSd,O 
REACOSSO 
REACOS50 
REAC05?0 
REACOSEO 
REACOS90 
REAC0600 
REAC0610 
REAC0620 
REAC0630 
REAC0640 
REACOISSO 
REAC0660 
REAC06"10 
REAC0680 
REAC0690 
iEACO"lOO 
REACO"110 
REACO"l20 
REAC0730 
R£ACO"l'O 
REACO?SO 
REACO"l60 
iE"CO"O 
REAC0180 
REACOHO 
REACOBOO 
REAC0810 
REAC0820 
REAC0830 
REACOUO 
RE.I\C08S0 
REAC0860 
REACOS?O 
REACOSSO 
REACOB90 
REAC0900 
REAC0910 
REAC0920 
REAC09)0 
REA.co940 
REAC09S0 
REA.c0960 
REAC0970 
REA.COHO 
RE"C0990 
REACIOOO 
REACI010 
REAC1020 
REACIO)O 
REACIO.O 
REAC10S0 
REACI060 
REACI0'70 
REACIOBO 
REACI090 
REACllOO 
RE"ClllO 
REAC1l20 
REACl130 
REAC1140 
REAC1150 
REAC1l60 
I<EACl170 
REACll eo 
REACl190 
REACHOO 
REAC1210 
REAC1Z20 
REA.C12JO 
REAC1240 
REAC125c 
REAC1260 
REAC12?0 
REA.C12BO 
REACl290 
REAClJOO 
REAClJI0 
RE,1o.ClJ20 
REAC13)0 
REAC134D 
REAClJSO 
REACD5e 
REAC13? e 
REAC13 SO 
REACIJ90 
REAC1400 
REACI410 
REAC1420 
REACU30 
REACUGO 
REACl450 
l<EACl460 
REACl4 7Q 
REACl4 BO 
REA.Cl490 
REAClSOO 
REAClSIO 
REAC1S20 
REAC1530 
REAClS40 
REACI5S0 
REACIS60 
REACI5?D 
REA.CIS ~O 
REAC1590 
REACl600 
RE"C1610 
REAC1620 
REACI6)0 
I<EAC1640 
REAC16S0 
REAC1660 
REAC1670 
REAClEi 80 
REAC1690 
REAC1100 
REAC1710 
REACl?20 
REACl?30 
RE.AC17 0. 0 
REACl"lSO 
REA:::l?i5C 
REACP70 
REAC1?BC 
REACl?9C 



IF (IOPT.EQ.4) WRITE(lOB,622) 
DO Z90 I·1,NNODE 

GE'T REAc-roS IN JOINT Coc:fWINATE SYSTDf 
PLAG·. PAUlE 
00 ;oeo J·l,6 

IJ·IDOPII,J) 
IF IIJ _I.2_NF _0iI_ BTESTIJTPLG(I) ,J'll)) 

CD(J)·· , 
ELSE 

WRI'l'E(CD(J) ,210) PoRCE(IJ,L) 
FLAG·. TRUE 

END" 
CONTINUE 
IF (_N<J'I' • FLAG) GO TO 290 

THEN 

PRItn' REACTNS IN LOCAL COOliIDINA.TE SYSTEM 
WRITE(lO 9,221) ID(I), (CO (JO, K·l, 6) ,ncos (I) 

290 CONTINUE 
lOO CONTINUE 

i!.10 PORM.AT (IP,G15.11 
220 FORHAT (5J1,I5,6A) 
221 FORMAT (5J1,I5,6A,IlO) 
230 FaRHAT (. ',90('-'),/' StMiATION',6GI5.i) 
231 PCiU'tAT C' KAX OF A.l.J..,',B9('-')./' GeS SlJoa1_',6GI5.1 ) 
)20 POlU'I.A.T 1'1 STROCTURE ... _ ',A,I' sourrI~ .. _.: ',A) 
32:1 PClRM.AT (//' GCS RESTRAIN"I' R:EAcrI~S, LOADING ,,',I5,Slt,A,/ 

" ' • ••• ••••• .. •• .. ············'//6X, ·~E',1X. 'PX', 
" 13X, 'PY', 13X, 'PZ', 13X, 'I'O{', 13)(, 'MY', 13X, '1'120'1) 

)22 FClRM.AT C//' JCS RE5TR..A]N'T REACTI(ES, LOADING ",I5,5X,A,/ 
, ........................ ·.·'//6X, 'NODE',"lX, 'FX', 
13X, 'FY', 13)(, 'PZ', 1311, 'MJC', 13)(, 'MY', 1311., 'HZ', 

" 6X,' COSINE .'1) 
421 FaR:HAT (//' MAJlIHUoI GCS REST'RA]NT J: EAC'T IONS ' , 

5X, 'NDTE. I'LUIK1..lM VALUES HAY NOT OCCUR SIMULTANEOUSLY'/ 
, .a ...................................... ' //6X, • NODE , ,"111,' FX', 

... 1311, 'PY', 1311, 'PZ',1311., 'K)I' ,13X, 'MY', 13)1, 'HZ'/1 
622 PCIRK.\T (//' HAXIKlR1 JCS :RESTRAHrT REAC'TI~S " 

... 5X, 'NOTE, KAXIKUM. VALUES MAY NOT OCCUR SIMULTANEOUSLY'/ 
, •••••••••••• • •• a .. a· .. •• .... ••••••••• '//6)(, 'NODE' ,1X, 'PX' 
13)1, 'PY', 13K, 'PZ', 13)(,'~' ,1):, 'MY', 13)1, 'MZ', 
611.,' COSINE.' /1 

REAC1800 
REAC1BI0 
REAC1a20 
REAClB30 
REAClB40 
REAClB50 
REAClB60 
REAC1B10 
REACIBBO 
REAClB90 
REAC1900 
REAC1910 
REAC1920 
REAC1UO 
REACl940 
REAC1950 
REAC1960 
REAC1910 
REAC19BO 
REAC1990 
REAC:ilOOO 
R£A.C2010 
REAC:ilO:ilO 
R!AC:il030 
REA.C::il060 
lE.A.C;ao50 
REAC:il060 
RE.AC:il010 
REAC:ilOBO 
REAC:il090 
REAC:il100 
REAC:illlO 
REAC2130 
REAC2130 
J.E.AC2160 
REAC:il150 
REAC;a160 
REAC2l"lO 
REAC2180 
REAC:il190 
REAC2200 
REAC2210 
REAC:iljUO 
REAC:a230 

ELSE aEAC:il260 
WRITE(lOB,.) 'ItNALID OPTION IN SUBROUTINE REA_C'TN, IoP'l'·',IOPT RE.AC2:i150 

ENIlIF REAC0I260 
RirrURN RE.AC:il2iO 
END RE.AC:il2BO 

C PORMOOIO 
C ................................................................................. ··PORMOO 20 
C POllM0030 

SUBROUTINE Fc::t<M(IOPT) POllMOOolO 
CHARACTER NA!'IE"BO,EI..NO"l)O PORM0050 
t...IXOICAL PRINT,HEAD,FALSE,AXIAL,BTES'!,BOO5,!llG51 PORM0060 

SINCLODE:' ZC~' FORMOOiO 
C FORMooao 
C - - - - - - - - - - PORM0090 
C !'lATRIX 8TORAGE SCHEME' PORMOIOO 
C -THE 8TIFPNESS MATRU (KJ IS aJ.NDED AND SYMME'TRIC. _ PORMOI10 
C THUS ONLY THE SIO'LINE ABOVE THE MAIN DIAGONAL NEEDS TO BE STCmED_ FORM0120 
C THE KA.TRIX k IS STCRED IN A LINED AlUl.AY BY CO~S PORMOlJO 

c 
c 
c 
c 
c 
c 
c· 

c 
c· 

THE VALUE ON THE MAIN DIAG~ IS ~ED IN THE LINEAR ARRAY PIlilST PORMOUO 
RELATIVE ADDRESSES OF THE LINEAR. ARRAY Etna:NTS CONTA.INING THE PORM0150 
MAIN OIAGONAL TEJUoIS ARE STORED IN HD FORM0160 
THE ABSOI...UTE ADDRESS OP THE FUIST EL£IofENT IN THE k MATRIX rs IZSTIP_POkMOI10 
THE STIFFNESS MATRI)( K IS STORED IN THE Z AJUU,Y, Z(IZSTIPj·J((l,l) FoRMOlBO 
THE ABSOLUTE ADDRESS OP THE FIRST El..EI'fENT IS THE I'ID MA~IX IS I'ZI1Il. FORM0190 
THE STIFFNESS MAnu: K IS STORED IN THE HZ ARRAY, NZ(IZMDj·l'ID(l) PORM0200 
THUS IF I u: J (UPPER TRIANGUL..\R !'lATRIX) FORMO:l,10 

IP IZMD-1'J ( IZP1D-l .. J·l PORX0220 

ELSE 

IJ·NZ(IZMD-l+J)'J-I REUTIVE ADDRESS IP ELFtmn' (I,J)FORloI0:;)30 
E (l,J) ·Z(IZSTIP-l ' IJ) PO)U1:0HO 

B (I,J)·O (I,J) ]S ABOV'E THE SKYLINE 
PORXO~50 

FORX0260 
PORJoID21 0 

ElIAMl'L..E: LE'T B BE THE 5X5 PULl.. SYM!TRIC !'lATRIX BELati_. POR.K02~0 

1 3 : 12 PORJoI029 0 
2 5; ~ 11: NOTE- B(l,3),B(l,4) AND B(:iI,4) ARE ZEilO. PORM0300 

B· : : 4 - i ' 10 : PORX0310 
SYMH 6: 9 MD· 1, 2, 6,6, S, 13 PORMOJ20 

: B : PORl'10330 
SA'! IZP1D·121,IZSTIP·;i00 PORl'I03410 
NZ (121)·1 Z(200)·1 FORl'I035 0 
NZ (122)·2 Z(201)·2 PORl'10360 
NZ(23)·6 Z(202)·3 PORX03"10 
N2o(1;i4)·6 20(203)·' PORKOHO 
NZ(l25)·~ Z(204)·5 PORloI039 0 
NZ(126)·13 20(205)·6 PORl'ID400 

Z(:006)·i PORK0410 
Z(206)·B PORl'10620 
Z(206)·9 POlU'f04l30 
Z(206)·IO PORMOUO 
Z 1 ~06) ·11 POPJIIOC50 
ZI.:o06)"12 PORX046 0 

'rHUS, PGR .8(3,4) 1·3, J·4 PORH04 "I 0 
IJ·NZ(IZMD-l'J)+J-I • NZ(121-1'4) -4-l ·6,,4-.3 ."1 POPJo!OUO 
B(I,J)·Z(IZS'TIF I • IJj • ZI200-1+"I) • Z(~06) • i ox PORM04l!il0 

THUS, POR E (2, 4) 1·2, J·4 PORl'10500 
IJ·NZ(I~-l,J)+.1-I 'NZ(121-1-4) '4-2· 6+6-;i PORMOSIO 
N2.(IZMD -1+J'1)·NZ(121-1·'+1)·8 PORX0520 
SINCE IJ GE N2.(IZMD-l+J<l) PORXOS30 
B(I,J)·O (I,J) IS ABOVE THE SKYLINE. PORXOS60 

. - - - - - - - - - - - - - - _. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -- - -PORXOS50 

BUGS· BTEST(IBUG,5) 
BUGS?· BTEST(IEUG,"I) 
LSTTYp·O 
PRINT·. FALSE 
HEAD •. PAl..SE 

.AND. BUGS 

PORJolOS60 
PORK05?0 
PORl'I05~0 

PORX0590 
PORM0600 
FORM0610 
PORM0620 

C IOPT·1 FORM STIFFNESS MJ.TRU 
-- - - -- -,PORH0630 

PORM0640 
PORX0650 

-PORl'10660 
PORJo!:0610 
P0Rl10680 
FOJUoI06S10 
PORM0100 
FORXOilO 
PORl10"l20 
PORHOi30 
PORJofOi40 
P0Rl10150 
PORJofO"l60 
PO:RJol011 0 
PORMOi ~O 
PORMO"l90 
FORM0800 
PORMOBIO 
PORMOB20 
PORMOB30 
PORM0840 
PORMOBSO 
PORMOBtiO 
POitM08iO 
PORMoaao 
PORM08S10 

C lOPT·2 FQR}ol GECMETJUC STIFFNESS MATRU 
c· 
C 

IF (EUG5) WRITE 16,-) IN ROUTINE FaRM 10PT " IOPT 

49 FORMAT (1)I,A/(' 1',13, MIlt9.SS(I) ',Ill)) 

GO TO (l00,200) lOP! 
C 
C················· .. ··a .•.•.. 
C· ASSDiBLE STIPFNESS ••••• 

c·············· .. ···· .. ·· .. ···· 
100 CClNTINUE 

c 
c·· 

1ST ·lZSTIF 
IEND·IZ,STIF +1'20 (1'ZXD+NDOP) -1 

ZDW STIFFNESS 
00 110 1·1ST,I£ND 

Z(I)·o 

l.OOF POR EACH ELD1l:NT 
DO 120 IE~·1,NEI..MI' 

GET S'l'IPFNESS OF EACH ELE!1ENT 
FALSE· PAJ...SE 
CAll ELELIB 

(3, L.s:1TYP,PALSE, IRE ... , F~E, NAME,EESE, EPSE ,D»v.~E, DlICPAG, 
TEUKl ,IELOOF,XGIlOF,PGECl'!,Z. ,AXiAi.,IZDISP,IZl..A\D,KSTOR) 

IF (BUGS?) THEN 
WRITE (EUIO,151 IEUKl,IN2.(l'IZLM ll,I·l,HIN(IEJ...I)OP,lB)) 
POIU1.A.'T ('E:I...EKE:N'l' .',IE,' lJo1.',lBI6) 
CALl... 1.J'!ATIlX ('Z. (IZICE) ,I'ID, IE:LOOF ,1'\0 (IELDeP·l) ,ELNO) 

P0Rl10900 
PORM0910 
F0Rl109:l,0 
PORM09JO 
PORK0940 
PORH0950 
FORM0960 
FORM09iO 

14 

ENDIP 

CALL FCJRHL{Z (IZSTIP) ,Nc.. (IZMD) ,NIiOF ,NZ (IZ~"'NDOF) , 
" Z(IZXE),IiD,IEU)OF,MD(IELDOF+l),NZIIZLM),l) 

c 
C- SUBTRAC'T GECI'IET1IIC STIFFNESS 

120 

c 

N2. (IZXGDT+)) ·HZ (I ZXGD'T~) ) 

IP (NZ(IZKGDT+l) .EQ.l) TH!:N 
FALSE· .PALSE 
CA.u...,ELEUB 

( 3, t.STI'YF, FALSE, IREL, P.u.sE ,NAME, EESE, EPSE, DAl'IAGE, OUCFAG, 
IE1...NO ,IELOOP,KGDoP,PGE~,Z ,A.XIAL,IWISP,IZl...CIAD,HST~) 

XGDOF· KGOoP 

IP (BUGS1) THEN 
WRITE (£LNO,15) IELNO, (NZ (I, IZLMXG- 1), I ·l,MIN IXGDOF, H) ) 
CAll.. U<!.ATRX(ZIIZI(EKG) ,P1D,XGDOF,HD(KGDOF'lj ,ELNO) 

END" 
IP ( NOT. AXIAL) GO TO 120 

DE"!"ERKINE THE PACTefI :F'CII: Jl:G 
IP (NZC12.Jl:GDT.U .EQ.l) THEN 

ACCEU· Z(IZJ:GOT) 
PG!Ctt·P~·(I·AC'CEL2.) 

END" 
SWAP THE SIGN ON PGECtt POR SUB'I'R.ACTICIN._ 
PGEOM· 'PGEaoI 

CALL PCRHl.{Z (IZSTIP) ,m{ IZKD) ,NDOP ,NZOZJoll)"NDOF) , 
" Z{]ZKEKG) ,MIl,XGDOF,KD(XGOOF'l) ,N2.{I 2.lXKG) ,PGiCM) 

ENDIP 

CONTINUE 

c- ... - ASSE2U!I.2 GEOIETRIC BTIYNESS 

c 
c· 

c 
c· 

c 
c· 

200 CCWTlNUE 
IF (NZ(IZXGOT'3) .NE.:il ) RETURN 

1ST ·12.KG 
IEND·UJl:G + m.(IZMDJl:a~NDOP) 

ZERO STIPFNESS 
DO 310 I·IST,IEND 

20(1) ·0 

. . •. LOOP PaR EACH ELEMEN'I' 
DO 220 lElNO·l,NEL!4T 

- - - - - - - an STIPPNESS OP EACH ELXMEN'T 
PALSE· . FALSE 
CAu... ELELIE 

(:l" LSTTYP, FALSE, IREL, P.u.BE ,NAME, EESE, EPSE ,D.A.MAGE, OUCFAG, 
I EI.8:I ,IELDOP, lCGDOF ,PGECI4:, 20 ,,uIAL, I WISP, IZL..OA.D ,M5"'raR) 

IP (.NOT. UIAL) 00 TO 220 

IF (BUG5"1) THE:N 
WRITE ~15,-) 'PGECI'I·',PGEc>! 
WRITE (El8:l,15) IEUJO, 11'20 (I+IZLHXG-l), ]·l,MIN(XGDOF, 18) ) 
Cl..lJ... IJ9.TIl'X (Z (I ZJ:D:.G) ,KD, KGOOP, HD (](GDOP~ II ,ELJ.Kll 

ENDIP 

C\l..,l., FalML(Z(lZXG) ,NZ(IZMOXG) ,NIlOP,NZeIzHDXG·NOQP), 
" Z( IZJI:Z1{G) ,1iD,KGDOP,MD(XGDOFtll ,N2.(I 2.LKKGl ,PGECM) 

220 CONTINUE 

PORM0980 
PORM0990 
PORMIOOO 
PORMIOI0 
PORMI020 
PORM1030 
PORMI040 
FORHI050 
PORMI060 
FORMI010 
FORMIOBO 
PORMI090 
FOitM1100 
FORMIII0 
PORMl120 
PORM1130 
P0Rl11160 
PORM1l50 
PORM] 1'60 
FORHll"lO 
PORMl180 
PORMllSiO 
P0R111200 
PORM1210 
PoliJolI220 
PoRM12.30 
FORMI24 0 
PoRJol1250 
FoRM1260 
PORM12"10 
PORHI2BO 
PORMU90 
FORM1300 
FORMUIO 
PORJolU20 
FORM1330 
PORM1340 
PORlolU50 
FORJol1360 
PORM13"10 
FORM13SO 
PORJolll90 
PORM1400 
PORH1410 
PORM14 .0 
PORM14JO 
PORJol1460 
PORM14S0 
PORM1460 
PO&l'l14 "I 0 
PORH14BO 
PORH1490 
PORl'!ISOO 
PORM1Sl0 
PORl'U520 
PORM1530 
PORM1S60 
PORM1550 
POitM1560 
PORK15"10 
PORM15BO 
PORM159Cl 
PORM1600 
PORM1610 
FORM1620 
POitM1630 
PORMl640 
PORXl650 
PORKI660 

RETURN PORM.1610 
END FORX1660 

c ••••••••••• a ............................................................. ·CPEHSOO 1 0 
C CFEHS0020 
C PRClGRAH PEM - .\NA.LYSIS OF 8TRUC'TlJRES CPEHS0030 
C CPEHSOOdO 
C ...................................................................... a ••• ·CPEHS 0050 
C ' CPEHS0060 
C NOTE. USE IBM PaRTVS. CCMPILER oPTICiII Al1I'ODBL(DBlJlA.D4) CPEH500?0 
c TO C~ILE THIS PROOR»! IN DOl.1!LE PRECISIaN CPEMSOOSO 
C CPEHSOO5l0 

KITE ,USE 1m! Fa!.TVS:O CCI1PI1..£R oPTICtoI OPT(2) CFEH50100 
TO oP'l'I!1IZE THE CCIlE FaR FASTER EXECtn'ION CPEHSOII0 

C CFEI"IS0120 
c .............................. ••••••••••••••••••••••••• ·················CPEI'I50130 

CHARACTER-SO OPT IaN, INPUT,l!u.m: 
CH.ARAC'TU-e 'TI!1El,DATEl 
C1i.ARACTER" 1 CKR(O:25) 
LOOICA.l. TEST ,HEAD,UIAL 

$INCUJt)E: '2.CQo[N' 
DATA CKR/' A' , 'E ' , 'C' , 'D' , 'E' , 'P' , 'G' , 'H' , ' I ' , 'J' , ')(' , 'L' , 'M' , 

... 'N', '0', 'P', "Q', 'R', 'S', 'T', 'U', 'V', '\Ii', 'Z', 'Y', 'Z'/ 

C··· .. ·· .. ···············a ...... . 
C·· ECHO THI! ]NPl1I'. 

c············· .. ··········· .. ··· 
1"55 
L-O 

9995 RE.AD(105, I" (A)') ,END·9996) INPlIT 
IP (INtlEX(I:NPtn', 'NC)ECHO') .NE_O) GO TO 9996 
1·1.1 
L·L·l 
IP ( l.GT.55) THEN 

~ITE(10S,95l94) (XX,XX·l, a) 
1-0 

D<DIF 
IiRITEI10a,9!i1!i1"1) L..,INPU'T 
IF (INtlE'XIINPtn', 'S"!'OP' ) .EO.O) GO TO 9995 

95194 FaRMAT (' 1 ECHO OF' INP[]], 01.TA. '/ / 
" lX, 3 X, 'LINE • , 9 ~ , . ' , II, '0 ' ) ) 

9991 FORMAT (1)(,11,' ',A) 
9996 REW1NIl(l05) 
c 
c .. ••••• .. ••••• .... ••••••••••••••• 
C·· INITIALIZE DATA. 
C •••••••••••••• a ....... •••••••• 

c 

TITI...E(l)·' , 
TITLE(2)'" 
Bl.\IIK 
BUG •. P'1.LSE. 
DOUBLE •. FALSE 
IBue·O 
HAXEOF·24 
MOil) ·1 
DOl I·~,IMAxmp·l) 

MD(I)·I'IIl(1 11 + (1-1) 
lZ·O 

20 REA!).{105,·,END·IOOOj OPTIaN 
RATI Z·100. "REAL ( IZl/RE.U.{KUZ) 

C~······"· .................. . 
C·· DEFINE THE S'TRL.crUl'E ••• 

c············ .. ·········· .. ··· 
IF (IND£J((OPTION, 'STR') .NE.O) THDl 

IZ·l 
TITLE(lI·' , 
'I'ITLE(2)· ' 

GJl}..V·386.4 
READrl05,·,END·1000) TITLE(l) 
CA.1.L TIDJ.E'(TrHEl,DATEl) 
'O.ITE(TITLEll) (BO') ,45) TIHEl,DATEl 
RATlZ·100 -REAL(lZ) /RE.ALU'IAXZ) 
'0.1 TE ( • , 52) , BULIDING S'rRUCTUlU..L MODEL 

I2.,RATI'l 

PEMSOldO 
FEMS0150 
PEMS0160 
PEI'GOliO 
FEHSo190 
FEH50190 
PEMS0200 
FEMS0210 
FEMS0220 
FEHSono 
PEHS0240 
FEHS0250 
FEHS0260 
PE~.s02?O 

PEHS02EO 
FEMS0290 
P[HS0300 
PEHS0310 
FEMS0320 
PEMS0330 
PEM50JdO 
PEIi503S0 
PEMSOJ60 
PEM503"10 
FEMS03BO 
FEMS03510 
FEM50400 
FE!'l50610 
PEK504 ~ 0 
FEMSOd30 
PEMSOUO 
FEI'G0650 
P£1"l50d60 
PEMSOd10 
PEMSOdBO 
FEHSOG90 
FEMS0500 
FEMSOSI0 
PEMSOS20 
FEMSOS30 
PEM50560 
PEMS0550 
FEI"'.50560 
FEMSOS10 
FEMS05BO 
PEI150590 
FEMSOI5ClO 
FEM50610 
FEKS06ilo 
FEt150630 
PEt150660 
FEMS06S0 
PEMS0l!560 
FEt1506 "I 0 
FEMS06eo 
FEM5065l0 
PEM50"lOO 
FEMSO?lO 
PEKSOi ,0 
FEI'lSOi)O 
PEP'lSOiGO 
FEKS0150 



c 

WRIiE~',Sl) TITLE(l) (1.10) 
CALL STRUC'I' 
IZREL·n 
UTn·l 00. ·RUL (I2.) (REA.LO"l",X'Z.) 

C········ .. ······· .. ·· .. · .. ·· .. ·· ...... · .. ·· 
C·· DEFINE THE LCA.DING AND SOLVE •• 
c····· .. ····· .. ··· .... ···· ........ ·· .. ··· .... · 

ELSE IP (INDEX(OPTION, 'SOL') NE.O) THEN 
READ~105,·,END·I000) jITLE(2) 
CA.LL TIDAE(TlJoIl:I,DATEU 
WRITE (TITLE (~) ( 80 . ) ,CIS) TH!El,DATEl 
WRl'I'E(' ,52)' SOLVING S'I'ROCTURAL HODEL· 

c 

I'Z.,RATIZ 
WRITE(',51) TITLE(l) (l.70) 
WRITE(",5l) TITLE(2) (1:70) 
CALL SOLN(OPTION) 
IU.TlZ·1 00 .• REAL (IZ) /RZAL(HAXZ) 

c····· .... ~ ........................... . 
C·· STOP. END OF PROGRAl'I 
c·········· .... ·· .... ·· .. ···· ...... ······ .. · 

c 

ELSE IF (INDEX(OPTION,'STOP').NE.O) 
WJlITE(-,S2)' t-IORMAL STOP 

IZ ,RAT I'Z. 
STOP 

C .... •• .. ••• .... • .. ••• .. •••• .... ••••••••• .... • .. • 
C·· READ RESULTS P1H~ INPtrr FILE .... 

c·········· .. ··· .. ···· .. ·· .. ··· .. ···· .. ·· .. · 

THEN 

ELSE IF (INDE'X(OPTION, 'RE).tI').N!.O) THEN 

PEl'lS0"l60 
PEMS0'110 
PEMSO"l80 
PiMS0790 
PEMSo800 
PEMS0810 
FEMSOB:aC 
FEM5oEJO 
PEHSOU.O 
FEMSOBSO 
FEMS0E60 
FE1'l508'?0 

.... ~', FEHSoeao 
FE~0890 

FEIi50900 
PEI"IS0910 
PEMS05l20 
PEMS09JO 
FEM.50940 
PEM50950 
PE!150960 
FEMS0910 
PEMS05lBO 

.. -- -- ... ', FEMS0990 
FEMSIOOO 
FEMSlOIO 
FEMSI020 
F2K51030 
FEK51040 
FEJolSlOSO 

CALL GETINT (OPTION, ·UNIT·', IUNIT, c, .TRUE., . TRUE. ) 
CALL GETINT (OPTION, 'INC·', INC ,1,. TRUE., FALSE.) 
IF (llINIT.Gj.O) THEN 

FEI'!51060 
PEM51070 
PEMSI080 
PEHSI05l0 

c 

WRITE(',52) • REUlING DATA PRCIi FILE 
IZ,RATIZ 

IOn·4 
C.lLL DMPDAT(IOM,I\IIlI.ITE,TO,DT) 
GO TO 140 

,.",IF 
iU.TIZ·1 00. "-REAL(IZ) /REAL(MAXZ) 

C·· .. •••• .. •••••• .. ••••••••• 
C·· SET BUG OPTIaN 
C······ .. ··· .. · .... ·· .... · .... · .. · 

c 

,SO 
'60 

ELSE IF (TEST (OPTIaN, 'BUG·' , . FALSE.)) THEN 
CALL GETCHR (OPTION, 'BOO"', INPtrr, . TRUE ".FALSE ) 
IBUo,·O 
WRITE(OPTION,16C) INPtr'l"\l:10) 
DO 150 1·0,23 

IF ~TE:ST(INPtn',CHRO), .PALSE.)) !BOO·IBSET(U!UG,Il 
CCNTlNUE 
FORKAT ('BUG·' ,A) 
WRITE(·,52)' SET .BUG OPTION: 

I2o,RATIZ 
WRITE(·,51) OPTION~1 10) 
IofRITE(IOB,51) 'sn BUG OPTION 
WFtITE(IOE,51) OPTION(l :70) 

C··· .. · ...... •·•··· .. ··· .... ·• .. · 
C·· SET BUG OPTION 
C· ........................... . 

c 

ELSE IF (INDEX(OFTION,'BOO', HE.O) THEN 
WRITE(·,5l) (·sn BUG OPTION. '!/OPTIClN(l:Sf,) ) 
BOO·. TROE 
IF (INDEX(OPTION, 'NOBOO') .NE.O)' l!OO· .FAUlE. 

C····· ..................................... _ ........ .. 
C·· RELEASE JoIl:MCilY PROM t.AST SOUJ'Tlc..I ... 

C············· .... ··········· .. · .. ····· .. ···· 
ELSE IP ONDEl(OPTION, 'RElLLS.!·) .NE.o) THEN 

WRITE(109,52) ' ... 
WRITE(·,52)' RELEASING MEMORY 
io7RIT! (lOS ,52)' I\ELEASINO Jom4On 
IF (INDEX (OPTION, 'ELEHENT') .N'E.O) THn-I 

··FEMSllOC 
F£I'!S1110 
FEl'ISll~O 

FEMSllJO 
FEM51HO 
FEKS1150 
FEMS1160 
FDlSll10 
FEKSll BO 
FEMS1l90 
PEKSl:aOO 
PEKSl:tlO 
PEK!i12:a0 
FE!"IS12JO 
F!.M51HO 
PEMS12S0 
FEMSl:iIeO 
FEM5l:a'10 
FEI'l51;jlBO 
PEM5l:i1!i10 
FEMSlJOO 
FDI.51110 
FEMSIHO 
FEJolSlJlO 
P'EKSlHO 
PEMSIJSO 
F'EMSIJ60 
PEKSIJ70 
PEKS 1.3 BO 
PEPlS1390 
PEJolSlIIOO 
FE!451410 
PEHS142 0 
YEMS14JO 
FEHSU40 
FEI"I.51450 
FEKS1460 
FEMSU10 
PEMS14 .0 
FEKS1490 
PEJolSlS00 
PEMS15JO WRITE(108,52)' RESn-ING ELDtENT' PORCES 

WRITE (l08,S:a) '. . .... --.' PEMSI5:/0 
DO 110 IEUlD-l,NElJ"l'l' 

LST"rn·c 
HEAD •. FALSE. 
CAl.J,.. EULIB 

(13, LBTTYP, . FALSE. , IREL, HEAD, I NPO'7' , EESE, EPSE,D.AJo!Ac;oE: ,DOCFAG, 
aim, IEUlOF, XGDOP ,PGEO"I, 20 ,A>:IAL, ItDDSP, I'Z.DLDA,KSTaR) 

ELSE 
WRITE(108,52) '. 
ENDIF 
IZ·Iz.REL 

IUCC ·0 
IZIlACC"O 
IUlDSp·O 
IZDISP"O 
IZDLQA.· 0 
I:z.DVEL·O 
IZFUB ·0 
IZLOAD·O 
lZVEL ·0 
RAT I2.-1 00 .• REAL (IZ) (RE.AL (MAXZ) 

C······ .. ··· .... ··· .. · .... ··· .. ··· .. ···· .. ······ .. 
C·· SAV'E HEMORY POR A RESt'AJI'T 
c·· .. ·•· .. ··· .... • ...... ·· .. • .. • .. •·· .... •·•···••• .. · 

'00 

c 

EUlE IF (INDEX(OP'TION,'SAVE'j HE.O) THEN 
WRITE(·,52)' SAVING DATA 

J2.,RATIZ 
WUTEI·,51) TITl...E(l) (1:10) 
WRITE(',SI) TITLE(2) (1.70) 
WRITEII08,2CO) 
FClRi"'!AT(~X,'········ WRITING DATA TO lINIT n09 •••••••• ') 
OPEN(UNIT·9,ACCESS·' 5EQ1JENl'U.L·, S·U.TOS· 'UNJCNOWN', 

FOJI..M· 'UNFORHA'TTED' ) 
WRITE(9) TITt-E 
WRITE(9l IZ ,1~EL, 

NDQP ,NCaND ,NFREE ,HiEST ,1'lA.XNOD,NHAj ,NELJorr ,NNODE , 
NLCAD ,NSO~ ,MA.XEDP, !'ID,NCOS, MAXELD,NElJ), 
IZID ,IZfOOY,IZCCIR!l,I2oCOS ,I'Z.CNST,IZMAT ,IZELE , 
I ZJPLG, IZJCOS, 
IZXf ,I'Z.J.lo! ,I'Z.STIF,IZMD ,I2oLOAD,IZDISP,IZIELD,I'Z.ELD 

00 210 J·l, IZ,;z56 
)(·J·255 
)(·MIN(K,IZ) 
WRITE(9) (2o(I),I.J,IO 

Cl..OSE (UNIT·9) 
RIoTIZ·IOO ·RllL,(IZ) /ll.EIoL~MAX'Z.) 

C· ........................................ . 
C·· RESTART PROGR.AJoI 
C·· .. ••••••••••••• .... •••••• .. •• .. • ........... . 

WRITEI· ,52)' RETREVING DATA 
" I2o,RJ.TIZ 

ELSE IF (INDEX(OPTION, 'RESTUT').NE.OJ THEN 
WRITE!108,JOO) 

FEM51530 
FEMSI5,"O 
FEM51550 
P:£M5l5L!iO 
FEMSlS'?O 
FEI'l51580 
FEKS15510 
FEHS1600 
FEJolS1610 
PEMS1620 
PEI'!S16JO 
PEM516f,O 
FEtG1650 
PEMSl660 
PEI'tS1670 
FEMS16BO 
FEHS1Ei90 
FEHSJ7CO 
FEM5l?10 
PEHS1720 
FEJIIS 1 '73 0 
PEI'I.51HO 
PEMS1150 
PEHS1760 
PEMS1770 
PEM51780 
PEMS1790 
PEMS1800 
FEMS1810 
PEHS18:aO 
PEl'!5lBJO 
FEMSUf,O 
FEHSIB50 
PEKSIBi50 
PEI'l5181 0 
PEH.51880 
PEIi518510 
F21i515100 
FEIi51910 
P21'1.51920 
FEMS1930 
FEM51940 
PEM5195C 
PEM51960 
FEHS1910 
PE!'151980 
PEMSl990 
'EM52000 
FEI'!52010 
FEM52020 
FEM5203D 
FEM52040 
FEI'I.52050 
FE!'I52060 

FORMATISX, ' •••••••• READING DATA PROoI UNI"!' ~09 
OPEN nlNIT·9 ,ACCESS· • SEQt.JENTIAL' , S"TA rus .. 'oLD' , 

•••••••• ') PEI'l52070 

FOIlJoI· 'UNJ"ORXA'n'ED') 
READ (9) TITU 
READ ~9) I2. ,IZllEL , 

NOOP ,NCCJNI) ,NFREE ,NREST ,toIA.JCNOD,NI'!..I.j ,NELMI', NNOOE , 
NLQAD ,NSOl.J.l ,KAXEDF,l'ID,NCOS,I'tAJ(ELD,NEl..D, 
I'Z.ID ,12oIDOP,I2oCClRD,IZCOS ,I'Z.~ST,IZMAT ,IZELE, 
Iz.JPLG,I'Z.JCOS, 

DOI~~ J:f~i"i,2S~'Z.STIF,IZoHD ,I2oLCA.D,IZDISP,~ZIELD,I2.EUl 

X·J·255 
X·MINIX, I2.) 

'10 READ (9) (21 (I), I·J, Xl 
Cl..OSE (UNIT·51) 

FEKS'OBO 
FEH.52090 
FEH5nOO 
F£1't52110 
FEM52120 
FEM521JO 
PEM52140 
PEMS2150 
PEM52160 
FEM52l10 
FEI'!521 BO 
FEI'!S2190 
PEM.52200 
PE!'62HO 

15 

c 

WRITE(',52)' DATA RETREIVED .•. 
IZ,RATIZ 

WRITEI·,:'l) TITL.E(l) (1:'0) 
\I/lI:ITE(·,51) TIT.l..E(:i) Il :10) 
RJ.TI Z·1 00. -REAL (IZ) /REAL (MAn) 

C· .. •••••••• .. •• .... •••••••• .. ••••••• .. ••• .. •• .. 

.. -- ..... ,>', FEMS2220 
FEM522JO 
FEHS2240 
FEM52.;150 
FEHSH60 
FEM52210 
FEK522EO 
FEMS22510 
FEI'l52300 
P'EH.52)l0 
FEH.52320 
FEI"l52:J.:J.0 
FEM523110 
FE!'1523S0 
PEM52360 
FEMS2310 
FEMS23EO 

C·· INVAl.ID OPTION 
C·· .. ••••••• .. •••••• .. • .... ••••••••• .. ••• .. ••• .. 

ELSE 
IP (TESTIOPTION, 'NOECHO', .P~E.) ) GO TO 20 
IP 10P7ICN.EQ.BLANX) GO TO 20 
WRlTE(lOB,30) OMION 
W1UTEI',511 ('INVALID OFTION' 'I/OPTlaN(1:54) 

ENDlP 
GO TO 20 

45 FORMAT(' TrHE: ',A,', DATE: ',A) 
50 FORMAT (A1,' SiRTJCTlJRE ',A,/lX,' SOLln'ION 
51 FaRHAj (lX,A.) 

',A, /) 

52 FCJR.M.\j (IX,'····',M5,'··,l,· 120·',11,' KEM··,F6 :J.,"'l 
30 FOJUiA'l' ('1 INV,I.l.ID OPTION· ',A) 

110 YOJUolAT (' ZMATRX(',I6,') :',II5,1P,G:aO.1C,i,G20.10) 
1000 STOP 

END 

. TAICE PRESENT TIME AND DATE .. 

FEMS2390 
FEMS2400 
PEM52410 
FEH.52420 
FEKS2430 
FEI'I.5:aUO 
FEKS2450 
PEKS:a460 
TIDAOOIO 
TIDA0020 
TIDAOOlO 

SUBROO'I'INP: TIDU'ITIME1,DATE1) TIDA0040 
INTEGEIt·:a I'tR, II'ION, IDAY, IHli, IMIN, ISEC, IIOOTH 1'ID.\0050 
CKARAC"I':E'R'I! 'rIKE1,DATEl TIDA0060 
CALL GETDATI IYlI,IHCIN, IDAY) TIDAO010 
1'tR.IYit'l!ilOO TIDAOO&C 
CAl..l... GETTIM(IHR, IMIN, IB!C, IlOOTH) 7IDA0090 
WRITE (DATEI, '(12,lh/,i2,lh/,l:a) ') IMON,IDA.Y,I'tR TIOAOI00 
WRI'I'E(TIHE1,' 112,lh',1:a,lh:,i:a) ') IKR,IHIN,ISEC TIDAOI10 

RETURN TIOA0l.20 
END TID.AOlJO 

C SO~ooIO 
C .......................................................... • .......... •• .. • .. •• ..... ••••••••• .. ·SOl,Jl10020 
C SOl,Jl10030 

SUBlHX.JTIN! SO~~OPTION) SO~0040 
CHARACTER.IIO OPTlc»l SO~0050 

SINCLUDE:' ZC'~' SOLN0060 
S"'rDID'" • SOLNCO'O 

c 
C .... • .. ••• .. • .. •••• .. ·_ ............ •• .. .. 
C· DE'l'EIU'lINE SOLl.JTICJN NO ... . 

C··· .. ··• .. •······••• .. •• .. ·· .. ·· 
CA.LL GE'TIN'T(OPTICIN, • SOL' ,N80LN, 0,. TRUE., .PALSE.) 

c 
C··· .. •······· .. •• ...... · .. ··· .. 
C· CHOOSE THE SOU1'!'I~ ... 
c··· .. ···· .. ···· .. ··· .......... ·· 
C IP (NSOUJ.EQ.IJ THEN 
C CAlJ., SOLOI 

ELSE IF (NBOLN.EQ 2) NLQAl)-, 
MAXELD·O 
CAUo SOLO~ 

ELSE IF ~NSOUl.EQ,3) 

NLQAl)-' 
MAXElD"O 
CALL BOLOJ 

ELSE IF (NSOlJll EQ.CI) 

NLQAI)-' 
CAw.. S~~ 

THEN 

THEN 

EI.SE IP (NSOUl.EQ.5) THEN 
IF CNSOLN.!Q.5) THEN 

NLaW-' 
HAXELD·O 
CALJ.. SOLOS 

ELSE 

SOl,1.l001l0 
SOl..N0090 
SOl..NOlOO 
SOl,1.l0110 
SOLH0120 
SOUl0130 
SOl,Jl10140 
1001..1<'0150 
SOLHOli60 
SOi.JIIOl10 
SO~OlBO 

SOLNO 19 0 
SOU.0200 
SOU!O:ilO 
1OOl.J.l0220 
SOLJ,l02JO 
SOI,.N0:i40 
SOLN0250 
SOLN0260 
SOUl0210 
SOUlo:aeo 
SOUl0290 
SO~0300 

SOLNOJlO 
SOLN03JO 
SO[.JlloHO 
SO[.JllO:J.40 
SOLNCJ50 

WRITE 11011,') • INVA.LID BOlJIIl' ,NSOl.J.l SOLNOlo50 
.5"TOP • INVALID SOU1'!'ICIN NlIMBEII' SOLN031 0 

ENDI? SOLNo]80 
30 RE'TlJRI,l SOLN0390 

ZND SOl...N040C 
C KSOL0010 
C·~ ...................................................................................... ·HSOLOO 10 
C ""'TUX SOUJ'I'ION OP EQUATION '\x.p, WHERE THE tJPPD TRIANGUI..AlI. !'!Ann. MSOL0030 
C OF THE S'fMHETlI.IC I1ATRIX A. IS STORE:[) :er S)(YLINES. P IS STORED AS A I'!ISOL0040 
C PULL I'!IA.Til.IX THE MATRIX P IS REPU.CED BY X APTER B~CX SUBSTITUTICIN HSOL0050 
C IS CCMPI..EATE. BOTH A AND P ARE ALTERED. . .. . MSOL0060 
C GU'f»l OPTION. IF GUY,\lIl IS TJl:UE. MASS MA'TRU I6 A.L.SO CONDENSED MSOL0070 
C ....... ••• ....... ••• .. • .. • •• •••• .... •• .... •• .... •• .. •••• .. • .. ••• .... •• .... •••••• .. ••••• .. ·11801..0080 

Sr.Jl!ROU'I'INE HSOlJ...(IOPT,PRINI', N, II1D,Ul:OW,NLC, Ll, L..2 ,HO,A, P, PACiOR, HSOL0090 
" GU'I'AN,HASS, MDMASS, II'tDfiA.S, KGcam , XG,MDICG , IHIlXG) MSOLOlOO 

REAl. I'IASS(IHDI'lAS),KG(IMDKG) HSOLo110 
LOGICAl. GLrYAN,PRINT1KGCOND I"IS0L0120 
DIMENSION A(IHD) ,FA.C1.;:m IN), F (Ul:OW,NLC) ,MO(N'l J I"ISOLOl30 
DIJoIl:NSION !4DKA.SS(N.l),KDXG(N·I) MSOL0140 

IJI(I,J) "MI)(J) ·J·I 
IJI"I(I,J) ·HDI"IASS(J) +J'I 
IJXG (I,J) ·MDJ:GIJ) oJ· I 

MSOLolSO 
HSOL0160 
HSOL..0110 
MSOLOHIO 

C, 'MSOL0190 
C I"IATRU STORAGE SCHEME. MSOL0200 
C ·THE MATRIX A. IS BANDED AND SYJoO(ETRIC. THUS ONLY THE SXYLINE ABOV"! HSOL0210 
C Am) THE "'"'IN DIAGONAl... NEEDS TO BE .5"TCIREP. M90L0220 
C, THE MATRIX A IS STORED IN A LIJ'I/V.R AlUiI:AY BY COl..lJ'!NS. THE VALUE aN HSOL02JO 
C THE ""'IN DIA.GONAL IS STCRED IN THE LINE.1Ji. ARRAY PIRST. HSOL0240 
C ADDRISSES OF THE LINEAII AllUY ELEMarrS CCliTAINING THE MAIN DIAGONAL I1S0L025C 
C TERMS ARE STORm IN tom MSOl..0260 
C EX}Jo(PLE: LE"r B BE THE 5X5 FUIJ... SYME'IiUC I1ATRIX BELOoi. I1S0L0210 
C : 1 3 12 M50L02BO 
C 2 : 5 11 NOTE. 8~1,3),8(1,4) AND l!12,CI) AlI:E ZERO. MSOL0290 
C B. • ~ : 1 : 10 I"ISOL030~ 

C S'fHH. 6 9 1(1). 1, 2, 4, 6, S, 13 MSOL0310 
C 8 HSOL0320 
C THUS, B(3,3)"A( HIl(J) ). A (11.) HSOL0330 
C B(I,J)·A( HD(J),J·I ) IF J~I AND IMD(J)+J'I)(MD(J'I) MSOLOHO 
C .0 IP J)l AND (MD(JI.J Ij)HD(J'l) MSOLOl50 
C 'I'!IA.nn:? IS NOT SYHl"lETTUC, AND IS &"TQRED AS A PU1.L MATRIX HSOLO)60 
C· . '!'ISOL0)10 
C VAlUABLE TABLE. MSOLOHO 
C 10PT • OPTIoN NUoUIER HSOLOHO 

N • N'1JIIJBEFI OF DE~EES OF PREEDCI"I OF A !"lATRIX HSOL0400 
NLC • N'1JIIJBER OP !.DAD CASES FaR THE P MATRIX MSOLo~ 10 
L1 • PIRST R~ TO BE WORXED WITH HSOL0420 
L2 • LAST ROIoI TO BE WOR)(ED WITH MSOLOCIJQ 
liD • ADDRESS OP THE HUN DIAGCtIlAL TERl'IS OF A I"IS01..OuO 
F • u.ao MATlUX ON INPUT, SOUl 0') of AJI·p atJ CCMPLEATION OF HS01..0450 

10P?'.~ HSOL0460 
PACTOR· TEMPORARY STORAGE HA1'JlI"- MSOl..0410 
GUYA}Il • GU'f.A.N RZOUc.-rION FUG F~ MASS MATRIX HSOL04BO 
MASS • MASS MATIUM' MSOL049D 
MDl'lASS" MASS "",TRIX AtI0RESSES Of KAIN DIAGatW... ELEKENTS HSOL0500 
XGCOND· FtJ.G fOR CONDENSING OUT XG /olSOL0510 
XG • GECMI."TRIC STIFFNESS MArRIX H90l...0520 
HDXG • XG HATRlJC ADDRESSES OF MAIN DIAGONAl. EI2JoiENTS 1'1501..05)0 
L • ROW NUMBER F~ ELIMINATION HSOL05~0 
1 • ROW NUHE£:R HSOL0550 
J • COLtl1N NUomER HS01..056c 

L1·MAJI (Ll,l) 
L2·HIN(L2,NI 

GO TO 110,110,210,310) lOP?' 

......... 'MSOL0570 
I"IS0L0580 
MSOl...0590 
MSOLOE 00 
HSOL06l0 
HSOL..06:aO 
MSOLOE30 

10 CONTINUE MSOI...oi54C 
C· 10PT·l, REDUCE A AND? ··········/'IS01.0650 
C GA.USSIJ.]Il ELI!'IINI~TICIN IS USED TO REDUCE "THE A AND P MATRICIESMSOL066C 
C FROM R01o' L! TO fl~ L2 IF 1...1 IS NOT 1, IT IS ASSt.)o!ED THAT MSOL0610 

.l AND P ARE A.I.J...F.EADY REDI..lC'ED PR~ 1 TO Ll I"IS0L0680 



c· 

c 
c· 

c 

IF (PRINj~ THEN 
WRITElIOI,500) 'IOPT"l, REDUCE S'l'IPPNESS).NO LOADS',Ll,L2,N 
CAll. L.MATIlX(A,HD,N,IHD ,'INPlI'T STIFFNESS') 
CAL.J...Wl'lA.TRX[P,N ,NLC,'INP111 LOAD') 
IF (GU't»l ) CALJ. LKA'I'RX(HASS,~S6,}oI,II'tDt'!AS,'INFU'r MASS') 
IF [XGCaNO) CALL L..HA.TRl\ (XG ,MIlKe; IN,IMDXG J' INPUT KG ') _,F 

DO 100 L-Ll,U 
IF (L. EO N) 00 TO 100 

_ .. - TEST FOR Z,ERO PI .... OT. 

J5 

" 

IF (A(MD(L) .EQ,O) THEN 
WRITE(lOe,<!OOO) L,MD(Ll,A(MD(L) 
STOP 

ENDIP 

_. CALCULATE THE FACTORS EACH 11.0\11 IS MULTIPLIED BY 
DO )0 I- (L>1) ,N 

LJ-IJI (L, II 
IF ( 1..1.LT.I'IIHI+lI ) THEN 

FA.CTORtU-A(LI) /-,.( MOIL) ) 
ELSE 

FACTaR(tl-O 
DIIlIP 
CctlTlNUt 

-, REDOCE It. BY caUMNS (J) EACH R~ (I) 
00 40 J. (L'U IN 

W-IJICL,J) 
IF (W.G!.KD(J+l)) GO TO 40 
DO JS rOo (L"l) ,J 

IJ-IJI (I,J) 
A (IJ) -A (IJ) -FAC"T'OR (I) -A.(W) 
COm'INUE 

CONTINUE 

c- ---, REDOCE P BY cOl.l.KNS (J) EACH Ra-/ (I). 

c 
c· 

c 
c· 

c 
c. 

00 SO J-l,NLC 
IF (P(L,J) .EO.O) GO TO 50 
DO 45 rOo (1.."1) IN 

45 P(l,J)·P{l,J)-PAL'TCR(1)-P(L,J) 
50 COm'INUE 

55 
00 

REDUCE I'lASS KATRIX BY GUYAN REDUCTION 
IF (Gl1YJ.N) THEN 

. H,Z2·H.2:i1 + J::H/Kll • MIl ' l/lCll ~ KU 
RM'HASS (MDKA,SS (L» 
IF (RH.NE.O) THEN 

ENDIF 

00 60 J'L~I,N 
IF (FACTOR(J) .EQ 0) GO TO 60 
n·H.AJ((L·l,J· (MDHASS(J'l) -I"II)M.\SS(J)) 1 
DO S5 l'Il,J 

IJ·IJM.[I,J) 
I1U6(IJ) ·"""SS( IJ) +nCTOR{I) 'RM'FACT~(J) 

CONTINUE 

..... ' 1'122 ·H2:! - X21/Kll • 1112 

'-
65 

" 

'

" 

CO 66 J'L-l,N 
W'IJM(L,J) 
IF [W.GE.I1DI'Q.SS(JQ)) GO TO 66 
IF (Ko\SS(W).EQ.O) GO TO 66 
DO 65 I'L'I,J 

IJ'IJlo'l(l,J) 
IF (IJ .1..1 .MDtiA.5S(J'·1» 
HASS(IJ) 'MASS [IJ) . PAC'TCIl. (I) ~I'lASS (W) 

CCNt'INlTE 
CCNI'INUE 

1122'1'1:1.2 M~I' l/xll • Xl2 
DO '70 J·L.l,N 

IF' iFAc:-TCIR(J) .EQ.O) GO TO '70 
DO 69 1·l..·l,J -

LI'IJMIL, I) 
IF (LI.GE.MIlMASS(I·I)) GO TO 6~ 
IJ"rJM[I,J) 
IF (JJ.LT.HDH.M6IJ+I)) 
MASS (IJ) 'I'lASS(IJ) -PA.CTOR IJ) ·PVr.S6(LI) 

CONTINUE 
CCNTlNUE 

ENDIF 

.... REDUCE GEctlETkIC STIFFNESS MATIUl( 
IF (XGCOND) THEN 

, 
B5 

, 
" " 

XG22·XG22 • 1I:21/Xll ' XGII • l/Kl1 • XG12. 
RKG'XG(I'm~G(L) ) 
IF IAKG.NE.O) THEN 

DO 80 J'L'I,N 
IF (FACTORIJ) .EQ 0) GO TO so 
Il·K.U(L+l,J· IHDXG(J.I) 'l'1DXG(J)) ) 
DO '75 I'II,J 

IJ·IJXG(I,J) 
J::G (IJ) 'XG (IJ) .FA('T~ iI) 'RKG'FACTaR (J) 

carr I,,", 
ENOIP 

KG2:ii'1I':G2i1 X:a/Xll' XG12 
DO BI5 J·L+l,N 

W-IJKG(L,J) 
1P (W.GE.I1DKGIJ+ll) GO TO 86 
IF (KG(U) .EO.O) GO TO B6 
00 BS I·L·l,J 

IJ'IJKG(I,J) 
IF (IJ.LT.MDXG(J+l)) 
XG(IJ)'XG(lJ) 'FAC'!'OR(I)'KG(W) 

CGmINU'E 
CONTINUl!: 

KG22.XG22 KG21 I l/Kll • )(12 
DO 90 J·L·l,N 

IP (F-,crORIJ) EQ.O) GO TO 90 
DO B9 1·1..-1, J 

Ll' IJICG(L,I) 
IP (1.1 GE.MDM(I~l)) GO TO e9 
IJ· IJKGII,J) 
IF (lJ.LT.MIlXGIJ+I)) 
ICG(IJI'ICGiIJI ·PACi'ORIJ) -XG(LI} 

com-nrui: 
CONTINUE 

END IF 

100 carr. ~NlJE 
IF (FRINT) THEN 

o.u... !.JIU.TRIi (A, HD,N, IMIl, 'REDOCED STIPFNESS' I 
CALL WH.A.TRII(P,N ,NLC, 'REDUCED 1...OAD') 
IF [GUY)JIl) CALL l.JotI.TRIi (~SS,HDHA.SS,N, IMDHA5, 'REDUCED· I'O.SS') 
If' (:J:GCClND) CALL l.JotI.TRIi(XG ,MIlKG ,N,IHDKG ,'REDUCED KG') 

END IF 
RE'rU>N 

110 CON'!'INlJE 
C' I OPT· 2, REDUCE P CNL'Y 
C GAUSSIJ.N ELIMINIATIClN I S USED TO REDUCE THE P KATRI>: 

-. -I"lSOLOfi90 
I'\SOL0'700 
1'ISOL0'710 
HSOL0'72.0 
"'"601..0730 
"SOL0'740 
1'1S0lA'7S0 
1'IS0lA"76o 
!oJSOlA'710 
HSOL07S0 
I'I.SOL0190 
MSOL0800 
HSOLOeiO 
KSOUlB20 
M60L09JO 
MSOL0940 
MSOLQiISO 
HSOLOB60 
MSOLO II '7 0 
HSOLOileO 
MSOLOBSIO 
MSOL0900 
MSOL0910 
KSOL09i10 
KSOL09JC 
I'tSOL.cl94 0 

1'1801..0950 
MSOLC96 0 
MSOlA9'70 
MSOLOg80 
MSOLOSl90 
MSOLaco 
MSOl.Hl10 
KSOU020 
I"lSOLI030 
I'lSOLI040 
"SOLIOSO 
1150LI060 
"'50LI0'70 
M80LIoao 
HSOLI0Sl0 
MSOLlIOO 
MSOl.l110 
"SOLI 1010 
MSOLllJO 
MSOLl1,,"0 
MSOU150 
KSOLIHO 
HS0L.1170 
I'ISOLllBO 
HSOLlao 
JllSOl..l200 
HSOl..l210 
l'tS0l..l2;10 
MS0Ll2JO 
I'!SOLIHO 
HSOLl<l50 
"SOL12M 
"801.1270 
1'160L1280 
M50L12510 
1'190L1300 
MSOLlJI0 
MSOLIJ;!O 
MSOLIJJO 
I'IS0LIJc10 
I'!SOLl)50 
"SOL13fiO 
KSOL13'70 
MSOLl3BO 
KSOLI390 
KSOL1400 
1'150LUI0 
MSOL14 20 
HSOLu30 
H60LU40 
MSOLU50 
HSOLUfio 
KSOL1470 
"SOL14 80 
H60La90 
HSOL1500 
1'1801.1510 
HSOLlS20 
MSOL1530 
HSOL1S40 
I"ISOL15S0 
MSOWS60 
KSOLl5 '7 0 
MSOLlseo 
MSOLlS90 
11501.1600 
11501.1610 
KSOL1620 
M801.1630 
MSOL16;.0 
I"IS01.16S0 
I"ISOL1660 
MSOLlI570 
MSOL1680 
MSOL1690 
MSOLl'700 
KSOLI'710 
I'lSOLl'720 
KS01..1'730 
MSOl,.1740 
I'ISOLl'7S0 
1"I.80Ll'760 
MSOLI'J'70 
HSOLI'7eO 
11801.1790 
11S0LIBOO 
I'ISOL1810 
M50L1820 
KSOLlB30 
M50L1840 
H501.18S0 
MSOt..1860 
HSOL1870 
MSOLlB 80 
t1S0LIB90 
t1S0L1900 
HSOL1910 
1"l80L1g20 
MSOl...1!t30 
I1S0L1HO 
HSOL1950 
tolSOLHlI!iO 
1"l50L19?0 
M601.1960 
KSOL1990 
tolS01.2000 
I"lSOl...2010 
1'1801.2020 
HSOu030 
1'1501..2040 

- - - ·MSOt..20S0 
MSOL20150 
HSOL.:I0'70 
t1S0L2080 

C FRO!-! ROW 1.1 TO RC1oi' L2 IF 1.1 IS NO"!' 1, IT IS ASSUMED THAT 
C A ANI:! P ME .uJ...READY REDUCED, FR~ 1 TO L1 
c· 

IF I PRH1T) THEN 
WRITE(108,SOO) 'IOPT'2, REDOCE LOADS ONl..Y' ,L1,L2,N 
CAL..L I..JV.TRIC lA, MtI, N ,I'm (N~l) ,'REDUCED ~IFFNESS') 
au... ~TRX(P,N ,NLC, 'NE\I1 t..aAD ~:rRIX ') 

ElIDIF 

.. -HSOL2090 
t1501.2100 
I'ISOL2110 
1'1501.2120 
1'150L2130 
MSOl...2lf,O 

16 

c 
c· - -. LOOP FOR V.CH ROW (Ll TO REDlJCE 

DO 160 L·L1,L2 

IF (AII'm(L) .EQ.O) -rHEN 
WRITE(lOS,2000) L,MIl (L) ,A.(!'ID (1..) 
STOP 

ENtlIP 

LOOP POR EACH coLUJiN (J) 
DO ISO Jal,Nl..C 

1P (F(L,J) .:EQ.O) GO TO 150 
DO 120 I' (L+I) ,N 

Ll'IJIIL,I) 
IF (LI.LT.HD(I+I)) P(l,J)'P(I,J)'A(Ll)'P(L,J)/A(MD(L)) 

120 Com-HHJ'E 
ISO COm'INUE 
160 COm'INUE 

RETU>N 

210 CaNTlNUE 
C··· IOFT'3, ~C)( 5lJ'BSTUTICIN 
C BACK StJ!5TUTI01>l 18 USED TO SOLVE FOR X IN SIi·V, WHERE S IS 
C THE REDlICE UPPER TRI-'NGUlAR PA.CTaR OP THE A MATRIX, -'NIl V 
C IS THE REI>UCED Pcmt.H OF THE P l'!A'l'RIX. THE RE6ULTS 00 ~E 
C noRED IN P 
C B.A.CK SUB91'UTION ONLY TA.KES PlACE BET'If!ZN ROWS 1.1 AND 1..2. 
c· 

c 

IF (PRINT) THEN 
Wl'i.ITE(10B,500) 'IOPT'3, BACK SUBS'MJ'l'ION',Ll,L2,N 
CAll.. !..HATRl(A,I"lD,N,MD(N+ll, 'REDUCED STIFFNESS') 
CAll.. WMATRXIP,N ,NLC, ':REDUCED I...OAD') 

ENDIP 

C- -.-- LOOP FOR EACH 11.(1111' L 
C CAJ...CmJ.G'E X FOR EACH LOAD CASE, STORE IN P 

'" 

00 250 J·L2,1.1,-1 . 
IF (A(I'ID(J) .EQ.O) THEN 

WIUTE(lOS,lOOO) J,HD(J),A.{MIl(J) 
STOP 

ENDIP 
DO 21!> Le·l,NLC 

P(J ,Le) ~p (J ,Le) IA{~(J) ) 
IF (J .CT.ll TH'EJol 
IJ'HD(J-ll 
NI·J- (MD{J'l) -I'ID(J)) 
DO 2i10 I·NI,J·I,q 

IJ'IJ'1 
DO ~;l0 LC·I,NLC· 

P(I, LC) .. P (I, U:) .p (J, LC) *A (IJ) 
~:l.0 C~INtI:E 

ENDIP 
ilSO CClN'I'ImlE 

IF {PRINT) C.uJ.. W\'9t.TIUI(P,N ,NLe, 'DISPLACeMENT') 

MSOL2150 
MSOL2160 
MSOL21'70 
M501.2160 
M80L2190 
M.B0L.2200 
"501..2210 
M.90L2220 
MS01.2230 
HS0l.2240 
MSOL2OI50 
1'1501..2250 
1'1601.22'70 
MSOL22EO 
MSOL2290 
MSOL2300 
MSOL2JIO 
"SOl...2J20 
M50L2330 
t1S0L2340 
MSOL.2JSO 

-11501..2360 
H50I...2370 
!'!S0L23BO 
MSOU390 
1'G0L2400 
MS0L2410 

. ·KB0l...24Z0 
HS0L2430 
I1S0l.2440 
101501..2450 
HS0L.2460 
I1S0L24'70 
MS0L2460 
MSOL2490 
M80L2500 
14801..2510 
H50L2520 
HS01.2S30 
M80L.2S40 
MS0L2550 
MSOL2560 
MS0L2S'70 
HS0l..25BO 
HSOLlS90 
t1801.2600 
1180L2610 
M.90L2620 
111l0L2630 
1"l.S0l...264 0 
MS0L46S0 
HS0L.2660 
MS0L2670 
MS0I..21560 
HS0L2690 
MSOL2700 
I'IS01.2'710 

310 CaNTINU! MSOL2'7 ilO 
C' IOPT'4, REDUCED l1\.fl..TIFLICATION -----·HSOU'730 
C SOL\'E P~ v IN 8'D~P WHERE S HAS BEEN REDUCED BY GAlJS5IAN KB0L.2'740 
C ELIMINATION HSOU7S0 
C THE RESULTING LOAD 16 8'TQRJ!D IN P. H501.2760 
C THE D1SPLACJ!:Io[EllTS AilE INl'U'I' IN D. HSOL2'770 
C HULTIPU,CATION CM..'!:' TAXES PUCE BE'!''tIo'EEN R~S Ll AND 1..2 1'1801...27 so 
C- - . - -MSOL2790 

c 
c· 

c 
c· 

''0 

IF (PRINT) THEN 
Wl!.ITE(lOS,SOO) 'IOPT''II, REDUCED /IIULTIPLACA'l'ION',t..l,W,N 
CAI..l... ~TRX(A.,MD,N,HD(N'l), 'REDUCED STIPP'NE5S') 
CALL WMAT:RX(FA.Ci'Oll.,N ,1, 'DISPLACEMEN'T') 

ENDIF 

ClNLY ONE LOAl:l CASE. 
Le-l 

ZERO P 
DO 320 J'Ll,L2 

IF (A(I'IIl(J) .EQ 0) THEN 
WRITE(lOe, 2000) J,MD(J) ,A(HO(J» 
STOF _'F 

P(J,Le)·O 

. - - MULTIPLY S_RED • DISP • P 
00 )40 J'Ll,N 

ICl·J· (MDIJ+l) -MD(J)) +1 
IC2·toI.A.K(lC1, Ll) 
DO )40 I'J,IC2,'1 

IJ'IJl(I,J) 
310 P(I,LC)'P(I,LC) 'A(IJ)'FAC1'OR(J) 

IF (pRINT) C.t.l...L ~1':RX(F,N ,1, 'REDUCED LOUl') 

M80U&00 
HSOL2&10 
HSOL....2B:;ZO 
"SOUB30 
H.S0L2B40 
"SOU9S0 
H50L2960 
HS0l..2S'70 
KSOL28S0 
HS01.2B5I0 
14501.2900 

·~80l..2910 

MS01.2920 
1"1801.2930 
HS0L2940 
"601...2950 
1'1501..2960 
1'1501..2970 
KSOU91i10 
"'S0L.29~0 
MSOLJOCO 
MSOLJOIO 
MSOL.J020 

c 
c· . .. UNREDUCE THE ~ MATRU 

00 360 L.·L2,Ll,-1 

• MSOW030 
MSOI..J040 
MSOL..JOSO 
M501..3060 

LOOP P~ EA.CH cOLUMN (J) 
00 350 J'I,NLC 

IF IP(L,LC) .EQ.O) GO TO 3S0 
00 )4S I' (L'll ,N 

1.I·IJI (L, I) 

1'1.501.30'70 
M.SOLJOBO 
M50U090 
MSOUIOO 
MSOLJllO 
M50LJ120 

IF (Ll.LT.MD(I·l») 
COm"INU'E 

P (I, u:).p I I, U:) ·A(LI) IP (L,LC) 1-' (MD(L») H50LJ130 ,OS 
lSO 
'00 
000 

CONTINUE 
COm'INUE 
CONTINUE 

IF (PRINT) CALL N21.ATRXlf,N ,1,'L.QAD') 
500 PaRM.AT (/:OX,A,2X,'Ll:',I5,' 1.2 ',IS,' N ',IS) 

1'1501.310\10 
~SOU1SO 

HSOU160 
HSOL..Jl'lO 
1-lS01.3190 

.000 PClRH.AT III/IX,SOI'-')1 

H601.3190 
I'IS0l..3200 
I'IS0l..3210 
HSOL:l220 
I'IS01..3230 
M50W;J40 
1'1501->250 
MSOU260 
HS01.32'70 

" " ER','ROR IN SUBROUI'INE I'fSOLL', T5I,"'1 
'" PIVarISUo --ROIol',IS, TS1,''''1 

STORJ.GE LCN ',15, T51,'" ( 
PIVOT' ,lP,GIS.fi,T51, '" ,( 

'. SOLUTION IS ABORTED T51, '., ( 
lX,50('-')1l 

1'1501..3280 
MSOLJZ90 
H501..3100 

C RE-'COOIO 
C ............................................. • ••• •• ••• ••• ••• ••••••• •• ····REAC0020 
C RE-'C0030 

SUBROlTTINE REACTN (IOPT, PRIm' ,NNODE,Ll, L2, W.LA, FORCE ,CISFL, REACOOCIO 
IiD,A,ICM,NDOF,NLa.t.D , FACTOR, REAC0050 
I'O.XNOO, IooF', COOP.D, ID, TITLE, STEPID, HEAD, RE-,C0060 

" NCOS, COSINE, JTCOS, JTFI...G. SOH) REAC00'70 
CH.U..AC"!'ER'(~) TITU(2),STEPID REACOOao 
CHARAC"!'ER-IS cr;l(6) REAC0090 
LOGICAL PRINT,HEAl:l,FUo.G,BTE5T REACClIOO 
'DIMENSION A(JQoI) , MD(NOOP.l), looF (MAXNOD,6) ,G(6) RE-,COI10 
DIMENSION PORCE I NDOF, NLOAIl) , DISPL{HDOF ,NLOAD) REAC0120 
DIMENSION ID(K.UNOD) ,COOP.D (AAXNQC, 3 I . J':FLG(MAXNODI RE-,C013D 
DIMENSION F (6), Sll"!(6) ,COSINE 1::>,3 ,NCOS) ,JTC05 (!"WINOD] REAC0140 

IP 110FT.EO·l) THEN 
c 
c·················.····.·············· ..... -.... 

REAC0150 
REAC0160 
REACOI'70 
REAC0180 
1IEACO ~ gO 
REAC0200 
REAC0210 
RE.J.C0220 
REAC0230 
RE-'CO~40 
R.EAC0250 
RE-'C0260 
REAC02?O 
REAC0280 
REAC0290 
RE-,C0300 

C- MOOIF'!:' l..OAIlS POR RESTRJ,Urr DISi't..A.CEI-tDo'TS all C····· ................... ~ ..................... . 
C CCD..JSIDER THE PAJI."!'ITICNED STIPFNESS WHERE K~ AJI..:E THE RESTRAINT DISP!.. 
C 
C :Pl: Kll IC12 :XI: 
C 
c 
c 
c 
c· 

: P2: X21 IC22 : X2: 

THE I'IODIFI'E!) FREE LOAD IS [PI X12'X2) • kll'Xl 

DO 10 I·Ll,1..2 
00 10 J·I,Nl..OAll 

C PUL.L S":'ORAGE 
C EOU;V-,u:m 



C I:lO 10 K·W,L4. 
C lCl PClRC£~I,J)·PCRCE(I,J)-K(I,'O·OISPL(l(,J) C 
C- .. -C 

c 

DO 20 X·W,L4 
KDX·KD(K"l) 

DO 20 J·I,~ 
DO 10 1·1.2,Ll,·1 

IK·MD~IC) .. X-I 
IP (UC.OE.MDK) 00 TO 20 
FIJ·FORCE(I,J) 
UX·A(IXj 
OKJ-OISPL(K,J) 

10 PORCE(I ,JI ·F~CE (I,J) 'A( IKj*OISPL(X, J) 
20 CONT'INUE 

IF (PR INT) 
Ii. CAU- WMATRX (FORCE,NDOP ,NLOAD, 'I'f(XIIFIED LOADS') 

ELSE IF (10PT.EQ.2) THEN 

c············· .. ·· .. · .. · .... ··· 
C· SOLVE FOR REACTIONS ••• 

c·· .. ··• .. ·••··•••·•••·••·•· 
C CONSIDER 'THE PARTI'l'Ictn:O 5'l'IPFNESS WHERE X2 .un: THE RfSTRAINi' DISPL. 
C 
C :Fl: XlI : XIZ : :U: 
C : - -' - .. : ' .. : • PAc-raR 

XZl : XZ2 : ::112: C :PZ: 
C 
C 
C 

THE REACTIONS ARE p~. p;a , ( X21":IIl • )(22')12 ) ~ PACTOR 
NOTE: BOTH P1 AND P2 Cam-UN FIXED END PORCES FRG! HEMBER lAUIS. 

c 
C· . 
C 

THUS, K21')(1 .. K:n'lt2 IS ADDED TO P2 TO GET THE ~EACTIONS 
- -·C 

DO 120 I·U,l..4 C PULL S'l'aRAGE 
DO 120 J·l,NLQ.\D C MODE E~IVAl..EN'l' 

co 
c 

PORCE(I,J)·O - P2 CONTAINS FEF'! I C 
DO 110 X·U,L2 C 

C 110 
C 

FORCE( I, J) ·P<Il.CEil ,JI" X (I, [) -DISPL(X,Jj C 
DO lJO X·U,LA C 

FORCE(I,J)·PCIl.CE(I,J).X(l,Xj"OISPL{J:,J) e C l;ao 
c· ·c 
C 

DO 120 1·1..3, L4 
DO 120 .1·l,NLCAD 
DO 110 x·l..;a, tol,-1 

KI·HD(O"I-X 
IP iXI.GE.MII(I~ll) 00 TO HO 
UI·A(Kl) 

110 FORCE (I, J) ·F~CE (I ,J') "A (ICI) ~DI SPL(X,.1) 'FACTOR 
120 CONTINUE 

DO l4.0 1·1..3,l..4 
DO l4.0 ~·U,I.A 

IF (I.LE.X) THEN 
U:·KD(X) 'X'I 
11D1(·I'ID(X+I) 

EloSE 
IK·MD(I)"I·I( 
HDX·HD (I .. 1) 

ENDIF 
IF' {IX GE . MIllO GO TO ItCl 
AU·A (IK) 
DO 130 J·I,NLQAIl 

UO POilCE (I ,J)-P'ORCE (I, J) -A (U) 10ISPL(l,.1) 'FACTa< 
14 0 CONTINUE 

IF (PRINT) 
.. CAlJ.. WHATRX(FOiCE,NOOF,NLOAD, 'FINAL LOADS AND REACTIONS') 

ELSE IP (IOPT.EQ.3 .CII.. IOPT.EQ G) THEN 
Np·L2 

C· ............................ -. 
C· LOOP POll. EACH LOAIl CASE ••• 

c······························ 
DO lOa L·1,NLCl).D 

C C···.-··.·· .... ··.·· .... ·.·· ..... ·. 
C· PRINT GI..CaA.L REACTICINS 

C .. ················-············.· 
C 

IF (PRINT) THEN 

END" 

If (HEAD) WIUTE (108,3;a0) TITLE!l) ,TIT'U(2~ 
NlIUCT·o 
If (IOPT.m.4) \IIlI.ITE{10Il,321) L,STEPIO 
IF (IOPT.EO 4) 'noITE(lOe,421) 

IF (IOM.EQ.3) THEN 
DO 190 1·1,6 

190 SlJo!(I)·O 
ENDlF 

IF ( .NOT.(NCOS.EQ.l .1U-lD. COSINED,I,I) .EQ.l .AND C05INE(2,2,1) 
" EQ.I .AMl. COSINE(3,3,1) .EQ 1).AND IOPT.EQ.4 ) GO TO 279 

DO 200 r-l,NNODE 

GET REAC"'T'NS IN JOINT COORDINATE SYSTEM 
FLAG-. FALBE 
DO 2051 J·l,Ei 

IJ·IOOF(l,J) 
IP (I.1.L£.NP .CR. BTEST{JTPLG(I),J"ll» THEN 

F(J)·O 
ELSE 

f(.1)·PORCE(IJ,LI 
FU.G· TRUE 

ENllIP 
CONTINUE 
IF (.NOT .PL.A.G) GO TO 200 

TRANSFER REAC'TNS TO GLOB.a..L CIXIRDINATE SYSTEM' 
DO 229 11-1, J 

I2"I!;.J 
G(ll) ·0 
G(l21-0 
00 219 .11-1,3 

J2-J1·3 
G(ll)·G(Il) .. COSINE(J'I,Il,JTCOS{I»-P(.1l) 
G(12)·Gi12) .. COSlNE(Jl,Il,JTCOS(I»-F(J2) 

IF (PRINT) THEN 
IoiiiITE(CJ:)(ll) ,2101 Gill) 
WRITE(CD(I2),'no) G(I2) 

ENDlF 
2;a9 CONTINUE 

'" 

SllM REACTIONS 
IF (IOPT.EQ J) THEN 

DO 240 11-1,6 
SUM (Il)·SUM(Il) ~ G(ll) 

SUI'I(4). SLIM(4) G(2)'COORDII,l) 
SU1(~)· SUMIS) • G(1)~CoaR.D(I,l) 

SllM(6)· SllM(6) GO)-COORD(I,2) 
ENDIP 

PRIm' GL.CiBAL REACTICINS 
NRUM-NitACT'} 

.. G (3) "COClRD(I, 2) 
G(l) -COClRD 11 , 1) 

.. G(2)·COORDII,1) 

IF (PRINT) Wi-ITEClOB,2;a0) ID(I), (CDIXI,X.l,Ei) 
CONTINUE 
IF (IOPT EO 3 AND PRINT) IolRITE(lOe,2:!O) S\.DIo! 
IF (lOPT.EO.' .AND. PRINT J WRITE(10B,2.H) SUM 

C C·····_······· ....................................... . 
C' PFlNi LOCAl. JOltn' CCXlRDlNATE SYSTEMS RE~CTIONS ••• c············· .......................................... . 

IF (.NO'l'. PRIm') 00 TO JOo 
IF (NCOS.E" 1 .AND COSlNEn,1,1).EO·1 ~. COSINE(:!,2,11 EO 1 

.AND COSIm\J,3(1)_EO 1) GO 'l'0 lOO 

REACOllO 
REACOJ ~O 
REAc03lO 
REACOHO 
REACOHO 
REAC0360 
RE..\C0370 
REAC0390 
REACOl90 
REAC0400 
RE"'CClAI0 
RE,-,COA20 
REACOOO 
REACOUO 
RE~C04S0 
RE~CO'60 
REo\C0410 
REACOIIIIO 
RE~COASIO 
REACOSOO 
REACOSI0 
REACOS-ao 
REACOSJO 
1I.EAC0540 
REIo.COSSO 
II.EAC05EiO 
llEAC05"10 
REACOSBO 
llEAC0590 
REAC0600 
REIo.C0610 
REAC0620 
REAC06JO 
REAC064.0 
REIo.C06S0 
REAC0660 
REAC06"10 
REAC06BO 
REAC0690 
REACO?OO 
REAC0110 
REACO?:ilO 
REAC07JO 
REACOHO 
REAC01S0 
REACO"lISO 
REACO'?'?O 
:8.EACO"lBO. 
llEACO"lSlO 
1I.EAC0800 
XEAC0910 
iEAC08:i10 
1I.EACOB30 
REACCB40 
1I.EACOB50 
1I.EAC0960 
'Rl!.AC0970 
REACoeBO 
a£ACOB90 
REAC'0900 
R£Ac0910 
RE.A.C0920 
REAC09JO 
RE.AC0940 
REAC09S0 
R.£AC0!ll60 
UAC0970 
REAC09110 
R!AC0990 
REACIOOO 
RUCI010 
RE..lCl020 
iEACIOJO 
REACIC'O 
REACI050 
REACIClISO 
REAC1010 
REA-C10BO 
REACI090 
REACllOO 
REACllI0 
REAC1l20 
REAC1l30 
REACl14C 
R!AC1l50 
REAC1l60 
iEACl1"lO 
ilEAC1l90 
REAC1l90 
R£'\C1200 
REAC1~ 10 
RUeH20 
REAC12JO 
REACl240 
REACl;1S0 
REACH60 
R£AC1210 
REAC12BO 
1I.EAC1290 
IEAC1300 
IUCl110 
UA.Cl 32 0 
REAClJ30 
REACIJ40 
REAClJSO 
REAClJlSO 
REAClJ10 
REACIJ1!O 
REACIBO 
REAClAOO 
REACI410 
REACU20 
REAClA30 
REACU40 
RUCU50 
REACU60 
REACU"ICl 
REACUBO 
REAC149C 
REAC1500 
REAC1510 
REAC1520 
REAC1Sl0 
REACUiAO 
RE.AClSS0 
REAC1560 
REAClS10 
REAC15BO 
REACI5S10 
RE~ClISClO 

REAClIilO 
REAClIi20 
REAClEi30 
REAC16AO 
REACl1S50 
REAC1660 
REAC16"0 
REAC1690 
REAC1690 
REAC1"lOO' 
REAC1710 
REACl" 20 
REAC17l0 
REAC17H 
REAC} 1 ~o 
REAClj60 
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c 
c. 

c 
c. 

IF (HEAD.AND. NREACT.QT.20) WUTE(108,320) TITLE(l),TITLE(21 
11' (lOP'r.NE.G) WRI'l'E(10e,322) L,S'TEPID 
IF' (10P'r.EQ.4) WRITE:(l09,42.:a) 
00 290 I·l,NNeDE 

...... GET REACTNS IN JOINT COORIllNATE SYSTEH 
Pl..AG· .PALSE. 
DO 2BO J·l,Ei 

IJ·lDOF(I,J) 
IF (lJ .L£.NP .CR. BTEST(JTPLG(I) ,J"ll» 'l'HEN 

CO(J)·· , 

ELSE . 
WUTE{CD(J) ,;nO) PORCE(IJ,L) 
FUoG· .TRUE. 

ENDI' 
CON'I'INlJ'E 
IP (.NOT.PL.\G) GO TO 4190 

PRINT REACTNS IN LOCAL COORDINATE SYSTEM 
IIIlI.ITE(10B,;a21) 10(1), (CO(K) ,'K·I,Ei) ,JTCOS(l) 

290 CONTINUE 
300 Ca-n'INUE 

210 FCIlMAT (lP,GlS.1) 
:a;ao PClUtAT (SX,I5,EiA) 
2:i11 Fc:DU!AT (SX,I5,EiA,110) 
;alO Pc:auuT (' ',90('-'),1' 6lMI.ATION·,EiG15.1) 
231 FCRKlT (' MAX OF Al...L',lI9i··'I,I· acs Sl.I9l.' ,EiG1S_"I ) 
J~O FCRl<!.AT ('1 STROCTUR.E... ',A,I' SOLU"t'ICIN ..... · ',A) 
321 FC3UU.T (/I' GeS RESnAIm REAC'TICtlS, LOADING 1I',15,5l<,A,1 

Ii. ' ••••••••••••••••••• .. •• .. ···116'X,·NCCE·,'1X,'PX·, 
Ii. 13X, 'FY' ,1JX, 'PZ', 13X, '10', 13X,'MY', 13X, '1'12.' II 

J22 FCIRJO,T i/l.' JCS REST1.AINl' REACTla-lS, LOADING r',I5,5X,",1 

, •••• .. ••••• .. ••••••••• .. ·····116Y.,·NaOE·,7X,·PX·, 
13X, 'PY', llX, • PZ', 131, 'MX', Il'll:,'MY', 13X, 'HZ', 

" 6][,' COBINEtt'/) 
A21 f(SKAT (1/' KUIKlJoI GCS Blsn.UN!' lEACTlal'6', 

'- 5X, 'NOT!: K.U~ VALUES MAY NC1l' CCCUR snrul..TANE'OllSL'f'1 
, •••• .. •••••• .. •••••••••••••••• .. ····'116X, 'NOOE" ,'1X, 'FX', 

Ii. 131, 'FY' ,13!, 'PZ', Ill, 'KII' ,lJI, 'KY', Il][, '1'12.' n 
G22 PClRM.AT (/1' KAXIMtJo! JCS ll:E8"nlAINl' :aEAC"!'IONS " 

Ii. SII,'NOTE: w.xl~ VALUES KAY NOT CXCUi SIM1JLTANEOUSLY'1 
" ..................................... '/16X, 'NODE',7X, 'Pl(', 

131, 'FY', 131, 'PZ' ,lll, '19:', IlX, 'MY' ,13X, 'm', 
n,' COSINE 1I'll 

REACl710 
REACl1S0 
REACl1SiO 
REACIBOO 
REACISlO 
REAC1620 
RE.lC1630 
RE.lC16AO 
ilEACB50 
REAC1960 
REAClB'70 
REACHBO 
REAClS90 
REAC1900 
REAe19l0 
REAC1920 
I\EAC19JO 
RE.lCIHO 
RE"Cl5ISO 
REAC1950 
REACHl10 
REAClUO 
REAC1990 
REAC2000 
1I.EAC;l010 
REAC202C 
REAC2030 
REAC2.04Cl 
REAC;;!OSO 
REAC20EiCl 
REAc;ao"JO 
REAC20BCl 
REAC20gG 
ll.EAC:illOO 
1I.EAC2110 
REAC2l20 
1I.EAC:21JO 
REAC21AO 
R'E'AC:21S0 
REAC2160 
REAC2110 
REAC21110 
REAC2l!l10 
REAC22GO 
REA.C2:i1l0 
REAC2220 
REAC2230 

ELBE REAc;a240 
WRITE(lOB,·) 'INVALID OPTION IN BllBiCl.1rlNE :R.t.\_ClN, 10PT··,IOPT REAC2:i150 

ENDlF REAC2:i1EiO 
Rr'I'URN REAC2no 
END REAC0I.2BO 

C FORMOOI0 
C·········.········.·······.··········· .... • .. • .. ••• .. •• .. ·.··················PORM0020 
C FORMOOJO 

SUBROln'INE' FCRM(IOP'r) PORM0040 
CHA.Jl.ACTER IDJoIE"BO,E~"130 PORM0050 
LOGICAL PlI.IN"r',HEAD,PALSE,AlII.u..,BTES'T,BUGS,BllGS1 FORMC060 

SINCUJDE.· ZCtMN· PORJIIOOjO 
C FORMooao 
C· . 'POR1'!0090 
C MAnIX 8'I'OJlAGE SCHJ!2!I:E: POR1'!O 1 00 
C ·THE 8TIPf"NESS !'lATRIX (J:) IS BANDED AND SYJoIME'!'RIC. FORI'IOIIO 
C THUS ONLY THE SOLIN! ABOVE THE KAIH OIAOONAL NEEDS TO BE STORE!> P0ltl10120 
C THE MATRIX X 15 &"'I'CiEO IN A UNiAlI AU.'u BY COUliNS. FOlU'lOI:lo 
C THE VALUE ~ TH! to!AIN DIAGCNAL IS S'TCIREtI IN THE l..INV.R AQ.AY FIRST FORMOl4.0 
C iEl..\TIVE ADDRESSES OP TlfE UNBAR ADAY EL.EJoa:NTS CONTAINING THE FOR)o!Ol~O 
C MAIN DIAGONAL TERMS ARE &"l'ClRED IN I'ID. PORM0160 

THE A.890LllTE ADDRESS OF THE FIRn ELEMENT IN THE K MATRIX IS IZSTIF.POR)o!OI"lO 
THE STIFFNESS MATRIX X IS 8TCll.EIl IN THE 2. ARRAY, Z(I2.S'l'IP)·X(l,l) P'ODl01110 
THE ABSOLUTE AIlDRESS OP THE PlRS"'I' EI..EH£m' IS THE KD MATRIX IS I2I1ll. FORJolOl90 
THE STIPFNESS MATRIX I( IS S"l'alED IN THE N2. AD.AY, m(lZI'!D) .. MO(l) P'0lU10200 
THUS: IF I LE J (UPPER TRUNGUW. MATRIX) p'oJUolono 

IF IZHD'loJ < IZI'!D l·J'l POlU1O;a~O 
IJ·m(IZl'ID·14J).J·I : RELATIVE ADDRESS IF EL.EHZNT (I,J)PORM0230 
Brl,.1)·Z(IZS'TlP-l ... IJ) P0lU10240 

'loSE 
B (1 ,J)·c (I,J) IS A.B~ THE SKYLINE 

!XA.!'IPLE: LET B BE THE US puu.. S'fP.IE'I"IU C MA TR n BELOW .. 
'1' 3: : : 12.' 

FORM0250 
PORMo~6a 

FORM021 0 
PORM02S0 
PORM0290 

:2 : 5: : 11 IIJTE. B(I,3I,B(l,4.) AND B(:a,4.) ARE Z.ERO. FORI'I0300 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c· . 
c 

c 
c· 

B· : : 4 : 1 : 10 
: SYM1.. : Ei: 9 . 

SAY IZI'!D·121,I2.S"T'lp-20C 
NZ (121 f·1 Z (~OO)·1 
NZ(122)·2 Z(201)·2 
NZ (12J)-4 Z{~02)·J 

N'Z\1:iil4)"6 z'(203)-4 
N'Z(l:ilS)·a Z,(204.)·S 
NZ \126) ·lJ Z(:ilOS)-6 

z'(206)-1 
z'(206)·11 
z'(206)·9 
2. (~06) -10 
2.(2.06)·11 
2.(206)·12 

THUS, FCII: 8(3,4) 1·3, J·4 

MIl· 1, :ii, 4, 6, II, 1) 

IJ·NZ,!IZHD·l .. J) +J-I • NZII:ill-1+4.) +4.-3 .. 6.4.-) -1 
B (1 ,J)·Z,(IZS'I'Ip·l .. IJ) • Z (200 '1-7) • Z(;a061 • '1 

THUS, PCII. B(:iI,oI) I·~, .1-4 
IJ*m,(IZHD-1".1)"J-I • NZ(121·1"4.) "A-<3 • 6+4.-<3 -9 
NZ(IZMD ·l·J"ll·m(l:H ·1+G .. l)-8 
SINCE IJ GE m(IZHD·l·J-I) 
BtI,J)·O (1,.1) IS AlIOVE THE SXYLINE. 

BOOS • l!'l'ES'T(IBUG,S) 
BlIG51· l!TES7(16llG,1) .AND. BUC;~ 

LS-rI'YF·O 
PRIm· FAl..SE 
Hi!.AD • FALSE. 

C 10PT·l FCJUoI S'I'IFPNt:SS I'lATRIX 
C IOPT-2 PaRM GECt1E"I'RIC S'I'Il'PNESS MATRIlI 
c· 
C 

IF 16UG5) WRITE (6,") IN ROU'l'INE FaRM 10PT:', 10PT 

49 FClRXJ.i IU,A/(' 1.' ,u,' MDHASS(I) '(111») 

GO TO (100,200) 10PT 
c 
C •• •••••••••• ~ •••••••••••••• 

C· ",SSEMBLE STIPFNESS •••• -
C········ .. ·-······ ... ·.·.· .. 

c 
c· 

c 
c· 

100 COfl'l'INUE 
1ST ·HSTIP 
1.DlD·HSTIi' ·NZiIZHD"NDOP) '1 

ZERO STIFFNESS 
DO llO I-IST,IEND 

Z(ll·O 

l...DOP POR ~CH ELE'l1EN1' 
00 120 IELNO·l,NElJiT 

. GE'T STIFFNESS OF EACH EL.E1'IEm' 
FALSE· FALSE. 
CA1.!.. ELELIE 

(J, l-S'T1'Y'P, PALSE, IREL, F.lLSE ,NAME , EiSE, EPSE ,DAMAGE, DUCFAG, 
IEu-ro ,IEl..DOi" ,KGDOP, PGECJo1,Z ,AJIA..l., IWISP, l'ZI...a.\D,HS'!'OR) 

IF (EUGS'l THEN 

FORM OJ 10 
P0lU10J 20 
FOJUol0330 
FORH0340 
FORM035Cl 
FORM03EiCl 
PORl'iOJ70 
PORMOJBO 
PO:llJol03S10 
PORM0400 
FORl'i0410 
PORM0420 
FORM0430 
PORM0440 
FORM04S0 
PORM0460 
fORM04 '1 0 
PORM04BO 

OX PORJllCl4.90 
PORMOSOO 
PORMClSIO 
FORl'lClS20 
FORJllOS30 
FORMOS40 

. ·FORJol05~0 
FORJol0560 
FORJolOS10 
P'ORMOSBO 
FOR!olOS9o 
FORl'lOfiOO 
PORJ-l,OfilO 
FORMOEi20 

- _ .. - - -F'ORJol,06JO 
PORMOEi40 
PORHOEiSO 

. - .. FORMOEi60 
PORl'l06"JC 
FORMOEi80 
FORM0690 
PORM0100 
POR/'!0'110 
POJUll0120 
PORMClj30 
FORMO/AO 
PORMC150 
FORl'!C?60 
PORM07"/0 
FORJol01110 
F0Jl.!l10'?90 
FORMOBOO 
FOaMOel0 
FORJolOB20 
PORM08JO 
PORMOBAO 
FORMO~50 

FORJol08ec. 
P0lU10~'10 
PORMOeeo 
PORHOB90 
FORM0900 
FORJol091c 
l'ORM09:a0 
FORM0930 
FORMcS40 



c 
c-

15 

120 

WRITE (EU.o,15) IELNO, (N'2.\I+ULM"l) ,1-l,HINIIEl.DOP,lB)) 
PClRHAT ('ELEMENT .',16,' LJo!:',lBI61 
CAll.. I.JU.TRX(2.{I'Z.KE) ,i'1D,IEU>QP,I'!I)(IELDOP+l) IE~) 

ENDIF 

CALI.. FDRI'!L['l.(IZSTIP) ,NZ(IZMD) ,NDOP,N2(IZJoI!)"NDQF), 
" 'l. (IZ-XE) ,MO, IELDOF ,MD( I2LPOP-1) ,m (Iz.lJII) ,1.) 

SUBn:tA.CT GE~ETRIC STIPFNE!)S 
NZ (I ZlGDT -3) -NZ (IZXGt!'r-3) 

IF (NZ(IZKGDT"3) .2Q.l) THEN 
PALSE· .PALSE 
CALL ELELIB 

( 2, LSTT":tP, FALSE, IREL, t)J.J;E, NAME, EESE, EFSE, DAXAGE, DUC'FA.G, 
IE~O ,IELPOF ,XGDOF ,FGE:(!o!,Z ,UUJ.., I 'Z.DISP,I'ZLOAIl,MS'I'OR) 

IF (BUGSi) THEN 
WRITE (EUKJ,15) IELNO, (NZ (I"IZI..K)I:G 1), 1-1 ,MIN ()CGDQp , IB) ) 
CAI..J... l.J'IATllX (Z(Iz'XEXG) IMP, KGDOP ,MD (XGOOF .. 1) , E~) 

ENDIF 

IP (.NCYr . .uU1..1 GO TO 1OlO 
DE'TDI1IN'E 'rHE FACTCiI. POll KG 

IF (NZ(I2.kGDT+1).EQ.1) THEN 
ACCELZ- Z(IUGDT) 
PGE~-PGECI'I- (l"A.CCEL.Z) 

ENDI' 
SW-'P THE SIGN ON PGECJoI Fail SIJBTRAMION 
FGEOM- 'PGECI'I 

CALL FaRML(Z (aSTIP) ,HZ (IZMD) ,NDOF ,NZ(I7JiD+NDOP) , 
.. Z(IZ)CEKG),MD,KQDOP,MD(KGDOF-ll ,N2(I'Z.lJoI:II:G) ,PGECI4) 

ENDIF 

CONTINUE 

...• ASSEHBL..E GE~E't'RIC ~IFNESS 
200 CarrINU'E 

c 
c- -

c 
c-

210 

c 
c- -

IF {N'Z.tI'Z.XGDT.3) NE,2 ) RETlI'RN 
1ST ·IZKG 
IDlD-IZ.kG + NZ(IZMDKGoNDQP) . 1 

'. '2.DO STIFFNESS 
00 no I·UT, lEND 

7.(1)-0 

. •. LOOP FOR EAC H ELEHEN'r 
DO 2OlO IEWO-l,NElH'T 

GE'T STIFFNESS OF EACIi ELDIEN"! 
PALSE· . PALSE. 
CAu.. EULIB 

(2, LS'I'T"I'P, PALSE, IItEL, FALSE, NAME, EESE, EPSE ,DAJILl.GE, DUCFAG, 
IEt.NO ,IELDOF, XGDOP, PGECJII, Z ,AXlll, I7.DISP, I ZLOAD ,MS'TClR) 

IF (.NOT, AXIAL) GO TO OIOlO 

IP (BUG5'7) TH:£N 
WRITE (6,-) 'PGEO'I-',PGECM 
WJlITE (Eu.o,15) IEUIO, (N'Z.(l.I'Z.I..Io!XG·1) ,I-l,HIN(XGOOP,lB) ) 
CALL lJiATltJl (ZiIZKEXG) ,MtI,XGDOr',MDiKGDOF+l) ,ELNO) 

END IF 

o.u.. FClRl'!l.('2. (1ZXG) ,N'2.(IZMDJ:G) INDOF,NZ(I'ZKDJ:G-NDOF), 
" Z(IZKEXG) ,MD,XGDOF,MI>(J:GDOF~l) ,NZ(l'Z.I.JD:G) ,PGE01) 

~.O CONTINUE 

FiJRM09S0 
FORJo!O!HiO 
FORJoIO!il70 
POJUo!OSlBO 
FORMOSlSlO 
FORl'IIOOO 
FORMIOIO 
FORMI020 
roRMI030 
FORMI040 
F01U41050 
FOiUo!1060 
FORJolI070 
FOJUollOBO 
PORMI090 
P0lU11100 
paRMI 1 10 
FORM1l2a 
J"OitHl13Q 
PORt<!lUO 
FORMllSO 
P01ll'1.l1!50 
FORMl17Q 
FOiMIIBQ 
P02.HllSlO 
PORHHOO 
FORH121c 
POlUoIl:l:20 
FO»!:l:iIlO 
FORJo!l2&O 
PORM125Q 
PORM12iSO 
POfUoI12"1Q 
PORMl280 
PORM129Q 
FORMllOO 
FORMIJIO 
FORMll:i!O 
FORJo!lJ3Q 
F0Rl11l'O 
PORMIJSO 
FORM.1360 
FOIU'I13?O 
PORM13BQ 
POAH1390 
FORJIIU,OC 
PODIIUO 
FORMl'20 
FORMUlO 
FORMl'.O 
FORH14S0 
POD!U60 
FORMU?Q 
PORH14 80 
PORMl490 
~1500 

FORtIlSlO 
FOIU11520 
FORJIIlS]O 
FOiM.lSIiIO 
FOJ!.HlSSO 
POJt)of156 0 
PORM15"10 
PORMlS90 
FORM1590 
FODl160Q 
FORM1610 
FOJUII1620 
FORMUlO 
PORM1640 
POiM1650 
FORM1660 

RETURN FORM1670 
END FO'RMlEiSO 

c·.···.···---- .... --- ..... ------· .. - .. •• .. -·---··--··--·-··--·····-- .. ··--.. ·-- .. --Et.EOOOI0 
SUP.ROUTlNE EL!OI ELEOOO;ZO 

.. nOPT ,PIRST ,PRnlI' ,ID ,lOOP ELE00030 
COORD ,COSINE ,JTCOS ,CaNST ,DISPL ElE00040 
PORCE' ,1REL ,XGDATA ,PGEO'I ,IElD ELE00050 
ELO ,NAKE ,AXIAL ,IE~ ,RINPtrI' 21..E00060 
l'UB ,EESE , EPSE ,DAMAGE ,IELTYP EI..EOOO")0 
IElDOP ,T!'! , II. ,RT ,P ELEOOO!O 
PT ,i.Jo! ,CTS ,CTE ,BS E[.E00090 
BE ,D ,NOD2l ,NCCEJ ,JOINTI ELEOOI00 
JOINTJ ,REL ,LENGTH ,'ltGDOP ,LXG ELEo0110 
LKXG ,ISE ,ENGD~T ,FK.U ,HAT 2LEOOUI0 
SE ,STIFF ,FEIot f ELEOOlJO 

I!"[PL1CIT REA1..(.II·H,O·'Z.) 

CCMlaN /RS}./lcCJol:N, asAP (12) 
REAL KII Z, XJ J'Z., XIJZ, )CHI{ ,XJJ":t ,KIJY, k"I'I ,LENGTH, ICQOI 
INTEGER :REL,FlELT 
LOGICAL PIRS'r ,FRINT, FEHPLG, P.u.sE,AXIAL,llTEST 
CHARA.eTER NAKI:!-BO,IRELC-I!i 

$1 NCWDE .• '2.CQ{N3 ' 

c 
c- -

DIMENSION IDOP(M.\.XNOD,6) ,COORD (I1AXNOD,6) ,cosua:(J,3,NCOSj 
DlMENSIO}.l CONST(MAXNOD,6) ,IDil'LUNCDI ,JTCOS(M.kXNOD) 
DIMENSION ASAT (12,12) ,SAT (12.,12) ,srI PP (155) ,XGDAT~ (3 ) 
DIMENSION A(12,12) ,S!101, HI ,UH12) ,LMr(12) ,LHXG(l:O) ,Ft'L\X(lU) 
DIMENSION CTS i3, 3),CTE(3, 3\, V1()) ,V'! (3), FUll (NDOF) 
DIMENSION BS (J,)) ,BE (3,J) ,SE(15) ,ENGDAT(2) ,TIoI(14o) 
DIMENSION R (12), DISPL(NDOF ,Nl.llAD) , F(H\ ,RT(l2), FT(H) 
DIHl:~SION PORCE(NI)OP,Nl.OAD), IEtD(S,KAlELD) ,EUl(lOl,MAXELll) 
DIMENSION RINJ'tn (lOO), PEM(lil,NLOAD), GFEI'!(12) ,DUCT(J) ,EXCll (16) 

C VARUlH'£S. 
c- -
C' . '. GLOBAL VAll: IAlILES 
C IOPT • 1, INITIAl.IZE BEAI1 COUJMN EI.»!E.NT 
C 2, c.u.ctn.ATE GEOoIETRIC STIFFNESS 
C 3, FORM STIFFNZSS 
C - 4, OJ.,CU"J,TE INCREMZN"IAL FORCES 
cOoS, CALClJI.A'rE TOTAl. FORCES AND ENERGIES 
(' IUNIT • Oln'Ptn PIL.:E UNIT • FOR FRINiING OUTPln' 
(' PIRST - FLAG, PIRST-.TRlJ'E., PRINT HEADERS 
C PRINT - pu.G, FllINT - . TR TJE , FRINT DA"r~ 
C NDOP ... OF GLOBAL DaF 
C NLOA.D .. " OF LOAD CClomlNATIONS 
C Jo11o.XNaD •• ROW DIMnlSIaN OF NODE J.U.A"I' 
C NNODE • • OF NODES 
C 10 - AAP-A":t OF EJI'rEJUl.u. ~ODE NUMll~S 
C lOOF - Ui.A'I' OF DEGREES OF FREElX!ol 
C CCORD - ARRAY OF COCIRDINA'rES 
C COSINE • ARR~Y OF DIRECTION COSINES OF NODEs 
C CaNST - .IJUi~"I' OP CONSTll.UNT TV.NSFORMATIONS 
c: OISPL • GLDBAL DISPLACE!"IEN'r MATRIJI 
C IZIoIAT • LD:nIO~ OF MATEJUAL DATA IN GLOBAL STORAGE VECTCS 
C NAME • El..EMLNT N.t.Mt 
C IEUlO .. E'L..EMXm' NUKBD 
C II:lNPt.rr • INPtrr DATA 
C S'TIPF • <XTrflJ! EL2JoIEm' SjlPFNESS (UPPER TiiANGUu.& PaRMI 
C lJ!I - OUTPUT t.DO.l. TO GLOBAL STIFFNESS MAPPING MATRIJI 
C' ELEMENT VARIABL..ES 
c: 'I'H(2 U) ,D 
C • INbIVIDUAL TERMS I~ THE El..EMEN"r 51IPFNESS (5) MAn:tIX 
C FXG • 'no! ( 1 ) : INPTJ"r LQAI) FOR PORl"lI}.lG GEOo!!"rRIC STI PPNES S I'lATRIX 
C II: - INCII:IMENTAL DISPLACEMENTS 
C RT • TOTAL DISPlJ,CEMENTS 
C F • INCRII'!!NTAL FORCES 
C F'! • TerrA!.. FORCES 
C !.Jo!' - LOCAL TO GLOBJJ.. ST. FYNESS l'Uo,PPING M.A.TRJl( 
C CiS • LlXAl. ,.0 Gl.OBAL RO':"~TION HATRIX STi\R1 
C CTE LCCAL TO GLasAl.. ROTATIO:N I"L'TUX END 

ELE00140 
ELE00150 
£1..£00160 
E1..EOO 1") 0 
ELE00190 
ELEOOUO 
ELE00:300 
ELEOOUO 
ELEOO;Z~O 

ELEOO:iilJO 
ELEOO;UO 
ELEOO;ZSO 
E1..E00260 
lI...J!OO:;:")0 
ELEOOaO 
ELE00:390 
ELE00300 
2LE00310 
ELE003:30 

. 'ELE00330 
£L£OOHO 

'ELEOOl50 
EI..EOC)60 
ELEOO)iO 
ELE003BO 
ELEOO)5l0 
ELE00400 
ELE00410 
£1..£00420 
ELE00430 
2[..EOOUO 
ELE004S0 
ELE00460 
ELE004iO 
£LE00480 
E1..EO 04 !O 0 
ELE00500 
ELEOOSI0 
El.EOoS;:O 
ELEOOS30 
ELEOOS40 
ELE00550 
E1.200560 
2L2005iO 
ELEOOS80 
E1..E00590 
ELE00600 
ELE00610 
ELE006;Z0 
ELE006)0 
ELE00640 
ELEOOI!iSO 
ELE00660 
ELE006iO 
2L200690 
ELEOOEi90 
ELEOO'JOO 
ELE00710 

C BS • l..JX:Al.. TO Gl..aaJ.:. ROTATEt ECCEN'Ml.ICITY/CONSTU.IN'T MA.TRIX S'TARTE1..EOOi~O 

18 

C BE • l..D:.A.L TO GLCBJ.L RO'U.TEO ECCENTRICITY/CONSTRAINT MATRIX END 
C STIPP - ELEfoIDn' S"I'IFP'NESS 
C IELT'iP - EUMnIl' rtFE • 10 
C NCtl£I - EXTDN.t.L JOINT mJoIBER, END I 
C NOOEJ • EX1!RNAL JOnII' NtJomD:, END J 
C JOINTI • INTEllNA.L JOltn' NU<BD., END I 
C JOINTJ • INTERNAL JOIN'T' NUiElER, END J 
C·········· TEHPRO.u:y V.u.U.BLES 
C V1( • VECTOR DEFINING THE E1.EK!NT X AUS 
C V'( • VECTOR DEFINING THE ELEKfm' Y A.XIS 
C COSLOC • LOCAL COSINE KATlUJI 
C A - GLOllAL TO LCCA.L FaRCE TRANSFORMATION MAnn 
c S • El.E1'IZm S'1'IPFNEGS AT LOCJ"L COCIRD, AT ENDS OF FLEXABLE PUT 
C SAT • PRODUCi OP S'A.' 
C AS.IIT • PRODUC'I' OF .II*SA.T 
c·· . 
c 
Co- . CHOOSE OPTION 

IF \10FT.LT 1 OR.IOP'!" GT.14) 'rHEN 
WRITE(10B,·) 'INVALID OPTION IN ELE'Ol, 10PT·',IOF'r 
'TOP 

END" 

GO TO 1100,:3 00,) 00 ,4 00,500,600, i 00,800,900,1000,11 00, 
" 1'lOO,13oo,UOof Ion 

100 CCIlTINl.1E 
c 
c-

c 

'Z.DO STRAIN ENERGY 
ENGDA'r(l) - 0 
ENGDAT(2) • 0 

C····· INTERFERTUE INPtn" DATA 
IELTYP- 1 

c 

MAT • RINl'trri 1) 
NODEI - RIN}'trr( :3) 
NODEJ - lUNPUT ( 3) 
VY(l) - RINPtn" ( C) 
V't(2) • IINPt1t'( 5) 
V\'(J) • RINPt1I'( 6) 
IS • RINi't1t'\ .,) 
XE • :RINPtn'( B) 
TM(l) - RINPtrr( 9) 
REL'r • UNPtn'ilO) 

C· - •. en INTDNAL NODE tI usocuno VIT'Ii !X'rElUaL NODE. 'S 
JOINTI-IQUICX (NODEI, ID,NNClDE) 
JOIN'I'J· lQUICX(NODEJ, ID, Nld)E) 

c 
C····· PRINT DATA. F13 PLOTTING 

IF (BTEST{IBUG,;Z») OI12(i,10) NODEJ,NODEI,(CCtJRD(JOIN'rJ,I) 
.. ,1-1,3), (COORJ)(JOItn'r,J) ,J·1,l) 

10 P'C1I.MAT (I5,U,I5,lP,EiG12.4) 
c 
c- -
C GET Gl.OBAJ., TO LCC.U. TR.lNSFORMl.TI~ MATRIX 
c-
c·· . 

10l 

c-

c 

. DEFINE VECTOR X, I..ZNGTH 
VX (1) ·COCRD(JOIN'IJ, 1) ·COCIlI.D(JOINTI, 1) 
VX (:i )-COCEDtJOIN'!'J,:3)'CQCIUI (JOINTI,:3) 
VX (3)"COCllD i JOIFrJ, 3) . C<XJRD (JOINTI, 3) 
lJtl«;TH·S~1(V1 (1) ",,"VX (2) H2·VlC (3)' ':3) . 'XS ·XE 
IF (l..ENGTH.LE.O) THEN 

nIT! (108 ,101) IElJI1O, JOINTI ,JOII'ITJ ,LENGTH 
PClRKA.'r\lX,20i·"),'ER','RaR LENGTH IS LE 0',/ 
5'11, 'I:EllIO-' ,15,5'11, 'JOnnI·' ,I5,SJl, 'JOINTJ-' ,IS, 
5)(, 'LENGTH' ,lP,GI5.6/ 
H, 'REVISE I)IIPtrr. 
L!NGT'H-l.0 

ENDIF 

,,"/) 

GET LCCAI. TO GLOBAL TIU.lJ5FQltHATIaoi M.l.'ntICIES M AND B 
ICS·JTCOS(JOINrI) 
ICE·JTCQG (JOINTJ) 
o.u. ROTIYZ(VJ,VY,COSlNE(l,l,ICS),CTS , XS ,O.,O.,BS, 

, CONS'r(JOINTI ,1) ,KAXNCl>f 
CUJ. ROTXYZ(V'X, VY ,cOSI)IIE (l, I, ICE) ,CTE, ,XE ,0.,0. ,BE, 

.. CONS'r(JOIlITJ,ll,I'QXNOO) 

C' ... GE'1 GIJ:lB.U. ~S'I'1U.nlT MATRn: BS, BE 

El..EOO'7)O 
ELEi:l0'740 
ELEOOi50 
ELE00750 
ELEOO?'70 
ELEOO?80 
E1..EOO")90 
ELEOOBOO 
ELEOOBIO 
ELEo0920 
ELEooa30 
ELEoOuO 
ELEOOBSO 
ELE00B60 
ELE00810 

. ·ELEOOBBO 
ELEo0890 
ELE00900 
ELE00910 
ELE00920 
ELE00930 
£L£005l40 
£LEo0950 
£LE00960 
E1..E009'70 
EL£009BO 
£L200990 
ELEOI000 
ELEoI010 
ELEOI020 
ELE'01030 
ELEOI040 
ELEOI050 
ELEOI0EiO 
ELEOI0'70 
ELE010110 
£LEOI090 
E.LEDUOO 
ELE01110 
ELEOI1 010 
E1..£01130 
£LE01140 
ELE01l50 
ELE01160 
ELEOlliO 
ELEOllBO 
ELE01l90 
ELE01:300 
ELE01210 
E1..EoHao 
ELEOl2)O 
ELE01:340 
ELEOHSO 
2LEOI0l60 
E.LE012iO 
ELE01:a130 
~EOn90 

E1..£01300 
E1.£01310 
El.E01l20 
E1..EOIJ)O 
EL£01340 
ELEOlJ50 
E1.E013 16 0 
ELED13iO 
ELEOl360 
£1..EOI390 
El..E014 00 
ELE01410 
ELE01420 
£LE01430 
El..EOIUO 
E1..£01450 
:£LE01460 
EL£014iO 
£LE014BO 
ELE014510 
EL£01500 

C BS(l (1)-~ST(JOINTI, 11-eTS (2,1) _~BT(JOINTI,;:) *CTS (3, l)oSS (l,l) 
llS(l, 2)·COIIST (JOINTI ,l)-CTS (ol, 2) _CON~(JOINTI, 01) 'C'TS (3, 2) "BS (1,:3) 
BS(l,3) -CQlS'r(JOINTI, 11·CTS(2,3) .. CONS"f(JOINTI, 2) -CTS (3, J) ·BS (1,3) 
B9(2,l) ·CaHS'r(JOIN'TI, J) "eTS( 1, l)-CGlS"l' (JOImI,~ 1 "MS (3,1) -BS (2,1) 
BS (" I 2)-CONST (JOINTl,)) '"ers( 1,2) .COOST (JOINTI ,4) ·CTS (3,:3)"BS (2, 01) 
BS (4!, 3) ·CONST(JOINTl ,3} 'crs (1,3) .~S'T (JOINTt ,4) "MS (3, 3)"BS (2,3) 
8S(3, ll"CC\NS'riJOIN"!'I ,5) '"ers i I, 11 • CaNST (JOINTI ,Ei) "CTS (;:,1 f .. as (J, 1) 
BS (3 ,,,)·CaNST(JOINTI, 5) -crs (1, 2) ·~ST (JOINTI,6) 'C'TS i 2, 2) °BS (3, 2) 
BS (3 (3) ·C~ST (JOINTI ,5) rcrS [1,3) ·CaNST(JOIN'TI ,6) -C'TS (2 , 3) -BS (3,3) 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ELE01510 
ELEOl:'20 
ELE01530 
ELE01540 
ELEOISSO 
:£LE'01S60 
£LE015iO 
ELE01580 
ELEOl~90 
ELE01600 
ELE01510 

~ .. 

" c 

BED, 1) ·CctlS'r(JOINTJ, 1) 'CTE (2,1) "CaNS'!'(JOINTJ (01) 'C'TE (3,1) ·BE tl, 1) 
BE(l, 2) ·CClNST(JOIN'TJ, 1) "CTE(2, 2l "CCNST(JOINTJ, 2) '"CTE (3,2) .BE (l ,2) 
B£(l, 3) ·CQNS'r(JOINTJ, 1)'"CTE(2,3) -CONST (JOINTJ, 01) 'ME (3 ,) 1 .BE (1,3) 
BE (2 ,1) -CONST (JOarrJ ,3) -("'I'E (1 I 1) _CONST (JOnrrJ" ,4) ·eTE () ,1) "BE (2,1) 
BE i2, 2)-CONS'r iJOINTJ ,3) 'CT'E (1,2) ·CONST (JOINTJ ,4) '"ME i3, 2) "BE (2, 2) 
BEi2 ,3f -CClNS'r(JOIN'TJ ,3)-CTE( 1,3) ·CCINST(JOlm'J ,4) 'CTE' (3,3)"llE (2,3) 
BE(3 ,1) -C~ST (JOINTJ ,5) 'erE (l,l) .CCINST(JOINTJ ,6) '(1E (2, 1) "BE (3, 1) 
BE [3 ,:3) -caNST (JOINTJ, 5) *C1E( 1,2) + C!JN ST (JOIN'!'J ,5) "C1E (2, 2) <BE (3 I 2) 
BE [J ,3) -CCto1ST [JOINTJ, 5) -ME r 1 ,3) <CONST (JOINTJ ,5) 'CTE (2, l) "BE (3,3) 

ZERO MA.TUCl!S 
00 '0 1·1,1;: 

P (1)·0 
Pr(I)·O 
R (11-0 
RT[l) ·0 
DO 40 J-l,12 

FMAJt( (I '1)"12"J)-0 
S(I,J)·O. 
A(l,J)·O 

C· .. ASSEMBl.E TRANSPCJII.MA'rION KURU ~ 

c 
C-

c 
c-

00 50 1-1,3 
DO 50 J-l,3 

Ail ,J ) ·CTS{I,Jf 
AiI'3 ,J'3) -eTS{I,J) 
1-. !I+6,J.6) "CTE[I, J) 
A(l+9,J<9)-C1E[l,J) 
A.(I"3,J ) ·BS(I,J) 

so A.[I-9,J .. Ei)·BE(I,J) 

100 

Gn MATERIAL PlI.OPER'rIES 
PALSE·. PALSE 
LSTTI{P·O 
CALL HATLIB (2, l..S"I"!'":tp, P.u.sE, EESE, EF st, Dl.)("!', EXal., 

PT, F ,RT,R, 0 ,0, ,LEl.D'I, ~T ,MA.T ,I't.'TTYF, 5E, IELNO, DAMAGE) 

IF (MATTI{P.NE.l) TH£~ 

WRITE(10a,190) IELNO,I'D.'J"'fYP,t.'IClDEI,NCOEJ 
PIJItI1A.T{' EI..EMENT ',15,' INCCliPA'rI8LE MATERIAL PilOP .• ',I:', 
• STAAT JOINT", IS,' END JOINT ',15, I 
, THE ELEIiENT IS JiEJECTED AND ER', 'ilOR CHECKING CONTINUES') 
00 TO 191 

ENDIF 

IW< 
o>y 
0>' 
OIX 
EIY 
EIZ 

-SEt 1) 
·SE! 2) 
·SE( )) 
·SE! Go) 
-SEt 5) 
·SE! 5) 

C DETEJlMINZ THE MEMBER REl..E.\5E CODES 
c-
C RELT IS AN INPUT I'[!MBER RE::"&'\SE CODE 

:£LEOUi:30 
ELE01630 
:£1..£01640 
ELE01650 
£L:£01660 
ELE016'70 
EU016BO 
ELE01590 
ELEOliOO 
.ELE01110 
ELEOI'J.:a0 
ELEOli30 
E1..EO 1'74 0 
ELEOl?SO 
£L£01?60 
ELEOl??O 
EL£Ol., ao 
ELE01"90 
ELE01800 
EL£01BI0 
ELEOJ.B20 
tLEOLBJO 
ELEO] 840 
ELEOlB50 
EL£01860 
ELEOlB10 
ELE01880 
ELE01890 
EL£01900 
:£L:£01910 
E"£01920 
ELE01930 
ELE01940 
ELE01950 
EI..E01960 
EL£019'70 
ELED1980 
ELED1990 
ELE02000 
ELE02010 
£!..£02020 
ELE02030 
ELE02040 
ELEO~O:'O 

£L£02060 
ELE020iO 
tLE020BO 
£LE02090 
E!..:£O 2.1 00 
ELE02.1~O 
E1..E02120 
ELE02130 
EL£02140 
21..£02150 
ELE02150 
ELE021iO 
ELE02UO 



REL IS THE IN'!'!RNA.L HEJllBER RELEJ.SE CaDE 
aIT IS JJUAt. . 'l1lUE - A.XU • .L DEPClRMATION Cm.lSIDERED 
BIT 5 KX AT Elm 1 
BIT 4 MY AT nrn I ) TRU!-ltELEASE 
BIT 3 HZ AT END I 
BIT 2 KX AT END J 
BIT 1 !i't "T END J 
BIT 0 !liZ "T :END J 

REL-O 
IRELC-' , 
IP (MOD(RELT,lO) .NE.O) THEN 

REL-IBSE'T (!tEL, 0 1 
IRELC(15 ·6)- 'Z' 

ENIll' 
RELT-RELT/IO 
If (HOO(RELT,10) .NE.O) THEN 

REL- IBSE'T (REL, 1 ) 
IULC(5 :5) - "I' 

ENDl' 
RELT-RfLT/IO 
IF (M(D(RELT,lO) .NE.O) THEN 

REL-IBSET(REL, 01) 
IRELC(4 :4)- 'X' 

ENDIF 
RELT-REL.T/I0 
IF (f'IODCRELT,lO),NE,O) THEN 

REL-IBSE'T O~.ELr 3 J 
IRELC(3 .3) - 'Z' 

ENPIF 
RELT-RELT 110 
IF (l1ODeRELT,10).NE.0) THi:N 

REL- IBSET (REL, ~) 
IRELC(2 :2) - 'Y' 

ENDIF 
RELT-RE'l .. T/I0 
IP (HCID(RELT,101 m,O) THEN 

REL-IBSET (REL, 5 J 
IRELC(l: 1) - 'X' 

"""IF 
C· SXT STIFFNESS COIEFFICIEln'S, .. 
C· SET C~SISTENr KASS GEOKETlI:IC STIFFNESS COl EPPICIENTS. 

AZ-O 
BZ-O 
Cz-o 
oz-o 
n .. o 
FZ-l.0 I LEN~ 
.... 80TH ENOS REL!.ASED, Z-AXIS .. , 

IF (BTEST'eREL,O) .AND. BTE5T(REL,3)1 TH.EN 
~IIZ"O 
J:,JJZ-o 
KIJ'Z,"O 

C. S'TART END RELE.\SEl) , Z-AlCIS 
El..SE IF (B1ES"l' (iEL, 3) J t'HEN 

JU12.-0 
I{JJ2o-3 
KIn-o 
BZ" 0.:10' LENGTH 
EZ- 0.20 
FZ- 1:10 I LENGTH 

END END RElL\SED, Z-AXIS 
El..SE IF (B'TEST(REL,O) T'K~ 

XII2o-3 
J(JJ:z. .. o 
XIJ2."O 
AZ- 0.20' LENGTH 
DZ- 0.20 
PZ- 1.20 I 1.ZNG'I'H 
.. BOTH ENOS R!l2J.SED, Z-AXIS 

ELSE 
KIIZ-4 
J(JJZ"4 
)(IJZ-2 
A."- 2"L~H/15 B,,- AZ 
CZ- LENGTH / 30 
DZ- 0.10 
EZ- 0 10 
PZ- 1. Oil ( LENGTH 

ENlJIF 

AY-O 
BY-O 
CY-O 
DY-O 
EY-O 
PY-l.0 / LXN<n'H 

. B01'H ENDS RELEASED, y. AXIS 
IF (BTEST(REL,l) .AND. BTES'TIR£L,41) THEN 

ICIlY-O 
JWJY-O 
KIn-o 

STAAT END REI..EASED, Y·AXIS 
EUlII IF (BTES'T(REL,4») THEN 

KIIY-O 
KJJY-3 
KIJY-O 
BY- 0.20' l..£NGTH 
EY- 0.20 
FY- 1.20/ U}oII;7I'H 

c. . .... END END REI..EABED, Y·AXIS 

c 
c ~ ~ 

ELSE IF eBTEST(REL,l) THEN 
KIIY-3 
KJJY-O 
XIJY-O 
AY - 0 20 • LENGTH 
DY- (J .20 
F'Y- 1.20/ UNG'TH 

BOTH ENDS REUASED, 'Z.-AlCIS 
ELSE. 

KIn-4 
XJJY-4 
XIJY·2 
AY - <I" LENGTH / 15 
BY- A.Y 
CY- l.ENGTH / 30 
DY· 0 10 
EY- 0.10 
py- 1.2 / l..ENGTH 

END" 

IF (BTES1'(REL,2) AND BTESTIREL,5») THEN 
r:rI ·0 
JC'TJ -0 

£l..SE ]P (BTEST(:REL, 5») THEN 
K"l'I -0 
J(jJ -I 

E'LSE IF IBTESTIREL,2») THEN 
XTI -1 
XTJ -0 

ELSE 
lIT I -I 
lITJ 

ENDIF 

C A.SSEMBLE 1..OOJ. STIFFNESS MAnn 
c ~ 

'I'M I 2j-EoU/LENG'TH 
'I'M I 3) -GU/L'ENG"!'H 
T'M( 4)-XIIZ' (EIZ/l..ENGTH) 
'I'M I 5) -J:JJZ- (EIZ./l..EN<n'H) 
T!oI( 6~ -J(lJZ· (:E]Z/l..ENGTH) 
'I'!o!( 7)-Un" I£IY/u:NGTH) 
'Mol ( 8) .. KJJY" C'EIY/u:NGTH) 

ELEO:H90 
ELEo20100 
ELE02210 
ELE02220 
EU!02230 
ELEo2HO 
ELE02l50 
ELE022EiO 
ELE02210 
ELEO:l280 
ELE02290 
ELEO:l300 
ELEoallO 
ELEo2320 
ELE00/330 
ELEO~340 

ELEo23S0 
ELEOO/JEiO 
ELE023?O 
ELE023BO 
ELE02J510 
ELE02400 
EU00/410 
El..E0142 0 
ELE02430 
ELEO 21.4 0 
ELEO:l450 
ELE024EiO 
ELE02.10 
ELE024BO 
I!!LEOa&90 
I!LE02500 
E'LE02510 
I!LEOZ520 
E'l...E02530 
ELE02540 
ELE02550 
ELE02560 
ELEO<lS70 
ELEO<l590 
ELEO<l590 
ELEO;<l600 
£I..EO;;)610 
ELEO:il620 
ELE02630 
21.EO;;640 
ELE0265Q 
El..!O;!660 
EI..EOl61 0 
£LIIO.6BO 
ELEO.690 
ELE02100 
ELEOJ110 
ELE021l0 
ELI!02130 
EL!O.7&O 
ELEO;;)750 
ELEon60 
ELEO;;710 
ELE027eO 
ELEO:l7Sl0 
ELEO;;)800 
ELE028l0 
ELROOlB20 
ELEO:lB30 
.ELEO:l:B40 
E.LEO;U50 
ELE02e1!iO 
ELEO;ze1O 
ELE02BBO 
ELEO;USlO 
ELE02900 
ELE02!HO 
RLE0290l0 
E.LE02930 
ELE02S140 
E.LEOil950 
ELE02511S0 
ELE02S1'J0 
ELEOOlSIBO 
ELEOOlSISIO 
ELEOlOOO 
ELE03010 
ELEOJO~O 

ELEOl030 
ELEOlO.o 
ELE03050 
ELE03060 
ELE030?O 
ELE030BO 
ELE03090 
E1..E03100 
ELE03110 
ELE03120 
EL'£OlIJO 
BLE03140 
ELE03150 
'£LE03160 
ELE03170 
£L.E03190 
£LE03190 
Et.EOlZOO 
£1.£03210 
ELE03220 
ELEOJ2l0 
E1.EOJ240 
E1.£OJ250 
ELEOJ260 
ELEOJ270 
ELE03290 
ELE032S10 
ELE03300 
ELEOJ110 
ELE03320 
EL203330 
ELE03340 
ELE03350 
ELEOl315D 
ELE03310 
ELE03HO 
ELEOl390 
£LEOl400 
El.EOHI0 
£LE03420 
El.E03430 
El.E03UO 
El.E03450 
El.EOl460 
ELE034?O 
ELEO)4 80 
ELE0)490 
ELE03500 
E1.E03510 
£LE0352(J 
E1.E035)0 
E1..E03540 
EL£03550 
ELE03560 
EL.E03510 
ELF035BO 
EL.E03590 
EL.E03600 
EL.E03610 
ELE03620 
ELE03630 
ELE0315H 

19 

o -KIJYo (EIY (LENGTH) 
'I'M ( SI) - ('I'M ( 4)·2°TH( 15)+'J'M( 5))/(L~GTH""21 
TI<!:(lO~ - ('I'M! 4)· TH( 15){(LENGTH ) 
'!'!oI(ll)- (TM( 6)' TH(5){(l.!NGTH ) 
TM(12) - (TM(7)·2"D+'I'M( 9»{(LmGTH"'02) 
TM(13) .. ('D!(?). D ){(1..EN~ ) 
'D!(14)- ( D·TM( B){(u:NGTH ) 
B( 1, 1) - TM( 2) 
S( 1, 7) -·TH( 2) 
S( 2, 2) - T'M( 9) 
SI ;<I, 6) - 1'M(10) 
51 ;<I, 8) _·TtI( 9) 
SI ;<1,12) - 1'1'1(11) 
S( J, 3) - T"(12) 
Be 3, 5) - ·"'1"1(13) 
S( 3, 9) "-TM(l2) 
S( 3,11) "-'T'M04) 
S( 4, 4) - 'T'M( 3)" JeTI 
S( 4,10) "·TI'I.( J) 
S( 5, 5) - TM(7) 
S( 5, 9) - ""'(1l) 
S( 5,11) - D 
S( 15, 6) - TI1( 4) 
5( 6, B) --TH(lO) 
51 6,12) - TM( 15) 
SI 7, 7) - TM( 2) 
se B, 9) - Tl'I( SI) 
5( B ,1:1) Oo-T'K(ll) 
S( 51, g) • 'r"(12) 
B( 51 ,lll - TM(14) 
S{lO,lO) .. TM( 3) " ".1 
S(ll ,11) .. 1M( EI) 
S(12,121 - TMI 5) 
DO 55 I-I, I~ 
DO 55 J-I+l,12 

55 S( J, I) - B( I, J) 
C 
C - CALCUL.\ TE SAl' 

CALL !llULTM(J,l:I,SA.T,S,A) 
c 
C·- c.u.cuu.n ASA.T 

CAll. 1'fUL1'!1.10,13,AS.\T,A,SAT) 
c 
C· - - DEGREES OF P'iEEI>Q<! 
C lEMOVE DeF' 8 THAT AlE Ca.l8TU.INED TO THE SAME DOP 

00 7S 1-1,6 

c 

IP ( IOOP(JOINTI,I) ,NE.lI)OP(JOIm'J,I) I THDl 
lJ1T (] )"IOOF(JOIN'l'I,I) 
lHT I I +6) - lOOP (JOIN'l'J, II 

ELSE 
l.KT(I )- 0 
LH'!(I·6)- 0 

ENDIF 
15 CONTINUE 

C- .- CClN\fERT TO HALF STORAGE MCl>E BY COu.(NS 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

1 3 , 

L-O 
IELDOP"o 
De SlO 1-1,1. 

1015:11.B 36.5 S5 66 7B 
9 14 20 .7 35 .. 54 65 77 
B 13 19 .6 3. 43 53 64 76 
"I 12 18 015 33 401 52 6l 75 

11 17 :16 3. U 51 6:1 74 
16233140 SO 61 73 

22 lO 39 49 60 "12 
29 3B 4B 59 ?l 

374"1 sa 70 
46 57 6S1 

S6 68 

6' 

NtKJER INDICATES 
1.DCATICJJ.! OP I)ATA 
IN ARRAY STIFF 

IF (LMT(]) .20.0 .OII:. ASAT(I,I) .LE.O) GO TO SlO 
IElDOP" IEUIOp·1 
ut(IEl..OOP1-LMT{l) 
DO 80 J"],l,-1 

IP (LHT(J) .EO.O .OR ASAT(J,J) .LE.O ) 00 TO ao 
L-L+l 
STIFF IL) -J.&AT (1, J) 

80 caN'!'INUE 
51 0 Cctn'INVE 

C· . __ ._-_ ..... -
C ASSEHBL! GECKETRIC S'T]PPNZSS MA.T1UJI FCII A UNIT LOAD .. 
C ~ ~ 

c 

lJ(G-L 
IF ( 'n1(1) .EQ.O .ANIl. XGOATA.Ill ,NE.2 ) THEN 

AXIAL- .PAl..SE. 
REL"]B~ (REL,6) 
GO TO 180 

END IF 

c· _. - DETERMINE IF AXIAL DEPORMAT]ON IS CQ1.lSIOE'RED 
C B]T 116 OF REL IS TRUE IF AlCIAL DEPORMATION IS CONSIDERED 

c 

DO 999 1-1,3 
CS-CTS(I,l) 
CE-CTE(I, I) 
IP (ABS(C5) .LE, .0001 ,ANI) ABS(cE) .L.E .. 0001 ) Go TO Sl99 
I S-IDOF (JOINTI I I) 
IE .. IDOF (JOINTJ I I) 
IF CJS.EQ.IE) GO TO 9!i19 

iEL .. IBSET (iEL., 15) 
!il99 CaHTINUE 

A.Ji:1A.L-BT'E5'T (lEL, 6) 
IF (kGDATAIl) .m.O .oUm KGD.\TA(OiI) .NE,O .AND. BTEST(REL,6)) THEN 

C - .. DETERMINE t'HE AlCIAL 1..0.\0 TO BE USED poR XG. 
IP IJ:GDATA(l) EQ.l) 'fHElIl 

FG£OM - TM~ 11 
EL.SE IF' (XGDATA(l).EQ.2) THEN 

PGEOM - (J.50·{FIl)-F(7) 
ENDIP 

c 
C- -ASSEMBLE LOC.\l. GECI'!ETRIC S"I'IPFNESB HATRIlC POR A lINIT LO.\D 
C ZERO LOCAL J::G KA,TRU 

DO Sl9B 1-1,12 
DO 5151B J-l,12 

S(I ,J)-O 
c 
c- ll.HPED KASS PaIOI OF GEQME'TRIC STIFFNESS 

IF IItGDATAlil) ,EQ, 1~ THEN 
F1-1/LENG'TH 
S( il, 2) - PI 
S ( ~, B)· ·Fl 
St B, :1)- -PI 
s ( ~, B I - PI 
S(:I, J)- PI 
S( 3, 9)- -PI 
SI 51, 31- -PI 
51 9, 9) - Pl 

CONSISTENT MASS PORM OP GEOI'tETRIC STIFPNESS 
£l..SE IP 'XGDATA'~) .E~ 2) THEN 

S( 2, 2) - PZ 
S( 2, 6) - DZ 
S( 2, B) .. ·PZ 
S( 2,12) - E'Z. 
S( (i I 21 - DZ 
S( 6, 6) - AZ 
S( (i, B) - ·DZ 
S( 15 ,12) - cz 
S( B. 21-·n 
e I a, 6 ~ - -oz
Sl 6, B)- F2-
S( B ,12)· ·E'Z. 

ELE0365D 
ELE0315150 
ELEOJ1570 
ELE031590 
tLED315Sl0 
ELEOl700 
ELEOl710 
ELE03720 
ELE03730 
ELE03140 
EL£03750 
ELE03760 
ELE03770 
ELED3HO 
ELED3790 
ELE03~ 00 
ELEOlBiO 
ELEOlEilO 
ELEOH30 
ELEO)84D 
ELEOlB50 
ELE03860 
ELEolB70 
E1.E03B90 
ELEOlB90 
ELEOJ900 
ELEO)910 
ELE03920 
ELE03930 
ELE03940 
£LE03950 
£LE03.9150 
ELE03.970 
ELE039B0 
ELE03990 
ELEO&OOO 
tLE04010 
ELE04020 
EL£04030 
ELE04040 
EL£04050 
ELI!04060 
ELE04070 
ELE040BO 
ELE040Sl0 
ELE04100 
EL.E04110 
ELE041:10 
ELE04130 
ELE04HO 
E1.Eo4150 
ELE04160 
ELEOU10 
ELEOU BO 
ELEOU90 
ELE04ilOO 
£LE04210 
E1.E040120 
ELE04230 
ELE04Z40 
ELE042S(J 
E1.£.04260 
E1.Eo~270 

ELE04280 
ELE04290 
ELE04)00 
ELE04310 
EL£04320 
ELE04)30 
ELE043~0 

ELE04l50 
Et.E04J60 
ELE04370 
ELE04JaO 
£1..E04)90 
ELEOUOO 
ELEOUI0 
EL£OU 20 
ELEOUlO 
2LE04440 
ELEOU50 
ELEOU60 
£LE04470 
ELE044BO 
ELt04451D 
ELI!04500 
ELE04510 
EL.E04520 
ELE04530 
EL204540 
ELE04550 
ELE045150 
ELE04570 
ELEO~5~0 

ELE04590 
ELE041500 
ELE041510 
ELEO~1520 

ELE041530 
ELE041540 
ELE041550 
ELE0415150 
ELE041570 
ELE0415BO 
ELE0415S10 
ELE04100 
ELE04710 
ELE04720 
ELE04730 
ELEo~140 

ELEo~7S0 

ELE04?60 
ELE047?O 
ELE04? BO 
El..E04?SlO 
ELE048 00 
£LE04810 
£LE04B 20 
ELE04830 
ELEo4840 
ELE04850 
ELE04B150 
ELE04870 
ELE048BO 
ELEO~B90 

£LE045100 
EL£OA910 
ELE045120 
ELE04930 
ELEOclSlG.O 
EL£04950 
ELE04960 
EL£04970 
EL£0&990 
£LE04990 
£LE05000 
2L£.05010 
ELE050ilO 
ELE05030 
ELE05040 
ELEOS050 
ELEOS060 
ELE0507C 
ELE050BO 
£L£05090 
£L£05100 



c 

s (12, 2)· EZ 
5(12, 6)· oct 
S{l2, a) .. ·EZ 
6(12,12)· BZ 
S( l, ). PY 
S( l, 5)· -DY 
S! 3, 9)" -py 
S( J ,11)· ·EY 

S( 5, 3)· -DY 
S( 5, 5)· A't 
S ( 5, 9) ~ DY 
S( 5,11)" ·CY 

S( 9, 3)·-n 
S( 9, 5)· DY 
S( 9, 9)· F'Y 

ENOIF 

S( 9,11)· EY 
S(11, 3)" ·EY 
S(11, 5)" -CY 
S(ll, 9)· BY 
S(11,11)· EY 

CALCm.ATE SAT 
CAl.l.. KULTM(3,12,BA.T,S,A) 

- ~TEAB.AT 
CALL MUl.TM(0,12,ASAT,A,SAT) 

c-·· - CClN'VERT TO HALF STORAGE !!roDE EY CO~S 
)(G:[lOF·O 

ELEOSllO 
ELEOS120 
ELEOS1:l0 
El..E05140 
ELEOSl!)O 
ELEOS160 
ELEOSliO 
ELE05lBO 
ELE0519l0 
ELEOS200 
El..E05210 
ELE052Z0 
ELE05UO 
EL.EOSZ40 
ELEOS250 
EL.E052EiO 
ELEOs2?O 
ELE05~ BO 
ELE05290 
EI..E05300 
ELE05310 
ELE05320 
E.l.E053l0 
El,.EOSHO 
ELE05JsO 
ELEOSJEiO 
ELE05310 
ELEOS180 
EUOs390 
El..EOs400 
ELEOs410 
ELEOSII.20 
ELE0500 
ELE05UO 
ELE054S0 
ELE054EiO 
2LE05,,10 
ELEOs490 
EL205490 
21..205500 
EL£OS510 
ELEOsS20 
ELE05S30 
ELE05S40 
.E.l...E0555 0 
ELE0556(1 
F.L.EOS51 0 
ELE055,BO 
!.U05590 
2LEOS600 

c 

1080 
1090 

ENDIF 

DO 1090 1·1,12 
IF' (lJ'!'T(I).EQ.O .1:liL A.SAT(I,I) !..E,O) GO TO 1090 
XGDOp· XG:[lOp·l 
LMXG(X.GDOF)·l..HT(1) 
DO lOBO J·I,l.-1 

IF !lJ'fT(J).EO.O CR. ASAT(J,J).L2.0) GO TO lOBO 
L"L-l 
STIPF(L)·A.SAT(I,J) 
CONTINUE 
CCN1'INUE 

C· .• - RELEASE UNUSED ST~AGE 
lIlO IREL·1S6·L 

PRIN'T COUMN DATA 
IP (PIRSt) "IIITE(108,192) 

191 WRITE (lOB ,ISlJ) N),ME, IELNO,I"lAT ,NODEI ,NODEJ, IJCELC, LENGTH, 
" VY(1),VYo.),VY{3),XS,·XE,~(l) 

192 PClIUUoT(/' El..ZMENT 08, 3D BUJo( !LEMEN'l"11 ELEOS610 
" T:1:2,'. !1ATL'6TAR'T END',' REL CD',JX,'I..ENGTH',3X,1l(' '), E.LE05620 
" ' Y·AXlS ',12('-'),' B'J'.\JlT DIS'T E:ND DUT PltG') ELE056JO 

193 PCIU1.AT(11l,A15,oI6,2:K,A,lP,G12_',OP, £LE05640 
" P9_5,' I',SP,P9.S,' J',P9.S,' J(',lP,SS,JG12.0) KLE056S0 

RE'Tt1J1II tLE05660 
C ............. • .......... • ........ •• .... DET2aHlNE GecMETRIC STIPF' .. • .... •••• .. •••••• .... ··2LE05670 

200 CQlTlNUE !LE056BO 
C- XG IS DETERMINED POR A UNIT LOlD WIT'H IOP'r"l, ELE055510 
C· THE ACTUAl. LOAD (PGECI'I) IS DE'I'Ekl1IN2D HERE lLEOS700 
C· KG IS MULTiPLIED BY PGECI'I WHEN tHE TOTAL. STIFFNESS IS ASSEMBl.ED ELEOS"/lO 
C· mGATIVE PGECI'I IS CCMPRESSIa.! I!LEOSi20 

.u:U.L.B'rES'T (REL.,61 ELEOSi 30 

- - - DETERl'lINE THE AXIAL LO),D TO BE USED FOR KG. 
IF (A>:'IA.L) 1'HEN 

IF (XcaoAU(l) EQ.1) THDl 
PGECH· 'I'I-!(1) 

ELSE IF CKGDATA(1).EQ.2) THEN 
PGEOH· O.SO·(P(l)·P('7») 

END" """IF 

ELEOS140 
ELEOS"150 
!LE05760 
EL205"7'1'0 
ELE057BO 
ELE05?90 
ELEOS800 
ELEOSa 10 
ELEOSB;lO 
EL£OSBlO 

RETURN 2LJ!OSBd.0 
C ... •• ... •• ..... • .... • ..... ••• .... • DETERMINE STIFFNESS .. • .... ••• .. ••••• .. • .... ••• .... •• .. ELEOSBsO 

JOO CONTINUE: ELEOSB60 

F~CE-FRAME DISPLACiMENT MA1RIX 
THE S'TIPYNESIl IS STORED IN STIPP, 'THE MAJlING KAnIX IN LM 
THESE liAVE THE GLaiAL ADDRESSES I2.1CE AmI I'lLI'!. 

ELE05B70 
ELEOSaso 
El.E05890 
ELEOS900 
ELEOS910 

:RE'T't.tIQl ELEOS920 
C·· .... • .... ••• .. • ...... ••• .. • .. • .. • .. DETERMINE INCRIH:EN"l'Al. PCll.CES .... •• .. •• .. • .. • .... ···ELE059)0 

400 cctn'tNll'E ELE05UO 
IP (PRINT.AND,FIRST) WRITE(10B,491) STUID EI..E05!150 

c 
c·· -

c 
c ~ 

c 
C-· . 

<10 

c 
c· ~ 

. CAll. BMU:lA TO On'ERMINE THE PIX'ED END FaRCES 
IF (HAlIEtD.GT.O) THEN 

CALL BMLOA(IE~, PEMPLG, L~H,REL,l'I.AXELP,NElJ), NLQAD, 
FEM,IELP,ELP) . 

ELSE 
PEKPLG· . PAl...SE. 

ENIlIF 

LOOP PaR EACH LOAD 
DO 4.l0 I..QAD·l,NLOAD 

TRANSPORM FR.»\E OISPL n.rro LOCAL OISPL 
DO 11110 t·l,) 

)1.(1 )·0. 
)1.(1+3)·0. 
R (1-6)·0 
FI:{I-9)·0. 
DO 11110 J·l,J 

D1"DIsPL(lOOP(JOINTI,J ), LOAD) 
D2"OISPLI IDOP(JOIN'!'I ,J"l) ,LOAD) 
Ol·OISPL(IDOF(JOnrrJ,J ) ,LOUl) 
D4· OISPL tIDOP (JOINTJ, J_) ,La.t.I» 

FI:!I )"R.(I )-MS(J,I)*Dl" 9S(J,I)·'02 
R (1+3)·)1.(1 • .1) ·C'l'S (J, I) ·D2 
R(I·6)·FI:!I+6)-C'l'E(J,I)·OJ - DE(J,I)·D4 
R (I.9) .. tl; (1+9) -C'l'E (J, I) '04 

INCRIHE!:NTAL PORCES 
FI 1). TI'II 2)' (R ( 1) ·R( 7») 
P( 2)" TI'!"( 51)"(R( 2) -R! Sj)·'I1'I!lO)·R( 6)+n-t(1l)-R(l2) 
PI l)· Tl'liU)·(R( J)-R( 9»-T'I-II1J)'R( 5) 'n1(14)·R(ll) 
P( III)· TM( 3)*(R( 4)·R[10) 
FI 5)·'TM(lJ)*IRI 3)·R{ 9)-TM(?)·)I.( 5).O·R(ll) 
PI 6)· TM(10)·(R( ;!)-R( B)j+TMI 1111")1.( 6)''T"M( 6).FI:(UJ 
F [ '7). ·TM( 2)' (Ji ( 1) ]I. ( '7) I 
PI BI·-nl{ 9)'(R( 21 R( all 'T"M(10)'R( 6)·T'M(11)'R(1'2) 
Fi 9)··TM(12)-(R( 31·R( 9»)·'noj(13)'R( 5) +'I'M1l4)'R(11) 
F(lO)··TM( 3)· (I. ( 41·R (10» 
P(ll)~·TI"I(14)·IR! l)-Fl:( 9)- D'R( 5]-'T"I'!( B)"R(ll) 

P(l2)- '11'1(11)· (R ( 2) -I'I BI)' "noI! 5) 'R ( 5) +T'H( 5) 'R(12) 

SUilTRAt:r OP FUED END FORCES 
IF (f'EMPLG) THEN 

DO 420 1·1,1:1. 
11120 F(l)·Pll)-FEM(l,lA\D) 

c 

ENDIF 

. OETERMlliE MA.XIM1JN V.\Ll.lES FaR MULTIPLE l..aAD CASES 
IF (N1...OI>.D.G'T .1) THEN 

DO 4.25 1·1,12 
IP \ }.BS(F(I).G'T.ABS(PJoIIJ((l'l'2 12-1) ) THEN 

DO 4.26 J.O, 11 
11126 PM.U.II.12-11·J)·F\J·11 

ENDlF 
'2.5 C'Om'INU'E 

I!Nl>IP 

C- -- 'PFI:IN'T P~C:ES 
IF (BTEST(IBl.lG,O) . .uID.PRINT) \oIilITEIlOB,4.9l) IEUle,LOAD, 

ND::IE1, e\l, I Jl ,J·1 ,6) ,NODEJ, (R(J), J."J, 12) 

EL205516c 
ELE05910 
ELB05980 
ELE05990 
EU05000 
ELE06010 
ELE060~0 
ELECl60)0 
ELEC604C 
ELE060s0 
ll.E06060 
ELE06010 
ELEO!SOBO 
EL206090 
ELE06100 
ELE06110 
2LE061.0 
EL2061JO 
ELE061.0 
ELE06150 
ELE05160 
2L205170 
2LE06180 
ELE06190 
ELE06200 
ELE06210 
ELEOEi220 
ELE06;130 
ELE06240 
ELE05250 
ELE05260 
ELE062'70 
ELE06HO 
ELE06290 
ELE06300 
ELE06310 
ELE05l20 
2LE0633.0 
ELE06111.0 
ELE06J50 
EU:06JEiO 
ELE06J?0 
EL.206380 
ELE06l90 
ELEW5400 
ELE0611.10 
ELE064C!0 
E!...106430 
ELE06440 
ELE064S0 
ELE06HO 
ELE064'70 
ELE054BO 
ELE064!i10 
ELE06500 
E1.E06S10 
ELE065 '20 
El.E065l0 
E1.E06540 
ELE06S50 
ELE06560 

20 

c 

IF (PRIm) WRITE(10B,492) IEtm,LOAD,NODEI,(P(J),J"l,6), 
" NODEJ, (P(J),J·? ,12) 

430 CONTINUE 

C· •. TH IS IS POJr. SOL.o5~ USE ONLY 
IF(IcCJ91 .EQ. 1 .OR. ICOKN 

DO 4)1 1"1,12 
. EQ ;;t) THEN 

c 
c 
c· 
c 

11131 RSAP(t)·P(t) 

.oo 

ENDIF 

- CAI...C'l.1LI.TE MDalER PORCE ON JOIN'T, AND ADD TO llNBA.l.ANCED PORCES 
THIS IS USED TO c:ALC l.lNE!Al...»ICED PORCES. 

DO 11.40 I·l,J 
Il"IDOP(JOIm'l,I ) 
t2·IDOP (JOINTI, IoJ) 
Jl·lDOP(JOlm'J,I ) 
J:jt·lOOP (JOIN'TJ, 1+)) 
DO 11.40 J·l,3 

PUB(I1)·FUBiII) 
PtIB(I;;t)·FUB(I2) 
FUB (I2)"P'UB(I;I) 
Pt!BIJl)"P'UB(Jll 
Pt!B(J2)"PUll(J:iIl 
P'UB(J2) ·PUB(J;i) 

4.91 FalUU.T (I' 3D DE»! ~CES. ',5x/?X,A/, 
,,' EL2MENT u».:D NODE',il,'UIAL',11lt,'P'Y',lJlt,'PZ', 
&0 llX,''I'ORSION',10X,'MY',1)1,'MZ') 

492 FORMA.T (no,15,.x,'FORC'E',I6,lP,6G15,6, 
&0 115X ,2X,'FORCE',I6, 6alS.6) 

11193 FCRMAT (IlO,I5,2X,'DISPL',I5,1P,EG1S 6, 
" 115X ,.a, 'DISPL',t6, 6G1S.6) 

4514 FClRMJ,j (?X,11l 
RETUR>I 

ELE06S70 
ELE06seo 
ELE06S90 
ELE06600 
ELE06610 
El..E06620 
E1.E066l0 
ELE05640 
ELE06650 
ELE06660 
ELE06670 
ELE066BO 
ELE06690 
ELE05100 
ELE06'710 
ELE05720 
ELE067)0 
ELE06i40 
ELE06750 
ELE06?60 
ELE06i70 
ELE067 BO 
&:LE05?90 
EL.E06800 
Ill.E06BIO 
ELE068;10 
2LEOEiBJO 
ELE06840 
ELE06850 
ELE06960 
ELE06870 
EI.E068B0 
ELE06!90 
ELE06900 
!LE06910 
ELE069aO 

c .. •• ... ••• .. • .......... •• ............ • .. DETERMINE 'TOTAl. FORCES • ...... • .... •• .... •• .... ••• .. • .. ·ELE059l0 

c 

500 CCNTlNUl: 
IP iPRINT.AND.PtllS"r) IfRI'TEilOB,1I.91) s-t'EPIO 
IF(ICCJo!:N .NE 1 .AND. ICQI!N ,NE. '2 ) THEN 

C· - - TOTAL P~CES AND DISPLACEMErn'S 
DO 510 1"1,12 

P'T(I)·PT(I) "P(I) 
RT(I) • .IIT!I) .. R(I) 

510 CONTINUE 

511 

DO SH 1·1,12 
IP (ABS(PT(I») .aT.ABS(PKi\J((I*14 12"1)) ) THEN 

DO 511 J·o,11 
FMAlI (I·n ·ll·J)"PT(J>l) 

"""'F 512 CCNTlNUE 
EL.9E IP(ICQ(N .EO 

00 513 1·1,12 
n(I) "RSAF(I) 

ENOIF 

1 .OR, ICa.N .EQ ;I ) THEN 

5;;t\PCSJQ'T (' I:',t3< ::::~~:~~~::;: ~:::~~;::; 
ca.D·l 
IF' (BTEST(ISOO,O) .AND.PRINT) WRITE(lOB,493) lEUolC,LOAD, 

" NODEI, (RTlJI ,J·1,6) ,NODEJ, (RT(J),J·?,12) 
IF (PF.INT) IIRITE (10B,U2) IElJoKI,LOAIl,NODEI, ('P'T(J),J·l,6), 

HOOEJ, (P'T(J) ,J·i ,12) 

ELEOIS9d.O 
ELE0651S0 
ELE06960 
ELE06970 
ELE06980 
ELE06990 
ELEoiOOO 
ELE07010 
2LE070'30 
ELEOi030 
ELEOiOIliO 
!.LE07050 
ELE07060 
El..E07010 
EL!OiOBO 
ELE07090 
ELEO?lOO 
ELE07110 
ELEO?l20 
ELEOilJO 
ELE07140 
ELE071SQ 
ELE0'7160 
ELE07110 
ELE071BO 
ELEo?l90 
ELE07200 
ELE07310 
ELEoi220 

RE"I'lIlUl ELEOH30 
C ELE07HO 
C.·· ... · ...... · .. ~.· ................ · .. DETERMINE PIXED END F'ORCES, AND ),DD TO FCilCE·ELE0?25Q 

600 IP iI'W<ELD,U.O) RE'rURN ELE0?260 
C ELE07270 
C·· ... CALL BMLOA TO DETERMINE THE FIXED END PaRCES ELEOi2BO 

c 
c· 

610 

"0 

CALL aMu:lA (IEUlO, PEHPLC,u::NcrrH,REL, HAXELP,NELP,~, ELEOi'290 
" PEI'I,IEUI,EUI) ELEonoo 

FEMPLG.FEHFLG ELE07310 
IP (.NOT FEKFl.G) BE'TtlRJIl ELEO?l20 

- kOO P IXED END FORCES TO LOAD MAn IX 
00 6ao ~·l,NLa.t.I> 

DO 610 I·1,l 
GPEM(I )·0 
GPEM(I o 3) .. 0. 
GPEM(I+6) .. 0 
(lFE2"l(I+9) "0. 
00 610 J·l,l 

Ol·FEl'l(J ,LOUI) 
Da .. FII!M(J"3, l...OI.Il) 
Dl·PEM(J"6,l...OolDl 
D4·PEI't~J+9,l"Q,\[)) 

GPZM(I )"GFEI"I(l )"CTS(I,J)·Dl 
GPDlII·)·GPEI'!(l·3). BS(I,J)·Dl· C'TS(I,J)-02 
GFEM (I "6) ·GFEi"l (I +6) .CTE (l ,J). Dl 
GFEJo!(I+9)"GPEI"I(I+9)" BE(1,J)'D3 C"l'E(I,J)-D4 

00 620 J·1,E 
JI"IOOP(JOINTI,J) 
JJ·lDOP\JOINTJ ,J) 
FORCE (JI, LOAD)·FORCE(JI, LQ),D) +GPEM(J ) 
FORCE (JJ, LOAD) • FORCE (JJ, LQ~) ·Gn:o! (J"6) 

ELE07ll0 
ELE07l4.0 
ELE07l50 
ELEo?lISO 
ELE07370 
ELEon BO 
ELE07l90 
ELEO?4 00 
2LEo?410 
ELI!O?4.~O 
ELEO?4.JO 
EL20?40,0 
ELE01050 
EL2074150 
ELEO?010 
ELE07480 
ELEO?490 
EL£07500 
ELE07S10 
ELEO?SC!O 
ELE01S30 
EL£01500 
ELEo7550 
ELE0'7560 

RE'I'tlRN ELE0'75?0 
C ELE0'75aO 
c ............. • ..... • ........... ~I1E MEHDEJI. PORCES TO ClUTPOT FlU •• .. ~·· ..... • .... ··ELEO?590 

700 CONTI:mJE ELE07600 

WRITE( IllNI'l', i10) NODEI, (FT(J) ,J·l ,6) ,NODEJ, (FT (J) ,J·i f 12) 
WUTE(IUNIT ,710) NODE I , (RT(J), J·l ,6) ,NODiJ, (RT(J) ,J.'7, 12) 

?10 PCJIUoI.AT [16, lP,6G12 ,5) 

£LE07610 
£LEoi620 
2LE07530 
ELE0761110 
ELE076S0 

RE'Tt1RJII ELE07660 
C BLE0'76iO 
c ...... ••• ... •• .. • .. • ... • .. _· Ri:AD .\NIl PRINT M~.E:R fORCES nOM OUTPlfr PILE .. ···EL£Oi680 

c 

800 CONTINUE ELE07690 
BACKSPACE(IUNIT) E1.E07'700 
READliUNIT,* ) I'!'YPE,IEll'JO,I'triRITE,TO,DT E:"E01110 
WRITEI10S,B05) E1..EOii20 
IS"I'EP.-IWRIT'E £1..E01?lO 

810 READ (IIJNIT,B15,END .. a30) Na>EI, (P'I'(J) ,J·1,6),NClOEJ, (P'I'(J) ,J·1,U) E1..EO?"JoO 
READ (IUNIT, B15, END·830) NaDEl, !RT (J) ,J'l,6) ,NODEJ, (RT (J ~,J·1, 12) EL.E0'7'750 

BIS FORMAT (I6,5Gl:l.S) EL£07'760 
IS'TEp.ISTE.P.IWlU'TE E"'E07'7'70 
T-TO'Ot.ISTBP ELE0'7?80 
IP (HOO(ISTEP,INC) EO.O) THEN ELE01?510 

WRITEDOS,S20) IS'TEP,"%',NOOEI,!FTIJI,J-1 6), ELEOHoo 
NCmEJ, (FT(JI ,J"7,12) ELE0'7810 

'tIlRITE(lca,920) (RT(J),J·1,!2) ELE0'7820 
ENDIF ELEO'7 B 10 
GO TO BlIl ELE07UO 

B05 FClRM..\T (I' lD BE»! POiICES .. ', I 
s-r"EP TIME NaDE' ,7X, ',,"XIAL',llX, 

.. 'PY', 13)(, 'F'2.', 11)[, 'TORSION', lOll, 'I'IY' , 13)(, 'M.Z 'I 
820 FaRMAT tI,1l0,lP,G15 5,OP,16,lP,6G15.6,/,25l1,16,ISG1S.6) 
920 PaRMA" ( 25l1, 'DIS? ',lP,5G15 6, /31X,6G1S 6) 

BlO RETl.J'RN 

EL£07SS0 
ELEO?860 
ELE07B70 
ELE07eBO 
ELE07a90 
ELE0'7900 
ELEOH10 
ELEO'7i20 
ELE0?9l0 

C· .. ••• ..... • .... • .... • ..... DETER!oIINE THE LE~H OP THE MATERIAl. DATA 
900 CONTINUE 

ELE0794.0 
EL,.EOi5l50 
ELEO?960 
ELE01g70 
ELEO?980 

NHYST·l 

KAT .. RINPtn'tl.l 
CAll. MATLIS 10, LB'M'YP, FAl.SE, EESE, EPSE, DlJ!:"T ,E)(CR, 

FT, F, RT ,R, 0.,0 , LI:!l..m-1,l.o'iA" ,!'tAT ,M.A'M"YJ:> (SE, IEUolO,DAl'!AGE) 
ISE·ISE-LEl..2M 

ELE0'7990 
ELE08000 
ELE08010 
ELEOB020 



RETURN 
c 
C ...................... DE'TEiU'fINE THE TOTAL STRAIN ENERGY 

1000 CONTINU! 

c 

EESE·a 
EPSE·O 

DO 1010 I·l,};; 
10lD EESE·EESE· (P'T(I).pll)l"(R(I)~RT(I))/~ 

ENGDAT (1) • EESE 
ENGtIAT (2) • 0'. 

RE"T1JJUl 

C ••••••••••• ••••••••• DUC'l'ILITIES AND E);CURSION RATIOS 
C NO D ~ E UT lOS FOR Eu..STIC EUl'IENT 

1100 RE'I'URN 
C 
C 
C ........ •••• _ ........... FRINT MA.XIK1..J1ool ELEl'IENT LOADS 
C 

c 
c 

1200 camINUE 
1..CII.D2-0 
IF (fIRST) WiIlTE (IOB,G94) , COLlll'lN ( UJAD) REPRESENTS THE 

" 'DOP IIHICH HAS HAlIIJIIUIII V.\LtJE' 
IF (PIRST) WJIITE[lOB,491) , MAlUI"IUI'I VALllES Fc:II. Au.. STEPS 

/I' NOTE: HAlIIMtJoI VUllES WITH THE OTHER DOPS PaRCES' 
" II' ABE fRINT otrl' AT THE SAi'IE TIME' 

. 
DO J09 1·0,11 

I...OAD2·I<l 
IF! FH.t.X(I·U+I.I) EO. O. ) GO TO 309 
WRITE (108,492) IELJOO, 1.0;.02, walE I , (FHAX (I ·12 +J) , J·I, 6) , 

NODEJ, (FMAX( I-U~J), J.", 12) 
J09 camlNUE 

c.····.·.·· ....... ·.·. RESET El.EMZNT PORCES 
C 

1300 CClNTINlJ'E 
e· ZERO MATUCIES 

c 

00 131110 1·1,14 
PMAJI'(P12-11) ·a 
F (I)·a 
FT{I) .. 0 
R (1)·0 

134a RT(I)·O 
WJUTE{10B,1330) IEUIo 

13JO FailMAT{' 3D BE»! ...... .EJ...El'IZm' ",16, 
", INTERNAL FCl!.CES lND HYSTERESIS I'ICI)I!l.S .ME RESET TO Z~O') 

FALSE· .FALS! 
LS'T"t'YP·O 
CALL M.ATLIB (2, LS'li'YF', FALSE, EESE, EF BE, DUCT, EXc:R, 

PT ,P,llT ,R,O ,0. ,LEI..E:M, I.&.T,MAT ,HATTYF, SE, I Eu.lO,DA.!D.GE) 

C······· .. •••••••••••• DAMAGE INDEX 
c 

1400 DAKAGE • 0 
c 

ELECB030 
ELEOBOIIO 
ELEoecSo 
ELE080150 
ELE080;O 
ELE080BO 
ELE080510 
.l!LEO 91 00 
ELEOBlI0 
ELEOU40 
ELEOB130 
ELE091GO 
ELEOB1SO 
ELEO ill 60 
ELEOB1'?0 
ELEOBIBO 
ELEOB190 
ELECl8200 
ELEOB210 
ELEClB240 
ELEOB230 
ELEOB2GO 
ELE08~SO 

ELE08460 
!!LEOB2'?0 
ELEOB.il80 
ELE08290 
ELEOBJOO 
ELEOBJIO 
EUOBJ:!O 
ELEOBJ30 
ELE08JtO 
ELEOB3S0 
EL:EOB360 
ELE08J'?0 
ELEOB3BO 
ELE08J90 
ELI!08400 
ELE08410 
ELEOU20 
ELEOU3Cl 
B'LE08440 
ELE08450 
ELE08460 
ELEOU'?O 
2LE08480 
ELE084!i10 
ELE085 00 
EU08510 
ELEO.!l52.0 
ELE08530 
ELE08540 
EI..EOBSSO 
£1.E08560 
EI.E08570 
EL£OE5EO 
ELEO.!l590 
13:L£08600 
ELE08610 
EL£OB620 
E1.EOB610 
EL£0Ei540 

RETURN ELE086S0 
£NIl ELEOE660 

C E1.EOOOI0 
e- .......................................................................... ·CELEOOO 20 
C ELEOOO)O 

SUBROUTINE ELEO:2 E1.EOOOIIO 
.. [IOPT ,FIRST ,PRINT ,ID ,lOOP ELEOOOSO 

CCCR.D ,COSINE ,JTCOS ,CClNS'l' ,DISFL ELE00060 
VEL.OC ,FUB ,IREL ,NAME ,IElllO ELE00070 
R INPUT ,EESE ,EPSE ,DAMAGE ,DUCFAG ELEOOO 80 
IELTYP ,IELDOF ,NODEI ,NODEJ ,JOINTr EL£0005l0 
J"OINTJ,R ,RT ,P ,FT ELEOOIOO 
V ,VT ,ISE ,H ,LENGTH ELEOOII0 
I'IAT ,A ,LM ,ICTYPE ,PKAJl ELE001:il0 
SE ,STIFF) ELE00130 

IKFLICIT REAL(A'H,O-Z) 

CCM!IIJa.I fRSAf Ie<::I'm, RSA.F(12) 
RE.l.L ICOI'IN, LZNGTH 
l...OGlCAL FIBST,PRINT,F;u.sE,BTES'T 
CHARAcrER-80 NAME 
CIi.\RAC'TER"!) TYPE(6) 

s: I NCUJDE: 'ZCQ9,13 ' 

EUOOHO 
ELEOOls0 
ELEOOliSO 
ELEOOl'70 
ELE00180 
ELE0015l0 
ELEOO~OO 

ELE00210 

DIMENSION IDOF(I"tAXNOD,6) ,COORD (KAXNOO, 6) ,COSINE[3,3,NC'OS) 
DIKENS ION CONST (MAXNOD,6), ID (KAXNCD) ,JTCOS (H.AXNODj, SAT{ 2J l:il) 
DII1!NSI0!l1 STIFFpe) ,1..(12,2), S(2, 2) ,1...11(12) ,FMAX(2) 

ELEOOnO 
ELE00:230 
ELEOOHO 
ELEOO.il50 

c 
c-

DlKENSION CTS( 3, l) ,C'TE( J, J),V1H3),VY(3) 
DIMENSION BS( J, J),BIl( 3, J),SE(ISE) 
DIMENSION DIBPL(NOOF ,NLOAD) , FUB (NDOF) , VELDC(NDOF) 
DIMENSION KINPlTI' (l00) ,WORK(6) ,DOC'!' (J I, E:.IC'JI. (6) 
DATA TYPEf' AXIAL',' SHEAR-Y',' SHEAR·Z', 

, TCJRSION', 'BENDING'Y', 'BnIDING-z'f 

C VARIABLES, 
c-
C - ... GLC8).l. VAll IABLES 
C rOPT I, INITIALIZE BE»! COLUMN ELfJo!ENT 
C - 2, CAl.CIJl..ATE GECJ1E1RIC STIFFNESS 
C - 3, POlUoI STIFFNESS 
C • 4, CAlCUl.ATE IJIICltEMEN'!'AL FORCES 
C • 5, CAltCUl.ATE TOTAL FORCES AND END.GIES 
C IU'NIT • otnPlr. flU UNIT • F~ PRINTING CXlJ'Pln' 
C PIRST • FLAG, FIRST·.TRUE , PRINT HEADERS 
C PRINT· FLAG, PRINT".T1WE., PRINT OAT" 
C NIlOF • II OP GLcmJ..L DOP 
C NLOAD • " OF LD,Ul C~INATIONS 
C MAXNOD • II ROW DIMENSION OF NaDE ARRA.Y 
C NNODE • II OF NODES 
C ID • AR.RA.Y OF EXTERNAl... NODE NtJoIBERS 
C IDOF • AlUlAY OF DEGREES OF F'REEDCI"I 
C COORD • AlUU .. Y OF COORDINATES 
C COSINE· AR.RA'f OF DIRECTION COSINES OF NODES 
C CONST • ARRAY OF CONSTRAINT TRANSFORHAT IONS 
C OISFl. • GLOBAL DISFUCEHENT !1).TRIX 
C Z • REAL GL~A.L Si'ORTAG VECTOR 
C NZ INrEGEIl. GLOBAL STORTAG VECTOR 

ELE002iSO 
ELE002'?0 
ELEOOHO 
ELE00290 
ELE00300 
ELE00310 
ELE00320 

... -ELE00330 -
ELEOOl40 

.. - -- - - - -. -ELEOOl50 
ELE00360 
ELE003'?O 
ELE00380 
ELE00390 
ELEOOtOO 
ELE00410 
ELE00420 
ELE00430 
ELEOOUO 
El.E00450 
ELE00460 
ELE004;0 
ELEo0480 
£LE00490 
ELE0050Cl 
£LE00510 
ELE00520 
ELE005JO 
ELE00540 
ELEOOS50 

C IZMAT • LDCATlON OF MATERIAL DATA HI GLOBAL STORAGE V'BCTClR 
ELE00560 
ELEOOS"O 
ELEaOSBO C NAME El..EKENi NAME 

e I E~O El..E:~ NU!iBER 
C RINFtr. - INPUT DATA 
C STIFF • COTFlIT ELD!~ STIPFNESS (UFFD TI\I..\.HGUUJoI PaRMI 
C l.lol • CXlJ'plJ'l' LOCAL TO GLOBA.L STIFFNESS MAPPING MATRIX 
C· ELDiENT VAlUABLES 
C H,D,AI ,AJ, e,Br ,SJ, S22, S~iS, S2l2,S3l,SJS, SJll, D 

ELFaOS~O 
ELEa0600 
ELE00610 
ELE00620 
ELF00630 

C - INDII/IDU)..L '!'ERMs IN THE ELEMENT STIPFNESS (51 MATlUX 
ELF00640 
ELE006Sa 
El.E00660 
ELE006')0 

C PXG INPt!t' LCAIl FOR FCR.MING GEaoIE'l'RIC STIFFNESS MATRIX. 
C 11. INCRlKENTAL 01 SPU,CEKENTS 
C 1I.T - TOTAL DISPU.CEl'tEm'S 
C F - INCRIMENTAl... FORCES 
C F"I' - T'O'TAL FORCES 
C l..l'I - LDCA..L TO GLCIBAL S"l'IFFN'ESS MAl'FING MATRn 
C C":'S • I....£X::AL TO Gl.asAl.. ROTArION MATIU:!! START 
C C'TE I....£X::AL TO GLOBAL ROTATION !'U.TRIX Eml 
C BS LOCAl.. 'TO Gl.OaAI.. ROTATED ECC~ICITYfCONSTRA.Hrr 
C BE LOCAL TO GumAL ROTATED ECeEm'RICI'TY/CONSTRAIN'T 
C S":'IFF • ELEKEm' STIFFNESS 
C IE:"'TYF • E~ 'TYPE - 10 
C NClDEl • EXTERNAL JOINT NUHBER, END I 
~ NOOEJ • EXT£!UoU.L JOINT NUmElL, END J 
C JOINTl - INTERNAL JOINT N1..HB Ell, END 1 
C JOINT'; • INTElI.NAl. JOlNi' NUMBER, END J 
e· TEMPROARY VARIIJIU:S 

ELE006eo 
ELE00690 
ELEOO"OO 
El.EOa.,lO 
ELEOO"20 
ELEOO')30 

I'U.TRIX S"!'ARTELEa0?40 
~TRIX END El.Eoa"SO 

E:"EaO?eO 
ELEao,,"o 
ELEOO.,EO 
ELEOO"90 
ELEOO~OO 

ELECO~ 10 
ELEC08.il0 

21 

C V)( • VECTOR DEPINING THE ELEMENT X AXI S 
C VY • VECTOR DEFINING THE ELEtmn' Y AXIS 
C COSLOC • LOCAl.. COSINE KATRIX 
CA· GLOBAL TO L~ FCRCE TRANSFIJRHATION MATRIX 
e S I!L!MDlT STIFFNESS AT LOCAl. COCIRD, Ai ENDS OF Fl.EXABI....E PART 
C SAl' PRODUC"l' OF S-A' 
C ASA.T • PRODUCT OF A.-SAT 
C· - .. ---------.- .. 
C 
C 

c 
c-

c 

. -. CHOOSE OPTION 
IF (IOPT.LT.l .CD!. IOFT.GT.14) 

WllITE(lOB,-) 'INVALID OPTION IN ELE-02, IOPT"',IOPT 

GO TO (l00, ;aoo, JOa,4 00,500, 600," 00,900,900, I 000, 1100, 
" UOCl,1300,HOO) 10PT 

100 CONTINUE 

INTERPER'rATE INFUT DATA 
IELTYF· :2 
MAT • RINPIJ'l'( 1) 
NODEI • RINFlJT( :ill 
NClDEJ • RINPtn'( 3) 
XTYPE • UNPtn' ( III) 
XL!N .. RINPtn'( 5) 
VY(I). RINPtn'( 6) 
VY('l~ • RINPtrr( ')) 
VY(J~ .. R1NPUT( .!I) 
XS • RINPllT[ 9) 
XE • RINPtn'(lO) 

GE'T INrDU"aL NODE. ASSOCIA'l'm WITH EXTEJUU"L NODE II'S 
JOINTI·IQlJICIC{NODEI, ID,NNCDE) 
JOINTJ· lQUIC]( (NODEJ, 10 ,NNCX>E) 

IF [XT"l'PE.L'T 1.~ KTYPE.G'T.6) '!'HEN 
WRITE (109,102) IELNO, NCDEI,NODEJ, nYl'E 
F~T(lX ,:010 ('.') , 'Ell', 'liaR - INVAl..ID X'r'tPE', /5'X, 'IELNO·', 

IS ,SX, 'JOINTI .. ', IS ,5X, 'JOINTJ·', IS, 5X, 'ICT'r'PE·', 15, / 
5X, 'REVISIl INPlTI' 1 I.E "'fPE LE 6 ...... 'f) 

LENGTH· 1 . 0 
ENDIP 

C· - . - - PRINT DATA Fa!. PLDrTING 

c 
c-

IF (BTEST(IBUG,2)) WRITE(",lO) NCllEJ,NODEI, (CCXJRD(JOINTJ,I), 
.. 1·1,31, (CCXlRD(JOINTI,J) ,J·l,J) 

10 PCltMAT [I5,lX,15,lP,6GU ., 

C GET GLOBAL '1"0 x..o::.u. T1!..ANS'PODQ.TICN ""'1'1UX 
c-
C - . . •. DEF lNE VEC'I'OR X, t..ENGTH 

c 
c
c 
c 
c-

c 

IOJ 

lCl 

VX(l)·rooRD [JOINTJ, I) ·COCIRtI(JOINTt, II 
VX (2) ·CDCmI [JOINTJ, ~) .COCIU) (JOINTI,:oI) 
VX (3)·COCdUI [JOINTJ, J) -COCRtI (JOINTI , J) 
~TH.So;Il.T(V)({1)·.2~'\I"K(2) n:ol·VlI(3)·-Z)·XS·XE 
IF (LENGTH. EQ. 0) THEN 

DO 103 n·l,l 
VX(II)· COSlNE{I,Il,J'I'COS[JOINrI) 
V't(lIl· COSlNE(l,II,JTCOS(JOINTI)l 

LENGTH·l.OO 
ELSE 

LEN<7r'H·l.ENGTH-XS ·XE 
ENDIP 
IF (Xl.EN.NE.O) THDI 

L~H·:!!L£N 
JlS·O 
XE·O 

ENDI' 
IF (LENGTH.LE.O) THEN 

WRITE (108,101) IElm, JOINTI ,J"OINrJ ,LENGTH 
FCRHAT[H,20("'),'EJt','ROR LENGTH IS LE O',/SX,'IEiNO-', 

IS, SX, 'JOImI·' ,IS ,5)1, 'JOINTJ·', IS ,SX, 'LENGTH' ,lP, G1S 6/ 
5X,'REVISE INFtn'. 'f) 

L~H·l.O 

...". 
GET LOCAl.. TO GLCZ8AL TRANSFORMATI~ MA1'RICIES CT AND B 

ICS··J'TCOS (JOINTI) 
ICE·J'TCOS{JOINTJ) 
CAlJ.. RarXY7.(VX,VY,COSINE(l,I,ICS),CTS, XS ,0. ,0. ,8S, 

.. CaNST[JOINTI,I),I9.XNOD) 
aLL RarlYZPIX,VY,COSlNE!I,l,ICE),C'TE"xE ,a. ,0. ,BE, 

.. cc..lST[JOIN1'J,l) ,MAXN'CID) 

GET GLOSll C~BTR.AINT MATlI IX BS, BE 

ZERO MATRICIES 
• -0 
FT·O 
• -0 
RT·O 
V -0 
V'T-Q 

FMAX(l) ·0 
'PMAX(2)·0 

C' ASSEtlBLE TRANSPCRHATIaN H),iRIX A 

ELE00930 
ELECl0B40 
El.EOOB50 
ELE00960 
ELECla8?O 
ELEClOBBO 
ELE0089a 

- - ·ELE0090C 
ELX00910 
ELE009:ilC 
ELEC0930 
ELE0094C 
ELE009S0 
ELE009i5C 
ELE009"0 
ELECl0990 
ELE00990 
ELEOI000 
IlLEolalO 
El.EOla.ilO 
ELE010JO 
El.EOI040 
El.EOI050 
ELEOI060 
ELEOI0'lO 
ELE01080 
EL.EOI090 
ELE01100 
ELEal110 
ELEa1120 
ELEa11JO 
ELEa1140 
£LEo1150 
ELEo1160 
£LE011 ;0 
ELEo11eo 
ELE01l90 
E.LE01200 
ELE01210 
ELEOl:2:20 
ELE01230 
ELEOl:ilIlO 
ELECUSC 
ELE01 4 iSO 
ELEOI2"a 
ELE014EO 
ELEOI:il90 
ELE01300 
ELEOlJI0 
ELEOI3~0 

ELEOI330 
ELEOIlGO 
ELE01350 
ELEC1360 
ELE013"0 
ELE013BO 
ELE01390 
ELEouoa 
ELEOl410 
ELEOU~O 

ELEC143Cl 
ELEOIUO 
ELE014S0 
ELE01460 
ELEOH70 
El.E01480 
ELEClIUO 
ELE015ao 
ELE015l0 
El..E01520 
ELEalS30 
El.EalS40 
ELE01SSO 
El.E01S60 
£LE01S"0 
El.E01SBO 
El.E01S90 
El.Eo1600 
£LEOl610 
ELEOl6;!O 
ELE01630 
ELEo1640 
ELE016S0 
ELE01660 
ELE016"0 
ELE01680 
ELE01690 
ELEon 00 
ELE01710 
£LEol"40 
ELEo1730 
EI..EOl?40 
ELEon so 
£LE01"60 
ELEOl?70 
ELE017 BO 
ELE01"90 
ELE01800 

C NO'TE. A IS DIMHENSICNED AS A. 127.2 I'IA'J'RIX, Btn' ONLY THE PIRST IELDOF 
EI..E01810 
ELE01820 
ELEOlBJO C RC*"S CCNrAIN INPCltMA.Tl~. THE BA.LANCE OF THE MATRIX IS 

c 
c-

ONDEFIN'ED. THE GLOBAL OOF COORESPCIND INC TO THE RC*" S OP A 
ARE STaRED IN VECTCI<~. AGA.IN, ONLY THE FIRST IEWOP ROW'S 
OF LM AltE DEFINED 

I ElJ)OF· 0 
DO SO 1-1,12 

REMOVE DOF'S THAT AltE CONSTRAINED TO THE SAME OOF 
J-I 
IP (l.GT.6) J. 1'6 
IP [ lDOF(JOIN'1'I,J) EQ.IDOF(JOINTJ,J) 
IP (I.LE.6) THDl 

LHTI· IOOF (JOINTI, I) 
ELSE 

LMl'1- lOOF (JOINTJ, J) 
ENPIF 

AI·O 
A2-0 
IF (1.12.3) THEN 

IF (XTYPE.L! J) A.l·CTS(I,XTYPEI 
E1-S:E IP (I LE.6) THEN 

IF [XTYPI. LE 3) THEN 
Al·BS (I -3,X'fYPE) 

ELSE 
Al·CTS (I'J, XTYPE'l) 

ENOIF 
EI...SE IF (I LE 9) THEN 

IP (XTYPE.U: J) A:il·CTE[I -6,XTY?E) 
ELSE 

IP (XTYPE.U.3) TH£N 
A2-BE(1 '5I,XTYPE) 

'LSE 

ENDIF 
ENDIF 

A:il·crE (I -51, ](TYPE-l) 

IF (A1.EQ.o .AND A2.EO.0) GO TO SO 
IEL..OOP·IELDOP.1 
A(IELDOF,l)·A.l 
A(IELDQF,2)·A2 
LM(IELOOF) ·LJoIl'I 

CONTINUE 

GE'1' SPRING !n'IFF'NESS 
FALSE- . FALSE 

I GO TO 50 

ELEOlB40 
El.EOlB50 
ELE018iSO 
£L£a18;a 
ELEaU80 
ELEalB!ila 
ELE01900 
ELE01910 
EL£0192a 
ELE(19)0 
ELE01940 
ELE019S0 
tLE01960 
ELE019"O 
ELEOI5180 
ELEOl5l5l0 
ELEO'lOClO 
£:"E02010 
:ELEO'lO~O 
ELE02ClJO 
ELE02ClIIO 
ELEO'l050 
El.Ea2060 
ELEa20,,0 
El.E0201i0 
ELE0209a 
El.E02100 
El.E02110 
El.E0212C 
El.E02lJO 
ELEC211i1a 
El.EC~150 
El.E02160 
ELE021"O 
ELEa2180 
El.Ea2190 
El.E0220a 
ELE02no 
El.Ea2220 
EI..E02230 
ELE0221110 
ELE02.ilSO 
ELE02:ili50 
£LEO.il270 
EL.E02:ilBO 



c 
c-

c 

l.S'TT'fp·O 
CALL I'tATLIB (Z, LSTTYP, PALSE, EESE, EPSE ,DOCT, EXCR, 

", F ,RT ,R, o.,a., I.2t.EM, lHAT,l'lAT ,I'\lT'l'YP, BE, IE~, DJ.MA.GE) 

H IS THE SPRING STIFFNESS 

H .. BE ~ 1 ) 
HH. BE (1) /L.ENGTH 
an,1)· HH 
8(1,2)· ·HH 
S{2, 1)· ·HH 
S(:;,2)· HH 

- - .• CA.LCl1LA TE SA'! 

60 

DO 6a I·l,Z 
DO 60 J·l, IELDOF 
SAT{I,J) ·0 

DO 60 X·1,OI 
SA'T(l, J)"SAT(I ,J). S ~ I, k) -A (J ,X) 

c.\LCl1LATE ASAT .\NO C~ERT TO HALl' STORAGE MOO! B'( COLUOINS 

1 3 , 

L-O 

10 15 Oil 2B .l6 4S 55 56 ?8 
9 14 20 21 35 44 54 65 i? 
B 13 19 26 .3C 43 53 64 ?15 
, 12 1& 25 33 4'iI 52 6) ")5 

1117 illII)2 ILl 51 6:;'4 
16 2J 311L0 50 61'J 

il2 30 H 49 60 '2 
29 3B U 59'1 

31111758 '0 
46 57 69 

56 68 

" 
DO 7a J·l,IELDOP 

DO 70 I·J,l,·l 
L·L·l 
STIFF~L) ·0 

DO?O J:·l,2 
ST1FP (L) ·STIPp (L) ·A(I, X) *SATIX,J) 

~ER INDICATES 
LOCATICIN OF DAT" 
IN ADA'! S'TIFF 

E1..EOZ290 
!LEOZJOO 
ELE02JIC 
E.LB02J ~ 0 
!LE02J30 
'ELEO 23 III 0 
!LE02350 
ELE02J60 
ELE02J?O 
El.E02J80 
EL.!02.390 
ELEO:aOo 
EL.E02410 
ELE024Z0 
EL20~4JO 
ELEO~UO 
ELEO~4S0 

ELE02460 
ELEOH.70 
ELE02111110 

C- -. - - RELEASE llN1JSED S'TaRAGE 
190 IREL·7B L 

ELEOH90 
ELE02S00 
ELEOZ510 
ELEOZ5~O 
n.;E025JO 
ELEO~540 

EU02550 
ELE02S60 
EL.E02S'0 
ELE02SBO 
EL.E02S90 
ELEO.600 
ELEO.610 
ELEO<l6:i10 
ELE026)0 
ELE0261l0 
ELE02650 
ELE02550 
ELEO<l670 
ELE026BO 
£LE02690 
El..EOOl?OO 
EL.EOZ?lO 
ELEOZ? ao 
ELE027JO 
!l..EOa,(O PRINT COl..ao!N DA'TA 

IF (PIRST) WlUTE(108,192) 
191 IofRITE (lOB, 193) NAM!, I~O,MATJNODEI ,NCIOEJ ,TYPE (XT'lPE) ,I.ENG'I1i, 

" VY(l) ,VY(2) ,VY!J) ,lS, ·XE 

ELEOa?SO 
ELEOa?60 
ELEO~7?O 
ELEOn BO 

192 PCRIU'l'{/' !l..EHENT DOl, CINE ~L.OCAJ..,) DOP SPRING n.EMnrI"11 ELEO:n90 
" T2Z,'1f 'MATL START EW',2X,'--T'tP!-···,6X,'LRNGTH'/JX, ELEO:aoo 
"ll~'·'~,' y·,uIl!i ',12('·')/' Il'TAR'T Dllrt' END DIS'!") ELE02810 

193 Fc:lRM.\T{lX,A15,U6,2X,A.9,3X,IP,G10i,III,OP,P9.S/' I', ELE02820 
" SP,P9.5 , ' J·,n.5,' X',lP,SS,lG10i,4) ELEoa30 
RETURN ELE0281110 

c •• • •••••••••• • •••••••• ••• DETDJoI:INE Q2CJo!ETi.IC S'Tlp}' ••••• .. ••• .. • .. ··_····nE02B50 
200 RETURN ELE02B60 

C THt GECl'lETIIIC S"!'IPFN!SS MATRIX IS NC1'r AVIAI..ABLE PaR. 'THIS El.EMZN'T ELE02EiO 
C ELI!02E80 
c •• •••• ..... •••• ......... •••• ...... DET:DJ1INE S'TIP'FNESS .... • .. •• .. • .. •• .. •• ...... •••••• .. ·ELE02~90 

loa CONTINUE ELEo2900 

.c 

c 

H CON"TAINB THE SPRING STIPFNESS, WHICH WAS DE'TERMINm IN THE 
U5'T CALL. 'TO MAT LIB 
IP H·SE~l) 'l'HEN THE S'TIFPNESS HAS NO'T CJ-lANGED, RETURN 

IF (H.EQ,SE(ll) RETURN 

H .. SE ~ 1 ) 
HM· SE~l) ILENGTH 
50,1)· HH 
S{l, 2)· ·HH 
S(2,l)· HH 
S{2, 2)· HH 

C- - ..• CALCLlU.TE SAT 
DO 360 1·1,2 

)60 

370 

DO 36a J·l, IELDOF 
BAT(I,J) ·0 

DO 360 X·l,2 
SA'TCI,J) ·SAT(I,J) - sn,X) "A(J,lt) 

CAl.Cl1LATE ASAT, STORE IN UPPI!:it TlUANGU1...A.R MATRI:K 
L-O 
00 3'0 J·l, IELDOP 

00 J70 l·J ,I, 1 
L·L-l 
S'TIPF(L)·o 

DO 370 X.l , 2 
STIFF (L) ·STIFP (L) +A (I, K)· SA'T (It, J) 

El.E02S110 
ELE00l920 
ELE029l0 
ELE02940 
ELE029S0 
£LE02960 
ELEOa?O 
ELEO:il9BO 
ELE00!9S10 
ELE03000 
I!LEOJOIO 
ELE03020 
ELE03030 
ELE030,0 
ELE03050 
ELE03060 
ELE030?O 
ELE030EO 
ELEO)090 
ELE03100 
EI..E03110 
EL.E03120 
ELE03lJO 
ELE0314C 
ELE0315C 
ELEC3160 
ELE031'C 
ELE031BO 
ELEO.l190 
ELE03200 

RE'TURN ELEOJ2l0 
C· .......................... DETERMINE INCRllmn'Al. PClRCES •• ··············ELE03220 

lIIao CONrIl'I1..I!. ELE0.3230 

c 
c-

c 

IF ~PRINT . .lND.FlRS'T) WRITE(l08,491l S'TEPID ELEOJ:;40 

LOOP FCIR EACH ~ 
DO 11130 LQA.D·l,NLCl.\!) 

ELE03250 

C··--·· TRANSFCIU1 FVJ1E OISPL 1m-a LOCAl. DISPL 

ELEOJ260 
ELEol2'0 
ELEOllBO 
ELE03290 
ELE03JOO 
ELE03JI0 
ELEOJlilO 
ELE033JO 
EL.EOJ34.0 
ELE03350 
ELEO.l3!50 
2LEon,0 
ELEOJ3BO 
ELEOJ35I0 
ELEoJ4aO 
EL203410 
ELEOJ420 
ELEaJIII30 
EL.E03440 
ELEolf,50 
ELEOlf,60 
EL.E03111?a 
El.,EOlIll80 

C. LCC.'.L DISPL ARE A'T THE END END OF iHE SPRING, THUS 
C POSITIVE IS TENSION J.ND NEGA.TlVE IS CCMPRESSION 

410 

c 
c- -
c 

c 
c-

c 
c-

01' 

'-0 v-o 
00 410 I·l,IELDOP 

J·LH(l) 
All· A(l,l) 
,1.12· ,1.(1,2) 
DISp· DISPL(J ,L.£lA.D) 
VEL· VELOC < J) 

Roo R .. ~AIl,Z) A(I,l)) .. DISPL.(J,LOAD) 
v· V. IA(l,2)·A(I,1~) .. VELOC(J) 

INCRIMENTAL PORCES 
p. H'R/LtNG'TH 

CHECK STIPFNESS AND CAL.CtJt.t.1'2 UNBAI..ANCED FORCES 
THIS IS PREPORi'tEtJ CINL't P~ INELAS'TIC AN.U.YS!S 

P ·PT·P 
IF (.NOT. ELS'TIC) THEN 

SET UP Tfl'!:PORARY TOTAL l..OAllS, DISPL'S AND IfELOC 
ELE0311190 
ELE03500 
EL203510 PL·n 

o • (:!I:'T'R)/LENG't'H 
DL·aT 1l..ENG't'H 
VC·-n.V 
VL-V"r 

TJU.NSPER PEliMANENT HYSTERESIS DATA TO TEMPROAl\'( 
ISEZ·ISE/2 
DO U5 1·1, ISE~ 

SE(l.ISE~) .SEIl) 
CAll. HYST !1ODEL 1'0 GET NEW STIFFNESS Al'ID 
THE TOTAL PORCE P AT DISPL D 

EL.E03520 
ELEOJ5JO 
ELE0351L0 
ELEOJ550 

STORAGE. . ELEOJ5150 
ELEOJ570 
El.EOBBO 
£LI!!03590 
ELE03600 

CALL MATLIB (l, LSTT'tP, PAl..5E, EEBE, EPSE, DUC"'!', EXCR, P, PL, D, DL, 
VC, VL,LELEM, I.&T ,~T ,MATTYP, BE 11SE,-l) ,IEUtO,DAMAGE) 

IF (SE(ISE2'1) NE.SE!l) I mwx· ,nUlE 

ELEa36lo 
ELE03620 
ELEOJ63a 
EL!0364C 

El<DlF 

SAVE PEAK VALUES POR MULTIPU: L.OAD CASES 
IP (NLQAtI.G'T.l AND. ABS!F) Gi'.U!S(PMA>I{lJ) 1 THEN 

PMAJI{l)'·P 
PM}.)[(2) .1' 

,,",,IF 

PRINT OA'TA 
HH· H/LENG'TH 

EL£03650 
ELE03660 
ELE03610 
ELEOJ6Ba 
ELE03690 
ELEOJ700 
E.LE0J"710 
ELE03720 
ELE03'.lO 
ELEOJililO 

22 

If (PRINT) WlI.ITEllaB,d92~ IElNO,LQ.\D,TYPE(]t'TYPE) ,NODEI,NODEJ, 
1 P,R,HH 

4J 0 Can'INUE 
c 
c-----· 'THIS IS paR SOUls.\ USED ~LY 

IP{ICCIiJII .EQ. I .CIR. ICOHN .EQ 
RS.lP(1 ).p 

2 ) THEN 

ELE03750 
ELE0376a 
ELEOl??a 
ELEa3? 80 
'El.E0379a 
ELE03900 
ELE0J910 
ELE03B20 
ELEOJB30 ENDIP 

c 
C······ CALCt1U.TE 'l'HE !JNBAUNCED MDmER FORCE ON A JOINT. 

us.u.· P+P'T-p 

ELEOJ8dO 
ELE03B50 
ELE03860 

c 

.40 

p - P 
PT -PT 
p - P 
DO 11140 I·l,IEI...DOP 

J·UHI) 
All· Al I ,1) 
A12· A{I,2) 
PUE{J)· FU!(J) .. (A{I,1l·AO,2~) • UBAL 

CONTINUE 

491 POllM.\T (I' SPRING PCI<CES. ',SX,'" 
'" 2I...EM£NT LOAD',Tl',, 'TYPE',' NODEI',' NCDEJ", 
, ' PCIlCE ',' DISPLAC)(ZNT ',' STIPP'NEGS .) 

492 FOaMAT ~IlO,I5,a"A.sI,2I6,lP,3G15,6J 

ELEOJ6'0 
ELEOJEBO 
ELEOJB90 
ELEO)900 
ELEOJ9l0 
ELEO)92a 
ELEOJ9Ja 
ELEOl940 
ELE03950 
ELEOJ960 
ELEaJ9"10 
£LE039BO 
ELEOJ!il90 
ELEOIIIOOO 

C· .... - AIlJUS"T P FCII UNi!AU.NCED LOA!) P 
p.p.P"I' 

ELEOlllalO 
ELEOIII020 
ELE040JO 
ELEOIII040 'lmJI!N 

C ••• ••• •••• ••••• •••• •••••• DETERMINE 'TOTAL PClic:ES, ENlmGIES ICT ····~···ELEOllla50 
ELEOIII060 
tLE040,a 
ELE04080 
ELE0409a 
ELE04100 
ELE041l(] 
ELE04120 
ELE041l0 
ELEOIL140 
ELE04150 
ELE04160 
ELE041'O 
ELE041BO 
EUOIll1510 
ELE04200 

c 
c 

500 CONTINUE 
IP~ ICCJoIN .NE. 1 .Am>. ICctm .NE. iI ) THEN 

IP (PRlm'.J.ND.FIR5"'f') WRIT'E(lOB,491) S'TEPID 

C- .... TOTAL PQ\cES, DISPLAcn!ENTS .AND V!:LOCITIES 
n·PT"p 

c 

RT·R'T .. R 
VT·VT·Y 
IP (UlS~PT) CT.US~PtW«(I)) ) 'THEN 

FM.U\l).P"I' 
FH.\J((2)·R'T 

ENDIP 

C- - - ... PRINT DATA 
HH· H/t.ENGTH 

c 

IF ~PRINT) WRITEIlOB,.n) lZUlO,l ,TYPE (J:TYPE) ,NCDEI,NQDEJ, 
1 F'T,IIT,KH 

ELSE IF~ ICCI4N .EO. 1 .OR ICCMN .£0. 2 ) THEN 
PT·RSAP (1) 
IF (P1I.IN'T_AND.PIRS'T) WRITE(lOB,lIIg7) &"TEPID 
IP (PRINT) WRlTE\lOB,492) IELNO,l,T'J'PE(JrTYPEJ,NODEl,NCDEJ,F'T 

"""IF 
4Sl' PCIUU.'T (I' SPI[NG FalCES ... ',SX,AI 

'" El..EKENT UllD',T17,' TYPE',' NODEI',' NCDEJ', 
P'CII.CE ') 

C··---- TUNSPER 'TE2'O'iOM't H'tSTER.!SIS DA1A TO PERMANEN'T STCIRAGE. 
ISE2·ISE/0I 
Ip ~.NOT. lLS"I'IC) THEN 

DO 510 I·l,ISE2 
510 BErT)·BE(I·ISE~) 

ENDIF 

ELE040ll0 
£L,E04220 
[LEOIll2JO 
ELE04~1II0 

ELEOIII~50 
ELEOU60 
ELEOU?O 
ELE04290 
ELE04290 
ELE04.)OO 
£L.E04lI0 
ELE043Z0 
ELEOIL3JO 
ELE04140 
ELE04350 
2LE04360 
ELE04370 
ELEOIII)80 
ELE04390 
ELE04400 

RE'TUR.N ELEOlll410 
C ELEOU20 
c ............................ DETERMINE PIXED END PORCES, AND ADD TO PClRCE·ELEOd4JO 

600 R~ ELEOIL440 
C ELEOU50 
C- PIXED END FaRCES ARE NOT AVAIUBLE POI' 'THE SPRING ELEOU60 
C ELEou,a 
c ...... • ••••••• • ••••••• WRI'TE MEMBER PORCES TO CX!TPtn' Ptl...E ··············ELE04f.8a 

'00 CCNrlNUE E.LE01L490 

o.u.. KATLIB (IL,LSnYF, FALSE,EESE, EP5E,DOCT, EXO, 
.. FT, F,RT ,R, 0.,0., LEl...I!2'I,lJ1AT,IO..",MATTYP,SE, lE~O,DAMAGE) 

WiITE (IUNIT ,710) NemEI ,NOOEJ ,J::TYPE,FT ,RT,H,EESE,EPSE, 
" (DUCT (I), EXCI. (I), 1·1,3) 

"110 Ftmt.\T ~JI6,lP,5GU.1L/6G12.,) 

ELEO'500 
ELEOIllSIO 
2LEOlll520 
ELEOlll530 
ELE04540 
E1.£04550 
ELE045EO 
ELEOlll570 

lI.ETlTllN ELEOlll5BO 
C ELE04590 
c.···· ....... ···· .... ·· RE.\D .ulD PRINT I1EKBEII FORc:ES PROM OUTPUT PILE ····I!LEOUOO 

BOO carrlNUE ELEOUI0 
RACJ(SP"CEIIU]IlI'T) ELEOlll620 
RE.\D IIUblIT,. ) I"YPE,IE~,IWRlTE,TO,OT ELE0lL630 
IS'TEP •• IWllITE ELE04640 

810 READ ~ I UNIT, Bl 5, END· BJ 0) NCX>EI, NClOEJ ,nYPE, FT ,RT, H, ESE, PSE, 
'- (WORJ:(I) ,1·1,6) 

815 PClR.l(,\T (3I6,5G12,1II/6GI2.4) 
I S'!'Ep· IS'I'EP' IWRITE 
T·TQ..DT" I STEP 
IF IlS'I'EP.EQ.O) WlI,ITE{109,B05) NOD!I,NalEJ,'TYPE{X'TYFE) 
IF (MCDIIS'TEP,INC).EQ,O) WRI1EIl09,B20) ISTEP,T,P'T,R'T, 

H,ESE,PSE 
GO TO Bl0 

B05 PCJUoI.,\T ~/' SPRING ~CEB ... ',I 
'5l\,'~EI ',I6,5J:,'NQDEJ",I6,5:K,'SPRING TYPE·',A,II 
" • STEP TIME ' , 

'" :~~C! :;: DISP~~N'l' 'J S'TIPFNESS' , 

820 PCIRJo().T lIla, IP,G15 ,5,6G1J .5) 

830 illRITE(l08,UO) (watX(I),l·1,6) 
840 FOIU'lA'T (/"!'l0,' MAXIMUN DUCTILITIES '-lID E:KCUll.SlaN RATIOS'I 

.. "rIO,····················· .. ······················/ 
'- "r15, 'DISPUCEMENT DEPINAnON 01·' ,lP,G12.1II,5X, 'El·' ,G12 ,1111 
.. T15, 'ENDGY DEPINATlaN jill: U2·' ,IP , G12.III,SX, 'E2·' ,G12 ,1111 
.. T15,'ENERG't DEPINATI~ .2: OJ·',lP,G12.4,5X,'EJ·',G12,III) 

'I!'TU» 

c····· .... •••••• •• •••• DE'TERMINE' THE LENGT'H OP THE MATERIAl., DATA 
900 CONT lNUE 

N)(YBT·l 
IS2·0 

MAT • RINPt1T~ 1) 
CALL MATLIB(O,LS'TT'YP,PALSE,EESE,EPSE, DUCT,EXCR, 

P! ,P, RT ,R,C" o. ,LELEM,I.JI!.AT ,MAT ,!'!.lM'YP, SE, IELNO,DA.JoU.GE) 
ISE·I5E·LELm1 

ELEa4650 
ELEo4660 
ELE04670 
ELE046BO 
ELE04690 
£U04'00 
ELE04710 
EL.EOIII"120 
ELE047)0 
ELE04740 
ELEOIII'50 
E'LE04760 
ELE'01ll170 
ELE04"IB0 
ELE04790 
ELEo4EOO 
ELEOIllUO 
ELEOIIIS 20 
ELEo4E3a 
ELE04E40 
ELEousa 
ELE04B6a 
ELEOU70 
EL.EOU90 
ELEOU90 
ELE04900 
ELEOU10 
ELE04920 
ELE04930 
ELEOIll940 
ELEOIll!il50 
ELEOIII!HiO 
ELE04970 
ELEod9BO 
ELEOd5l90 
ELE05000 

DOUBLE THE S'TCIlI.AGE, 'TO.ul..rClW f"(JR TEMPRaARY VALllES. El..E0501a 
ISE.ISE"2 E1..E05020 

RE"TlJII.N El..EOSOla 
c £LE050~ a 
c ••••• ~ ............... DE'l'ERJoIINE THE S'TRAIN ENl:RC't ELE05050 

lOOO CONrIN1JE ELEO~060 
C EL.E050"10 
c •• ••• ••••• ••• •••••• • DUC'TILI1IES .AND EXCURSION RATIO'S ELEaSOBO 

110a CmrTINTJE EL£05090 
CaPTIONS 10 .l.ND 11 HAVE TH.E SAME COOE FaR 'THIS ELEHENT.. E':"£05100 
C. THE ENERG'! WAS C.u.cUU'TED WITH THE US'T C.ll..L FaR INCllIKENTAL. FORCEEL.E05110 
C THE' TOTAL PORCES IU,YE NOT BEEN CAlJ..ED YE'T,THUS THE ENERGIES RESIDEELE05120 

IN THE MAnn 5E ~EGINING OlT AtlDRESS IS£21. ELE051l0 

ISE21·ISE/2 '1 
CAll. I'I,\'TLIBI4,LSrn'P,PAl.SE,EESE,EPSE, DUC"'!',EXCR, 

, P1,F,RT,R,0.,0 ,LEU'M,l..I'IAT,MAT,MAT7YP,SE(ISE21) ,IELNC,DAMAGEl 

IF \ DUCFAG ,EQ, 0 ) THEN 
IF( A.l!S~Doc-r{l)) L'T l) DlIC'FAG·C 

ELE05140 
E:"E05150 
E:"E05160 
ELE051 "/0 
E:"E05!BO 
E:.Eo5l90 
ELE05~ 00 



C 

IF( ABS(IlUC'l'(l)) .GE. 1 ) DUCFAG-).BS(DUC'T(l)) _,F 
If (EUlTIC) EEBE- ("·F)" CR1·R) -0 .50 
IF' (PRINT .\ND.FIRSi) WRITE(lOB,llSll) 
IF' (PRINT) WRI1'E(108,1192) IElJ'ro,lDUCl'(I),ElIO(ll,I·l,3) 

J191 FCJR!oU.T (/' SPlI:ING DOC'l'ILITUS AND EXCURSION RATIOS .... ',511/ 
'" ELEME:N'T',Tl2,':· DUCT'ILITY DEPlNATICN U .: ' 

'- :;: ~~git~~~ ~:~i:i~: :~ : ~ ,; / Tl~, 
'-' DUCTIL.ITY EXCURSION ' 

DUCTILITY EXCURS ION 
'-' DUCTl['I'TY ElICURS ION " 

1192 POI'!MAT (II0,lP,6GlS.6) 

ELE05210 
£LE052~0 

£L£050130 
ELE05HO 
£L£05250 
ELE0501150 
EU:052?O 
!.LEOSiilBO 
£L£05290 
EL£05300 
2L205l10 
£L£05l20 
£L£05330 
£L£05340 
£L£05350 

RE'TllRN E1.£05360 
C £L£05310 
C •••••••••••••••••••• 1"\AXIKtlH PORCES £1.E05380 

1200 CONTINUE £L£05l90 
IF(FIRST) WilITE(l08,491) 'M1\)tII'fUl"\ LOJJ).AND DI5PL AT MAJ:lMUH LOAD' £1.£05400 

" II' NOTE: MA.JHMll'! VALUES MAY NOT OCCUR SIMln.:rANEOUSLY' ELE05410 
WRITE (10 B ,49 2) I ELJK), 0, TYPE (k'l'YP£) ,NOOEI, NCIOEJ , FMAJI (1) ,Pi'IAX (2) £L£OS420 
RE'!'tlRN £LE0500 

c 
c 
C .. ············_···· .. • RESET INTDNAI... FORCES 

130C CaN'TINU"E 
C 
c· loERO MATRICIES 

c 
c 

F -0 
PT·O 
R -0 
RT·O 
V -0 
VT-o 
FHA>: (1)"0 
PM.\.l\(2)·0 

00 IlI0 1·1,15£ 
1310 SE (1)·0 

WRITeOOB,1330) IEUIO 
1330 FCJIUo{)"T (' SPRWG. ELEMEN'T It', 16, 

'-' INTERW..L FORC£S AND HYS'l'ERESIS MODELS ARE RESE'T TO ZERO') 
au... MATtIE (2, [..Snyp, P.u.s£,EES.2, EPS£, DUCT , EJi:CR , 

'- PT,F ,RT ,R, 0.,0. ,['EU)1,LMAT ,MAT ,mnYF, SE, IE1Jo,I0,DAMAGE) 
RET"," 

C·······_······ .. -···· D.t.MAGE INDE)! 
1400 IF (£LSTIC) i.Jrrt1RN 

c 

C 

FMA.X1 .. FHAlC (l ) 
FMAX :I.. P'HAl ( 2 ) 
CAl..J... MA.TLIB(S,LSnYP,FALSE,EESE,EPS£, DUCT,EXCR, 

" FMAJ<I,O, px'\x2, O. ,0.,0. ,LELD1, IJoU.T ,~T,MAT'NP, SE, I£~O,DI.MAGE) 
IF (PRINT . .AND.FlRS'T) WRITE\l08,lUO) 

1410 FCiUU.T U' EUMENT',T12,' DAMAGE IW£lI. P I!QJC , 

'- '0 M.U ESE , PSE ' ) 
IF (PUNT) WUTE (lOB ,1420) IELNO,D»U.GE, PKAXl, FM.U<I , EESE,EPSE 

1420 PClRl'!1r.T (IlO,IP,CiGI5.6) 

O""""GE·DNU.GE· (EESE, EPSE) 

£L£05"0 
!LEOS'SO 
£LEOS.60 
£LEOS4'70 
E.LEOS'BO 
EU05.5I0 
£L£05500 
£LE05510 
£LE05520 
EL£05530 
E1.E055'O 
ELEOS550 
£L£05560 
EL£05510 
£L£05580 
ELE05590 
ELB05600 
E.l..E05610 
£L£056010 
ELE05630 
£Ll!05640 
E.L£05650 
£t..E05660 
EI..EOS6?O 
ELE056BO 
ELE05690 
E.l...EOS100 
E.L£05110 
E1.EOS?0I0 
.ELEOS130 
£L2057,0 
EL£OS750 
EL205HO 
.2LE05770 
£L2051110 
£L£05190 
£L£05800 
£LEOSUO 
EL£05e~o 

RE"I'URN EL£OSB30 
END ELE05840 

e EL.210010 
C ••••••••••••••••••••••• • •••• ••••• •••••••• • •••• •••••••••••••• ... •••••• .. ··E1...EIOOOlO 
C ELE10030 

SUBRCKn'INE ELE12 ELE100'0 
(IOPT ,PIRST ,PRINT ,IREL ,N»!:E EL.!10050 
ID ,lOOP ,COORtI ,COSINE ,JTCOS £1.£10060 
CCJN~ ,DISPL ,RINPUT ,FUB ,EESE 2L£10070 
£PSE ,DAMAG£ , lELTYP ,I£LDOF,R EI.EI0080 
RT ,F ,FT ,LI'! ,CTS ELEI0090 
CTE ,BS ,BE ,NaDEl , NaDEJ B1.£1010c 
JOINT I ,JOIN'l'J ,REL ,L~H ,IE~ EL£lOllc 
IS! ,£NGOAT ,PK.U. ,S ,A EUI0liilO 
MAT ,5£ ,STIFP ) £LEI01l0 

CCH'ICDIl /RSA/ICCKN,RSAP(l2) 
:REAL ICOHN, L.ENG"l'H 
Im-EGD R.2L 
LOGICJ..L PIRST,PRINr,F.u.sE,BT£S'I' 
CHJ.RACT'ER·BO NAME 

$INCLUD£ 'ZCCJon.I3' 

£1.£lC140 
£L£10150 
EL£10160 
£LEI0170 
ELEI0180 
EL£10190 
ELEI0:ilOO 
EL£10210 

DIMENSION IDOPCI'lA.XNOD,15 I ,COclRD(MAXNOD,Ei) ,COSINE (3 ,3,NCOS) 
.2LElOiil30 
£LEI0iil30 
£L£10<l40 
ELEI0.S0 

DIMENSION CONST(MAJ(NOD,15 ), 10 (I1.UNOD) ,JTCOS{totAXNOO) 
DIMENSION ASAT~ 12, 1~), SAT (1:2,1:1.) ,STIP'F' (7&) 
DIMENSION A( 12,1~), S (l <1,1:2) ,lJoI(l2) ,LHT (101) ,F'KA)! I 144) 
DIMltNSION CT9( 3, l),CTE( 3, 3),""~3),V'(3) 
DIKENS ION SS( 3, 3),EE( 3, J),S£(ISEI,EN~AT(2) 

El...EI0<l1S0 
£LEI0270 

DIMENSION R ( 12) ,DISPL (NDOF ,NLQ.U)) ,F (12) ,RT 0 <I) ,FT (12 ) ,YUB ImlOF) 
DIMENSION RINP1JT' (100 I ,DUCT' (3 ), £XO (15), P( 12), PL(12) ,D (U.) ,DL( 1:1.) 

ELEI0~BO 
£L£102S10 
£LEI0300 
2L£10310 c 

C· ............. . 
C VMIJ.8I...ES: 
c· 
C· ... - .. GLCIBAl. V1JI.IABLES 
CIon - I, IHlTIA.l.IZ£ BEAH COU!MN ELEMENT 
e • 2, C.\.L.CUUTE GECME'TRIC STIFF'NESS 
C • 3, FORM STlFFNE 8S 
C • 4, CAl.C~TE INCREMENTA.L FORCES 
C • 5, CALCUUTE TO"l'AL FORCES .AND ENZRGIES 
C IWIT • OfJ'jFlJT PI LE WIT • POR PRINTIHO OI.n'Pl1'l' 
C PIRST • FLAG, FIRST· TRUE , PRINT HEADERS 
C PRINT • PLAG, PRINT·. TRUE., PRINT DATA 
C NDOP .." OF GLOBAL DOF 
C NLClAD • ,. OP LOAD C~INA.TIONS 
C MUNOD • It R~ DlKENSION OF NOD£ ~AY 
C NNaDE • It OF HODES 
C ID - ARRA~ OF EXT~AL NODE mMBEJIS 
C IDOP • .ARRA~ OF DEGREES OP f'REEI)O'I 
C COOR~ - ).RRA'r' OF COORDINATES 
C COSINE· J>JUtA'r' OP DIREc.-I'HlN COSINES OF NOD.2S 
C CQNST - ARRA'r' OF CONSTRAINT 'rR.\NSFORMATIONS 
C DISPL • G~BA!... DISPlACEMENT ,,"TRIX 

·EL.2103010 
£LEI0330 

. ·El..EI0340 
£LEI0350 
£LE10360 
£1.E103"l0 
21.EI038(l 
EL.210Ho 
EUI0400 
£LE10410 
ELEI042,0 
£LEI0430 
ELEI0440 
ELElc450 
ELEI04EiO 
EL£10470 
EL£10480 
£LEI04g0 
ELEI0500 
ELEI0510 
ELEI050l0 

C IZKAT • LOCA"l'IO}ll OF' KA-TEIUAL DATA IN GLOBAL STORAGE VECTCJI;. 
ELEl0530 
ELEI05.0 
ELEI0S50 C NAME • ELEMP:NT NAME 

C IEllllO • EUMENT NUKBD 
C RINPU'T • INPln' DATA 
C STIPP • OU'TPlJl' El...EI'IEm STIFFNESS (UPP~ 'T'RIANGULU FORl'I) 
C !.JIll • oaTP1JT L.ClCA.L To GLOBAL STIFFNESS KAPPING MATRn 
C· ELEMENT VA:i.I.\BLES 
C H,Q, AI ,AJ,C, BI ,BJ ,522,5215,5212,533, SlS, 5311,D 

£1.EI05150 
E1.EI05?0 
EL.2105~0 

£1.EI0590 
ELEI0Cioo 

C • INDIVIDUAl.. TEIlJotS IN THE ELEMENT STIFnlES6 (5) I'U.1'RH 
ELEI0Cil0 
El.EI06~0 

ELEI0630 C R - INCRIMENTAL DISPLACEHElI/"l'S 
C RT • TOTAL DISPU.CEH2N't'S 
C P - INCRIMEN1'AL F~CES 
C M • TOTAl. F~CES 
C lJ'I I...CCAl... TO GLOBAL STIFFNESS HAPPING f'1J.1'RH 
C ClS - LCCAL TO GLOBAL ROTA"l'lON HATIUX STJ..RT 
C C'l'E 1..OCAl.. TO GLOBAl. Jl:OTATIOlJ MATRIX END 
C BS LDCAl. TO GLOBAL ROTATZO ECCE!'n'RIcr'n/CONSnAIN'l' 
C BE • LOCAL TO GLOBAl.. RCl'tA'l'El) .2CCDnlIICIT'I'ICONs:n.AlNT 
c STIPF • EI....EMEI'.-r STIFFNESS 
C IE:"TYP • ELEJomn' T'I'PE • l2 
C NODEl • EXTEIUa.L JOIN'r f'oIt.IIomDl, END T 
C NODEJ • EXTDUUL JOIH'I' NUMBER, END J 
C JOINT I • IN'T~L JOINT NlJIoIBDI, END I 
C JOINTJ • INTERNAL JOIN":' NUMBER, END J 
C 'T'EKPROAltY VARIABLES 
C VX • VECTOR DEFINING THE ELEI'IZNT X AXIS 
C V'f • VECTQJI DEFINING THE El...P:MEm' Y AXIS 
C A GLOBAl. TO LCC.\L F'OJICE TJlJ.NSFClRJolATION MATRIX 

EL£10640 
2LEI0650 
ELEI0660 
ELEI0670 
EL£106BO 
ELEI0690 

M.ATRIX S1'AlI."ELEI0700 
MATRIX EN[) EL£J 0110 

ELEI0720 
EL210730 
ELEI0740 
ELE10750 
ELE10?150 
ELEI0770 
£LEI0HO 
ELEI0190 
E1.E10800 

C S • EU:MEm S"'!'IFPNESS AT t..ocll COORD, AT ENDS OF FL£XABLE PART 
£LE10810 
EL£10&20 

23 

C SAT • PRODlJC."I' OP S-A' 
C ASAT - PRODUC'!' OP A·SAT 
C ~ 
C 
C· . . .. CHOOSE OPTION 

c 

IF UOPT.LT.l OR.IOPT.G"I'.14) "l'HEN' 
WRITE(l08,·) 'INVALID OPTI~ IN ELE·09, IOPT'·',IOP'T 
"'OF 

IOmIF 

GO 'TO (100,200,300,.OO,500,600,"l00,800,900,1000, 
'- 1100,1200,1300,1(00) IOPT 

100 Catrl'INtJE 

C· . - . ZERO STRAIN EtJ'ERGV 
EN~AT(l) .. 0 
ENQ)ATC2) • 0 

c 
C· . IN'I'ERP.2RTATE Ilo1Pl1'l' DATA 

IELT:tP· 12 

c 

I'lA.T .. RlNPtn' ( 1) 
NCElEI .. RINPl1'l' ( :I.) 
NOD£J .. RINPtn' ( J) 
'/YO) .. RINPtn' ( .) 
VY(<I) .. RINPUT( S) 
'/Y(J) • RINPtn' ( 6) 
XS • RINPUT( "I) 
XE • RINPLn' ( 8) 

GET INTERNAL NODE • ASSOCIATED WITH EXTERNAL NOD£ '" S 
JOINTI·IQUICK(NODEI,ID,NNClDE) 
JOIHTJ"IQUICK(NODEJ,ID,NNCD£) 

C·· .• PRIN'T DATA PCDI Plm1ING 
IF (B'T'EST(ISLIG,4» THEN 

io!lI.ITE(7,10) NOOEJ, N<DEl,(COORD(JOImJ,I),I·I,3), 
'- 1C<XlRD(JOIN'TI,J) ,J·I,3) 

10 FIJRHAT(I5,U,15,lP,6GI2.') 
ENDIF 

c· 
C GE'T CL..DI!.\L TO LOCAL TLUlSFORMATIClN MATIUX 
c· 
C· . .• D£F IN! VECT'aI X, I...£N(n'H 

VX (1) ·COOIID ~ JOINTJ, 1 ) ·eocRD (JOINTI,l) 
VX (:I.) ·COORD (JOIN'TJ, 2) ·COCRtI (JOINTI, <I) 
V1I' (3) ·COCIUI (JOINTJ, 3) .C'C.IaW (JOINTI ,31 
L2N0'l'H·SQIIT (VXO) ·_,a .. VX(:oi) •• •• VX (3)· ·Z) . lIS .X! 
SEI'15I)"LENC'TH 

IP (LENGTH.toE 0) THZN 
OITE (lOB, 101) IELNO, JOINTI,JOINTJ ,UNG'l'H 

101 FaRMATIIX,0I0('·'),'ER','RCR LZNGTH IS L£ 0',/ 
5", 'IELNO'", IS, 5X, 'JOINl'I·', I5,5X, 'JOIN'TJ-', 15, 
SX, 'LENG'l'H',lP,G1S.6/ 
511, 'REVISE INPtn... . .... 'I) 
LENGTH-l.0 

ENDIF 
C·· GET LOCAl. TO G[.(]Il).L TRANSPORMATION MA.TRICI£S C'T AND 5 

ICB·JTCOS (JOINTI) 
IC£ .. JTCOS (JOINJ'J) 

CA..U... ROTXYt(VlI:,VY,COsINE{l,I,IC6),CTS, XS ,0.,0.,55, 
" caNST(JOINTI,11,MAXNaD) 

C).J.J.. aOTlI~'Z(VX,vY,Co!ilNE(l,l,ICE),crE,'XE ,O.,0.,5E, 
'- C~ST{JOINTJ, I) ,HAXNODI 

c 
C· ZERO KAnICIES 

c 

DO 4c 1·1,12 
PKUil)·O 
F (1)·0 
P"l'(I)·o 
R (I)-o 
RT(I) -0 
DO .0 J"I,12 

S(l,J),·O 
40 A(I,J)-O 

C· ASSEMBLE T'JIANSF~TI~ MA.TRIX A 
De 50 1"1,3 

C 

DO 50 J·l,l 
A(I ,J )·CTS(I,J) 
A O"3,J+3) ·CTS (I,J) 
A(l·I5,J'6) ·CT£(I,J) 
A (I '9 ,J'9) ·CTE (I, J) 
A(I·3,J ) ·BS (I,J) 

50 A(I·SI,J+6) ·BE !l,J) 

C· . GET KATERUL nOPDTIES 
FALSE· FALSE. 
l..S'I""rYp·o 
CALL KATLIB 12, tEM''I'P, P.u.sE, E£Sl!, EPSE, DOC'!', EXCR, F'I', F ,R'T, R, 

0.,0., LELEI'I, IJoU.T,MJ.T ,MJ.'M'YP, BE, IEI.,J.lO, D~GE) 
IP( HATTYP .NE. 12) "l'H:El-I 

WRI iE ~ I 0 8, 1S10) IElJIIO,MA1IYP, NaDEl, NaDEJ 

£['EI0830 
.2L.210840 

... ·ELEI0B50 
E1.EI0860 
ELEI0B"l0 
EL'EIOBBO 
ELBI0B90 
ELEI0900 
ELEI0910 
2L£10Sl20 
E'L£10930 
ELElOSl40 
ELE10950 
EL£1051150 
£LEI05l70 
£Li!105lBo 
ELE10990 
EL£11000 
ELE110 1 0 
ELE11020 
£L:£11030 
£LE11040 
£L£11050 
ELE11060 
EL£11070 
EL£110BO 
2L£1105l0 
n£11100 
El.El1110 
.2L.211120 
E1.E111l0 
ELEl1140 
ELEll1~0 

E1..211160 
El.£11170 
EUlll BO 
2L£11190 
EL.211200 
ELEll210 
EL211220 
EL£11230 
ELE11240 
£LE1l250 
ELEll<160 
!L£11270 
ELE11HO 
ELEl1290 
£LE11300 
£L£1131C 
£LE11320 
ELE1l3JO 
£1.EI1340 
£LE11lS0 
El.!11360 
ELE11310 
!?!LE11380 
ELE11l90 
EI...EI1400 
ELEI 1Il 10 
El..El14O!O 
2UU4J0 
EL£IU40 
£L£11450 
ELE114150 
ELE11470 
ELE11iUO 
£L£11 11.510 
ELE11500 
E1.£llSI0 
ELE11520 
ELEllSJO 
£LE11S40 
ELE11550 
ELE1l5150 
ELEllS"lO 
EL£l1seo 
ELE11590 
ELE11600 
ELEl11S10 
l!1.E11620 
ELE11630 
ELEl11540 
ELE11Ci50 
ELEl1660 
ELE11610 
EL£11690 
£1.E11690 
ELEI1100 
E1.E11110 
EL.211i:iO 
ELE11 1 30 
ELE11i40 
ELElli :'0 
ELElli60 
ELE111"l0 
£LE11780 

1510 PCEMAT (' El..EKENT: ',16,' INCCMPATIBLE MATERIAL PROP ,.', ELEllHo 
ELE11800 
ELEllB10 
EL.E1l820 
£LE1l830 
£LEllB4.0 
£L£11850 
ELEUB150 
ELEllB70 
ELEI1B80 
ELE11B90 
EL£11900 
ELE11910 
ELE11920 
EL£ll930 
£LE119110 
EL£1151S0 
EL£11960 
.2L£119jO 
£L£11980 
£LE11990 
£LEl<1000 
ELE12010 
£1..212020 
ELE120JO 
ELEl~04.0 

EL212050 
2LE12060 
ELE120?0 
EL.EI20BO 
ELE120510 
EL.El2100 
ELE12110 
£L£12120 
ELE12130 
ELE12140 
ELE121S0 
ELE121150 
ELEl~110 
EL£121BO 
.2LE12190 
ELE12200 
ELE12HO 
E['E12220 
.2LE12230 
£LE1:I.2,O 
EUlZ250 
£1.E1:I.2.60 
ELElZ270 
ELE120180 

c 

IS,' STUT JOINT:',I5,' DID JOlNI"',IS,/ 
, THE EUMENr IS REJECTED AND ERROR CHECXING Com'INUES') 

00 TO lSIl 
EmlIF 

EESE·O 
EPSE·O 

C' . NO ENl:I RELEASE FaR THI S EUKEm' 
REL·O 

C 
C· SET S'I'I FFNESS COIEFFICI EtITS . 

c· 
C ASSEMBLE LOCAL STIFFNEss MAnIX 

'-0 
Do 77 1-1,12 
Do 77 J-l,12 

X·J(·l 
IF( ABS(SEIX)) .LT 1.E·6) SE(X)·O 
SIl,JI·SE (X) 
S (J,I) ·S(I,J) 

17 CCJNTlNUE 
C 
e· CA.l..CU1..ATE SAT 

CALl. MULTHIJ,12,SA"l',S,A) 
c 
C· c.u.ClTt..AT£ ASAT 

o.u. KUL'I11(O,l~,ASAT,,,,SAT) 
C 
C' DEGREES OP FREEDaol 
C RBMOVE DeP'S THAT ARE CCNS'l'RJ..INED TO T'liE SAME: DOF. 

DO 15 1·1,6 
IP ( lDOPIJOINTI,II.NE IDOF(JOItn'J,ll ) THEN 

l..H'I' (1 ) -lOOP (JOINl'I , 1) 
LM1' (1 .. 6) ·IDOF I JOINTJ ,I) 

ELSE 
l..H'I'(I )- 0 
l.MT(I.6)· 0 

END IF 
COr."l'INlI'E 

C' COlNERT TO HALF STORAGE ~E BY COUJolNS 
C 

c-o 
I Et..DOP-O 
no 90 I·L12 

IF ClJo'l'!'(:) .£0 0) GO TO 90 



c 

IELOOF-IEl...DQP-1 
LM(IELDOP)·I.M'T (I) 
DO 80 J-I, 1,'1 

IF (l.l1'l'~J) .EQ 0) GO TO 80 
1.·1.. .. 1 
STIFP~I..) ·,\SA.T(I,J) 

80 CON"I'INUE 
90 CCNI'INIJE 

e· ". RELEASE UNUSED STORAGE 
1110 IREL· ·H·1.. 

ELE122S10 
£1..E12300 
ELE12:!lO 
ELE12320 
E1..E12330 
ELE12340 
£LE12350 
£L212360 
2L£12370 
EL.EUlBO 
ELE12l90 
!LEU'OO 
ELElIl410 
ELE12II20 
ELEl211JO 
ELE124110 
£LEU:450 

PRI}.lT COLlIoIN DATA 
IF ~FI~ST) WRIT2~108,192) 

191 IolRIT£ ~ 10 B, 193) }.lAME, IEUlO,l'lAT, NODE I ,NQDEJ, LENGTH, 
'- VYD),~~2),VY(3),J(S,·J(E 

192. p<JR.1oI),Ti/' E1..EMEN1 12, STABILITY ELEl'IENT'll El..El:il460 
Ii. T2~,'1I MATL ~·Ull.T ~',3J(,'L.ElmH',JJ(, ELE124?0 
.... 11("'),' Y'AJ(IS " E1.E12490 
" U ("'),' S'TART oIsr END oIST ') £LE12490 

19) FCJR!o!},T l1 X,AI5, 316, 131,16, 2X,IP,GIO .4, OP, ELn2500 
" F9.5,· I',SP,F'9.S,' J',P9,5,' ){',IF,SS,2GIOl.4] ELEl~SlO 

RETUR.N ELEl~520 
C ......................................... oETE1U'lINE GECME'nI.Ie STIFF .. • .............. • .......... •• .. ELEl:il5JO 

200 eCNrINUE ELEI01511.0 
C·" 'GECMETUC fn'IFFNE'SS IS INCLUDZO IN THE E1..EME:N'T S"I'IPP'NESS. £LEHS50 
e NO NEZO TO aI...Ct.1L..ATZO EL£lilS IS 0 

£L£125?0 
RETURN ELE12580 

c ......................... • .... DE'TERMlNE STIFFNESS .... •• .... •••• ...... •• .......... •••• .. ELEI01590 
300 CONTINUE £LE12600 

C ELEl:iI610 
C' STIFFNESS CHANGES AT EACH STEP POl STABIl.ITY El..EI'IJ:Yt' ELE12620 
c 
c· . 
C ASSEMBLE LOCAL S'l'IPP'N'ESS M,ATl\U 
c· 

c 
c· . 

c 

x-o 
00 8? 1·1,12 
00 97 J·I,12 

); .. 31"1 
IF( ABS(SE(){» 
S (1 ,J) ·S£ (Xl 
S lJ, 1)·S (I,J) 

97 CCNl'ImJE 

c.u.ClJl.,.\TE SA'!' 
CAll. Ktn.:rl'l(3,12,BAT,S,A) 

CALCULATE ASAT 
CALL MtJ'LT!'I(O,l:a,ASA.T,A,SATl 

C· .... DEGlI:EES OF PUEDCI'I 
C REl"IIJVE DeF'S THAT ARE CCNS'TRAINED TO THE SA!'IJ! DOP. 

00 12 l·l,Ei 

c 
c· 
c 

IF ( IDOP(JOINTI,I).NE.IDOP(JOINTJ,I) ) THEN 
UfI'(I )"lDOP(JOINTI,I) 
LMT (1.6 J .. lOOP (JOINTJ ,I) 

ELSE 
LMT(I ) .. 0 
tMTU.EiJ· 0 

END" 
12 CONTINU1! 

" 

CONVERT TO HA.l.P' 6"1'ORJ.GE M(t)E BY COUJHNS 

c-o 
IE!.J)OF"O 
DO 92 1"1,12 

IF (LMT(I) ,EQ,O~ GO TO 92 
IfLOOp·IELOOp·l 
l.JoI (IEUlaP) ·un (1) 
DO 92 J·I, 1,'1 

IP (IMr(J) .EQ.O) GO TO B2 
L·Lq 
S'l'IFP (L) .. ASAT (1, J) 

Cotn'lNUE 
catnlNUE 

EL.E12630 
£LEl~640 

£L212650 
£LE101660 
ELEHIS?O 
ELEIa680 
£L£121590 
EL£12?00 
EL£12?10 
ELE12?:il0 
ELE1:i?JO 
ELE]:3?'O 
EI...E11l7S0 
ELE12760 
ELEl:a770 
EL.I!:l:I780 
EL2U,?90 
ELEl:iIlIOO 
ELE12BlO 
!LEIH:aO 
ELE12830 
El...EHUO 
ELEU8S0 
il..eH91S0 
ELEl:il9?0 
E..W!12UO 
EL.!HB90 
EUl2900 
EWna!HO 
ELEU9010 
ELEl:iI930 
ELE12!i1c10 
ELE12950 
ELE13960 
ELEIZ970 
ELE12980 
!LE12990 
El.E13000 
EI...ElJOI0 
EI...E1l0ilO 
ELEl:!OJO 
EUlJ040 
ELE13050 
El.EIJOtiO 
ELEllO?O 
ELE130BO 

RETURN El..B.13090 
c·· .... ·•• .. · .. • .. · ............ •• .. · .... DE'TEIU'IINE INCltlMEN'Ti\L PORCES ...... •• .... • .. • ...... •• .. ELE13100 

c 
c 
Co 

c 
c· 

c 

400 CONTtNtTE ELE13110 

410 

4)5 

'" 

IP (PRINT.J.ND.PIR6"T) WR.IT!(l09,II91~ 6"l'EPID ELElll:i1C 

l..OOP POR EACH tLlAD 
DO &30 1...Q.\[)"l,NLOAD 

. TR,\1IISPCRM FRAME oISPL nno LOCAL OIsn 
DO 410 1·1,3 

R(I )·0. 
It( 1 .. 3)·0 
R(1·ti)·0 
R (1·9) ·0 
DO 410 J·l,3 

ol·DISPL(IoOP(JOINTI,J ) ,LO..\l» 
D:O ·01 S'PLiIooF (JOINTI, J. J) ,1..OAD) 
D3"DISPL(IDOP(JOIN'rJ,J ) ,LaJ.O) 
D4"DrsPL( IDOP (JOIlIrJ, J .. 3) ,LQAD) 

R(I )"R(I )+CTS(J,I)"ol' BS(J,IloD2 
R noJ) "Il(I+3) +CTS(J,I) "D2 
RiI.6)"R(I"6).CTE(J,I)ioD3 • SE(J,I)-Dd. 
II ~ 1+9 ~'·R (I +9) ·CTE ~J, I)-Doll 

INCRIMEm'AL PORCES 
00 4),5 1"1,12 

P (1)"0 
DO 435 X"1,12 

P(Il·F{I).S (I,K) *R(K) 

.. DETDl.MINE MAJ:IHtm VALUES PaR HlJl,TUI.E: u:».D CASES 
if O'n.aAO.G"I'.l) THEN 

00 IIZS 1"1,12 
IF ( ABS(P(Il) .(7I',ABS(FHAXII"l2·lZ..y» ) TH~ 

DO 426 J·O,ll 
PMAl( It''IOl·ll.J)·F(J'l] 

"""F 
CONTINUE 

I!N!>IF 

c· ...•. PRIN"I' POJlCES AND oEPCilMA,TIClNS 
SP·SElU) 

EI...E13130 
2LE13140 
ELEll150 
ELEIJl60 
EL.E1H?0 
ELElJlBO 
E1.E13190 
ELElJ200 
E1.E13~ 10 
ELE13220 
21.E13230 
El.E13:1.40 
El.Ell~50 
El.E1H60 
EL.EU270 
EL.ElJi1BO 
ELE13:i1S10 
ELE13300 
EL213310 
.E.L..EIJ):ilO 
ELE133J0 
ELE13HO 
E1.E13350 
ELElJ36C 
ELElJ370 
ELEll180 
ELEll390 
ELEIJ400 
ELEIJ410 
ELElJllilO 
ELE1J430 
ELE13UO 
ELE131150 
ELElJII60 
ELE134?0 
ELE13480 
£LElJ490 
El.Ell500 
EL:£13510 
ELE1l520 
ELEU510 
ELE13540 
ELE13550 
:£LE13560 
ELE13570 
£LE13SBO 
ELEl3590 
ELEIHiOO 
ELEll610 
El.El3620 
ELElJ6JQ 
EL£13640 
ELE136S0 
ELE13660 
EL£LJI570 
ELE136eo 
EI..£13690 
ELE13?00 
ELEll710 
E.LEll? 200 
£LE1l7.30 
EI...£ 1374 0 

FI...P·SE(98) 
1P (PRI}.lT) IiRITE(10B,493) IEUlO,l..OAD,NODEI, UI,~J),J·1,6), 

" NOoEJ, (R~J] ,J""I,12) ,FLP 
IF (PRINT) W1U'TE(10B,492) IElRO,LCl..I.O,NOOEI,(F(J),J·1,6], 

NOoEJ, (F(J) ,J·7, I'C] ,SP 

4.30 CONTINUE 

.. _ .. 'THIS IS FOR SOL05-'. USE ClNLY 
IP! ICCJoIN EO, 1 .~ ICOoIN .EO 2 ) THEN 
DO 431 I·l,l~ 

R&APil)·F(1) 
ENDIF 

-c:Al..Ll. MATLIB TO GET S'TIPPNESS 
THIS IS PERFORHXD ClNLY P~ INELASTIC ANALYSIS 

IF (. NOT. ELS!IC) THEN 
DO 93 1·1,12 

p(I)·n(1)",p(I] 
D (I]-RTlI)·" (I) 
Pt,.\I)·PTlI) 

24 

" 

c 

01...(1) ·RT! I) 
CCl'ITINTJE 

TRANSFER PE'RMENAN!' H'iS'TERESIS DATA TO TEMF'EItAR'l' S'TOUGE 
ISE2"IS'E/2 
DO 522 J·l,ISE2 

S2~1+ISE2)·SE(I) 

au.. MAT'LIB (3, LS'M'YP, FALSE, EESE, Ei' SE,DUC"I', EJ(CR, P, PL, 0, DL, 
0.,0., LELEM, LHA'I' ,MAT ,MATTYP, BE (I SE:O·l) , IELNO, oJ.MAGE) 

tl!wx· ,TRO'!. 
!NO" 

C· .... CALCUl.,\TE 1HE UNBAl.ACEo KEMBER PORCE5I ON THE JOINT 
C THE EUcr KEMBER PaRCES ARE DETERHINEIl FROM HYS1ERESIS MODEL 
e BASED ON DISPl.ACEHENT D. :UCAl.lSE NO HYSTERESIS MOOEL POR MATl2, 

THE'MEMilD PUll ARE NOT CALCUL,\.TED IN THIS ELEMnn' 

440 

DO UO J·l,3 
Il·IDOF(JOINTI,I ) 
ra·IOOF(JOlm'I, 1+) 
Jl·IDOP(JOIm'J,I ) 
J2·IOOP(JOINT.:I' ,I·)) 
DO 1140 .:1'·1,3 

PUB (Ul.nm(Il).oC'1'S(I,J) 00 
PUB(U)·PUB(n)' BS(I,J)'"O 
PUB (I:a) • PCB (12) ·CTS (I,J) "0 
PUB (Jl) .. PUB (Jl) .. C'T'E(I,J)-O 
PUB(JiI).PUIl!J:iI). BE(I,J)-O 
FlIB(J2)"PUB(J:ilj+CTB(I,J) "0 

491 FCRMAT (I' STABILITY ELZMEN'T FORCES ... ', 5:11(7X, AI, 
,,' EL.EMEN'r 1..£».0 NODE',7J(,'llIAL',llJ(,''FY ,LJX,'PZ', 
"11);,"jQRSION',10X,'M¥',13J(,'H'2. PLP,SP ') 

492 FOIU1AT (/,IlO,I5,2Jt, 'pemCE',I6,lP,6G15.6, 
'- 115X ,2X,'PCRCE',I6, ISC15.6,lJ(,GIO.3) 

493 FORl'lA" l/,I10,IS,2X, 'DISPL',I6,lP,6G15,.6, 
" /15X ,2X,'oISPL',I6, 6G15.Ei,U.,G10.:!) 

.514 FCRMAT (7X,A) 
R~ 

ELE13?SO 
ELE13?60 
ELE13??0 
ELElJ? 80 
ELEU?90 
ELEll800 
EL.E1J910 
£LEu920 
£L£UB30 
E1..E13Ba.0 
El.ElJ8S0 
ELE13860 
ELEIJB7C 
ELEIJEBO 
ELlnl890 
EL£1l900 
EL[13910 
ELE139Z0 
ELElJ9l0 
ELE13940 
ELf1l950 
£LE13960 
ELE139?0 
EL.E1351110 
ELE13990 
ELEUOOO 
ELE14010 
ELE14020 
£LE101030 
£LE140110 
ELE14050 
El.E14060 
ELE14070 
ELE14090 
E'L£14090 
ELE14100 
ELEl4110 
ELE14120 
ELEl41JO 
ELE1414C 

C .. •••• ............................ oET!RMlNE TarAL PORCES .... •• ..... •••••••••• .. ···£1.E14150 

c 

500 CalTINUE 
IF ~PIUNT.AND,FIIST) IIfRITE(109,Ul) s--rEPID 
IF( ICQ!N .NE. 1 .AND. ICQO.I .NE • ) THEN 

. TO'TAL YCIICES AND DISPLACEMENTS 
00 510 1·1,101 

"(I)"PT(I~ 'P(I) 
RT{I) .. n(I1 "R{l) 

510 caNTINUE 

DO S12 1"1,12 
IP (AB9~PT{I» GT.AB9(FMAXU .. 12·lII.~I») ) THEN 

DO 511 J"O,ll 

'" PMU{I"U ·11+J)·PT(J"l) 
I!N!>IF 

51a carrINUE 
5110 PCRMAT~' 1:',13,' R:',lP,G12,II,' 2T ',G12,4, 

513 

415 

'- ' P:',lP,Gl •. II,' ", ',Gl:i1,4) 
ELSE IF( ICOHN .EO. 1 .OR, ICQIN .EO. :iI ) THEJIl 

DO 513 1"1,1. 
"(1) "RSAP~ I) 

ENDIF 

L<».I>-' 
lSEOl·ISE/2 
SP·SE(ISE2·B41 
F1.J""SE(IS£2+5IIl) 
IF (PRINT) WRlTE(108,493) I£LNO,l..OAD,Na:lEI, (RT(J) ,J"1,6), 

" NOoEJ, (RT(J),J·?,12),PLP 
IF ~PRINT) 0IT£(108,492) IEUID,L.c».D,Na)EI, (F'T'(J) ,J·l,6), 

" OODEJ, (PT(Jl,J·7,12),SP 

TllJ.NSPU TEHPERUV HYSTERESJIj DATA jQ p£JlMANZN'T S'TOR.\GE 
1SE2"ISE/2 
IF( .NOT El..BTIC~ THEN 
00 tIS I"l,ISE2 

6E (I)· S E ~ I. ISE2) 
ENDIF 

EL£14160 
EL£IU70 
E1.El4lBO 
ELE14l90 
ELE14200 
E1.£14Z10 
El.E142Z0 
E1.E14230 
ELE1oII240 
2LE14250 
E1.E14260 
EL£14270 
ELE14i1BO 
ELE1429() 
ELE14JOO 
ELE14310 
EL.E143:ii0 
ELEUJJO 
E1..E1434 0 
E1.E14350 
E.LE14360 
ELE14370 
ELE101390 
EI..E14390 
ELEIUOO 
ELE14410 
ELEU4 ~O 
£L.E1U30 
2LE1U40 
ELE14450 
ELEI4460 
ELEl4470 
ELE144BO 
Et,.EIU90 
ELE14S00 
ELE14S10 
E:1.E14520 
ELEUS30 
ELE14~40 
ELE14550 
EL214560 

C ......... • ..... •• ..... • ........... DE'TERMINE PIXED END FaRCXS, AND ADD TO PORCE .. ELE14S?O 
fiOO CON'!' INtJE 

C···· 'PIXED ENtl FORCES AlIE NO'!' AVAIlABLE FeE 6TABIUTY El.E.I1ENT 
C 

ELEU580 
ELEUS90 
£LE14600 

RnuR.N ELE14610 
C £LE'146Z0 
e ........ • ........ • ...... • ...... WRITE HDlBtR FORCES TO otn'Ptrl' PILE • ...... • .... •• .... •• .. £LE14630 

700 cctrrlNUE ELE14Ei40 

SP"SEIB4) 
FLP·SE~98) 
WRITE IIUNIT,?10) HODEL IM(J),J·l,6),NQDEJ, CM'(J),J·7,l2),SP 
WRITE (IUNIT,710) NOoEI, (RTlJ) ,.)·1,6) ,NODEJ, (RT(J) ,J·7,12) ,FloP 

710 FORMAT (16, IP,6G12 .5/,16, IP, 6G12 ,5, U,OlO .3) 

£LE1O.650 
ELE14660 
ELE14670 
ELEl46BO 
ELE14690 
ELE14? 00 
ELE14?lO 

i.:ETURN ELE14? 20 
C ELE14730 
c· .............. •• ..... • ... READ AND PRIm' I'ID1J1ER FORCES PROM OUTPUT PILE • .. ··EL£14740 

c 

800 CONTINUE ELE14?50 
aACJtSPACE(lUNIi) ELE14?6C 
READ (ltJNIT,· ) ITY'PE,IELNO,IWRITE,TO,OT ELElG.7"l0 
WRITElI08,BOSl E:1.£147BO 
lS'TEp.·IWRITE ELE14?90 

no READ(IUNIT,815,2ND·UO) ELE14BOO 
" NOo£I, (P'T(J~,J·l,6),NOD£J, (FT(J),J·7,12),SP ELE14BI0 

READ (IUNIT, el5, £NI)"830) ELEUB20 
" NOoEI, (RT(J) ,J"l,6) ,NODEJ, (IIT(J) ,J·7,12) ,Pl.J' ELE14930 

815 PCI1.MA.T 116,6G12.s/,16,6G12.S,lJI,Cl0,)) ELE148il.O 
ISTEP.IIITEP'HflUTE ELE14BSO 
T.TO.DT"II>I'£P ELE14BISO 
IF CI'ICJD(ISTEP,INCI .EO·O) TH~ ELEIU?O 

WIUTE{l08,820) ISTEP,T,NCI:lEI, (FT(J] ,J·l(6), ELE14UO 
NClDEJ, (FT(J) ,J·?,12) ,SP ELE14B90 

WRITE-(10B,920) (RT(J) ,J·l,I~) ,PLP ELE14900 
ENDIF £LE14910 
GO TO 810 £L£14920 

B05 FORHAT II' STABIL.ITY ELEKENT FORCES ... ',/ 
" ' STEP TIME NClDE',7X,'AXI.\L',1IX,'PY',13X,'F'2.', 
"11X,'TORSION',10X,'MY',13X, 'M'Z PLP,SP') 

8.20 PaRMAT (/,llO,lP,G15.5,CP,I6,lP,6G1:',6,/Z5X,I6,6G15,6,ll<,GIO 3) 
920 POF.M.AT (2:'X,'DISP ',IP,6G15.6,/3lX,6G15,Ei,lX,GI0.l) 

ELEH9)0 
£1..214940 
ELE14950 
:£1.£14960 
E1..Ela.51?O 
ELE1451eo 
ELEU990 
ELE15000 

C· ......................... DE'TEJUoI,INE THE l.ENG'TH OP THE MATERIA.:., DATA 
900 Cotr.'INUE 

ELElS010 
£!..E1S020 
EL[15030 

c 

ISE·O 
MAT • RINPt1!( 1) 
CAll MATLIS (0, t.ST'Tl'P, PAl,.S£ , EESE, EPSE,Dl.lC"l', EXO ,FT I F' ,R~ ,R, 

O. ,0., LELEM,LJoLI,T ,KAT ,MAT'TYP, SE, IELNO,DAMAGEi 
ISE·I5E·LELEM 

C·· DOUBLE THE STaRACE, 'TO A.L.l.DW FOi TEM:POAltY VALIJES 
ISE·ISE·,2 

c 
C······ .. ••••• ............. DETERMINE THE 'J'OTAL S'TJLUN ENERGY 

1000 CaN'TINUE 
EESE·o 
EPSE·O 

I- ENnGY POR>ruUTION FOR ELE12 El..EX!Jn' IS }!lOT AVAILABLE ·1 

ELE150dO 
ELE15050 
ELE15060 
ELE15010 
21...£15090 
ELE15090 
EL£15100 
ELE15I10 
EI...E151'C0 
EL£151]0 
£L1'.15140 
£LElS150 
ELE15160 
ELE15~"l0 
El.EISl BO 
ELE15190 
ELE15200 



DO 1010 1·1,12 
1010 EESE~EES.l! + (PT(I)~P(I»·(R(I)·RTfI»/2. 

mGDAT(1 ~ a EESE 
ENG[)AT(2) a 0 

c 
c··· ...... •••••••• ...... ••• DOCTILITIES AND EXCURSION RATIOS 
C NOT AVAI1»LE cURRENTLY 

llOO RETURN 
C 
C ••• •• ...... aa .............. PRINT MAXIMUH ELEMEN"T LOAPS 
C 

C 

1200 CClN"TINTJE 
LOAD 2·0 
IF (FIRST) WRITE(IOa,4514) 

, COLUMN ( l.J:».D) REPRESENTS THE OOF WHICH HAS', 
" ' 19J(lHU'l VAU.lE' 

IF O"IRST) WlUTEOD8,49I) M.\XI~ VALUES PeII. ALL STEPS 
" 1/' NOTE: MAJCH!l.Jo\ VAl.llES WITH THE OTHER OOFS FCRCES' 
I. II' ARE PRINT OU'T AT THE SAXE TIMB' 

. 
DO 30Sl 1·0,11 

LOAD2-I+l 
IF( PHAX(I'U-l"I) .EQ. O. ) GO TO 30Sl 
WRITE(108,a.Slal IEL./IIO,l.OAD:il, NODE I , (FMJJ: (I"U .J), J"l, 5), 

NCElEJ, (PMAX ( I'l<! .J) , J .. 7 , 12) 
30!il carr INUE 

C •••• •• .......... ••••• .. a. RESET ELEMENT FORCES 
C 

1300 CClN'TINU'E 
C· ZERO MATlUCIES 

1310 

DO DolO 1·1,12 
PKAJI(I'H·ll)·O 
F (1)-0 
FT(l) ·0 
R (I) aO 
RT(l)·O 

00 1310 I·l:ISE 
SE(I) ·0 

SE(79)·L.E'NG'l'H 

VRITE(10E,lJ30) IEUIO 
1330 FCJJUolAT (' STABILITY EL.»IEm' ... , ... EL2HENT .',16, 

c 

I. INI'ERNAL FORCES AND HYSTEIlES IS I'ICJD£LS ARE RESE'T TO ZERO') 
FALSE· ,F.u.SE. 
LSnypaO 
CALL HATLIB (2, LSTTYP, F.u.sE, EESE, EPSE, DUC1', I!lICR, PT, F ,R1.R, 

0.,0 , LEL.EM,UUT,MAT,HA'M'YP, 5E, IEU«J,DAKA.G!) 

c· .... • ....... •••••• .. •••• .. DAMAGE INDEX 
C 

HOO DAMAGE. O. 
C 

ELElS.lO 
EL.ElS4:4:0 
EL.!lS4:30 
EL.ElSHO 
ELElS.SO 
ELElSaO 
ELElS270 
ELElS;aaO 
ELElS2S10 
ELE15)00 
ELElSllO 
ELElS34:0 
ELElSlJO 
Et.ElS340 
ELElS3S0 
ELE15360 
ELElS370 
ELE1S3EO 
ELElS3510 
ELElS400 
ELEISUO 
ELE1544:0 
E1..ElSUO 
EJ...ElS4.0 
ELEISUO 
ELElS4tiO 
EUlS4?O 
EUlSoIeO 
ELE1SoISIO 
ELE1SS00 
EL.E15S10 
ELEI5S4:0 
ELElSS30 
ELElS540 
ELElSSSO 
EUlSS60 
ELE15570 
ELElS580 
£LEI55510 
ELE1Sl!i00 
ELE151S10 
ELE151S;aO 
E1..E15630 
EUUS640 
ELElS6S0 
ELE15660 
EL.EI56?O 
ELE15680 
EL.ElS690 
EI..ElS700 
ELElS710 
ELEl.51010 
E1.E15130 
ELEISHO 
EL.E151S0 
!L!lS160 
ELElS110 
ELE1S180 
ELE15?9a 
ELElS800 
El.EaOOlO 

C ........................................................... •••• ...... •••• .. • .......... •• .... ·ELE00020 
SUEROO'UNE ELEOSI ELE00030. 

,,(IOPT ,FIRST ,PRINT ,NAME ,AXIAL nEooO.O 
ID ,lOOP ,COORD ,cOSINE ,JTCOS !L2000S0 

~~~A :~~~~ :~~~E :~~L ;IElBJ it:~~~~~ 
RINJIUT ,PLm ,EESE ,EPaE ,DIJotAGE ELE00080 
DUCFAG ,IE:Li"rF ,IELOOF ,MY'ZX ,ST"!' ELEOOOSIO 
IS~1 ,PKG ,R ,RT ,P ELEOOI00 
PT ,lJoI ,CTS ,CTE ,BS ELEOOllO 
BE ,NaDEl ,NODEJ ,JOINTI , JOINTJ ELBOOI il:O 
REL ,L:E:NGTH ,XGDOF ,1.XG ,LMXG ELEOOl30 
ISE ,ENGDAT ,FMAX ,I.\PAG ,S'!'BPAG ELEOOUo 
HAlMLI ,523 ,ROIELI ,A E1.EOOI50 
SE ,STIFF ,PEH) l!.LEOOlI50 

CQIIIIION /lDSTEP! JsTEP 
CCMlON IRSA/ICCMN,RSA.P(lOl) 
REAL ICOI'CN,L~H 
INTEGER IAPAG,S'TBl'AG,REL 
LIXOIc.u. FIRST ,PRUn', FEHPLG,FALSE,UIAL,BTES'T 
CKARACTER' & 0 NAME 

S:INCJ..UtIE: 'ZCCJoIN3' 

E1.EOOI10 
ELEOOIIO 
ELE00190 
ELEOOiI:00 
ELE00210 
EL.EOO:il20 
ELEOOil:30 

DIMENSION KGDATA (3),523 (0: 13), lOOP (HA.XNOD, 6) ,CooRD(HAXNOD,5) 
DIMENSION COSINE (:1,3, NCOS) , CONST (M.UNOD, 6) ,ID (MAXNCID) 
DIMENSION ASATO ~,l ~), SAT (12,12] ,STIPF (IS6), JTCOS (MAXNCltl) 
DIMENSION A(I~,U),S (12,12) ,lJo!(l~) ,UofT(l2) ,LMXG( U) ,FMAX(lU) 
DIMENSION MS(3, 3) ,CTE(3,3) ,'IX(3) ,VY (J) 

ELE00.il40 
E1.E00250 
ELEOOJ150 
ELEOO.70 
EI..E002BO 
ELEOOaO 
ELEOOJOO 
ELE00310 
ELE0032a 
ELE00330 
E1.E00340 
ELE003S0 
ELE0031S0 

DIMENSION BS (3,3) ,BE C3, 3) ,SE (IS.!!), ENGDAT (:iI), STY (10) 
DII(ENSION iI (12), DISFL(NDOF,NLOAD), P (12) ,RT (1a) ,FTC 12), FUB CNOOP) 
DIKENSION PORCE (NDOF ,NLOAD) , IE'tLl (5 ,!1AXEI..D] ,EU) (12,MAXEl.D] 
DlKENSION RINJltJT (100) r FEM(12 ,NLOAD) , GF'EM (12.) ,'TMP (5) 
DIMENSION DUCT (J ,15) ,EXCR (5,6) ,P (6), V (12) ,VL(l2) , EFUB (12) ,UP (U) 
DIMENSION I'IYZ,X (6 ) , ISE)(L] (15) ,MATMLI (6) ,ROIEl.! (4) ,lUELI (4) 

c 
C· . 
C V.uU.8LES 
C· 
C· 
C IOPT 
C 

. - - - Gt.aI!IAL VARIABL.ES 
• 1, INI'rIAl.I'Z.E BEAM COUlKN ELEl'IENT 
• a, c.u.cULATI! GEQ(E1'RIC STIPFNESS 
• 3, FORM STIFFNESS 
• 4, CAI..CULATE INCREMEmAL PORCES 

C • 5, c.u.cUl.ATE TOTAL FCII'!CES AND ENERGIES 
C IUNIT • Of..n'Ptn' FlU UNIT • Fm: PRINTING OCl'TPln' 
C PUIS'!' FUoG, PIRSj- .'!'XU!., PRINT HEADERS 
C PUN'!' pu,G, pum- .TRUE., FRINT DATA 
C NDOF - It OF GLOBAL DOP 
C NLa.Ul - It OF LOAD CCJoIl!II NATIONS 
C MAXNOD • iIj RCY DlliEl.JSION OF NODE .ARRAY 
C NNODE • * OF NODES 
C ID • oURAY OP EXTERNAL NODE NUM:8ERS 
C lOOP • .AlUI.AY OF DEGREES OF FREE:DQo'l 
C COOFtD a AlUI.AY OF COORDINATES 
C COSINE .. AlUIAY OF DIRECTION COSINES OP NODES 
C CONST • AlUI.AY OP CONSTil.AIHl' T'Jt.\}IISPOR.MAllIJlllS 
C DISPL .. GLOBAL DISP~CEMENT MA.TRIX 

. -- _. ·E1.E00370 
ELEOO3BO 

--ELEOOHO 
E1..E00400 
EL.E00410 
EU004;:0 
ELE00430 
ELEOOua 
ELEOO.SO 
E1..E00460 
ELE004?O 
ELE004&0 
ELE004Sl0 
ELEOOSOO 
ELEOOSIO 
ELE00520 
E'LFOOS30 
ELE00540 
ELEOOS50 
ELE00560 
E1..E005?O 

c IZXAT - l.OCATION OF HA'!'ERIAL DATA IN GLOBAL STORAGE VECTOR 
ELEC05EO 
ELE00590 
ELE00500 C NAME & EL.EMZNT NAME 

C IEU>lO - ELEHDn' ~ER 
C RI1'Jl'tr. • INPUT DATA 
C STIFP - OVTPU"T ELD4Dn' STIPFNESS (UPPE:Ft TRIoUlGULAR FORM) 
C l.Jo! - OllI'PtJT l.OCAL TO GLDBA:. STIPFNESS MAPPING I1A.TRIX 
C- _. - - ELEMENj VAl\IABL.ES 
C H,O, AI, AJ ,C,BI,BJ, S22, 526, S212, 53), S3S, S311 ,D 

ELEo0510' 
ELE00620 
ELE00530 
ELE005a.0 
ELE006S0 

C • INDIVIDIJJJ... TElU'IS IN THE El..E~ STIFFNESS (5) 1'IA'I1t1X 
ELF00660 
ELE006?O 
ELE0068a C PXG • INPtJ1 LQ.U) pOR FORMING GECME'TRIC STIPf'l,lESS MATRI)( 

C Ii • INCilIMENTAl.. DISPLACD!ENTS 
C RT • TOTAL DISPLACFl'IEN'!'s 
C p - INCRlMENTAL paRCES 
C PT & TOTAL FORCES 
C U'l l.OCAL TO GLOBAL STIFFNESS MAPPING MATRIX 
C ers LOCAL TO GLOBAL ROTATION MATRn: START 
C C"'I'E LOCAl. TO GLOBAL RorATION MATRIX END 
C BS lOCAl. TO GLOBAL ROTATED ECCDIT"iIICTTY/CONSrRAINT 
C BE LO:Al. TO (OLCEAL ROTATED ECCENTR.ICITYICONSTRAlm 
C STIFF El.EK£NT STIPFNESS 
C IELTYP • J!1.EHEI.rI' 'ITPE & 9 
C NODE! .. EXTERNA:" JOIN"1' NtJIo!BER, END I 
C NCl)EJ • ElITERNAL JOINT Nl.JII!BER, END J 
C JOINTI & Im"ERNAL JOIN'!' N1.J'4BER, Dm I 
C JOImJ a INTERNAL JOnr.' NaiBER, END J 
C· TEIiPItOARY VoUIABLES 
C \I"X a VECT~ DEFINING THE EUHDn' X AXIS 
C Vi' - VECTOR DEFINING THE EI.EH:E:NT Y AXIS 

ELE006S10 
ELEaO?Oo 
E1.E00710 
ELEc0720 
ELE00730 
ELEo0740 
ELE007S0 

MATRIX STARTEU!OO7EiO 
!'lATRD! END ELE00710 

ELE007&0 
ELEOC'90 
ELEOO!OO 
ELE00810 
ELE00920 
ELE00830 
ELE'00E40 
ELEOOESO 
ELE00950 
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C A 
C S 
C SAT 

• GLOBAL TO LOCAL FCRCE TRANsF'ClJUolA.TION PiATRIX 
• ELEI'IENT STIFfNESS AT LOC.\L C<:lORD, A1 ENDS OP PLEXABLE PART 
.. PRODoc-r' OF B'A' 

C ASAT 
C I.\PAG 
C 

• PRODOC"t' OF A-SAT 
• 1 lH02l1 PCIII PINO· SUAREZ COLlMN CONSIDERING LOCAL BOCX1.ING 

:Ol PINO- BUAREZ COL~ .\ END LOCAL BlICK1.ING OCCUIUIED 
C l PINO·SUAREZ COLtMN B END LOO.L BlJCX1.IHG OCCURRED 
C 4 PINO-5UARE'Z. COLtJ1N A AND B ENtI5 LCC.u. BUClCLING OCCURRED 
C .5 INDEX FOR CHECXING BOX COLlJ19l STlI.DlGH CRITERIA 
C 6 BOX COLUMN A END RUCH TO PUUY PLASTIC 
C 'I BOX COLtJoIN' B END REACH TO Put.LY PLASTIC 
C 8 BOX COLlII[N A AND B £NOS REACH TO pUU-Y FLASTIC 
C' 
C 

- - - - CHOOSE OPTION 
IF (IOPT.LT.l .OR.loPT.G"'I' 14) TH~ 

'liUTE(108,-) 'INVALID OPTION IN ELF: 09, 10FT·',IOPT 
STOP 

ENDIF 

GOTO (l00,200,300,400,SOO,600,700,BaO,900,10aO,1100, 
~ 12.00,1300,1400) IOPT 

100 CCNI'INtJE 
C 
C-·· _. Z,ERO BTRAIN ENERGY 

ENGDAT(1) .. 0 
ENGDA'r(2) • 0 

C 
C' 

'" 

c 

INTERPERTUE INPUT DATA 
IELTYp· 51 
DO 102 1"1,6 
KA.'rMLI(I) .. RINPIJT( IJ 
NCDEI • RINPtn'( 7) 
NOOEJ .. RINPtn' ( E) 
VY(l) a RINPtn' ( 9) 
VY(2) .. RINP!1T(lO) 
VY(3) • RINPUT(ll) 
XS • RINP!1T(12) 
XE • RINPtn'(13) 
PXG • RINPlJT (14 ) 

IAPAG ·0 
6"'J'BF,lG·O 

C - - - - GE'T INTERNA.L NOD! • ASSOCIATED WITH EXTERNAL NODE j' S 
JOINTI"IQUICK(NODEl,ID,NNID!) 
JOINTJ"IOUICJ:(NODEJ,ID,NNOOE) 

C 
C - - - PRItn' DATA Pal. PLOTTING 

IP ~BTEST'([BUG,2)) OITE(7,10) NODEJ,NODEI, (CcaRD(JOlrn'J,I), 
" 1·1,3), (CClORD(JOUfl'I,J) ,J·l,3) 

10 PCltI'lAT CIS,lX,I5,lP,I!iG12.4) 
C 
C· . 
c an Gl...OSAL TO LCCAL TRANSPORKA'rl~ !'lATRIX 
C· . 
C·· - DI!P IN! VECT~ X, LE.NGTH 

\IX (l)·COORD (JOINTJ, 1) . COORD (JOINTI, 1) 
VX (2) -COORD (JOINTJ, a) . COORD (JOIl'lTI, 2) 
VX(3 )·~(JOINTJ,3) -C'OCR.D(JOINTI,3) 
LENGTH"SC&l:T('IX (l) u;:+VX (01) '-a·vx (3) * *01) ·lIS-X.! 
IP (LENOTILLE.O) THEN 

10' . WRITE (10& ,1(1) IEUD,JOINTI ,JOINTJ ,I2NGTH 
PalHAT(11,20("'),'ER','RCR LENGTH IS LE 0',1 
SX, 'IEl1l)a', IS,5X, 'JOINTI·' ,15,51, 'JOINTJ·' ,IS, 

C- _. 

C 
C· . 

C 
C· 

C 

" 

C- _. 

SK, 'LENGTH', IP,GlS .6/ 
S)I, 'RE'IIISE INPU"T .... 
LENGTH·l.O 

END" 

.'1) 

GE'T LOCAL TO. GlLaaAL ~SFORMATICIN KATIUCIES CT AND B 
IcS·.;rrcoS(JOI}lTI) 
ICE·nCOS (JOINTJ) 

c.u..t. ROTXYZ(VX,VY,COSINE!l,l,ICS),CTS, 1;S ,0 ,O.,BS, 
" CCliST (JOINTI , 1) , MAXNCID} 

CAll. RarXyz,('IX,VY,COSINE(l,l,ICE) ,CTE, -X! ,0.,0. ,BE, 
I. CQNST(JOIN'!'J,lJ,MAXNCXI) 

ZERO KA.TUCIES 
DO ,il 1"1, l~ 

FMAJI (1) .. 0 
F' (1)·0 
PT(I) "0 
R (1)·0 
RTCI) ·0 
v (ll·O 
VL(I) ·0 
DO to J·l,12 
A(I,J)·O. 

ASSEMELE TRANSPaRMATI~ MATUX A 
DO 50 1"1,3 
DO 50 J·l,3 

A(I ,J ) ·CTS(I,J) 
", ~I·3 ,J'3) ·CTS(I,J) 
A(I·I5,J.6) ·CTE(I,J) 
", (I '51,J'S1) ·CTE(I, J) 
"Cr·3,J ) .. SS (I,J) 
A (P9, J"6) "BE (I, J) 

- GET MATERIAL PROPER'rlES 
FALSE· . PALSE. 
LS'rI'YP·O 
DO 56 I·l,1S 

XX·O 
cALL MATLIB (2, LS!'Tn, PALSE, EBSE, EP5E,DUCT (1, I), EXCR (l, t), 
",F ,RT,R,O. 0,0.0, LELDi,lJolAT ,PiATMl..I (1) ,MA'M'YP, SE (ISEI'!l.I (I), 
IE~O,D.AXAoE) 

MYZX (I) ·KATTYP 
IF (I. LE,4) THEN 

IF( MAnn .NE. 51 . .\.NO MAnYF .Nt. 10 .AND MATTYP N'E II 
AND HATTYP .NE 6) KX·l 

El..SE IF(I EQ.5) THEN 
IF( MATTYP NE. 10 ) ]()(·I 

ELSE 
IF( ,,"TTYP .NE. 10 .AND tolA.'rI'YP HE. 13) JO("l 

ENDrF 
IP (JQ:: EQ.l) WRITE(lOe,190) IEl.,NO,KAT"l'YP,NODEI,NClDEJ 

ELEOOB70 
ELEOOUO 
ELEooa90 
ELE00900 
E1.£005l10 
ELE005l20 
ELE00930 
£LE00940 
ELEOO>lSO 
EL.EOOSl50 
ELE005l'0 
£LE00980 

. -ELE00990 
ELEOI000 
ELEOI010 
ELEOI020 
E1..EOI03a 
ELEal040 
ELEOI050 
ELEOI050 
ELEOl'O?O 
ELEOIO&O 
ELEOI090 
EL.EOlI00 
ELEOlllO 
ELEOl1:i0 
ELEOll30 
ELE01l40 
ELEollSO 
£LE01160 
E1..Ea1l70 
ELEOl180 
ELE01l5l0 
ELE01200 
£LE01210 
ELEOl220 
ELE01230 
ELE01240 
EL.1!01250 
ELE01260 
ELE01270 
EL.EOI2BO 
ELE01290 
ELE013 00 
E1.E01310 
E1.E01320 
E1.E01330 
ELE01340 
ELE01350 
ELE01360 
ELEOD70 
ELJ!OI3BO 
ELEOll90 
ELE014 00 
ELE0141a 
ELEOU~O 

E1.E01430 
ELEOIUO 
ELE01450 
ELEOU50 
EL£014'O 
E'LE014BO 
EL.!!014S10 
ELE01S00 
ELE01510 
ELEolsao 
ELE01S30 
ELEOlS40 
ELEOlS50 
ELEOl550 
ELEOlS?O 
ELEOlSEO 
ELEOlS90 
ELE01600 
ELEOHlD 
ELEOI64:0 
ELE016)0 
E1..EOI61&0 
ELE016S0 
E1.:£0166(l 
ELEOI670 
ELEOll5&O 
EL.E0ll59D 
EL.E01700 
E'LEOl'lO 
EL£01720 
ELEOl?lO 
ELEOl?40 
ELE0175a 
E1.E01760 
E1.Eol'70 
ELEOIHO 
ELEOl?510 
ELE01&OO 
EL£01810 
!LEOIB20 
ELEOH30 
E1..EOIB40 
E1..EOIBSO 
E1..Eo1860 
ELEOIE70 
ELEOUBO 
EL.EOIBSilO 
ELEOlSlOO 
ELE01910 
EL.EOlSl20 
ELE01930 
ELE01940 
ELEa19S0 
E1.E01960 
£LEOl5170 
ELEo1960 
ELE01990 
ELE02aoo 
£LE02010 
ELE02020 
E",E02030 
ELEO~040 

," PCllIJII.AT (' ELEMENT ',16,' INCOMPATIBLE ""'TDlAL PROP .',15, 
ELEO~050 
£LE020150 
£L£020?O 
£L£02080 
£L£0209a 

C 
C· 

C 
C· 
C 

, START JOINT:',IS,' ENDJOINr.',IS,/ 
, THE ELEMENT IS REJECTED AND EP', 'ROll. CHECKING CONTINUES') 

CcwrINTJE 

CHECIC Il'lTE:RAC'TIVE OPTION 
IF (MYZ,X(1l.EQ.10 . .\ND,M)''lX(2).EQ 10 . .l.ND 

MYZ,X(J) EQ.lO.AND I'fY'lX(4) .EQ.10.AND.MYZX(6) EO lDI THEN 
IP (SJ!(ISEMLI(l)+4) EO.2.AlID SE(ISEML!(2)~4) EQ 2: AND. 

SE(ISEHLI{3)"4) EQ.2.AND.SE{!SEHLI(4)+4) .EO~) IAPAG·l 
IF (SEIISIMLI(l)·4) EO 3.AND SE(ISEMLlC2:)~I) .EO·3 AND 

SEnSfMLI(3)·41 EQ.3 J.NI).5E{ISEMLII4)·41 EO J] IAPAG-5 . 
ENDIF 

EES!-O 
I!PSE·O 

NO END REL..EASE PaR THI S ELE!"{ENj' 
REL·O 

SEI STIPFNESS COIEPPICIENTS 

C PaR BENDIJJC IN Y UIS' u, .. 0 

LL·' C FOR BENDUIC IN Z oUIS 
no·a 

110 DO ~as LL·a,~,2 
U)-O 

ELE02100 
ELE02110 
EL.J!D2120 
Ei..E02130 
ELEo~HO 

ELEo~150 

ELE02160 
ELEa2170 
ELE021 Be 
ELE0219a 
.!LEO~200 

ELE02210 
£LEoa2~0 

ELE02230 
ELE02240 
ELEO:a:a50 
ELE02260 
£1.EO;:2?O 
E!.E0229a 
ELE022S10 
ELE02300 
EL.E02310 
ELEO~) 20 



IP ILL.I!'O.2) LO~l 

IF( IMYZ)((LL+l) .EQ.9 .AND. MYZX(LL+2) .EQ. 51) .OR. 
IMYZXILL-ll .EO.11 . .AND. M"t2.JIILL o2) .EO.ll) .OR. 
(M'YZ>lILL+l) .EQ 6 .AND. I'!'fZXILLo2) .EQ. IS) ) THEN 

STY (LL"U ~SE(IS:E)o!LIILL+l) 
STY I LL+ 2) -SE (ISD'lLI ILL. 2) ) 
IF( HYZX(u..-l) ,EQ. 51 ) THEN 

SAI-SE (ISEHLI ILLol) ·60) 
SAO! -SE (ISEHLI I LL. ~ ) ·60 ) 

ELBE HI toNZ>I(I.J..<l) .2Q.ll) THEN 
SAl ~SE (lSEHLI (L..L~ 11 '.30 J 
&A:<I~SE (ISEHLI (LL' 2 J +.30) 

ELSE IP( HYZX(U..l) .EQ. IS) THEN 
SU~SE (ISEHLI (U..l) +47)/LENG"l'H 
SA2-SE (ISEMLI (LLfOi J +47)/LEN<ITH 
snlu·l) ~S'iY(LL.l1/l....ENG'TH 
sn (U.. 2) - STY (LJ.. o 2) /LENGTH 
EI -SE (1 BEHLI (LL.l ) .48 I 
TERMl- (LENGTH- -2) / (lZ-EI-EI) 
TERM2-L..!NGTH/(J*EI) 

ENDIF 
IF I MYZXILL o l) .PE IS) THEN 

iEJUoIl-3./(SAl--2) 
TERM2- 2 ./SAI 

ENDIF 
FLlIl-O. 
IF I SAl .NE. 0.) FlJI1-(1/STY(U.·1»·(I/SAl) 
FLX2-0 
IF (SA2 .NE. 0) PLX2-ll/BT'Y(lJ..+Z»·(I/SA2) 
DCOP-TERMl - TEJUof2" (FLXl.PU2) + Fl.JIl'YUC2 
DCOF-l/OCOP 
S23(LL .. 8) -DCOP' (TDJoI2 0 Pl.JI.2) 
S2.3(LO.l~)-DCOP'(TERl"IZ 0 FUll 
S2.3 (LL+51) -OCOP' (0, S-jERH2) 

ELSE IP( MYZXILL-l) .EQ 10 .AND. HYZ-X(U"'2) EO 10) THEN 
ELAS-SE IISEMLI I LL+l J 04) 
SF -SE(ISE)oILIILL+l)+S) 
EIYZ-SE(ISEHLI(LL+l) ) 
STY(LL07) -SE(ISDfLI (t-LoU +.3) 
S1YILL- E) -sE( IS01LI (LL-.) • .3) 
IP! Sl'Y(LLo7) ,~, 1 .eII.. STYfLL08) .EQ, 1 ) STBFAG-l 
IP (KJ(O.EQ.O) THEN 

SE (ISEHLI ILL+ll+n) -SE(ISEMLI (LL.l) 01) *LElmH/ (6 *l!'lYZ) 
BE I ISEMLI IL.L+:I) +n) -SE(IS:EXLI (LLo 2) +1) "LZNG'rH/ 16 'EIYZl 

ENDIP 

IF{ ELAB .EQ 0) THEN 

ELSE 

I!'NDIF 
ELSE 

5:1.3 (LLoa J -"EIYZ/LENal"H 
52l (l.C 01.) -, 'En Z/L.ENCTH 
S2.3(LL 09) -PEIYZ/LEJCrH 

IFI STYeLL'7} .I!'Q. ° .ANtI. STY(LL~a) .EQ 0 ) THEN 
Siil3ILL.B) -4'EI'tZ/LENG'I'H 
S23ILO+12)-4'EIn/LENG"I'H 
623 (LL~SI) -;jl-EIYZ/LENCTH 

ELSE IPI S'TY(LLo?) .EQ.l .AND. 6TY(LLoe) .EO. 0 ] 'THEN 
S;).J (U .. B) eSP' (l'EIn/LENGTH) 
623 (I.O+lZ) - SP- (4 'EIYZ/LENG1H ) + I 1 • BP) , 1.3 'I!'IYZ/LENGTH) 
623 (U+9) eSP' (:I-EIn/I..ENGTH) 

ELSE IF( ST't1I..L+7) .EQ. 0 .AND. 5"T'Y(LL+8) EQ.l) THEN 
923 (LJ..+a) -SP- I '-EIYZ/LENGTH) + (1 'SP)' (3 'I!'IYZ./LENGTH) 
92J (LO"l2) -SP- ('-XIYZ/I..ENGTH) 
S23 (U.+9) -SP- (2-EHZ/LENGTH) 

ELSE IP( S'l"Y[L.L+7) ,EQ. 1 .ANI>. STY(LL+8) .EQ. 1 ) THEN 
52) (U.+B) ·sp* (I'EHZ/LENGTH) 
S~) (LaoU) -SP· 14 'EHZ/LENGTH) 
S23 (I..L"9) -SP- I 2 oI!'HZ/l.XNGTH) 

ENDIF 

IF ILL.EO.C) THEN 
WRITE (lOB ,651J MYZX ILLoll ,JoIY'ZX (I..L+2) , II!'l.NO 

69 PClRJIlAT{U,'" INVALID MATERIAL TYPE I'!Y~-',I2,' MYB"',I2, 
, FOR Et.2MENT NO. ',15,' *-'J 

ELSE 
WRITE (lOe,?SIJ MYZX (LJ.. ol) , MYZ,X IlL. 2), IE~ 

?5I POIlMAT(H,'-· INVALID MATERIAL TYPE HU-',I2,' MZB-',I2, 
, ~ El...ZI'I£NT NO .• ,IS,' ., 'J 

END IF 
ENDIF 

:aOS CONTINU'E! 
c 
C FaR .ulAL IN x AXIS lL-6 
C PaR TCRSICN IN ]I; MIS' ll.-S 

DO 210 LL-5,6 

IA-' 
IF ILL.EO.S.) LO-7 

IY( MYUILL) .EQ. 10 ) THEN 
ELAS·SE(ISEMLI(U.) 01) 
SP ·SEIISEXLI(I.J..)oS) 
EAGJ-SE(ISEKLl(Ll.) ) 
STY ILL) -SE(lS!MLI IlL) 03) 
IFI STY ILL) .EQ. 1) STBPAG-l 
IF (XJCO. EQ. C) 5E (ISEMLI (LL) 012) ~SE I ISEJoIl..I (LL) +1 ) - w:NGTH/EAGJ 
IF{ El.AS .EQ 0) THEN 

S23 (LO, -!AGJ/LENGTH 
ELSE 

IPI STY (LL) .EO, 0 ) 'THEN 
52) I La) -aAGJ /LENGTH 

ELSE 
S2l lLO) -SP- (EAGJ/LENGTH) 

ENDIF 
ENDIF 

ELSE IF( MYZX(LLJ .EQ. 13 ) THEN 
S23 (LO] -BE (ISEHLI (LJ..) ) 

ELoSE 
IF (U..EO.6) THEN 

WRITEIIC8,HSI) I'fYZX(U),IELNO 
FCIRJoLI"TIIX, '" UNALID MATERIAL 'TYPE HFXA-',I~, 

• FCfI. El.EJoI:ENT NO. ',IS,' .. , 'J 
ELSE 
Wl1.ITE(lCB,99) HYZX(U),IEI.NO 
PORMA'TUX,· .. • INVALID MATERIAL TYPE HXA~',I2, 

• FOR ELmoI:ENT NO .• ,IS,' •• ') 
END IF 

""'IF 
210 CONTINUE 
C 

c 
c-

52) I 1) - (S2J r 10) +2'S23 Ill) .82J (3) ) / (LENGTH'- 2) 
52J I 2)- (S2J (10) +52J I 11) /L.ENGTH 
52)(J)-(S2J(13)-523(11»/LENG'TH 
SOIl I 4) - I S2) I B) "2·S2.3 (9) - 52.3 (12» /1l..ENGTH '-2] 
S2J (SI-I 623 I B)+923 (9») /LZNGTH 
52) (6) - (S~J 112)' S23(9) /l..ENGTH 

C AS5EMBl.E L.OC.U. STIFFNE5S KATRIX 
C 

DO 12 1-1,12 
DO 12 J-l,12 

72 5 II, J)-O 
511,1) 523(0) 
511,1, '523(0) 
SI 2, 2) 52.3(1) 
512,6) S2.3(2) 
512,6) ·523(l) 
512,12) 523(3) 

3,3) 52.3(1) 
51 J, 51 523(5) 
BI 3,9) "'523(0.) 
51 3,1l) ··S23(6) 
S I " 4) - S2.3 (7) 
5 I 4,10 I ~. S2.3 (7 ) 
5 I 5 I 51 - S23 18) 
SI 5, 9) - 5n (5) 
5( 5,11) - 52l (9) 

Et..:E02J.30 
ELE02110 
ELI!'023S0 
ELI!'02l60 
El.I!'OZJ70 
ELE02lBO 
::1.I!'O:l39C 
ELI!'O:l.OO 
ELEO:l410 
I!'LE02420 
ELE02410 
ELE02UO 
ELED24S0 
ELE02460 
ELE02470 
I!'LEO:l&BO 
ELE02490 
£LE02500 
ELE02S10 
ELE02520 
ELE02SJO 
£LE02S40 
ELEC2550 
ELEC2S60 
EL.I!02S70 
ELE02SHO 
ELEO.:l5g10 
ELEO:l600 
ELE02610 
ELE02620 
El.1!'026.30 
El.EO.610 
Xl.E02650 
EL!0.660 
ELEO"6?0 
El.E026BO 
ELEO.690 
ELE02700 
EL.I!O:;a710 
ELEO.? 20 
ELE02130 
EL.I!O.HO 
E1..E02150 
ELEO.?60 
XLE021?0 
El.E02?90 
ELE02?90 
El .. ,EOOlBOO 
EI...I!O:lBlO 
ELEO.B20 
ELEO.BlO 
ELEO:lBAO 
ELEC28S0 
ELEO:lll60 
ELEO.:l 1111 0 
EL.I!O.:lBBO 
ELEC:a890 
ELEC;aglOO 
ELE02910 
EL.I!029ii10 
ELE029l0 
£LE02940 
EL.I!Oa50 
I!'LE02960 
ELE025170 
I!'LE02990 
1!'l.1!'0:0990 
ELEOlOOO 
ELEOlOIO 
I!'LEOlC20 
I!'L£OlC.30 
El.EO)OIC 
I!'LE030S0 
E1..E03060 
I!'LEOl070 
I!'L1!'0)080 
ELEOl09C 
E1..EOlI00 
ELEOll10 
I!'L£Oll20 
I!'LE0ll30 
El.EOlUO 
El.EO)ISC 
ELEOl160 
ELEOJ1?C 
ELEOl180 
El.EOl190 
ELE0.320C 
ELEOHI0 
El..EOJ2:aC 
ELEOH30 
ELEC.3HO 
ELE0.32S0 
ELEO)260 
ELE012?0 
EL.EC3:1BC 
£LEOJ.9C 
ELE01.30C 
ELE0.3.310 
EL.EO.3.3:1C 
ELE03J3C 
ELE03340 
£LI!'0.3J50 
ELEC.3J6C 
ELEC.3.37C 
ELE0.3380 
ELECl.3510 
I!'LE034 00 
ELEO]410 
ELEC.3420 
El....EOJ430 
ELEO.3UO 
ELE034S0 
ELE03160 
ELEOlG?O 
ELEOJ4 eo 
ELE0.3490 
ELE0.3S00 
ELE0.3510 
ELE03S:l0 
£LI!'03SJO 
ELEO.3SIO 
ELEO]S50 
£LE0.3S60 
£LI!'O.3S;O 
ELEC.3S80 
E1..E0.3590 
ELE0.3600 
£1.E0.3610 
E1.EO]620 
ELE036.30 
ELE036GO 
ELE03650 
£1..£C.3660 
£L£03610 
£L£0.3680 
ELEC.31S90 
ELE03;00 
ELE01710 
ELEO.3; 20 
£1.E037.30 
E1.£0]740 
EL1!'03?50 
EL£03160 
£LEO)1;O 
ELEO.3? 80 

26 

c 

5( 6, 6) S23(l0) 
SI IS, 8) 523(2) 
S16,12) 52.3(11) 
SI 7,?) 52.3(0)· 
S( B, B) 82.3 (1) 
SI B,12) 52.3 (.3) 
S( 51, 51) 62.3 (4) 
51 51,11) - S2.3 (6) 
SIIO,10) - S23(?) 
S{lI,I1) - 52J (12) 
5 (12, l~) - S23 I 13) 
DO 78 1-1,12 
DO ?8 J-I '1, 12 
51 J, Il - S I I, J) 

C· ..• CALCtJl..Jt.1'E SA,. 

c 

CALL MULTH(.3,12,5AT,S,A) 
C.\.LCtJl..Jt.TE ASAT 

CAlL MULTH(0,12,ASAT,A,5AT) 

C· .• DEGREES OF FREEDCI1 
C RHoIiJVE DOF' S THAT ARE Ca.lS"TRAINEIl TO THI!' SAME DOP. 

00 7S I-l,1S 
IF ( IDOP(JOINTI,I).m:.lDOFIJOINJ'J,I) ) THEN 

LKTII )-IDOFIJOINTI,l) 
LMT (1+6) -IDOP IJOINl'J, II 

ELSE 
t.HTII )- 0 
1.HT11+6)- C 

EllDIF 
75 CONTIN\JE 

C· CoNVERi TO HAU' 5TORAGE I'ICDE BY COU.lMN'5 
C 

L-' 
I£LDOF-O 
00 glO 1-1,12 

IF (lJo!T(I) .EQ. 0 
IELOOF~IELDOpol 

l.M(II!'LDOP) -lJoIT(ll 
DO 90 J-I, 1,-1 

) GO TO 510 

IF ILMTIJ) .EO.O l GO TO BO 
1.-Lo l 
STIPF (LI -ASAT(I,J) 
CONTI"'"' 

90 CONTINUE 
C -. IOPT-.3, DO-I, lzrtJRN .-

IF llOCC .'£Q.l) :aETlIllN 
C········· ................................ . 
C AS5EMBLE G'ECJiE'TUC !n'IFFNESS IQ.T'RIX Fell. A UNIT LOAD. 
C·" ............................ . 

c 

l.JtG'"L 
IF I PKG.EO.O .AND XGDATA(l) ,PE.2 I THI!'N 

AXIAL~ .PALSE. 
R2L-IBCLR (REL,6) 
GO TO 180 

ENDIF 

C· . DETERMINE IF AXIAL DEP(lUQTION IS CafSID2RJID 
C BIT 116 OF REL IS TRUE IF AlCIAL DI!'FOfUoIATION IS C~9IDI!'REl> 

c 

00 5199 1-1,.3 
CS-CTSII,l) 
CE oc.-rE(I,I) 
IP (ABS(CS) LE .. 0001 .AJm. ABSICE) .LE .. 0001 ) GO TO 515151 
Is-mOF (JOINTl, I) 
IE·IDOP IJOINTJ, I) 
IP (IS.EQ.I'E) GO TO 999 

RI!'L"IE5ET IREL, 6) 
5199 CONTINUE 

AXIAL-BTI!'ST (REL, 6) 

IF (ItGDATAlll.m:.C .AND. ItGDUA(2) NE,O .AND. BTEST(REL,6)) THEN 

C' ... DETnMINE THE .uIAL LO~ TO BE USED YOR XG. 
IP (lCGDATA(l) .EQ 1) THEN 

PGEOM - PXG 
ELSE IF (KGDATAI1) .EQ.2) THEN 

PGEOH - 0.50·(P(1l·F{?) 
ENDIF 

c 
C· ·ASSEMBLE L.OCAL GI!'~ETRIC STIPFNESS KATRIX FaR A UNIT LO~ .. 
C ZERO LOCAl. XG !'lATIU X 

00 9SlB 1-1,12 

c 

DO 999 J-l,lOil 
S(I,J)-O'. 

C· ~PEIl JlQS5 FoaM OF GEOKE"I1I IC STIFFNESS 

c 

IF IXGOATA(2) .EQ.l) THEN 
Fl-l/LENGTH 
S( 2, 2)· Fl 
S( 2, H) - 'PI 
S( &, H) - Fl 
SI.3,3)· Fl 
S( J, 9)- ·Fl 
SI 9, 9) - PI 

C· CONSISTENT MASS FaRM OF GEOMETRIC STIFFNESS 
ELSE IF (XGDATAI2) EQ.2) THEN 

c 
C· 6E"r CONSISTENT MASS GEOMZI1I.IC ST1FPNESS COIEFFICIEN"TS. 

GAl.- 2· LENGT~ / 15. 
GBZ· GAZ 
Gel.- LENGl'H / 30. 
GOZ- 0.10 
GEZ- 0.10 
GPZ- 1.2 / LENGTH 
GAY- 2· LENGTH / lS 
GBY· GA.'!' 
GeY- LENGTH / 30 
GOy· 0.10 
GEY· 0 10 
GF't· 1.2 / LENGT~ 

ENDIF 

5( 2, 2)- GFZ 
SI 2, 6)" GDZ 
S( 2, 8) - ·GPZ 
5( 2,1:1) - GEZ 
51 IS, 6) - GAZ 
S( IS, 8) - ·GD'Z. 
SI IS, !2)- GC'Z. 
51 B, 9)- GF'Z. 
S( B, 12) - ·GE2-
S[12,12)- GB2. 
51 3 I 3) - CFY 
5[ 3, S)- ·GDY 
81 3, 9) - ·GPY 
51 3,11) - 'GEY 
S( 5, S) - GAY 
sr 5, 91- GDY 
5( 5 I 11)" 'GCY 
SI 51, 9) - GFY 
S( 51,11) - GEY 
S(11, 11) - GBY 

DO 10 1-1, J2 
DO 10 J-r"l,12 
5( J, I) - 51 I, J) 

~Ul.ATE S~T 
CALL H'UL't'M(),1~, s.n, 5,~) 

CAJ..ClI'LATE ASAT 
CAJ...!.. K1.J" ... 'IM(0, U,ASA" ,A, SA") 

CONVD.T TO H..U.F STORAGE HCIH~ BY COUHllS 
XGOOP-O 
DO 10510 I-l,12 

ELE0.3?90 
£LEOl800 
£LEo.381C 
ELE0.3B20 
ELE0.38JC 
ELI!'OlEiO 
ELEol850 
ELE0.3E60 
ELEOJ870 
ELE0.3880 
ELE0.3890 
ELE03900 
ELE0.3910 
ELE0.3920 
ELE0.39.30 
ELEo.3910 
ELE03950 
ELE039t;0 
ELE0.39;0 
ELEC.3980 
ELEC.399C 
ELE04000 
ELEC401C 
ELE040:10 
El..EC40.30 
ELECI040 
ELE04050 
ZLEC4060 
El.EC40?0 
ELEC4.080 
ELEOI090 
ELEOUOO 
ELE04110 
ELEOll :lC 
ELEOU30 
EL£C4140 
ELE04150 
I!'LE04160 
ELE041?0 
ELEOU80 
ELE04190 
ELE04:10C 
ELEC4210 
ELEOl2:10 
ELE04230 
ELE04a40 
ELEO,2S0 
E.L.I!'04260 
ELEO'2?C 
ELE04:aaC 
ELE04ii19C 
ELE04.30C 
ELE0431C 
ELE04.320 
ELEC4J)C 
ELE043oA0 
EL.E.04J50 
I!'LI!'04J IS 0 
ELI!'0lJ70 
I!'LE043BO 
ELE04390 
ELE01400 
ELI!'01410 
ELEOU20 
ELE041)0 
ELEOUIO 
ELI!'044SC 
ELE0446C 
E1.E0I470 
ELEOU 80 
ELE04l90 
ELE04500 
ELI!'01510 
ELI!'OIS~O 

ELI!'04530 
ELI!'04510 
ELI!'04SS0 
ELE045fiO 
ELEOI5?0 
ELI!'04580 
ELI!'04590 
ELI!'04600 
ELEOIISI0 
ELE046 ~O 
ELE046JO 
ELE041S10 
ELI!'041S50 
ELE04660 
ELE045?0 
ELE041SBO 
ELI!'041S 51 0 
ELE04700 
ELE04?10 
ELEOI?20 
ELE047l0 
ELECI740 
E:LE047SC 
EL£04760. 
ELE04??0 
I!'1..E047BO 
El...E04790 
ELEDIBOO 
I!'L.EO&llllO 
ELE04B20 
I!'LEOUlO 
I!'LI!'OI 84 0 
I!'LI!'01850 
I!'LEOIB60 
I!'LEOIB10 
I!'LEOIBBO 
I!'LEOIB9D 
ELE04900 
ELE04910 
ELE04920 
I!'LE049.30 
I!'LE04940 
I!'LE049S0 
I!'LE04960 
ELEOl910 
ELEOIHO 
I!'L£04990 
ELE05000 
El.EOSOI0 
ELEOSD20 
ELEOS030 
I!'LEOS040 
El.E05050 
ELEOS060 
ELE05010 
ELE050BO 
El.E05090 
ELE05100 
£LE05110 
ELEOS120 
ELE05130 
EL£OS140 
ELEOS150 
ELE05160 
ELE05110 
ELE05l ao 
ELEOS190 
E1..E05200 
ELE05210 
£:"EOS220 
ELE052l0 
ELI!'OSHO 



c 

lOBO 
1090 

ENDI. 

IF' (Uo!T(I) EO 0 
XGDOF ·XGDOP'l 
UiXG( KGDOF) ·t.HT(I) 
DO lOBO J·I, 1, ·1 

IF (lHI' (J) . EO.O 
L·L"l 
51I PF (L) ·A.SAT (I ,J) 
CCINTINUE 
CONTIWE 

) GO TO 1090 

) GO TO loeo 

C· RELEASE UNUSE:D STORAGE 

EU052S0 
ELEOS260 
ELEOSZ?O 
EL.EOS0I80 
ELEOS.OI90 
ELEOSlOO 
ELE05ll0 
ELEOS3l0 
ELE05HO 
ELEOSHO 
ELEOsl50 
ELEOS160 
ELE053?O 
ELEOSJSO 
ELEOSl90 
ELEOS400 
ELE05410 
ELEOS420 
ELE054JO 
ELE05440 
ELEOS450 

180 nEL-lS6·L 

PRINT COUM-I DA-TA 
IF (FIRST) WiUTE(10B,192) 

191 WRITE(lOB,l!i13) NAME,IEUW,NOD"EI,NODEJ,LENGTH, 
" VYll) ,VY(2),VYC!J ,XS, ·XE,PKG 

WRITE (lOB, 151111) KATMLI (6) ,MA.TI'C..I (5) ,MATMLI (l) ,MATHI..I (2), 
" HATMLI(3),MATKLI(III) 

192 f'cPJolAT(/' EL~T 09, IElDBEAM EUMEm'// ELE05460 
'- T2~,'~ START END',lK,'!.2NGTH',JX,ll('·'),' Y·IJ(IS ELE054?O 
'- 12(' '),' STU-r DIST END DIS"!' PKG'I ELE054BO 

19l POi!J'lAT~lX,A15,2I6,1)I,I6,1X,IP,GIO.III,OP, EL.iOSIII90 
'- P9.5,' I',SF,PSI.5o,' J',F9.S,· X',lF,SS,lGI2.1II) ELEOSSOO 

19111 F<JRloL\T(16X,'KAT'ERIAL" (F)I ) ',12,111,', ~JI!X )·',12,111, ELE05510 
" ',(MY·A) ',12,111,', {MY·B)·',I2,IX,·,(I1Z·A)··,I2,IX, ELE05Sl0 

" (HZ-B)·', 12 ) ELEOSSlO 
RETt.Jnl ELEOSSoiO 

C •••• ••••••••••••••••••••• DETERMINE GECJoI:ETRIC STIPF ···················ELEOSS5oO 
200 CONTINUE £LE05S60 

C XG IS DETERMINED FOR A UNIT l..01o.D WITH 10F1-1, ELEOSS?O 
C TKE AC'TUJ..L l..OAD (PGE01) IS D:E."'I'ERMINE:D H~E. ELEOS5BO 
C XG IS !l!iJLTIPLIED BY PGECM WHEN THE TOTAL STIFFNESS IS ASSE21BI..!D EU05590 
C· NEGATIVE PGEOi IS CCMPRESSICIN. ELE05600 

AXIAL·B'l'EST (REL,6) ELE05610 
c ELE056.010 
C· ......... DETERMINE 'THE AXIAL LOAD 'TO BE USED POR XG .. EL£OS6JO 

ELE05640 
ELEOS650 
ELE05660 
ELE056?0 
ELEOS6BO 
ELEOS690 
El..EOS?OO 
EI...E05?lO 

IF (AXIAL) 'THEN 
IF (XGDATA(l) .EQ.lI 'THEl'I 

FGEOM· PXG 
ELSE IF (XGDATA.D) .EO.2) THEN 

PGEOM· O.SO~(P(l)·F("I») 

ENDIP 
ENDI' 

RETURN . El.EOS?.OIO 
C························· DIn'ERMlNE S1IPYNESS ·························ELE05?30 

300 CON'I'INlJE EUOS?oIO 

,,, 

ELEOS?50 
STY ( 1) ,STY C.), flTY (3) ,STY (1111, S'TY (5), STY (6) ,S'TY (?) ,S'TY (B), ELE05.?60 
S'TY(51) , AND S'J'Y(10) carr.UN S'TIFFNESS£S, WHICH WERE 'DETERMINED IN ELEOS??O 
THE US'T CALL TO MA_TLIB EUOS? BO 

IP SnD) 
STY (~) 
STY(3) 
sTY ~III) 
STY ~ 50) 
STY(6) 

CD! 

6E(IBEMLI(l) ) 
S£~IBEMLlrol') 
SE(ISEMLI ~3» 
SE(ISEMLI(III, ) 
SE (I S£Ion.I (5) .3) 
SE(ISEMLI (6) 03) 

Pal. MATOSl,HATll,HAT06 
PCR MAT09,HATll,MAT06 
Pal. HAT09,MATlI,MATOE 
Pal. HAT09,HATll,MA'T06 
FCII KATIO 
FOR KATlO 

IF STY(?) • 8E(ISEHLI(1)"3) Pal. MATlO 
STYle) • SE(ISEHLI(2)"3) P~ MATIO 
STY(9) • SE (ISmil..I (l) .3) PCR MATI0 
STY(lO) • SE(ISEMLI(III).3) FaR MATIO 
STY(S) • SE(ISmil..I(S).-3) PCR HATlO 
STY(6) • SE (ISEHl..I (6) d) POR HATlO 

THEN, 
1HE STIFFNESS HAS NOT CHANGED, RETURN 

DO 310 L·I,3,~ 
Ll-L-l 
IF ( KYZX('L) .N!. MY2.JI(Ll) ) ooTO 330 
IP ( MYZX(L) ,EQ. 9 .0Ii. MYZX(Ll) .EO 11) THEN 

IF (STY(L) .NE S£(ISEKLI(L) .OR. 
STY(Ll).NE SE(ISEMLI(Ll)) 00 TO.! 

ELSE H'( KYZX(L) .EO 6 ) THEN 
IF (S'TY(L) .NE. (SE(ISEMLI(L))/LENGTH) .OR 

S'TY(Ll).NE, (SE(ISDfl.I(Ll))/LElmH) ) 00 TO 3 
ELSE IF( M'l'ZX(L) .EO. 10 ) 'THEN 

IF (S"TY(L·6) .NE. SE(ISmiLI(L)'l) .CR. 
5'1'Y(Ll061 NE. SE(ISmil..I(LU"'31 ) GOTO l 

END I. 
CONTINUE 
IF[STY(S) .NE. SE(ISEMLI (5) '3) ) 00 TO 3 
IF( MYZX(6) .EQ. 10 ) THEN 

IF(STY(6) .NE. SE (ISEKLI (6)"J) ) GO TO J 
ELSE IP( MYZX(6) .EO 13 ) THEN 

IF( S2J (0) .NE. SE(ISEMLI (6» ) GO TO l 
ENDtp 

!LEOS?90 
£LE05BOO 
El..EOS810 
ELEOSB20 
El.E05B30 
ELE05840 
ELE05BSO 
E.L..E05oB60 
EI..E05B?O 
ELE05BBO 
EL£05B90 
ELE05900 
ELEOS,910 
ELE05920 
ELEOSSllO 
ELEOS940 
ELEOS950 
ELEOSSl60 
ELEOSSI?O 
ELEOSSl80 
ELE05S1!i10 
E1..E06000 
ELE06010 
ELE060.010 
ELE06030 
ELE06040 
ELE06050 
ELE06060 
ELE060?O 
ELE060BO 
ELE06090 
El..E06100 
ELE06IlO 
ELE06120 
E.LE061lo 
ELE06l40 
ELE06150 
E'LE06160 

RE"!'\J1lN E'LE061?0 
..... CONSTROC'T THE STIFFNESS MATRIX ELEc61S0 

) XJ(0·1 EL:E06190 
GOTO llO. ELE06200 

C························· DETERMINE INCJI.I~AL FORCES •••••••••• a·····ELE06210 

c 
c-

c 
c-

c 
c-

c 
c-

400 CCNTINIJE ELE06220 
IF ~PRtNT AH[),FIRSTI WRlTE(lOB,491) S"fEPID ELE06:i130 

...... CAll. BMLOA TO O'E'TERMINE THE PIXED END PaRCES 
IP (HAXEl.D GT.O) THEN 

, CA.l.L BHLOA(IELHO, P!!MFLG,LENGTH,REL,MAXELD,NELD,NLOAD, 
PEM, IELD, ELD) 

EUE 
PEMf'LG·.FALSE. 

ENDIF 

LOOP PCIR EACH I..OAD 
DO IIIJO LOAD·l,NLOAD 

TRWSFORM F'JI.»lE DISPL. INTO UXAl.. DISPL 
DO 4LO 1-1,3 

II. (I )-0 
FI(I·l)·O 
R (1,6)-0 
R (1-9)-0 
DO 410 J·l,3 

Dl-DISPL(IDOF(JOIN'l'I,J I ,LOAD) 
D2 ·DISPL~ IDOP (JOnI!' I, Jo J 1 ,LOAD) 
OJ·DISPL(IDOP (JOIN'l'J, J ), LOAD 1 
D4-DISPL( IDOF(JOIN'TJ, J 'll, LOAD) 

RII )-Rll ).erS(J,I)~Dl· BS(J,I)"D~ 

R (1+3)-11. [I.:!) -ers (J, 1) "DOl 
R(I+6)·R[I·6)-C'TE(J,I)"Dl - BE[J,I)~04 

Ii (1·9)·R (1'9) +C1'£ (J, I) ~DIII 

INCRIMENTAL POliCES 
P ( 1). S2J (0)' (ll ( 1) ·R( ?) 
P( 2)' S2l(1)"(R( 2)·R( ~))'S23(21*R( 6)+S23(ll"R(12) 
PI J). S2l(4)'(RI l)·R( SI)·S2l(S)'R( 5.)·S2J(6)"R[1l) 
F( 4)· SOIl (?) I{R ( III)·R (l0)) 
F( 5)··S23(S)'(R( 3)·R( 9)-S23(B)'R( 5.1'S2l(9)·F:(I1) 
P( 6)· S23(2)'(R[ 2)·1I( B))'S2)(lO)'R( 6)+S2l(1l)'R(12) 
F( "I). ·S2l (0)' (tt I 1) ·R( ?») 
PI B)··S2l0)'(R( 2) R( B)1·S2l12j*R( 6)·S230)~Rll21 
F( 9J··S23(1I)'CR( 3)·R( 9)1,S23(5.I"R( 5)'S23(6)"R[1l1 
P (10)· ·S23 (?)" (R I III) ·RIl 0» 
F(1l1··S2l(6)o(R( 3) R( 9)· S23191"R( 51-S2J(12)-R(1l) 
PI12)- S2l(l)a(R( 2) R( a»). S23[1l)-RI 61'S23113)"R02) 

REUTIVE ROT.lTICIl\I FOR BENDI~S 
R(S)·F:(SI·(R(J)·R(9»/LENGTH 
R (5)·RI6) . (R(!)·R (2) /LENGTH 
R Ol)·R [111' (R(3) ·R (9 i) ILENGTH 
R (12)-11. [l2) . III Ie) 'R (2)) /LDIG"!'H 

ELE06:i11110 
El.!:06:i150 
EL.E06260 
fLE06:i1?0 
ELE06:i1BO 
ELE06290 
ELE06300 
ELE06310 
ELE06J:l.0 
ELE06J30 
ELE06lf,0 
ELE06350 
ELE06360 
ELE06l?0 
ELEo63EO 
ELE06J90 
ELE06400 
ELE06410 
ELE0611120 
ELE06430 
ELE06440 
ELE064S0 
ELE06460 
ELE064?0 
ELE064EO 
ELE06490 
ELE06500 
ELE06510 
ELE06520 
ELE06S30 
ELE06S40 
ELE06SS0 
ELE06560 
E1..E06S?0 
ELE065EO 
ELE06590 
fLE06600 
ELE06610 
ELEo6E20 
ELE06630 
ELE06640 
£LED6650 
ELEo666D 
ELE066?0 
ELE066BD 
ELE066!i10 
ELE06?OO 

27 

c 
C······ SUBTR..\Cl' OF PIXED END PCIICES 

IF (PEKPLG) THEN 

c 

DO 4.0 1-1,12 
IF (I.EQ.l.CIR.I.EQ,III.ClR..I.EO."I OR.l.EO 10) 00,.0420 
P (1) ·F(I) ·"EH(I,La.t.D) 

420 CONTINUE 
ENDI. 

C·· ... DETERtIINE I'!AXIMUN VALOES PaR. l1iJLTIFLE LOAD CASES 
IF (Nl...Cl.\tI.G'T .1) THEN 

c 

DO 4125 1-1,12 
IP ~ ABS(F(I»).LE.AES(Pi"WI{I-12 12.1)) ) 00'T0 4~5 
00 11126 J·O,l1 

IIIZ6 PI1AX(r-12·1l'"J)·P(J+l) 
1112S CONTINUE 

ENDI. 

C· PRINT FORCES AND DEPCI!KATIONS 
IF (PRINT) IiRITEOOB ,11193) IEU<O, LOAD,NmEI, [R(J) ,J·l,6), 

, OO'D!J, (R(J),J·?,12) 
IF (PRINT) IiRITE(10B,492) IELHO,LOUl,NOOEI,(P~J),J·1,6), 

" NODEJ, (F(J) ,J·?(12) ,STBFAG 
11130 CarI'INUE 

. ·nus IS FOR SOL05A USE aNl.'I' 
IF( ICCI'!N ,EO 1 .OR. ICCIm .EQ :iI) THEN 

00 411 1·1,12 
RSAF(I)·PII) 

!NIlI. 

.... ·CHECX STIFFNESS 
THIS IS FERFCII.MED ONLY Pta: INELASTIC .uw..,YSIS 

P(l)·PT~ 51 'O F( 5) 
P(,U·PTDll- FOl) 
P(3)·P'l'~ 6) .. F( 6) 
P(4)·PT~12)· F(121 
P (5)·P'l' ~ 10). F (101 
P(6)·PT~ ?) - F(?) 

IF{.NOT ELSTIC) THEN 

.•. CHEClt INTER.A~IVE 5TREHGTH ClIITERIA 
PY • SElIBEI1l.I (6).11) 
TKPY· SE(ISEMl.I (1).11) 
'l'MP'2.. SE'(ISI!MI...I (3)"11) 
DO 11132 1·1,111 

1113.01 TMP~I)·SE(IS!MLI(II+l) 
IP ~ IAFAG . EQ. 1 1 ,.HEN 

CALL ITERS (P ~6), F (l),F {l), TMPY, PY, P (l),F (III) ,'l'MP'2., IAFAG) 
IF! IAFAG .EQ. :iI .CR. IAFAG .EQ 3 ) THEN 

Xll·IMAG·l 
IC12·IAl'AG·l 
SE(I6EKLI [11:11) ·1) ·A!S~P(J:ll)) ·SE [ISEMLI (XIl) 'OS) 
SE{lSI!KLI (lCl:il) -1) ·I\BS ~P( Kl:il» -SE (ISEMLI (X12) ~B) 
SE !I SFJo!:LI (Xll)·;;1)· ·SE(ISEHLI (Xll)"1) 
SE (I SEMLI ell:il).;jl) •. BE ~ISEI1LI (X12 ),.1) 

ELSE IF( IAFAO .EiJ. 4 ) THEN 
DO 4133 1-1,111 

SE (ISE)oILI (I J.I)·'THP (I)"SE{ISEMLI ~I) .8) 
SE (IS:E)oILI!I) <2) •• SE (ISEKLI ( 1)"1) 

4133 Cc:tlTINUE' 
ENDI. 

c 
C .. ASSIGN AXIAL RESIDUAL STBENG'I"H 
c 

IF (SE (ISEKLI (6)·1) .EO. ·SE (ISFMLI (6) +Z) .ANIl.IAPAG. ~.1) THEN 
SE(ISEI1l.I (6)"1)·SE(ISoo..I (6) 01) 
SE(ISlMLI (6) ~.OI). ·.U'lS (P (fi) loSE (IS'EMLI (6)·B) 
IfRIT!(10S,"l05) IELNO,J~EP,IA.FAG 

?05. Fc::IU1ATClX, '- £LE2oIENT ',IS, ' 1...OCA.L BUCKLING OCCURR!D 
'AT STEP ',IS,' 1"-PA(;·',I5,· "') 

ENDI' 
ELSE IF( IAFAG .£0 2 .aR. IAFAG .EQ l ) THEN 

IF (IAFAG.EQ.:iI) THEN 
XU·2 
XI2·f, 

EI.SE 
XU·1 
X12·l 

ENDI' 
CALL ITE:RS (F ~IS), P( 1), P (2), 'I'KPY I PY I P ~3), P(') ,'I"!I!P'2., IAFAG) 
IF ( IAPAG .EO. 4 ) TKEN 

SE (ISEMLI (Xll)'l) ·ASS (P (Xlll) -I5"E (ISEKLI (XU)· e) 
8E( ISFJo!:LI (X12)·1) ·ASS (P (n.» -SE (ISEKLI (X12) _8) 
SE{ISD!LI (Xll) .:iI). ·SE(ISFJo!:LI (XII) -1) 
SE(lSEMLI (Xl:;;) ':iI). ·SE(lSEMLI [XU.) 01) 
WlI.ITE(lOB,?05) IEl.NO,JSTEP,IAFAG 

ENDI. 
ELSE IF ( IAFAG . EO S) THBN 

CALL ITEJlS~ [P(fi) ,P (1) ,F~~) ,TKPY,P"f ,PlJ) ,P(III) ,'TMPZ, IAFAG) 
IF ~ IA-PAG .G'T 5) THEN 

WRITE il 0 B, ?C6) I£lJIIO, JSTEP, IJ.PAG 
?06 PaRMA.T(lJl:, '" ELEMZN'I" ., IS, ' MODEL OVERSTRENG'I'H 

ENDI. 
!NIlI' 

'A'T STEP ',15,' IAFAG··,lS,' •• ) 

.•..• 'I"R.ANSFER FI!RKENANT HY&"1ERESIS DATA TO TEMPER.JJI:Y S'l'OItAGE 
J?? ISE.OI·1S£O 

00 S.OI2 I·l,ISE. 
5:O:il SE(I~ISE:iI)·SE(I) 

CALCULlTE INELASTIC ROTATI~ 
DO lIO 1-1,2 

I1 .. I.l 
IF (MYZX(I) .NE,!'IYZX~Il) GOTO 310 
IF (MYZX(I).NE,6.01l.I1YZX(I1.NE.9,OR.Jl!YZXiI) NE.ll) GOTO 310 
STY(I )·SE(ISEKLI(I )) 
STY (11) ·SE (ISEMl..I (11)) 
IF( HYZX(I) EQ. 9 ) THDJ 

SA.I~S£~ISEMLI(I ) .. 60) 
SA2·SE (ISEl>n..I (II) -60) 

ELSE IF( I'IYZX[I) ,EO II) TKEN 
SAl·SE(ISa-n..1 (I ) 'lO) 
SA2-S£ !ISEMLI (11) ")0) 

ELSE IP( MYZX[I) ,EO. 6 ) TH£l,l 
SAl"SE(ISoo..I~I )'47)/LENG'TH 
SA.2- SE (I SEMLI (I1)" III? ) /LENGTH 
STY(I )·STYl! )/LENGTH 
STY ( Il)·!i'TY (II) /UNGTH 

ENDIF 
PLX1·O 
If' (SAl .NE C) PlJII·(1/ST'I'(I ))·O/SA.1) 
FLX2·0 
IF ( SAZ .NE. 0) PU"2a(1/STY(1l)) ·0/Si\2) 
RIELI(I )"ROIELI(I ) • FU::l~PI4'1) 

RIELI(Il)·ROIELl(Il) • FU2·PIIO·I) 
:no CONTINUE 
c 
C SET UP TPl'fTERAR'f TOTAL l.O.'.DS,DISP'S 
C· BENDING IN A END Y DIRECTION 1-1 
C· .. BENDING IN E END Y DIRECTION 1·2 
C· BENDING IN A END Z DIRECTION r"3 
C· . BENDING IN B END Z DIRECTION 1·, 
c· TORSION It-! A END X DIRECTION I·S 
C AXIAL IN A END X DIRECl'ION 1·6 

DO 525 1-1, I!i 
IF" [I.L£.III) "HEN 
Xl1·I" (1·1) 
IF (I L.;E:.2) Xll-6·1·] 
PL·IT (Xlli 
D ·RT(Ul)+R(lCll) 
DL"RT 0(111 
!P( MYZXII) EQ. 9 1 THEN 

O·RIELlCI) + P(1)/SE!lS:E'Ml.llr)o-EO) 
Dl,..·ROIELI (Il ' PL./SE [ISEML11') ~601 

ELE06110 
ELEOEi?20 
EL£015?30 
ELE06'7rl,0 
ELE015"150 
ELE06?60 
ELE06"1"10 
ELE06"1BO 
ELE06"'190 
ELE06BOO 
ELE06810 
ELE015B20 
ELEOI5BlO 
ELEOEB~O 

ELE06B50 
ELE06B60 
ELE06B?0 
ELE06BBO 
ELE06BSlO 
ELE0I5S100 
ELE06910 
ELE065120 
ELE065130 
ELE0691110 
ELE06950 
ELE06960 
EL.E069?0 
ELE065lB0 
E.L.E06!i1S10 
£LEO?OOO 
ELEO"lOlO 
ELEO?020 
ELEO"lOlO 
ELEO"lO,O 
ELEO"l050 
ELEO"l060 
ELEO?O?O 
EL£O?OaO 
ELEO?090 
ELEO?100 
ELEO?110 
ELEO?l20 
ELEO"llJO 
ELEO?l'O 
ELEO"l150 
ELE01160 
ELEO"ll ?O 
EL£0?180 
ELEO?l!ilO 
EL£0?200 
ELEO?210 
ELE0?220 
ELEO"l2l0 
£LEO?21110 
EL.E0?250 
ELEO?260 
ELEO?2?0 
ELEO"l.OlBO 
£L£0?290 
ELEO?JOO 
ELE01310 
ELEO?J20 
ELEO?J30 
ELEO?lIllO 
EL£0?3S0 
ELEO?)60 
ELEO?l?O 
EL£O?lBO 
ELEO?)510 
ELE0?400 
ELEO?410 
ELE0"'/420 
ELE0"'/4l0 
ELEO"l440 
ELE0"'/450 
ELE0"'/41S0 
ELEOH"70 
ELEO"llllBO 
ELEO"'/foSlO 
ELEO?500 
:ELEO"l510 
ELEO?520 
ELEO"l5l0 
ELEO?~IIIO 

ELEO?550 
ELEO?560 
EL£O?S"lO 
ELEO?5BO 
ELEO?5!i10 
ELEO?600 
£LEO"l610 
ELEO?Ei20 
ELFO?630 
ELEO?640 
ELEO?650 
ELEO?660 
ELEO?6?0 
EUO?680 
£LEO?690 
ELEO??OO 
ELE07? 10 
ELEO?? 20 
ELFO??lO 
ELEO??IIIO 
ELEO??50 
ELEO??60 
ELEO???O 
ELEO?? 90 
ELEO"'/?90 
ELEO"l800 
ELEO"l810 
ELEO"lB20 
£LE0?8l0 
ELEO"lB40 
ELEO"lS5.0 
ELEO?B60 
ELEO"'IB?O 
ELEO"l980 
ELEO"l890 
ELE0?900 
ELE0?910 
ELE0?920 
ELEO"l9)0 
ELEO?940 
ELE0?950 
ELEO?!il60 
ELEO?910 
ELEO?9S0 
ELEO"l990 
ELEOBOOO 
ELEOBOIO 
ELEOB020 
ELEOB030 
ELE080'0 
ELEoa05.0 
EL.EOa060 
ELEOBO?O 
ELEOB090 
ELEoa090 
ELEOa] 00 
EL£OellO 
ELEOB120 
ELEOBllO 
ELEOB140 
ELEOB1SO 
Ei..EOBI60 



ELSE IP( MY'Z.X(I) .EO. 11) THEN 
O-RrELIO) • P(I)/SE(IS£MLl(I)"JO) 
OL·ROIELIO) • PL/sE[I5EMLl[I)+lO) 

EW;E IF( I'IYZX[I) .EO 6) THEN 
IF( sE(lsEHLl(U+4'1) .NE. 0 ) THEN 
O,:,{RIELI(I)/L£NGTH) • PII)/sE(ISEMLI(I)"CI'1) 
OL· (ROIELI I I) Il.ENGTH) + PL/aE(IBEMLI (I) .... '7) 

END" 
ENDIP 

ELSE 
Kll·lo 
IP (I £Q 6) XU·7 
PL·P'T(]Ul) 
D ·R'l'(KIl) +1'0:::11) 'RT[Kll 6) -I' [J:U'6) 
01.·RT(lUl) '!IT(1Ul'6) 

ENDlF 

aLL HATLIS 13, LS'M'YP, P.u.sE, EESE, EF BE,DUCT ( 1, I) ,2XCR (1, I) , 
P (I), F1..0,DL, 0 0,0.0, ULEM,l.J'IAT ,KAT!'Il...I (I) ,,,"TTYP, 
SE(ISE2.ISEl'!LI(I» ,IELn),DAM-'GEJ 

IF (I.LE.4) THEN 
IF I ,,"'J"l"!'F . EO. 51 ) THEN 
IF (SE(ISE2+ISEMLIII) .N!.SE(ISEMLI(Il) ) NEWJ:·.TilUE. 
ROIE1.I (I) "D· F [1) ISE( IaEl'lLI (I) .601 

ELSE IP( ,,"TTYP .EQ.U ) nUl)" 
IP (SE(ISE2+IS~LI(Il) .NE.SEIISEMl..I[I)) ) N~·.TilUE 
ROIE1.I I I J "D' P II) (SE(ISEKLI II) .30 I 

£LSE IP( ,,"TTYP .EQ. 6 ) THEN 
IF ISE(ISE~+ISEI1LI(I)) .NE.SE(ISEMLI(I)) ) NEWJ:·.TRUE 
IF (SE(ISE2U.I(ll +4"1 .NE. 0 ) THEN 

ROIE1.1 (I)· (O-P(l) ISE I ISEHLI (I l"CI'l) -LENGTH 

END" 
EUE IF( ,,"TTYP .EQ. 10 1 THEN 

IP (SE(ISE:iiI+ISEMLI (I) +3) .NE.SEIISl:Ml..I [I) "J) 1 NEW](" ,TRUE 
ENDIP 

ELS2 IF!! EQ.S) THEN 
IF (SE!!SEZ+IS!MLI[I)"3) .N!.SE(ISEMLIO)+J) ) NBWX·,TRUE. 

ELSE 
IF ( MYZJI(6) .EQ. 10 ) THEN 
IF ( SE (I SEOl + ISEMl..I (I)'3) .NE. SE[ISEHLI(I)+) ) NEW~".TlI.f.1E. 

EU;E IP( MYZX(6) .EQ. 13 ) THEN 
IP ( SE(IISE:a·IaEMLI(I») .NE. B'£(ISEMLIII) J NE'lik".TRU'E. 

.2S 
ENDIF 

ENDI. 
~TINlJ£ 

!NOI. 

ELEOl3l70 
21.£011180 
21.E08190 
21.£01lZOO 
21.EoBHO 
21.£08Z2.0 
El.£08Zl0 
£L£08240 
£1.£OB250 
£l.EOIIZ60 
£1.£082.70 
El.EOBZBO 
ELEoB:iI90 
E1.£OB)OO 
EL£OBJI0 
EL£OBHo 
£L£OB),},O 
ELEoBHO 
ELEOB)50 
E1.20B)60 
ELEOBl"IO 
E1.EOBJBo 
ELEOBHO 
!LEOUOO 
!LEOUI0 
£1.£0114:010 
ELEOIl4)O 
£L£Oeuo 
£L£OBd.SO 
£LE081Ei0 
£LE08470 
E1.£O 8 l1li 0 
ELE0ll4Sl0 
E1.EOBSOO 
ELEOBS10 
ELEOBSOlO 
ELEOBS)O 
E1.EOBSCIO 
ELE08SS0 
ELEOBSISO 
ELEOBS70 
ELEOBSeo 
ELEOB590 
EL£OBl!iOO 
£1.E01l510 
ELlO lIS 010 
ELE0a630 
ELEClt6C10 
!LE01t6S0 
ELEOI1S60 
ELEOBEi70 
ELEOB680 
El..EOBEi90 
ELEOB700 
ELEOB'110 
£LEOB701C 
ELEOB'30 
E1.EOB'l"O 
EL.EOB'SO 
E1.EOB'l60 
ELEOB''lO 
ELEOB'U 
£l...EOB'90 
E1.£08800 
El.EOUIO 
£1.EOBB20 
EL£OBB30 
ELEOBBClO 
£1.EOU50 
E1.£OBB60 
E1.EOBB'lO 
E1.EOes BO 
E1.£08890 
£I..E01900 
ELE0B910 

c 
c
c 

c 

." 

CALC't1U.T2 THE l.lNSALAC"ED KEMIlER PCRCES ~ THE JOINT 

UP{ 5J ... ( PT( 5J~P( 5) 'P[U ) 
upDU· .( PT(ll)+P(11) ·pril:~ ) 
up( 6)" .( "( 6)"PI 6)·P(3) ) 
UP(l~)" .( FT(lil:)+P(I:iI) 'P(4) ) 
UF(IO) .. -( PT(lO) .. P[]O)·P[S~ ) 
lIF[ ,) ... ( PT( 7).P( 7)'P[6) ) 
upI 9)"CUF[ 5)·UP(11)1(LENGTH 
up( J) ... up ( 9) 
LIF( 2)"(UP( 6)-U'P(l2))(LEN<lTH 
lIF[ 9) ... up [ :01) 
U'PI 1) ... up [ 7) 
LIF( 4) ... up llO) 

DO 440 r"l,IEUlOP 
J("I.J"f[I) 

EPUB (1)"0 
00460J"I,lZ 

EPUB(I) .. EPUB(IJ • A(I,J)*UP(J) 
PUB [Kj ·PUB (~) +EPUB [I) 

11.40 cCN'l'ImJE 

C' ..... ADJUS1 P FOR t.1NBAl.\NCED U)Al;I P 
00 &45 I-l,IZ 

us P[I)·P[I)"UP(I) 

t91 FORM.A.T U' IEJD BEAM FaRCES, ,.',5X/'lX,AI, E1.2089Z0 
'" EU!:KEN'T LOAD NODE','1X,'A)[IA,L',lUl,'PY',llX,'PZ', £1.£089)0 
" 11X, 'TORSION' ,lOX, 'MY', Ill, 'M2 STBFAG') £LE08940 

490l FOIU'IJo.T (/,IlO,I5,2X, 'FaRCE',IIS,lP,6G15.6, E1..EOnSo 
" 115x ,n, 'FORCE',IIS, ISG15.6,JX,Ill E1.208960 

"9) pCIlI.l'IA.T U,110,I5,2X,'DISPL',I6,lF,ISG15 6, £1.£089'10 
" (1511 ,2x, 'DISFL',I6, 6GI5.6) 21.E089 10 

(9" FCSJ!I.AT ['1X,A) ELE0E9Sl0 
RETURN £1.209000 

c· •.•...•• •• ..... · ...... ··••• .. • OETERMINE TOTAL PORC£S •• ...... • .. •• .. • .. ••••• .. • .... ·E1.209010 
500 CON'l'INlJ! £LEOSlO:ilO 

IF lPRIN'!.Aml.PIRST) WRITE(108,CI9IJ S'T2PID EI..E090)0 
IF'(ICCI'IN.NE 1 ,AND. lCCMN NE :iii) THEN EL£090,0 

c 21.£09050 
c· - - - TOTAL FCll.C!S AND DISPUCEHENTS E1.E09060 

£1.E05l0'l0 
ELE090BO 
£L209090 
2LE09100 
EL209110 
E1.E09IJO 
ELE09130 
£1.E091110 
E1.E09150 
E1.E09150 
£LE05l170 
£L£091 BO 
EL£05l1Sl0 
ELE090l00 
ELE09;l10 
ELE09Z:il0 
EL£09230 
ELE09:i140 
EL£092S0 
E1.£09260 
£1.£051270 
E1.£09280 
E1.£09290 
E1.£09JOO 
ELE09JI0 
E1.E09J20 
ELE09JJO 
ELE09JtO 
ELE09J50 

00 510 1·1, 1~ 
FT[I)·PTIIJ+F(I) 
RT[I)·RT(I) "R(I) 

510 CONTINUE 

'n 

DO SlZ I-I,12 
If ( A,BS(PTII) .GT.AllS(FKA.X(r*12 

DO SII J"0,11 
PMAX (1*12 '11+ J) ·PT [J+ I) 

ENDIP 

12+1)) ) THEN 

512 CONTINlJE 

.u 

<1' 

EUE 
DO 513 I·],l:a 

PTII)-RSAF(l) 
!NOH 

LOAD-l 
IF (PRINT) WRITE (loe ,493) IEUK>, l..Oo\O,NCDEI. (n (J) ,J"I,6), 

.. NODEJ, (RT(J),J·'1,l<1) 
IF (PRINT) WRIT£1108,492) IEUIO,LQ.U),NClDEI, (P'T(JJ ,J"I(6), 

NOOEJ, (FT(J) ,J·'1,IOll ,STBFAG 

Tll...UISPEF TEMPE:II.ARY HYST'ERESIS OATA TO PtRMANEN'T STORAGE 
15E2·I5:£/Z 
1'1"( ,NOT, El..STIc) THEN 
DO 415 I·l,I5E2 

SE I I)·5E(I+ISE2) 
ENDIF 

EL.E09J60 
C ELE09J'l0 
c· •• _ ••• -···· .... ··-- .. •• .. -.· DE'Tc:JUoIlNE FIXED END PORCES, AmI ADD TO Pa\cE·ELE09l80 

!Soo IF [HAXEUl.1.E.O) RE'TlJRN El.£09390 
C E1.£09400 
c· CAlJ... EMl.DA TO DETERMINE TI1E FIXED KNrl PORCES E1.E09410 

610 

c..uJ.. BKLaA (IEl..NO, FEMFLG, I..ENGTH,RE1.,I'1IJ(ELD,NELD, NI..O.\D , PEM, IEI..D,Et.D) E1.£05l420 
FEMFL.G·PEMPLG EL.£05l4JO 
IF ( NOT, PEI'IJ'1..G) RETURN ELE05l440 

DO 620 t.a.tJ)"I,NLOA.D 
DO 61e 1'1,l 
GPEM.II ) .. 0 
GF£IoI(I+l)·O. 
C"Pl'III·6)·0 
GF'D1(I-9)·0 
DO 610 J·l,J 

Dl·FEM(J ,L.O.\D) 
D2·YD-!(J"l,1.O.\O) 
D.3·PE:M(J"6,I..O.\D) 
D~· FD-! (J+9, LQMl) 

GFm-'l(I )-GPEM(l )"CTS(I,J)'DI 
GFEIoI(I'3) ·C:PEM(I·l)· BSII,Jl'Dl • 
GPEHI 1·6) -GPEM(I'6)"'CT£(I ,J) 'til 
GFEM(I'9) .. GPEMII'9)' BE{l,J) 'D3 

00 6010 J·I,6 

C'Ta (I ,J) 'D~ 

EL.E05l450 
ELE05l460 
ELE05l4'l0 
ELE094BO 
ELE05l490 
EL£05l500 
£LE09510 
ELE05l50'!0 
ELE09530 
ELE09540 
ELE05l550 
ELE05l560 
ELE095'10 
ELE095BO 
E1.E09590 
ELE09600 
E1.E09610 
ELE096 ~O 

28 

JI"IDOF(JOlm'I ,.1~ 
JJ·IOOF'(JOINTJ ,J) 
FORC'E (.11, LOAD) • FOR cE (JI,LOAD) .GF'D-! [J ) 
FORCE[JJ,~)·PORCE(JJ,LOA,l)) +GF:£21[J·6) 

El.E096)0 
EL£09640 
ELE096S0 
ELE05l660 
ELE096'10 

RETl11IJ;I ELE096110 
C E1..E05l6510 
C ...................... • .. •• .. • .. WRITE MDmER FORCES TO DVrFtn' PILE .. •••••• .............. ELE09'700 

700 CONTINUE ELE09'1l0 
:£LE09720 

WRITE (IUNI'T,?lO) NODEI, (PT(Jl,J·I,6),I'IDD£J, (FT(J),J"'1,12),STBF;\G ELE09'?30 
WRITE (IUNIT,?lO) NODEI, (RT(J) ,J·l,5J ,NODEJ, (RT(J) ,J"'1,12) ELE09?40 

710 PORJolAT (I6,lP,6GU,5/,I6,IP,6GU.5,Il) ELE09'l50 
£LE09760 

RETIJl'Q.l E1.E09'l 'l 0 
C £1.E09'l80 
C ............................... • READ AND PRINT MEMBER F'ORCES PROM OUTP1Jl' FILE ....... £LE09'l90 

EOO CON'TINUE £1.E09800 
BACKSPACE(Il!Nn') E1.E09810 
READ [IUNIT,* ) ITYPE,IE~,IWRI'!'E,TO,DT £LE098~0 
WRI'!'E[l06,B05) . 'EL£098l0 
IS'TEp.·IWRIT.E ELE09B40 

810 READ (IlJ'NIT, B15,END·830) NCDEI, IPT(J) ,J·l(6) ,NCDEJ, E1.E09850 
.. (FT(J),J"7,1:i1),STBFAG ELE09S60 

READ [IUNIT,815,END"B30) NODEI, (RT(J) ,J·l,6J ,NCI)EJ, (RTIJ) ,J·"(12) E1.£098'l0 
E15 PORKA.T 1I6,6G1:oI.5(,16,6G1:i1.5,11) ELE09UO 

c 

I STEP"ISTEP· rWRIT.2 
T"TO .. DT' I STEP 
1 P (MeD (I STEP, INC) . EQ. 0) THEN 

WRITE (lOB, B il:0) ISTEP, T, NCD£I, (FT (.1) ,J"I, 6) , 
NCDEJ, rFT(J),J·'l,12) ,S'TBPAG 

WRIT£(lOB,920) (IIT(J) ,J·l,U) 
ENOIF 
GO TO 810 

SOe. PCRMAT «(, IElD BEAM FORCES ... ', ( 
STEP TIM2 NCDE','1X,'A)[Ill',lIX,'P'Y', 

.. lJX, 'PZ',1l11,'TOllSION',10Jl,'H'1',13X, 'MZ STBFAG') 
B~O FCIlMAT «,110, IF ,GIS S, OF, 16, IP,6GIS .6, (2SX, I6,6GlS.6 ,3X, II) 
9410 FCIUo!AT (~SX,'OISP ',IP,6G15.6,/31X,6GI5.6) 

9JO RE'TUP..N' 

c • .............................. Drr£lUItINE TH! LENaTH OP THE MATERIAl.. DATA 
900 Cc:NriNUE 

18E·0 
c- LOOP FCII. EACH 19.'l'D.IAL 

00 910 ]"1,6 
ISE2oII.J (I) ·I8E~ 1 
KATI • RINPlJT( I) 
CALL MAT'LlB (0, LSTTyP, PALSE, !ESE, EPSE,DUCT, EXo., 

" ",P ,RT, R, 0.,0., LEUJot,lJo!.AT,KATI ,MA'l."'TYP, SE, IELNO, D~GE) 
5110 ISE·IS£'U:~ 

c 
C···· - DOUBLE THE BTClU.GE, TO AIJ..OW POll. TEKPa.U:Y vALlJES 

ISE·18E"2 

c 
C .... ••• ......................... DETERMINE THE TOTJ.L B'1'RAIN ENEiGY 

1000 CClNTlrruE 

1010 
C 

c 

EES£·O 
EPSE·O 

I' ENERGY FORKl1LATION IS NOT AVAILABLE PaR ELE09 ELEHnn ·1 
DO 1010 1"1,12 

EESE·£ESE. (FT(!)+P!lJJ-(R(I)+RT(I»)(<I. 

ENGDAT(l) .. EEBE 
DlGDAT(~) .. 0 

c .............................. • DUC"'I'I1.ITIES(BASEO ON DEPINITION ClNE C1NLY 
1100 CCNI'lNUE 

C NOTE ELE09 WAS LAST CA..l..LED TO CALC INCIRI'InlTAL OISPL, 
C THE ENERGIES A5SOCUT!!J WITH INC!: DISPL ARE S'TORED IN 
C THE )J)DRESSES' ISEMLIII)+ISE/2 
C IS~LII2)"ISE/2 
C ISEHLI(3)+ISE/z 
C 1811>1LIft) __ 16E/2 
C IS~LI is) "ISE/~ 
C ISEI'I1.I (5) +ISE/~ 
C .. .. BENDING ENERGY, DUC'TILI'I'Y .um EXCURSION 

IB£2·ISE(:iiI 
C· SENDING IN A END 'i DIRECTION 1·1 
C· BENDING IN B END Y DI.RECTIQN I"~ 
C· BENDING IN A END Z DIRECTION I·.! 
c- - - EENDING IN E END Z DIRECTION 1-4 
c· - - TORSION IN A END X DIRECTION 1·5 
C-··- .uIAL IN A END X OIRECTION 1·6 

1105 

11051 
C 

00 1105 1"1,6 
C.\.U.. ,,"TLIB (0., lSTTYP, PALSE, EESE, EPS£, DUCT (1, I ) ,EXCR I 1, I) , 

, PT ,P, RT,R,O.O ,0,0 ,LE1.EM,l.JIlA.T, I'QTHLI II) ,MA'J"l'YP, 
S£(ISEiI:+I soo..l (I) ), IELNO, DAXAGE) 

CONTINUE 
001109 1"1,6 

IF( ABS(DUCT(l,lJ) LT. 1 ) DUCT(I,Il·O. 
CaNTINLIl!! 

IP[ OUCFAG .EQ. 0 ) THEloI 

ELE09B90 
E1.E09900 
E1.E09910 
ELE099 ~O 
E1.E09930 
£LE09940 
ELE09950 
ELE09960 
ELE09970 
E1.'£099BO 
ELE()9990 
ELEI0000 
El.E100I0 
ELEIOO~O 
ELEIOOJO 
ELEI0040 
ELE10050 
ELE10060 
2LEI0070 
ELEI00BO 
£LEI0090 
E["ElOI00 
ELEI01l0 
ELEI01010 
E1.£10130 
£I..El OlCl 0 
EL.EI0150 
ELEI0160 
£I..EI0170 
£I..E10160 
£LI3:1 019 0 
ELEI04100 
ELEI0~10 
ELE102Z0 
ELElO~30 
E1.210:040 
£1.E10:il50 
ELEI0~60 

ELEl.O~"o 
ELE10~EO 

ELEI0290 
ELE10JOO 
£["EI0310 
ELEI0BO 
EL£10J30 
ELE10340 
EL210350 
E1.E10l60 
ELE10J'l0 
£LEI0380 
ELEIOJ90 
ELEI0400 
E1.EI0410 
E1.EI0420 
£L£104l0 
E1.EI04C10 
£1.EI0450 
£1.El0460 
,£1.EI04'0 
ELEI0480 
E1..210490 
ELEI0500 
ELEl0510 
E1.£10520 
E1.EI05l0 
ELEI0540 
ELEI0550 
EL£10560 
EL£10570 
E1.E105BO 
E1.EI0590 
EL£10600 
EL'EI0610 
£1.EI06~0 

EL.210630 
2LE10640 

IP[ ABS[DUC1'll,I)) .GE, I .011.. ABS[DUCT'(l,Z) 
CR. ABS[OOCT[I,J)) .GE. I .OR. A8S[DUCTI1,4)) 

.OR AB5(DUCTtl,S)) .GE. 1 .OR. ABS[0lX."'l'1l(6) ~ 

GE I ELE10650 
GE. I E1.E10660 
GE 1 ) THEN 2LEI06'l0 

c 
c 

EN!)IP 
'ENDIF 

DUCPAG·.\lIS(DUC'T (1,1») 
IP( DUCFAG LT. ABS[DUC"rll,~)) 
IF( DUCPAG LT. ABS(DUC"'I'II,3)) 
IFi DUCPAG .LT. ABSIDUC""I'll(4)) 
IF( OUCFAG .LT ABS(DUC'l'(1,5)) 
IF( OUCPAG .LT. ABS!DUC'Tll(6») 

If IPRINT.AND.FIRST) WRITEIIOB(11511) 

DOCPA.G·ABS (OUC'T 11, Z)) 
DOCPAG·ABS (DUCT ll, J») 
DOCPAG"ABS (DUCT 11,4)) 
DUCPAG~ABS [DUC'I' [1,5) ) 
OtJCPAG"ABS IDUC"'J' (1 ,6)) 

IP (PRINT) WRITE{lOB,ll!H)IELNO, (OUCT(I,J),.1·1,6) 
1192 PCl:iUU.T (6X,IS, ilI.,6fll 5) 
1191 FCRM.\T «(' lEJDBE»l Dl.J!:'TILITY(BASm ON DEFINITION 1) '/6x, 

~ 'E~"'< \:~: ;:;!; ;~i"'I:1 
'~lJRN 

c- .. ~· .. •• .. ••• .. •• .......... • PRINT MAXIMUM ELEMENT LQ.IJ)S 

C 

c 

1200 CCN'TlNUE 
LOAD ~·O 
IF' (FIRST) WRITE{l0!,4.94) 

, COLatN I LQA,D) R£PRESENiS THE DOP WHICH' 
" 1/' HAS, MAXIMUM V;\1.UE' 

IF (FIRST) WRITE(10S,,91) . I-W(II'!U"J II.A.LUES PClR Au.. STEPS 
" 1/' NOTE MUlHU4 V.A.LUES WITH THE OTHER OOPS FaRCES' 
" 1/' ARE PR 1m' cur AT THE SAJo!l! TIME' 

, 

00 ),09 1·0,11 
Lo.\ln·r·l 
IPI F'KAXO'l2·1·I) EQ 0 1 GO TO 309 
WRlTE (loe, G9~) rE.UlO, LOAD2, NaDEl, (PtoLU (1·12+.1), J"l, 6), 

NOD£J, [F?olAX(I'I~.J) ,J"7,12) ,ST'BPAG 
309 CONTINUE 

RE'TUlUl 

C-- .. ••••• .. -.·· .. ·_··· .. RESET E1.EKENT FORCES 
C 

IJOO CDm'INt1E 

£1.EI0680 
EUI0690 
ELEI0'100 
E1.EI0'110 
ELEIO'l20 
E1..210'130 
El.El0140 
ELEI0'150 
ELEI0'160 
ELEI0'?'10 
ELEIO'1BO 
ELEI0'190 
ELEIOBOO 
ELEIOBI0 
ELE10B<l0 
ELE10SJO 
ELEI0840 
ELEIoeso 
E["EI0860 
E1.EIOPO 
El.E10BBO 
.£L£108510 
ELEI0900 
.£L£105l10 
El.EI09410 
£LEIOSl30 
ELE10940 
ELEI05lS0 
ELEIOSliSO 
ELEI05l'10 
:£LEI0HO 
ELEI0SlSlo 
E.l...Ellooo 
£1.E1101D 
£1.EI1020 
ELElIOJO 
£1.EI10,0 
£LEllOSO 
ELEll060 
E1.E11070 
£1.E:1080 



c-

1140 

1309 

1310 

1312 
C 

'Z.ERO KIoTRICIl!S 
00 1340 1-1,12 

FHAJ!(1·12·11)·O 
F (I)·O 
n{Il·O 
R (1)·0 
Uti) ·0 

DO 1306 1·1,6 
IP (l'NZ,lC(Il.EQ.IO) 

00 1310 I·l,ISE 
SE(I) -0 

CONTINUE 
DO 1312 I-1,Ei 

IF (I'NZlC (I) .EQ.IO) 

WRITE(108,1330) IE~O 

THP (1\ -BE(ISoo..l (I) '12) 

SE(IS~LI(I) oIZ)·T1'1P(I) 

ELEl1090 
E1.E11100 
ELE1UIO 
ELEl1120 
ELE11DO 
ELEllUO 
ELElll50 
ELElll60 
ELE 11 17 0 
ELEll180 
ELE11190 
ELE1l200 
ELEl1<nO 
ELE1l220 
ELE1l2l0 
ELEllHO 

1330 FORMAT (' IE3D 8EA.M .... 'EUMEm' ~'tI6t ELEll:i!50 
EL.Ell:ilEiO 
ELE1l270 

1335 
C 

c 

". INTEP.N.U. PCIICES AND HYSTERESIS "'aDELS UE RESET TO ZERO') 
P ... LSE· FALSE 
LSITYP'O 
DO 1335 1'1,6 
CAL..L MATLIB (2, LS'l'TYP, F.u..sE, EESE, EPSE, DUC'T, EXCR, 

FT, F ,RT ,R, 0.0,0 .O,LEI..a4,UiAT ,MA'n'[LI (I) ,MA"fiVP, SE (ISEMLI (I») , 
IELNO,DAlQGE) 

CONTINUl: 

ELEll280 
BUllaO 
ELE11JOO 
ELEllJlO 
ELE11J:ii0 

C--·-·····--·--·····- DAKlGE INDEX 

ELEllJJO 
ELEllHO 
ELE11350 
ELE1l36 0 
ELE113"10 
ELEl1380 
ELE1l390 
ELEl 14 00 
ELEl1410 
ELEllHO 
MULTO 0 10 
MtJLTOo;lO 
MULTOOlO 
MU'LT0040 
MULT0050 
MULT0060 
MULT0070 
MUt.'TOOBO 
MUL'TO 0 !II 0 
MUL'TOI00 
NUt.TOIIO 
HULT0120 
MULT0130 
MUt.TOHoO 
MULTOISO 
MULTOll!iO 
ITEROIlIO 
U'D:OO:iO 

C 
1400 D.t.MA.GE • O. 

C 
.ETURN 
END 
St.mll.<Xn'INE Mt.n..T'H(U.,N,"',B,C) 
DIMENSION "'(N,N) ,B(N,IIl) ,C(N',N) 
DO 20 I-l,N 

DO 20 J-1,N 
A(I,J) -0. 
00 20 lI:'l,N 

IF iLL.EQ.O) Tlinl 
... (I,J)· .... (I,J) .. B(I,lt) 'Cu:,JI 

ELSE .IF(LL.EO.l) THEN 
"'(1, J) • ... (I,J) "B(K,l) ·C(I{,J) 

EUlE 
... ( I ,J) .... (I,J) .. B (I ,X) ·C (J ,IC) 

END IF 
CONTINUE 
RETURN 
END 

TIllS SUBB:e<.rrINl! IS Fal. JUDGING BOX SEL"TIO'oI S'rRENGTH CRITERIA 
BASED ON W.F.C'S PAPER 

SURROVTlm I,.ERS (PI,nol ,natJ ,THPX,PV ,THYI ,nn'J, 'l'MPY, l.ur",G) 
NOTE: 

PI 

" ""'" 1'Hl<J 
"", ""J 
'I'M" 
niP' 
IAFAG 

C'UlUIENT ~IAL LOAD 
: UIAL YIEUlING LOAD CAP .... CITY 

C'\JFJIIEm' 1'I(]o{ENI' IJol )I DIREcrION ... T I END 
CURRENT HCMENT lJol 11. DIREC"rION AT J END 
CUIUH~NT I'tC:MENT IN 't DilIEC'TION ... T I END 
CtJUENT MQoIENT IN Y DliECTION AT J END 
PmJ..'t Pu..S'TIC ~ IN X DlRECTICJN 
FULLY PU,STIC ~ IN Y DIRECTION 

FLAG FOR JUDGING FUlJ.,Y P~STIC SECTION 
l: MEMBER. TWO ENDS STILL ME NOT puu,y PLlSTIC 
2' HEMIlER ... END IS IN puu.y FLA5'TIC 
,): MEMBER B END IS IN puu.y PLASTIC 
4' HEHB ER ... AND B ENDS ARE IN Ptn.!..Y PLA5'TIC 

1F( PI .G£. 0 ) RETUFJ.! 
SP-US(PI/PY) 
IF( SP .E~. 0 ) THEN 

RET""" 
ELSE IF( SP .LT. 1 . AND. SP .en C) THEN 

U-1.7 (SP/L~(SP) 

EUE IP( 095' .GE. 1 ) THEN' 
IAFAG-4 
RET""" 

ENDIF 
T!'WCXI'l . 2 ~ ( 1 . SP) ·1'MP)I 
IF (ABS(TMPClCI) .GT. ABS('n{FXI) TMP(:U-TMFX 
TMPCXJ·THPCXI 
T!(PC'VI'l .:a* (l'SP) 'iMPY 
IF(ABS(1MPCYI) .G'!' ABS('n{FY)) TMPCYI-TMPY 
THPCYJ'TMPCYI 
RMXI aABS {DO: I I 
RHlIJ'ABS {noJI 
m-l'YI'ASS(THYII 
RMYJ·ABS ('l"KYJ) 

IF ( IAPAG . E~ 1 ) THE:N 
IF( (RMXI/TMPC](I) .GE 1 .OR. (Rl'IYI/TMPCYI) .GE 

YIELDl-1 
1. ) THEN 

ITER0030 
ITEilOOotO 
ITElIOOSO 
ITER0060 
ITOOO"lo 
ITEROOBO 
ITER OO!ll 0 
ITEROIOO 
I'l'!ROII0 
ITDOl20 
I'l'ER01JO 
ITEROUO 
IT90150 
ITDo160 
ITER-ol?O 
ITEl10180 
I'l'ER0190 
ITEII0200 
I'rEl10210 
ITER0220 
ITER02l0 
ITERO;UO 
ITER02S0 
ITERO:ol50 
ITER0270 
ITEao:no 
ITER0290 
ITEROJOO 
ITDOJI0 
IT!ROJ20 
ITEROJJO 
ITEROJ4o 
ITDO.!50 
ITER0360 
ITEROJ"IO 
ITER03BO 
ITER0190 
ITER0400 
I'l'ER0410 
ITD-od20 
ITD0410 
ITER0440 
ITERo450 
I"!'ER0460 

ELSE I'P(RMXI/'TMPCXI) .L'!'. 1 .AND. (RMi'I/TMPCYI) 
YI£l.Dl-iRKJ(l/'D!PC:Ml)··Al + (RKYI/THPCYI)··U 

ENDIP 

.LT 1) THEN ITER0470 

IP( (RMXJ/'nO'C:MJ) .GE. 1 .OR. (RJoIYJ/THPCYJ) .Gl!. 
'I'IELD:a-l 

I ) THEN 

I'rE:lOHO 
ITER0490 
IT~OSOO 
ITEROS10 

ELSE IP( (RJo(XJ/TMJICXJ) .LT. 1 .AND. (RKYJ/'l'MPCYJ) 
YIEl.D2-(RMliJ/TMPCXJ)··Al + (RmJ/~YJJUAl 

ENDIF 

.LT. 1 ) ntEN ITEROSOlO 

IF( YIl!UH .GE:. 1 .AND. YIEW2 .LT. 1 ) THEN 
. IAPAG~2 

ELSE IF( VIEUl1 .LT I .AND YIELD2 .GE. 1 I THEN 
IAFAG'3 

ELSE IF( YIELDl .Gr 1 .AND YIELD2 GE. 1 ) THEN 
I"'PAG'd 

£NDIF 
ELSE IF( IAPAG .EO. ~ ) THEN 

IF( (RMXJ/THPC)CJ) GE 1.011 (Rl'!YJ/TMPCYJ) .OE 
YIEl..D2-1 

1 ) THEN 

ITEROS30 
ITEROS'O 
lTD-oS SO 
ITEROS50 
ITER05"10 
ITEROSBO 
ITEROS90 
ITD.0600 
ITER0610 
ITER0620 
ITER0630 
ITEJl0640 
ITER0650 

ELSE IP( (RMXJ/THPCXJ) .LT 1 
'flELD2~ (~J/T'HPC)lJ) •• ... 1 -

ENDIP 

.AND. (RMYJ/TMPCYJ) .LT. 1 ) THEN ITER0660 
(RKYJ/nlPCYJ)"Al ITER06"10 

IFI YIEl.D~ GE. 1) THEN 
I"'FAG'4 

ENDIP 
ELSE IF ( IAFAG EO 3 I THEN 

1F( (RKXI/'I'MPCXI) .GE 1.aR (Rl'I'fl/TMPCYI)' .GE 
nEWl-l 

1 ) THEN 

ITER0680 
IT~OEiSlO 
ITER0700 
nERO? 10 
ITERO? ZO 
ITb0730 
ITER0740 

ELSE IP( (RMlCI/'I'KPC)lll .l.T. 1 
YIEun· (RMXI/TMPCXI) '.Al 

ENDIF 

.1o.ND (RMYI/THPCYI) .LT. 1 I THEN ITER0750 
(RmI/TMPCYI) •• ... 1 ITER07EiO 

IF( YIELJH .GE 11 THD 
IAFAa a 4 

ENDIF' 
END IF 

THIS SUBROlI'I'INE IS FOR JlJPGING BOX SEC'TION STRE:NW'H CRITERIA 
BASED ON W P.C·S PAPER 

SUBROUTI NE ITERS2 (PI, T!o!X!, T!1l\J, '!'HPX, PY ,TMY!, TMYJ ,'IMPY, IAP .... G ) 
• _.~ •• a. ~_ ••• _ •• __ ••• _ a •• _ ••••• __ .~_ •• a ~ •• _ ••• _ ............... _ 

NO'f£ 
PI CURREm' .tJ(rAl. LOAD 
PY .tJ(IA.l. YIElDING LCiI.D CAPACITY 
'l"I'O.1 CURRENT HCMENT I~ lC DIRECTION AT J END 
'I"I'OJ CURRENT MCI1ENT IN X DIRECTlON AT J END 
TMi'I Cl.JllJl.EN"!' MCI'IENj IN 'I D!REC'TIOlll A.'!' 1 END 

ITER07"10 
ITERO'1BO 
ITERO"lSlO 
ITEROBOO 
ITEROBIO 
ITER0620 
ITDOB10 
ITER0B40 
ITER0010 
ITER0020 
I'l'ERo030 
ITER0040 
ITEJl0050 
ITER0060 
ITEROO?O 
ITER0090 
ITERooSlo 
ITEROIOO 
ITEROII0 
ITERo120 

29 

""J 
n<PX 
n<PY 
IA.FAG 

CUJUl.Em" HCI'IENT IN Y DIRECTION AT J END 
YlJl.LY 1'u.strC MOMENT IN II: DIREL"TlmJ 
YULLY PUSTIC I"IOMXNT IN Y' DIREC'l'laN 

Fl..A.G FOR JUDGING PUlJ..Y n ..... STIC SECTION 
5. MEHIlER 'I'WO ENDS STILl, AllE NOT ruu,y PLASTIC 
6: MD4BER ... 'END IS IN puu.y PL.J.STIC 
7 i KEHBER B END IS IN Fln..J...Y PLASTIC 
B: KEMSER .... AND B ENDS ARE IN FULLY PUSTIC 

IF( PI .aE. 0 ) RETURN 
SP-A!lS(PI/pYI 
IF( SF . EO. 0 ) THEN 

""',,. ELSE IF{ SP .L1. 1 .AND SP .G'!'. 0 ) THEN 
Al-l."I· (SP/l...CG(SP)) 

ELSE IP( SP ,GE 1) THEN 
IMAG· .. 
R£TURN 

ENDIF 
TKPCXI-1. Z· (l'SP)~nlPX 
lP(ABS(THPCXI) .GT AB8(1'MPX)) TMPCXI''ll''IPli 
'fMPC)lJ'THPCXI 
TMPCYI-1. i!:~ (1,51') *'n1PY 
IP{ABBiTHPCYI) .GT. o\BS{TMPY)) TMPCYI-TMPY 
TKPC''I'J'TMPCYI 
RKXl·.uS (no I) 
JlMXJ'QS(no:J) 
RMYI-Al!JS('!'M'fI) 
RMYJ'Al'IS(TMYJ) 

IF( lQAG .EQ 5 ) 1HEN 
IF( (RMlCI/TMPCXI) .GE 1 ,OR. (RMYI/TMPC'Yt) .GE. 1 ) 1H~ 

YI£LD1'1 

IT80130 
ITD0l40 
ITER0150 
I'rER0160 
ITEROl"10 
ITDOlBO 
I'rD0190 
ITEROZOO 
IT ERO 210 
ITER0220 
I'TER0210 
IT Ell 0 24 0 
l'!'ER0250 
ITER0260 
ITER02?0 
ITEROHO 
ITDOZSlO 
IT'ER0300 
IT'EROJ10 
IT'ER0320 
ITER0.130 
ITER0140 
ITEROlSO 
ITEIIO')60 
ITERO')10 
ITDOlaO 
ITEROlSlO 
I1D0400 
ITElI0410 
ITER00120 
ITER04)O 
ITEROUO 
ITE:R0450 
ITER04EiO 

EUlE. IF(vacI/'n'IPOI) .LT. 1 ,AND (ltMYI/'ftG'CYl) .LT. 1 ) THEN ITDonO 
YIEU)l' (RIo:I/TKPC'XI) ..... 1 • (RKYI/THPCYI)" "A1 

END" 
IF( (ruo:J/'l1(pC'1(J) GIL 1 .~. (RHYJ/TMPCYJ) G! 1) THEN 

YI£Ull-l 

ITDOUC 
IT ER-O 4!11 0 
ITEROSOC 
l'rEROSIO 

Et.-n IF((RKXJ!'l'KPC1I.J) LT. 1 .AND. (RK'I'J/'I'MP'CYJ) .LT, 1 ) THEN l'rD05410 
YIEUll- (RMXJ/TKPCXJI·· .... 1 10 (RHYJ/TMPCYJ) •• .... 1 

ENDIf 

IF( YIELDl .GE. 
I ... P ... G-6 

EL.S! IF( YIELDI 
lAPAG-7 

ELSE IP ( YIEUl1 
lAF .... G·9 

ENDIP 

ENDIf 

1 .AND. YIEI..DZ .LT. 1 ) THEN 

.LT. 1 AND. YIELD2 .G!. 1 ) t'H~ 

.GE. 1 AND. YIELD:oI . GE. 1 ) THEN 

[TEROS30 
ITEROSiiO 
ITDOSSO 
ITo.OS60 
ITo.05"10 
ITo.0590 
ITEROS90 
ITERC600 
ITER0610 
ITER0620 
ITD06JO 
ITEROUO 
ITD06S0 

Rl!'TU1UI' ITD0660 
'END ITEROEi?O 

C •• ____ ••••• _ •• _ ..... - _____ ...... --- .- •• ---. ---. '"-''' -- •• -. ---- -.-- .--- ··ELELOO 10 
SUBlCXJTINE ELl!.LIB E.LEL0020 

(10M, lEM'YP, pRINT, tREL, Hl!AD, NAHE, EESE, EPSE,DJ.tI.AGE, DOCPAG, ELEUIO 30 
IEI.RO ,IELOOP, XGDOF, 1'GECJo!, RINPtrr, UIAL, ID ISP, ILQA.D, MSTOR) ELEL0040 

LOGICAL XSAME,ERR,PIRST, PRlNi ,HE.AtI,A:HAL 
CHAJl.AC'TER-aO N.\,ME 
DlKENSION RINPt1r(100) 

SINCLUDE.' ZCQ9,l' 
C 

1111 • IZ 
IC • N'2.(IZELE"IELNO) 
IZE~ IE'U'lO 
IEl.'!'YP - N'2.{tC) 
IF (I..B'n"YP. EQ. IE1.TYP I THEN 

FIRST· ,PALSE. 
ELSE 

PIRS'T- TRDE. 
IF (HEAD I WlUTE(10B,30S) TITLE(1),TI'l'LE(2) 

305 PCIlK;t.T ('I BTRUCTtlJIE. ',"',1· SOU1TI~ 

END" 

MSTOR-O 

IF (IE.LT'!'F.EQ.1) "rHEN 
H.LM·ICtEi4 
IZltE-IC+281+m(IC+131) 
I ZI...MXG" IC' l.ii 1 
IP( I'LUEW .LE. 0 ) ~El.D-l 
IF (IOPT.m.l) CALL ELECI 

,,(IOPT ,PIllS'!' 
ZU'Z.C'CIlD) , 'Z.{Iz.COS ) 
Z(ILOAD) ,IREL 
Z(I2.EUl) ,NAME 

Z (IZFtIB) ,lESE 
NZ(IC+ 1), 2(IC+ 2) 

Z(IC' 52) ,rn.(I'Z.lJoI ) 
Z (IC-IO,)) , 2'(IC+11. J 

NZ(IC'116) ,N2(IC+11?) 
N'Z,(IZUO(G) ,N'Z.(lC t 111) 

Z(IC+2BI) ,Z(IZ.XE ) 

MSTCJR ·N7..(IC·I31) 
IELOOF-N'Z.(IC·l) 
1 'Z.LMXG-IC+ 1 21. 
IUUG·I'Z.XE+ NZ(IC-UOI 
J:GDOF ·m(IC'lU) 

ELSE IF (lELriP,E~.2) THEN 
UIAL·. PALSE. 
IZXl!-IC+55 .. Nt.(IC t 12) 
IZl..1'I·IC+40 
o.u. EL.E02 

,fRun ,NZ,!I'Z.ID) 
,N'Z.(IZJCOS) ,Z(IZCNST) 
,Nt. (!ZXaDT<l) ,PGl!~ 
,AJCIA.L ,IELNO 
,EPSE ,DAH.A.GE 
, Z(IC' 16) • 'Z.iIC· 28) 
, Z(IC' ?6) .. 'Z.(IC· 95) 
,NZ(IC+ll1) ,N2.(IC-114) 

Z(IC.llB) ,NZ(IC-119) 
,Z(IC>l34) 2.(lC-136) 
,7'(1'" ) 

',"',Il 

,N'l( IZIDOF) 
, Z,( IDISP) 
,NZ,(I'Z.IELD) 
,RINPOT 
,m!IC ) 
, 'Z.(IC' 40) 
, 'Z.(IC. !II 4 I 
,N'Z.(IC·llS) 
,NZ,(IC'120) 
,NZ(IC-:zaO) 

,,(10M' ,FIRST 
2.(tZCaRD) ,Z(I'Z.COS) 

,PRIm 
,NZ(aJCOS) 
,IREL 

,N'Z(IZID) 
,Z.(IZCNST) 
,NAME 
,D~GE 

,NZ(I2.IDOF) 
,'Z.(IDISP ) 

'Z.(I'Z.DVEL) ,Z(I'Z.FUB) 
RINPtrr ,EESl! ,EPSE 

, !EUlO 
,Dl.lCFAG 

N2.{lC ) ,NZ,{IC+ 11 ,NZ(IC' 2) ,NZ(IC' 3) ,NZ(IC' 4) 
N2.(IC· 5) , Z(lC· Ei) ,:t(lC, '1) ,Z(IC' B) 

Z(lC· 10) , Z,(IC" III 
NZ(IC· IS) , 2.(IC" 16) 

,NZ(IC+ 12) 
,NZ(IC. ,0) 
I 

, Z(IC' 1.1) 
,NZ(IC+ 52) 

Z(IC' 55) ,'Z.{Iz.1CE ) 
MSTOil ·N'2.(IC+lOI) 
IELJ)OP-N'Z.(IC+l) 
lZ,lJoO{G'O 
Iz.KEXG·O 
XGDOp ·0 

ELSE IF !IELTYl'.EO 11 THEN 
lUE-IC_16? ·NZ(IC.sl 
o.u.. ELEOl 
(lOPT ,FIRST 
NZ!IZID) ,N'Z.(IZIDOF) 
Z(aCNST) ,Z(IDISf) 
N2(lZKGDT·1),IEI.JIlO 
EPSE ,DAMAGE 
N'Z.(IC" :01) ,N'Z(IC- !Oil 

2.(IC+ 11) ,2.(IC- ZO) 
Z(lC' 32) ,NZ(IC· 13) 
Z(lCt154) ,Z(IC-l!>!Oi) 
'2.(1Ct161) ,Z(IC-1611 

MSTat 'NZ{IC"S) 
I El..DOP-N'Z. (IC+l ) 
I'ZJ...Io!·IC·34 
IZLKXG'IC+SE 

,PRan 
,Z!I'Z.CQP,.D) 
,Z(IZDVEL) 
,RlNP~ 

,DUCF;\G 
,NZt IC. 6) 
,lotIC.2J) 
,NZ( IC' 34) 
, ZIIC+156) 
,Z(l'Z.JCE ) 

aXEXG'IC>l61'NZ,(IC+S) .. Nz.(IC'lJ) 1 
xcanop ·N'Z.(IC+lS!il) 

ELSE IP (IELT'fP EO B) THDO 
AXIAl..-. PAl....6E. 
12.J::E·IC+S5·N'2{IC-12) 

,PGECI'! 
,ZiIZCOSl 
,Z(UFUBI 
,AXIAL 
,NZ(IC ) 
,NZ(IC+ 10) 
,ZiIe- 26) 
,mile· 5B) 
,NZ( IC'lS5I) 
I 

Z(IC' 9) 
Z(IC- 14) 
Z(IC' 53) 

,NA>!E 
,N'Z.(I~COS) 

,IREI. 
,lESE 
,NZ(IC' 1) 

Z(Ic- u) 
Z(IC' 29) 

,ZOc' 82) 
, Z(IC+160) 

ELELOOSO 
ELELO060 
!t.!L0070 
EL.EL008C 
ELl!LOOSlO 
ELELOIOO 
ELEL0110 
'ELELOl:i!O 
ELELCIJO 
ELEL0140 
ELELOlS0 
ELELOliSO 
ELEL01?0 
ELELOIBO 
ELEL0190 
ELELC200 
ELEL0210 
E1.EL02Z0 
EI.ELOZlO 
ELEL02010 
EL.ELO~50 
EL£L0260 
ELE.L0270 
ELELOZBO 
ELEL02S10 
EL.ELOlOO 
ELELOl1.0 
ELEL0320 
ELEL03JO 
ELEL0340 
ELEL0350 
ELEL0360 
ELEL03'10 
ELELOJ BO 
ELEL03SlO 
EL.EL0400 
ELEL0410 
ELEL0420 
ELEL0430 
ELELOUO 
ELELC450 
ELELOil60 
ELEL04"10 
ELlUl .. 80 
£LEL0490 
ELEL.CSOO 
ELEL0510 
E1.EI.OSZO 
E1.EL05JO 
ELEL0540 
ELE1.0550 
ELELOS60 
ELEL05'10 
ELE1..05BO 
£1..£1.0590 
ELEL0600 
ELEl.0610 
ELEL0620 
ELEL06l0 
ELEL0640 
EL.EL0650 
ELEL0660 
EL.El.OI5?O 
ELEL0660 
ELEL.0690 
ELELO"lOO 
ELELO"110 
ELEI..O'7:i!O 
ELELO'730 
E1.ELO"l40 
ELELO"lSO 
El.ELO"l60 
ELEL0770 
El.EL01aa 
l!LELO?90 
ELELOBOO 
ELELOB 10 
ELELO~ 20 
ELELOiii lO 
ELE!..0940 
EL.ELOBSO 
ELELOBEiO 
ELEl.OB'10 
ELE!..OBBO 
EL£1.0890 
ELE.L090a 
ELEL0910 



IZlJ<!· IC~4 0 
CALL ELE06 

'- (lOPT ,FIRST 
N2.(IZIO) ,NZ(I'2.IDOF) 
20 (lZCNST) ,2o(ID1SP) 
RINPllT ,EESE 
}.lZ (IC ) ,NZ (IC~ 1) 
NZ(IC- 5) , Z(IC~ 6) 

Z(lC- 10) , Z(IC+ 11) 
HZIIC- 15) , ZIIC+ 16) 

ZIIC. 55) , ZIIZICE ) 
"STCR ·NZIIC'12) 
IEL.OOF·}.lZ (l C.l) 
I ZLMJ{G· 0 
nXEXG·O 
KGDOP ·0 

,PRINT 
,"Z.iIZCORD) 
, Z\IZDV"EL) 
,EPSE 
,)Il'1.(IC' 2) 
, ZIIC· "l) 
,}.l'1.(IC· 12) 
,NZ(IC- 40) 
I 

ELSE IP (IELTVP.EO'.51) THEN 
IZl..M·ICo?3 
IUE· IC· 4 sa ·N2o I Ie+ 1 ill) 
IZI..MXG·IC_1251 
IPI MAXELD .LE. 0 ) M,UEUl'l 
CALL ELE051 

" (IOPT 
, NZ (IZID) 

Z (IZCJ.lST) 
NZ (I'Z.I(GtlT.l) 

, RHIPln' 
, DlJCPAG 

NZ (IC+18) 
Z (IC-61) 
'1. (IC-l12) 

NZ (IC-125) 
, NZ tlC'l41) 

NZ (IC+290) 
Z (Ie·a.58) 

, PIRST 
,N:ZIIZlooF) 
, Z(lDI6P) 
,PGEOtoI 
, Z(IZFUB) 
,N'1.(lC) 
, Z(lC':il4) 
,N'Z.(IZIJoI ) 
,NZ(lC'l2l) 
, ZOC+126) 
, Z(1C·1II.2) 
, ZIIC'296) 
, Z(IZXE) 

M~CII: ·mOC.H1) 
IEUIOF·m IIC-1) 
1'Z.LXJ(G·IC"129 
I'Z.KEJ(G·IZXE+ NZ(IC·12~) 
)(GDOP ·NznC<l:2?) 

,PRINT 
, Z(IZCCRD) 
,2o(IL..a.\D) 
,NZ{I'Z.IELD) 
,EESE 
,N'Z.IIC. 1) 
, Z(ICoZ5) 
, 'Z.(IC, B5) 
,N'Z.(IC·122) 
,NZ(IC'127) 

Z(ICo144) 
, 2o(IC0310) 
, Z(IW) 

ELSE IP (IEL"r~P.E:0'.12) THEN 
AXIAL· . PALSE 
I'Z.I.JIl·IC·50 
IZXE·IC .. 5&0 -tn (IC"10&) 
IFI HAXELD ,LE. 0 ) HAXEW·I 
CALL El.E14l 

, (lOFT ,PIRST 
,HZ(IZIDOP) 
, Z(IDI9P) 
,D~GE 

,PRINT 
,2.(IZ~Dl 
,RINPU'l' 
,N2{ IC) 

,N""" 
,ZII"Z.COS) 
,'Z.\IZPUB) 
,DAMAGE 
,NZ{lC. 3) 
,Z{lC. E) 
, Z(IC. 13) 
,NZ(IC' 52) 

,I£LNO 
,NZ(I'1.JCOS) 
,IREL, 
,OUCFAG 
,NZIIC.. 4) 

Z(lC+ 9) 
, Z(Ie+ 111.) 
, Z(IC. 5l) 

,NAME. ,AXIAL , 
, ZIIZCOS ) ,NZ(IZJCOS), 
, IRlL 
,Z(IZELD) ,IELNO 
, EP SE , DAMAGE , 
,NZIIC.2) , '1. (IC~6) , 
, Z{lC-J?) , 2oIIC-49) , 
, Z(ICo 94) , ZIIC-IOJ), 
,NZ(iC+12l) ,mlle-12a.), 
,NZ{IC+128) ,N'1.(I2.11a.G), 
,N2{IC+28~) ,NZ(IC.H5I), 

ZIIC-JU) , 

,IRIL 
,ZIIZCOS ) 
,Z(IZPllB) 
,NZ(IC+ I) 

,1W<E 
,m I IZJCOS) 
,EESE 
,ZIIC· 2) 

NZ(IZID) 
Z(IZCNS'T) 
IPSE 
Z(IC+ H) 
ZIIC. 71) 

N2ITC-100) 
NZ(IC-I04 ) 
NZIIC-5J9) 

, ZIIC- :a6) 
, Z(IC· 60) 
,NZ(ICo10l) 
, Z(IC+105) 
, '1.(IC+540) 

, 211C .. 38) 
, Z{IC+ 89) 
,N'Z,(IC<l02) 
, Z(IC+10?) 
,Z(lZKE ) 

,NZIIZl}IJ ) 
,NZi IC+ 98) 

'1.! IC+I03) 
'1.{IC+2S1) 

, Z(IC- 62) 
,mIIC' 99) 
,IELNO 
,Z(IC+J5I5) 

NZ(IC-6l) ·1 
MSTCR ·NZIIC.104) 
IELOOP· HZ (I C-l) 
IZL,H)(G·O 
I'l.XEXG·O 
KGDOP -0 

El..EL09Z0 
ELEL..09JO 
ELEL0940 
£LEL0950 
ELEL0960 
ELEL09"l0 
ELEL09BC 
ELEL0990 
£LELI000 
ELELI0I0 
EL.ELI020 
ELELIOlO 
ELELI040 
ELELI050 
ELEL1060 
EL..ELI070 
ELELIOBO 
I!LELI090 
Et.EL.1100 
ELEl.IIIO 
ELEL1120 
'El.ELl1JO 
ELEL1140 
ELELl150 
ELELl160 
ELELll"lO 
Et.EL1l80 
ELZL1190 
ELELUOO 
ELEL1210 
ELEL1220 
ELEL12JO 
EL'EL1240 
ELELHSO 
EL£l.1260 
ELELl:1:"lO 
lLEL12BO 
ELEL1290 
ELEL1300 
ELEL1310 
ELEl.13010 
ELEL1330 
ELEL1340 
ELELlJ50 
ELELIJ60 
ELELIJ70 
ELELIHO 
El.EL1390 
ELELl&OO 
ELELUIO 
ELELU30 
ELEL1&JO 
ELEL.lUO 
El.EL1450 
E'L.El.1460 
E.LEL147 0 
EL£Ll4BO 
ELEL14!aO 
ELEL1500 
ELELl510 
£L£L.1520 
ELEL15l0 
ELEL1540 
ELEL1550 
ELBL1560 
ELEL1570 

ELSE IF (IELTYP.EO.14) THEN ELELI560 
IZXE·IC'167·NZ(Ic.5) ELEL1590 

CAlJ,.. EUU ELELUOO 
'(IOP'T ,FIRST ,PRINT ;P(;Eot1 ,NAIiE , ELEL1610 

}.l'Z.(IZID) ,NZII2oIDOF) ,2(aCORD) ,'1.!IZCOS) ,NZ(IZJCOS) , ELEL1620 
Z(nC}.lST) ,Z(IDISP) ,Z(I'2.FUB) ,IREL ,N'Z.IIZXGD'Tol), ELEL16JO 
IE~ ,RINFUT ,UIAL ,EESE ,EPSE ELEL16\110 
NZIIC ) ,mIIC" II ,N'1.IIC+ :1) ,N'Z.IIC' 5) ,NZ(IC. 6) EL£L1650 

N~gg: ~~: : ~g~: i~: ; Z(lC. n) , 'Z.!IC- 26) , Z(IC' 29) ~t~t~:~~ 
Z!IC- 32) ,WZ-(IC- JJ) ,NZ(lC+ l4) ,NZ(IC+ 58) , '1.(IC' B2) ELELl680 
Z(IC·154) 2(IC-155), Z(IC .. 156) ,DAMAGE , DUCPA.GI ELEL1690 

NZIIC-159) ,2.(IC·160), 'Z.(!Col61) , ZIIC.U?) , 20IIZICE » ILEL1700 
!WTCJR ·NZ(IC.5) ELEL1?10 
IELDOp·m\IC·l) ELELl72-0 
lZUoI·IC·l4 ELELI710 
I'Z.LKXG·IC_S8 ELELl740 
I'Z.XEXG·IC o I67·NZ(IC .. 5) + HZIIC+Jl)·l ELELl"150 
XGDOF ·NZ(IC+lS5I) ELELl160 

EI-S'E ELELl?? 0 
!tRITE (lOS, 10) IEUKI £Ll!.Ll? 80 
EU·.TltlJE. ELEL1790 

10 PaRMAT(' El..EM~ ',16,' IS NO'T AVAIl..Al11.E' ) ELEL1800 
ENDIP ELELlBI0 
1...S'T1yp·lEl.lYP ELELU20 
RE"TURN ELELU 3 0 
END 'ELELIUO 

C WHTROOIO c··················· .. ········· ........ · ................. · .................. Wl'!ITROOlO 
C \Ift1"TR0030 

SllBROllTINE WMTRX2(A, lit, Ic,N.\ME, nOW) WTROO&O 
DlliENSION A (IROIIi, IC) WTR0050 
C!-I}JtACTER- 1-) NAME WM'TR0060 

WMTROO",O 
CAll. GE'TIN'I'{NAME, 'DUMP·' ,IOUI"IP,O, .TRllE., .PALSE ) \ll!'lTR.0090 
WRI'TEIl06,") • , WHTi0090 
WRI'TEII0B,·) 'PRINTING MAnu: ',NAME """TROI00 
DO 50 ICG·l,IC,6 WMnOllO 

IF IICG GT.ll WRITE(10B,"') WHnOlao 
I(·MIN « ICG+S) ,IC) WI'fI'1\OllO 
WRITE (l08, 10) (J, J·ICG, Xl NHTllO 14 0 
DO 20 I·l,n WHTR0150 

IF IIDUHP,NE.O) THEN Wl'!TR0160 
DO IS J·ICG,X WHTlI.Ol?O 
IF (AII,J).NE 0) WRITEIIDOMP,O) I,J,AII,J) ,NAME ~OlBO 

ENDIP WI'1TROl510 
20 WRnEIIO~,30) I, (AII,JI,J·ICG,K) WMTR0200 
SO CaN'TINtJE: . WHTR0210 
10 FORMAT I , COLl.l"fN',T11,I5,S(15X,IS) WMTR0220 
30 FORMA'T!' R~',I4,6FZO.6) WMTR02JO 

RETURN WMTR0240 
END WMTR0250 

c······················ .... ············· ... ··· .... ········ .. ····.··· ..... ····VCROO010 
C VJ • Vl Jo: V2, VECTOR CROSS PRCiloc-T VCROO020 
c·····························.······· .... ····.········ ............... ···YCROOOJQ 

SUBROUTINE VCROSS(Vl,Vl,V2) VCRoo040 
DlHENSlON VI (3) ,VZ(3) ,Vl (J) VCROOOSQ 

VJ (1) • Vl (Z) *V:2 (J) . VI IJ) *V2 (2) 
Vl (:2)' (VI (1) 'n () . Vll))·V2 III ) 
V3(31 • V1(1)-V:2(2) . V1(2)'V:211) 

VCROO060 
VCROO070 
VCROOOBO 
VCROO090 
veROOloo 

RETURN VCROOIIC 
END VCR00120 

C ELEOOCIO 
c· ....................................................................... ·E!..EOOO ~o 
e EL£OOO)O 

StlBROUI'lNE ELEOJ 
(IOPT ,PIRST 
ID ,lOOP 
CCI'lS'T' ,DI6PL 
KGDATA ,I£LNO 
PSE ,DAMAGE 
ISEB ,I6E 
RT ,F 
PXG ,LXG 
SB ,ss 
P~ ,6E 

,PRINT 
,ccan 
,V!LOC 
,RINPllT 
,DlICPAG 
,JX 
,FT 
,LI'! 
, SA 
,6'TIPF 

,P(;Ec:.! 
,COSINE 
, FUB 
,AXIAL 
,I£LTYP 
,KATB 
,v 
,U<XO 
,XGDOP 
I 

,N""" 
,JTCOS 
,IREL 
,ESE 
,IELDOF 
,R 
,VT 
,A 
, LENGTH 

ELE0004L1 
ELE00050 
ELtOOOeiO 
E1.EOOO",O 
E.LEOOOBO 
ELE00090 
ELE00100 
ELEOOl10 
ELE00120 
ELt00130 
ELE00140 
E1..E00150 
ELE00160 

30 

CQtoIJCN /RSA/ICCJOI,RSAF(12) 
REAL ICOMN,LENGTH 
LOGICAL FIRS'T,PRINT,fALSE,AXIAl. 
CHA,RAC'TER"'SO NAME 

PNCLUDE: • 20CCMNJ ' 

ELEOOl"lO 
ELEOOI BO 
E1..Eo0190 
E1..E00200 
£LE00210 

DIKENSrON IDOFI~D,6) ,COORD (KAXNOtl,6) ,COSINE (l,J,NCOS) ,AC 16, J) 
DIMENSION CONST(MA.XN!%l,6) ,ID{IOJCNCIl) ,JTCOSlMAXNOD) ,JX(4) ,lJoOCG(24) 
DII'mNSION 8.\T(J, 2a.), STIPP (600), XGDA'TA(3) , SAn (6, 24), S 16, 6) ,1...H1:il4) 
DIJoIENSION C'T(J,J) ,Be (l,J) ,VlI (3) ,VY(3) ,VlIBIJ) ,VlI'T (3) ,VZTIJ) ,VU(J) 
DII1ENSION AT IZa., 6) ,ISEB (J,) ,H.ATB Il), E6~ (3), PS~ (Jf ,DAHB (J) 
DIMENSION BE (ISE) ,M 14 ,6, 3), RINPUT(l 001, DUCT (J, J), El:CR (6, J) 
DIMENSION F{l) ,R 13f ,V(J) ,FT(3) ,RTD) ,VT(J) ,F (J) ,VEl.OCiNDOF) 
DII'IENSION DlSPL(NDOF,Nl..O),D), PUBINDOF) ,EPllB(24) ,Pt1AJl (6) ,A (24, l) 

ELEOC220 
E1..E00230 
£1..E002a.O 
ELE00250 
Et..E00260 
ELE002?0 
ELE00280 
£1..E002510 
EL!00300 
ELEoOJlO c 

c-
C VARIABLES: 
c-
C· . GLOBAl.. VAR IABLES 
C 10PT • 1, INI'TUJ .• IZE BEAl'I COLIJMN EUHEm 
C • 2, CALCl1I.A'TE G2CMETRIC S'TIFJ"NESS 
C • 3, FORtI STIPFNE6S 
C • 4, CAl.Cm.ATE INCREHENl'AL FORCES 
C • 5, CALCt1lATE TOTA.L FORCES AND 2NEitGIE6 
C IUNI T • OUTPtrJ' PILE tmn • PC& PR INTINO OUTPU"T 
C PIRST • Pl..lG, PIRsr·.TRllE., PlIINT HZlDE:RS 
C PRINT 'Pl..lG, PRIN'!'·.TRllE., PRIm DATA. 
e NDOF •• OP GUJ!}.L OOP 
C NLOAD • t OF l.OAD CCMBINATIONS 
C MAXNCIl •• R~ DIMENSION OF NeD! UltAY 
C NNaDE •• OF NODES 
C ID • ARRAY OF EXT'EJt!.lAI.. NCI:IE NUoIBERS 
C lOOP • URA'I OF DEGREES OF FREED<>1 
C COORD • ARRA'I OF COCIUlINATI!S 
C COSINE· UllAY OF DIR.EcrI~ COSINES OF NODES 
C CONST • olRRA'I OF CONS'T'RUm' 'l"U.NSFORMATIONS 
C DISFt.. • GLOBAL DI6PlACEMENT' MATRIX 
C Z • REAL cn.c:au. fl'TOR'TAG VECTCIII. 
C NZ • INT EGI!:R GLOBAL ~ nG VEC."l'CR 

.. ·ELEOOJ20 
ELEoODO 

..... ·ELEOOJ40 
ELEOOJ50 
ELE00360 
ELEooJ.")O 
ELEoOJBO 
ELEOOJSlO 
E1..E00400 
E1..E00410 
EU:00420 
E1.E004)0 
Et..EOOUO 
ELEo0450 
ELE00460 
ELE004?0 
ELEOOUO 
ELEOOa.510 
ELE00500 
£L£00510 
ELE00520 
ELE00530 
ELE00540 

C IZMAT • LOCATION OF KATERIAL DATA. IN Gl.CBAl. STOllGE VECTOR 
ELEOOSSO 
ELE00560 
EL!OOS"l0 C NAME • El.EMl:N'r NAME 

C IELNO • EI..EJotDrr NlJotBEii: 
C RINPtn' • INPUT DATA 
C STIPP • CKn'Ptn' ElDfEm' fl'TIPFNE8S (UPPER TllIAJIGlLAR FaRM) 
C IJoI • ClJTPt1t' r..o:::AL TO GLDBAL STIFFNESS HAPPING MATRIX 
C· .....•• EL~ VARWU:S 
C H,g, AI, AJ ,e, BI ,BJ, S:il l, 52-6, S21l, 633,835,6311, D 

ELEOOS~O 

E1..2:00590 
ELEo0600 
£1..E00610 
ELE0062-0 

C • INDIVIDUAl. 'TERtIB IN THE El..XMEN'T S"!'IPPNESS (6) MATRIX 
El.E006JO 
E1..E00640 
ELE00650 
E1..E00660 

C P)l:G • INPUT LQ.\I) P<Il FOaMING GEa-!'E"'DIC S"TIFPNESS MATRIX. 
CR· INCII.IMXNTAL DISPu.cE'JIIENTS 
C lIT' • TOTAL DI6PLACEMENT6 
C F • INCR.lMEN'TAL PC»CES 
C P'T • T'OTAL P~CES 
C LM • LOCAL TO GLCS.\L STIFFNESS KAPPING MATRU 
C C'rS • LOCAL TO Gl..C&\L ROTATION MkTRIX 6TUT 
C en .. LOCAL TO GLCB.\L .i.OTA.TION HU'RIX END 
C BS • LOCAL TO GLCBAL J.OTA.TEl) ECCmr:UCln/CONSTRAINi 
C BE • LOCAL 'TO GLCBAL ROTATED ECCENTUCl'T'I/CONSTRAIm" 
C S'TIPP • ELEMENT STIFFNESS 
C IE-LTYP • El..EMENT TYPE· 10 
C rKJDEI • EXTERNAL JOIN'! NUMBER, END I 
C NOOEJ • EX1E1.NAL JOINT NlIGEiI, END J 
C JOINT I • IN'I'ERN.t.L JOINT NtJomER, END I 
C JOINTJ • INTERNAl. JOINT NtJomER, END J 
C· .....• TEKPJ.OAR'I VARIABt.ES 
C 'n • VECTCm DEPINING THE ELEMENT X AXIS 
C VY • VECTCI\ DEFINING THE E.LZM£NT Y AXI S 
C COSLO: • LOCAL COSINE MATRIX 
CA· GLOBAL TO LOCAL FaRCE T"R..UISFQRlU.TION 'HATRIX 

ELE00670 
E1..£00680 
ELE.00ei5l0 
ELE.00100 
ELEOO?lO 
E1.£00720 

MATRIX ST.AR'TELEOO?30 
MATRnI END ELEOOHO 

E1..£00750 
'ELE00760 
ELEOO?",O 
ELE00780 
EU:00",90 
EL!00800 
EL.c:00810 
£l.E00820 
E1..E00930 
EL£OaB40 

C S • EI..EMEN'I' STIFFNESS A'T LOCAL Ccat.D, AT ENDS Of' PLEXABLE PART 
ELEOOB50 
£LEOOB60 
ELE00910 C BAT PRODUCT OF So)., 

C,\SAT 'PRODUCT OF A·SAT 
c-
C 
C 
C· .•.... CHOOSE OPTION 

IF IIOPT.LT 1 .CJR.IOPT.G'T.14) 'THEN 
WRITE-D08,-) 'INVALID OPTlO}.l IN ELE·O:il, IOP'T··,IOP"!' 
STOP 

ENDlF 

GO 'TO (100,lOO,300,400,SOO,600,700,~00,5100,1000, 1100, 
'- 1200,1300,1400) IOPT 

100 CCJmlNUF 

c 
c-

INTERPERTA.TE INPtn' DATA. 
II!LT'lP' l 
MATBO)· RI}.lP11I' I 11 
MATB(21· RINP11I' ( ~l 
M1-.TB(3)· RINP11I' ( Jl 
NODEl • RINPtn'( 4) 
NODE2 • RINPlITl 5) 
NCilEl • RINFUTI 6) 
NCDE4 • RINPtn'1 7) 
AL.:PIN • RINPUT I 8) 
PXG • RINFUTI 9) 

CET INTERNAL NODE 1/ ASSOCIA'T!D WITH EXTERNAL NODE jj' 5 
JX (1)· IQUICX lNODE1, ID, NNOOE) 
JX(2) • IOllICK (NCDE2,ID,NNClDE) 
JX (J) ·IQLlICX (HODE3, I 0, NNClDE) 
JX Ia.) • IgUICX (NODEa., ID, NNClDE) 

C GET GLOBAL TO LOCAL TRANSPORMATION MAnu: 
c-

C 

oo 105 J'l,3 
.. DEF INE VECTOJ. X, A'T BOTTCJo! OF THE WAU. 

\IXB IJI·CCIORDIJP:: (4), J) ·CCI'JRI) IJX(3) ,J) 

C· .. DEFINE V'ECTCllt Y, AT TOP OF THE WAl.L 

105 
C 
c-

c 
c-

'lXT IJ)'·COOlID IJJ( (1) , J) . COORD IJK(2) ,J) 

c:.u.c~TE Y VECTCIR , .. 
VY IJl· ICOCIRD IJX (1), JI_Co:Ji!D (JK( 2), J) . 

" CC(lRD!JK(J),JI·COORD{JK(41,J)1/2. 
CCINTINUF 

CALC!Jl.o\'TE AVERAGE LENGTH,ALPHA AND BETA 
I..ZNGTH-SOi!'T IVY (1) ·°2 -..,.,. (01)' -2·""" (J) * *2) 
IF I u:NGTH ,LE 0) THEN 

WltITE (loB, 101) IEUKl, LENGTH 
PClRHA'T(lX,20I'""),'~','IH]R lZNG"TH IS 1.E 0',/ 

SX, ·lELNO··, 15, 5x, SX, 'LENGTH', IP,G15 6/ 
51(, 'REVISE INPUT 

LENGTH"1.0 

END" 
AU"HA·A1.FIN-~G'TH 

BEiA • L£l,lG'I'H·ALPHJr, 

NORMALI 'ZE 'I VEC'TCP 
V'J (1) • ..,.,. ClI/L.ENG'TH 
V'J (21·""" (Z)/l..ENG1H 
vy (3)·VY (J) /LENGTH 

CALCl1l.jl,.',,~ THE WIDTH 
CA1.J.. VCROSS (V2oT, VY, VX'T) 
CALL VCJlOSS (Vz.B, VY, YlCB) 
WT • SQR'T(V'Z.'T(l) '°2 - V2.1(2) ·'01 + V'2.T(3) "'2) 
\lIB. SQRT(VZBIll'-Z + VZB(2)*'~ + YZB(3)"'2) 
... • OtT'WE) /01 ,0 

CHECX FOP 'rWI6'T 
T'"oIIS1·ACOS(vcoaIV~':',VZB) l"S7 2958 

'/1 

ELEOOB80 
.... ·ELEOOB90 

ELE005l00 
EL..E005110 
ELE0051 ~O 
ELEOO5l30 
E1.E005l40 
ELE00950 
ELE00960 
ELE00970 
ELE00980 
ELE00990 
ELEOI000 
ELEOI0I0 
£LECI020 
E1..EOIOlO 
ELE01040 
£1..E01050 
£LE01060 
ELEOI070 
ELEOI0BO 
EL£01090 
ELEOllOO 
ELEOll10 
ELE01120 
ELEOlll0 
E1..EOlla.O 
EL..E01150 
ELE01160 
ELE01l70 
E1..E01180 
E1..E01l90 
£LEOUOO 
ELEOIZI0 
ELEOIZ20 
El.E01230 
ELE01240 
E1.E01250 
E1..E01260 
E1..E012"l0 
ELE01280 
ELE01290 
ELE01300 
ELE01310 
ELE01l20 
ELEOB30 
E1..Eo1340 
E1..E01350 
EI.E01360 
ELEol)10 
ELEOIJSO 
ELEOU90 
ELEo1400 
ELEOl410 
ELEo14 20 
ELE014JO 
ELEoIUO 
ELEOlG50 
£LEo1460 
E1..E01470 
EL£01480 
ELEOH90 
ELEOl500 
ELE01510 
ELE01520 
ELE01530 
EL£015a.0 
E1..£01550 
ELE01560 
EL£01570 
ELE015BO 
ELE01590 
ELE01600 
E-1.E01610 
E1..£01620 



IP (AllS('nI'IST) .GT. 5.0) WUTB'{lOB,102) 'nI'lST 
l02 PCJIl1olAT(S)(,lO('-'J,' WARNING THE WA.U... IS 'nI'15TED·',IP,G12.4, 

, DEGREES, REVISE INPU"T AND RERUN') 

c 
c· . 
c 

CALCuu. TE V)I, ).N!) NOFJolALI2,E 
CAl...L VOOSS(VX,VY,VZ'8) 
WX·SQRT C1/XO) "2"VX C 2)·. 2.V1( (3) * *2) 
VX(1)·'I')I (1l/'rIX 
'I')I(2)·VX (2)/WX 
VX(3)·V')I (J)/WX 

CHECX FOR TWIST 

C- _ .. - GET UXAl. TO GLOBAl... TR..VISPORMATION MA'TlI.ICIES 
C'-- JOINT jjl U 

JO 
C 
c· 

DO 30 L·1,oO 
CALL RO'I')lYZ (V'X, VY ,COSINE (1, 1,JTCOS (JX(l.»), C'I', 

O,O,O,BS,CONST(JX(1.),l),MAXloICID) 
DO :10 1-1,) 
DO 20 J·l,) 

1u\(1., I ,J) ·CTtl ,J) 
1u\(1., 1+),J) ·BS(l ,J) 

CONTINUE 

ZERO I'tATRICI£S 
DO 25 1-1,3 

FM.U: U ). 
PMAJI:( 1+3)· 
P (1)-0 
PT(I) ·0 
It (I) aO 
UtI) ·0 
V (1)·0 

/25 VT(I)·O 

" 
" 

DO 2'7 1-1,.00 
I.Jo! (J)·O 
L.MXG(I) -0 
00 016 J·l,3 

1..(1, J)·O 
DO 27 X·l,6 

AT(I ,K)·O .00 

ELE01630 
E.L.EOI6G.O 
£L£01650 
EL£01660 
ELE01670 
ELE01690 
ELE01690 
EW!01700 
ELE01? 10 
ELE01720 
ELE017l0 
EL.E01740 
£I..E01750 
EL.E01760 
£I..E01770 
ELE017BO 
ELEOn90 
EL.E01BCO 
ELEOlB10 
EL£01B20 
EI..EOUlO 
ELE01UO 
EI..£01850 
£L£01B50 
£I..£OU70 
EI..EOlBBO 
ELEOlB90 
£LEOl!ilOO 
2LEOlSlIO 
ELE01!l410 
EL£01!il30 
£L201S140 
£LEOBISO 
ELE015l50 
2LE015l70 
£L£01S1BO 
21..£0151510 
£1..£02000 
£LEoa010 
£LE020010 
ELE020)0 
ELE02040 

c-···· A.SSmomLE TU.NSYaRMATIctl MATRIX ~ • AS )( All. X .t.J ELE020S0 
C NOT'E. AT IS DII'IJIIENSIONED AS A 241(6 MATRIX, Ellt' ONLY THE FIRST IEl.IlOF ELE02060 
C Rai'S CONTA.lN INFORMATION. THE BAl..\NCE OF THE MATRlJI IS £1..£02070 
C UNDEl"INED. THE GlJJBAL roF CoaI.ESPONDING TO THE ROIl'S OF A !LE020BO 
C AJl.2 STOR£D IN VECTOR lJ1 AGAIN, CInoY TH£ PIRST IEl.IlOF liOW'S £LEoaoSlO 
C OF IJol AJ:tE DEFINED. ELlonoo 

.. 
" c 

Il!l..DOP·O ELE02110 
DO 50 1·1,4 ELEOZ120 
DO 50 J·l,6 ELl!!OallO 

REI'IOVE DOP'S '!'HAT AltE CONSTRAINED TO THE SAl'[£ DOF. 
IF ( (IDOP(JI(l) ,J) .EQ.IDOP(JX(4) ,J)} .OR. 

(IDOP(JJ.{l) ,J) .EQ.IDOP{JX() ,J)) .~. 
(IOOf(JX{OI) ,J) .EQ.IDOP(JX(4) ,J)) .em 
(IDOP(JJ(2) ,J) .£Q.IDOP(JX() ,J)) ) GO TO 50 

IElDOp·IElDOP-l 
LHTI·IDOP (JX (1) ,J) 
KO·I+l 
IP (1.EQ.4) xo·r·2 
AT (IEUXlP, ltO) .. ,u( I ,J, 2) 
IF (I.EQ.l.CR.l.EQ 4) AT(lELDOP,J:O 

U1(I!l..DOP) ·L.MTI 

l)·M(I,J,l) 

IP((AT(IELDOP,I) .EQ.O) .AND. (AT(IElDOP,2) .EQ.O) .).N!). 
(AT(I£lDOP,).EQ.O) .AND. (AT(IElDOP,4) .EQ.O} . .AND. 
(AT (IElDOP,5) .£Q.O) .AND.lAT(IELOOP,5) .EQ.O)) THnI 
IElDOP"IElbJP'1 

ELSE IP (IELDOP.GT.l) THEN 
00 49 II-l,IE1..OOP·1 

IP (l...I'I(II) . EQ.1.Jo!(IELDOP) ) THEN 
00 48 JJ·l,5 

AT (J 1, JJ) -AT (11 ,JJ) ·AT{IEt..DOP ,JJ) 
AT{lElDOp,JJ)·o 

IE1..OOF·I£LDQP·1 
GO TO 50 

END" 
CONTINUE 

ENDIP 

CaNTlNUE 

C- _. _ •. AUI PC$. STIPPNESS ONLY 
AC(I, l)· 0 

ELE02140 
ELE021S0 
ELE02160 
El..E02170 
ELE02l&0 
£LE021!ilO 
£1..£02:100 
£LE02:110 
ELE02.i120 
EL£02'330 
ELE02240 
EL£022S0 
ELE02250 
ELE02270 
EL£02HO 
EL£022S10 
ELE02300 
ELE02310 
!LEO:ilJ20 
£1.:202330 
ELEOZ340 
ELE02l50 
ELE02l60 
ELE02370 
iLE0:6380 
£LE02390 
EI..£02400 
EL..E02'lO 
ELE02.:l0 
ELE02430 
ELE02UO 
£LEOOl.50 
ELE02460 
ELE02"O 
EL£02480 
E.l...E02.90 
B'LE02500 
£LE02510 
ELE02520 
ELE02530 
EL£02S40 
EL£02S50 
ELE02S60 
E1.E02570 
ELEOOlS90 
EU!00l590 • 
ELEO.600 
£LE02610 
£LE026.0 
EL£00l630 
ELEO.640 
ELE00l650 
ELE02660 
ELE02670 
£LE026BO 
£Lf02690 
£LEo,noo 
£LE02710 
£LE02720 
EL£02730 
EL£027Q,O 
ELEOi!? :'0 
ELEOi!?50 
ELE02770 
EU!027BO 
ELE02790 
£LE02I!OO 
ELE021!l0 
ELE01B20 
ELE02B30 
El.E02UO 
EL£02B50 
ELE02B60 
E1.E02B70 
ELBOOlB90 
£LE02BSlO 
£LB0:l5100 
ELE025ll0 
£1..£025120 
£1..£025130 
E1.E02940 
E1.E02950 
£LE02960 
£"'E02!il70 
E1.£02S1S0 
£1.£02990 
E1.EO)OOO 
£1.£03010 
EL£03020 
ELEo3030 
E1.£0)040 
E1.EO)050 
£1.£0)060 
E1.£O)O;O 
£1.£0)090 

c 
c 
c· 

50 
C 

c 
c· 

c 
c· 

60 

AC(2,1)· -1./W 
ACt), 1)· 1 /w 
ACt4, I}· -l. (W 
AC(S, 1)· 0 
A.C(5, 1) a 1 /W 
ACO,2)· 1. 
AC(2,21- ,u.PHA/W 
AC(3,2)· ·).!.PH.)./W 
AC(4, 2)· ·EETA /w 
AC(5,:I)· ·1 
ACt6, 2)· BETA /w 
ACO, 3)· o. 
AC(2,J)· 1./2. 
AC(3,3)· 1./2 
AC(II.,J)· ,1. /2 
AC(5,l)· 0 
AC(6,3)· '1. /2. 
DO 55 l·l,IElLlOP 
DO 55 J·l,J 

A(I,J] aO. 
DO ~5 1(-1,5 

1.(1, J) ·A(I,J) -AT (I, X) "AC (X,J) 

GET SPRING STIFFNESS 
f'.ll.SE· .PALSE 
LSiTYP·O 
DO 56 1·1,) 

CA.L1. MATLIB (:2,LS'M'YP, F'~L.SE, 2SEl! (T), FSEB (I) ,DUCT (l, I), £XCFt (l,I), 
P'T, F ,itT ,R,O ,0., L.ELflol, LJoI.AT, MA1'B (1) ,MAnYF, . 

CONTINUE 

ESE·O _ 
PSE·O 

S£ I lSEB II) I ,lEUJO,DAMAG21 

SI.J UP 'THE LOCAL STIFFNESS MAnn 
58- SErISEl!ll)) 
SS· SErISEE!lil) 
SA· SE(ISEl! (J) 

CA.LCt1LATE SAT 
SB1." 58/LENGTH 
SSL·SS/1.ENGTH 
SAL· SA/LENGTH 
DO 60 J·l,IELDOF 

SAT (1, J) ·SBL*A (J, 1) 
SAT Co, J) ·SBL"A (J, 2) 
SAT 13, J) ·SAL-,A (J, J) 

Cll.Cm...A TE A SAT AND CClNVER T TO HA!...F STORAGE !'IDDE 

1 3 101:':on )5455:' 56 78 
2 9 14 20 27 )5 44 ~4 65 17 

4 B 13 19 25 J4 Q,) 53 54 76 
712 IB 25 3) l2 52 63 75 

11172432415115274 
Hi 2J J: 40 50 6 ~ 7 J 

)O)SI 49 60 72 
29 3e U 59 7) 

BY COl.Ul1NS 

Nl..ME E:R INDICATES 
LOCATION OP DATA 
IN .\.RR..A'I' STIPF 

31 

c 
c· 

c-, 
DO 70 J·l, IElDOF 

DO 70 l·J, 1,'1 
L·L+l 
STIFF[L)·O 
DO 70 X·l,3 

3747 5e 70 
46 S'7 69 

Sfi 69 
67 

STIPF IL) ·S'TI PP (L) .A (I, X) "SAT (X, J) 

C ASSEMBLE GECME'rRIC STIPFNESS MATRn FOR A UNIT LOAD 

c 
c· 

LJ(G·L·l 
IF ( PI(G.EQ.o .AND. KGllAjA(l) .NE.2 ) GO TO IBO 
IP (KGDATA(l).EQ.O .em. XQIlATAi21.ED 0 J GO TO 180 
AXIAI.,,·. '!RUE. 

. - D£'T£iUo!INE THE AlIIAL LOAD TO BE USE.D FOR XG. 
IP (kGtlATA(l) .EQ.ll THEN 

PQ!a"l. PKG 
ELSE IF (KGDATA(l) .EQ .• ) THEN 

PGEOt! • 'P(J) 
ENDIP 

ELE03090 
ELE03100 
ELE03110' 
ELE03120 
ELE03}30 
ELE03140 
£1.E03150 
E1.20l1150 
ELE03170 
E1.E03180 
ELE031S10 
E1.£03200 
EU:03210 
£1.E03220 
E1.E03230 
£1.EO)2Q,0 
E1.EOJ250 
ELEOl250 
E1.E03~70 

E1.20l 2& 0 
ELEOJ2'ilO 
ELE03JOO 
ELE03JI0 
EUOlJ'30 
ELE03JlO 
ELEOlJ40 
ELE033S0 
E.l.EOJJ60 
£LEOJ3;0 
ELEOl380 

C· ASSEMBLE T'RANSPCIU'Uo.'TICIN ,,"TRIl! A ELEO)J90 
C NOTE: AT IS DIHl'IZNSICNED AS A 12116 MA.TRU, B~ CNl.Y '!'HE f'UST I£l.IlOF ELEO)400 
C ROW'S CON'T'AI:.I INPClRMA.TICIN. THE BALANCE OP '!"HE ""TUX IS ELE03410 
C UNDEFINED. THE G1..sOBJ,L.DOP COClL.2SPCN>ING TO THE flOW'S OF A El.EOl420 
C ARE STORED IN VECTOR IJII. "GAIN, ONLY THE PUBT IEl..DOP ROW'S !LE0J430 
C OF I.Jo! ARE DEPINED. £LEOJ440 

DO UO 1-1,24 El..EOJ450 
00 140 X.l,6 21.£0)460 

'40 A'TU,X).O 00 ELE0)470 
XGDOp.o ELE034 BO 
00 145 I~l, 4 ELE03490 
DO 145 J·l,6 ELEOl500 

ltQDOP ·XGDOP -1 ELE03S10 
Uor!'I.IDOPtJX(l) ,J) EL£Ol520 
XO.I.l ELEOJSlO 
IP (I.EQ.4) '-0-1_2 £L!OJS40 
AT(J:G'DOY,1C0) • .M(I,J,3) ELE0J550 
If' (I.EQ.1.OR.LEQ.4) U(J.GDOF,I:O 1)·AA(I,J,I) ELEOJ560 
U(KG(XGDOP).l.MTI El.EOJ570 
IF ((AT{ltGDOP ,I) . EO.o) . AND . (A"r (XGDOP, Z) _EQ .0) .AND EL.EOJ5BO 

(AT{XGOOP,l) .EQ.o) . .um.IA"r(ltGDOP,4) .EQ.O).AND ELEOlS90 
(AT (lGDOP, 5) .EQ.O) . .\NIl. (AT (ltGllOP, 6) • EQ .0)) THEN £LEOl600 
XGDQP.kGDOP·l ELEO)610 

ELSE IP (KGDQP.tn' .1) THEN ELEOl620 
DO 149 II·l,kGDOP-l ELEOJ630 

IF (I.JOi:G(II) .EO.iJ'IXG(XGDOY)) THEN EL.EOl640 
DO UB JJ·l,6 ELEO)650 

AT (I I, JJ ) ·AT (II, JJ) +AT (XGDQP, JJ) EL20l650 
ATllGDOP,JJ)"O EL20J6'70 

x.GDOP·ICGDQP·1 ELEOJ61!0 
GO TO US £LE03590 

ENOH ELEO)700 
,49 CONTINUE ELEO)710 

ENDIP ELEOJ720 
145 CCNTlNUE ELEOJ7l0 

C 2LE03740 
C··· _. U:CAL GEaGTIl:IC STIFFNESS MATRU EI...E03'7S0 

DO 150 12"1,101 ELE03'J60 
DO 150 JI·l,12 £LE037;0 

150 S(I2,JI).0.0 ELE037B0 
S(l,l)~ 1.0/LENGTH ELE03790 
5(2,2). 0.5/UNGTH £LE03BOO 
S(3,3)" 0.5/LENGTH £LE03810 
8{11.,4)· 0.5/t.2NGTH E1.E03B20 
S(5,51- 1.0/L2NQ'I'H £1.E03B30 
915,6). 0.5/~GTH BLE03UO 
5(1,5)· ·l.O/u:NcrTH £LEOJB50 
S(2,61- ·0.5/UNG'TH E1.£03B60 
6(3,4). ·O.S/LENGTH El.E03B70 
5(:',1). ·1.0/LENGTH E1.EOJBSO 
S(6,2). -0 5/UNGTH ELE0J6510 
5(',3). ·c.5/LENGTH ELEOJ900 

c 
c~ . C\l.C1JU TE SAT 

ELEOJSl10 
E1.E03S120 
ELEOJ9JO 
E1.EOJUO 
EL£oJSl50 
EL20JSl60 
E1.203970 
ELE03SlEO 
E1.E03990 
£1.E04000 
E1.E04010 
E1.£04020 
ELE(40)0 
EL£o40000 
E1.E04050 
EL2c40fiO 
E1.EooO0'70 
E1.£0401l0 
ELEo40Sl0 
E1.204100 
E1.£04110 
E1.E04UO 
EL204130 
E1.E04140 
£1.E04150 
ELEo4160 
EL!041'70 
E1.E04UO 
£1.E04190 
ELE04200 
E1.E04210 
ELE042 ~o 
ELE04230 

c 
c· 

c 
c· 
c 

'60 

'70 

DO 160 1-1,6 
DO 160 J·l, I(GDOP 
SAT:I (I,J)·o 
DO 160 1(·1,6 

51..12 (I ,J) ·SA'T2 [I ,J) +5 (l, I() ~AT(J, IC) 

CALClJU.'TE ASAT .um caNERT 'TO HAlJ' STORAGE I'KlOE 
DO 170 J·l,KGDOP 

DO 170 I·J,1,·1 
L·L~l 

STIPP(L) ·0 
00 1'JO X-l,5 

STIPP (1.,,) ·s·npp (I.) ·AT (r,K) -SAT2IK,J) 

PRINt' G£CJoI!TRIC :s'TIFP DATA POR DPlU.JGGING 

BY COLUMNS 

C - - . - R.EL.E.\SE UNUSED STCI\AG£ 
180 IREL·600-L 

PRI~T COLl.Jol),l DATA 
IF l PIRST) WRIT£ (lOe, 19:i1) 

191 WU"l'E(109,1931 NAME, IEUlO, O'iA1l! (I) ,I·l,JI, IID(JK(I»), 1-1,4), 
, LENGTH,IiI,ALPIN,PkG 

192 PORMAT(/' ELEMENT OJ, R/C SHE.U. WAll.. EUMENT'// Tl7, 
'- 'ELEM',' EEND',' SHEAR',' UIAL',' JOINr',' JOIN'T', 

JOINT' " JOIN!",' LENGTH ' , ' WIDTH ' 
AlJ'HA ',' PXG '/ ,Tn, 

~ , ,. l'tATL',' MATI.' " HI. TL' , . 11'.' 
11'3',' U'/) 

15lJ PClR11.ATO)(,A15,BI6,2X,lP,4GU.4) ELEo42dO 
10PT.IOP,. EL£04250 
RETURN ELEo42EiO 

C············· .. ·a •••• a •••• DE'TERMINE GECME't'iUC S'TIFF •••••••••••••••••• aELE04270 
200 CONTINUE ELE042BO 

C· KG IS DE'TERMlNED FOlt A UNIT LQA.D \ilITIi 10PT·l, £1.£04290 
C· THE ACI'UAl. 1..OAD (PGECI'I) IS OE'T£Rl'IINED HERE E1.E04JOO 
C- XG IS MULTIPLIED B'I' PGECI'I WHEN THE TarAL S"!'IFFNESS IS ASSEMBLED ELE04J10 
C' NEGA'!'IVE PGECI1 IS CCMPRESSla1.. ELE04J20 
C E1.E04J30 

c· 
IUIA1.·. TRUE. EL£04J40 

.•• DETZRl'IIN! THE AXIAL LOAD TO EE USED FOR XG E1.E04J50 
IF (KGDATA(ll EQ.l) THEN E1.£04J60 

PG£OM· PKG £L!0Q,.370 
EUE !F (XGDATA(l) .EQ.2) THEN ELEOQ,3BO 

DIIl!F 
PGEOI1 • -P(l) E1.E04J90 

E1.EOUOO 
£1..£011410 
ELEOU20 

C ELEOU30 
C ............ a •••••••••••••• DETERMINE SiIPFNES5 •••••••••••••••••••• a····ELEOIl440 

c· 
c 
c 

300 CCN'!'INIJE ELEOUSO 
ELE!oU60 

SE, SS AND SA CClN"I'AIN THE STIFPNES5ES, iofHICH WERE D"ERMINED IN ELEOU70 
THE LAST CA.Ll... TO MA TLH! EL£OU 90 
IF SE·SE(lSEll) AND 58-SE(ISES) AND SAaSE(ISEA) E1.EOU90 
THEN THE STIFFNESS HAS NO"!' CHANGED, RE'rURt.: £1..E04:'00 

lSE EO SE(lSEE!l)l.-'ND SS.EO SE[lSEE 2)).AND 51>. 
ED SE[ISEl!'3))) RETURN 

ELE04510 
E1..E04520 
ELE04S30 
E1.EO'540 



c· 

c 
c· 

c 
c· 

'6C 

370 

SET UP THE LOCAl. STIPFNESS KA.Ti.IX 
SEa SE(ISEE(II) 
SS" SE(ISEB(~I) 
SA" SEIISEE(3)) 
SB1.- SE I ISEB Ill) /L.ENG'TH 
S5L· SE(ISEE (2)) /1.ZNG'TH 
SAL" SE(ISEl! (JI) /LENG'TH 

CALClll.ATE SAT 
DO l60 J-I,lELDOP 

SArn, J) ·SBL-A(.1, 1 I 
SAT I~, J) ·SSL'A(.1, 21 
SAT (3, J) -8ll*.\ (J, 3) 

CALCuu.TE ASAT, STORE IN UPPER TRI/l.NGUUR totATRJ)( 
1.-0 
DO 3'70 J·1 , IELDOP 

DO 3'70 I-J ,1,'1 
L"L"1 
STIFP(L)·O 
DO l'70 X-l,3 

STIPF (L),·STIFP (1.)'A(I, 11:1 *SAT (II:,J) 

21..EO'550 
21..E04560 
£l.E04570 
£LEO .. 5BO 
£LEO .. 590 
£L£0 .. 600 
£L£0 .. 610 
£L£O.620 
£L£0 .. 610 
£L£0 .. 640 
£L£01ll650 
£L£04660 
£L£046'70 
ELE04680 
ELE04690 
ELE04'7CO 
ELEO .. 110 
ELB04 '7 ~O 
£LEO"":!O 
ELE04'740 
ELE04'750 
E1.£04'760 
ELE04'7 '7 0 

RETURN E.1.EO .. HO 
C ... -.------ •• -- ....... ·---··· DE"TEJl.HlNE lNOIMnlTll FORCES ·--··· .. ·---·· .. ··El.EO .. 1S10 

400 CClNTINUE E1..£04.800 

c 
c· 

c 
c· . 

IF (PRIN'T.-'ND.PIRS'T) WBITE(10B, .. 91) S'T£FID ILE0ll810 

SE'T UP THE COKPCNENT STIPF'NESS£S 
SB· SE(ISEB(l)) 
SS· SE(ISEB (2)) 
SA· SE (I SES (J)) 

LOOP POR EACH LOAD 
DO d.JO LQAD·l , NLaAD 

ELE04.B20 
ELE04830 
£LE04840 
£LEOU50 
E1..E04860 
E1..£04.810 
EL£OUBO 
EL£OU90 

.... TR-UlSPCIIlM PR.»IE DISPL INTO LOCAL DISPL 
ELEOUOO 
ELE0491 0 
E1..EOU20 

c 
c· 

410 

DO 410 I·l,J 
R(I)·O 
V(I)·O 
DO 410 J·l,IEUlQP 

K·lJ1IJ) 
II. (I I -II. n )"A(J, II "DISPL~K, LOAD) 
V (I I·V (I )"A(J I I I -VELOC'(K) 

INCRIMEN'TAL FORCES 
P(I) -SB'R (I)/LENGTH 
F(:iI) ·SS'R(;;J) /I..ENO'TH 
p (3) ·SA-R(l) /LENarH 

ELEOU10 
EL£04940 
:£L.EOU50 
ELEO.960 
ELI!04.910 
fi.EOolSiBO 
EL£Ool5l90 
ELE05000 
ELEo5CIO 
ELEOSO:aO 
lll..EoSOJO 

C El..E050.0 
C··· - - - CHECK STIPFNESS AND CALCUI-\TE UNBALANCED PClRC£S ELlOS050 
C THIS IS PRI!FORMED ONLY POR INELASTIC I..N-'.LYSIS £1.E05060 

PD) .PT(l)+P~ll ELEOS0'70 
P(2) ·"(2).P(:a) ELEOS080 
P(3) -Pi(J)+P~3) ELE050Sl0 
IP (.NOT. E1.STIC) TH!JII ELE05100 

TRANSPER PERMANEN'l' HYSTERESIS DATA TO TmoJPRa.t.RY STatAG£. fl.E05110 
ISE2.IS£/2 £LE05120 
DO 415 I·l,ISE2 ELE05130 

415 SE(I .. tSE2)·SE(I) ELEOS140 
00 "20 I·l,l E1.£05150 

BENDING ELEOS160 
SHI:.\R EL£05110 
AXIAL - ELEOSlBO 
Sin' UP TDlPORAF:Y . 1'cn'.u. LOADS, DISPL'S AND VELOC £l..E05190 

PL-P'T(I) EL205200 
D -(RT(I)"R(I) )/LENGTH El.E05210 
DL-RT (I) / LENGTH E1..EOS 2 20 
VC-V"'!'(I)'V(I) £1.E052JO 
VL·VT(I) £1..£OS;;J40 

CA.LL HYST MODEL 1'0 OE'T NE'N STIFFNESS AND EL£OS250 
THE TOTAL FORCE P AT DISPL D. ELE05260 

au.. KATLIB (J, LEM'YP, PALSE, ESES (I) ,PSEB (I) I DOCT (1, I) ,£XCR (I,ll I EL£05210 
P(I) I PL,D,DL, vc, VL, l.Z1.~,LMAT,MATB (I) ,I9.TTYP, EL£05'UO 
SE (IS£2 olSEB (I 1) ,I Er»::>,D»I.AG£) ELE05;;J90 

IP (SE(ISE;o.ISEB(I]) .NE.SE(ISEB(I))) Newx .. ,TRUE. ELE05)ClO 

'00 CONTINUE EL£05110 
ENtIIP ELE05l20 

IP (ELSTIC) THEN 
ESE-O. 
DO 4~5 I-1,l 

'25 
ESEB( 1)·0 .50" (M(1)·P (I)) - (RT(I) oRII)) 
ESE-ES£+ESEB (I) 

c 
c· 

c 

'" 

PSE·O 0 
El.SE 

ESE· (ESEB (l). ESE! (~I 'ESE! (l») -i..ENG"I'H 
PSE· (PSEB ~ 11· PSEB (~) ·PSEB ~l») -LENG"I'H 

mIllP 

SAVE MAXIMUo! L(W)S 
IF (NLQ.\D.G'T.l) THEN 

00 389 1-1,3 
IP (ABS(F(I»).GT.AJ!;S(PMAX(I)) 

PK.U (I ). Pili 
PMAlI (1.3)" R (I) 

mIllP 
CO)llTINtTE 

mIlIP 

PRINT DATA 

) THEN 

IF (PRINT) WRlTE(l08,392) IElMO , LCAD,ID(JK(I)),ID(JX(:iI)I, 
~ ID(JJt:(J)),ID\JX(41),(P(I),R(I),I-l , l) 

192 PClR.MAT (IlO,IS,;a:,4I5,lP,6G15 6) 

C' ... - - al...CtJl..ATE THE llNBAI...t.NCED MEHBER FORCE ON A JOINT. 

'40 

IF (LaAD.EQ.ll THEN 

mIllP 

UBM· -( F(l)'FTll]'P(l) ] 
UBS· -( F(2)·n(~),p(;l) ) 
UBA· .( F(J)-PT(31 'P(3) ) 
DO 440 I·l,IELOOF 

X·1.l"!II) 
EFUB(I)· All ,1) "UBM • A(I,2) *UBS " A(I,3) 'LlBA. 
PLlB(X]- PLlBIX) , EFUB(l1 

FO)·P (l) -PT Il) 
P(2) ·PI~) opT 12) 
FD)·P(3)-Ml31 

dJO COl-ITlNUE 

THIS IS POR SOUlS", ONLY 
IP( ICCIoIl-l .EQ 1 OR. ICCMN .EO ~ ) THEN 

DO 431 1·1,3 
,)1 RSAP(lJ ·F(l) 

"""IF 
PQlUoL\T (/' RIc SHEAR WJ.U. FaRCES ',5X,A/ 

.. £LEM!N'T LClAD',Tl?,' JNr-l",' J'NT'2',' JNT·J',' IN'I''4', 

: 'SH~PL " ~OT~i~ ::: A)(1.-1H~PL 'I) 
IOPT·IOPT 
RE'T,"", 

ELE05)lO 
ELE05)40 
ELE05l50 
ELE05l60 
ELEOS1'70 
ELEOS:!BO 
ELE05390 
ELE05400, 
ELEOSUO 
ELEOS.20 
ELEOS4l0 
El.E05440 
EL£OS.50 
ELE05460 
ELE05410 
ELEOS4BO 
E1.E05490 
El.E05500 
ELE05510 
ELEOS5Z0 
EL£055l0 
ELEOS540 
EL..EOSSSO 
ELE05560 
2:L..EOS5'70 
ELEOS5110 
E1.2:0S590 
:E:LE056C10 
£L£05610 
ELE056:30 
£L£056)0 
EL£05640 
ELEOS15S0 
ELEOS660 
E1..E051510 
ELE051580 
ELB05l!i90 
ELE05'700 
£l.E05110 
ELE05'72C1 
EL£O 5'73 0 
ELE05'740 
ELEOS'75C 
El..E05160 
E1..E05710 
ELEOS'7110 
EL£OS790 
ELE05900 
E1..EOSBI0 
E1.E05820 
ELE05BJO 
ELE05840 
ELEOSII50 
ELE05B60 
ELE058'70 

C· ••••• - ••• - ••• -- •• - •••••• OETEJl.HINE TOTAl. 'PORCES, ENERGIES ECT •• ·-···-ELE05e80 
£000 Com-:;:NUE 

IF I ICCIoDIl .NE. 1 .AND IC~ .NE. 2 ) THEN 
IF (PJUNT.AND.PIil6T) WRITE(10e,Ul) S"'t'£PID 

TOTAl. FORCES, DISPU.C£KENTS AND VELOCITIES 
00 510 1·1, J 

PT (II • Pi (1) .. P(I) 
RT(II • Rill) • R(I) 
""'11] • 'IrI' (II • V(I) 
IF (ABSIPT(I)l.G1' . .\BS(FMAlI.(I)) ) THEN 

PMAlC(I ]·FT(I] 
PM.U(I.-J)·RT(I] 

ELE05UO 
ELEOSSIOO 
ELEOSSlI0 
ELE05920 
ELE059l0 
ELE05S1 .. 0 
£LE05950 
ELE05960 
[l.E059?0 
ELEOS9BO 
EL£05990 
ELE06000 

32 

c 
c· 

ENDI' 
510 CONTINUE 

PRINT DATA 
IF (PRINT) WIUTE (108 , 492) I £LNO , LO.Ul, ID IJK (ll ) , ID IJX (2) ) , 

~ ID(JJt(3)) ,ID(JK(4)l, iFT II] ,RT(I) ,I~1,3) 
49:3 F~MAT (IlO,I5,a,415,lP,6G15.6) 

513 

EI.SE 
IP( PRINT .ANI>' PIRS"r) WRITE(l08,49?) STEPID 
DO 511 r·l,3 

PT (I) aRSA.P (II 
IF (Pi:INT) WRITEI108,4SI:i1) IElNO,LOAD,ID(JK(ll)I ID(JX(2)), 

ID~JK(3)) ,ID(JX(d.) I, (n(I) ,1-1,3) . 
ENDlP 

451'7 FORMAT (/. R/C SHEAR WAlJ.. PaRCES .. ·,SX,A/ 
~' ELEMENT LO.Ul',Tl'7,' JNT'l ' ,' JNT'2',' IN']''l',' IN'T-d.', 
'" ~ .,' SHEAR ., AXIAl. '/l 

- - TR)JIISPER TEHPRa.\RY HYSTERESIS DATA TO P~T STClRAOE 
ISE~ ·ISE/2 
IF (.NOT .E:LSTIC) THEN 

00 S20 1·1,ISE2 
520 SE(Il·SE (l'I8E:<I) 

ENl)IP 

ELE06010 
E1..E015020 
ELE060l0 
£LE06040 
ELE06050 
ELE06060 
£L£060'70 
EL£06080 
£LEOl!i05l0 
£LE06100 
£1.£06110 
'£L2:06120 
ELE061lC 
'£L£06140 
£L£06150 
ELE06160 
ELE061'70 
£LE06180 
EL£06190 
EL£06200 
El.t06~I'0 
ELE06~:30 
El.E06230 
ELE06240 
E1..E06250 

J.i!"J'TJRN ELE06260 
C ELE06210 
C. __ a ....... _ ••••• __ • __ a .... DETDJIIlNE PlXED ENtI FORCES, AND ADD TO FORCE~ELE062BO 

600 kE'TlJRN ELE06290 
C ELE06JOO 
C- - FIJIED END PORCES ARE NOT AVAILABLE POi. R/C SHEAR Ww.. El.E06JI0 
C ELE06J20 
C- .. ····---·· .. -·-·-·-·· WRITE ME!JIIBER PORCES TO OlTrPU1' FI1..E ··-·-·--··-···ELEOI!i~~O 

'700 CONTINUE £LE06)11.0 
c E1.E06)50 
C. BENDING ENERGY, DUCTILITY .um EXCfJlI:SION EL£06360 

'" 

,os 
c. 
c. 
c 

IP (ELSTIC) THEN ELE06~10 
ESE-O ELE063 BO 
DO '704 1·1, J ELE0635l0 

ESEB(I).O 50*'F'T'(11 .. F(I)) .. (RT(I) .. ~II)) ELE06400 
ESE.ESE~£S!B(I) ELE06410 
PSE.O.O EL£060120 

ELSE £l.E06430 
00 '705 1-1 , 3 £l.E06440 

CALL MATLIB (., L8'TTYP, PALSE, ESEB (I) ,PSE! (1) ,Dtx."'T (I, I ) I Elo. (1, I) f ELE06.S0 
PT,F,RT,R,o.,o ,1.2lJ!2oI:,UQT,MATB(I),MATrYP, ELE06460 . 

C<><rINUE 
SE{ISEB(I)) ,IEI..»:>,D1.HAG£) El.£06470 

SHEAR ENEIIGY, DUCT lun AND EXCUlI:SICN 
. AlIIAL ENERGY, DIJC'TILITY AND EXCURSI~ 

ESE· (ESEB Ill" ESEE (:3) .. ESD (l) ) 'LENGTH 
PSE- (PS!B (ll "PSES (a) .PSEE! (.3)) -LENGTH 

mIllP 

£LE06480 
£L£OtSUO 
ELE06500 
El.E06510 
EL!06520 
E1.E015Sl0 
£LE065d.0 
ELE06S50 

IP (PRINT) nITE (1t1NIT , ?lC) (ID(JI:(I)),I·l,41 
WIIITE (ltlNlT,'711) (PT(T),RT(I),I·l,J),ESE,PS£ 

110 PCiUUT (415 , 1P,l!iElO.l/<eE10.l) ) 

ELE06560 
lll..E065'70 
ELE06580 
ELE06S90 
ELEOEi600 
£L£06610 

111 PORMAT ~lP,aE10.3) 

I1ETUi.N :E:LE066;!0 
C ELE066l0 
C ••• ___ a ••• __ • __ ••• _. READ .um PRIm MeHaD FORCES FROM otrI'Pt1l' PILE ·--·£LE06640 

C 

800 CONTINUE ELE06650 
SX -0 ELE06660 
SXlI-O ELE066'70 
BY "0 ELE06680 
SXY .. O ELE06690 
SN .0 ELE06?00 
BACKSPACE (IUNIT) ELE06? 1 0 
READ (It1NIT,· ) ITYPE,IElNO,IWRITE,TO,OT ELE'061~0 
iE.\D (IUNIT,110) NCr:lEl,NCDE:iI,M:ElEJ , NODE4 ELE06130 
I B'TEp· - InIT£ EL£06'740 
AVEKII.O ELE06'7S0 
TCOUNT-O El.E06160 

BID READ (IUNIT,lIlS,END·8JO) (Fnl,R(I),I·l,3),ESE,PSE 
Bl5 PClRMAT (BEl 0.3) 

I 6"'I'V· 1 6"'I'EP" I'4ITE 
T-TO" OT- I STEP 
IP nS'TEP.EQ.O) WIUTE(10Il,IIOS) NODEl,NCDE2,NODl!:l,NODE4 
IP ~HCD(ISTEP, INC) .!Q.O) 
WRITE(lOB,B;iO) ISTEP,T, (F(I) ,R(I) ,1"1 ,J) ,ESE,PSl! 
SX - ax • P (2) 
6XX· sn • P(~)*P(~) 

SY • SY • F (1) 
6XY • 8XY • F (1) • P ~;o) 
SN • SN .. 1 
IP (P(2).NE.O) THEN 

RATKV- P(I]/P(2) 
AVEMVaAVEMV"UTMV 
lCOONT·1 COUNT. 1 

ENDIP 
GO TO 810 

830 CCNTlNUE 
AV'FJ'iV·AVF'JI!N / KU (ICOllNT, 1) 
WRITE(108,B31) AVEMV,ICOUNT 
IF ISY.NE 0 ) THEN 

1U1·SY/SX 
ICOUN'T-SN 
WRITE( 1011, an) RM,ICOt1N'T 

"""If 
OM - SN*SU BX'SJ: 
DB - SX-SX SXX·SN 
IF (DM.NE.O .AND DB.ME 0) THEN 

RB • (SXV-Sll. SV'SKX) / DB 
RM - (SN-SXY SX'SY ) / DM 
ICOUNT .. SN 

ELE06170 
ELEOI!i'7aO 
ELE06190 
EL£061100 
ELE06BI0 
ELE06B20 
E1..£068l0 
£L£06840 
ELE06850 
E1.£06860 
E1..£0151170 
£L£06980 
EL£06890 
ELE06900 
E1.EOl!i910 
ELE06920 
£LE06930 
EL£015940 
E1.E06950 
EL£06960 
ELE069'70 
£L£06980 
£1.E065190 
'£LE0'7000 
EL£01010 
ELE0'70:<lO 
£LE0'70JO 
£LE01040 
ELE070S0 
EL£01060 
£LE010'70 
EL£010BO 
ELE0'7090 
ELE07100 

WRITE(10B,a32) RM,JlB,ICOUNT ELE07110 
ENDIP ELE071:ilO 

a31 FCIU'1AT(/TlO, 'AVEllAGE ~ENT/SHEAR RATlo-',IP,G12.d.,5X , OP,16, £l.£07130 
" ' POINTS ItERE USED, ',' POINTS WITH V·O ARE EXCLUDED') ELEO?140 

8JOl FClRM.\TI TlO,'REGRESSION MC:I"[Em·SHEM. EQUN: " ELE0'7150 
.. ' M .', IP,G12.4, '- V "', G12 .• ,SX,OP,16,' POINTS WERE USED") ELE0'7160 

B.3J PaRHAT( TID, 'REGRESSION MQ(EN'T-SHEM. EO'J1Il: " ELEOl1?O 
... Mo.', IP,GU.4, '. V " l2X ,5X,OP,Hi,' POINTS WERE USED') E1..EO?180 

805 FaR!'U.T (/' R/C SHEM. WALl. FaRCES ',/ ELE01190 
" SX, "N(D£'I:', 16, 5X, 'NODE2:', 115,5X, 'NODEJ: ',I6,5X, 'NODE.· ',16, // ELE0'7200 
L' STEP TIME • I ' ~ " R01ATION " ELE0'7210 
L' SHEAR ',' SHEAR DISPL. ", Er..E0'7220 
L' AXIAl. ',. AXIAL DI SPL ., El..EO'72JO 
L' ESE " PSE '/1 ELE012"0 

820 PClRMAT 1li5,lP,Gl~.4,i5G14.5,2G12.II.) ELE0'72S0 
RETURN ELE01/260 

c·····-···-·-··a ...... DE'TERMINE THE LENGTH OF THE KA.TERIAL DATA 
900 CONTINUE 

ELE07;;a?0 
ELEo'7/2BO 
£LE0'72S10 

C 

ISE-O 
LOOP PaR E.\CH I"lA.TEIAL 

00 5110 I·l,l 
ISEll (I) ·ISE-1 
MATI· RINPi1!'(I) 
CALL K.t.TLIB (0 I LSM'YP, PALSE. ESE, PSE ,DUCT 11, 2) ,EIICR (l, 21 , 

PT, F I liT, R, 0 ,0 .. LELEM, lJ'QT ,MATI , MATTY P , SE, I!L.NO, DAMAGE) 
ISE·ISE .. 1..EUi'l 

.. - - _. DOUBLE THE STORAGE, TO ALlDiIi FaR 'fE2o!JIRa.u.y VALUES 
ISE·ISE" 

RE'T,"", 

c···_·· a ••••••••• __ •• DE'TERMINE THE STRAII-.1 ENERGY 
. 1000 CONTIN'JE C···-· ..... a ........... DUC'TILITEIS AND EXCURSIOI-.1 RATIOS 

ELE0'7300 
ELEO'7.!lO 
EL£01320 
£L£'0'7330 
ELE07l40 
£LE07350 
ELE01360 
ELE013?0 
ELE07380 
ELE07390 
2:LEO'7400 
ELE0'7410 
£l.E07420 
El.E07 .. 3C 
ELEO?440 
ELEo?450 
El.EO?4i50 



1100 CON'!'INUE ELEOi4?O 
C NOTE ELEOJ WAS UST c..\LLED TO CALC INCIRKENTJ.1.. DISpL, E1..201190 

ELE014S10 
21..E01500 

C THE E:N'E.RGIES ASSOCIATED WITH nolo. DISPL -UE Sl'ORED IN 
C THE ADDRESSES' ISEB+ISE/2 
C lSES.lSE/2 21..E01510 

21..201520 
21..201S30 
2LE01S40 

C lSU,·lSE/:iI 
c. . . ... BENDING ENERGY, DUc.-rILITY AND EXCURSION 

ISE2-ISE/2 
DO 1105 1-1,3 

cu.1.. I'!AT1..IB (d.,1..S'M'VP,FALSE, ESES (I), PSE!! (I) ,DUC"!' (I, I) ,EXCR (1, I), 
f"l', P,RT ,R,O., O. ,l...ELJ!:IoI,l.JiA.T,JoIAn (I), I'lAli'YP, . StCISEB (l) "ISE2 J, IE~,DAMAGE) 

E1..E01550 
21..E01550 
E1..201570 

1105 CONTINUE: 
E1..201510 
ELI!01590 
1::I..E07600 
2LE07610 
ELE07620 
ELE07630 

C SH2.\R ENERGY, DUC"l'ILITY .uro EXCURSION 
C AXIAl.. ElSGY. DUCTILITY AND EXCURSION 
C 

IF ( DUCFAG .EQ. 0 .AND. (JJlS(DUcr(l,l)1 .GE. 1 OR 
ABS(Ducr(l,2}) .GE. 1 .OR. ABS(DUCTO,J)) .GE. 1 

DUCFAG-ABS (DUCT (1,1)) 
)) THEN ELE07640 

ELE071550 
21..20.,660 
21..20.,6"0 
E1..EO,,0590 

IP( DUCPAG .LT .\lIS(DUC'I'(l,2)) ) DUC'PAO·.uS(DLIC'T(I,2)) 
IF( DUCFAG LT. ABS(DUCT(l,J)) I DUC:PAG-.uS(DUC'r(l,3)) 

ENDIF 

IF (2lSTICI THEN 
ESE-O. 
po 1106 1"1,3 

E1..E07690 

1106 
2SEB (I )·O.SO· (Pr(I)-F(I))· (R'T(I) 011.(1) ) 
ESE· ESE+ESEB (I) 

2L.E07?00 
E.l..EO.,?lO 
ELEO" 20 
EL.B07730 
E.L.E07HO 
21..20?750 PSE-O.O 

ELSE 
ESE- (ESD (1) .. ESE:B (2 1+ ESD (J) ) ·l.DlG1H 
pSE·' PSD tl) .. pSEll (2) "PSEB (3) -.I..ENGTH 

IOJDlF 

IP (PRINT.AND.FIRS'T) WlI:ITEll08,1l91} 
IP (PRINT) WRITE(10B,1l92) IElJ'Kl,((DUC'T(LJ),EXC:A(I,J),I·I,l), 

S J·l,3) 
1192 PQRM.,\T (lX,I5,18P'7.2) 
1191 P<lRJoIAT (I' RIC SHEAR WALL DUCTILITY AW EXCURSION RATIOS'/6X, 

01. ' BENDING COHPONDn' - .. : ' , -... _. ~~~=~ '-::/,' BI.mU', 
DEPN 1- . -. DEFN .: - . - - DEFN 3 - -: " 

:-. DEPN 1· .. - DEFN 2· --- DEFN )'-:', 
DEFN 1 - -. DEFN 2 - - - - D2PN J - - : '/6", 

DOC'T. EXO DtrI'. 2XCR. DUCT. DeR.', 
" DLIC'T. E"CR. DUCT. EXo. . DUCT £)COl . ' , 
" DUCT. E);CR. DlJCT. DCi DLIC'T. EXCi . ' ) 

R!TORN 

2LEO"'60 
ELEO?770 
2LE077 BO 
2LE07790 
2LE07BOO 
ELE07810 
2LE0?820 
ELE07e30 
ELE07UO 
EL..E0?e50 
ELE07860 
ELE07B70 
2LE07UO 
E1.E071190 
ELEO?900 
E.l..E07910 
ELE07920 
.2LE07930 
EL207!U0 
ELE07S150 

c E1..E07960 
C--- .. ---·-··----··----- .. -- WRITE KJ.XIH~ AND HINIM'tJof VALUES EU07970 

ELE079BO 
EL.E07990 
EI..E08000 

ll00 aFI'INUE 
IP (fIRST) W'RIT'E(109,49l) 

'- 'l'lA.llMUM LQA.DS AND DISPL ~T MAXI~ LaADS 
" 1/' NOTE' KA.XlMUoI VALUES I'U.Y NOT OCCUR BIMULTANEOOSLY' 

WRITE (108, d9 2) IE~,LQAD, 10 (JJi;( 1)), HHJ)(( aJ ),10 (J)((J) J, 
" ID(J'X U)·) , (FMAJ[ (1) ,PMAJ( (3 +1), I-I,)) 

c 

ELEOaOlO 
ELE080~0 

ELEOBOlO 
ELE080riO 
EL..EOBOSO 
EI..EOB060 

c.· .. •··•·• .. ·---··--·--··-- RESE'T INTERNAL FCIICES ELE08010 
ELE080&0 
EL.E08090 

poo Catn'INUE 
C 
c· ZERO KATRICIES EL208100 

DO 1310 I-I,ISE El...!081 10 
IJI0 SE(1)-o ELEOBlJO 

DO 1325 1-1,3 El..EOBlJO 
PKA.X(I) -0 E.LE08140 
PKAX(I+!)-O E1..EOEl50 
P (I) -0 E1..E08160 
PT(I) -0 ELEOIl170 
R (I) -0 ELE081 BO 
RT(I) -0 E1..20BlS10 
V (1) -0 E1..E08200 

1325 VT(I) -0 E1..20B210 
WlI:ITE(108,1330) IElRO ELEOB220 

1330 PCJRl1AT (' SHEAF. WAl.L ..... ELEMENT "',16, ELEOB2JO 

1305 
C 

" 'INTERNAL. PORCES AND HYSTERESIS i'!CDELS ARE RESE'T TO ZERO') E1..E08240 
DO 1305 1-1,) EI..EOnSO 

CALL MATLIB (2, LS'M'YP, PALS2, EBEB (I) , PBE!! (l) , DOCT (1, I) ,EXo. (l, I) , EU08260 . 
caN!lNUE 

RETUR>I 

Yl',F,RT,R,O.,O ,l2LEM:,LKAT,MATB(I),MATTVP, El.E08270 
SE (ISD (I) ) , I El..NO,DAHAGE) ELEOll280 

2LE09290 
ELEOB300 

C----··-·--··----- .... • DJ..MAGE INDE); 
E1..EOB310 
ELE08320 
ELE08J30 
E1..,EOII 34 0 
ELEOB150 

1400 IF (El...S'TIC) llETt.1RN 
C BENDING ENERG\' , AJIItl DAMAGE INDEX 

1406 
C 

DAMAGE· 0 
DO 1406 1-1,3 

CALL MATLIB (S ,lS'!'T¥P, PALSE, ESEE eI), pSEE ell ,DUCT rI, I), EXCR (I, I), 
FHJ..J( II) ,0. ,PKA.X(l·3),0., 0 ,0., UL.EM,l...HAT,HATElI 1), 
KA.'M'YP, SE (lSEB (I)) ,IELNO,DAKB (I») 

DAMAGE·D»L\GE+DAHB (I) • (ESEB r1) .pSEE (I) ) 
CQJTINtJ2 

2L20B360 
2LEOB310 
ELEOB380 
ELE083510 
2L20B400 
E1..EOBUO 
ELEOU,:iilO 

ESE- (ESEB (1) +ESEB (2) +ESEB (3)) "LENGTH ELEOUlO 
pSE- (PS2B (l) +PSEB (2) +pSEE (3) ) "l.ENCn'H E1..EOIl440 
DAKAGE-DAM.LGE"l...ENCn'H ELEOU50 
IF (PIRST) WRITE(l08,H20) 2LEOBUiO 
Wil.ITE(10 B, 1410) IEU.O, (DAHB (I), ESEB (I) ,PSEB( 1),1·1,3) ELEOU"'O 

1410 FClR.MAT (lX,IS,lP,3(FH.5,:ilGH.5)) ELEOBUO 
1420 FORMAT (/6)(, :2LEOU90 

'" .. BENDING COMPONENT ELEOB500 .' ~~~=:~ ,I,'il-EM.', :ti~:;;~ 
..' DAMAGE ESE PSE ELEOSSlO 

DAMAGE ESE PSE BL208540 
" ' . DAMAGE ESE PSE ... : ') BLEOB550 

RE'I"UR.1'II ELEOBS60 
END £LEOB570 

C ELEOOOI0 C---·-·------··· .. · ··-·····--·-·-··-.. -·· .. ····------·-·--··- .. ·---·---·-··CELE00020 
C ELEOOO)O 

SUBIIOtn'INE ELEOS ELEOOOdO 
,,(IOpT ,FIRST ,PRINT ,NAME ,IE~ ELE00050 

ID ,IooF ,COJRI) ,COSINE ,JTCOS ELE00060 
CaNST ,DISpL ,VELCX::: ,PUB ,IREL ELEOOO?O 
RItJPUT ,EESE ,EPS!! ,DAKAGE ,DOCFAG 2UOOOBO 
IELTYP ,IELDOP ,NODEI ,NODEJ ,JOIN"I'l ELE00090 
JOINTJ ,II. ,11.1 ,F ,FT 2LEOOI00 
V ,VT ,ISE ,H ,LENGTH ELEOOIIO 
I'!AT ,A ,l..M ,KTYPE ,PKAJ( EL200120 
5E ,STIPF ) ELEOOIJO 

IMPLICIT REAL(A'H,O'Z) 

CaoIMON IRSJ../ICCIiN, RSAP(12) 
CCM10N /IDS"TEP/IST2p 
REAL IC()rQo,I,LENG'1'H 
LOOICAL FIRST, PRIN'!, PI\LSE,BTEST 
CHARAC'!'ER - 10 NAME 
CHAR,A.C'TER"g. TYPE(ll 

SINCUJDE:' 2.CCMNJ' 

ELEOOHO 
ELE00150 
ELE00160 
ELE00170 
ELEOOI BO 
EL'E00190 
ELEOO~ 00 
ELE00210 
ELE00220 
£L200230 
EI-E00240 
EL£00250 
EI-E00260 
ELE002iO 
2LE00290 
ELE00290 
El-E00300 
ELE003l0 
El.E00320 
ELEOOllO 
EL£00340 

c 
c 

DIMENSION lDOPC!iA.XNOIl, 15 ) ,COORDCKAXNOD,6) ,COSINE (J, J, NCOS) 
DIMENSION CONST(KAXNCID,6), IDIKJJO,IOD) ,JTCOSIMA.XNao) 
DIMENSION SAT (2,12), STIPP 119) ,AI 12, 2), S (~, 2) ,lJ1ll:Ol) ,FM:A.J( (2) 
DIMENSION nSI l, 3),CTE( 3, 3),VX(),V'{(3),V'ELOC(NDOF) 
DIIiENSION BS ( J, J) ,BE{ J, J) ,SE [ISE) 
DIMENSION DISPLINDOP ,NLOAD) , PUB (NDOP) 
DIHEJIlSIO'N RINPU1' (l00) ,WORX(6) ,DUCi IJ), EXCR 115) 
DATA TYPE!' AXIA.l.' / 

C VA,RUEL..:ES 
C . £1.EOOJ50 

33 

C- - -' .. Gt..ceAL VARIABLES 
C IOPT' 1, INITIALIZE BE»! COWft04 ELEHENT 
C 2, c.u.cUUT£ GtCMETRIC STIPFNESS 
C .. 3, PORM ST] FFNESS 
C • 4, CALCUL.\TE: INo.EHFln'AL FORCES 
C - 5, CALCUlATE TO'!'J..L FalCES AND 2NE:RGIES 
C ItlNlT • Ollt'Pln' fILE UNIT • FC!! PRINTING OUTPt.rT 
C FIRST· PLAG, fIRST· TRut., PRINT.HEADER.S 
C PRINT PlAG, PRIN'I'~.'I'Rut., PRINT DATA -
C NDOF •• OP GLOBAl. DOP 
C NLCAD - • Of LOAD CCMBlNATIClNS 
C KAXNOO - • ROW D IMENSlaN OF NODE .ARR.AY 
C NNClDE ... OP NODES 
C 10 • ARRAY OF EXTERNAl. NCI:IE NtlMBERS 
C lOOP • AA!l.AY OP DE~EES OP F'iiEEDCIo! 
C COJRD • ARRAY OP COCRDINATES 
C COSINE· ».RAY Of DIFIEC'T]ON COSINES OP NODES 
C CONST • A..RiIAY OP CONST11.Anrr TitANSPORKATIONS 
C DISpL • GLDBJ..L DISPLACEMENT MATRIX 
C '1. - REAL GLCISA.l. S'l'ORUG VECTOR 
C NZ - INTEGER GLOBAl.. STCll.TAG VECTOR 

EL£00J60 
EL£00370 
EL200380 
ELE003510 
ELE00400 
2LE00410 
£L£00420 
£1..200430 
2LE00440 
ELEOOriSO 
EL£001l.50 
£L200470 
EL200480 
BLE00490 
EL£00500 
EL£00510 
BLEOOS20 
ELE00530 
£LEOOS40 
£1..E00550 
E1..E00560 

C IZHAT • lOCATION OP MATERIAL DATA IN GLIlBAL STORAGE VECTCIR £LE00570 
2l.E005BO 
E1..£00590 
EL£00600 
2U00610 
ELE00610 
ELE00630 
EL£00640 

C NAME - El..EJI!:ENT NAl'lE 
C IELlJO - EL.EMENT NlMBER 
C lUNPtn' - INPt.rr DATA 
C STIPP • OUTPUT El...EMEm' STIfFNESS (OPPER TRIANGllLAR PORM) 
C tJo! • OUTPUT l...CCA1.. TO GLOBAL STIFFNESS MAPPING IUTlIX 
C· - . - £l.E'l'{ENT VAJUABL.ES 
C H,Q, AI ,~J,C, BI ,EJ ,S22, S2:6, S21l, S3l, S3S, S!11,D 
C - INDIVIDUAL 'TEIU1S IN THE EI.2MENT S'TIPPN'ESS (S) tol,\TRU E1..£00650 

E1..200660 
EL2001570 
EL£006BO 
ELE00690 
E1.200700 
ELE00710 
ELE00720 
ELEOOi30 

C PKG - INPLIT LCl.\D FiJR FaRMING GEO"'IETRIC STIPP'N2SS MATRIX 
C fj - INCR.lKENTAL DISPLACEMENTS 
CRT- TOTJ..L DISPl..\CEMEm'S 
C P - INCRIMENTJ..L POllCES 
CPT" TOTJ..L fCGii:CES 
C 1M • lD:AL TO GL.aSAL STIFFNESS KAP'PING KAnIX 
C C'I'S • LO:AL TO Gt.alA.L ROTATION KATRIX START 
C CTE • L..O::AL TO GLCIlAL .ROTATION MATlIX END 
C BS - LOCAL TO G1...QlAL ROTATED ECCENTRICITY/cONS'TRAINT 
C BE - LOCAL TO GLClBAL ilOTJ..'l'£D ECCENTlUCITY/CONS"I'RUm' 
C STIPP - ELFMnn' BTl PPNESS 
C IELTYP • ELEPmNT TYPE - 10 
C NOD21 .. EXTERNAL Jonn" NUEER, 
C J«I)EJ • £lTERNAL JOINT NtMiIER, 
C JOIN'TI • INTERNAL JOHn- NUoIBER, 
C JOINTJ • INTERNAL JOINT NlJoI8ER, 
C- - - - TEMFiOARY VJ.i.IABl...ES 

I!Nl> 1 
END J 
I!Nl> 1 
"., J 

C VJ - VEC'l"CIl. DEFINIHCl "n-I£ EI.EPIEm X AXIS 
C \fY. - VEC'TCII. DEPINIJIG THE !t..EKENT 't AXIS 
C COSLCC - LOCAl.. COSINE MAnn 
C A. .. GLOBAL TO LOCA.L PCSC1! TRANSPatMATION' MATRn: 

MATRIX S1'ARTELEOOHO 
MATRIX END E1..EO 0"15 0 

21..EOO..,60 
E1..E00770 
ELE007 II 0 
El.E00790 
El.EOOSOO 
E1..EOOBI0 
ELEOOB20 
ELEOOB30 
:E1..E00940 
ELE008S0 

C s - tUMErJT S'TIPFN'ESS AT LDCAL COCII:D, AT ENDS OF PLEXAlILE PART 
.EL200B60 
ELEooe..,o 
EL200880 C SAT - PRODUCT OP S·A' 

C,\.S,\T • PRODUCT OF A-SAT 
c· 
C 
C 
C-· -' - _. CHOOSE OPTION 

IP (IOpT.LT.l _C!!.IOM.GT H) THEN 
WRITE (loa,lI) 'INVALID OPTION IN ELE-08, Ion"',IopT 
STOP 

ENllIF 

GO TO (100,200, lOO,400 ,500,600,? 00, BOO ,900 ,IOOO, 
" 1100,1200,lJOO,14(0) IOPT 

100 CONTINUE 
c 
c· . 

c 
c· 

nrrERPERTATE INPtn' DUA. 
IE1..TYP- 8 
I'lAT - RINPl1t'( 1) 
I'aIEI - UNPIn'( il) 
NCElEJ - RINPln' ( 3) 
IC'TYP£ .. IHNPUT( d) 
sue - RINPtrr( 5) 
vY (1) • RINPlJT{ 6) 

VY(2} - RINPt1J' ( ?) 
'IY(3) • RINPll'T( I) 

IS - RINPUT ( 9) 
"E - RINPln'{lO) 

GE'T INTERNAL NODE. ASSOCIATED WITH EXTERNAL !«IDE'" S 
JOINTI-IOOICK(NODEI, ID,NNODE) 
JOINTJ-IQUICk(NODEJ,ID,NNCllE) 

EI..EOOBSIO 
. - -. - -ELE00900 

EL200910 
ELE00920 
£LE00930 
ELE005l40 
£1..200!fo50 
ELE005l60 
El.2005l70 
2LEOOSIBO 
2LE00990 
E1..201000 
ELEOIOI0 
ELEoI020 
BLEOIOJO 
E1..£01040 
ELEoI050 
ELEOI050 
2LE01070 
2LEOI0BO 
ELEOI090 
2LEOII00 
ELEOllI0 
ELEOl120 
ELE01l30 
ELE01140 
ELE01l50 
E1..EOllI50 
ELE011"'O 
ELEOllSO 
ELE01l5l0 
ELEOl2:00 
ELEOl210 

IF (J..'TYPE.1..T.l .CII.. XTYPE.GT.l) THEN ELEOI2~0 

c 
c· 

WltITE(lOa,102) IELNO,NOD2I,NODEJ,KTYPE ELE012JO 
102 PClU'lAT(IX,20('.'),'ER','ROR IfJVALID XTYPE',/ ELEOl2:40 

" 5X,'IElNO·',I5,SX,'J'OItn'I-',I5,S:X, 'JOINTJ .. ',I5,5:X, 'nYPE·',IS,1 E1..E01:250 
" 5X, 'REVISE INPln' POR kTnE EQ 1 'I) Et..E01260 

ENDIF 2L201210 

PRIm DATA PClR PLOTTING 
If (ETEST(UlUG,2») THEN 

WRITE(1,10) NaDEJ, NCDEI,(CC'atD(JOINTJ,I),I·l,3), 
, (COCDlD(JOINTI,J),J·l,3) 

10 PORMAT (I5,lX,IS,lP,6GI2.4) 
ENDl. 

ELB01290 
ELEOl290 
E1,.£01300 
£LEOlJ 10 
ELEOlJ :20 
ELE01330 
ELEOlJ40 
EL.E01l50 
EL201360 

C GET GLOBAL TO LOCAL TU.NSPORMA.'TI01oI MATRIX ELEOIJ10 
ELEOl) BO 
ELEOlJ90 
EL£01400 
ELEOl410 
ELEOU20 
ELEOU30 
£LE014d.O 
ELE01450 
£L£01460 
ELE~U10 

ELEOH ao 
£LEo1490 
ELEOlS00 
ELEoI51~ 

ELEo1520 
ELE01530 
ELEOlSdO 
E1..E01550 
2L£01560 
ELE~1510 
EL£:015 BO 
£:"E01590 
ELE01600 
ELEOl61D 
ELE016 ~O 
ELE016)0 
ELI<016AO 
ELE016S0 
ELEo1660 
EL£01610 
ELE016BO 
£1..EOI690 
ELE01700 
ELE0l7l0 

c· 
c· 

c 

'. DEPlNE VECTOR X, LENGTH 
V1I (1) -COORD (JOINTJ, 1 ) -COORD (JOINTI, 1 ) 
vx (2) • COORD (JOINTJ;2) 'COORD(JOINTI, 2) 
VX(JJ·COClR.D IJOINTJ ,3) 'CQCIU)( JOINT I ,J) 
~TH-SORT(V)(11 I h .. +VX(2:)U2.VX (J) ·-2) -J(S'XE 
SE(5)·UNGTH 
SE(2)-SLX 
IP (LENGTH.1..2.0) THBN 

Iot'RITEIlOI,lOl) IELNO,JOINTI,JOINTJ,LENG'TH 
101 POII.HA.T(lK,20{'·'),'ER','RClR u:NGTH IS LE 0',/ 

" 5X, 'IEl..NO·', IS, 5X, 'JOINTI·', I5,5X, 'JOINTJ·' ,IS, 
5)!, 'LENGTH' ,lp,GlS .61 
5J(, 'REVISE INPUT .. ' 
LENGTH· I. 0 

ENDl' 

'/1 

GET LOCAL '1"0 GLOBAL ~SPOR:HATION MATRICIES CT .\NIl E 
ICS-JTCOS (JOINTI) 
ICE-JTCOS (JOIm'J) 
o.u. ROTX'tZ(VX,vY,COSINEI1,l,ICS),CTS, :XS ,0. ,0 ,8S, 

'- CCNST(JOIN1I,l),MA.JCNOD) 
CALL ROTX'tZ(VX,VY,COSINE(l,l,ICE),CTE,'J(E ,0 ,0 ,BE, 

" CONST(JOINTJ,l),KAXN'OO) 

C· ZERO KATIUCIES 

c 

, ., 
PT·O 
R ., 
RT·O 
V ., 
VT-O 
PKA.Xll)-O 
FH.U( 2)-0 

C· ASS.EM8L£ TRANSPClRHATION MATRU A 
NOTE. A 15 DIMHEN5IONED AS A 12X2 MAnu X , BUT ONLY THE FIRST I£LDOF 

RCTII/'5 CONTAIN INPOJUoU..TlaN. THE BAu.NCE OF THE MATRIX IS 
UNDEfINED THE GLClBA1.. DOP COClRESPaNDItJG TO THE ROW'S OF A 
A.RE STORED IN VECTOR LM. AGAIN, ONLY THE fIRST IElDOF ROW'S 
OP lJo! ARE D2FINED. 

IELDOp·o 
DO 50 1·1,12 

REHOVE DOP'S THAT ARE C~STRAINED TO THE SAME DOF 

ELEOl? 20 
ELBOl1)0 
ELEOl 1 ~O 
£!.E01750 
ELEOl?60 
ELEOl170 
£LE011BO 
E ... 2017510 
£LE01800 
ELEole la 



c 
c· 

c 
c· 
c 

c 
c· . 

c· . 
c 

c 

" 

" 

J-1 
IP (I.GT.6) J. 1-6 
IP ( IDOF(JOINTI,J) .EQ.IDOP(JOUlrJ,J) ) GO TO SO 
IP II.l..E 6) THEN 

L..H'1'l·IOOP (JOIN'I'I, Il 
EL.SE 

l..HI'I-IOOP I JOINTJ ,J) 
ENDIF 

Al·0 
A2-0 
IP (I ,LE, 3) 'THEN 

IF (J('1''l'PE,LE.l) Al·CTS(LXTYPE) 
EUE IF (I.L.E.6) TH£:N 

IF (KTYPE,l,E l) 'I'HE:N 
.Il1·SSiI-3,U'!'PE) 

EL.SE 
Al·C"I'SII -l, J('1'YPE-3) 

ENDIF 
ELSE IF (I.LE.9) THEN 

IF ()(T'!'PE.LE.J) A2-C'I'E.(I-6,XTYPE) 
ELSE 

IF (KTYPE.LE.J) 1HEN 
'\'2"BE(I-9,lt''I'YPE) 

ELSE 

ENDIF 
ENDIP 

A2·CTE (I - 9, !(TYPE - l) 

IF iAl,EQ.O .AND. AZ.£Q.O} 001050 
IELDOF-IELDOP+l 
A(IELOOF,ll·,\l 
A(!El.DOF,Z)·A2 
LM (lE'LOOF) ·lliTl 

GET GatL ~Rtrr STIFFNESS 
PALSE· .FA.LSE, 
LS'TTyp·O 
CALL HATL.IB(2,l.S'l'TYP,P.u.sE,E!SE,EPSE, DIX'T,EXCR, 

IT, F ,RT, k, 0.,0., l..EL.EM, LM.\T ,MAT,MA'TTYP, SE, IEL.NO,DI\MAGE) 

H IS THE ~OT S'!'IPFNESS 

H • SE(l) 
HH· SEll) 
S(I, 1)· HH 
9(1,2)· -HH 
S(2:,I}"'HH 
SI., 2)· HH 

c.u.ctlt..ATE SAT 
DO 60 1·1,2: 

00 60 J-l,IEWO? 
SA.TII, J)·O 

DO 60 X-l,2 
SAT (I ,J) ·SA'I' (I ,J) ·SiI ,10 -A (J ,Xl 

L-O 
00 "l0 J.l, IElDOF 

00 10 I·J, 1,-1 
L.·L·l 
S'TIFPiL) -0 

DO 10 1(-1,2 
STIFF I 1..) -STIPP ILl' A iI, 10 "SAT (X, J) 

BY COLI.Jo[N'S 

C· _. REt.E..\SE UNUSED STCltAGE 
180 IREI.. .. 'l'8·L. 

PRINT COLl.lMN' DA.'I'A 
IF (PIRST) WlI.IT£ [108,192) 

191 iG:lTE(lO H, 193) N.\J1E, IELNO,!U.'I',NOD£I, NCDEJ ,TYPE(XTYPE) ,I.2NGTH, 
'- VY. (1) ,11'1(2) ,VY (l) ,JlS, ·JlE 

El..E018~O 

EL.EOIBlO 
EL.E018U 
EL.E018S0 
EL.EOlB60 
EL.E01870 
ELE01B80 
ELE018510 
EL.EOl5100 
ELtOl5110 
ELtOl51l0 
ELE019l0 
EL.E01940 
EL.E015lS0 
EL£01960 
EL.t019'l'0 
tL.EOl9BO 
EL.E015l90 
EL.EO~OOO 
ELE02010 
ELE020iilO 
ELE02030 
ELE020GO 
ELE02050 
EL!02060 
ELE02010 
!LE02010 
E1..E020110 
EI..E021 00 
EI..,£O. 11 0 
ELE021~0 
EL.EOH30 
ELE02aO 
EL.Eo21S0 
ELEo;n50 
ELE02l'70 
!LE02l&O 
ELE02190 
El..EO ~2 00 
I!LEO;UI0 
EL!O:iI2~O 
EL!!022l0 
EUOH40 
!I..E0.2S0 
ELE0i360 
ELI!02210 
!..U:02i80 
ELEO;Zi510 
ELEO~JOO 

ELEO.nO 
!l.E0:l.3:ii0 
ELEO:l.330 
El..!02leo 
El..E02l50 
EL:E!03l60 
El..! O:o! 37 0 
ELEO;a310 
EL.E02390 
&1.£02400 
ELEO.410 
ELE02f..0 
!LE024JO 
El.Eo~UO 
ELE02eSO 
E1.£02460 
ELE02410 
ELEO.4BO 
ELEO.490 
BLE02500 
itL£02S10 
ELE02520 
ELBO.5l0 
E!..E025110 
EL.E02550 
ELE02S60 
ELE02510 

Ij1~ FCRMAT(/' EL»IENT OB, ONE (LClCA.l..) OOP STRUT ~Em"11 EL£02S80 
" 122,'. JoIATL. S1.u:T END',2:II, '--TYPI!---',6X; 'LENGTH',3J;, ELIO,,590 
"11("'),' Y-UIS ',12i"'),' START DIS'T END DIST'l ELE02600 

ljll FORMAT(IX,A1S,G.16,.X,A9,3X,lP,G12.4,OP, E.U!:0~610 
" P9,5,' I',SP,F9.5,' J',F5I.5,' X',lP,SS,3G12 .• ) ELE02620 

RETUltN El.EO,,6l0 
C .... ••• .... •••• .. ••••• .. ••••••• Dl!'TERJ11NE GEOiETRIC S"l'IFF •••••• ...... •••• .. • ...... ·ELE026eO 

200 RZI'URN £L£0.6S0 
C THE GECJiE'TlUC STIFFNESS MATRU IS NOT AVIJ.J..ABLE POR THIS ELDIENT El.E02660 
C EL.EO.610 
C .... • •• -·.- ....... •• ....... -· .. Dl!'TERMlNE STIFFNESS .····-·········· .. ···-.···ELE02680 

300 CCNrINUE ELEO.690 
C EL!O:ii'l'OO 
C- H CCINTUNS 'I'H£ STIHrr STIFFNESS, IInjICH ....... S DETERMINED IN THE !LE02710 
C LASi C.u.J... TO HAT LIB ELE021.0 
C IF H-SE(I) THEN THE STIFFNESS HAS NOT CHANGED, RETURN ELEOZ'?:lO 

c 
c· 

,,, 

070 

IF (M EQ.SE(11) RE1UItN 

H • SE(l) 
HH· SE(1) 
Sll,l)· HH 
S(l, 2)· -HH 
SI2,1)· 'HH 
5(2,2)· HH 

c.u.Cln...A'fE SA.! 
OOl60 1'1,2 

00 J60 J-l,IELPOF 
SA'I'(I,J) -0 

DO l60 ';·1,2 
SAT I I, J) ·9AT(I ,J)·S (!, X) -A (J,X) 

CALCln...ATE ASAT, STORE IN UPPEit 'I'RIANGm» !'tATRIJI 
L-O 
DO 310 J·I,IE1.POF 

DO )10 I·J ,1,'1 
L·L~l 

STIPP(L) -0 
DO l10 X·l,2 

STIPF (L) ·STIFF' (L) 'A(I, X)· SAT(K,J) 

£LE0i!11110 
ELE021S0 
ELE02160 
ELEOZ110 
ELE00il180 
EUO;Z190 
Et.EOHOO 
EL.EO:zBI0 
Et.EO:ilBi/:O 
ELEO:2B)O 
ELE02:B.O 
'EL.EO.850 
ELE02B60 
ELE02B10 
ELE02UO 
ELE02890 
ELE02900 
ELE02910 
ELE0292:0 
£L.EO:ii9l0 
£LE029&0 
ELEO:il950 
ELE02960 
ELE02910 
2L£02980 
ELE02990 

RETUltN ELE03000 
C··········--···· .. ······-· DETERMINE INCRII'1EN1'A.L PORCES --····--··· .. ···-·ELEO)010 

4.00 CON"l'INU'E ELEOl020 
If (PRINT AND.FIRS") WRITEII08,1II91) S"'I'EPID ELEO)OJO 

c 
C· - . - .. LOOP FOR EACH l.OAD 

DO 11.30 LD.'.D-l,NL~ 
c 
c- _. - - - 'I'RANSFOi<I'! FRAME DISFL INTO L.O:AL DISPt. 
C LOCAL D!SPL U£ Ai 'I'HE END END OF THE S'!'Pl.n', THUS 

c 
c· 

c 

." 

POSITIVE IS T~SlON AND NEQATIVE IS CCI"!PRESSI~ 
R-O 
v-O 
00 GolO I'l,IELDOF 

J.U1[!) 
All· AII,l) 
An· A{I(2) 
DISp· DlSPL.(J" ,LOAD) 
VEL' VELOC (J) 

R· R ~ (AIl,2) A(I,l)) • DlsPI..(J,LOAD) 
v· V· iA(I,2)-Ai1,1)1 • VELOCIJ) 

INCRIMEln'AI.. FORCES 
p. H*P 

c - ... - - CHECK ,s,'IFFNESS AND CAl.CtJU'I'E LmBALANCED FORCES 
'I'HlS IS I'REFClH'lED CJNl...Y. PaR INEt..t.S'I'IC .t.N.U.YSIS 

P ·PT-P 

ELE03040 
EL.EO)050 
EL.EOJ060 
ELEol010 
EL20JOIO 
ELEOJ090 
ELEOJIOO 
ELEOJII0 
ELEOJl20 
ELEOllJO 
ELEOl140 
ELE01150 
ELEOl160 
EL.EOl110 
EL.E031 BO 
E1..203190 
EI..E03200 
ELE03210 
EL.E03220 
ELEOl2l0 
ELEOl:ol III 0 
ELEOl.50 
ELEol260 
EJ..EOJ2iO 

34 

c 
c· 

c 

.15 

IF (,NOT, EUTIC) THEN 

END1' 

'- sn UP T~R)JtY - TO'I'AL L.OU>s, DISPL'S lIND VElDC 
PL·" 
D • (RT+R) 
DL·R'I' 
Vc·o,n·v 
VL-VT 

TR.\NSPEiI PERKANEl'JT HYSTERESIS DAT}' TO 1fEM1'R0},R'i 8TClRAG£ . 
ISE.-ISE/2 
DO 415 I-l,ISE:ii 

SE(1·ISE2)"SE!I) 
CALL HYST MODEL TO GE"I' :NEW STIFFNESS AND 
THE TO'I'AL pORCE P AT DISPL D 

CAl.L I'lATLIB i J, LS'!'TYP, FALSE, EESE, EPSB, DUC'I', EXCR, F, Pt., 0, 
DL,VC, VL,LELEM,l..MAT,I'lAT,~TT'fF,SE(ISE2 '1), IEI.J<O, D~GE) 

If (SEIISE2:·ll.m SE(11) NEWJ(. TlI:UE. 

SAVE PEAX V1LLl1ES Pa\ MtJLTIPL.E LOAD CA.SES(FOll STATICS CASEl 
IF (N1..CAD G"!'.l.1IND US(F) G"T.ABS(PKU(l)) ) THEN 

FHAJI: (I)·F 
PHAJe!:i)·R 

END IF 

PRIm DA'TI. 
HH" H 
IF (PRINT) IfRITE(10B,49.) IEt»:l, UllD,'T'YPI!{It'1'YPE) ,NalEl,NOOEJ, 

?,R,HH 

430 CGn'INU! 

EI..EOl280 
ELE03290 
ELEOl300 
EL.EOlJ 10 
£1..EO)320 
£LEOll30 
ElEOll40 

. EI,.EOll50 
ElEO)360 
!LEO)310 
ELEOJl90 
E1.EOJ190 
ELEOJ401) 
EL.EOJG.lO 
ELE03G.2:0 
ELEOJG.JO 
ELEOJ440 
ELE03450 
ELE01460 
ELEOl4iO 
ELE03eBo 
ELE0J490 
E'LEOJ500 
E'LEOJSI0 
ELE03520 
ELEOJ530 

C- _. - -. THIS IS FOR SOL050\ USE ON:LY 
IF( ICOQI .EO. 1 .~ ICCl'QIl .EQ 2 ) RSAF(l)·P 

ELEOl5Q.0 
ELE035S0 
EL.EOJS60 
EL.E03S10 
ELEOl5BO 
ELE03S90 
ELE-03600 
ELEOJ610 
ELEOJ620 
ELEOJ630 

c 
C' - . - - CAl.CUt.A'I'E THE IJNBAUNCED MiM!IER. FOR.CE ON A JOI NT. 

c 

." 

UBAL· p·n-p 
F •• 
PT - PT 
F -. 
DO 440 I-l,IELOOF 

J·LM(l) 
All· A(I, 1) 
An· A{I,") 
P'UB\J). FUB(J) + iA(I,I)-A(I,:ii») .. UDAL 

CONrINUE 

491 ~,. tI' GOiL PORCES. ',5J1;I.I, 
'" .El..BKDIT l..QA.D',TI1,' TYPE',' NODEI',' NCO!J", 
" ' PORCE ',' DISPLACKENT STIPFNESS') 

1119" PC8ItJ.T (Ilo,I5,:iIJ,A9,:iiI6,lP,lG15.61 

ELEOJ6G.0 
ELEOJ6S0 
ELEOJ660 
ELE03610 
ELEOJ6BO 
ELE03690 
ELE03100 
EL.EOJ710 
ELE037:ii0 
ELEOl130 
ELEO)140 
EUO)150 
ELEOli60 
ELEOJ1'l'O 

C' - - _. - .\I:IJUST P Faa UNB.AI-\NI::ED I..OJ.r> P 
p.p." 

ELE031BO 
£LEOl790 
ELEOlBOO 
ELE03Blo 'E1'URN c··-· ..... ·· .. ············ .. ·· DETElt:HINE TOTAL PORCES, ENERGIES ECT _·,,····"ELEOl8:!0 
EL.E03830 
El..£03B40 
ELE03B50 
ELE03960 
ELE03B10 
EI..EOHBO 

c 

S 00 caNT INUE 
IP ( lca4N ,NE. 1 .AND. I CQoIN .NE. ~ ) THE:N 

IF (PRINT.J.ND,PIRST) WRITE(tOB,1II91) STEPID 

C- . - - TOTAl.. POiCES, DISPLAC~S AND VELOCITIES 
C 

F'T.FT+F ELEO)B90 
RT.RT+R £LEOl900 
VT .. VT+V £LEOJ910 
IF ( eS(FT) .ar.es(PIO.JI(ll) PMA)I(U·P'I' ELE0J920 
IF i ABSIRT) .G'I'.eS(PIO.JI(~)l Pl'fAJI{Z)·R'I' EL.EOl9)O 

C ELE039G.0 
C--"'- PlUm' ~'I'A ELE0l950 

HH. H ELEOlSl60 
IP (PRINT) WRITE (lOB ,49"d) IEIJ'JO, l,TYPE (IO"YPE) ,NODEI ,NCDEJ,F'T ,RT, HHELE0l910 
El..9E IF( lCQI!N .Eg, 1 .011.. ICCI4N EO . .2 ) THEN ELEOJHO 

IF (nINt,A.ND.PIRST) QIU(lOB,U1J STEPID ELEOJSl90 
FT.R8)J'(1) ELEOG.OOO 
IP {PRINT} WRITE (10B,4921 lELNO,I,TYPE(k'l'YPE) ,NC[)EI ,NODEJ ,FT ,HH £LE04010 

flmIP EL£04020 
4511 PCIlKAT (I' GOEL FORCES. ',511,11.1, ELE04030 

,-' ELE!Q'Nr I..ClAD',Tl1, , TYPE',' NODEI',' NCDEJ', EI..EOG.040 
" ' FORC! ',' STIPnlESS ') ELEO.050 

c 
C"-'" Tl.ANSP'D. T'EMPR.OUY HYB'I'ERES!S DATA TO PERM.ANEN'T STORAGE .. 

E1..EOe060 
EL!OG010 
EL20G080 

510 

I8E2·I9E/2 
IF (.NOT. ELSTIC) THEN 

00 510 I"l,ISE2 
SE(l)·SEiI+1SE2) 

END1' 

ELE04090 
ELE0lll100 
ELE04110 
ELE04120 
ELEo4130 
ELE0lll140 

C ELEOU50 
c--- •••••••• ···-.... • ..... •• DETERMINE PIlIED END PORCES, AND ADD TO FaRCE·ELEOU60 

600 RETURN ELEOGol10 
ELEOIll1BO 

. - -. - - FIXED ~ P~CES ARE NOT AVAILABLE FOR THE STRtrr ELEOG.190 
C ELE04;ZOO 
c •• •• ••• •••••••••••••• WRI'I'E MEMBER FORCES 'rO OU'I'l'UT FlU ·- .. ••••• .. ·····ELE04210 

100 CONTINUE ELE04Z20 

CA.U. MATLIB(~,l.ST1'YP,FALSE,EESE;£PSE; DUC'I','E!l(CR, 
" P1,F,RT,R,0.,O ,L.ELEH,lHAT,MA1,!'lA1'TYP,SE,IELNO,DAJo!A.GE) 

WRITE (1 UNIT, 110) NODE I ,NODEJ, KTYP!!, FT, RT, H, EESE, EPSE, 
" (DlIC'T(I) ,DClI (1),1-1, J) 

'no PCIU'lAT D16,lP,5G12:.4/6G12 .• ) 

ELE042l0 
ELEOG2G.0 
ELE04250 
£LEoe260 
EL.EOe:270 
ELE04:iiB0 
ELEOG.290 
ELE04300 

RETUlUI ELEOG.J 10 
C ELE04J20 
C··· ... ··········-···· llEAtl AND PRINT ME2GER PORCES FR~ OUTPU't FILE ····EI..EOG.110 

c 

BOO CCNTlNUE ELEOG..HO 
B}'CJ:SPACE (IUNIT) ELEOG.l SO 
READ (IUNI'r,· 1 ITYPE,IEUK>,JWRITE,TO,DT EL.EOllll60 
ISTEP.·INF:IT£ EL.E04310 

EL'EOG380 
BI0 ilu.Il (IUNl'I' , 815,END·eJOl NCCIE1,NODEJ,XTYPE,PT,iI'I',H,ESE,FSE, ELEOG.J5IO 

, IWOa~(I) ,1-1,6) ELE04lll00 
815 FaU'lAT iJHi,5GI2 .• /6GI2.4) ELE04410 

ISTEF-IS'TEP+IWRITE ELE0411120 
T.'I'O+DT"I STEP ELEO"," 30 
IF ~IS'TEF,!'Q,O) WRI'I'Eil0B,805) NODE I ,NaDEJ,'I'YPE (XTY.PE) ELEOU40 
IF iMCO(ISTEP,INC) EQ.O) WIl.ITE(109,H20) IS'rEP,T,FT,R'I',H,ESE,PS££LEOU50 
GO TO 810 ELEOU60 

B05 PCJRH..\'r 1/' GOEl. MEJllBElI. FOIlCES ',I 
, 5)(, 'NODEr:' ,16, 5J1, 'NCDEJ:', I6, SJ:, 'OOEL" S 'rYPE: ' ,A, II 
", STEP TII'tE ',' PaRCE ' 
" ' DISPLAomrn' ',' S'I'IFP'NESS',' ESE 

120 FCIRJo4.AT (110, lP,G15 .S,6G13 ,5) 
BJO WRljE(lOB,BIIIO) (IfCRXII) , I-I, IS) 
611.0 FCJIUolA'I' !lTlO,' HAlIIMUN DUC'TILI'I'IES AND nCURSION RATIOS'/ 

" TI0, '- ••• ~ •••••••••• - ••••••• - ••• - ••••••• - ••• -.-' / 
, TlS, 'DISPI.-'.CEMENT DEPINJ.TION 01" ,IP,GH.III,SlI, 'El- ',G12 III/ 
'- 'I'l5,'ENnGY DEFINJ.'I"laN .1_ UZ·',lP,G12 4,511,'!!2-',GI2 41 
" TI5,'ENEJtG'i DEFIWt.'I'Ia-.l .2. UJ·',lP,G12.4,SX,'EJ·',G12,<I) 

RET""" 

E'LEOU'O 
EL.EOIIIIIHO 
EL.E04G90 
ELE04500 

') ELE04510 
ELE045 ~o 

C··· ...• ·.·· .. ···-·· .. · DETERMINE THE LENGTH OF THE lo!A'I'ERIAl. DATA 
gOO CONTINt1E 

ELE04530 
£LE04540 
ELEo~550 
El.£04560 
ELE04SiO 
£I..EOlisaO 
EI..EOG.SSlO 
ELEOQ.600 
ELEOG.610 
ELEOG620 
£1.£0<1630 
El...EO<l6G.O 
ELEOt650 
£1..£0<1660 
ELEOtlS10 
ELE04680 
ELEO~690 

ELE04100 
ELE04110 
£LE04\1.0 
ELEO,1l0 

c 
c· 

ISE·O 

MA.T .. RINPU!'( 11 
au. 'KATLIB(O,LS'J"TYF,FALSE,EESE,EPSE, Dtx:T,EJ;Cl'I., 

", F,RT ,R, 0.,0 ,I.2LEM.,uo'T,KAT, MA"rTVP, SE, IELNO,DAMAGE) 
ISE·ISE'L.El..b! 

DOUBLE THE ST~GE, TO Al..LCII/ PCQI. TEMPlia.llJlY VALUES_ 
IsE·ISE-2 

RET""" 



Caaaaaaaaaaaaaaaaa .... DETERMINE THE STRAIN E:NERG't EL£04HO 
1000 CONTINUE EL£04150 

C £[..£04160 
Ca •• a ••• a.a ••• a.aa.aa DUCTILITIES AND !XCUJl.SIOt.] RATIO'S E[..E04770 

1100 CONTINUE ELE04180 
C OPTICINS 10 AND 11 HAVE THE SAM! CODE PaR THI S £LEl'lENT 2L£04790 
C THE ENERGY WAS CALCULATED WITH THE LAST CALl.. POR It-lCRrME'NTAL FORC'!:El.EOUOo 
C THE T01'A1. PORCES HAVE NOT BEEN CAllJ!:D YET,THUS THE ENERGIES RESIDEELEOUI0 
C IN THE MATRIX SE BEGINIt-lG AT ADDRESS ISE21 £L£OU:aO 
C ELEOUJO 

IS£21·ISE/2 '1 .E!LEOU40 
CALL I1ATLIB~4,I..STTYP,f.u,SE,EESE,EPSE, DUCT,EXCR, £LEOU50 

.. FT,F,RT,R,O.,O ,LEUl1,LMAT,MAT,MlI.'I'TYP,SE(ISE21f,IELNO,0-'MAGE) £[..£04860 

c 

C 

IP(ABS(DUC'T(l) f .1..1'. 1 ) DUCT(l)"O 
IP( DUCP"'C: .EQ. 0 f THEN 

IP( ABB~DUCT(l) f .LT. 1 ) DUCFAG·O 
II'I ABs~Dl.J(:"'t'(l)f .GE. 1) DOCF ... C:·..\BSIDLIC'T(l») 

END" 

IF (E~TIC) EESEa IFT~P)· (RT-R)-O .50 

IF (PRINT,AmI.pIRST) WRlTE(lOS,1191f 
IF (PRIN'Tf WlI:lTEIIOB,1192) I£UKl,OUCT(l) ,EXCRIIJ 

1191 FORJolA.T (/' S'1lItTT DliCTILITIES.ANtI EXCURSION RATIOS . . ',5xl 
£LEKEN'T',Tl:a,':' DUCTILITY D£PlNATION 11 ',1'112, 

'" DOCTI Ll'TY EXCURSI CN ') 
119<l F'ORKAT (IlO,lP,6G15.6) 

R£'TURN 

C··a.a.a ••• a.aa •••• a. toL&J(I~ PaRCES 
'1200 CaNTINUl! 

c 
C 

IF (PIRSTf WlI:ITE(10B,45l11 
" 'HAJ(IMlI1 UlA.I> AND OISPL AT K.UII'!UoI LCAIl 
'" 1/' NOT£' MAXIMUM VALUES MAY NOT OCCUR SIMULTANEOUSLY' 

WRITE ~ lOB ,492) IELNO, 0 ,TYPE IJ(TYPEI ,NCIOEI ,NCItlEJ, F'JIlU: ~ 1) ,PPUJC(<l) 
RETURN 

Caa ••••• a ••••• a.aa.aa RESET INTERNAL PCIIl.CES 
1300 CClN'l'INt.Te 

c 
c· ZERO KATRICIES 

C 

I' .·0 
?TaO 
R -0 
RT·O 
V -0 
\'T-O 
PMAJC(l) ·0 
pMAX (~)·O 

SUCaSE(.) 
00 1310 1·1, ISE 

Il10 SE (1) .. 0 
SE(2) aSLK 
SE~5) .U:l'JOTH 

W1UTE(109,1330) IEi.JIIO 
11JO PClRlO.T (' OOEL .......... ELEMENT 11',16, 

'" INl'ERN.l.I.. FORCE'S AND HYSTERESIS I'fa:JELS ARE RESlrr TO ZERO' f 
CAl.L HAT["IB (2,L3TTYP,pALSE ,EESE,EPSE, DUC"l',EXCR, . 

R£'TURN 
FT ,F ,RT, R, 0.,0., LELEl'I,1.JoIAT ,KAT ,MATTYP, SE, lBI..NO,D.lMA.GE) 

C •• a.aaa ...... aaa.aaa. O.t.HAG£ INDEX aa.~ •• ~ •••••• aaa ........ a 

C 
1400 IF IEL.S1'IC) RETURN 

c 
FM,I,.J<l· PMAJ( ( 1 ) 
FHAJ< 2· PMAX (2 f 
CALl. I1ATLIE (5, t..STI'YP,PALSE,EESE, EPSE,DUCT, EXO, pKAJI,l, 0., 

.. F1tt.A.J12,0.,0 ,O.,L£LEH,LKAT,MAT,MATTYPrSE,IEi.JIIO,DAK.tt.GE) 

IP (PRIt-lT.AND.PIRST) WRIT£(loe,1410) 
IF (PRIt-lT) IIrrRITE(10e,1420) IE~,DAI'1AGE,PMA1Cl,PMAX:iI,EESE,EFSE 

1410/QIUolAT (/' E~~' ,TU,' D",:"~E HIDE)( F P~ '~) 

lnO ~T (IIO,lP,6G15.6) 
DAKAGE·tl}.KAGE· ~ El!SE~ BPSE) 

£LE048"10 
EL£048BO 
EL£04B90 
£LE04900 
£L£04910 
ELE04920 
EL£01930 
£L.£04940 
EI..EO'9S0 
EU04960 
ELE04511 0 
£LE049S0 
£L£04990 
ELE05000 
.£LE05010 
EL£050.0 
2L£05030 
2LE05040 
ELE05050 
£LE05060 
ELE05070 
EL£050BO 
£Ll!05090 
£[..£05100 
ELEOSllO 
£L£05120 
£L£05130 
.£L.E05HO 
£1.£05150 
£L£05160 
ELE05110 
'2LE05180 
2LE05190 
El.E05.00 
J;!l..EOS.IO 
E1.E05:a:a0 
£LE05:a30 
ELE05240 
£LE05.50 
ELE05260 
£LE05270 
BLE052BO 
ltL£05nO 
£L£05JOO 
E!LE05310 
EL£05J40 
ELEOSJJO 
£L£OSHO 
£L£05J50 
ELEOS160 
£I..E05J10 
ELE05390 
£L£05390 
EI..£054DO 
ELEOS410 
ELE05420 
£L£05430 
£L£05440 
£L£05450 
.£L£0546o 
£L£05410 
El.EOs480' 
EL£Os4!ilO 
EL£OsSOO 
£L£05510 
£L£05520 
ELE055l0 
ELE05540 

RETURN ELE05550 
END EL£05560 

C ELEI0010 
Ca •• a.a.a ... a .... a ••••• a ••• a ••• a •• aa.aa ••• aa.aa.a ••••• aaaa .. a •• aaaaa ........ a.BLEl00:a0 
C EL£10030 

SUBROUTINE' £I..EU ELEI00GD 
.. (10M ,PIR~ ,PRIN! ,PGE01 ,NAME ELEI0050 

10 ,lOOP ,CCXlRD ,COSINE ,JTCQS ElJ!'10060 
CONST ,DISPL ,PUB ,IREL ,XGOAT... ELEI00?O 
I ELMO ,RINPUT ,AXIAL ,ES£ ,PSE £LEI00BO 
tELTYP ,I£IDOF ,ISES ,ISE ,JX £LEI00510 

~T5 :~ <PT ,V ,VT ::i~~i~~ 
PkG ,LKG ,LJ1 ,Ll'DCG ,A ELEI0120 
S5 ,SAl ,SA2 ,DAMAGE ,DUCP ... G £1..£10130 

'" kGDOF ,L.ENGTH ,fK.\X ,SE ,STIPP Et.EI0140 
CCH1ClN /ltSA./IctMN,RBAF(lOlf ELEI0150 
:REAL lCoz.v;l,LENGTH Et.E10160 
LCGICJ..l. PIRSTrPJI.Im',PAl...SE,AlCIAL EJ....EI0170 
CH.ARAC'TER~BO NA!'lE EI..EI0180 

SINCLUD! 'zccJoon' 2LE10190 
DIH:ENSIO}ll IDOP(MAXNOD,6) ,COORD (MAXNOD,6) ,COSINl:(J,3,NCOS) £l,.EI0~OO 
DIKENS lOt.] CONST (MAXNCIO,6 f, ID ~MAXNOD) ,JTCOS IMAXNOD) ,M 14,6, l) EI..£10410 
DIKEt-lSIO}ol BAT (J, 24) , STIFF (600) ,XGDAT ... (l f , SAT2 (6, ;!4) ,V2.EI [) f El.EI0220 
DIKEt-lSIOl-l "''1' 1~4.,6) ,"'(~lrJJ ,S(6,6) ,l1'I(24J ,"'C(S,3) ,lJIlXGI2a) EI..EI02l0 
DIKEt-lSl0).l cr (l, J f ,ES 13, 3), VX (If, VY (J J, '-"IE (3) ,VXT (3), VZTD) £LEI0~'0 
DIKENSION S£ (I BE) ,!'lATS (3) , ISES (J f ,ESES (J) r PSES (3 J ,0AJoLS (l f El.EI0250 
DIKENSIOr.l P~3) ,II p) ,V(l) ,"(3) ,RT(3) ,VT(lf ,P (3) ,JX(4) ELEI0260 
DIMEt-lSION DISPLINDOF ,NLOl\Df, PUB (NDOF) ,EFUB (241, pM.\)( (6) ELElO:a10 
DIKEt-lSION RI NP1.JT (100) ,~UCT (J ,3) , £xat [6,3) ELEI 02 BO 

c 
c· 
C VARIAlII..ES 
c· 
C' GLOBAL VARIABLES 
C lOP'!' a 1, INITIA.LIZE BE»! COUJMN El.EMENT 
C a 2, cALCUl.ATE GEQ0fE7RJC STIFFNESS 
C • 3, FCRJoI STIPFNESS 
C • 4, CALCUl.ATE INCREMENT ... L FORCES 
C • 5, CALCUl..AT£ TOTAL FiJRCES AND ENERGIES 
C IUNIi • otn'PlTI' PILE UNIT II FOR PlI:INTING OUTPll'i' 
C FIRST • FU,G, FIRST·.TRUE., PRINT KEA.D£RS 
C PRINT • pu,G, PRINT a TRUE., PUN! DATA 
C NOOF • II OF GLCl8.AI.. OOF 
C NLOAD • 1/ OF LOAD CQiBlNATIO]IlS 
C Jo11o..XNOD • II RCM DIHlJ,ISIClN OP NODE ARRAY 
C mrooE • II OF NODES 
C ID • ARRAY OP EXTERNAL t-lClOE ~fjtS 
C IooF • ARRA.Y OF DEQ:EES OF FREEDCI1 
C COORD "ARR"'Y 01' COORDINATES 
C COSINE· ARRAY OP DIRECTICJt,l COSINES OF NODES 
C CaNST a ARRAY OP CONSTRAIm' 'fR.Al.ISPOJU1,l,TIONS 
C DlSPL a GLOBAL DISPUCEK!N'I' MA.TRI:M 
C Z • RD.L GLCIL\L STORTAG VECTOR 
C NZ a INTEGER GLDBJ,L S"J'CI(TAG VEI:TOIl. 
C IZl'Q'l" • LOCATION OF l'lATEJUAL D"'TA IN Gl..CIBAl. STORAGE VECTOR 
C NA.M:E • ELE..rem' N>JoIE 
C IEUoIO • ELEKZN'l' NUKEER 
C RINPtn' • IflFll'i' O ... TA 
C STIFF .. QlJTPUT ELEM!}lr S1'IFF'NESS (UFFER TRIAt.lGULAR pORl1) 
C U'! a OOTP{1J' LOCAL TO GLOBAl. STIFPNESS KAPPIt-lG MATRn 
C' ELfMEN'! VUIABUS 
C H, C, AI ,AJ,C, 111 ,BJ, S22, 526, S212, S3), Sl5, 6311,0 
C INDIVIDUAJ.. TERJoI6 HI THE El..£lolDM' STIFnlESS (S) HATF:IX 
C P)(G • INPUT LQ.I,I) pes. pOIU"IING GECME'T'ruC 5''TIPi''NESS ""'TRIX. 

£LEI0290 
- - - - - - -EI..EI0300 

EL£lOllO 
- _. - 'ELEI0l20 

ELEI0')30 
EI.EI0340 
ELEI0ls0 
£LE10360 
ELE10)10 
E1..EI0lBO 
ELEI03510 
£LE10400 
ELEI0410 
£LEI0420 
£LEI0430 
ELEI04ilO 
Et.El04:'0 
Et.EI0460 
ELEI0470 
ELEl0480 
ELEI0490 
£L£10500 
ELEI0510 
ELEI0520 
ELE10530 
£LE10540 
ELEI0550 
ELE10560 
EL£1051o 
ELEI05BO 
ELEI0590 
ELEI0600 
£LEI061O 
£LEI0620 
£L£1063C 

35 

CR· INCRIHENTAL DISPt..\C:E)o[ENTS 
C RT a TOTAL DISPLACEMENTS 
C f • JNCRIHENTAL FORCES 
C P'T ~ TOTAL FORCES 
CU'!· LOC:AL TO GLOBAL ~IfPNE9S KAPPING MATRIX 
C C"'TS • LOCAL TO GLCElA.L ROTATION MATRIX STUT 
C C"'TE • LOC:AL TO GLa!AL ROTATION MATRIX Et.1D 
C BS • LOCAL TO GLasAL ROTATED ECCDrrRICITY/Cot-lS'11tAINT 
C BE • UlCAL TO GLClBAL ROTATED ECCEN"I'RICITY/CONSTRAIN"T 
C STIFF ELEKEN'I' STIFFNESS 
C IELTYP • £'LEI'iEJ'lT TYPE· 10 
C t-lCllEI • EXTERNAL JOINT NtJiBER, ~ 1 
C Na:lEJ "EXTEIlR'L JOIm' NtJiBER, END J 
C JOIt-lTI " INTEJlNAL JOINT 1'mHB~, END I 
C JOJNTJ a INTERNAL JOINT Nt.MB~, END J 
C- _ .. TEMPlIOAJH' V,uIABUS 
C V)( .. VECT~ DEpINING THE BUMEm' )( AXIS 
C VY • VECTClF! DEFIt-lING THE EI..EMENT Y AXIS 
C COSLIX • LCCAL COSIt-lE MA.T'RIX 
C ,I, • GL.OBAL TO LOCAL FORCE TII..t.t.lSPQUoIATION MAnn 

ELEI0640 
ELEI0650 
ELEI0660 
£L£10670 
EL£106BO 
£L£10690 
EL£10100 

MATRIX S1'AR.TELEI0710 
MATRIX END EL.EI0720 

ELE101l0 
ELEI01aO 
ELEI07:'0 
EL[10760 
E1.[10110 
E1.[101 BO 
ELEl0190 
ELE10~ 00 
ELEI0BI0 
£L[lOB20 

C 5 • ELEHEm S'TIFPNES8 AT LOCAL CCORD, "T ENDS OF FLEXAEL.E PART 
ELEI0~30 

£L£10840 
EI..EIOB50 C SAT PRODUCT OF S· ... • 

C ASAT .' PRODUCf OF' ..... SAT 
C 
C 
C 
c· CHOOSE OPTIClt.1 

IP (lOfT.LT.l .ClR.IOPT.GT.14f THEN' 
WRITE(10B,·) 'INVALID OPTION IN ELE-14, IePTa',IOn 
STOP 

c 

ENDIP 

GO TO (100, :a00,300,400,500,1500,700,&00,5100,1000, 
" 1100,1:a00,1300,1400) 

C- .•. nnERP£u ... TE INPUT DAT'" 
IELTypa 14 

c 

MA.TS~1)· RINPln'(' 1) 
I'!A1'S(:iI)· RINf1.JT( 2) 
M).1S(Jf· RINPln' ( 3) 
NOOEI • RINPtrT ~ 4 f 
NCl)E •• RINPln'( 5) 
NOP£J a RINPUT ( 6 f 
NODE4 • RINFl1T' ( 7) 
Al2IN· RINFt1T( sf 
P](G • RINPt1T( gf 

rOPT 

c, .. - - GET INTDmL ~DE /I ASSOCIATED WITH EXTERNAt. NODE .. ' 5' 
JX (1) aIQUIC]( ~NOOE1, 10, Nr.Ia:lE) 

c 
c· . 

JX (2)· IQUIC]( (NODE:a, ID, NNCIOE) 
JX(3) ·IQtJICX(:PalE3,ID,NNOOE) 
J]( (4 f .. IQUIC]( (NCIOE4 rID, NN'CI)E) 

C Gf."T GLOBAL TO LOCAL TRANSPORKAT IQr.l MA.'I'1HX 
c· 

DO 15 1·1,J 
C· _ ... DEFINE VE~CR )(, AT BOTT01 01' THE WAll. 

c 
c· 

c 

VXB (If ·~D~J]( (4), J) 'COCIlD (JK( 3),]) 

DEpINE VZC'TClI! X, AT TOP OP THE WALL 
VXT I If "CoaRD (J]( (1), I) -COORD~JX~:i), I) 

C· .. _. c.u.cULl TE Y VECTaI. 

" c 
c 

c 
c· 

c 
c· 

c 

vy (Il a (CCXJRD(J]( ~1), I) .Cc:am (JX(:i), I) -COClRDIJX~l), I) . 
.. CCQ.D(JXUf, I) f/2 

c:a<TINt1E 

o..LCULATE ... VERAGE l,.£NG'jH,ALPKA AND BET'" 
I...DIGTH·S~T(VY (1) "2+yY (2f'" 2·VY (J) .. ~) 
SE(]SES(l) ·"/"I)·LENGTH 
IF (LENGTH.LE.O) THEN 

WRIT£(lOB,lOl) IElRO,I..nfGTH 
pORHATIlJ(,20(''''f,'ER', 'Rai. L.Et.1G"'I'H]S LE 0',1 

5J(, 'IELNO·', 15 ,5)(, SX, 'LENGTH' ,lP,G15 .61 
5)(, 'REVISE ]NPtn'. ' 

LENGTH·l.0 
END I > 

Al...PH ... ·ALPIt-l·l..DIGTH 
BETA • LZNGTH ·ALPKA 

NORMALJ ZE Y VECTOR 
vy (1) aV'J' ~ 1) /LEttGTH 
VY (2 l aVY (2 f ILENGTH 
V'(!JfaVY~3)/LEt.1GTH 

CALCULATE THE WIDTH 
CAl.J., VOOSSIVZT,VXT,VY) 
CAI.J... VatOSS(VZB,VXB,VY) 
Wi· SQjITIV'ZT(1) ·'2 • VZT(:af ··2 • VZT(lj ··2) 
IJrIB a ~T~VZB~1)·~2 • VZB(2f .... 2 • V2.B(l)"-2) 
\II a IW'T~WB) /2.0 

C - _. ~HA.LIZE Z VECTOR 

c 
c· 

VZBllf aV2.El(lf/W 
VZB(2)aVZB(2f/W 
VZB(3)aVZB(3)/W 
SE (I SES ~ 1) _1 B) aJr/ 

CHECK PClF! TiIII&"'!' 
'lWISTaACOS(VCOS(VZT,V2.EI) )'1"51.2958 
IP (Al!S~TWIST) .OT 5.0) WRITB008,102f TWIST 

.. 'Il 

102 FQR.O!,\'T'~5)(,10('·'),' WARNING THE WALl.. IS 'rWISTED·',lP,G12.4, 

c 

.. ' D£GR£ES, REVISE INPUT AND RERUN' l 

CA1.CUl..ATE V)(, A.ND t-lClllJoiALIZt 
CJ..ll, VCROSS (V)(, VY, VZB) 
IOC·SQRT IV)( (l).' 2'V)( (2)·· 2+v)( (3 f ~ ·2) 
VX(l)·VX 11) /Ii}( 
VX(2)·'IX (2) Iii}( 
V)(J)aVX(3) Iii}( 

C' GET l.OCAL TO OLClBAl. Ti..Al'ISPORKATION KA'I1UCIE S 
C'" JOHn I/l" ~4 

c 

00 3S L"1,4 
CAl...L 1I0T)(yZ (VX, VY ,COSINE (1, 1,JTCOS (JX(Lf), CT, 

00 21 1·1,3 
DO 21 J a l,3 

O,O.,O,BS, CONST(J)(IL),l),MAXNODf 

MIL,I ,J)·CT(I,J) 
21 MIL, I'J,Jl aBS(I,J) 
35 ca»TIm1E 

C-' ZERO M"-TRICIES 
DO 015 1·1,3 

FKAJ( 11 ) ~ 0 
FKA.X I I·l)· 0 
P (If·O 
FTOf ·0 
R (Il·O 
RTIl f·O 
v (1)"0 

25 VT(Il·O 
00 2") 1·1,24 

t.zol II)aO 
~G(!)aO 

DO 26 J·l,3 
26 IdI,JlaO 

DO 21 )(·1,6 
<l1 "TO ,X) ·0.00 

ELE10B60 
- - _. -ELEI0B7D 

£t..EIOBBO 
£L£10890 
ELE10900 
ELE10910 
ELEI0920 
ELEI09l0 
E1.E10940 
£LEI0950 
ELE10960 
£L£1-0910 
ELE10980 
EI..El09510 
ELEII00D 
ELEllOI0 
E[..£1l020 
E["E11030 
ELE11040 
EL£11050 
BLE11060 
ELE11070 
ELE11080 
ELEI1090 
EL[11100 
ELElllI0 
£LElll:aO 
£LE11130 
ELEI11GO 
£L£I1150 
£L£1.1160 
ELEl1170 
ELBllleo 
ELEU190 
ELE11200 
ELE1l210 
ELE11220 
ELE112l0 
ELE11240 
£LE11250 
£L£11260 
EL£11270 
ELE112 BO 
ELE1I290 
ELE11l00 
ELEllJlO 
ELE1l3.0 
ELEl1330 
ELEll3clO 
£LElll50 
£LE11l60 
BLEl1l70 
ELEl11 BO 
ELElllS10 
ELE11400 
ELE11410 
ELEl1420 
£LE11130 
ELEllG40 
ELEI1G50 
£LEl1460 
ELE1l470 
ELE1l4iO 
ELE1l490 
ELE1l500 
EL£1l510 
ELEl1520 
ELE1l530 
£LEl1540 
ELE11550 
£LE11560 
ELE11570 
ELE1l5BO 
£L£11590 
ELEl1600 
£LEl161o 
ELEll620 
ELE1l6JO 
£LE116GO 
EL211650 
£LE11660 
£LE11670 
ELEl1680 
EL£11690 
ELE11700 
ELE11110 
ELE11120 
EL[11130 
£LE1114 0 
ELE11150 
BLE11160 
£L211110 
ELE1l1BO 
ELEll790 
ELEll~OO 

ELEllB10 
ELEllB20 
ELEl1B30 
£'1.E11840 
ELEl1B50 
ELE11860 
E1.E1181 0 
ELE11B80 
ELE11890 
ELE1l900 
£LE11910 
ELE1l9:i10 
EL21151JO 
ELEllSl4D 
ELE115150 
ELE1l960 
EL.£11910 
ELE1l9BO 
EL£11990 
ELE12000 
ELE12010 
£'L£12020 
E1.E12030 
ELE120GC 
ELE12050 
ELE12C60 
ELE12070 

c- - ASSEMBLE 'I'l/.ANSFClRMATICIN tuTRIX A • AS X A4 )( ~ EL.El il080 
C NOT£ AT IS DII'\MENSICNED "'S A HX6 I1AT1UX, BUT ONLY THE F'IRS":' IE:...DOF ELE120Sl>O 



" c 

R~'S CONTAIN INYC1lHATION. THE B"LANCE OF THE. ~TllIl< IS 
l1ND!FINED THE GJ....tmA1.. DOF CDCltESPClNDING TO THE RCW'S OP A 
ARE STCRED IN V'ECTOJl U1 "GAIN, CNLV THE FI1I'ST IEWOF ROW'S 
OF L.M ME DEFINED. 

IEl.JX)'-O 
00 50 1~l,4 

DO 50 J·l,5 

R£HOIfE DOF' S THAT .ARE CONSTR.AINED TO THE SAKE OOP. 
IF ( (IDoP(JKO),J).EQ.IDO?(JX(4),J) OR 

(IDOF(JX(l) ,J) .EQ.IDOF(JJC:() ,J») OR 
(IDOP(JX(2) ,J) .EQ.IDOF(JJ(U) ,J») .OR. 
(IDOP(JX(2) ,J) .EQ.IDOF(JJ(3),J) ) GO TO 50 

1.0-1'1 
IF (I .EQ 4] 1.0-1- 2 
IELDOF·IELDOP'1 
LMTI~ lDOF (JK( 1) ,J) 
"T(IElDOF,LO) ~AA(I,J, 2) 
IF (1 ,EQ, I.CR ,I ,EO.4) AT(IELDOP,1.0·1)·.ufI,J,I) 

LJoI(IEWOP) ·U1TI 
IP! (A'I(lE[J)OF,ll .EQ.O) .AND. (A1(IELOOF ,2) .EO.O) .AND 

(AT{lELDOP,3) .EO.O) . .AND. (AT(IELDOF,d) .EQ.O) .AND. 
(AT{IELDOP,5) ,EQ.O) .~. (AT(IELDOF,6) .EQ 0)) THEN 
IELDOF·IELDOP·l 

ELSE IF (1ELDOF.GT.1) THEN 
DO n II·l,IELDOP-l 

IF (lJoI(II) .NE,U1(IEt.DOP)) OOTO 49 
DO 49 JJ-l,6 

AT (II, JJ) ·AT (II, JJ) +AT (IEUlOF, JJ) 
AT(IELDOF,JJ) -0 
IELDOF~IEL.DOF·1 

GO 1'0 50 
CONTINOE 

ENDIP 

CCNl'INUE 

E1.El.iI100 
ELE12110 
ELEu120 
21.212130 
EL212140 
El..EU150 
£l.E12160 
El..El:n "l0 
E1..El2180 
£l..El2190 
ELE12200 
2LEU210 
£LEl2Z20 
EL£12230 
EI..E13240 
EL£I2250 
£LE12260 
£LE12270 
ELE122BO 
£1..£12290 
ELE12JOO 
£l.E12310 
EL£123:10 
EI..E123JO 
El.El:lHO 
ELE12350 
El.E12360 
E1..£123"l0 
EL.E12390 
E1.E12HO 
EL£l:1400 
ELEIHIO 
E1..Ell420 
£1..£124)0 
ELEHUO 
£1..E12450 
£LEH460 
El.Eliil470 
ELEliilUO 

C - - .. A2U F~ STIFFNESS aNl.Y. E1..E12UO 
£1..E12500 
ELE!12510 
ELE12520 
EU12530 

52 

" c 

55 

00 52 1·1,6 
DO 52 J·l,3 
ACD ,J)·o 
AC(l,l)· 1. 
AC(2,l)- AI..PHJ./W 
ACD,I)· ·ALPHJ./W 
AC(4,1)· -BETA /'14 
AC(S,l)· .l. 
"C{G,l) ~ BETA /W 
"C (~, 2) ~ 1 
"C(IS,2)· -I 
AC(),3)· 1 

DO 55 1·1, IELDOP 
DO 55 J·1,3 

"(I,JI ·0. 
DO 55 1("1,6 

A(I, J) ·A(I ,J) .AT II, K)"I'.C (X,J) 

ELEl:iI540 
ELEll550 
EL.!12560 
!L.E12570 
EU125BO 
EJ..£125510 
ELE12600 
EL!IUIO 
EL!12620 
El...E12630 
El...El:il6f.0 
EL!liil650 
EI..!12660 
£LEH6"l0 
ELE1;a6i0 

GET SPRI~ S"'!'IFFN:E:SS ELE12690 
FALSE~ PALSE EL!li700 
I..S'n"YP~O ELE,li?lO 

DO 59 1.1,l ELE1.i172 0 
CAll. I1ATLIB (2 ,lSJIYF,F).LSE,ES£5 !I) ,PSES(I),DIJCT(l,I) ,EXOI.(l,I), EL£I2.710 . 

",",,1NUl! 

FT ,F ,RT, R, 0 , ,0 . ,LELEH, LMAT ,MATS (I) ,!1.\TTYP, ELE12740 
SE USES(l) ), IEUiO, DAMAGE) ELZ12750 

E.Ll:l:iI760 

C TO CHECK JOCl.,CYCLE,COl,C02,CQ5 
C 

ELElZ770 
ELE12780 
£LE12790 

c 

ESE·O 
PS£·o. 

SET UP THE LOCAL S'I'IFPNESS M.Io.TRIX 
SS • SE(lSES (l)) 
SAl· SE(ISES (2» 
,sA2· SE(ISES (3» 

C···· - CJ.LCUl.,\TE SAT 
SAU·SAI/ (UNGTH" 2) 
SAL2~SJ.2/(l.E~H·2) 
SSL-SS 
DO 60 J"l,IELDOF 

SAT(l, J) "SS1."A ~J,l) 
5AT(2,J) ~Slt.Ll-"(J,2) 
5AT(3,J) .6.\L2""(J, 3) 

CALct1U.TE "SAT AND CONVERT TO HALF STORI'.GE MCIOE BV COL~S 

£L£12900 
£1..EI2910 
£LE129Z0 
ELE12830 
EL212840 
E1.EU850 
£LE12860 
ELI!13870 
EL!12BBO 
EL!HBSlO 
£LEI25100 
EL£125110 
E.LE12510l0 
£LE1251l0 
ELE125140 
ELE125150 
ELE129tiO 
ELE129"l0 
ELE12980 

c 
c
c 
c 
c 
c 

1 1 • 
, 5 . 10 15 21 28 36 45 55 66 "l B 

9 H 20 27 JS U 5d 65 "l7 
• 13 19 26 34 43 53 64.,6 
1 1 ~ 1 H 25 33 II. 2 52 ti3 15 

~E:FI INDICJ.TES £LE12990 
LCCJ.TICIN OF OAT" £LElJOOO 
IN AQ.},y STIFP ELElJOI0 

c 
c-

?O 

L-O 

11 17 24 32 d 1 51 6~ 14 
162331405061 "3 

22 30 39 451 60 72 
29 38 48 59 71 

3"l d7 58 70 
465769 

5668 
.? 

DO 70 J·l,IELDOF 
DO 70 I·J, 1,·1 
L·l..·l 
S'I'IFPIL) ·0 
DO 70 )(-1,3 

STIFF ~1.) ·STIPF (1..) .,,( I, K) 'SAT (J(,J) 

C ASSEMBLE GE~RIC STIPFNP.SS KATRIX POll. II mlIT LOAD. 

LXG·L·l 
IF ( PKG EO.O . .\.ND, KGDATA(l) N"E.~ ) 00 TO 190 
IP (J(GIlAT"(I) ,EQ.D .CR. KGD"TA~~) EO 0 ) 00 1'0 190 
UIAL· ,TRlJE 

DETE!U'!INE THE Al'IIAL LDI'.D jO BE USED POR KG. 
IF (lI:GD"T.\(l) EO.l) THEN 

PGEOM - Pl(G 
EL.SE IF !KGDATA(l).EQ.21 THEN 

FCEOI'I ~ .F(O!) 

ENDIP 

£1.E1300l0 
ELE13030 
£L2130'0 
ELE13050 
E1..E13060 
ELE13070 
E1..EI3 0 80 
EUlJ090 
21.£13100 
ELE13110 
£1.£lJ120 
E1.E13130 
ELElJ140 
ELEU150 
EI...Ell160 
ELEU170 
E1.£13110 
£LE13190 
£LE13200 
E1..E13:i110 
21..Ell220 
E1..ElJ230 
ELEIH40 
E1..E13250 
ELE13260 
E1.E13270 
E1.E13290 
E1.E1J290 
E1.ElJ300 
E1.213310 
E1..£13320 
ELE133)0 
E1.E13HO 
El..ElJ350 

C ELEllJ60 
c·· "55EKBLE '!'R~5PaRMAjlON ~TRIJ< A E1..E13370 

NOTE AT IS DIKMENSIClN:ED AS A 12X6 M.\TRU, Bm CNI...'r THE PIRST IELOOF £LElllBO 
il.~'S CONT.\IN INPORM.a..TIaN, THE B.A.LANCE OF THE MATRIX IS E1..E13390 
UNDEFINED TIoiE GLClU.L OOF COORESPClNtlIHG TO THE ROIoI"S OF " £1.E1JGOO 
ARE STORED IN V'ECTCR L.M AG.lt.IN, ONLV THE FIRST IEI.J:lOP ROW'S ELE13410 
OF l.l'l ME DEPlNED. E1.ElJ4.20 

DO 140 1-1, 2d ELE13430 
DO 140 X-l,ti EL213UO 

"j(1,)O-O 00 E1.El311.50 
XGPOF·O ELEll460 
DO 1(15 1·1,4 ELEl347D 
00 145 J-l,6 ELEllUO 

1.'~OP • XGOOF -1 
1...0-1·1 
IF (J .EQ.4) Lo-l·~ 

!E:UXlp·n:1.OOF·1 
1..X!'"-IOOP IJKI 11 ,Ji 
"TIIE:..!>OP ,1.0) -.loA! I,J,21 

ELElJ490 
ELE13500 
ELE1l510 
E1..Ell5.i10 
EL£lJ530 
E1.'E.:..3540 
E1.ElJ550 

36 

c 

149 

IP (I,EQ.l.CIl.I.EQ.4) U(IEU>OF,LO 11·.u(I,J,1) 

LKXG (KGDOF) ·urn 
IF((U(KGDOF,ll EQ.0).AND.("T(KGDOP,2) EQ.C) AND. 

(AT!XGDOP,3) .EO.O) AND. (AT~KGDOP,4) .EQ O).AND 
(AT IJ(GOOP, 5) .EO.O) . .uID. ("T (J::GDOP ,6) . EO .0)) THEN 
J(GDOp· J::GDOp·l 

ELSE IF (J::GDOP. G'I' ,1) THEN 
DO 149 U·l,kGDOF-l 

IP (l.J1XG(II) .EO.U"!XG(XGDOP)) THEN 
DO 10:18 JJ·l,1S 

AT (11, JJ) ·AT (II, JJ) +AT (KGDOF ,JJ) 
ATlJ(GDOP,JJ)·o 

J(GDOP ~ XGDOF· 1 
00 1'0 145 

!!NOIF 
COl'n'INl1E 

END1F 

CCN"TINUE 

LOCAL GECMETlUC STIFFNESS JoiATlIIX 
DO 150 12·1,12 
00 150 J]·l,l:il 

ISO S (D,JI) ~O. 0 

,.0 

8(1,1)· 1.0/LENG'TH 
S(Ol,2)· 0,5/U':NG'I'H 
S(:I,J)" 0.5/LENGnI 
S{4,G)· 0.5/LENcrrH 
S(5,5)~ 1.0/LENcrrH 
S{6,1S)· 0 S/LENG'I'H 
SII,5)~ ·1 o/LENGTH 
6(2,6)- ·0.5/LZNGTH 
5(3,4)· ·0.5/LENGTH 
S(5,1)~ ·1.0/LENGTH 
S(6, 2)· ·0.5/LZNGTH 
S(4,3)· ·0.5/U'!NGTH 

CAl"Ct.n.ATE SAT 
DO 160 ]·1,6 

DO 160 J·l,J::GDOP 
6-'T2 (I,J)·O 
DO 160 k·l,6 

SAn (] ,JI·SAT2 (I ,J) +8 (I, J() -AT(J, J() 

ELE13560 
E1.£13570 
E1.E135 ~O 
ELE.13590 
ELE13600 
ELEIJ610 
EL£13620 
£LElJ630 
ELElJ640 
E1..E13650 
ELE13660 
E1.ElJ610 
ELE13680 
E1.£13690 
ELE13100 
E1.EU"l10 
ELEl)"l20 
ELElJ"l30 
ELE1374 0 
ELElJ7S0 
£LE13760 
ELE13170 
ELE13790 
ELE13790 
ELE13800 
ELE13810 
£1.El3B.:oC 
ELEIJB30 
ELEIJB40 
ELE13B5C 
ELEll860 
ELE13870 
E1..EllB90 
E1.El38510 
ELE13900 
ELElJ910 
ELEl35120 
2Ul3930 
2L£13940 
E1.E13950 
EL£13960 
EI...E1l5l70 
ELE135180 
EL£1399 0 
ELE14000 

C - - - - - CALC'tJl,.I\T! ASAT AND CONVERT TO HALF' S"l'ORAGE !1CDE BY COLtJo(fIS ELE14010 
E1.E1404la 
21.E14030 
ELE14040 
EL£U050 
ELE14060 
ELE14010 
E1.£14080 
ELE14090 
E1.El4100 
EL214110 
ELEUUO 

170 

DO 170 J·l,J(GDOP 
DO 170 r·J,l,·J 
l..·L-l 
STIFP(L)·O 
00 1"l0 X·l,6 

S'i'IFF (1.) ·STIFF (L) 'AT (I, X)" SAT:I (X, J) 

RELEASE UNUSED S'TORAG£ 
190 Un·600-L 

PRINT COLtMol DATA 
IF [PIRST) WRITE(10B,l92) 8E(ISE5(1) +4"l) 

191 WRITE(10B,1513j NAHE,IEl..,NO, (MATS(I) ,1·1,3), (ID(JJ((I) ,1·1,d), 
EL£I4130 
ELEI4140 
ELEU150 "- LENGTH, W, ALPIN, PKG 

192 FCIR!'I.A'T(/' ELn4EN"T 14, I/C SHEM \IIAlJ., Eu:MEN'r( " 
·SHE.AR SPAN LENGTH RATIO· ',GI2.4, ') '11117, 
, E~',' SHFAIt',' }.)(IAL1',' JJ(l~',' JOINT',' 
, JOINT',' JOIN"l",' LENGTH ',' WIDTH 

A.l.JIHJ. 'f PKG '/,T17, 
II',' H.ATL',' MTL',' Hl'.TL',' '1',' 

113',' "1I.'f) 

ELEH160 
ELEIU"lO 
£1.E1II.180 

JOINT', ELE1'190 
ELE14:l00 
£1.E14210 
E1..E14220 
ELE14230 
EUUOldO 

193 PauuT(lX,AIB,91IS,2",lP,'G12,4) ELE14250 
IOPT.IOFT E1..£14260 
RETURN. ELEU270 

C ......................... - DE'TElU'lINE G£eta:TRIC STIFP ··············~····ELE142BO 
.:000 CONTINUE E1.£14390 

C· J(G IS DE'TERHINED FOR " UNlT L.aA.D WI TH I on·l, ELEU300 
C- THE AC'TlJ.\L LOAD (FGECIoI) IS DETERl'IINED HERE ELEUJlO 
C· KG IS I'IUL'fIP1.IED BY PGECJoI WHEN THE TOTI'.L STIFFNESS IS ASSD[BL.!D ELE14JZO 
C' NEGA"l'I'IE PGECI'I IS CCMPRES5Ict.J.... ELE143JO 
C £1.E14JGO 

C· _. 

c 

AXIAL·. TRU'!. 
.. - - DBTEllHlNE THE AXU,1. !.DAD TO BE USED POR KG 

IP (J:GDAU(I) .EQ.l) THEN 
PGEOI"I - PXG 

ELSE IP (J(GDATA(.l) .EQ.Ol) THEN 
PG£Ol'I ~ -P (2) 

END IF 

RETURN 

ELEU350 
IlLE14160 
E1.:E143"/O 
E1.E14390 
ELE14390 
EL£14400 
E1.El4410 
ELE1440l0 
E1.E14430 
ELEl4440 

C.····.- ... ···~ •• ··-·--~·~· DETERMINE STIFFNESS .~ .... - •• ~ ................ ·E1.E144 50 

c 
c-

300 CatnINUE 
5S·SS 
SAl·S"l 
SA.2·SA2 

160 

SS,SAl,SAOl CCIN1AIN THE S'TIFPNESSES, WHlCH WERE DE'TE:RMINE%l IN 
THE LAST CALL TO HA T LIB 
IF SS·SE(ISES) AND SA.l·SE(lSEAl) .\ND SA2·SE(ISEA2) 
THEN THE S'TIFFNESS HAS N01' CH.t.NGED, RE'TlIJIN 

IF (5S.EQ.SE(ISES[l) I ,,urn. SAL EQ SElISES (21) 
. AND .SA~ .EO.5EiI5ES(3))) RE"TURN 

SET UP THE LOO.L STrFFNESS MATRn 
SS • SE{lSES (1) I 
SAl" SEl ISES lOll) 
SIo2· SF(ISES (3)) 
SAl.l· SE (JSES(Ol») / (LENGTH-2) 
SAL2- SE(lSES(3)1/(LENGTH-21 
SSL - SE (ISES(I» 

c.u..ctn..ATE S,.,," 
DO 360 J·l,IEU>oP 

SATi1, J) ·SSL~A (J, 1) 
SAT(2, J) ·S.\Ll"A(J, 2) 
s.ATO,J) ~S.u.2-AIJ, J) 

c 
c- - CALCULATE AS"T, SToRe IN UPFER TIU.\NGut..A!- ""'TIUl( 

L-o 
DO 370 J ~1, IEU>OP 

DO 370 I·J ,1,·1 
L·I...'1 
STIPP(L)·O 
DO 3"l0 1(·1,3 

STIPF (1.) ~S'TIFP (1..) ." (I, X)" SAT (K,J) 

ELEIU60 
ELEIU"lO 
£LE14480 
ELE1U5I0 
ELEU,500 
Et.ElII.510 
ELE14520 
E1.£14530 
ELE145;.0 
E1.E145S0 
£1.E14550 
ELE14570 
E1.E14580 
E1..E14590 
ELE14600 
E1.E14610 
E1.E14620 
ELE146JO 
E1..EH6~0 
£LE1;.6.50 
ELEUEo60 
ELEU6')0 
ELEU690 
21.£14690 
ELE14100 
EL..E14710 
EL..EIG')20 
ELE147:10 
E1.E14740 
E1.E14750 
£LE14760 
E1.E14"l70 
ELEU"l90 
E1.E14190 
ELEIGBOO 
E1..EHBI0 

RETURN E1..El(lB20 
C-~~·· •• ~.~.~.-.~~.· •• -.-· DE'TEJU1INE INCRlMENTAl. FORCES ·~·~·-···-·-····ELEldB30 

c 
c-

c 
c-

400 CON'l"INtJE £1.£10:1840 
IF (PRIN'!' AND.FIRST) WRJT!(10B,49l) STEPID E1.E14850 

SET UP THE COMPONENT S'TIFPNE'SSES 
S5 ~ SEi ISESO) 1 
S"l· SEt ISES (~)) 
5112· SEI ISES (3)) 

LOOP Pall E"CH LOI\Il 
DO 430 t..QAD-l,NLOAD 

..... ':'RANSFaRM V1l»I:E D! SFt. INTO LOCAL DISP1. 
DO 410 1·1,3 

SO) ~O 
V( II ~o 
DO UO J·l, IEl..OOF 

J(.I.M(J) 
R (I) ~R l I)·" (J, 11 ".DISPL(JC, LOAD) 

ELEU860 
E1.El4B70 
E1.El0:l880 
ELE14B9D 
ELE145100 
E1.EU910 
E1.E14920 
ELEH930 
E1..E14940 
E1.E14950 
ELE14960 
E1.E145170 
ELEl45190 
ELE14990 
£1..E15000 
ELE15010 



c 
C' - _ .. INOIMENTA1. FORCES 

F (2~ ·SAI-R (~~ / (1.ENGTH"Z) 
F (3 ~ ·SA2'1"R (l ~ I (LtNG'1'H"Z) 
FtU·SS-RtU 

ELE1SOZO 
El..EH030 
El.ElS0GO 
El.ElS0S0 
El.ElS060 

C El.ElSO?O 
C- .. CHEC)( STIFFNESS AND CAt.Ct11-\TE UNBAL..ANCED FORCES ELE1SOIO 
C THIS IS PREFI3I.'I'{EII OHLY FOR lNELAS'TIC ANAl.:~SIS EI..E15090 

P(1) .P"T D)+P(l) El.E15100 
p (2) ·Pi (2.)+F (2) El.ElSllO 
P(3) ·"(3)+F(3) El..ElSl~O 
IP l,NOT ELS'TICl THEN El.ElS130 

.. TRANSFER P!RJ1.ANEN'"I" HYSTERESIS DA"rA TO TEMPROA.Jl'!' STClR..AGE. ELEH140 
ISE2.ISE/2 El.ElS1S0 
00 US I-l,ISE2 El.EHI60 

SE(ldSE2).SEU) ELElSl?O 
SET INITIAl.. 00.. USED aN INITI-'l.. OISP. INCtEHENT(DSINC) ELi!IS18C 
IF INI'!'UJ.. DISFL. rNCREMEm' IS POSITIVE, POSTPG· TRUE ELElS190 

IJ"(SE(ISE2+44) .EQ.O) THEN ELElS200 
IP(SE(ISE2..4) .G"I'.O) THEN ELElS;UO 

SE(ISE:!;')).1 ELEIS;no 
SE(lSEiloU).l ELEISil30 

END IF ELElS:IIGO 
IF(SEIISE2-4) .1.1.0) THE:tJ ELEIS250 

SElISE:!:'3).) ELEIS:II60 
SE(ISEil'U).l ELElSa70 
SE(ISEZ'37).O EL.!!lS280 

END IF E1.ElSaO 
END IF ELElSlOO 

_. SHEIJI ...• EL.I!IS310 
-- SE"!' UP TEKPORARY - TOTAL ~s, DISPL.'S AND VEI..D: EL.E1Sl20 

DO G2S 1-1,3 ELE1S3l0 
IF (I.EQ.l) THEN ELElSl40 
PL.·" (1) ELElSlSO 
DL.R1(l) ELElSl60 
D • (RT(I) +RO)) El..ElSl?O 

ELSE ELEl Sl BO 
PL.YT(I)*Z ELElS3g0 
P(I).FU)"il EI..ElS400 
D ·(RT(I)+R(Il)/L.ENGTH ELEISUO 
DL.·RT(I) /I...ENGTH ELElS4Z0 

DroIF ELElS4l0 
VC.Yr[I)+Y(I) EI.ElSUO 
VL.VTII) EI.ElS4S0 

OJ..L HYST MODEl. TO GE'T NEllI STIFFNESS AND THE 'rOTAL FORCE P .u DIS'PELElS&60 
ELElS470 

CAL.L. MATLIB (l, LBTTYP, P).L8E, ESE9 (I) ,PSlS (I) ,DUCT (1, I) ,EXCR. (1, I), ELE15UO 
P(I) ,PL,D,DL,YC,VL,ULEM, i..tU.1 ,HATS (lJ ,MATI'YP, EL'ElS4g0 
SE(ISEZ'ISES(I) )',IEl...NO,D»iA.GE) ELElS':'CO 

IF (sE(ISE~"ISESO) ).NE.S'E(IS'ES(I) I ~ NEIfI:· .T1HJE ELE15S10 
IF (I.NE.l~ P(IJ"P(H/2. ELE1SS20 

425 CONTINUE ELElSS30 

'" 

c 

DmlP ELElS5&O 

IP (ELSTIC) THEN 
EsE·O. 
00 426 1·1,3 

ESES(I)·O .50· (f"T(I)"P (H)· (RT (I) +R (I)) 
ESE·ESE"ESES (I) 

canlNUE 
PSE·O.O 

ELSE 
PSE·PSES (1) "PS'ES (2) "PSES ()) 
ESE·ESES (1) .ESES (2) "ESES () ~ 

"",,IF 

EL21S5S0 

C- ..•. SAVE KAXIHtJ1 I.a1.[)s 
IF tN1..C.Ul.G1,l) THEN 

00 .H19 I-l,l 

El.E15S60 
ELEISS70 
ELEISSBO 
ELE1S590 
ELE1S600 
EL.E1S610 
ELEL562:0 
ELE15630 
EI.E15640 
ELE156S0 
ELElS660 
ELE156'70 
ELElS6BO 
E1.E1S690 
El.E1S'700 
EL.E1S'710 
ELE15'720 
ELE1S'730 
ELE1SH,0 
ELElS750 
ELE15?60 
EL.E1S7?0 c 

c· 

c 
c· 

c 

IF (ABS(PO)).G1 ~S(FI'IA.X(I)) 
PKAX(I ). P(I) 
PMAX(I"3)· R(I) 

END IF 
CON'TINU'E 

"",,IF 

PUNT DATA 

) THEN 

IF (PRINT) WRITEtlOI,39Z) IELNO,LOAD,(ID(JK(I)),1·1,4), 
" (P [I) ,R (1),1·1,3) 

392 P<::JRloU.T (IlO,IS,a,4I5,lP,6G15.6) 

- - o.u:t1U.TE THE tJNR),I..\NCED KEMBER FORCE ON A JOINT. 
IF (LQAD .EQ.ll THEN 

ENDIF 

UBS • - ( P(l) .f"T(1) ·Ptl) ) 
lIBAl· .( P(2)"FT(J)-PI2) ) 
UBU· -( p(3).nIJ)-p(3j ) 
DO 440 l-l,lELDOF 

K'I1-1(I) 
EPUB(I)· A(I,U"UBS .. A(I,Z'-LlBAl + A(I,l)"U1U.2 
PUBIK)· PUB(K) + l!J"lIB(I) 

P(l) ·P(l) ·n (l ~ 
P(2)·P(2)·P"r(2) 
F{J)·P(3)-P"'!'(l) 

G)O com-lNU'E 

EL.E15'7BO 
ELE1S190 
ELE151100 
ELE1SBlO 
ELE15Bao 
EL.E15810 
EL.ElSIGO 
EI..ElSBSO 
ELE1SI60 
EL.ElSII10 
ELE1SBElO 
ELElSBSlO 
ELElSSlOO 
EL.E1SSl10 

c- - - _. - THIS IS POR SOL05A ONLY 
IF( ICCl'iN ,EQ, 1 .OIL ICCHN 

00 431 I·l,J 
EQ. il ) THEN 

ELE1S9:110 
ELE1SSllO 
ELElSSI&O 
EI..ElSSlSO 
EI.E1SSl60 
ELE15S1?0 
ELE15S110 
ELEI551S10 
ELE16COO 
E1.E16010 
E1.E16020 
E1.E16030 

431 RSAF(I) ·P(I) 
ENDIF 

G91 FClIU1A1 (I' RIC SHEIJI WAl.J... PORCES. ',5X,A/ 
EI.EHENT LaAD',TI7,' IN'T'I',' JNT 2',' JNT')',' J'N'I"G', 

" ' SHEIJI ',' SHEAII DISP1.. • 
.. ' AXIlll ',' UIAl.. DISPl. 1', 
.. • AXIll2 ',' AXIAL CISPL. 2 '1) 

G92 FORMAT (IlO,IS,2X,4I5,lP,ISGI5 6) 

10PT·IOPT 
RF:71J1lN 

ELE16040 
E1.E16050 
ELE16060 
EL.B.16Cl70 
ELE160BO 
ELE160!il0 
E1.E16100 
ELE16110 
E1.:El6120 

C························· DE'TElUoIINE TOTAl.. POiICES, ENERGIES ECT ········E1.E16130 
ELE16UO 
E1.E16150 
ELE161150 
E1.EI617D' 
ELE161BO 
E1.E16190 
ElE16~00 
El.E16HO 
El.E16Z.0 
ELE16~30 

ELE162GO 
El.E16ZS0 
El.E16'260 
ELE162?O 
ELE16;ilSO 

c 
c· 

C 
C· 

SOD CONI'INlJE 
1Ft ICQo4}l ,NE. 1 AND. ICCI1N .NE. Z ) THEN 

IF (FRIN'r . .\NI).PIRS'T) WRITE(lOB,491) STEPIC 

TOTAL FORCES, DISPLACEMENTs AND VEl..OCITU~.S 
DO 510 1-1,J 
FTtl) • ntl) .. F(I) 
RT(I) • UtI) + RII) 
VT(Il • V'I'(I) + VII) 
IP ( ABS(F'I'(I)) ,G'T.ABS(FI'WIO) ) THEN 

PI'IAJ(I )·n(l) 
PI'IAJ(T·3)·RT(I) 

ENOIF 
510 CaNI'INlJE 

'10 

PRUrr' DATA 
IF (PRIm') WRITE(l0~,G92) IEUoIO,LOAD, (ID(JK(I»), 1-1,4), 

(F'l'( II ,RTtI) ,1'1, J) . 
<LS' 

. 
IF ( PRINT ,AND PIRST) IorlRITE(lOB,491) STEPID 

DO 51.3 l"I,J 
PT(I)·RSAP(I) 

IF IPRI?JT) WRITE(lOB,4512) IEUoIO,LQAI) , IIDIJX(l)), 1-1, 4), 
IPT(I) ,1-1,3) 

ENOH 
49?PORKAT (/' RIc SHEAR WAl..L FORCES. ',5)(,.10./ 

... ELEM!NT LOAD' ,Tl',' .rm·I',' JNT'Z',' JNT .3' , IN'T'~', 

SHE.U. ',' J.)(Illl " AXIAl.2 ') 

. TRANSFER TDa'aOARY HYSTERESIS DATA TO PERMANENT S"!'ClRAGE 
ISE2·ISE/Z 
IF (.NOT. ELSTIC) THEN 

DO 520 I-l,IS:l2-
520 SE(I)·SEU+ISE2j 

ElE16'290 
ELE16300 
ELE16310 
E1.E16320 
ELE16):!0 
ELE163GO 
ELE16350 
E1.E:l6360 
£1.:2163?0 
ELI163BC 
E1.E16JS10 
ELE16GOO 
E1.116G 10 
El..E16G20 
£LE16G30 
EL.EI6GGO 
E1.£16A50 
EL.£16G60 
ELE16470 

37 

ENDI? ELEllS4BO 
ELEl1S490 
ELE16S00 

C' ELEllS510 
C ................ • ••• • ••••• DE7ERMIN'E FIlED END FORCES, AND ADD 10 FClRCE·ELE1652,0 

600 Ri!'TUlQ: E.L.E16S30 
C El..EllS5GO 
C· .• PIXm END FOiICES ARE NOT AVAIUoEl.E FOR RIC SHEAR WALL ELEl1S550 
C ELE16560 
C ................. ••••• WRITE I'IEME!R PORCES TO OU'j'PtJr FILE •••••• .. ·······ELElIS5'0 

?OO CONTINUE ELE16SBO 
ELE165!>0 

. '. SHEJUl ENERGY, DOCTILIT'f ~ ExCURSI~ ELEllS600 
IF (EL.STIC) THEN £1.E16610 

00 'Q3 1-1,3 ELEli!j620 
?03 ESE5(I)·0,50'*1F'I'(I)+F(I))'(RT(I)ORII)) 2LE11S630 
C CHANGE FOR DAMAGE ELE lIS 6 II. 0 

ESE. ESES(l)/LENGTHoESESlZ~+ESES(l) ELEI6650 
PSE.O.O EL.EU566o 

ELSE EU16610 
DO 705 1·1,3 ELI!lI56BO 

CALL HATLIB(G,L.9'M'yP,PALSE,ESiS(I) ,PSES(I) ,DUCTO, I) ,EXCR (1,1), ELE16690 
FT, P ,ilT ,l, O. ,0. ,LELDt, llQT ,MATS (I) ,MA."r"rYP, E1..£167 00 
SE(ISES(I)) ,I!LNO,DAHAGE} ELEllS'?10 

?O, 
c. 

CONTINUE 
..... AXIAL ENERGY, DUC'TILITY ),NIl ElCUIiSICIN 11). 

C 
ESE·ESES (1) -ES'ES (:II) .EBEB (3) 
PSE·PSES (1) • PS'ES (;iil). PSES (3) 

"",,IF 

IF (PiiINT) WRITE (It1NI'l',1l0) (ID(JK(I)),I·I,4) 
WRITE (lllNIT,71l) (FT(I) ,RT(I) ,1-1,)) ,ESE,PSE 

110 FatJoIAT (US,lP,6EI0.J/UEIO.3~ ) 
?11 FaRMT (lP,IEIO 3) 

ELEllS?20 
E.l.E16710 
ELElfS 74 0 
ELE16750 
ELEllS'?60 
ELElfS170 
ELEl6'?BO 
ELE167510 
ELE16BOO 
ELElEiBI0 
ELEUB20 
ELE16BJO 
ELE16840 

RETURN EL.E16150 
C EL.E16B150 
C •• _ ..... • ••• ········- lEAD AND PRINT KEMBER FORCES PRot! OO'TPfJ'T FILE ····EL.E161'70 

100 CQIl'INUi! ELEI68B0 
BAC'ICSPACE(IUNIT) ELEl6B5I0 
RUD lrUNIT,' ) ITYPE, IEIB:l, IWRITE,"rO,DT ELEII55100 
i.EAI:l(IUNIT,7l0) NCDEl,NClDE2,NCI>E3,NODEG ELE165110 
ISTEF •. IWRITE ELE16920 

!IO llEA.D (IUNIT, BlS,END·130) (F(l),R(l),I·l,)),ESE,PSE 
IlS PaRKAT (iEIO.3) 

I STEP ·IS'TEP+IWRITE 
T·TO .. DT*IB't'EP 
IP (IS'TEP.~.O) WUTE(lOIl,BOS) NODEl,NCDE:II,NODEJ,NClDE4 
IF (I"!OOIISTEP,INC) .EQ.O) 
nIT!! (108,B20) ISTEP,T, (F(I) ,1(1) ,1·1,3) ,ESE,PSE 
GO TO lID 

B30 caftINUi 

ELE16930 
ELEI6Sl40 
ELE169S0 
ELE16960 
ELE169?0 
ELE16ge0 
ELE16990 
ELEl?OOO 
21.E17010 
ELE170~0 
E1.E170l0 
ELEI?040 

!05 ~T (/' RiC SHEIJI. WAI.L PORCES .. ',1 ELE17050 
, SX, 'NCDEI: ',16,5](, 'NCJ[)E2:', 16,5", 'NmEl:' ,16,5X, 'NODE4: ',16, /1 ELE11060 
'" STEP TIME ',' SHEAR ',' SHEAR DISPL ' E1.EI10?O 

~: AJt:1~X~~~L. ;::,AlrI~;EDISPL. 1',' p~I.u.2 ./; :~ii~~:~ 
BaO PClUU.T (I6,lP,Gl2..4,6G14.S,2Gll.4) ELEl'100 

RETURN E1.E17110 
c 
C ••••••• • ••• ••••••••• DETERl1INE THE LENGTH OF TIlE ~Tn.UJ •• DATA 

900 CCt1!'INUE 
IS!·o 

C- .. LOOP FOR EACH HATEIAl.. 

c 

00 SILO I-l,l 
ISES(I) ·ISE+l 
KATI • R1NPI1r'(I) 
CALL KATLIB (0 ,LIi"M'YP,F.Io.LSE , ESE, PSE,DUCT!l, 2) ,E:IICl.Cl, 2), 

" P"r ,P, itT, R, Cl , ,0. ,LELEM, LJoIAT ,HATI ,""'TTY P, SE, IEl.NO,DAKAGEl 
glO ISE·ISE. U:l..EM 

C' ..••. DOUBLE THE S'TaR.A.GE, TO Al..l.DIii Fell: TDD'ROARY VALUES 
lSE·IS!'2 

i""'" c 
C.······· ••• •• .... ••••• DETEJIJ'IIN! THE STUIN ENERGY 

1000 ootrrlNUE 
c •••• · .. •• ••• ••• .. • .. ••• DUCTILITEIS AND E"CUR.SION RATIOS 

1100 CCNrINUE 
C NO'I'E ELEOl WAS US'T CAllED TO CALC INCIRMENTAL DISPL, 
C THE ENERGIES ASSOCIATED WITH IHO DISPL ARE STORC) IN 
C THE ADDRESSES ISES'ISE/2 
C ISEA1+ISE/2 
C ISEA2 .. ISE/2 

1105 
c. 

11 06 

ISE2-IsE/z 
DO nos 1-1,) 
.. SHEAR ENERGY, DUCTILITY AND EXCllRSICI,N .... 
CAU. KA"%'LIB(',lEn'YP,FALSE,ESES(I) ,PSES(l) ,DOCT(l,I) ,EXO(l,I), 

P'T ,F ,aT,R, 0.,0. ,UlnI,I.M.\.T ,I'I.\TS (I) ,KATTYP, 
BE (lSU (I) • I SE2) • IEl.NO ,DAHAGE) 

COPn'INUE 
AXIAL ENE:RGY, Duc-t'ILITY AND EXCURSIe»< (1). 

IP( DtJCFAG .EQ O.AND (ABS(DUC'T(l,I}) .GE. 1 .OR. 
ABS(DOCT(1,2») .GE. l.a!.. J,BS(DUCT(1,3)) .GE 1)) 'TlIEN 
DOCPAO"ABS{DUCT(l,l~ ~ 
IP( DOCFAG ,LT. AB8(DUC'T(I,Z~) ~ DUCPAG·ABS(DOCT(l,Z)) 
IPI DUCFAG .LT. IJlB(DrJCT(1,3~j ~ DtJ('FAG·ABs(DUCT(I,3)) 

ENDIP 

IF (ELSTIC) THEN 
ESE·O 
DO 1106 I·l,J 

ESES(I)·O SO'(P'T(I)'F(I~~"lRT(U'R(I~) 
EsE· Ese+ESESO) 

PSE·O .0 
E!..SE 

ESE·ESES (1) .ESES (2) ·ESES (J) 
PSE·PSES (1 ~ .PSES! 2.) "PSES (3 ) 

ENDIF 

IF (PRINT ,AND FIRST) WRI"%'E(l08,11!11j 
IP (FRINT) WRITE(10B,1l92) IELNO,«DUC'T!I,J~ ,EXCR(I,J),I'l,3) 

" ,J-l,3i 
ll!il2 PaRKAT (lX,IS,18M .Z) 
1191 PORMAT (I' R/C SHEAR \lAIJ.. DOCTILITY AND EXCURSIaN RATIOS'/ISIC 

SHE.U CClMJl'aNENT - - . - ... - : • , 
. - - AXIAL COMPaNENT I-

. _ ... - AXIAl.. COMlICIolEN'T 2-
DEFN 1- D.£FN 2' 
DEFN 1 - . . .. DEFN 2' 
DEFN 1-' ... DEFN 2-

DUCT EXCR. DUCT. EXCR. 
DUCT EXCR. DUCT. !.XCI. 

.. DOCT EXClI. DUCT, EXC;R 
.ETURl/ 

C c····· ..................... WRITE MJJ(IM\l'l AND MINIMUM VJJ.JJES 
12.00 CONTINUE 

IP (FIRST) WRITE(10B,Ul) 
'I-!AXIMUof LOA.DS -'NO' DISPL AT MAXIM1.lH LOADS' 

" //' NOTE \"W{IHtJoI VAUJES KAY NOT OCCUR SIMULTANEOUSLY' 
WRITEIIO~,G!lZ) I EUK),La.t..D , (ID(JK(l) ,I·l,G), 

" (PKU[I),PHAlI(3+I),I·l,J) 

c 
c .. •••••• ...... •••••••••••••• RESE-r' INTERNAL PCRCES 

1300 C~INtJE 
C 

E1.El1l2c 
E1.El?1.30 
ELEl7140 
ELE11l50 
ELEl1l60 
E1.Elll?O 
E1.E17180 
ELEI7190 
E1.EI7aOO 
E1.E11210 
ELEI12Z0 
E1.E112l0 
E1.E112G0 
El.EI12S0 
ELEIH60 
ELE172.?O 
ELE17ilBO 
ELEl7290 
ELE11300 
ELEl1310 
ELEl1l20 
ELE17JJO 
ELE11340 
ELEl'735C 
:£l.E17J60 
ELE11370 
ELE11380 
I!1.E17390 
El.EIHOo 
ELEIHIO 
ELEnG 20 
El...£11G30 
ELEI ?440 
El.EIHSCl 
ELEIH60 
ELE17470 
El.EIH80 
ELEIH90 
E1..E11500 
El.El7510 
ELE11520 
ELE17530 
ELE115GO 
ELE1?550 
El.El?560 
E1.E11S?0 
ELE11580 
E1.E11590 
ELE17600 
ELEl?610 
ELEl?620 
ELE17630 
ELEl?640 
EI..El'?650 
ELE1?660 
ELEl?670 
ELE17690 
ELE11690 
El.E11'00 
ELEl'?' 10 
ELEl1' 2.0 
ELE17130 
ELE177AO 
ELE17750 
£1.:£17760 
ELE11770 
ELEl1'BO 
ELE11'90 
ELE17BOO 
El..E~HIO 

EL.E11B2.0 
£LEl1830 
ELEl7 Bel 0 
£LEl79:'0 
E1.EI166Q 
ELEl7BH 
£LE17B90 
ELI!17890 
ELE17900 
ELE11910 
ELEI19 20 
EL£179JU 



'Z~O I'lATRICIES 
W • SEllSESjIJ • '18) 
C01·SEIISESII) - :3'7) 

DO IJI0 1·1,ISE 
ll10 5E (1)·0 

sE(ISES (1) -1"1) • LENGTH 
SEIISES(l)"'1a) .10' 
SE(lSES(l)·l'1)·COl 

00 1325 1·1,2 
PKAX(I) ·0 
FMAXII+2) ·0 
F (1)·0 
FT(I) ·0 
R (1).0 
nlI)·o 
v (1)·0 

1)25 VT(l)·O 
WRITE(loa,l))O) IEUIO 

13)0 PClRJ1.AT I' SHEAi WALL E!..EHENT .',16, 
,,"' INrERNAL FORCES AND HYSTERESIS MCElELS ARE RES!'T TO 'ZERO') 

DO 1305 1·1, J 

E1.El7940 
ELE1"1950 
EI..E1196 0 
ELE11910 
ELE119S0 
E1.E11990 
£I..E18000 
ELElIEIOI0 
EL.ElIIO;ZO 
ELElB030 
2t..EU040 
ELEUO!)O 
£1.E18060 
2LE18010 
EL£UOaO 
EL£180510 
ELE18100 
ELElBIIO 
EL219120 
ELEIBlJO 
ELE18140 
E1.El8150 
EUlB160 

aLL l'D.TLIB (2, LST'T'I'P, FALSE ,ESES (I) ,PSES I I) ,DUCT (1, I) ,:nCR I 1, I) , 
ELE1817 0 
EL!lIEI180 
ELE1a190 FT, 'P,RT ,R, 0.,0. ,LEL.EH, IJO.T ,HATSII) ,MATTYi', , SF OSFS (I) ) ,IEWO,D.o\lIQGE) 

1305 CaN'TlNUE 
o 

R"'''''' C· .................... DAMAGE INIlEJI 
1400 IP I Et.STIC) RETUJU.I 

C. SHEAR ENERGY, ~ DAMAGE INCEJI 
DAMAGE· 0 
DO 1405 1·1,:3 

n.E18200 
ELE18:i1:10 
ELElEZZO 
ELE18230 
ELEU:u.O 
ELE18250 
ELE180l150 
ELE182?0 

C.UJ.. !'!ATLIB (5, LS'l'TYP, FA.LBE, Es!s (1) ,PsES (I) ,DUCT [I, I), EXCR 11, I) , 
f'HAlI.(I) ,0_ ,PMAX(I-J) ,0 _ ,0 ,0., U:UM,lJI[.\T,MATS{I), 
MATTYP,SE(ISESII)) ,IEl..NO,DAHsII») 

DAto!AGE·DAHAGE.DA/'I51 I) * 1 ESES 1 I) • PSES 1 I 1 ) 

E1.218210 
E1.R18ao 
£1.E19300 
2LE1SJI0 
ELElBJ:lO 
ELEIIIJ30 
ELEU)40 
ELElBl50 
ELE18360 
ELE18J?O 
ELElIllO 
El.E.Ul!JO 
tL.!lUOO 
!LEUnO 
ELEIU20 
ELEIUJO' 
ELE18UO 
ELXl8450 
ELEIU60 
£LEIU?O 
KATOOOIO 
KAToOOao 
HA.T00030 
IoIAT00040 
HAT00050 
KAT00060 
"""TOO 01 0 
""TOOOIO 
~T00090 
MATOOI00 
MATOOllO 
lQ't'O0120 
MA.TOOIJO 

1405 
o 
o 

CONTINUE 
AXI).L E:NEJlGY, I.ND DAMAGE INDEX (1) 

ESE·ESEs (1) .ESES (2)' ESE5 (31 
P5E·PSE5 11) .PSES [21 + PSES 131 
I'P (PIRST) W1UTEll0a,14:10) 
WRITE (loa, HI0) IEUlO, IDAMS (I), ESES I I), PSES (I), 1·1, l) 

1410 F(]J!JQT (lX,I5,lP,3IP14_S,2Gl&.5)) 
14~0 FCRJoU.'I' (/6X, , ' :. SHEAR COMPONENT 

, ' : - - - UIAL CClMPQlENT 
, ' : - - DAt1AGE - - - - - ESE --
10. ' :-. 

RETURN 
IO<!> 

DAMAGE - _. ESE 

.j,' E1.eoU' I 

- - - - FSE 
- - - FSE 'I 

SUBROOI'IN! KATOI [10PT, PIRS'l',MAT, 5E, P,PL, D,DL, LELEM,U>lA.T, 
"" SMAT,EESE,EPSE,DUCT,ElICR) 

IMPLICIT REALiA-H,O'Z) 
Lo:aCAL PIRSi' 
DI~NsION SE (15) ,~T(14) ,DUeTO) ,EXCR (6) 
CHARACTER" a 0 TYP E 

IF (10FT .EQ 0) THEN 
L.ELFl'l·14 
R"'URN 

END!' 
o 
o· . 
C VAJlIABLES' 
0" 
o· - - GLOBAL VoU. [ABLES 
C IOPT I, INITIALI2.E MATERIAL 

" GEl STIFFNESS 
nrrERNAL Si'OF..},GE 
Otll'Pl1I' STIPFNES 6 

o 
o .... 1 
o SE 
o 
o 

GO TO (100,200,300,400) IOPT 

100 can'INUE 

INPlI"T OA'l'A 
READ IIOS,~) TYPE ,( ~TII),I·l, B) 
LEUM • 12 
LMAT· 14 

IF IPIRST) Irt'RITE(10B,191) 
WRITE(lOB,19al MAT,ISHA.T(lO,X·l, 8) 

l!il1 POIUUTl/' J-b EUr.STIC BEAM ELEMEN'I"/ " , .......................... ,// 
" 4X,'KATL.',T14,'E' ,T~O, 'GAM!iA',i'33,'AX',TGJ,'A'I",T53, 'Aoz.', 
, T63,' IX' ,1'1l, , IV' ,T83,' Ioz.' /l 

19~ POlUo1AT (U,H,lP,aGlO_l/) 

- - -MATOOHO 
MATOOIS0 

- - -I'\ATOOI60 
MATOOl?O 
Ko\TOOlaO 
HATOOl90 
HA.'T00200 
,,"T00210 

---"""'T00220 
"""TOO 230 
"",,'TOOHO 
MAT002!)0 
MATOOa60 
lUTOO;Z?O 
MATOOaO 
MATOO:l!ilO 
M.\TOOlOO 
MAiOOllO 
MATOOl:lO 
MAiOOllO 
KAi00J40 
MAiOOJ50 
KA'T00l60 
KA'TOOJ?O 
KATOOJSO 
MATOOJ9o 
"""TO 04 00 
"",100410 

RETU1I.N """TOO 420 
c······· ... ••••• .... •••• .. ••• GE'T sTIPYN'ESS TPlUis ••••• .... •••••• .. ···········MATOO4.]O 

o 
c-

200 CClN'TINUE 1'0.100.:10,0 
E SMAT [ 11 MU004':'0 
G SMAT ( 21 MAT00460 
.u: SMAT[ J) MAT004'70 
AY SKATt 4) MA't'OOUO 
AZ SHAf( 5) MAT004510 

RIX SIo\AT( IS) KATOOSOO 
RIY SMAT('l) I"IATOOSI0 
RIZ SKAT ( 0) I'tAT00520 
RXII Z SMAT ( 9) KA'T00530 
RlCJJZ SMAT110) MAT00540 
RJCIJZ • SMAT(ll) KAT005S0 
RJCJJ'I' SMAT(12) IQTOOS60 
RX!I'r' SMAT(13) I'IA.TOOS'lO 
RXIJ'r' • 5I'!AT [141 MAT005BO 

SE(l) ·E·A): 
SE~~l·G·AY 
SE[l) ·G-AZ 
SE(41·GtRIX 
SE[5 )-E-RIY 
SEI6)·E-I!H 
SEt '1) ·PXIIZ 
SEI 8)·RKJJZ 
sEI 9)-RJC:IJZ 
SEI 10) ·RKIIY 
6Ell1) ·RKJJY 
5E(12) ·Rr.:lJY 

SE:1l3)·0 
SE(lrlo}· (P-PL)/~ ~ (D'OL) 

. _. TRANSFER ENERG!ES p~ BOTH IOPT·,3 -'lID II. 
EESE·SEIll) 
EPSE·SE( 14) 

TRANSPE]! Pol!: POR BOTH IOFT·3 AND do 
DO AlO 1·1. J 
DOC"T iI)·O 
ElICllIlJ· O. 

ua ElICR [1.3)·0 

MAT00590 
HAT00600 
MAT00610 
""T00620 
M.\T00630, 
MAT006C10 
MAT006S0 
MAT0061S0 
HAT006?0 
MAT006aO 
HAT00690 
KATOO'loo 
M.lt.TOO'lIO 
,,"T00720 
,,"T00730 
!'U.T001H 
MAT00150 
I'U.T00'760 
,,"T00110 
MAT00'780 
MATOO'1!ilO 
MATOOBOO 
MAToOalo 
MAToOa.o 
MATOOB30 
MATOOB40 
KATOOB50 

RE'Tl1iUJ H.\.TOOB60 
E:Nt> KAT008iO 

C ","TOOOlO 
C •• - •••••••••••••••••• _ ............. _ •••• - ••••••• - ...................... ·"·"'-'TOOO2.0 
C I'IA.T00030 

SUBROUTINE MAT02 (lOP! ,IELNO, paST, t1AT, Sf, F, PL, D, DL, V ,VI., MATOOO &0 
I. l.E!..EM, t.xA':', SMA! ,EEsE, EPSE, DUCT, EXO, DAM.\GE~ M).TOOO 50 

38 

o 
0-

lMiLICIT REAL(A-H,O-Z,) 
l..CGlCAL FIRST 
DII'IENSION 8E(100) ,S!oI..\T(23) ,DOC'"t'(J) ,f.XClI.I6) 
CKAJ!.A("TER-SO TYPE 

- -. - . - LENGTH OF EI..EMENT DATA. REQUIRED. 
I..!.LEH·JJ 
IF IIOPT E~.O) 

C VAIUAIIl.iS: 
O· 
C - - - GLCBAl. VU IABLES 
C 10FT • 1, INITIALI2.E MATERIAL 
C • :3, GET S'TIFPN'ESS 
C RINPln' • INJlU'T D~TJ,. 

o ..... 1 
o BE 
C· -
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
0-
o 

so 
S'n 

"" py 

• INTERNAL STCJR..\GE 
• Oln'Ptrr SlIPPY.ESS 

- AXlJ1CD DAn. -
SMA'!'rl)· SC, 
SMA'Tr'l)· STl, 
SMATtJ)· ST2, 
SMAT(4)· PY, 
SKAT(S)· AlJ'HA, 
SKAT (6). BETA, 
SMA'T(11· on, 
SKAT (8) • DYC, 
SKAT (9)· CS2, 
SlQ.T(lO)·OMAJl, 
S!'tA1'(ll)·BDAH, 

CQiPRESSION STIFFNESS 
INI'rIAL TENSILE STIPFNESS 
POS'r YEILD TENSILE S'TIFFNESS 
YEILIl POINT 
AXlJIICI) PAi..\KE'T'U 
AXLHCID Pl.i.I.METD 
..It.JI:l..H(%I PAII.J..IoIETER 
AXLMCD PAlI.AKETE.R 
CONSTANT STUIN ENERGY 
ULT lKATE DI6PLAC~ 
BETA POR DAMAGE INDE~ 

INPUT DATA FOR AJI:l . ..MC[) HYS'T!i!IiIIS MCDEL 
THE F'DLl.OiING DATA IS INPUT CN:E PaR EACH t«:IDEL 

• Sa-tPRESSICIIl STIFFNESS 
• INI'TIAL TENSILE STIFFNESS 
• POST YEIUl T'!NSI!..£ STIFFNESS 
• YEILD t.£lM) 

o 
o 
o 
o 
o 
o 
c 
o 

ALPHA 
B",. 

• MCDEL COIEPICIENTS 
• MODEL COIEPICIENTS 

O· 
o 
o 

00 TO (100,:300,300,400,500) 10FT 

100 cctn'INUE 
READ(10S,") TYPE,I 8KA1([),I·l,6),DUexu.,BDAM 
lJI!.It.T • 11 
SMA.T('7)· QU.TI&)/SZOlAT(2) 
SMA.T(8)· -S!oU.T(4) /SKAT(l) 
SM.It.T(!il)· SMA.T\41*"2/(2"SHAT(a) 
SMA.T (10) ·DUCHAX- SMAT ("I) 
SMAT (11) ·&DAM 

IP (PIRS'T) WRITElloa,19~) 
WRITE (10 B, 191) !!'!AT I I SKAT (l~ , X·l, 6) ,DOCMAlt,BDAM 

MATCl0060 
KAToo0'10 
KATCl0080 
MA.T00090 
MA'T00I00 
MATOOllO 
I'IA.T00120 
MATOOllO 
MATOOld.O 
MA.TOOI50 
MAT00160 

. -MATOOI '70 
MATOOIBO 

- - - _. ·I1A,ToOl!lO 
MAT00200 
MAT00210 
MAT0022C 
MAT002JO 
HAT00240 
I'lAT002S0 

. - - - - - -HAT0026a 
KATOO~?O 

MATo0280 
HAT00290 
HATOOJOO 
I"lAT0031 0 
MAT00320 
MAT00330 
MAT00340 
MAT00350 
MATOOJ60 
KATOOJ'10 
MAT003S0 
t1AT00:390 

-C'tA.TOOdoOO 
OU,T00410 
Cl'lA.T00420 
OolA.T00430 
CKAT00440 
C'HAT00450 
ou,ToOUO 
OQT004?0 
09.TOOUO 
Oo!AT00490 

- -CMAT00500 
KlT00510 
MAT00520 
MATooS30 
KATOOS40 
KAT005S0 
I1.I.TOOS60 
foLt.T005?0 
!>U.To05aO 
MATOOS90 
MAT00500 
MATOOS10 
MAT006~0 
MATo0630 
19.100640 
MATo0650 

C MAT00660 
191 FCJUo(AT (lX,15,IGlS.'J/) MAT00670 
1512 PClU4AT 1///' ULMOD H'I'S"t'DESIS MODEL- POll. UNIT LENGTH MEMBER'/MAT006BO 

"" • • ........... _._ ........................................ ' //HAT00690 
k' MAT_',6I1,' SC',IOX,' ST1',lOX,' Si2',10X,' PY', MAT00100 
k 10Il,'AlJIH"',lOX,' BETA', 6:M,'M),X DUCT_',?II,'BE'TA-DI') KATOO?IO 

HAT00'120 
RE"J'UilI HAT00730 

C •• • .... •••• ••• •••• .... •••• .. G!'T STIFFNESS TERMS •• •••• •• ·····.···········KAT00740 
200 can'INUE KA.TOO"l50 

C - - - - AlI1HXl H1%121.. DATA &-raRA~E PaR MEMBER MAT00160 
C SEt 1)· B KAT001'10 
C SEI 2)· H:RN totATOO'1aO 
C BEl 3)· PMU: MATOOHO 
C BE( 4) .. DMAJI' I9.T00800 
C SEt 5) .. P]I; MATOOBlO 
C SEI 6)· Dil MA.TOOe~O 
C BE( 7). PP MAT008JO 
C BEl a)· DP MAT00S40 
C BEl 9)· IClI. MATOOB50 
C BE(lO)- G MAT00860 
C SEIl1)· n MATOOB70 
C S£1l2)· NRL MATOOBBO 
C SElll)· A HAj'Oono 
C BE(H)· S_E\;;UJNLOAD EQUIVALENT llNLOADING STIPFNESS ""T00900 
C BEllS)· t1POS(l) KAT00910 
C SEIlIS)· UPOS(2) MA.T009~0 
C SE(1?)· t1POS(3) HA1009JO 
C SEIIB)· UNEG(l) HA'l'00940 
C SE{l9j· UNEG(2) MA1'00950 
C sEtaO). UNEGIJ) !Q.T00960 
C SE(21)· EIlCRIl) ,,"T009'10 
o 
o 
o 
o 
o 
o 
o 
o 
o. 
o 

o 

52(22). E:Ko. (~) HATOO!iIBO 
SE(23)· no. IJ) MA.'I'009!i10 
5E(24)· E:Ko. (4) MATOI000 
8E(25)" EIlCRIS) MATOl010 
SE(26~. DCJt(6) M1>.T01020 
SEI21~· ESEll) HATOIOJO 
SE(:iI8). ESEI'l) MAT01040 
SE(2!il). ESE(J) MATOI050 
SE(JO). FSE t1ATOl06C 
SElll)· PSE Oll) MATOI070 
SEil~). POS-DHA)[ MAToI0BO 
SE(33)· POS:PKAJ< MATol090 

KAT01100 
DO 210 I·l,l.EUl'f 

.BO SRII)'O 
CALl. HYST02 (P,D, PL,D!..,V, VL, SE (1) ,SI! (~), SMAj [1) ,sMAT 12), SKAT I J), 

" SMAT(4) ,8!'1AT(5) ,IiI'lAT(6) ,SMAT(1) ,S1.AT(9) ,SMAT(9~ ,SE(Jl,SE(4), 
" SE (5) ,SE(6), SE("I) , SEla) ,SE (9), SE(10), SEIll) ,SE 112) ,SE(lJ), 
10. SE(14) ,SEC.?) ,SEDO) ,SE(ll) ,SEilS) ,SE(21), IDR) 

RETUlUI 

HATOlllO 
KAT01l20 
KATOllJO 
KAT01l40 
MATOl150 
,,"T01l60 
""TOll ?O 
MATOIlao 

C •••• •••• .... •••••• •• ••••••• G:E."'I' STIPFNESs TERMS •• ••••••••••• .. _ .. •••••• .. ··MA.TOll!ilO 

o 
o· 

lOO CaN'I'INlTE 
IC'I'C·O 
IDR·999 

310 STIPp·5E II) 
P·PL·ID-DL) -STIPP 
A·SEIl3) 
IF (",E~_O .AND SE(2) EQ 0) A·P 
lC'tC·ICYC+l 

MAT01200 
MAT01210 
HA'I'01220 
KAT01230 
MA1'01240 
I'IAT012SC 
HAT01260 
HAT0127C 
MATC12BO 

16 P WI'l"riIN LIMITS? ""'T01290 
IF llCYC_G'l'.S) THEN M.a.TOUOO 

WlUT'E(loS,-) 'I1CII.E THAJIl:' CYCLES IN KATOZ, IELNO ',IEUlO M.l.TOlllO 
ELSE IF «FL_LE P.AND.P.L.T .... ).OlI.[PL.GE.F . .um.P G'l'_"') OR ~TQ1320 

(DL EQ.D)) THEN P11oT013JO 
CALL S'TRENG(8E(27) ,SErlO) ,SEiJl) ,P,PL,D,D!..,SE(14) ) MATO!J40 
CALL H'tSTQZ IF,D, PL,DL, V, VL, 8E(1), SE (2) ,SMAT 11) ,SM1oT (2) ,SMAT (3), MAT01350 

SHAT[4) ,S!Q.T(51 ,SI1A'r(6l,S!ot1oT('1) ,S!Q.Tla) ,BHAT(9~ ,SE(3) ,SE(4), to!ATo1360 
SE(5) ,SE(6) ,SE(7) ,SEiS) ,S£(9) ,SEOO) ,SE(11) ,SE[l~l ,SEOJ), MATo1310 
SE (U) ,SE [2'7) ,SEPOl, SE iJ 1) ,SE (lS) ,5E (211 ,IDR ) KArOl) BO 
V·Vl. MAT01390 

C- _.. IS P GREATER THAN LIMITS 7 M)"T01400 
ELSE IF «(IPL.U.A.I.ND ~.LE_P~ ClR. IPLGE.It. .AND. AGE.Pl).ANDHAT01410 

(STIFF.~'E.O.OO)) THEN KATa14~O 
Dl·'OL·(A.-PL)/STIPF MAT01430 
Fl·... KAT01440 
CALL STRENGISE i 2."1) ,SE I 301, SE!ll) ,Fl, PL,DLD:', SE(l4)) KAT01450 
DL·01 ""'TOU60 
PL·P1 ""'T01470 
IF (ABS(P-PL)_G'r_ O.OOS-A,ESIP.PL») 'l"riEN KAT014BC 

PI·PL-IP-PL) ~ .01 KAT01490 
Dl"DL- [O-DLI - 01 K.\T01500 

EL.SE ""'T01510 



PI·P 
DI·D 

""'IF CAu.. HYSTOOl ~PI,DI, FL,DL,I., I., SE(l), BE ~2), SMAT ill, SKAT (:iI), 
SKAT!) ,SKAT(41 ,SKAT(5) , SMAT (Ei ), ~T ("I ~,SMAT(E), SMAT(9 I, 
SE(J~, SIl(4) ,SE (5), SE(6) ,SE(7), BE(9) ,SEj9) ,SEDO) ,5E(11), 
BE (l;!) ,SE( ll~, SE (16), BE (:I'?) ,BE (lO), SE (ll), 5E 115), 
6E(21) ,IDR I 

V-VL 
GO TO llO 

MAT01520 
HA.TOlS30 
IU.TOlS40 
I'U.T015S0 
MATOl5060 
MATOlS?O 
MATOlSBO 
MATOIS90 
MATOl600 
I'U.TO!EiIO 

C- -. IS PLESS TKAN LIMITS ? MAT016;;10 

c 

ELSE If' j(P LT PL AND. PL.LE.A) .ClI.. iP.G'T.PL AND 
IF (ABS(P-PL) .G"'I'. 0 OOS.ABSIP .. PL)) THEN 

PI·PL· (P'PL) - .01 
DI·DL- (D·DLI- .01 

ELBE 
PI·P 
DI-D 

END IF 

PL..GE.AI ]TH~T016JO 
MAT0l640 
M,lT01l5S0 
I'U.TOl660 
HA,TOlEi?O 
I'LlT016EO 
t1AT01690 

o.u. HYSTO;;l (PI ,DI, PL,DL,l. ,1 ., BE (l), SE (;;I), SKAT (I), SMAT (2), 
S!1.ATi3] ,stU.Tjll ,SKAT(S) ,SHAT(6~ ,Sl'IAT(7),SMATjBJ ,SHAT(9), 
BE (l), BE (&) ,SE (50), BE(6) ,SE ("I), 51! (B), BE (9), SE (10) ,BE(l1), 
SE (12), SE(lJ), BE(l4), SEC'" 1, SE (30) ,BE j l1)., 5E (15), 

KATOl?OO 
MATOl? 10 
KATOl? 20 
KATOl?30 
!Q.TOl?40 
MATOl?SO 8E(211 ,ID~ ) 

V-VL 
GO TO HO 

DlDIF 

SAVE I'tAXIMtJoI PEU. POSITIVE DISPL 
IF (D GT.SEil;!)) THEN 

SE(32) ·D 
SE(ll) .p 

ENDIP 

!Q.TOl?60 
MATOI??O 
MATOI?BO 
I'U.TOlHO 
MATOlBOO 
MATOll 10 
MATOlB20 
MAToIllO 
KATOU40 
""TOUSO 

C' TRANSFER ENERGIES Fa:: BO'l'H IOPT·3 AND • MATOUEiO 
MATOU?O 
MATOI8EO 

c 
c-

100 EESE·SE(2?) 
EPSE·SEiJOj 

TRANSFER DUCTILlTI!S AND EXCRUSI~ RATIOS F~ BOTH 
DO 00 I·l,l 
DUCT (l)·MAX (S::2(16o.I) ,SE i 1'7 .. 1) ~ 

EXCF! (1) ·SE(20-I) 
.10 EXOI (loll·SE (2D .. I·3) 

MATOlno 
IOPT·3 AND 4.""'T01900 

""'TO 191 0 
MAT01920 
""T019l0 
""T01940 
MAToaso 

R~ ""T01960 
C MAToa?O 

C·· ...... •••• .. •••••••••• DAMAGE INDEli • •••• •••• .. •••••••••••••••••••• .. ·····MATOI9BO 
500 CCNTINUE I'U.TO I SI!IIO 

EESE.SEj:l,?) IQTO:lOOO 
EPSE.SEi30) MATO:ilOlO 
BD»!".SKATill) MAToao;ao 
D ·SEiH) MATO:l030 
P .BEilJ) MATO:lOIO 
DIoK.'GE·'uS(D)/SKATiIO] • BDAM Ii BMATI.)"BMAT(lOn .. EPSE MATO:ilOSO 

MATO:ZOISO 
R~ MATO:lO?O 
~ KATO:lOEO 

C MATOOOIO 
c •••••••••••• • •••••• ••••• ........ ••••• •••• ••••••••••••• .. ••••••• .. ·········MAT00020 
C KATOOOlO 

SUBROIJTIN:E KATOl (IOP"T ,IELNO, Fli.ST,HAT, SE,P ,PL,D,DL,V, I2LEI'l, MATDOO.O 
k lJIIAT, SKAT, EESE, EPSE, 'DUCT, EXCi.,DAKAGE, NBOLN) HA.TOOOSO 

c 
c-

IKPLICIT REAL.jA-H,O-Z~ 
LOOlCA.L FIRS'I' . 
DIMENSION SE (100) ,SKAT(JO) ,DUCT{) ~ ,1!1CCR (6) 
CHARACTER-eo TYPE 

IP UO:PT.NZ.ll L.EI..2M·lIII+J-SKU(2)'~ 
TP (IO:PT.EQ.O) RETURN 

MAT00060 
""TOOO'O 
MAT00090 
MAT00090 
MATOOIOO 
MATooIIO 
MATOOIOIO 
MANOllO 
MATOOl&O 

C VARIABl..2.S: 
c--

. - - - - _ •. ·!Q.TOOlSO 
HATOOlEiO 

- - -KATOOI '7 0 
lIIA.'rOOIlO 
HATOOlSlO 
MAToo;aoo 
HATOOHO 
I'IATOO:l:lO 

c-
e 10FT 
c 
C S!<AT 
C .E 
C-
C 
C 
C 
C 
C 
C 
C 
C 
C 

. - - - GJ...CBJ,.L VARIABLES 
I, INITIALl'Z.E MATERIAL 

• 2, GE'I' STIFFNESS 
• INTERNAL 5"'I'ClU.GE 
• OI.1iPtrl' STIFFNESS 

. BENDl DATA 
5MAT (1). NSEGS, 
SMAT( iI.). NI, 
SMAT(l)· eSE, 
SKAT(4)· DY, 
SMAT(S ). BDAl'! 
SMAT(S-I ). PP, 
SKATiS·I~NSEGB)· DP, 

NUMBER OF aACDONE SEG11ENiS 
NUMBER OP SKAl.L A!'IPLITUDE LOOPS 
COJ,1S'I'ANT STiU.I N ENERG't. 
YEILD POINT POR DUC'TILITrES 
BETA PaR DAMAGE INDEX 
BACJ«lIONE. M~ POR POIm' I 
BACKBONE ROTUI(JN FOR POINT J 

00 TO 000,200,300,400,500) IOPT 

. - -MAT002JO 
HA.TOOHO 
HA.T002S0 
MATOO:il60 
KATOO;Z?O 
MATOOHO 
HA.TOOZ90 
""'TOOJOO 
K,uOOlIO 
MATOOl20 
MATOOllO 
I"lATOOllO 
MATOOJSO 

100 ctNI'INUE I9.TOOl60 
c
C 

INPtrr DAT'" FaR BZNDI HYSTERESIS !'IaDEL 

C NSEG • NtJot:BER OF BACJ!:8C1NE SEGEMENTS 

_. - - -,,"TOOl?O 
OO\AT003EO 
OQT00J90 
~TOOIOO 

OQToono 
CHATOOIll:i!O 
OtATO 0111 3 0 
O'tAT004l0 
O'Vt.TOOIllSO 

C ., 

EI 
G 
PO 
DP 

• NtMBEi OF SMALL LOOP POINTS 
.. ELAm'lC' STIFFN!SS 
• MCMENT GaADIN'ET 
• BACKBONE I..CIo\D 
• BAcmCNE DISP1...ACEHXNT 

RZA!>(lOS,') TYPE,NSEG,NI,DY,l!!DAM 
~EADll05,') (SMAT(S"l ),I·l,NSEG) 
READ (IO~, -) (SMAT(5.I+NSEG). I·l,NSEG) 

L..EI.J!M· J!I."l·NI "2 
l..1Q.T • S+2'NSEG 
S'U.T(U·NSEG 
SMAT(2)·NI 
SKAT (~~ ·DY 
SKAT (5) ·BD»! 

- - CALC CONSTANT S'l'RAIN ENERGY. 

00 10 I"l,NSEG 
P·5MAT (5+1) 
O·SMAT i5+I·J,1SEG) 
IF (0 I....E DY) THEN 

CSE·eSE • 0.5' (P .PL) '(D-DL) 
PL·F 
DL·D 

ELSE I P iD EQ. DL) THEN 
00 TO 20 

ELSE 
PY·PL" iDY-DL)~(F-PL)/(D DL) 
CSE·CSE • o.s'iPY'PL)·jDY·OLl 
00 TO 20 

···~TOO.60 

KA'rOO.?O 
""TOO.BO 
KA.TOa49D 
M.'-TOOSOD 
MATOOSIO 
JllAT005:i10 
KATOOSlO 
MATOOSIO 
MATODSSO 
MATOOS60 
I9.TOOS?O 
MAT005EO 
MATOOS90 

ENDIF 
10 Catr.INU! 

MATOOEiOO 
MATOOEilO 
1'IJ,.T00620 
1'IJ,.T006l0 
HA.TOOHO 
K.\T006S0 
"-,T00660 
",-,1006'0 
"-,T00690 
HA.100690 
I't.'TOO?OO 
HAT00'710 
(1..\100'720 
I'IATOO"110 
I'IATOO'?40 
I'IAT00'7S0 20 SMAT(3)·CSE 

" 

IF (FIRST) WltITE!108,S5) 
WRITE (10 g, 5"1) !'!AT ,NI, D'l', BDAM r (SMAT (S· K) , SKAT (5" J:: .. NSEG) ,';·1, NSEG) 
WRITE(lOB,~) , , 

BENIn HYSTERESIS !'ICtlEL DAT'" - lrnIT LENGTH MEMBEFI' 

MAT00?i50 
MA":'OO?'?O 
MATOOHO 
HAT00'?90 
I'IATOOBOO 
I'IATOOBIO F'aRMATi/' 

I' 
I' 

•••••••••••••••••••••••••••••••••••••••••••••••• ', MATOOB20 
BACKBaNE CURVE POINTS - MATL Nl ',5X, 'DY',9>:, 

BETA ',lX,' "~T',BX, 'ROTATION') 
( lHX,211,2X,GlS .6,JGlS .6) / i6Bl<,~G15.6) 1 

MAT008JO 
MAToa84o 
,,"':OOBSO 
1'IA",00860 

RE"I'1.J1U>l MA",OD8'?0 
C •• • ••• ·················-· GET STIFFNESS TERMS ••••••••••••• •••••••••• ·.,.,.-.1'008BO 

200 cCNiINUE MA.j008~0 

C 
C 

" C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

- - - - BENDI MCI:IEL DATA BTORAGE POR !'IEMBEiI 
SE( I). K 
SE ( 2 ~. RULE 
SEt l)· Dn. 
BE( 4)· A 
SEt 50)· PI'IG 
SEj 6)· pM!-{ 
BEi '7). DMG 
SE( B)· DI'9I 
SEt 9)· BActm 
SE(lO)· ALPHA 1 
5E(I1)· ALPHA2 
SE(12)· IR 
SE(13)· SRI 
SE[lI)· SR2 
SEilS)· SR3 
SE(1I51· SRIo! 
SE il? ). E_E~UNl...DAD 
SEllE)· UPOS(l) 
SE(19)· UPOS(2) 
SE(20)· UPOS(l) 
SE(21)· UNfG(l) 
BE( ... )· UNEG(~) 
SEUJ)· UNEG(31 
SE(24~oi ElICRO) 
SE(2S~· ElIOi:ll) 
S£(:l6)· UCRj3) 
eEi:l?)· nCRU) 
SEj28)· nCR(S) 
BEUSI)· EXc:R(6) 
SEilO)· EESEil) 
BElH)· EESE(2) 
BE(3:I)· EESE(3) 
SE(3l)· EPSE 
SE(l.]· PSI OLD 
SE(l&~1 -) ·Pi( 1) 
SE(J&. NI) ·Pi(NI] 
SE(3 ... I· NI) ·Di( 1) 
SE().~ :IItNI) .. mlNIl 
BE(J4-1'PNI) ·Fal IJ 
SE(l6· J*NlJ·PJ.(NlJ 
SE(lS- J"NIj·P KAX 
SE(l6' l-NIJ·D)U,J[ 

MATOD900 
KI\100910 
""'T00920 
MATOOSl30 
MATOOSIIO 
HAT009S0 
MATa09EiO 
MAT009?O 
MAT009BO 
MAT00990 
MAT01000 
I'IATOIOIO 
"",TOI020 
IiATOlOJO 
MA.'TOIOIO 
,,"TOI050 
HA'l'01060 
HATOIO?O 
MA'l'OIOBO 
MA.101090 
MATOll00 
MATOiliO 
HATOIUO 
MATOllJO 
Kr\T01l40 
MAT0l1S0 
MA.T01l60 
!9.TOl1?O 
tl!ATOllEO 
"""TO 1190 
tl!ATO 12 00 
KAT01210 
MATOl220 
KAT012JO 
MATDl2.40 
MAT012S0 
MA.T01260 
MAT012?O 
KA.TOl2BO 
I'IAT01290 
11I\101JOO 
I'IATODIO 
HA.T01l20 
MATOl3JO 

NSEG .. SlQ.T(H I9.TOIJ40 
NI .SIO.TU~ KAT'OlJSO 
JI. NSEG-6 MAT01360 
JJ. NI+l5 MAT'OI3"10 
J4.:a*NI+lS KATOllEO 
JS.J*NI"l5·1 ~2 HATOlJ90 
SI.S""T (6) /SJlllt.T (6 oNSEG) MAT014 00 
DO ~10 I·l,JS KAT014l0 

aiD BE(I).O MATOl420 
CAI.J... HYST03 (P ,D, PL,DL, V, NSEG,HI, SM.\.T ~6) , SMl\T i Jl ~ , SMAT i6 ~ , HAT014l0 

SIG.T(Jl),BI,BKAT(J),SE(l~ ,SEia),SEi3) ,SEjlll) ,SE(S~ ,SEj6) ,SE('?), HATOluO 
SE (8) ,6E(9), BEilO), BE (11) ,SE( 1.), SE (JS), S::2(JJ ~,BE (JI~ , !O.TOliSO 

" BE(l"I),SlQTi&),SE(30) ,BE(3),SE(34),BI!(18),SE(:iIl~,BE(:a4)) HAT01l60 
lE'TUllN MAT011"lO 

C KATOUEO 

39 

C···· ••• ••••••• ... •••••• .. •• GET S"rIYFNESS TEJI.KS •••• ..... •••••• ..... •••• .... ··MATOlI90 
300 CCI'I'TINIlE HAT01S00 

SEt .). A MAT01S10 
NSEG.SMAT(U MATOlS:ilO 

C '. I«EIPIED TO SATISFIED THE P~TICIN OF Di.OPING [)()'jr/N Of' B.ACXBONE MAT015JO 
C CURVE ArrER THE lAST POINT (I.E., THE NSEG' S pOINI') !9..TOlS40 
C . " 00 JULY E, USl4 BABED ON YANG's wan: MA1015S0 

IF iNSOLlLEQ.I) THEN MAT01560 
IP iSE(I) .EQ.O.O.AND.PL_EQ.O.O) THEN MATOIS"IO 
p.o. MATOIS80 
BE (1)·0. MATOIS90 
RETURN MIoTOl600 

ENDIP KAT01610 
JJJl.S.:I.NSEG MATo1620 
IP (ABB(D) .GT.SKAT(JJJI) .ANtl.ADS(DL) .U.6MI\T'(JJJll) THEN KAN1630 

SKATJJ"SIGN (Sl'U.T (JJJl) ,OL~ KATD1640 
Pl.PL~(SHI\TJJ·DLJtSEil) HAT01650 
Dl.SM.I\TJJ HAT01660 
CAU. Sn!NG(SE (3D) ,SE(l3), S:E(l4) ,Pl,PL,Dl,DL,SEil' ~ J KAT016'70 

APTER IlEACHING PAIL.UJ.E DOC'TILITY, ENPClRCE P·D. KAT016BO 
p.o KA.T01690 
D.SIGNiSKU(JJJU,D). MATOl'?OO 
DDl.lCT·ABS iD) /SMAT(JJJl) MATOl" 10 
RETURN HAT01'720 

END IF HATOl'?30 
IF (1ol!S(DL.) .O'T.SK.\TjJJJl) .AND.ABSiD) .aT.BMAT(JJJl)) TKElI MATOl?40 

TO ENFCRCE THE FORCE·O.DO APTER PAILURE DUC'TILITY !9.TOl?SO 
P.O.DO MATOI"I6C 
RETURN KAT01??O 

END IF MATCl? BO 
ENDIP MATO 1'" 90 

... !'IODIFlCA'rICN END KATOIBOO 
NI .SMAT(~) MATOIBIO 
Jl. NSEG·6 KATOH20 
J3. NI+3S MA'TOH30 
J4.;a"I'U .. 35 KAToH40 
SI.SHAT(6)/SKU(6.NSEG) KA.TOHSO 
6E'I' VELOCITY P1...AG TO 1 TO REMOVE INFL OF HIGH FREQ VEl...OC HATOlB60 
DVEL • 1 KATOH'70 
ICYC.O "-'TOUBO 

JIO STIFF·BE(l~ MATOlB90 
P.PL. (D-DL~1ISTIFF I"LlT01900 
A.SEUl KAT01910 
IP (A.EO.O.AND 9E(2) .EQ.D) THEN KAT019;a0 

A·SIGN(SKAT (6~, P) MAT019l0 
IF iP.LT.PL .AND. PL.aT.O AND P GT.O) "'·0 KATOl940 
IF ~P.GT.PL .AND PL..LT.O .AND P.L1.0) A·O HUOlSlSO 

ENDIF KA.Tol!il60 
ICYC .. ICYC'l HA.TOISl'?O 

C MATOlgeO 
e·· - IS P WITHIJ,1 LIMITS? MAT01990 

IF (ICYC aT.ID) THEN MATO~DOO 
WRITE(lOB,') 'MORE' '!'H.Ul 10 CYCUB IN I'U.TOJ, IEIJro,',IELNO MATOZOIO 

EUE IF (jPL.LE.P.ANtI.P.LT.A) .OIL (PL.GE.P.AND.P.c;T.A).OJ! MAT02020 
(DL EQ.D») THEN MA.T02030 

au. STJlDlG (SEUO),SE(3l),SE(34),P,PL,D,DL,SE07) ) MAT02040 
au.. HYST'03 (P,D, PL,DL,DVEL,NSEG,NI, SMAT(6) ,SMAT(Jl), SMAT (6) ,KAT020S0 

SHAT(Jl) ,Sl,SMAT(3) ,SEO) ,S'E~.) ,SE(3~ ,SE(III) ,SEtS) ,SE(6) ,SE('?) , KAT02060 
SE(8) ,SE( 9) ,SE (10) ,SE (11) ,SE (12), SE i3S), SE(Jl ~,SE iJI) , ""'T020?O 
SE(l?) ,SMAT(I) ,SE l30) ,SE(33) ,SE(l.) ,SEilB) ,SE(21) ,SE(21)) ""T02080 

DVEL.l MAT02090 
IS P GREATER TH).N LI!'Il'!'S ., KAT02100 

ELSE IP «(PL.LE.'" .AND. A.LE.P) .OR (PL.GE.'" .AND. A GE.P».AND.HATO~110 
iSTIFF NE 0 00) THEJ.1 MAT02120 

Dl·DI..' iA'PL)/STIPf' MAT02lJO 
Pl·'" HAT02140 
CAu.. STREJ.1G (SE(30l,SE(lJ) ,SE(34), Pl,PL,Dl,DL, SEll'?) ) MAT021S0 
DL.Dl MA.T02160 
PL.·Pl !9..T021?O 
IP (Al\SjP·PL) O'T D .0DOS'),BSiP+PL) THEN MATa2UO 

Pl·PL· (P-PL.)· .001 MATa2l90 
DI·DL.· (D-DL)~ .001 HAT02200 

EL.SE I9.T02210 
PI.P MAT02220 
DI·D KAT02230 

!NOIP KAT0224 0 
au. H'l'S'TO) (PI, DI, PL, DL, 1 . ,NBEG, NI , BK.lT (6) ,!;9.T (Jl ) ,SMAT (6 ) ,I'lATO~~SO 

SKAT(JU, SI, El9,1' il), SEll) ,BE (01), SEll ~ ,SE(4), 6E(5),SE(6), SE(?) ,MATo~260 
SE (S) ,SE (SI), SE(lO) ,9E (11) ,SE (12~ ,SEDS), 51E(J3) ,SE(J,,), MAT02270 
SE (1"1) ,SMAT( 4), SE(JC) ,BE i3J) ,SE (31) ,Sij 11), SH(H), SE(OII) J ""'T02290 

GO TO 310 I't1.T02290 
15 F' LESS TtIAN LIMITS? 1'IJ,.T02l00 

ELSE IP «P.L'l'.PL.AND PL.LE.Al .OR. (P.GT.PL.AND PL..GE A))'l"HENMAT02l10 
IF' (ABS(P-P:"').G'T 0 .0005·.U!::I(P+PL» THEN HA.T02J20 

PI·PL- (P·Pt.) - 001 I'L'T02330 
OI·DL- (D·DL)" .001 HATO~)IO 

ELSE I"IAT02lS0 



c 
c-

c 
c-

c 

Pl-P MAT02160 
01"0 MAT023'70 

DltllF 1'V.102.380 
CAL..L HYST03 (PI ,DI, PL,OL, 1 . ,NSEG, NI ,SI'L''l' ~ IS) ,SMAT (J 1) , SMAT (IS) ,MAT02.3510 

SMAT(Jl), 51, SHAT(3) , SED) ,SE (Z), SE(3) ,SE (4) ,SE(5) ,SE lIS) ,5E(?) ,MAToaoo 
SEI B), SE (9), SE (10) ,SE (11), SE (1~) ,SE I 35), SE(JJ), SE IJ4) I MAToalO 
SEn?) ,5MAT (4) ,SE (30) ,SE(.l), 5E (34) ,SE (181, SE(Zl) I SE(Z4» IU.TO;l420 

00 TQ 310 IU.To~d.JO 
ENDIP MAT02d.d.O 

SAVE KUlKUo! OISPL AND IT'S LOAD 
If (ABSID) .GT.ABSISE(l603-NI») THEN 

SEIl5' 3 "NI)-P 
SE(315+ 3°NI)-D 

.. TRANSPER ElJERGIES PaR BOTH IOPT-J AND 4. 
400 EE5'E-SE(30) 

EPSE-SE(33) 

I9.T02d.50 
MAT02d.ISO 
IU.T02d.10 
IU.To~.80 

MAT02d.90 
MAT02500 
I'Q.T02510 
.o.TO~5Z0 

.o.TO~530 

HA.TO~5&0 
HA.TO:i.550 

. TRANSPER DUCTILITIES AND EXCRUSICDII RATIOS FCIR BOTH IQPT-J AND & .HA'I'02560 
DO 410 1-1,3 MATO~5'70 
DUCTII)-MU;(SE(1?I),SE(~O"I» PVr.T02SBO 
E:IIO,II .. J)-8E(;l3.I+3) MATO;lS90 

410 EXCR(I).SE(:ilJ+I) MATO~600 
MATO~610 
MA'1'O;l6ao 
MATO~610 

C.--- ... -- ..... --------------- DAMAGE INDEl! 
.. _ ... __ ..... __ • _________________ MATO:l640 

500 EESE -SE (30) 
EPSE -SE (33) 
NSEGS-Sl'\.A'I'(l) 
NI -SMAT(2) 

510 

DMAJI -SKAT(S+2-NSEGS) 
Di' -SMAT(,) 
BDAI1 -SI1AT(Sl 
P -5E (3':'< JoNI) 
D -SE[16< 3"~H) 

Dl -SKA'T(6+NSEGS) 
IF (DY. LILDl) THEN 

PY-SMAT (6) "DY/D1 
ELSE 

DO 510 I-l,NSEGS 
Pl"SMATII.I) 
P~·SMA.TIS .. I) 
Ol"SKAT 1& 01 .NSEGS) 
02 -SKU I 5 + I .}lS:EGS) 
IF IOY.GE.D1 .AND. OY.LE D21 THEN 

FY-Pl· (DY-Dl)" (P2 -511) I (DOl ·Dl) 
GO TO 520 

ENDI. 
CCNrINUE 

ENDI. 
520 DAMAGE-ABS(D) /DKAX + BDAM I (PY*IMAJI') 0 EPSE 

,,"TO~650 

M.lr.102660 
MA102670 
MAT026BO 
rcAT02690 
MAT02?00 
,,"T02710 
MATOZ?20 
MAT02?30 
""'102740 
""'T0:3'750 
""'TO.760 
PVr.T02770 
""'TO:l?80 
""'TO 2790 
MAT03l00 
""T0:39]0 
MAT02920 
MAT02930 
HA.70:llUO 
HA.TO:lB50 
MATO:l 86 0 
K.\TOZSiO 
MAT028BO 
MA.T02890 
KA.TO:ll900 
MAT02910 

RE"T'l.IDl MAT029:10 
END MATOi!9JO 

C KATOOOIO 
C. ___________________ .. ____ --- - - -- - - -- - -- -- - - -- ---- - - -- - --- ---- --- - ______ MATCOO ~O 

C MAT00030 

c 

SUBROUl'ItlE MAT04 (IOPT, IELNO, FIRST,MAT, SE,P,PL,D,OL,", VL, MAT00040 
, I..E:LE!'I, LMAT, SMAT, nSE, EP5E, DUCT, EXCR, OAtQGE,N80LN) KAT00050 

LOGICAL PIRST 
DlKENSION SE(lOO) ,SIO..T(20) ,DUC"r(J) ,EXCJI.(IS) 
CH1J!.ACTER" BO TYPE 

IF (IOPT.HE.ll ULf)!-32",l-SMAT{2) -il 
IF (lOPT.EQ.O) REl"URN 

KATOOOISO 
I'IATOOO?O 
HATOOOIlC 
HAT00090 
HATCOIOO 
MATOOllO 
MAT00120 
MAT00130 

c- -
CVARUJH...ES: 

- - - - - - - - - - ..... - - .. - ... - .. - ... - - .. -..... . -. -MATOOl40 
MATC0150 

c-
C- GLOBAl.. VARIABLES 

... ·MATOOllSO 
MATCOl?O 
KATOOlEO 
KAT00190 
MATOO:!oO 
MAT00210 
MAT00220 

C IOPT - 1, INI'TIllI'Z.E I'IATERIAL 
C - 2, G!'T STIFFNESS 
C RINPtJI' ;. INPUT DATA 
C SMAT - INTERliAL BTCIlAGE 
C SE - CQ'TPUT STIFFNESS 
c
C 
C 
C 
C 

c 
c
c 

SHEARI DATA -
SI'tA1(1)· NSEGS, 
SMAT(2)· NI, 
SHAT(3)· CSE, 
SHU(4) - DY, 
S!4AT(4+I)- pp, 
SMAT I 4. I. NSBG) - DP, 
SMAT(5+'l"NSEG)- BDAM 

·--····------·-··""1'00.30 

N'lJH8E1i QJ> BACKBONE SEGKZmS 
NUMIlER QP SMALL AMPLITUDE UXlPS 
CONSTAINt' S'TlU.IN ENERGY .. 
YEILD DISPl.A.CEJ1ZNT 
BACICBom SHE.\iI PaR POINI' I 
BACQON'E OISPLACEl'fEN'f POR POINT I 
BETA PaR DAMAGE INDEX 

K.\TOOHO 
I'IAT00250 
K.\T0021S0 
MATOO:il?O 
HA.TOO,aO 
HA.T002!i10 
MAT00300 
MATOOllO 
MATOOJ~O 

GO TO (100,.00,300,400,500) IQPT MA.TOOllO 
HATOOHO 
IU.T001SO 
IU.T00160 

100 CaN":'INUE 

INPtn' DATA F~ SHEAR1 HYSTERESIS MCDEL --·---------CQTOOl10 
CMATOOlBO 

C NSEG - Nl.MBER QP BACJQlONE 5BGEHENTS 04A.T00190 
CHATOO,OO 
0'lA'r00d.l0 
QtATOOI:iO 

C NI 
PF 
DF 

- N(J1BER QP SMAL..L LOOP POINTS 
.. BACXBaNE L.O.\D 
- BACKBaN'E OISPLACEKEm' 

READ(lOS,-) TYPE ,NSEG,NI,OY,BOAJol 
REAO(105,-) ( SHAT(4·1 ),I-1,NSEG) 
RE.AO(lOS,·) ( SMAT(4"I'N5EG),I-1,NSEG) 
LEl.EM - 32'PNI -2 
LMAT - S'2°NSEG 
SHAT(l)-NSBG 
SMAT(2)-NI 
SMAT(II.)-DY 
oSMAT (5- iloNS!G) -BDAM 

DL'-a 
PL-O 

. CAl..C CaNSTANT S'TJlUN ENERGY 

DO 10 l-i,N5EG 
P-SKAT(&'I) 
D- SKAT (11., I 'NSEG) 
IF (D.L£,OY) TH~ 

CSE-CSE - O.S-(P·PL)"{D·OL) 
PL·P 
DL~O 

ELSE IP (D.20 OL) THEN 
GO TO 20 

ELSE 
P'I'-PL+ (DY-DL)'(P PL)/(D'DL) 
CSE·C'SE • O.S"(P'I'+PL)'IDY-DL) 
GO TO ilO 

END" 

·-04A.'r004l0 
MA100UO 
IU.T004S0 
.u.100'60 
IU.TOO II. 7 0 
.u.T00&80 
1U.'r004Sl0 
.u.TOOSOO 
!Q.TOOS10 
""'TOOS20 
MATOOS,lO 
MA'rOOS&O 
MA'rOOSSO 
.0.'1'00560 
""'100S'70 
HAT005BO 
!U.TOOS90 
1'IA'r00600 
!4AT00610 
1U.'I'00620 
HAT006l0 
!Q.T006&0 
""'1006S0 
MAT00660 

10 C'ONTINUE 

HAT006'10 
HAT00680 
MA100690 
,,"T00700 
IU.T00110 20 SKAT(3)-C'SE 
MATOIl'720 

IP (FIRST) WRI7E(l01l,65) MATOO?lO 
WRITE (lOe ,6?) I'!AT ,NI ,DY, BDAM, (SKAT (,+X), 5I9.T (4 .X-NSEG) ,X-l ,NSEG) MAToa1 '0 
WRITE(lOIl,-) , , Jo1ATOCl?SO 

155 FCJlU4AT(II/' SHEARI HYSTERESIS HODEL DATA - UNI'T LENGTH MEMBER'MATOO?fiO 
.. I . ~ - .... ---- .... -- ------------ ---- .--- .--- -- ... ---- ----' ,MATOO??O 
... /' BACXBaNE C'URV'E ponn's Jo1AT lOr DY' HATOO? BO 
... ':'X,'BE'TA',6:11, lX,' S"'l'RESS',ex,' STRAIN') M,l,T00190 

6? PaR MAT ((2a:1i,2I4,a,4G1S.IS)/(1S1lX,2G1S.6) ""'Toaeao 
MATOOBlO 

Rfn'URN HAToa820 
C----.-----------··--~ .. ~-· G!'T STIPF)oJESS TElIJo!IS ·-------~ _____ • __________ I4ATOOB30 

ilOO CONTINUE I4AToauO 
SHEARl HCDEL DATA B'tCRAGE PCIR MEKBER MATOOB':'O 

SE( 11- J: MATOIlBlSO 
SEI 2)" Rt1LE 14A100B'10 
SEt l)- DII! 1'U,100nO 

40 

SEC 4)- A II 
SEC 51- P!otG 
SEt E) - PfoOi 
SEC ?) - DI1G 
SEC B) - DMH 
SEC 91- EL\CQ 
9E(10)- SlU 
SEOI) - SR2 
5E(l2.)- stu 
SE(ll) - SRM 
5£(14) - III 
SE(15)· S_E~UNLQUl 
SE(16)" UPQSIll 
SEll?) - UPQS(2) 
SE(19) - UPQS(1) 
Sl(9) - UNEGIl/ 
SE(20)· lINEGIl) 
SE(21)· UNEG(3) 
SE(22) - E)(CRI1) 
SEI~l)· E:KCR(2) 
SE(24)" EXCR(3) 
SE(25) - EXCR(4) 
SE(26)- nCR(S) 
8E{a'7) - El!C'i.(6) 
SE{lB)· ESE 
SE(251) - ESE 
SE{lO)" ESE 
SE(31)· PSE 
6E(.l~)- PSE OLD 
SE(3."1 -) -PR( 1) 
8E{lil+ NII-PR (NI) 
8E(ll+1' NIl -ORI 1) 
6£(32" ~·NI)-OIUNI) 
BE{32+1'2-NI) -PR.( 1) 
5E{3il+ J"NI) -PR(NI) 
SE(33" J"'NI) -P MAJI 
SE(3&· 3°N]) -O)W( 

MATOOe5l0 
MATa0900 
MA'T'a091a 
MATa05l2a 
M,AT005l30 
HAT005l40 
.u.Ta09So 
.u.T'0 09 IS 0 
MATa05l10 
MAT00980 
MATa099a 
MAToI000 
M.ATal010 
MATOI02C 
MATOI0Ja 
MATal04a 
MATClI05a 
MATOIOI5C 
!'IATOI0?0 
MATClI08Cl 
MATOI09Cl 
MATCI 11 00 
MATOlllO 
MATOll.C 
MAT01l30 
I'IATOIUO 
.u.T01150 
IU.TOl1ISO 
mTOu?a 
I"!ATOIUO 
MATa1l90 
mTOliloa 
I'Q.TOIilla 
MAT01220 
I1ATOl2.Ja 
MAT01240 
HATOUSO 
HAT01250 

NSEG-SKAT(lI MAT01270 
NI -SK.\T(2) MAT012eo 
91 _ ElH.\T{S)/BHAT~S~NSEG) MATOl:2510 
JI-NSEG'S MA101300 
J.l.NloJl MATOIllO 
J4-:;J'NI'lJ MATOIJ20 
JS-3'NI'lJ-l.+:i .u.TOlJJO 
DO 210 1-1,J5 HATOl340 

;no 8E(I)-0 ""TOllSO 
CALL HYST04( P, O,PL,DL, V ,NSEG,NI, MATOIJ50 

SKAT ( 5) ,fiHAT(Jl) , BtV.T{ 5) ,SI'LlTIJ1) ,BI,SHA.T(l) ,SKA'1'U), MATO}J?O 
8E( IJ ,SE(:U ,SE( 3) ,S!( 4) ,ISE{ 5) ,SE( E) MATOlleo 
8E(?) ,SEC B) ,SEC 9) ,8B(10) ,SE(ll) ,SE(12), MATOll90 
SE(ll) ,SE(14) ,SEIlS) ,SE(16) ,SE{a) ,SE(22), I'tA,TOlll.OO 

" SE(2B) ,SE(31) ,SE(J:!) ,SE{l3) ,SE{J3) ,SE(J4» MATOU10 
RETUP.N MA'1'Olll.20 

C' toIA'1'Olll.30 
C-------------.-.- •• - ••• -- OET STIPP'NE8S TERM8 _________ • ___ •• __________ M,I,'1'014'0 

c 
c-

JOa CCNl'INUE l'tA'1'01450 
NSEO-!lD.TCl) MATOlll.60 
MODIPIED TO B.A.TISFIED T'HE PORTIQN OF DROPlOO [)CWN OP BAC'JJHlNE M,l,'1'Olll.10 
CtIitVE AFTER THE u..sr POINT (I.E, THE NSEG'S POINT) KA.T014BO 
Q.I JUl.Y B, In4 BABED ~ YANG'S WCRX M,l,TOlll.90 
IP IN80~, !Q.&) THEN I'I,ATOlS00 
IP (SEll) .EQ.O.O,1.NI).PL.EQ,O.C). THEN tiAT01510 

P-O.O lQ'1'OlS20 
SE(ll-O. 1'IA.'l'01530 
RETUR.IiI "",TOlS40 

ENDIP tiATOlSSO 
JJJl-4.l*NSEG I'I,ATOlS50 
IF lABS (D) . c;r .Sl'IATIJJJI) .J.ND .ABS IDL). LT, Sl'tAT(JJJI» THEN "",T015?0 

ElMATJJ-SIGN{SMAT(JJJl) ,OL) M,l,,101580 
PI-PL- (SHA.TJJ·DL) "SE(l) M,l,TOlS90 
Dl-SKATJJ MANIEOO 
CALL S'nI:EN'G(SE (.lO),SE{J.l), SE(34) ,Pl,PL,Ol,DL,8E(17») K,l,T016 10 

AFTER REACHING FAILURE' DUCTIUTY, ENPClRCE P- O. K,l,T01620 
P-O. "",T01630 
D-SIGN(SlQT(JJJ1) ,0) ""T01540 
DOUCT-ABS(D) ISMAT (JJJ1) ""T016S0 
RETURN ""To1660 

!NOIP I'I,I,T016?0 
IF (ABS (DL) .ar. SKAT (JJJl) ,AND ,ABS (D) .GT .SMAT(JJJ1» THEN HATo168a 

ENPORC'EI> THE P~CE·O, APTER FAILURE Dut"'I'ILITY KAT01690 
p.o KA,T01700 
RETURN KAT01?10 

END IF KAT01? 2.0 
ENDIP K,l,TOI?lO 
Ha:lIPIo.TICN END KAT01?40 
NI -SHU(~) HATOl?50 
SI - SHATIS)/SKAT(5'NSEG) MATOl?60 
J1 .. NSEG+':' KAT01??O 
Jl-NI+33 KATOl? 90 
J4-2-N]+13 MATOl?90 
DVEL-V"VL MATOla OC 
SET V!1...OCITY PLAG TO 1 TO REMOVE' IN'FL or HIGH FREQ VELOC MATOlBI0 
DVEL - 1 MATOlB2.a 
ICYC-O MATCl93a 

310 STIPP-SED) MATclB40 
P-PL" (D-DL) ·STIFP MATOlBSO 
A-SE(4) MAToIB60 
IF (A.EO.O ,AND .9£(2) ,EQ,O) THEN MATOlB?O 

A-SIGN! SKAT (5) ,PI MATOleeo 
IF (P.LT.PL . .AND. PL.GT.a . AND. P.GT.O) A-O MAT'OlB90 
IP (P GT.PL .AND. PL.LT.O .AND. I' LT.O) A-a H,l,.T0190a 

ENDIP MATa1910 
ICYC-IC'I'C'l 19.T01920 

IS P WIntIN LII'!IITS '? 
IP IICYC.GT.IO) THEN 

WRITI!(10B,') 'HeRE THAN 10 C'YCL.ES IN KA1'04, IELNO:',IELNO 
ELSE IP (IPL LE P .AND. P.LT.A) .OR. (PL GE P .AND. P,GT.A) .OR. 

IDL.EQ.O» THZN' 
CAw.. STRENG (SE(28),SE(311 ,SE(J2),P,PL,D,DL,SE(15) ) 
au.. HYS'T04( P, D,PL,OL,O"EL,NSEG,N!, 

SKAT I 5) ,SMAT(Jl) ,SHAT( 5) ,SHAT(Jl) ,SI,~T(.l) ,SMA'!' (4) , 
SE( 1) ,SEC 2) ,BE; 3) ,SE( 4) ,SE ( 51 ,SE ( 5) , 
SEC '1) ,SEC 8) ,SEI 51) ,SE(lO) ,5E(11) ,6E(121 , 
SE(ll) ,SE(14) ,5E(15) ,SE061 ,SE(l91 ,S£(22) , 
SEIZE) ,SE(1) ,SE{3:2) ,SE(3) ,5E(J::3) ,SE(J4) ) 

MATOl9JO 
I9.T01940 

C· .. IS F GREATER THAN LIMrTS '? 

(IlATOISlSO 
.u.Ta1960 
!Q.T015l7a 
MATal9BO 
MATa1990 
MAT020ca 
HATa2010 
I1ATa202a 
(IlAT020Ja 
t'!ATail040 
HAT020sa 
HAT0201S0 

c-

ELSE II' II(PI. LE.".AND A LE.PJ ,aR (PL GE.A .AND. 
(STIPP.m.o.aO)) THEN 

01-DL· (A'PL) /STIFF' 
Pl·" 

,I, GE.Pll AND.MAT020?D 
HATazaSO 
.u.T02090 

CAL..L STRENG (SE(2B),SE(311,SE(32) ,Pl,PL,Ol,DL,SE(lS) 1 
DL~Dl 

HATOHOD 
MATa2110 
KATa2l ila 

Pt.-Pl' 
IP IABS(P-PL) GT. a 000S"AB6(P+PL1) 'T'HE'N 

PI-PL' (P-PL)" 001 
DI-DL' (D-DL)" .001 

ELSE 
PI-P 
01-0 

END" 
CAU- HYS'T04 IPI ,Dl, PL, DL, I . 00, NSEG, NI, 

MATa21JO 
MAT0214D 
I'IAT02lsa 
HAT02.160 
MATC2.l ?a 
MATa21lla 
MATa2151D 
MA'!'a22ac 
MAT02HD 

SMA! ( 5),BKA.T(J1I,BMAT( 5) ,SMAT(Jl),S],SKAT(J) ,SKAT(4) , HAT0222D 
M.J..T022 10 
K,\TO 2;l4 0 
MA'!'D22SD 
I'L',TOil260 
KAT022'?!) 

5E'( 11 ,SEC 2) ,SEt 3) ,SE( 4) ,5£15) ,SEt IS) 
SEI?) ,SEC e) ,SEt 9) ,SE(10) ,SElll) ,SE(!2) 
SE(ll) ,SE(14) ,SE(lS) ,SE(6) ,SE{lSl) ,SE(22) , 
S£(28) ,5£(3l) ,SE(32) ,SE(ll) ,SE(Jl~ ,SE!J4) J 

GO TO J10 
IS PUSS TfWJ L!H!TS ? 

ELSE IF «P LT,PL AND. PL..LE.Al .CQ1. (P GT.P!.. .AND 
IF (ABSIP-PL).G'J' O,OOOS"ABS(P·PLl) THEl' 

PI-PL' (P-PL) - 001 
DI-DL- (O'OL)' .00l 

EL8E 

1'[,1,"02280 
P!.. GE.Al lTHENM.,I,T02290 

MAT!)2)00 
KATC2.31C 
I'lAT02J 20 
MATD2330 
M,AT02.J40 



c 
c-

c 

ENOl' 

DI·O 
ENDIF 
CALL HYS'T04 [PI ,01, PL.,OL,l. OO,NSEG, NI, 

SMAT! 5) ,SKAT[Jl), SMAT( 5) ,QoIATIJ1),SI,SMAT(J~ ,SMAT(4), 
SEt 1) ,SE( 2) ,SEC J) ,SE( 4) ,SE( 5~ ,sEI 6) 
SE( 1) ,SE( B) ,SEt 9) ,SE(10) ,5E(1l~ ,SE(1Ol) 
SE(13) ,SE(H) ,SE(15) ,SE(ll5) ,SE(19) ,SE(22) , 
SEIZE) ,SEI3l) ,SE('32) ,SE(33) ,SEIJJ) ,SE(J4) ) 

GO TO 31'0 

SAVE K.l.XIHUN DISPL. AND LQ.\D 
IF IABSIO).GT.USISE(34·J-NI))) TKEN 

SE {3J< 3*NI)·P 
SE (34' )oNI)·O 

ENOIF 

MA,TO;a3S0 
HATD2360 
riAT023'70 
MAT02JBO 
P1A.T02390 
KA.T02400 
H.lt.T024 10 
H.lt.TO.420 
HAT02430 

C······ 'nANSFER ENERGIES POR BOTH IOPT·3 AND 4 
400 EESE·SE(28) 

KA.T02440 
""'T02450 
KAT02460 
KATO 24'7 0 
KAT02UO 
MAT02490 
MAT02500 
MAT02510 
MA.T025iiiO 
MA.T02530 
MAT02540 
,,"T02550 c 

c-

EPSE·SE(31) 

- TRANSFER OUC'TILITIES AND E)!CRU5IClN RATIOS F~ BOTH IOPT·l AND 4.MA.T02S60 
DO 410 1.1,3 HA.'!'O 2S '7 0 
DUC'T(I).HAX(SEU5.I),SE(18·I) ~ KA.T02S!0 
EXCJl (I)·SE(21+1l HA.TO.590 

410 EXOl(Io3)·SE(21+I+3) MATO.600 
R!TURN HATO:;l610 

. C HAT026:;l0 
C·· ........... • •• •••• .... • ...... • DAMA.GE INDEX .................................... I'IAT026JO 

500 EESE ·SE (2S) ","1026GO 

SiC 

EFSE ·SE (31) MAT02650 
NSEGS.SM},T(I) MAT0215150 
NI ·SI1AT(2~ MAT021570 
DM.I.X ·SHAT(G-2-NSEGS) MAT0215S0 
DY ·SHAT(G) MATO.1590 
aD~ ·SH.\T(5.:iI"NSEG5) I"lAT02'700 
P.SE(3J. 3·1'11) !'!A.T02'710 
D.SE(34o 3-N!f MATOnOlO 
IF (0'1' LE.~TI5·NSEGS) THEN KA'TOOl'730 

PY"SMAT (5) -DY/SHA.T( S.NSEGS) I'LIIT0:214 0 
ELSE MA.TO;a'750 

DO 5]0 I·~,NSEGS 
Fl·SMAT(3·I) 
i'2·SMAT(4 +1) 
Dl·SKAT (J or .NSEGS) 
D Z·SM.\T (4 +1 +NSEGS) 
IP IDY.GE.Dl .AND. DY.U,02) THEN 

PY·Pl. (DY-Ol) * (P2 -PI) /(02-01) 
GO TO 520 

ENOIP 
CONTINUE 

ENOl' 
520 DAKAGE·ABS{O~/DKAJI • BDAM 1 (F'Y-DHA.Jl) .. EPS! 

MAT02760 
HAT02iiO 
HATO.i 80 
KATO:il190 
KATO:ilBOO 
IU.T02UO 
MATOH 20 
KATOHlO 
MAT02810 
KAT02B50 
MA.TO.B60 
I'lATO.B70 
!'IA'TOHBO 

Rrrt1RN HATD.890 
DID ,,"T02900 

C ,,"TOOOIO 

C ........ •• ............. ••••• ...... ••••• ....... •••••••• ......... •••••••••• .. •••••••••••• .. MATOOOaO 
C KAT00030 

c 
c-

Sll'BROUTINE KAT06 (lOPT, IELNO, FIRST,MAT, SE, P,PL,D,DL, II, VL, HATC0040 
l. LELm1,~T, SMAT, EESE,EPSE,DUCT, EXOl,DAHAGE) HAT00050 
~ICJ.L PIRST I'QT00060 
DIH:E:NSION BE 1100), SKAT(3) ,DUCT(3) ,EXCR (15) KAT00010 
Cl-L\AAc:-rER·eO TYPE MATOOC80 

LEl.E'M·'9 
IP (IOPT. EQ. 0) RETURN 

MAT0005l0 
""T00100 
""TOOIIO 
MAT001:;J0 

. - - .... -MA.TOOIJO 
C VARIA.8L.ES 
c-

MA.T00140 
•. - - -. ·""'T00150 

HAT00160 
MAT00170 
MAT00180 
MANOl90 
I1.\T00200 
HATOO.IO 

C· . GLCBAL VARIABLES 
C IOPT .. I, INITIALIZE MATER IAL 
C • 2, GET STIPFNESS 
c:: RINPT.n' • INPT.n' DAn 
c:: SMAT • INTERNAL STORAGE 
C SE .. OUTPUT STIPFNESS 
c- -
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c-
c 
c 
C "I 
C C 

TAKEDA DATA 
SHAT[ 1)· EI, 
SMAT( .). PC, 
SMAT( l)· DC, 
sz.u.T( 4)· PY, 
SKAT ( 5)· 01', 
SHAT( 6)" fU, 
SMAT( 7). DU, 
SMAT( B)· OC, 
iSHAT( 9) .. CY, 
SlUT Cl 0 ~. YU, 
SMAT(ll)· C'Y, 
SMAT Cl2 ~. CSE 
SMAT(13)· BD»! 

iUSTI C STIPFNESS 
CRACXING La.\[) 

C1I.ACXING DISPLAC&iEm 
YEILD U».D 
YEILD DISPlACEMENT 
ULTII'lA.TE LOAD 
ut.TIKATE DISPLACEMEPn' 
INITIAL STIFFNESS 
CRACKED S"TIPFNESS 
Ul.TIHATE STIPPNESS 
RELO.I.DING STIPFNESS 
CONSTANT STRAIN ENERGY AT YEILD 
BETA FOR DAMAGE INDEX 

.. 'I"IAT002.0 
KAT00230 
MATOO.40 
MAT00250 
MAT00:ill50 
""T002'70 
MATOO;;tBQ 
HA.TOO:il90 
KATOOJOO 
I'!A.T00310 
""'T00320 
KATOOJJO 
KAT00340 
HAT00350 
KAT003150 
Wr.T00310 

HlPrn DATA POR TAXEDA HYSTERESIS HODEL - ·--··-·-·CoIAT003S0 
THE FOLLC*'ING DAn IS INP~ ONCE POR EACH MODEL OU,TOOJSlO 

O!AT00400 
.. MCI-IENT OF INERTIA 
• MCMKNT GRADIENT 

C PC,DC • CRACXING LO.\D 1.NO DISPLACEMENT 

O!AT00410 
Cl9.100120 
OQ.TOO')O 
OIATOO"O 
OU,T00450 
CMATOO,60 

C PY,O'l' • YEIL.D t.aAD AND DISPLACEMENI' 
C fU,DU .. ULTIMATE LOAD AND DISPl.o\CE2aNT 
C 

GO TO (100,2CO,300,400,500) IOPT 

100 CON'!'INlJE 
il.EAIlI105,·~ TYPE ,(SHATII),I·l,1),BDAI'I 

. - - - -. -OQT00470 
,,"T00490 
,,"Tocno 
MAT00500 
MAT00510 
HAT00520 

LMAT .. 13 I'!A.T00530 
SMAT( B)~ SHAT(2) 1 SMA.'T(J) MAT00540 
SMAT( 51)·(SH.AT(4)-SM.I.T(Z»)/I~T(5)-SMAT()~) KAT00550 
SMAT llO)· (SHAT(S) 'SHAi' (4)) 1 I SHAT ('7) -SMAT (5~) MATOOS150 
SMAT lll)" (SMAT(2) +SM.\T (4) 1 (SHAT (3) +SMAT (5» MATOOS70 
SMA1( l)·SKA,T(l) MAT00580 
SJotA.T (!:il) ·SHAT(2) -SHATD) 12' .5- (SKA.i'(2).SMATI4) - (61'L'.TI5) ·SHATD») MAf00590 
61'L'.TUl) ·BDAfol MAT00600 

MAT00610 
IP (PIRST) ioi'RITE(lOE,S) HAT006:i10 
ItIRIi'E (10 E ,6) KAT ,!!D.\M, SKA1(l) , SMAT(Z) , SMAT (4), SMAT 16 ~, MAT006)0 

'- SMAT(J) ,SJoV.T(5) ,SKAT(7) I'lA.T00640 
S PClRMAT(III' TAXEDA HYSTERESIS I'IODEL- FOR UNIT l.E'NGTH MEKB~'I I'lA.T00650 

.. ' ...................................................... IiMAT00660 
MAT BETA EI ',?X, ""'T006;0 

'- 'CRACK',lOX,'YEILD', 'X,'ULTI!4A'I'E') MAT00680 
Ii POJlJoI.AT (/IX,I5,2GI5.6,lX, :ilX,JGlS.6,/l9X,3G15 ,6/) KAT00690 

ilETr.nu.l I'IAT00100 
c·········· .. · .. ···· .. ···· ..... GET STIFFNESS TLRMS ••••••••• ...... ••••• .... ······MATOO?!O 

200 CONTINUE MATOO' 20 
TAKEDA MaDEL DATA STORAGE POR MEHEER MAT00130 

SE( 1)· S I'!ATOO?U 
SEI 2)· HlUl MAfOO?50 
SEI 3)· A HAT007i50 
SEI 4)· B I1.\T00110 
SEC 5)· IDRO HAT001BO 
sE( 15)· RF MAT00790 
SEI 1)· aNRl. MATOOBOO 
SEI E)· !.Jo!.1 MA.TOOBIO 
SEC 9)" r.JM2 KA100820 
SE(lO)· UMJ KATOOBlO 
SE(11)· lJo!4 HAT00940 
SE(l2)" S] ""'T00950 
SE(1l)· XD KAT00860 
SE(H)· ,-OUM "",T008'0 
SE(lS)· lIOY "",T00880 
SE(16)· UOD Wr.Too890 
SE( 11)' UO KA1'00900 

41 

21C 

SE(lB)· Xll1i'l 
5E(151)· UI 
SE(20)· UID 
8E(;21)· X2UO 
5E(2~)· U2 
S&(23)" X3U] 
SE(24)" tl3 
SE(2S)· Q'I' 
SE ( Z6)" KAXFLG 
SE(Z7)· .\CHNG 
S2(H)· S_E:~U'NI..a.\D 
SE(251)· EESE 
SEIJO)· EBSE 
SE(31)· EESE 
SE(32)· EPSE 
SE(33)· PSE OLD 
SE(34)· UFOS(l) 
BE (3S ~. lJP'OS (Ol) 
SE(J6~· UPOSIl) 
SE(31J· llNEGIl) 
SE (3B). UNEG I 2) 
S:£(39)· (]NEGI3) 
S:£(40)· EXCR(1) 
SE(41)· ElICR(2) 
SE(4:o1)" EXCR(l~ 
SE(43)· ExCR(') 
SE(4&)· EXCR(5) 
SEI45)" EXCIl(6) 
SE(46)· i' !'OJ( 

SEI(7)· D-MAX 
SEIGB)·· sHAT(8) 
SE(451)· SKAT(l) 

EI·SMAT (1) 
GR.\D·SKAT(12) 

DO ;210 1·1,1' 
SE (1)·0 

c.u.L HYSTOI5 (P,D, PL,DL, V, VL,SE (1) ,SE(.) ,SE(3), SE(41, ElE (S) , 
" SE (6), ~T (2), BMAT (l), SKAT (4.), SMAT (S ~,SKU (6), SKAT (B), 
" SMAT(9),SHATIIO) ,SKlT(ll~ ,I5MAT(l2) ,SE(7),SE(E) ,SE(51) ,SECIC), 
, SE (11) ,SEIH), SEIl3) ,SEI14),SE (15), 5E(16), SEll 1) ,SE(1B) ,SE (l9) , 
, SE(:l:O) ,SEI:l:ll,SE(:oI2) ,SE(2J) ,SE( •• ) ,SE(25), SE(27), 
, SE (28) ,SE (:l:51j, SE(3.i) ,ElE (33) ,BE (34) ,S! (37), SE(4.0) ) 

BE(48) "SI4AT(Ii) 
6E(49) ·EI 

KAT00910 
KAT0092C 
HAT00930 
KAT009GO 
HAT00950 
MA.T005l60 
I1.\T009?0 
HATOOgeO 
MAT005l5l0 
MAT01000 
MATOIOlo 
MATOI020 
,,"T01030 
"""TOI040 
KA1'01050 
I"lA.TOI060 
KATOI070 
KAT01090 
KAT01090 
MATOHOO 
MATOHIO 
MATOll20 
HAT01130 
HolT01l40 
HolT01l50 
!'!ATOll 15 a 
HAT01l70 
!QTOllBO 
MA.'TO 1151 0 
l'!A.'TOl:ilOO 
I'tA,T01:illO 
HATOl220 
JolAT01230 
KlT01;U0 
HAT01250 
KATOl.260 
MAT0127C 
HAT01280 
MAT01290 
MATOUOO 
HAT01310 
I'tATOl320 
MAT01330 
HATOIHO 
HAT01l50 
HATOD150 
HAT01370 

RE'Tt1RN "",TOl390 
C !UTOU90 

c··· ....... ······ ....... · .. ···· GET STIFFNESS T!RJ1S • .. ••••••••• .. •• .. •• .. ·······KAT01400 

c 
c-

c 
c-

300 CClNTINUE HAT01410 
EiE\ ll .. STIPF KAT014~0 
SE(21)· A HAT01430 
SE(.9)· 8_E~lINI.O.\D MAT01440 

ICYC.O KATOl&5C 
310 STIPP"Ei.E(l) MATOUISO 

F"PL< (D·DL) "STIFF M.\TOU "I 0 
A.SELil7) MAT01UO 
IF (A.EQ.o .AND SE('7) .EO.O) A·SKAT(Z) HA.T014510 
ICYC.ICYC.l MAT015CO 

,,"101S10 
IS P WITHIN LIMITS? KA.'!'01520 

IF (ICYC.G'T.5) THEN I'lA.TOlS)O 
WRITE(lOE,*) 'HaRE Tl-!..\.N 5 CYCLES IN MAT06, IELNO' ,IEl..NO KAT0154.0 

ELBE IF «PL.LE.P .AND. P_U.A) .CR. (PL.GE.P .AND. P.GE.A) .0lI. KAT01550 
(OL..EO.D) TH~ HAT01560 

au. STRENG(SE (29) ,SE (32), 8E (33) ,P ,PL, O,DL, 5E (29)) KAT015iO 
aLL HYST06(F,D,PL,DL,V,YL,SE(1) ,BE(2) ,SE(3) ,SE(4), KAT015BO 

'- 5E (5), SE:(6), SMAT 12 ~,SMAT (3), SMAT (4), SMA,T(5) , SMATII5) , SMAT(&) , KA1'01S90 
" Sl1AT(9) ,SKAT(lO) ,8,,"T(11) ,SKAT(2) ,SE('7) ,SE{a),SE(g) ,SE(10), HAT0160C 
'- SE(11) ,SE(12) ,8E(D) ,SE(14) ,8E(l5) ,SE(16) ,SE(17) ,SE(lB),SE(19), HAT01610 

SE (20) ,SE( Zl), 5E(22) ,BE(23) ,SE(2G) ,SE(;25), BE(27), MA.T016~0 
SE (.B) ,SE( 251), SE (3 2) ,SE{J3), SE (34) ,SE (31), SE(40») HATOI1S30 

HATOHi40 
IS P GREATER THAN L.IMITS 7 MATOl1550 

ELSE Ii' I{(PL I..E.A AND. A.LT.P) .OR (FL CE.A.1.NO A.GE.P».I.ND.HATOHiI50 
(STIFF.NE.O .00)) THEN ,,"TOI6'70 

D1·0L." (A-PL)/STIPF ,,"1011580 
Pl.A MAT01690 
CALL EiiRENG(SE (251) ,8E13.), SE(J3) ,P1,FL,Dl,DL, SE(28») ",,1'01700 
au.. H'f6TOI5 (PI ,D1, PL,DL.,1. ,1., SE (U, SE I 2), SE!3 ~,SE (4), KAT01710 

SE(5),SE{6) ,SMAT! Z) ,SMAT(J) ,SMAT(4) ,5MA.T(5) ,S,,"T(6) ,SKAT( 8), "",T01720 
S,,"T(51) , SMAT (10), SMAT (ll~ ,SI1AT(l.), SE (7), 5E (8), SE 1!iI), 5E (10), KAT011JO 
S21l1) ,SE (12) ,6E(13) ,SE(lI) ,SE(15) ,SE(16) ,SE(l'7) ,SEllE) ,SE(19) ,MAT01740 
SE (olO) , SE (:011) ,SE 1.22), BE (23), SE(24), SE (25) , SE( 27) r MATO 1"1 50 
82(2B) ,SE (29) ,SE(32), SE(J3) ,SE(34) ,SE(3i) ,SE(40)) I'QT01760 

DL.Ol MAT01710 
PL.Pl HATOIHO 
GO TO 310 M.\TO 1'751 0 

C· .• - IS P LESB THAN LIMITS? HATOlSCO 
ELSE IF «(P.LT.PL.AND.PL.l.E.A).OR (P.G'T.FL. .AND FL.GE."») THEN MATOlS10 

IF (.\BS(P'PL~.GT O.OOOS-'u!S(F<PL)) THEN ,,"T01820 
PI.PL"(P'PU- .001 ,,"T01930 
DI"DL< (D-PL.)· ,,"101940 

ELSE "",T019 SO 
i'I.P I"IA.T01960 
DI"O MAT01910 

mIDIF KUOlB BO 
aLL HYST06 (PI ,01, PL,DL,l. ,1., SEll), SE (2), 5E (3), SE (4), KAT019510 

SE(5) ,S'£(6) ,SHAT(2) ,SI'U.T(3),SMAT(G) ,SKAT 15) ,SMAT(I5) ,SMATIS), MAT01900 
SKAT(g~ ,SKAT( 10) ,SMAT(ll) ,SKAT(l2), SE(?), SE(E), SE(9) ,SE(10), MAT01910 
SE(ll) ,SE (1.) ,BE (13), 8E (14) ,SE (15), SE (16) ,SEIl7), BE (l &) ,sE I 151) ,MAT01920 
5E(20) ,SE(n) ,SE(22) ,SE(23) ,SE(24) ,SE(Z5) ,SE(21), MAT01930 
SE(:oIB) ,SE(29) ,SE(32) ,SE(33) ,SE(34),SE(37) ,SE(.O») HAT01940 

GO TO 310 (IlJ.T015l50 
ENDIF HAT015l150 

C KAT015l70 
C, ..... HAXIHUM Dl SFLA.C~N'T KAT01SlBO 

IF (ABS(O).GT.ABS(SE(41))) TH"EN ,,"1'01990 
SE 1'6). P ","T0;2000 
SE(4"1)" 0 KAT02010 

ENDIP KAT020:ilO 
C HAT020l0 
C·····- 'n.IJIISPER ENERGIES PCDl: BOTH IOPT") AND G MATO:ilOdO 

400 EESE~SE(;a9) MATO:il050 
EPSE.SE(3Z1 KAT02060 

C MATC 20"1 0 
C······ TItANSFEJi DUCTILITIES AND ElICRllSION RATIOS PaR BOTH lOPT·3 AND oI..MATOZOBO 

DO 410 I.l,J I1ATOOl090 
OUCT(I)"foIAJ(SE(J3"I),SE(J6'I) I"IAT02100 
EXCR(I).SE(39+II MAT02110 

UO EXCRII"3).SEI42.I) MATO 21 iii 0 
:RETURN KAT021)0 

C MAT02140 
c ................... DAKAGE INDEX ••• .. ••••••••••• .. •• ...... •• .... •••••• ............ • .. HAl'021S0 

500 EESE.SE(29) KAT02160 
EPSE.SE(J2) MAT02110 
P'I''' SMATr 4) MAT021BO 
PU' SM.l.T( 15) KAT02l90 
DU' ~f( 1) Jo'.AT02200 
p .. SE(461 MATC2~10 
D· SE!il?1 MAT02220 
BDAM.SMATIlJ) KAT022~0 

DAHAGE·'u!S!D)/Dll • BP»!/(PY·Dll) • EPSE MAT0:2240 
MAT02250 

RE'TlJR}.l HAT02260 
END MA.TOn7C 

C ,,"T00010 
C ... • ................ ~ ......................................... ~ ...................... ··I1AT00020 

SUBRotn'!NE MATD7 (lOPT, FIRST, HA~, SE, P, PL, D, OL, V ,ilL, LELe-!, HATOO 0) C 
" t,MAT,SHAT,EESE, EPSE ,OOC •• EXCll.,DAHAGEI """100040 

IMFL.ICli REALlA'H,O'Z) 
l.CClCAL FIRST 
DlKENSlON SE (lOO), SKAT (1 ) ,DUCT (3), EXO: (6) 
CH..IJl,Ac:-rEII' 80 TYPE 

HAT00050 
MAT00060 
HAT00070 
MATOOOeO 
I4ATOOO!OO 



c 
c· 

c 
c· . 

II ESD<. VE STORAGE FOR ELEMF.tn' 
LELEM"24 
IF (IOPT EQ.O) RE"!'tlRN 

C VARIASLES: 
c· . 
c· ... GLCBAL VARIABLES 
C 10PT • 1, INI'TIllIZE MATER III 
C • ;0, GE'T STIFFNESS 
C RINPU'I" • INPtrr DATA 
C SMA.'r • INTE:RNA.L STClRJ.GE 
C SE • OVl'PUT S'l'IFFNESS 
c· 

00 TO (100,:200,300,400,500) 10PT 

100 CClHTINlJ£ 
c 
c· . 
c 
c 
c 
c 
c 
c 
c 
c 

C 

Itn'ERPERTATE INPtn DATA 
KE .. SMAT( 1) 
PY .. SMAT( 2) 
XIE • SMATI J) 
D't • SKAT ( 4) 
CSE .. ~T( 5) 
DKAJ( • SHAT{ 6) 
BDAH • SMAT( 7) 

READ(lOS,") NPE ,(SMAT{I),I·l,3),DUOQ,JI,BDA.H 

l..IiAT • 7 
SKAT (4) ·SMAT (2) ISMAT (l) 
SMAT (5) .. SMAT (4) -SMAT (:i:) 12 
SMAT(IS)·SI'lA.T{4)-DtJOtA)[ 
SMAT (")) .. BDAM 

If (FIRST) WRITE(108,191) 
IorfRITE (lOS, 19~) MAT, (SMAT (J(), ';-1, l) ,DlJOIoLI.",SDAH 

191 PCIU'lAT (III' BILINZAJI HH·TERESIS MCl)EL PARAMETERS'/ 
" ................................................ ' II,' MAT, ',6>:, 
'" XE',lOX,' PY',lOX,' XIE', 7X,'MAX DUc-r',lOX,' BETA') 

192 FOiU1AT (lX,15,7GlS .IS/) 
c 

KATOOIOO 
""TOOl 10 
KA.T00120 
HATOOllO 
HAT00140 

. - -PlATOOlS0 
MA.TOOI60 

- -""TOOI70 
PUT00180 
HAT00190 
MATOO.ao 
MAToono 
IQTOOllO 
MATOOl30 

.. ·MATOOHO 
","TOOHO 
MATOO;l60 
MATOOJ70 
KA.TOOHO 
MATOOHlO 
IQTOOlOO 
I'IAT00310 
MA.TOOJ20 
MA.T00330 
KA.TOOHO 
KA.T003S0 
KA.T0031S0 
KAT003?O 
KATOOJ80 
MAT00J90 
I'!AT00400 
HAT00410 
HAT004JO 
KATOOolJO 
MATOOIUO 
KA.T004S0 
t9.TOO.60 
I'IATOOol'10 
I'IAT004S0 
""T00490 
""T00500 
IUT00510 
MATOOSJO 
MAT00530 

RE"I'URN KATOOS.O 
C !'IATOOS50 
C ...................................... INITILIz.E STIFFmSS .............. • .. •• .... • ............ • .... ·MATOOS60 

200 canlNtJE MATOOS70 
C . Eu.sTO·PLAS'TIC HCDEL DATA. etatAGE FaR MEMBER MA.TOOSBO 
C S.EI 1)· If Ko\TOOS~O 
C SEI 2)· IHJL.E MlT00600 
C SEC 3)· EPSE 01..1l MAT00610 
C SEC cH" A, UPPER LIMIT BEFCI{E RULE CIiANGE MA.T006010 
C SEC 5)· B, I..ao7ER LIMIT BEFORE RULE CHANGE I'P,T00630 
C SEC 61"EEBE(11 MAT00640 
C SE{ 7) -EESE(J) ""100650 
C SE{ 8) .. nSE(l) ",,100660 
C SEC 9)·EPSE MAT00670 
C SE(lO)·KEY KATOOUO 
C SE(ll)·UPOS!l) MA.T00690 
C SE(l2)"UpOS(l) KATOO7QO 
C SE(ll)"UPOSIJ) MAToono 
C SE(14) ·UNEG(l) MATOO1;liO 
C S.E{lS)·UNE:G(l) ""TOOHO 
C SE(16).UNEG(3) ""'T00740 
C SEll 7) ·nal (1) !'tAT007S0 
C SE(18) .. .EXClUZ) MAToono 
C SE(19)"ExatI3) M.\T007?0 
C SEI20).EXCR(4) HATOOHO 

SE(21).E:I(CR(S) ""TOO '19 0 
SE{~;o)"EJ!CR(6) ""TOOBOO 
SE{2l).P ~ ~TOOBI0 

SE(24).D::::HAX MA.T008,ZO 

INITILIZ.E RULE U Ei.AS'TIC B£ioIAVlaR 

DO 210 1-1,201 
;;10 SE(I)·O 

CALL HYSTO? fO. ,0. ,0. ,D., SE(l) ,SE (Z), SECl) ,SE (4) ,SE{S) ,V, VL, 
SHAT (1), SMA.T('z) , SMA.'!' (3), SMAT (4) ,QIlA'T(S) , 
SE(6) ,SE [91, BE(lO), SE(ll) ,EE{U) ,SE(17)) 

KAT008JO 
""T00840 
MAT008S0 
tu.'rOOS60 
tv.T008'10 
HATOOSSO 
HAT00190 
JQT00900 
KAT00910 
KAT009,Z0 

RE'TURN KAT00930 
C KAi00940 
c ...... • .. •••• .... • GE'T STIFFNESS TERMS AND A.C'TUll FORCE •• ..... •• ..... • .......... •• .. HA.i009S0 

300 CCNI'IN1JE IQTOOSII!50 
C I'!AT009'10 
C· CHECK TO SEE IF DD .. MolT009 ao 

p.p 
D·D 
IF (D.EQ.DL) RETU»l 

CAU.. HYST07 TO c.u.c NEW STIFFNESS AND GET LOAtI P 
CAl.J.. HYST07 (P,D,PL,DL~SE(l) I SE(Ol) ,SE (J), SE(4) ,SE (S) ,V,VL, 

, SMAT(l) , SMAT (2) I SHAT (J), SHolT (4), SMAT (S), 
SE(6) ,SE (9), SE(lO), SE(ll) ,SE (14) ,SEC I?») 

SE1·SE(l ) 

.. TRA!<SFER EN!:RGrES FaR BOTH IOPT .. 3 AND 4 
IP (ABSIO) .GT.ABS(S'E(;o4))'THEN 

SE(Oll)"P 
SE(a.) -0 .,.,IF 

TR»lSFER ENERGIES FOR BOTH IOPT-3 AND 4. 
400 EES.E"SE(6~ 

EPSE·SE(9) 

"",T00990 
"",TOIOOO 
MATOIOI0 
KATOIOJO 
MATOI030 
MATOI040 
MATOI0S0 
MA.TOI060 
I1ATOI0,O 
KATOI080 
I1ATOI090 
MATOllOO 
HA.TOllI0 
HA.TOll:20 
MATOlllO 
I1AT01l40 
MA.1011S0 
I1AT01l60 
HAT01170 
I1ATOllSO 
KAT01l90 

.. 'TRANSFER DlJC'jILI'I'IES AND E>:o'USION RATIOS POR BOTH Ion·l AND 4 MAT01:i!OO 
DO 410 1-1,3 IQTOl:i!lO 
DOC'I'(I)·MA.X(SE{l0"I),sE(13·I) MAT01:220 
E)(CR(I·31-SE(16.I+J) MAl'012JO 

410 E)(CRII)·SE(16.I) HATOl:i:40 
RETURN I'lATOH50 

C HATOlaO 
c·· A ................................... DAl"Q.GE INDEX .................................. KA'f012?0 

SOD EESE·SE(6) MATO l:i:8 0 
IPSE·SE(9) MAT01290 
PY • .st1AT( :21 MA1'OUOO 
DY • SKAT ( 4) MAT01310 
~ • .st1AT( 6) I'lAT01,H0 
BDA."! • SMAi( ")1 MATOl330 
p. SE(2J) I'lAT01340 
D· S£(24) HATOl350 
DA1'L'GE·US(D)/DMAX • BDJJol I (PY"DK.'J() • EE'SE KATOlJISO 

MATOino 
RETURN MATOH80 
£NIl I'!ATOIHO 

C MAT00010 
C·· .. ••• .. ••• .. ••• .. •• .... ••• .. ••• .. •••••• .... • .. •••••• ... •••• .. • .. • •••• ••••• .. ········/Il,I,T00020 
C 

c 
c 

SlJBROllTlHE KATOS (10PT, FIJIST, KAT, SE, P, PL, P,DL, LELEM, 
" 1.1iA'T, SKAT, EESE, EPSE ,DUC'T, EXo" DAMAGE) 

LCG1CAl. PIRST 
DIMENSION SE 1100), SMAT (9) ,DlJCT {3 I, EXO {6 ) 
CHARAC"'TER-90 TYPE 

RESD.VE STClRAGE FOR ELEMEfl'T 
L.EU",-39 
IP (10PT.EQ 0) RE'TlJRN 

C VARlAEUS 

I'lAT00030 
I'lA"OOOGO 
MATOOOSO 
MATOOOISO 
MAT00070 
I"IATOOOSO 
I'!A1'00090 
I"IAT00100 
I1ATOOI10 
I'tAT00120 
MAT00130 
MATOO~40 

-·UT001SO 
UT00160 

42 

C· . _ .. _. GLCBJ..L VARIABLES 
C 10PT • 1, INI'TIA.LrzE HAT.ERIAL 
C .. II, GET 8'TIPFNESS 
C IUNP(1T .. INPtn" DATA 
C SMAT • INTDNAL S'T'CJlAGE 
C SE • OUTPtn' STIFFNESS 
C 

GO TO (100,200,JOO,4.00,500) 10,., 

100 Cc:wrINUE 
c 
C- INTERPERT,UE INPlI'l' DATA 
C E .. SMAT ( 1) 
c .l • S!lU.T( 2) 
CR· SKAT ( J) 
C YS • SHAT( 4) 
C PY SHATe 5) 
C CC SHAT( 6) 
C DK.U SKAT ( '1) tJLTII'lATE DIBPLACE!KEllT .. DOC'f'IA:o[-D£LY 
C IiIlAH SMA! ( 8) : BATA P.lV.METER 
C SHAPE· SMAT (9) . ClOSS SECTI'" SHAPE 
C 1: Pel! BOl( ~ ANGLE SECTI~ 
C J; Fell. I BHAPE' 8BC'TICN 
C 3: Fa< BOll SECTI~ CQ.ISIDERING 
C l..OCAL BUCXI,.lNG. THIS IS ClNLY FOR MEHEER 
C IU'rH J:L/R LEse T~ .0 CASZ 
C .. • .... • .... •••• .... •• ...... •• .. • .... • .. • .. • .. • .. • .... •• ...... •• .. ••• .. ••• .... • ................. . 
c 

C 

c 

READ (lOS,.) TYPE ,(SKAT(I),1"1,4), SHAPE,DUO!A)(, aDAM 

I...I9.T • 9 
PI"3.141S926 
lM'T (5) "SMAT (2) -SlQT (f.) 
SMAT(6)·~T(Z.·PI·PI .. SfU.T(1)/SH.\T{4) ) 
8:HAT ('1) ·PUCM.AX 
$'!AT (9) "!lOAM 
S<U.T (9)·SHAPE 

IF (Plli:ST) DITE(l08,191) 
1GITE(lOB,1941) MAT, (SH.lT (X), K·l, 4) ,SH.U'E,POCKAJl,BD»! 

191 FeRMAT (III' GOEL HYSTERESIS /'IIXIEL PAIW1ETERS'I 
" ' .............................................. ' II 
", MAT.' ,ll,' .E' ,61,' .... ' ,611,' R' ,6X, ' YS', 
" 61,' SKA,PE',6I, 'MAJI DUC', 6X,' BETA') 

192 PauuT (11,IS,'1G12.6/) 

-H.\TOOI10 
MAT00180 
MA.T00190 
MA.TOOOlOO 
MAT00210 
HAT002:20 
""'T00210 

-,,"T00:240 
KAT002S0 
,,"T00260 
MAT00270 
MATOOOlSO 
~T00290 

HAT00300 
MATOOllO 
""'T00320 
MATOOJlO 
MAT00340 
MATOOJSO 
MAT00360 
I'!AT00370 
MATOOHO 
MAT003Sl0 
I'IATOO4.00 
""'T00410 
I1AT004:10 
HAT004JO 
MAT00440 
MAT004S0 
""'100460 
!'!1.T004?O 
MAToono 
""'T00490 
I'lATOOSOO 
KAT00510 
KATOOS20 
MATOOS30 
MATOOS40 
MATOOSSO 
MATOOS60 
MATOOS70 
""'T00580 
""'TOOS90 
""'T00600 
KA'T00610 
HA.T006 ~o 
HAi00630 
MATOOIS Ii 0 
!U.T00650 

C ,,"T00660 
c .......... • .. • ... • .. • ..... • ............. INITIllIZ,.E STIFFNESS TERMS • .... ••• .. • ...... ••• ... • .. HAT006'10 

ZOO cam-lNUE ""'TO 06 60 
C GO.E'L HYSTE'RES!S I'ICDEl. DATA STORAGE PCfl. XE:H8ER MAT00690 
C SEI 1). S'TIf'!'IlMBER AXIAL STIFFNESS MAT00700 
C SEC 3)· It: EFFECT SLENDER COEPFICIENT (TRANSP'ERD FROM ELE08) MAToono 
C SE( J)" NCCY NO. OF CYCLE MATOono 
C eEl 4)· NIHJL! RU1...2 NUMBER MATOO?30 
C SEI 5)" EL M!I'IJIER lJ!NGTH (TIl:ANSFERED FROIo! ELEOS) ,,"TOOHO 
C SEC 6)· IRV O:RElnSC" FALSE. I:REVRSC",'TRUE. MAT00'1S0 
C SE[ 7)· IDUC 0: HC·-li!. 1. HC .LT. ·12 MAT00760 
C BEl S)· PBOT I'lAT00770 
C BE( 9)· DBOT MAT00780 
C SE(lO)· FTOP MATOO?90 
C SE(lH" DTOP MATOOSOO 
C SE(l;;) .. JI2Q UNLOADING EQlIIVAL!m' STIPFNESS Jl!ATOOnO 
C 8E(13)" Dlk:."T(l) MATOOS20 
C BB(14)· Duc-I'(2) MATOOB10 
C SEIlS)· DUCT(J) MAT00B40 
C SEllS)· EXO(l) ""'T009S0 
c 8E(1'1)· EXCI: lOll MAT00860 
C SilllS)· EXO(l) MAT00870 
C SE(l9)" EXCRUI MATOOSSO 
C 8E(20)" E>:CR(S) MATOOB90 
C S£'(21)" EXCR(6) I'lAT00900 
C Si(Hl ~ DELY YIELDING DISPI..\CEH:EN1 ""'TOo!HO 
C 8E{2J)· E'ESB(l) H:A.T009~0 
C SE(J4)· EESE(J) HAT00930 
C 88(25) .. nSE(;;) KAT00940 
C SB(;;6,· EPSE KAT00950 
C SB{J7)· PSEOLP MAT00960 
C SE(lS)" CSE MAT009?0 
C SE(U)· DMlX ULTIMATE DISP[..ACEKENT HA.TOOiilBO 

SE(JO). D MAX KUIHt.Jo! EI..ZMENT DISPL-'CEI'!'Em" POR DAMAGE INDEX KA100990 
SE{31)" P-IV.li: ELEMENT.LOAD CORRESPONDING TO 0 MAJ( MATOI000 
SI3{J:iI). Hi CtlRl\ENT CON"nlOL POINT H.A - MATOIOIO 
SE(l3). VA CUR..RENr C<E'I'II.OL POINT VA MATOI020 
SE(3"· HC CURRENT CeNTROL pOlm HC KATOI030 
SE(lS). VC ClIRltEN'I" CCN'I'ROL POIm VC M.\T01040 
SE(l6) .. RSN ClIRltENT RESIDUAL S1'1U.IN VALVE M.\T010S0 
BE(l7)· DEMAX CURRENT MAXIKt.I<! AX III DISPI..\CDmN1 FOR DUCTILI'l'I.ES I'SATOI060 
SE(J8)· REQIN CUR1UUIT REGINE ZONE N~ER ""'1'01070 

C SEIJ9)· Pli:EGIl'J PREVIOUT REGIN ZON!' NI..HE!ER I"IATOIDB'O 
C .............................................................................................. KATOI090 

SED).l I'IATOll 00 
SE(l).l MATOlllO 
SE(4)"1 KAT01l20 
DO :110 1"i!j,i1:8 MATOIl30 

210 SE(II.O MATOlllIO 
SE (37)"0 MATOllSO 
SE(Ja)"l KATOll60 
SE(3g).1 KA101170 

c:.uJ.. HYS'TOB (D., 0., O. ,0., SI![S), SE(2) ,SKATO) , SMAT(2) , SKAT D) , 
SMAT (4), ~T(S), .5XAT(9) , SMAT(6) , SE(3) ,sEI~) I SEll) ,SE (6), 
SE(7), SE (H) ,SEC3l), BE (34) ,SE (35) ,SE (36) ,SE( l7), SE(lS) , 
BE (39), SE(B) ,SE(9), SE (10) ,SE (111, SE (12), SE(l3), 

" SE(16),SE('z"),SE('z3),SE(26),SEe21),SE(2 S ») 
SE (28) ·SE (aJ) ·SKAT(S) f;o 
SE(29) "SE{'zJ) -SHAT('1) 
SE(30)"0 
SE(3l)·0 

!'\ATOll 80 
MAT01190 
f'QT01200 
!'!AT01210 
!1AT012:20 
MAl'Ol:2JO 
MATOl240 
KAT01250 
MAT01260 
MAT01270 
HATOl2&O 

RETlJRN MAT01290 
C· .. •• .... •••• .... •••••• .. • .. • .. •• G.E'T STIFFNESS T~S ...... •• .. ··~ .. •• ...... ~· .... •• .... ·MAT01300 

lOO CCNTINUE 101'01310 
C MA.'101HO 
C· CAlJ... HYST07 TO CALC NEW STIFFNESS S'TIF )Q.'1013l0 

c 

au. HYSTO~ (P,PL,D,DL, SE (5), SF (2), SHAT (1), SMAT(2) , SM.\T (3), MA'TOIHO 
, BMAT (4), BI!1AT (5), SHAT(9) , SKAT (6) ,SE(3), SE (4). SED), SE(IS), MATOIJSO 
.. SE(7) ,SE (32) ,SE(33), SE (l4) ,SE (35) ,SE (J6) ,SE(37), SE (3i), !'L\T01360 

S.E(J9) , SEU) ,SE (g) ,SE (10), SE (111 ,S£'(1:2) ,SE (13), MAT013?0 
SE(6) ,SE(22) ,SE(2J) ,S~(;o6), SE(2?) ,SEi2S) , I'Q.TOIHO 

STaRE MAXIMUM DISPlACEHEN'T ANI! CORRESPONDING l..Q.t,J) 
IF(ABS(D) ,GT. AESISE(30))) TH£N 

sE(JO) ·D 
SEIll) .p .,.,lP 

M.l.T013510 

c·.· GET ENERGIES, DOCTIl.ITr AND EJlCURSION POR BOTH 10P'l"-3 AND ~ 

GOO CON'l"INUE 

,,"TOII100 
MAT014 10 
KA"/'01420 
MAT014JO 
MAT014GO 
MAT01450 
MAT01G60 
M.l.T01470 
M.lt.1'OH90 
""'T01490 
!'tAT01SOO 
MAT01510 
P'1.AT01S20 
I'tAT01S30 
~T015C10 
M:A.TOlSSC. 
....... '101560 
1'\.A"/'0157C 
1"IA'T'0!S80 
~T01590 

MAT01600 
!1Ai01610 
I'lAT011S20 

'nI.ANSFEJI. E:Ni:RGIES FOR BOjH Ion-3 AN!) 4 
EESE·SE(2) 
EPSE·SE (~6) 

TRJ.NSPD: DUCTTLITIES AND EXCllRSIOlJ RATIOS 'POR BOTH lon .. 3 AND G 
00 410 1·1,J 

DUC'T(1)·SE (12·1) 
EXCl!{J'3)·SE!lS+1d) 

410 Exo.rIl .. SE (15' I) 

RETtJRlI c··· .. ············· DAXAGE INDEX ...................... ~ ...................... . 
500 CaN'1INUE 

EESE·SE(0l3) 



EPSE"SE (~6) 
D!'!AX·SE( Z9) 
D"SE(JO) 
P"5E (.H) 
PY"SMAT(S) 
BDAM"S!1AT(8) 
DAMAGE .. .uS(D)/DMAX • aD.\/'! / (PY·DJ1AXj • E'PSE 

HAT016JO 
""'T01640 
""'TOI6S0 
HATO lfHi 0 
KATOI6?0 
MAT01680 
MAT016510 
MAT01100 

RETUR:N MAT01?10 
END MATOIHO 

C !9.100010 
c ......................................... • .................... ••• ..................... •• .. •• ..... •• .. •• .. HAT00020 
C HATOOO)O 

SUBRotn'Un: P1J..T09 (IOPT, FIRST, MAT, SE, P, PL, D,DL,LELEM,!..HAT, MAT00040 
SMA.'!', EESE, EPSE, DucT, t~CR, D.\MAGE ~ ,"100050 

c 
c-

c 

LCXHCAL FIRST 
DIMENSION SE (lOO), SM..AT(4) ,DUCT()), EXCR (6) 
CHARACTER"eo TYPE 

... RESERVE STORAGE FOR ELEMENT 
J..ELEM"66 
IF (IOM' .EO. 0) RETURN 

C .... 
C V.\RlAEILES: 
c-
C· . GLOBAL V.\RIAlILES 
C 10FT • 1, INITIAl.I2.E MATERIAL 
C • ~, INITIALI2.E STIFPNESS 
C • J, GEl STIPPN!.SS TEJUol 
C .. 4, GET ENERGIES, DUCTILITY AND EXc:t.IRSION 
C .. 5, CALClJl...ATE D.\MAGE INDEX 
C RINPtJT .. INPtJT DATA 
C SMU .. INTERNAL. STORAGE 
C SE .. OlM'Ptrr STIFFNESS 
c-

c 
c
c 
c 

GO 10 (l00,~00,JOO,400,500), IOPT 

100 CClNTINTJ'E 

INTERPERTATE INPtJT DATA 
HA • SMAT ( 1 ~ 

VA .. SKAT ( 2) 
DlJCMA.)(· SKAT ( l) : F.\IUlJlE DUCTILITY 
BDAM • SKAT ( 4) BATA PARAMETER 

l'U.T00060 
I"IAT00070 
MAT00080 
I'tAT00090 
I'lATOOIOO 
MATOOIIO 
I'\AT00120 
KATOOllO 
HAT00140 

-HAT00150 
MATOOll!iO 

•• ·MAT00170 
MAT00180 
MATOOl!ilO 
HAT00:300 
1'IA'!'00210 
HAT002:o10 
HAT002l0 
HATOOHO 
""'TO 0;;)50 
MAT00:360 

. ·HAT00270 
MATOO2BO 
KATOOaO 
HATOOlOO 
HAT00310 
MATOOl:30 
MATOOllO 
MATOOHO 
10.100350 
MA'!'OOHO 
I'IATOOl70 

11.£.\0(105,'") TYPE ,(SMAT(I),I"l,:1:), DOC"""', BDAM MATOOlIO 
lHAT .. " MATOO)90 
SMAT()"DlJaolAX IQT00400 
SHAT(4j"BD»I toLlT00410 
IF (PIRST) WRIT'i (l01, I!H) ""'100420 
WRITE (108,19:1:) HAT, (SI1A.1 (X) ,X·l, 2) ,DlJCoQX,BDAH MATOO4JO 
PCIRXA'T (///' PINO'SUAREZ TOMZR LONG DIR. KYSi. MODEL PARAME'TERS'I MAT004"0 

, ' .................................................................................. '1/ MA'T00450 
" MAT.',lX,' KII',6X,' VA',6X,'HAJI: DOC', 6X,' BErA') HAT00460 

192 PCR2U.T (lX,1l,2X,I!iC12.6/J HAT00410 
c NATOOUO 

RE.'TUltN KAT004SiO 
C HAT00500 
c· ........ ••• .. · .... ·· .... · .... • ...... · .. INITIALI'loE S'l'IPPNI:SS TEXHS ...... ••• .... •• ....... •• .... HAT00510 

200 CCNrlNUF MAT005:30 
PINO-BO-UEZ TCWER t..CIWG GIRDER I'!OOEL. DATA S"l'ORAG! FOR MEM8ZR MATOOS30 

SEC 1)· STIr HEl'mE.R MC't'IZm-ROTA'TION S'!'IFPNE5S MATOOHO 
SEC ~). DP LC».D INCtEHENT HAT00550 
SEC 3)· ox DISPu,cEHEN'I' INCREMENT HATOOS60 
SE ( 4). RV IND!X FaR TOP OIl BO'n'Cto! ENVELOPE PlATOOS70 

Itv .. o THEN HIGH· ,TRUE. ""'T00580 
ItV·l THEN HIGH" .FALSE. ""''TO OS 90 

SEC 5)" RIJ1...E R~ NlJoIBZR KlT00600 
SEC 6) .. nop MAT00610 
SEt 7) .. DTOP I1AT006~0 
SEt 8)· PBO'T MAT00630 
SE( 51)· DBar MAT00540 
SEOO)· SPTOP MAT00550 
5E(11)· SD'TOP HAT00560 
8E(12). SFBOT MA'r00670 
SE(13)· SOBor HAT00680 
SE(14)· SSPTOP MATOono 
5E(lS)· SSDTOP MAT00700 
SE(15)" SSPEOT ""'T00710 
6E(17)· SSD!lOT ""T007~0 
SEtU)" HB ""'T00730 
6E(19)· VB MAT00740 
5E(201· HD KAiOO?SO 
SEI21)" VD KATOO?60 
SE(~2)· HE KAT00770 
SE(~J)· V! ""TOOHO 
SE(~4)· HAP I'QTOO?SlO 
S£12S)· VAP MAT00800 
6E(26)· HBP I'QT00810 
SE(;j!7)· VBP MAT00820 
SE(~8)· 6SHD 111.100830 
SE(~SI)· BSVD !'1AT00840 
SE(lO)· SBHE I'IATOOBSO 
SEDl) a SSVE MAT00860 
SED2~· 6SSPTP MATOC!70 
SE(l3)" 6SSDTP KA.TOOIIO 
SE(34)· SSSPBT MATOOnO 
SE(3S)" SSSDBT Kl'T00900 
BE(l6)" SHD KATOOSl10 
SE (37)" SVD KAT009:30 
BE (l B)· SHE ""TOOSllO 
SE(39)" SVE JoIA'TO 051 4 0 
BE (40)· XEQ UNLOADING EQUIV.\UN!' STI P'fNESS I1A.TO 051 5 0 
SEI4l!· DUC'T11) I1At'OO!HO 
5EI42)· DUCi(2) HAT005l70 
SE(4J)· DUC'T(3) MATOO5l80 
BE(U)· EXCIt(l) MATOOSlSlO 
5E(4S)· E~CJI (2) MAT01000 
5E(46)· EXCIt(l) MA101010 
SE(4?)· E)(o.(4) !'lATOI020 
SE(U)· EXCR(S) Il!ATOlO)O 
SE(4S1)· E'XaH6) HATOI040 
5E(50)· OELY YIELDING DISPLACEMENT ""T010S0 
SE(Sl)· EESE(l) MAT01060 
$E(S2)· fESE (2) MATOI070 
SEeS))· EESE 12) KlTOI08(l 
SE(54)" EPSE MATOI090 
SE(55)" PSEoLD KliOllOO 
5E(S6)" CSE KAT01110 
SE(S7)· DHAX ULTIMATE DISPl...A.CEMENT KATOll~O 
SE[5eJ· D MAJoI MAXIMLlM El.J!2o[ENT DISPLACEMENT PaR DAMAGE INDEX MATOlllO 
BE 159)· P-MAX ELEI"l:EN'I' LOAD CORRESPONDING TO D HAX MAT01l40 
9.i!(60)· DEMA.X CllRltEN'!' !1AJ(IMtJI[ AXIAL DISPLA.C~ FOR DUCTILITIES KAt'OllSO 
5E(61)· INITIAL STIFFNESS MATOll50 
SE(62)· DISP PACTOR PACH I'!ATOll70 
SE(63)· I"ICMEN"l' PAC"TOR PACV' MAT01l80 
sE(64)· ROTA':'!ON SilPPNE6S PACTOB·Po'.C'V/FACH !'!ATOll90 
SE(65)· I-lA MAT01200 

C 6E(66)- V~ MATOl~lO 
C ......................................................................................... KAT0120l0 

DO 210 1·1,61 KA.TOl210 
;!1o SE (1)·0 KAT01240 

S£(50)-SMAT(11 MAT01250 
SE(5)·1 I1AT01260 
6E(65)· SPD.T (11 I'IAT012?O 
SE(66)· SMAT(~) KATOl~BO 

CA.l.L. HYST09(IOPT,SE(I) ,0 ,0, ,0., 0 ,SED) ,SE(4) ,SE(5) ,SE(6) ,SE(7), KAT01290 
SEle), 51!: (9), SED 0), SE (11) ,SE (12), SI! (ll), BE (14) ,SE (15) ,SE (16), KAT01300 
SE(l"l) ,SE(65) ,SE(66) ,SE(18), SE(19) ,S2(20) ,BE(21l ,SE(22), KAT01)10 
SE(2J) ,SE(2') ,SE(2S) ,SE(26) ,SE(27) ,SE(28) ,SE(29) ,SE(30), l'!A'fOll~O 

SE (31), SE (32), SE Ill) ,SE (34), SEllS) I BE(l6), SE (37) I 5E Il8), !'!ATOlJ30 
" SE(JSlI ,SE(4l) ,SE(60) ,SE(62), SE(6l) ,SE(64) ,SKAT(l) ) MATolJo:\O 
SE(56)·SE(SOJ·SlQT(~)/2 I'!A.TOlJ50 
sE(57)·SE(22)-SH,AT(31 KATOlJ150 

43 

SE(5Bj .. 0 
SE(S9) .. 0 
SE(6l) .. SEfl) 

MA,T01l70 
Mo'j'013BO 
HA,T01HO 
",",,101400 

, RE"!'URN HAT01410 
C·· ................ •• ..................... GET STIPFNESS TZRJotS ....................................... I1AT014Z0 

lOO CONTINVE I1,\T01430 
SE(:3) .. P·PL I'!ATOl440 
SED)"D·DL MAT014S0 

c 
C- - CALL HYST051 TO au: NEW STIFFNESS STIP 

c 

CALl. HYST051 (IOM',Si(l) ,P,D,PL,DL, SE(l) ,SE(4) ,SEeS) ,SE(6) ,SE(7), 
SE(II) ,SE (9), SEll 0) ,SE(ll), s! (12) , SE(U ~,SE (14), SE (15), 51! (Hi) , 
SE(11) ,SE(6S ~ ,SE (66), SE(1B), SE(19) ,SE(20) ,SE (Z1), SE(22), 
SE(~3), SE(2"), BE (;25) , SE(26), SE (27), SE (~8) ,SE (~9) I BE (lO), 
BE'(31), SE(J~), BE (ll) ,BE (34), SE(JS), SE (36) ,SE (3"1) I SE (lB), 
SE (JSI), 5'£(41), SE (60) ,SE (6~), SE(6)), SE~6~) ,SMA'TO) ) 

STaR! MAXIMUM DISPLACEMENT AND CClR.RESPONDING LQA.Il 
IP(AJlS(DJ .GT, ABS(SE(SI)I 1HEN 

SE(S8) ·D 
BE(S5I)·P 

ENDlP 

C"·" GET EN!:R.GIES, DlICTILIiY AND EXCURSION PClR BOTH IOFT·3 AND 4 
"00 caNTlNUE 

TRANSFER ENERGIES POR BOTH IOPT·) AND 4 
lESE·SE(Sl) 
EPSE-SI![S") 

nAl<ISFER DUCTILITIES AND EXCtlRBI~ RATIOS FOR BOTH IOPT .. l AND 4. 
00 110 1"1,3 

DUCT(I) ·SE ~40· I) 
EXCR (J'l) "SE ("l_I+3) 
E.XCIt(I)"SE(43-I) 

>ETllRI' 
c·· ........ · .. ••• .... · .. · .. DAMAGE IND!lI: ...................................................... .. 

500 CCN'TtNUE 
C ... D.\MACE INDEX IS NOT AVAILABLE 

DAM.\GI!·O. 

MAT01460 
M..'T01410 
MAT01UO 
MAT01490 
M},TOISOO 
I'!AT01SIO 
M},T015:20 
MATolSlO 
MAT01540 
HAT01SSO 
M},T01560 
PVoT01S?0 
MA1'01S80 
KA,T01S90 
KA,T01600 
HATOl610 
KA'T01620 
M,l,T016l0 
I1,\T01640 
M,l,T016S0 
MA,T01660 
I'QT016?O 
MAT01680 
I'!).TOl1590 
MATOl?OO 
HANl?10 
MATOl?20 
l'U!.T017l0 
1"lA'!'O 1 "14 0 
KAT01750 
I1.\TOIHO 
HAT01770 
KA,T01790 
HA'T01790 

RFTURN MA,i01900 
END MATOHIO 

C toU,TI0010 
C ......................................... - ....................................................................... I't.\T100Z0 
C I'QTIOOlO 

S1JBlHXrrINE MATIO (IOPT. PIRS'T, MAT I SErP ,PP, D,DL,I..E'1..EIo!, I.JoU.T, HAT10040 
&. BH,J.T,EESE,!P5E',DUCT,DAKAGE) M},t'100S0 

c 

LCGlCAL PIRST 
DIKENSION S2(100) ,S)U.T(51) ,DUCT(l) 
CHARAt:"'nR-BO TYPE 

C"--'-- RESEJ!V! STCIl.AG! PeR ELEMENT 
LELEH"IS 

c 
c-

IF (lOP'l'.EQ.O) UTlIRN 

C VARIABLES: 
c-
C- . GLalAL VARIABLES 
cIon .. I, INITIALI2.E I'lATZRIAL 
C .. 2, INITIAL1:i!.E STIPFNESS 
C .. l, GET STIFFNESS TERJoI 
C .. 4, GET ENERGIES, DUc-TILITY AND EXCtJi:SION 
C • 5 I c.u.cut..\TE DAMAGE INDEX 
C RINPllI' • INPUT DUA 
C SKAT • INTERNAL STORAGE 
C BE .. CXT('Ptn' STIPFNESS 
c-

00 TO (100,200,300,400,500) Ion 

100 CCN'TlNU! 

INTERPElI:TATE INPtn' DATA 
ELAS • SHAT( 1) 0 PCR ElASTIC ANALYSIS 

1 FeG'( INELASTIC ANALYSIS 

HAi10060 
MA,TI0070 
HATIOOeO 
!'!ATl 00 SI 0 
)QTI0100 
HAT10110 
,,"TlOl:1:0 
MA.T10130 
MATlOUO 

- -- - - _ ..• -,,"110150 
MA,Tl0160 

- - - - _. - - - .""TI0170 
KATI0180 
I1,\T10190 
HATl0200 
MAT10~10 

MATl0220 
mTI0230 
MATl0240 
"""Tl02S0 
","110260 

_ .. - _ .... 'HA,Tlo:no 
"",TI0290 
HA,1'102Sl0 
MATlOlOO 
l'tAilOllO 
Mt\T10lZO 
M,ATI0JJO 

c 
c
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

2 POR SIJoI'Ul..A1ING PlNO-SUAREZ TOWER COU1HN 
LCCAL BUCkLING 

MAilOHO 
1'IAt'10lS0 
l'!AilOl60 
I'!ATlOl70 
HATl0380 
I'!ATlOl90 
MATl0400 

l PCB. lNELAS"l'Ic ANALYSIS AND cHECK BOX 
COl...lJ1:N INTERACTIVE STRENGH aUTERIA 

SP • SIO.T( 2) . RATIO PeII: INl:LAs-t'IC STIPFNESS TO INITIAL. 

2 • SKAT( J) 
Tl SKAT( 4) 
TMP SMAT( 5) 
DtJCKAJI· SMAT ( 15) 

STIFFNESS 
ELAS'TIC HOOlJUJS 
SECTICIN HQo!:or!' OP INERTIA 
PLAB'TIC HCJo!ENT CAPACITY 
PAILllRE DUCTILITY 
.GE 1 PAILURE DOC'"T'ILITY CONSIDERED 
LT. 1 FAILURE DtJCTILITY NOT CONSIDERED 

BDAM • 8HA.T I "I) PARAMETER FOIl ANO' S DAMAGE INDE'X 
REDtJCE. SHAT (8) : RESIDllRAL STRENGTH PaR ELAS·2 

C SMAT (51) : DT.HHY VARIABLE 
C .. ••• ...... • .... • ...... • .. • .. • .. •• .... •• .. ••• .... •• .. • .............. • .... •• .... ••• ......................... .. 
C 

C 

RE.AD[lOS,·) TYPE, (SI'IAT(I) ,1"1,5) ,DllC9.Jt',BD)JoI 
BMA1 (6) .. tlUOUJl 
SHU ("I) ·BDAM 
IP( ~T(l) .EQ 2) THEN 

1tE.AD(lOS,*J IIEDOCE 
SKAT (e) ·REDUCE 

END IF 
lJQ.T .. 51 
IP (FIRST) 'll'RITE(lOB,lSll) 
WRITE[Joe,IS12) M.A.T, (SMAT (X) ,X·l,S) ,SMAT(6) ,SHAT(7) ,REDUCE 

191 FCJR.IolAT (///' BILlNE.U. INTERAC"!'IVE I'!.I.TERIAl. PROPEBTIES'/ 
" ' ......................................................... ' /1,' KAT. 

ll(,' ELAS',6X,' SP',EX,' E', 6X,' TI',6~, 

" ' HP',6X, 'KAJ( DOC', 6ll,' BETA',6ll, 'ltEDU F',/I 
192 FaUiAT (lX,IS,BCH,6/) 

MATl0410 
I'V.Tl0420 
HA'Tl04l0 
KA.TI0440 
MATl04S0 
MATI0460 
MATI0470 
M,AT10480 
MATI0490 
KATI0500 
I'lATI0S10 
M,ATlOS20 
MATlOSlO 
MATIOS40 
KA1l0550 
KATI0S60 
HAT10570 
KATI05BO 
KAT10S90 
I'tATl0600 
MATI0610 
MAT106Z0 
MATl06l0 
MAT10640 
MAil06S0 
MAT10660 
HATI06?O 

RETlJDl I'!AT106BO 
C MA.il0I5S10 
c ... •• .... •••• ..... •• .. ••••• ...... • INITI.\l.IZE STIPFNESS TERMS "··""···"··""·"""·KATI0?OO 

200 CONTINUE !'!ATlOnO 
BIL!NEAJ. INTERACTIVE !1A.TERI'u' DATA S'T~.A.GE POR MEMBER I1ATlO?20 

SEC 1)· 21 SECTION RIGIDITY MA.1107l0 
BE( 2). PI CUl!.REN'T YIEUlING I..oAD FaP. PASITIVE LOAD /olATlOHO 
SEC J). P2 CUltRE!o"T YIEUlING ~ FOR NECATIVE LOAD MATIO?SO 
SEI d)· YIEL.D ° EU,STIC, 1: nJE'UoSTIC HATI0160 
SEI 5)· BLAS HAT10 77 0 
SEt 15)· $P "",TI0790 
SEI 7)- PAILURE DOC'TILITY HA110790 
SE( B)- PAR..AME'TER FOR »lG'S DAMAGE INDEll HATIOIOO 
SE~ 9)- RESIDUAL STRENGTH POB EUS·2 !'!ATI0810 
SE(10). CURRENT DUC'TILITY MATlOe~O 
SE(lll'. SHAT(4) !'!ATlOBlO 
SE(12),· nu>·SM.I.T(5) MATl 0B4 0 
SE(D)· DELY YIEUnf,IG DISP.....-.CaoIEl'n' I"IATIOBSO 

POR 1t000ATION SE(ll)""rMP*L.ENGTH/(6EI) I'!ATlOB60 
PClII AJlIAL SE(lJ)"'T'MP*LENGTH/El I"IATlOB70 
POR TCRSlaN sE(D) "'I'MP*LENGTH/El 1'!A110880 

SE(14)· DEMAll C!JRRtNT HAXlMUl1 DISPl.-'.CEl'IEN:' POR DUCTILITY HA710990 
SEIlS)· YIEUlING DISPLACEHnIT INDEX HATI0900 

O' DEL.Y I-lAS NOT BEEN OE'T£lt.KlNED HATl0910 
1 DELY HAS BEEN DETERMINED KATI09;20 

.......... ...................................................................... HA'T10930 
SED)· SI'L'T(3)'S",",T(4~ HATl0940 
SEI2)· SIoL'T(S) MATl09S0 
5E(3)- ·QoI,AT(S) KAT10960 
SE(4)· 0 MAt'10Sl?O 
SE(5)· SKAT(l) MATI09110 
SE(6)· SKATI2) MA110990 
SE!?)· SHAT(6) HAnlOOO 
SE(8)· SI'SAT("I) MATl1010 



BE (9)· SM.I.TU) 
SE(l1)" SKAT (4) 
SE(12)" SKAT (5) 

MAT 11 0:1:0 
HAT110lO 
KATl1040 
""'T110S0 

RETURN !1ATll060 
C ......................... ••• GET STIFFNESS TERl'IS •••••• •••••••••• .. • .............. ""Tl1070 

300 CCNTINUE HAT110BO 
C HATl1090 
C, CHECX FAILU1I:£ DUCTIL.ITY HATl1100 

c ., 

c. 
c 

DUCT (I) "S£(lO) HATl1110 
IF( D1.lC'T(1) .GE. SMA,Tj!S) .AND. SMA'T(6) .GE. I) THEN K.\Tl112c 

p .. o ""Tl1130 
YIELD.l HATIIUO 
SE(4) .. nEl..Il ""'T11150 
RETURN KATl1160 

ENDIF HATllliC 
ELAS SMA! [ I) KlTI1l80 
SF SMAT ( ~) MATl1190 
E • SMAT[ J) KAT11200 
TI • SMAT( 4) HATIUIO 
'DIP • SMAT ( 5) HATIU;!O 
PI .. SEt;!) MATl1:1:30 
F2 • S£(3) KAT11;!4D 
YIEUI • SE(,) HAT112S0 
IF( ELAS .EO. 0 ) THEN MAT11;!60 

YIELD. 0 MATllOliO 
5E(4) .YIELD HATI 1:1:E 0 
SE(lIl).o MATI 10190 
DOC"T[l).O MAT11JOO 
RE'TU1UI """T11JI0 

E:NDIF KAT11J:il0 
IF( ELAS .EQ 2 ), THEN HAT113JO 

PaR EU.S'TIC REGIOJII MATIIHO 
IF[ YIELD .EQ, 0 ) THEN MATl1350 

IF[ P .GE. PI .~. P .LE. P2 ) THEN MATl1J60 
YIEUl"l MATIIJiO 
IF( P ,(lEo PI ) P·Pl HATllHO 
IF ( P . LE P2) P·P2 l'U.T11HO 

_. DE'TERMINE ELDmN"T DUCTILITY UNIT HAT1UOO 
NOTE' ROTATION Dl.)("'l'ILITY UNIT IS DEFINED WHEN HATIUI0 
SE(1S)"I, IF (P .GE. TM:P .AND. D .GE. 'Il1P·LENGTH/(6EI» MA'rl14HI 
ELSE 8E(1S)·0 MAT'lUJO 

IF (Sl(15) .EQ.O O.AND.ABS(D) .GE.ABS(SE(lJ») BE(IS)"1 
ELSE IF( P .LT. PI .ANI)' P .G'T. P2 ) THEN 

YIEUl"O 
END IF 

F<E INEl..\8'TIC REG IaN 
ELSE IF( YIELD .EQ. 1 ) THDI 

IF( P .GE, PI .OIL P ,Ll P2 ) T'HZN 
YIElJ)"l 
IF( P .GE. PI ) P"P1 
IF( P .LE. P2 ) P"P2 

. - _. DE"I'ERMINE El..:EMEN'r DUCTILITY UNIT 
NOTE: :ROTUIOO DllC'TILI"%'Y UNI'I' IS DEFINED Wl-!E:N 
6EIl5)"l, IF (P .GE. 'i1'!P ,AN!), D GE, TI1P"L.ENG"I'H/(6EI) 
EL.SE BE( 15)·0 

IF (BEDS] ,EQ.O.O,ANl) AIlS [D) .GE ABB(BE(13)) 
ELSE IF! P .LT. PI .AND. PP GE. 0 ) THEN 

YIELD"O -*- tJNB.\I..ANCED FCRCE --
IF( (D'OL) .HE 0) THE:N 

SM2· (P -PP) 1(0 'DL) 
SM1·SMZ/SP 
t1D"D-Dt. 
UP"SMl*UD 
P·PP+[JP 
1Ft P ,LE. P2 ) THEN 

P"P2 
YIElD .. 1 

ENDIF 
ENDIF 

ELSE IF( P .ar. P:i! .AND. PP .LE 0) THEN 
YIEUl"O 
••• t.JNB.),~ED P<EC'E * •• 
IF! (D-DL) .NE. 0 ) THEN 

6H2· (P-PP) /(D-DL) 
SH1·SM2/SP 
UD·O-DL 
UP·SM1*tlD 
p .. pp·rJP 
IF( P .GE, PI ) THE:N 

p·n 
YIELD" 1 

ENDIF 
ENDIF 

END IF 
ENDIF 
GO TO )99 

END" 

FOR tLAS·l AND 3 CASES 
ELASTIC REGI(]JII 
IF(YIELD EQ, 0 ) THEN 

IP( P ,GE, PI ,OR, P l..E P2) THEN 
YIElD·l 
... - UNE.\l.I.NCED FaRCE'" 
IF( P .GE. PI ) THEN 

IF( (O·DL) .NE, 0 .AND. (P·PP) .NE. 0) THEN 
8Hl· (P ·PP) / (D -DL) 
I" SM2 IS ESTIMATED VAUJE */ 
SM2·SMl"SP 
UPl·P 'P1 
UD·UFl/SH1 
UP;Z· UO*SM2 
p.p- (IJP1+UP2) 

","IF 
ELSE IF( P .LE, P2. ) THEN 

IF( (0 DL) ,NE, 0 AND (P·PP) NE 0) THEN 
SHl·[P·PP)/(D·DL) 
1* SM.2 IS ESjIMA1ED VALUE "/ 
SM2·SHl-SP 
UPl·P 'P2 
VD·l1F1/SH1 
UP2· ·lID·SM2 
pap. [UPl+UP2) 

END IF 
ENDIF 

. - - _. DETERMINE EJ.»1Em' DUCTILITY U:NIT 
NOTE: Rar"l1ON DUCTILITY ImI! IS DEFINED WHEN 

SEt 15)"1 

SE(lS)"l, IF (P GE 1MP .AND. 0 .GE. TMP"LENGTH!(6EI» 
ELSE SE(15)·O 

IF (SE [15) 

ELSE 
EO,O O.AND ABS(D),GEABS(SE(1JJ» SE(1:')·l 

YIEW"O 
ENDIF 
GO TO 199 

ENDIF 

lNE.USTIC REGION 
IP('I'IELD .EO 1) THEN 

IF( P .GT. PI I 1'HEN 
IF, P GE, PP) THO. 

YIELD·l 
IFI SEilS) .EQ 0 ) 1HEN 

IP( ABS<D) .GE. ABSISEIlJ)) 
SE(D)·ABS[D) 
SEI1S)·1 

EtIDIP 
ENIlIP 

ELSE IF( P LT PP) 
YIELD·O 
PI·PP 
P2·Pp·2-TMP 

THZN 

MATllUO 
HATIUSO 
HATl14l!iO 
KATI14iO 
MATIUHO 
MATI1UO 
HATl1S00 
KAT11510 
HATU5;!0 
to.T1l5)0 
to.Tl1S'O 
HAT1l5S0 
IU.T1l5EiO 
MAT1l570 
HATllS80 
IU-TllS90 
KA.TllI!iOO 
MA.'rlHiIO 
HAT1l6;!0 
HATI16l0 
IO.T116 ,0 
HATlHiSO 
JlU.Tl1660 
MATllEi10 
MA.TllEi80 
HATllEi90 
MAn 11 00 
MAT1l110 
MAT111010 
IU.Tll1l0 
MATllHO 
HATU1S0 
IO.TU160 
*,TII170 
HAT11HO 
IO.T11i90 
KATU800 
IO.T11IIO 
MA.T11820 
KUllllO 
HATl1840 
,,"T11B50 
,,"Tll860 
HATllB?O 
""'111880 
,,"T11890 
IO.Tll900 
HATU910 
HAT119;zO 
I'\ATl19JO 
HAT11940 
""Tl1950 
HAT11960 
lllATll97 0 
KAT119BO 
""'Tl1990 
""'1101000 
HAT12010 
KATl:ilO;ZC 
HATl:1:03C 
HAT120.0 
KATH050 
HATn060 
HATl20iO 
KAT120BO 
KAT120510 
KAT12100 
HAT12110 
HAT12120 
P1AT1213 0 
HAT12140 
PUTl2:1S0 
MAT12160 
MATl21iO 
MAT121 BO 
HAT12190 
KAoTl2,ao 
HAT12~10 

HAT12220 
MAT1Z:i!.!O 
MATl2.;z"o 
KAT12250 
MATl2:26 0 
KATl2~iO 

HATl2260 
HAT12290 
MAT12JOO 
HATU310 
KJ.Tl2J20 
l'lAil2330 
",",T12340 
HATl~J50 

HATl2J60 
HAT12JiO 
MAT12JBO 
H.ATl2390 
HATl2HO 
MA'r124l0 
HAT12420 
HAT12430 
MATl2UO 
MAT12450 
HAT12460 
MAT124?0 

44 

... " UNBAI...t.NCED FORCE ... " 
IF{ (O-DL) .NE. 0 ) THEN 

SM." (P-FP) / (D'DL) 
SMl"6H2/BP 
UO"D·DL. 
UP"~l"UD 
p .. pp.up ,..,>IF 

ENDIF 
ELSE IF( P .LT. P2 ) THEN 

IFf P,LE. PP) THEN 
't'IEW"l 

ENDIF 
"."F 

399 5E(2) "PI 
6E(3) "POI 
SE(4)"YIEW 

IF( SE(15) .EQ. 0 ) THEN 
IF( ABS(D) .GE. AlIS(SE(lJ»)) 

SE (13) ·ABS (D] 
BE (15)·1 

ENDIF 
ENDIP 

ELSE IF(P.GT, PP) THEN 
't'IELD"O 
P;!"PP 
Pl"PP+2"TKP 
••• l1NBA.l..ANC'ED FOaCE 
IF ( [D-DL) .NE. 0 ) THEN 

8M2· (p. PP) 1.(D·DLl 
SMI"Q'f2/SP 
UO"D-DL 
up .. SMP tlD 
p .. pp .. up 

ENDIF 
ENDIF 

IP( SEilS) .EQ. 1 1 THEN 
IFf 5EIU) .LE. AlIS(D») THE:N 

SEIU)")JIS(D) 
DOC"T(U"SE(U)/SE(ll) 
SEIlO) ·OUCT(1) 

ENDIF 
ELSE IF( SE(IS) ,EQ. 0 ) THE:N 

Dt.JCT(l)"O 
SE(10)·OUC'7(1) 

ENDIF 

THZN 

MA.Tl:<i480 
I'lATl2490 
HATl2:'00 
MAT12510 
l'!A.Tl:<I520 
MATl25JO 
HATl2540 
HAT12S50 
MATl2560 
HAT125iO 
HATl25BO 
HA'T12590 
KA.T12600 
MA'T12610 
HATl2620 
HA.T126l0 
H),'Tl:ii640 
KA.Tl2650 
MA'Tl26EiO 
KA.TI:aEiiO 
",",T12680 
MAT12690 
KA.T12700 
PUTl:iii 10 
KA.T12i 010 
HATl:iii30 
HA.71;!740 
I'IAT12750 
KATl:il760 
I"IAT12?iO 
MAT127 110 
HAT12i 90 
HAT12BOO 
MATl2:BlO 
HAT1282C 
HAT12830 
HATUB4C 
MAT12B50 
KAT12B60 
MATIH,O 
MAT12BBO 
MATl2.B90 
MAT12900 
MAT125110 
HATI29010 
MATl2930 

C HAT12940 
C .. • .. • .............. ••• GET DUCTILITY rOPT·) J.NI) 4 ................ • .... • .......................... • ...... KATI2950 

400 ~INUE HAT12960 

TV.NSPEi ZNEJlGIE S FOR 10TH lOPT"l AND 4. 
£ESE"O 
EPSE"O 
E.I.AS • SXA.T(l) 

TiANBPER DUCTILITIES AND EXCllRBICIN lATIOS POR BOTH IOPT·3 AND 4 

IF( El.AB .EO, 0 ) THEN 
DUCT (1) "0 
SEIIO) "DUC'1' (I) 

ELSE IF ( ELAB .1IlE. 0 ) THEN 

ENDIF 

R"""", 

IF( BE(lS) EQ. 0 ) THEN 
:DlJI:'T(1)"0 
S1!(10)"DUCT(l ) 

ELSE IF( SE(lS) .EQ. 1 ) 
DUC'!' (1) • SE (14) I SE (3) 
SE(lO)·DUCT(l) 

ENDIF 

THEN 

C"· ........................ DAMAGE INDEX ............................................................ . 

500 CCD-II'INUE 
C .. DAKAGE INDEX IS NOT AVAILABLE 

D~GE"O 

HATI29?O 
HAT12980 
KAT12990 
KAT1l000 
HATlJOIO 
MATIlO2:0 
I'\),TIl030 
MATIl040 
MATllOSO 
MATll060 
KATlJ070 
KATlJ080 
HATll090 
MAT1l100 
MATlJIIO 
MATlll2C 
HAT'lJ130 
HAT'l3140 
MATlll50 
HATl1l60 
MATllliO 
HAT13190 
MATll190 
HAT1l;Z00 
HAT13210 
toI.\TIJnO 
HATll230 

RETUlUl MATll240 
END MATlJOISO 

C I'IATlOOIO 
C ................................................................................................................... • ...... • .. • .. KA.TIOOOlO 

SumtOO'TINE MATl2 (IOPT ,FIRST, KAT, 5E, P ,D,DI., LELEH, ['&T, lHA1', HAT'100JO 
'- SIoU.T,EESE,EPSE,DUC'i,EXCi.,DAl'tAGE) HATl0040 

LOOICJ.L PIUT 
Dll'IE:NSION SE(100) , SMA.T(I..KA.T] ,DOCT(J) ,EXCR(6) ,EEASAT(l2,12) 
D[MP.NSION A( 12,101) ,SATll., 12) ,FlU) ,D(12) ,OLllOI) ,IMAT(lJolAT) 
REAL INEB, I:NEH 
CHARACTER"IIO TYFE 

c 
c· _. - _. - RESERVE 5TaRAGE PaR EL.EMnrr 

LELEI'! .. 99 

c 
c· 

IF IIOPT EQ 0) RE"l'URN 

C VAlUABLES: 
c· 
c·· __ ··-·_· GLOB..\L VARIABLES 
C lOPT • I, INITIAl...I'Z.E MATERIAL 
C .. :0, INITIALI2.E STIFFNESS 
C J, G!T S'TIFPNESS TERM 
C • " G!T ENERGIES, DUc-rILITY .AND EXCURSIOlll 
C • 5, CALC'f..1U.TE DAJoIAG! INDEX 
C li.INPll'T • INPlIT DATA 
C SMAT • INTERNAL STaRAGE 
C S! • Ol1TPUT STIPf')IlZSS 
c-

c 
c· 
c 
c 
c 
c 
c 
c 
c 

GO TO (l00,~00,0I00,400,400) 

100 CCNTINU'E 

INrERP1!'RTATE INPU'T PATA 
:NSEG a SKAT ( 1) 
Y6 " SKAT ( 2) 
EM • SMATt 3) 
LIBN .. SMAT( 4) 
HH .. SMAT( 5) 
uti • SHA1'( 6) 
WW • SMAT(' i) 
ZZ "Qo[AT( 8) 
WEB • SKAT ( 9) 
INEH • SKAT(lO) 
ST • SMAT (11) 
IRE'VI SHAT(2) 
IRE'V2 • Sl'iATCU) 
IRE'V3 • 5I1At (14) 
IRE'V4 " SHAT(lS) 
IECOP " Sl'lAT(16) 
Nlk{P • S!1AT(l?) 
SHALL· S2"lAT(U) 
RATIXO" SMAT(19) 
RATIYO· SMAT(ZO) 
TOTA "SKAT(2l) 
IA!1TO • Sl"lAT (23) 
IIt'IATEII" SMAT (2J) 
RATIO)" SHAT(24) 
HI s-tAT(25) 
G SKAT(26) 
QRNEE· El'lA1(2i) 
IS1'IF • SMAT (Hl 
1.MAT "SHAT(29) 

10M 

READ (105,") TYPE ,NSEG, SMAT (21, SMAT ~ J), LIBN, (SMA':' [I) ,1·5, B), 
" lNEB, INEH, SMAT Ill), tREYl, IaEV;<l, IREV3, IREVI1, I ECOP , 

1'!AT'l0050 
MATI0060 
HATlOOiO 
MATlOOHO 
!'!ATl0090 
I'IAT10I00 
MAT10I10 
MATl0120 
!'!ATlOlJO 
MA'rl0140 
MAT'10lS0 

.... ·HATI0150 
HATl0170 

·HATI0180 
HA'rlOl9O 
MATI0200 
MATl0210 
l'lIITl0220 
HATI02l0 
MATIOHO 
I'lA.'Tl0250 
1'lA.'Tl0260 
1"IA'Tl02"70 

... ·""'TI0 2. 80 
",",T102.90 
MAT10JOO 
KA.TlOllO 
HAT10:>20 
MATI0JJO 
"""TI0)40 
KATlOJ50 
1'L'.1'l0J60 
HATlOJ?O 
MAl'lO,)90 
MATIOJ90 
",,1'10400 
I'IATIC'lO 
M),1'l0420 
HATIC4JO 
KATlO40.0 
1"1-'110450 
HATI0460 
KATI0470 
KATI04BO 
KATl0490 
HA1'10500 
1'lA'Tl05l() 
HA'10520 
HATI05JO 
HATI0540 
HATI05:'0 
KATI056a 
HATI05iO 
MATI0.s80 
MATI0590 
MATI0600 
HATl0610 
HATI0620 
KAT106JO 
MATl0640 

" (SMATt II, ] .. U, 21), lAtrr'O, lMATD,SI'!A.1' (24), IR,SHAT(26) , 
HATl0650 
HAT10660 
HAT1067Q " SHAT(27),IS'TIF 

SMAT(I) ·NSEG HATI06!0 



C 

C 

C 

c 

C 

SHAT(G.)"LIBN 
SMAT(9J"INl!B 
SMAT(lO) ·INEH 
SMA! (121·IREVl 
SHAT(ll) ·IltEV~ 
SMAT (lG.) ·IREV.3 
SKAT (15) ·IREv4 
SKAT (16) ·ncop 
Ii:l'QT (2;o) ·l.\UTO 
SMAT (2l) ·lIQ.TE1l. 
SMAT (25) ·11\ 
SKAl'[H)"ISTIF 

IF( FIRST) lIRITE[10S,Ul) 
IF( l.IBN .EQ 1 ) THEN 

NUHP·4~ (INEB·INEH) 
WRITE (lOB, 15IlJ MAT ,NSEG, SH.\T(2) , SMAT (ll ,LIEN, 

(SMAT (1),1·5, B I, IND,.INEH, SM.\T(l1) , IREVl, IR£'o'2, 
IREVl, IREV4, IECOP ,NlI'IP, (SMAT( If, 1·18,21), alJ'I'O, 
IMATER,SKAT(U), IR,SMAT(261,SI4AT(27), 15TIP 

ELSE IP( LIBN .EQ. 2 1 THEN 
truMP·pINE! 
WRIl'E (lOB, 19:11 HAT ,NSEG, SMAT (2) ,SMAT (.3 ) ,LIBN, 

(SKAT (I) ,1·5, II) ,INZB, INEH ,SKA.T(llJ , IREVl, IREY:I, 
U.EV.3, IaEV4,IBCOP ,NtJoif, (SMAT( 1),1·111, 2.l), U.IJ'I'C1, 
IJllATER, SMAT(.:l4) , IR, SKAT (:016) ,BHAT (2"/), IS'I'IF 

ELSE IF( LIBN .EQ. l I THEN 
NUMP·4 "INEB"INEH 
WRITE ( loa, ]901) KA.T ,NSEG, 8!O.T (:11, SKAT (3 ), LIBN, 

(S!'L'T(I), 1·5, BJ ,IND, INEH, Bl'U,T (11) ,IREVI, IR£'o'iI, 
IREV3, IREV4, I ECOP ,~P, (SMA.T(I) ,I·U, 21), lAlITO, 
IMA.TER, SMAT (24), IR,SMAT (26) ,SMA.T(2"/) ,1STIf' 

ELSE IF( LIBN .EQ. 4 ) THEN 
NU!1P·IREVI'IREva-2 • IREV3 'IREV4 
WRITE( 1011, lSl6) I'U.T ,NSEG, EMAT (2), SMAT (3), LlaN, 

[~T (1),1·5, B), INEB, lNEH, SKAT(l1) , IRE'VI, 1II.EV2, 
IREY3, JiI.EV4, I ECOP ,NlI'IP, (SMAT (I), 1·16,21), IA.r.rr0, 
lMA.TER, SKAT (014) , Ii, SKAT (26) ,SMAT (:1,,/) ,ISTIP 

ELSE IF( l.IBN .EO. 6 ) THEN 
N1JMP·II· IHEB 
WRITE ( lOB, 1921 MA.T ,NSEG, SHAT(2) , SKAT (3 ) ,LIBN, 

(SMAT (1),1·5, B) ,INES, INl!:H, SMAl' (Ill, IREYl, IREV2, 
IREV3 ,IREV4,IECOP,Nl.J'IP, (SHAT(I) ,1·lB, :111, lA.lITO, 
lMATER, SMAT (24) ,tR, QoL\T (.6) ,SKAT' (:017) ,1ST! P 

ELSE IPt LIeN .EO. '1 ) THEN 
N\.J'MP.I1tEVI'IREV2 - IREYl'IRE'II4 
WRITE( lOB, I5Il) ~T ,NSEG,SMAT(2), SKAT (3), LIBN, 

(Bl'D.T (1) ,1·5, el, IND, INEM ,SKAT (11 ), IRIN!, IREV2, 
nE'Vl, IREV4, IECOP ,NI.,Io!P, (BMA'! (Il, 1·1B, 21), IA~O, 
IMATER, SKAT (2&) ,IR,I5KA.T(26) ,81'V.T( 01"/), ISTIP 

ELSE 1Ft LIl'!N .EO'. 8 ) THEN 
NUHP·UlEVl"IREV2 .. IRI!V3"IR!'V4 
WRITE (108,193) MAT ,NSEG, SKAT (2) ,SMAT(3), LIBN, 

(QQ.T (1),1·5, B) ,INEB, INEH, SMA,T(l1) , IRE'VI, IRE'II:I, 
IREVJ ,IREVIIo, IECOF ,Na1P, (SMATi I), I·IB, 21), IAUTO, 
lMATER, BMA'I' (24) ,IR, S!4AT (:! is) ,SKAT t 2'J 1, I8TIF 

ELSE IF i LlBN . EQ. 9 ) THEN 

ELSE 

NUMJI·IREVI"IJIEV •• IREVl'IR£V'4 .. INEB"INF.H. 
WRITE (lOB, 1515) HAT ,N5EG, SHAT(2), SM},T(J) ,LIBN, 

(SMAT (I), 1·5, B),INEE, INEH,Sl'IAT(11 ) ,IREVI, I1tEV2, 
lREV3,IREV4, IECoP ,N!.J('P, (SKU (1),1·18,21), IAlTI'O, 
lMATER ,SMJ.T (24) ,IR, SMAT(26), s~T (27), IS'TIF 

WRITE(IOB,19S1) !9,1,SKA.T(4) 
ENDI. 
SKAT(17)·N~ 

18 1 FOJU1AT ill I ' STABILITY ElD'IEN'l"/ " ' .................. //) 
191 f'C4I.!iAT {IX,',,"T NO ·',I3,:lX,' BOX sECTION'/ 

" lJI:,'NSEG ·',lP,1l0 ,SlX,'YS ·',lP,GIO.3/ 
11l,'EI'! ·',IP,GIO.J,9X,'l.IBN ··,IP,IIO / 
1II,'BOX HEIGTH ·',IP,GlO.l,9X,·BOX WILTH ··,IP,GIO.31 
1II,'ECCXO ··,IP,GIO.3,9X,·ECCYO ··,lP,GIO 3/ 
I>:, 'H.W. SEC.NO ·',1 P,GI 0 .3, SIX,' H.H. SEC. NO .• ', IP,GIO .3/ 
U, 'THICKNESS ·',lP,GI0.J,9X,·L.B. FJ....A.G ·',IP,IIO / 
l>:,'IR2V2 ·',IP,IlO ,9l1.,·IR.EVJ ·',IP,IlO / 
U,'IREV4 ·',11',110. ,9l1,'IEeop ·',IP,110 / 
lX,'NU!'IF "',11',110 ,9X,·SM.U..L ·',lP,GI0.3/ 
lX,'UTIXO ·',IP,GIO.),9X,'RA1'IYO ·',lP,GlO.3/ 
IX,'TOT" ·',lP,GIO.),9X,'IAlITO ·',IP,II0 / 
1X,'IMATER ·',lP,IIO ,9X,'RATI03 ··,lP,GIO.3/ 
II,' Il: .' ,IP, 110 , 9X, 'G .' ,lP,GIO .3/ 

U,'QRNE! ·',lP,CllO 3,9l1.,'ISTIP ·',If,1l0 /11 

1512 FORMAT (lX, ·"-,T. NO. ·',13,2X,' TUBE SECTION'/ 
'" a, 'NSEG 

IX, 'EM 
IX, 'RADIUS 
IX, 'ECC'XO 
IX,' 1/4. SEC.NO 
IX, 'THICKNESS 
IX, 'Ilr..E:V2 
IX, 'IRE'V4 
IX, 'NUMP 
IX, 'UTIXO 
U!,'T'OTA 
lX, '!I'O,TER 
1lI,'n 

IX, 'QRNEE 

··,IP,IlO ,9X,''iS 
.' ,IP,GI 0 .l,9X,· LIBN 
··,IP,GIO J,SlX,'DtRo!My VAIl. 
··,IP,GI0.3,SlX, 'ECCYO 
··,If,GIO.3,9X,'OUHMY vAIl.. 
.' ,IP,GIO.3,9X,' IREVI 
.' ,IP,IIO ,9X,' IRE'II3 
''',If,110 ,9X,'IECOP 
·',IP,IIO ,9X,'SHALL 
.. ' ,IP,GIO .3,9X, 'B.A1'IYO 
.', IP,GIO.3, SIX, 'IAlTI'O 
·',11',110 ,9X,'RATI03 
.' ,IP, 110 ,51X,'G 

.' ,lP,GlO.3,9X, 'lsTIP 

.' ,IP,GI0 3/ 
·',lP,IIO / 
.' ,Ip,mo.)/ 
.' ,lP,G10 3/ 
·',IP,GlO 3/ 
·',lP,110 / 
·',IP,no / 
.' ,lP, 110 / 
• ',IP,G10 .3/ 
·',lP,G10 .J/ 
.' I 11', 110 / 
··,IP,GI0.l/ 
.', IF,GIO .l/ 

.' ,lP, 110 II) 

193 FORMAT (IX, 'MAT. NO ··,l3,2X,· ANCU; SECTION'/ 
lX,'NSEG ··,lP,IIO,9",'YS ·',lP,GlO.3/ 

'" POIW.T 

lX,'EM ·',lp,GI0 3,9l1.,'LIEN ",IP,liO / 
IX,'U,G L.ENGTH ·',lP,GlO.l,9X , 'DU+!Y VAIL ·',IP,GIO 3/ 
l.X,'ECCXO ·',IP,Glo.3,9X,'ECCYO ·',lP,GIO.J/ 
lx,'U.G.sEC NO. ·',IP,G10.3,9X,'D\.J1MY VAJI. ·',lP,GIO.3/ 
lI(,'THIC1Q{ESS ·',IP,GIO.3,U,'N.It.IN U on·',Ip,IlO / 
lI(,'N.C IN U DIR·',lP,no ,9X,'N.Il..IN v OIII.·',IP,IlO / 
lX,'N C.!N V DlIl.·',IP,Ilo ,9X,'IECOP ··,lP,IIO / 
IX,'NUKP ·',IP,IIO ,9X,'SMALL ·',lP,G10.3/ 
U: , 'RAnxO .', IP,GIO.J ,9X, 'R.AT1~0 .' ,II', GIO.)/ 
IJI,'TOT}' ~',IP,GIO J,9li,'IJI.{]t'O ·',IP,IIO / 
lX,'IHATER ·',lP,IIO ,9),,'RATI03 ·',lP,GIO 3/ 
IX/'IR ·',lP,IIO ,9X,'G ·',lP,GIO.3/ 

IX,'~NEE ·',IP,GIO.3,U,'ISTIF ·',lP,IlO II) 

(IX, 'M,I,T NO 
IX, 'NSEG 
lX,':E:!1 
1 X, • SEC HEJGTH 
IX, 'ECCXO 
lX, 'Ut.! SEC.NO. 
lX,'DUOIIo!Y VAR. 
IX,' IREV2 
IX, 'IREVl 
IX, 'N\.HP 
lX, 'RATIXO 
IX, 'TOT" 
I X, ·IKATD. 
lX, • III. 

IX, 'QRN'EE 

·',Il,2)(,' :REcrJ.NGm..JJI SECTION'/ 
.' ,IP, 110 ,9](,' I'S ."', IP,G10 .J/ 
·',IP,GIO.3,51X,'LIBN ·',lP,IlO / 
·',IP,Glo J,SlX,'SEC WILTH ·',lP,GIO 3/ 
·',IP,G10.J,9J:,'ECC't0 ·',lP,GIO.J/ 
·',IP,G10.l,9)(,'H.H SEC.NO. ·',IP,GlO.3/ 
·',lP,GIO J,9l<,'IREVl ·',IP,IIO / 
·',IP,IIO ,9X, 'IREV3 .' ,IP,11 0 / 
·',11',110 ,9X,'IECOP ·',IP,IIO / 
·',IP,IlO ,911, 'SKA..LL .' ,IP,G10 .3/ 
·',IP,G10.3,9X, 'JlAl'IYO ·',IP,G10.3/ 
·',lP,Gl0.3,9X,'IAtrrO ·',IP,IIO / 
··,lP,110 ,9X,'RATI03 ·',IP,GIO.J/ 
.' ,lP, 110 ,9X, 'G ", IP,GIO .J/ 

.' ,lp,GIO.3,SlX, 'ISTIF ,H,llo /Il 

195 FctuUT (IX,'HAl'. NO ",13,n,' ANGLE WITH COVER. PL '/ 
" lX,'NSEG ·',lP,1l0 ,9X,'YS ·',lP,G10.3/ 

lX,'E'!>! ·',IP,G10.3,SlX,'LIBN ·',11',110 / 
lX,'UG t.ZNCl'H ·',If,GIO l,9X,'CrnI WIDTH ·',lP,GIO 3/ 
IX,'cav.THICXNES·',IP,GIO.3,9X,'Dt.JI1I"lY vu ·',lP,GIO 3/ 
lX,·N.R. ca.;. ··,IP,GIO 3,9X,'N C. CCN ·',lP,G10 3/ 
IX,'THIC1CNESS ·',lP,GIO.3,9X,'N.R IN U OIIt·',IP,IlO / 
iX,'),l.C.Ito U OIR··,lP,110 ,SlX,'N.R.IN v OIR",lP,HO / 
IX,'N C IN V OUt··,lP,IIO ,n,'IECOp ",IF,IiO / 
IX, 'NtMP ",IP,IIO ,9l1,'S1.\LL ·',IP,OIO.J/ 
1>':, 'IUTIXD .' ,lp,010.3,SlX, 'RATIVO .. ' ,1P,GIO 31 
lX,'TOT}, ·',IP,Glo ),9X,'IAU'!'0 ·',11',110 / 

KA110690 
!'!ATI0"/00 
MATlO'JIO 
MATIO"/20 
MA110"/JO 
MAnOHO 
HATlO"/50 
Hlt.TlO"/60 
HATI07"/0 
MATlO"/ BO 
KATI0790 
HATl0900 
HATIOBI0 
,,"l'10B20 
MATlOB30 
,,"Tl0UO 
"-'1101150 
MATlOIi is 0 
MATlonO 
HATlOEEO 
HATIOnO 
,,"TIOSi00 
KATI0Sll0 
PlATl0920 
""'110930 
KATl0940 
MATI09r~O 
KAll0960 
MATI0910 
MATI09B0 
MATI0SlSl0 
HATllOOO 
MATlIOIO 
MATII020 
KATllOlO 
,,"Tll040 
KATIlO~O 

MAT11060 
HA.Tll0'10 
HA.'!1l0BO 
I'tATll090 
I'IATlll00 
MATllllO 
MATll1:i10 
MATl1IJO 
JoIA'f'l1140 
JrrIATl1l50 
MATll160 
HATlll"/O 
l'Oo.TI11BO 
MATlll90 
""'T11200 
HAT11210 
MAT112:10 
MATll2JO 
MATllHO 
JllATll:il50 
MATll:il60 
MATll:l"/1) 
MAT1l2EO 
""Tll29Cl 
KATl1300 
""T1l310 
HATIlHO 
,,"TllllO 
KATllJ40 
MATl1l50 
MAj'1l360 
MAT11370 
I'tATllllIO 
MA.Tl1J90 
HATl1400 
l'1J.il14lo 
MATIU:oIO 
MATlUlO 
MA.Tl144 0 
MA.TIU50 
"'-'111460 
,,"T11470 
MATl148 0 
KA.T 11 1.90 
l'U.T11500 
MA.T11SlO 
MA.TllS:oIO 
MJ..TllS30 
MAT11SIIoO 
MATll5S0 
JoU.Tl1560 
JoU.Tl15"/0 
MAT115 BO 
KA.111590 
KA.T1l600 
KATll610 
HA.'!11620 
MATl16JO 
MAT11640 
MATlliSSO 
MAT1l660 
KlT116"/0 
HATll6EO 
JolATlliS90 
HATll"/OO 
""111"/10 
,,"T117:10 
"",T11730 
MATllHO 
MATl17S,O 
MATll'J60 
HATl I"/'J 0 
fl!ATlI"/IiO 
KATll"/90 
HATIHoO 
HATllB10 
HATl1820 
MA.TllB30 
MATllB40 
HATIHSO 
,,"T11960 
MATllB'JO 
HA'!'llIlBO 
MATllB90 
MATll5l00 
I<QT11910 
KAT1l9.0 
HATl1930 
MAT1l940 
""'111950 
HAT11960 
,,"Tl1970 
MATll9 BO 
MATl1990 
MATl2000 
MAT12010 
MATl2020 
MAi12030 
MATl:I040 
MATl2050 
HATl2060 
KATl20'J0 
KA.1120BC 
MAll.090 
I'1J,Tl2100 
I'IAT 12 1 10 
MATlHOl0 
MAT121l0 
I1ATl2l40 

45 

C 

C 

196 F!lIIJoO.T . 
IX, 'IMATEit 
lX,' IR 

lX, 'O)lNXE 

(lX, 'HAT NO. 
IX, 'N8EG 
IX,' EM 
U:, • BOX HEIGTH 
1J!, '£cao 
lX,'WEI! THICK . 
lX,'P'U, THICK . 
lX, '!REV2 
lX, • IREV4 
IX, 'NUIo!P 
IX, 'RATIXO 
IX, 'TOT}, 
lX,' II'QTD\ 
IX,' IR 

IX, 'QRNEE 

"·,lP,110 ,9X, 'RATI03 
• ',IP, 110 ,$IX, 'G 

.' ,lP,GI0 3,9)(, 'ISTIF 

~', 1 P,G10 .3/ I'9.T12150 
.' ,If,GIO . .3/ I1AT12UO 

.' ,IP, 110 /IJ MAT12170 
I'!ATl2UO 

·',I3,n,' WIOE·PLAHGE SEC-r'ION'/ KAT12190 
··,IP,1l0 ,SlX,'YS ·',lP,GIO.3/ I'tAT12200 
·',]P,GIO . .3,9X,'LIBN ·',IP,110 / KATl2210 
··,lP,GlO.l,9X, • BOX WILTH ·',IP,G10.3/ MAT122'l0 
··,IP,GI0.J,9X, 'ECCYO ··,IP,GI0.3/ ""T12230 
.', IP,GlO.),9X, 'DUMMY VAR .', IP,G10 .3/ MA.T12240 
• ·,lp,GI0.J,9lC,'IRE'Vi ··,lP,IlO / HAT12250 
• ',If,110 ,9X,'IR!\'J ·',IP,IlO / 1'0,112260 
·',lP,IlO ,9X,'IECOp ·',iP,IlO / '!9.T122,,/0 
.',lP,Ilo ,9X,'SI'\Al.L ·',lP,GIO,3/l9.TI2:2EO 
.' ,IP,Glo .3,9X, 'iUTItO .' ,lP,G10.3/ MATl2:2::foO 
.',IP,GI0.3,9X,·IJl.1!'t0 ·',lP,IIO / MATl2300 
·',IP,IlO ,51X,'RATIOJ ·',lP,GIO.J/ MAT12310 
• ',IP, 110 ,9X, 'G .' ,1P,GIO 3/ . MA.T12320 

.' ,a,G10.3,9X, 'ISTIF • ',H',IlO /11 MATI2330 
MA.1'l2140 

199 PatMAT (lX, 'HAT. NO ·',IJ,' IS Not AVAIL..A.BLE·, HATl;j!J50 
""'T12360 
MAl'12J70 

" • l.IBN· ',GlO.3,' CHECK LIbN 'I) 

J:00"1 
110 Il·2g,Q 

I2·1l_NSEQ·12 
lJ·I2·(NSEG·ll"6 
14·13·NSEG 

HA'T 12311 0 
MA1'l2390 
HA'U 2 110 00 
IO.T12410 
totAT12420 
MATl2430 
HATlZUO 
MAT12450 
MAT1:2460 
MAT124'J0 
MATl2480 
MATI:oI49 0 
KAT12500 
MATl:2Sl0 
HATl2S20 
KATl2530 
HAT1254 0 
"-,TUS50 
MATU560 
MATl2S70 
MATH5 BO 
KATI:oIS90 
KAT126 00 
,,"Tl.610 
KATI:oIiS20 
KATI:oI630 
MA'!1264 0 

15·14-2 
I6·I5·/l 
I7·IiSoNSEG·~ 

III·I,,/·NSEG*NlJoUI 
19·U oNUliP 
IlO·I9·NtJIoOl 
Ill·110·N5EG"2· ) 
Il2·Ill·NSEG 
Il)·U2o (NSEGol) "6 
IU·Ill· (NSEG.!)·iS 
115·11&' (NSEGol) ~6 
IliS·I1S-NSEG 
II,,/·lliS-NSEG'12 
I I S· 117 oNSEG-12 
I19·IIE"NSEG·12 
120·I19·NSECl-12 
121· IilO"NSEG*m.JoIP 
l:i2·I2l·N5EG-NtlMP 
IU· 12:01' NSEG"NUH.P 
I2,·l:iI3·NtMP 
I2S·I24·NSEQ*SI 
I26·I25 oNSEG"g 
12,,/·I2iS. «(NBrool) "6) .... 2 
1:IE·I2"I0 ((NSEGol) "6" ((NSEG'l) -6"1)) /2 
liIS1·!2H' (NSEG'l) '!!; • 1 
130·I29·lH 
IJl·130"U4 
I12·Ill. (NSEG°1)*iS 
I33"U2" ((NSroo!) 'is) '*2 
134· 133"NSEC*lU 
135·134'2 
136·135-. 
13'1·136+ (NSEGol) '6 
1.3a·lJ,,/· (NSEG+l)·6 
139·13B- (NSEG+l) '16 
140·139' (NSEQ'l) *6) .... 
U,l"ll.o.NtI1P 
142· 141-NSEa"NUHp 
I43·142.NUKP 
144·143.NtJo(P 
14S·IU'NSEG"Nl.I<!'P 
146" I45'NSEG*Nt,MP 
147·I4.6"NSEG·NlMP 
hi· I 11.7. NSEG":m.tiP 
149· tn. NSEG-NUH.P 
150·IU·NSEG·NU1P 
IS1·150·NBEG*~P 
IF (XOO.EQ.~) GOTO .05 

U4AT· 151 • Na{p 

ElMAT(29) ·1.KAT 

MATl:liSSO 
MATlZ6iSO 
MAT12iS70 
toIAT126BO 
MATl2690 
KATl27 00 
KAT12'J 10 
KAT1.720 
HIoTl:il7l0 
MAT12'140 
JolAn27S0 
I'lAn 2'J 60 
I'lATI:oI"/"/O 
MATI 27110 
MAT12790 
f'tATl2EOO 
MAT12SIO 
MAT12B20 
MATHB30 
!1AT12B40 
MAT12B50 
HAT12B60 
KATl2 B'J 0 
MAT12BBO 
HATl2nO 
HATl2900 
MATI 2:5110 
MATl 2::fo 20 
""T12930 
MAT12940 

RETLfRJ\l KAT12950 
C KAT12960 
c •• rOP1·. • .............. INITIAl"I2.E STIFFNESS TERXS ••• •• ...... ~ ••• ····1'IA'1'12970 
c •• 10P'!·3 ................ GET S'I'IFFNESS TEiU'l.S ••••• •• •• ••• ••• ••• •• •••• .. ""'1'1.9BO 

200 CCfiTINlJE HA.T12990 
!iTABILITY EIJ!2oIENT MATERIAl DATA 8TORAGE FOR MDmER MATl3000 

SE(l· 7S)· EEASAT l'lAl'lJOIO 
SEt "/9).ELS ""'1lJ020 
8E [ BO) .nm HA1130)0 
SEt BlI.IBPE HATl3040 
SE( B2j.DELTP2 HATlJ050 
SE( B3) .52 I'IATl3060 
SEt 114) .SP MA.TllO"/O 
SEt B~)·IBTART MAT130BO 
BE( B6)·J.NEE.E KAT13090 

SEI 

'" SEI 
SEI 
SEt 
SEt 
SEt 
SEt 
SE' 
SEI 

'" SEt 

E"/J ·EESE 
BII) ·EPBE 
BSI) ·OUCT(!) 
90) ·OUCT(21 
91)·OUCT(3) 
Sl2)·EXCi:(I) 
9l)·EXO(2) 
514) ·EXCR()) 
95) ·eXCR(4) 
96)·EXCR (5) 
91) ·EXCR(6) 
51BJ ·PL}> FU.G FOIl JUDGING LOCAl.. l'!UCJ:l..ING 

o NO LOCAL BUCXI..lt.lG OCCtJlU.EIl 
1·1. l..O:AL BUCKLlt.lG OCCURRED 

SE ( 99) ·PUG POR JtJDGlt.lG LCCA.l... BUCXl...ING liAS OCCURRED OR NOT 
o NO LOCAl. BUCJCl..,nw HAS OCCURRED 
I l..O:AL BUCXLING HAS OCCURRED 

MATlHOO 
KAT13110 
MATlJ120 
KATl)lJO 
HATl~140 

HATl~lSO 
HATl 31 is 0 
KAT1.3170 
HATl31BO 
I1ATll190 
MATl3200 
MATll210 
MATll220 
MA.TlJ230 
HATIJ21100 

C SET CCl'G'RESSICIJ STIPFNESS·O. 001 

MATlJ250 
MATIJ260 
MATl32'J0 
1'lA'l'l32BO 

C·················· .. · .. ··········· .. ···················· ..... 
C 

NSEG • SM.t.T( I) 
'ts • SMAT( 2) 
!M SM.t.T( J) 
LIB10l SMAT ( 4) 
HH • SMAT ( 5) 
UU • SMA1( 6) 
ifW - SMAT ( '1) 
2.Z ~~_SMA'l' ( E) 
INEB SKAf( 9) 
INEH • S1olAT(lO) 
5T SKAT (111 
IRE'Vl • SMAT(12) 
11'£'0'2 • SMAT(13) 
IRE'IIJ • SM.t.T(l4) 
Ut!\'4 • SMAT(15) 
IECOP • SMA! (16) 
NU'fi> • SMAT (I'Jl 
SHALL • SMA1 (IE) 
RATIXD. SMA'!' (151) 
RJ.TlYO. SMAT (20) 
TOTA • SMAT(21) 
IA\JI'O • SKAT(221 
IK.1.TER~ SHAT(23) 
RA'!'I03~ SMAT (24) 
lit SMA! (25) 
G SKAT (26) 
QJlNEE· SM.Io.'1'(2?1 
IS'iIF • Sl'QT (Ole) 
lsn·o 
E:..s·SE( 191 

!9.Tl32510 
I9.Tl3300 
~TlJ310 

HATl3320 
MATl3330 
HATl3340 
M.\Tl 3J 50 
MATl3360 
MA'1'lJl70 
,,"T133BO 
KIoTl3J90 
MA113400 
I'lAT13410 
KAT131.20 
KJlTl3430 
MA11344 0 
MJ..T1l4S0 
MATlJ4iSO 
MATlJ4'JO 
MATlJ4 SO 
HATl149(] 
KATl3500 
MA.TlJ510 
KIoTlJ520 
KATl35)0 
""'113511.0 
MA.TlJS50 
,,"113560 
M},'!'lJ5'10 
MAT13SBD 
MATl)S90 
MATlJiSOO 



11:00-2 
GO'I"O 110 

205 IP (10P'T.EQ.2] THEN 

2" 
ISTA.RT-O 
DO 210 I-I,?B 

SE (11"0 
SE( 99)-0 

215 

DO 215 1·I1 ,LHAT 
SKAT(I) -0. 

CON'TINUE 

c 

,LS, 
II'm • fiE'! 
DELTP:<· SEt 
S2 • SEt 
SF • SE'( 
ISTA.RT· SE'( 
RNEEE • SE ( 

ENDIF 

'"~ ." 83) 
84) 
85) 
86) 

C··· . CALIBRATE NO·END DISPU.CE'HENT INCREM!N1" BE'FORE CAll. H'J'STH 

c 

00 ISIS 1-1,10,3 
S!G.T(I13'I·l)-D!~+J·1I·0L(2·1 I) 
SKAT(I13'I )"D(3.1·1) ·OL(J·I 11 
SXAT(113 .. ro1]·D(1-I·l) ·OL(I"1 1] 

66 CCNI'INUE 

" 

lOOp· (NSEG·II-6 
JSTOR· IDOP- (lOOP-II /~ 
CA.I.J.. H'J'ST12 ( IOPT , NSEG , YS 

JSTOR, looP,!i\II ,ZZ , 
JRn'2, IREVl, IRn'4, IECOP, 
SKALl..,JU.TI1IO,RATIYO, TOTA , 
59 ,ISTART, IR ,G 

" ORNE'E, RNEEE, 

EM , LIBN, HH, UU , 
INEli , lNEH, ST, IRn'l, 
ECCJlO, ECCVo, NUM:P , ELS 
IMD , ISPE , DEL"%'P 01 , S2 , 
ISTIF, IAUTO,IMA.TER,RAT103, 

" IJotAT(IlI, IMAT( n), SMAT (13), SKAT(14] ,SMAT(IS) ,SKAT(16) ,SKA.T (17), 
"- SMAT( IB] ,SHAT( 191 ,SMAT(IlOI ,S~T(Ill],SHAT(I12I,SMAT(I131, 
"- SMAT(J14) ,5M.1r.T(115) ,SHAT(lllS) ,SM.lr.T(Il?) ,SliAT(I1BI,SKU(USl), 
'- SHAT(120), S,,"T(121] , SMAT (I2:i1 I , SMAT (123), SMU (Ilt], SMAT (J:<I5), 
.c. SHAT!I:<i5) ,SKA.T(I2?), I,,"T(I291 ,SHAT(12!il) ,SMAT(IJO) ,SMAT(Dl), 
r.. SIoQT (IHI, SMAT (133), ~'T(IJlI, SHAT! 1351 ,SKAT(136], SMU (IJ?) , 
... SMA.'T (13 II I ,SKAT(IlSl) ,SMA.T(UD),SI'U.T(I41) ,fil'lAT(1II2] ,SMAT(143), 
" SMA.T(114I,SMAT(I4SI ,SKA'T(146) ,S!1).T(14"11 ,SKA.T(I4E) ,SMAT(I4S1), 
" SKAT(ISO),SMAT(15ll ,SE(9B) I 

,., 
00 60 1-1,12 
DO 60 J·l,la 

J.. 11:. 1 
EEASAT (I ,JI-SM.\T (Ia·X·I) 

C··· ·caNVER'T STABILITY EL!MZNT TWO-END STIPFNESS INTO STJ.NDA.RO DaF 
C DIREC"I'ION 

DO tiE 1·1,12 
DO IS~ J-l,l:iI 

58 A(I,JI-O 

00 69 1-1,4 
A(l· (I ·11 *3,3' (I·II-J)-l 
A! 2' (I ·1] *3, 1- (I·l )*3]-1 
A(J' (I ·1) "3,2' (1·1 )*3)-1 

651 CONTINUE 

CALL MULT1'I(J,12,SAT,EEASAT,A) 
CALL Mt]l.1')!(O,12,ED..SAT,A,SAT) 

IF (IOPT.EO.3) 'THEN 
IF( 5E(519) ,ECI. 1 ,AND. P(11 .LE. 0 I THDl 

JlL.L·DL{?1 ·DL(lI 
)lCC·D(?I·D (1) 

mD- XCC· XLL 
IP! xtID .LT. 0 I THEN 

DO 3351 J·I,12 
EEASAT(I,J)"O 
EEASAT(1,J)·O 
EEASAT(J,ll·O 
EEAS,\T (J,"1].O 

CCNTINUE 
EZA9AT(I,l)"0 001 
BUSAT(1,?)·O.OOl 
EZASAT( 1,?)··0, 001 
EUSAT (1 ,1)··0.001 

ENT>I' 
END I , 
IF' ( SE(SlSl] .EQ.O . .AND. SE(SlBI .G'l'. 0 ) 5E(991-1 

ENDIF ,., 
DO BO 1-1,12 
DO BO J-I,12 
)C·K-l 

BO SE(X)-EEASAT(I,J) 
5E( 791-ELS 
5E! BOI·IMl) 
BE( Bl) ·lSPE 
5E ( B 2) -DELTP2 
SE( 83)-9:01 
SEI 84 )-SP 
BE( BS) -IST.AJ!.T 
9E I B6) ·iNEE! 

RET"'" 
C--· GE'T ENZRGIES, DUCTILITY ANI> EJICURSIQI\I POR EOTH IOPT-3 AND 4. - •• -

100 cmrrlNUE 

TRAl"SFER ENERGIES POR BOTH IOPT-) .um 4 
EESE·O 
EPSE·O 

IP (IOPT.EQ.IIII THEN 
nu.NSPEF. DUCTILITIES AND ExctmsrCl' RATIOS POR E01H IOPT·3 AND 4 
00 410 1-1,3 

OUCT(I) ·0 
EJlCR(!·l) -0 
EJ(CR(I) _0 

ELS' 
C-·.- ••• -·~.- •• --· D,IJ1AGE INDEX _ ••• _. __ •••••• _ ••• _ •• _ .... __ ••• _.a •... 

DAMAGE·O 
ENDIF 

MAT13610 
MAT1l6~O 

MATIJEi30 
!'1ATl36G,0 
MA.T136S0 
KlT13660 
MAT136.,0 
I'!A.Tll690 
1'IA'T136510 
MAT13700 
MATl3"10 
MATl3?20 
MAT13?30 
MA'rl3H.O 
MATl31S0 
10.1'13760 
MAT13110 
IQT13'790 
1'lA'T13?90 
)i.I,'rl3900 
MAT13 III 0 
""'Tl)8 20 
MATl3930 
MAT13840 
MT13ESO 
MAt'IJUiO 
MAT13B70 
Mo\T13eBO 
HATIJ8Sl0 
MA.Tl35100 
~TlJ910 
MATl39Z0 
MAT13930 
KATll940 
KAT135150 
MATll9fiO 
MATl351?O 
MATl351B0 
I'l.lT13SlSl0 
I'l.lT14000 
MA1'UOI0 
""'T14020 
"",1'UOJO 
I'IATl4040 
I'UIoT14050 
MAT1401S0 
IQ,T140?0 
MATUOEO 
MAT14090 
MATUIOO 
JlU,TUl10 
MAT14120 
,,"-TU130 
H.lTIU40 
HATU150 
"",TU160 
I'I.\T141?0 
MATI41 EO 
1'I.\T141Sl0 
I'I.\T14:000 
HAT142l0 
H.\TU220 
MAT142l0 
,,"T14240 
M.t.T14ZS0 
"",T14260 
"",T14270 
"",T14280 
HAT1429 0 
MATl4300 
I'U.TU3l0 
MAT143010 
MAT14JJO 
MAT14)40 
I'IATU)SO 
MATl060 
HATU370 
"",TU380 
""T14390 
KATIUOO 
I1ATIUIO 
MATlU20 
MATIU30 
MAT14"""O 
I'IATlU!'O. 
I'IATlG460 
H.lTlU?O 
M.t.TU4BO 
I'!ATlU5IO 
HATl4500 
MATH.510 
I'IATl4520 
KATl4SJO 
HATH.S40 
!'IATUSSO 
MA1'US60 
HATUS'70 
HAT14!IBO 
MATl4S90 
I'!ATUEiOO 
HATU610 
HAT14620 
HAT14630 
HAT146,,"0 
M,l'fl46S0 
KAT14660 
MAT14670 
HAT14680 
!'IA'U46 SID 
HA.T14?OO 
MAT14110 
MATU120 
HATU'730 
HAT14?40 
HATU?50 
MAT14160 
HATl4110 
I'V.T14HO 
HAT147Sl0 
!'IATlUOO 

RE'TURN HA'U4910 
!!lID HATUB20 

C····· ._.-._ ••• - ••• _ •• -_ ••• _ •• _ ..... -. __ ._ ••• _ ••• - ............. ···_··_·---·I'lATL.CIOIO 
SUBRot1TI m !'!ATLI B (IOPT ,L.S1'T'I'P, HEAD, EESE, EPSE ,DUCT, EJlCR, !'I.A.TLOO 20 

... P, PL., O,DL, V, VL,LELEl"l, ~T ,I'U.T ,HA1'TVP, SE, IElJ'lO, DAMAGE 1 P1ATL0030 

l..OOICAl. KSAHE,FIRST,HEAD 
OII'fE.sSIO~ SE (lSI,DUCT(3) ,nCR(6) ,P 112) ,PL(l~) ,D(HI ,DL(12) 

SIHCLUDE·' 2.CCMN' 
C 

... ·CHECJt: POR AN INV,uID /'lATERlAL NUHEER 
IF {MAT.I...E. 0 .aR. HAT.GT .NHATI THEN 

WllITE(ID8,1891 MAT 

'" , FClRJiAT (5X,20 ('-'),' ~OR, INVALID KATERI.u. PROP.', IS/ 

STOP 
ENDIF 

SX, 'CClRJI.EC"7' INPtn' ... ') 

IC • NZ(IZHATor1AT 
IF (IOPT.~.l) THEN 

P9.'n'VP • NZ(IC) 
ELS' 

N'Z.(ICI • I"l},TTYP 
ENDIP 
IF (1...S'ITVP.EO 19,T'TYPJ THDl 

P!RST· P.u.sE 

HATL0040 
H.ATLOOSO 
I'lATL0060 
KATL0010 
MATLOOBO 
HATI..OOSIO 
MATLOIOO 
MATLOll0 
JllATlA120 
HATLO 13 0 
!'lATL0140 
MA.TLOISO 
MA.TLOlEiO 
JltATLOl"o 
""'TL01BO 
KATL-0190 
MATL0200 
MATL02l0 
IllATL.CI2 ~O 
MATt-OnO 
HATLO,HD 

46 

EIoSE 
PIRST·. TRUE. 
IF (HE:).DI WRITB(10B,JOSI TITL.E(l) ,'TITLE(21 

30S POR!'IA.T (' 1 mUC"I'URE. ',A, I 
'- 'SOI..U7lctl. ',A,f) 

END" 

OAMA.GE-O 
IP (I'O.'M'YP.£Q.ll THEN 

CAlJ.. MATIH (IOPT,PIRS'T, MAT, SE, P OJ, PL(l],D( lI,DLlll ,LEL2M, 
" t..MAT,2.(IC·IJ,EESE,EFSE,OUC'!',EJlCRI 

ELSE IF U-tATTYP.EQ.2) THEN 
CAw.. JoL\TO;a (IOPT, IEUYO, PIRS,. ,,,"T ,BE,P, PL,D, OL, V ,VL, 

.. l.ELI!ft!, UiAT, 'Z (IC -1) ,EESE, EP5E,DUCT, EXCR, DAMAGE) 
ELSE IP (HATTVP.EQ.3) THEN 

c.a..lJ.. ,KATO) (IOPT, IELNO, FIRST ,MAT, SE, P, PL, D, OL, V ,ULEM, 
... ll1AT,Z(IC~II,EESE,EPSE,Ducr,EJlCR,D~GE,NSOUlI 

EI...SE IF IMJ,TTYP. ECI. 4 I THEN 
C,1,lJ.. !'!.AT04 (IOPT, IEUlO, PIRST ,f'1A.T, SE, P, PL, 0, DL, V r VL, L.ELEM, 

... lJolAT, Z (IC 'I], EESE, EPSE, DtJCT, EXCR, DAKA.GE, NSOUlI 
EI..SE IP (MATTYP.EQ.6) THEN 

CAll MAT06 (IOPT, IEu.1Cl, FIRST ,!4AT, SE, P, PL., 0, DL, V, Vl.., 
" L.E:LEM, I.JoL\T, Z (IC"l] , EESE, EPSE,DUI:"T, EJl:C!I., DAM1o.GE) 

ELSE IF (HATTVP.EQ."1] THEN 
CALL !tAT01 CIOFT,FIltSl',I'U.T, SE,P ,PL, D,OL,V,VL, L.ELEH, 

" ll1AT I Z (IC+ II, USE, EPSE, DOC'T, DO ,DAlQ.GE) 
ELSE' IF (MAT1'VP, EQ. B) "%'HEN 

OLL MATOII (I OPT, PIRST, IQ.T, 8E, P, PL., D,DL, 1..El....EK, 
, IJoIAT I Z (IColl ,EESE, E'PSE, O!JCT, EXt:"I.,DAMAC:E) 

EUE IF (!'1ATTYP. EQ, 9 I THEN 
CAw.. MJ.T09 (10PT I PIRS'T ,/'UT, SE,P ,FL, O,OL,LELEti, lJI!A.T, 

... Z! IC+ 1) ,£ESE, EPSE ,D!JC'T, EXCR, DAMAGE I 
ELSE ~F (MATTYP.EQ.Hl) THEN 

CAu.. HATIO (IOPT,FIIl~,KAT, SE,P ,PL,D,DL,l.JtL.EM, LKAT, 
" Z(IC<l1 ,EE9E,EP8E,DUC"I'.~GE) 

ELSE IF (MATTYP.i9.111 THEN 
CALL !'lATH (IOPT ,PIRST,KAT, SE,P,PL,D,DL,ULEIoi,LMAT, 

" Z(IC·l) ,EESE,EPSE,DUC"T,E,-CR,D..\HAGE) 
EUE IF (IO.TTYP,EQ.U:) THEN 

LXU·Z (IC+29] 
CAI..l. !'lATH (IOPT, PIRST,~T, SE,P ,D,DL,l.BU'lo!, lJo!.AT ,me IC·l I, 

Z (IC·l] ,EESE, EPSE, DlJC'T, EXCR ,DAMAGEI 
lJoL'T"Z(IC·29) 

!L.SE IP (MATTYP.!Q.13) TIR:N 
CALL HATIJ (IOPT,FIIBT,MAT, SE, P ,PL,O,DL,ULEM, LMAT, 

, Z(IC+ll,EEBE,EPSE,DUCT,EXCR,DAMAGEI 
EI.BE IF (I'U.1'TYP.!Q.1&1 THEN 

CALL KAT 1 " (IOFT,FIR8'I',PlAT,SE,F,Pt.,D,DL,l.El.Z'f, 
'- l.HA.T, Z ( IC"l ) ,!E5E, EPSE, DtJC'T, EJ(CR, DAMAGE) 

ELS' 
WRITE{lOS,lOI IEl.JK) 

10 F~T(' E1...EHENT ',16,' IS NO'T AVAIUBL.E' ) 
ENDIF 
I.SI"T'fP"MAT'TVP 

. DIRECTICtl OF LIlADING 

SUBROUTINE DIRECT (DIR,DIRL, F, PL., VELI 
INTEGE:R DIR, DIRL 

P • CURRENT LOAD 
PL • U,ST LCWl 
D • CURRENT 01 SPLACEHEN'T 
on • CURRENT DIREC"I'IaN 

OU-I, POSITIVE WADING 
DU-2, POSITIVE t.D'JLOADING 
OIR-3, NEGATIVE WADING 
OU-4, NBGATIVE UNLOADING 

DIRL - 1..11.91' DIRECTI~ 
VEL - PRClDOCT OF lAST AND CURRENT VELOCITIES 
IP cp.err, 0) THEN 

IP (P ar,PL . .\Nt). PL..GT.O) THEN 
DIRL·l 

EI.SE IF (P.GT.PL AND. Pt. LT.O) THEN 
OI.RL·4 

ELSE IP (P.LT.PL) THEN 
OIRL-2 

EloSE 
OIRL-DIR 

ENDIF 
ELSE IP (P.LT.O) THEN 

IF (P.LT,PL .AND. PL L.T.O) THEN 
DIRL·3 

ELSE IF (P.LT PL .,u-m. PL. err.o) THEl'tl 
DIRL·:iI 

EUE IF (P.G""r.PL) THEN 
OIRL-4 

ELSE 
DIRL·OIR 

ENDIP 
ELSE 

IF (PL.LT .0) THEN 
01RL-4 

ELSE IP (PL.GT.ol "rHEN 
DIRL-2 

OIRL·DlR 
ENOIF 

END" 
IP (OIRL.EQ.l .OR.DIRL.EQ.O) THEN 

IF (VEL.GT .0) THEN 
DIR-l 

EloSE 
DIR-2 

ENDIP 
ELSE IF (DIRL.EQ :<) THDl 

IF (VEL.GT.OI THEN 

ELSE 

IF (P.G'!' .01 THEN 
01R-2 

ELSE 
DIR-3 

ENDI' 

DU·l 
ENDJP 

ELSE IF (DIRt.. EQ. 31 THEN 
IF (VEL.GT 01 THEN 

oa·J 
'LSE 

OIR-4 
ENDlF 

ELSE IP (DIRL,EQ II 1'HEN 
IF (VEL GT,OI THEN 

EIoSE 

ENDIP 

IF (P,LT.O) THEN 
DIR a 4 

'LS' 
DIR-l 

END I , 

DU·) 

'LSE 
W1UTE(10B,SI 
PORMAT(SJI,'E:iI', 'ROR IN Smu;lOlr.'INE DIRECT, DIRL. NE. l,2,3,(JJi. I') 
WRITErlOB,lO) OIR,DIRL,P,PL,VEL 

END" 
IF (OIR.EQ.O) OrR·l 
FaRHAT (5)(,'*" IN DIRECT ',IX,' DIR·',I4,' DIRL·',I4, 

" ' p·',pa.J,' PL··,FB.3,' VEL·',FIO.J) 

'!!'T"'" END 

XMlt.! CALClJI.J.TES BTl FFNESS BAS:m CIt.! DX AND Dr 

KATL02S0 
KATL0260 
KATL02""l0 
HATL0280 
~TL02S10 

MATL0300 
MATL0310 
MATL,0320 
I'tATLD330 
MATL0310 
MATLOlSO 
MATLOHO 
MA'TL0J70 
KATLOleO 
KATL0)90 
HATLD400 
HATL0410 
MATL0420 
MA'T'L04JO 
HATL044 0 
I'lATL04S0 
MA1'L04EiO 
HATLOI70 
MATL0480 
MATL04Sl0 
HATLOSOO 
HA1LOSIO 
KA"%'LOS20 
KAoTL0530 
MATI..OS40 
MATL05S0 
MATL05EiO 
MATLOS10 
MATLOSBO 
K.Io.'TLOSSlO 
KATL060D 
MATLll610 
MATL0520 
HATL0630 
MATL0640 
MATL06S0 
!1ATL055 0 
!'!ATLOS"/O 
HATL06BO 
HATL06S10 
,,"11..0'700 
HATL07l0 
KATLCl? ao 
MA'TLa130 
HATL0740 
MATl..O?50 
HATLO?50 
MATLO"/?O 
MATLOHO 
HATLOHO 
MATI..OBOO 
MA.TLOBIO 
DIREOOI0 
DIRE0020 
DIREOOlO 
DIR!0040 
OIREOOSO 
DIR!0060 
OIREOO?O 
DIREOOBO 
DIRE0090 
OIREDIOO 
DIREOIIO 
DIRED120 
DIREOl)O 
DIRE0140 
DIREOISO 
DIREolEiO 
DIREOI10 
DIREOI BO 
DIIlE0190 
DIRE0200 
DIRE0210 
DIREO:<l20 
DIRE0230 
OIREOHO 
0lRE02S0 
DIREO;1:60 
DIRE'0210 
DIREOHO 
DIRE0290 
DIRE0300 
DIRE0310 
DIREO)20 
0lRE0330 
DIRE0J40 
DIREOJSO 
DIREOJ60 
DIREo310 
DIRE'038tl 
DIREOJ90 
DIRE0400 
DIRE0410 
DIRE04:<10 
OIRE04JO 
OIREo"O 
D!RE'04S0 
OIRE0460 
DIRE04?D 
DIRE04BO 
DIRE04S10 
DIRE0500 
DIREOS10 
DIR.EOS2D 
DIRE'OS30 
DIREOS,,"O 
DIRE05:'0 
0IRE0550 
DIREO~10 

DIREO!,BO 
DIREOS90 
DIRE0600 
DIRE'0610 
DIRE0620 
DIRE06l0 
DIRE064D 
DIRE06!5D 
DIRE066D 
01RE05"/0 
DIRE05BO 
DIRE0690 
DIRE0100 
OrRE0"110 
DIRE0720 
DIREO" 30 
0lRE0740 
OIREO?SO 
OIREO?5D 
OIREO?10 
DIREO?1I0 
0lREC1Sl0 
OIREOBDO 
DIRE0810 
DIREOB20 
OlREo830 
DIREOB40 
O:REOIl5D 
DIREOBEiD 
DIlIEOB?O 
F!..I'NCOOIO 
FUNC0020 



C 
.C 
C 

10 

Rv..L FUNCTION JCHIN(OO,DF,SI) ,.,,' 
DD 
DP 
Sl 

.. CI-IANGE IN DISPUt.c-iENT 

.. CHANGE IN LOAD 
" KAJII!'I1.rn AND DEFOLT STIFFNESS 

IF [[OoO-DP) ,GT, O.OO~ THEN 
lO'UN·KIN ((OP/DO), SI) 

ELSE 
JOUN·S! 

ENllI' 
RE'TtIl!N 
END 

nrrERSEC'T!aN OF T"io'O LINES IN POrN'T SLOPE FaRM 

SUBROU'TlNE ImSCT (:II, Y ,U, )'1, Sl, X2, Y2, S2) 
~ " X COOROINATE OF INTER SEC'l"l ON 
Y • Y COCRDINA."I'E OP IN'TERSEC'1ION 
U " :II co::lRDlNA.'l'E OP LINE 1 
'(1 " Y COOltDlNA'l'E OP LINE 1 
S1 " SLOFE OF LINE 1 
:112 " X Co::fl:OlNATE OF LINE 2 
Y2 .. Y CClCRDINA.TE OP LINE 2 
S2 • SLOPE OF LINE 2 
IF (Sl.NE.S2) THEN 

Bl" VI . SPXl 
B2" Y2 . S2·X2 
X·[Bl·B:il~/[S3,SI) 
y. (:81"S2'B2-81) /(S2'SI) 

E!.SE 
WRITEIIOe,lO) Xl,Yl,Sl,X2,Y2,S2 
PORmT[/' •••••• ERROR IN nrrser SI"S2, NO sou-:, THUS', 

S'TOP 
ENDIF 
R."URN 
END 

• SE'T X"Y-O.',/' Xl"',lP,G15.5,' Yl·',GlS.5,' SI-' 
GIS.5/' X2·',lP,G1S 5,' Y2-',G15.S,' SZ·',GIS.5j) 

SllBROUTlNE IDRECT (IOR, IDRv, IDRVO,FI ,PS, VI,VS) 

I..CGlCAL A,NA,B,NB,C,NC,D,ND, E 

A • AIlS[PT) .GE.APJS(PS) 
a • PI·PS .GE.O 
C " PI.EQ.O 
D· VS·VI.GE.O 
NA· .NOT A 
ND· . NOT . B 
NC· .NOT. C 
NO· .NOT. D 

FUNCOOlO 
PUNCOO,o 
PUNC0050 
PUNC0060 
PUNC'00"10 
P'UNC0080 
1'\JNC0090 
P'UNCO 1 00 
Pt.JNCOII0 
PUNCO 12 0 
PUNr:O]JO 
PUNCOUO 
PUNr:OlSO 
INTSOOIO 
IN1S0020 
INTSC030 
INTS0040 
I)IlTSOOSO 
IN'TS0060 
INTSOO?O 
INTS0080 
INTS0090 
INTSO]OO 
INTSOIIO 
IN'TSOl:aO 
INTSO]JO 
INTS0140 
IN'TSO]!iO 
INTSO]60 
INTSOl?O 
INTS0180 
INTSOl90 
INTS0200 
IN'TSOnO 
INTS02:10 
INTS0:i!30 
INTSOHO 
INTSO.ilSO 
INTSO.il60 
I0R20010 
IORE0020 
IOREOOlO 
IOREOO.O 
IORE0050 
IORE0060 
IOREOO"/O 
IOREOOIO 
IORE0090 
IOREOIOO 
IOoUOIIO 
IOR.E0120 
IOoRE0130 
IOoliEOl.O 
IOoREOlSO 
10REOll!iO 

IP ( A.AND B.AND NC' .AND. 0 10R"l IOoII.E01"/0 
IP ( NB AND. NC .AND. NO IDR"1 IOREOHO 
IP [NA AND B .A1ID. NC .AND. ND IOR-l IDREOl!ilO 
IP [ C .AND. D 10R"0 IOoR.EO<lOO 
IF ( NB .AND. He .AND. 0 IOR"o IDR.EO:1.10 
IP ( A .AND. B .iUID. NC .AND NO lOR"'] IDREO:a:iiO 
IF [ C .AND NO 1011.",1 IOREO:aJO 
IF (NA.AND B .AND. NC' .AND. 0 IDR"'l 10REO;u.O 

E • PI .GE PS [DREO:aSO 
IORV"l IDR!0:a60 
IDRVI>-2 IOoREO:a"/O 
IP (E) 1Oo:RV"2 IOoREO:ill!O 
IF (E) 1DRVo-l IDaEO:lSlO 

RE'TURJ.<' IDREOJOO 
END IDRE0310 

C rulEI0010 
C.''''''''''''''''.'''' ••• - ................................. '''' ...... ''.''·'' ... •••• .. •• .. "·,,",,· .. ·,,ONEI0020 
C DUCTILITIES AND EXCURSION RUIOS ONEIOOJO 
C DNEI0040 

SUBROlM'IN!. OoNE [IOn, 0, E, OOY ,00 I ESE, PSE, PSEOLD, CSE) ON210050 
DIMENSION U(J),E(6),UC~l) DNEI0060 

ONI!I0070 

C' 
C 
C 
C 
C 

. vARIABLES .............. DNE10080 

C 
C 
C 
C 
C 
C 
CoO 
C 

" 

U{I) .. OUc:-rILI'TY ~IJ 
E(l) • DCURSION RATIO (I) 
E[1~J) "DUCTILIT), (I) POR THE CURRENT HAJJ' CYCLE 
DY " YEILD DISPLAc-i2NI' 
o .. ClIRRn,!T DI SPL 
TSE " TOTAL S'TR.AIN ENERGY 
PSE • PUS'TIC STRAIN ENERGY 
ESE • EUSTIC STRAIN fNERGY 
CSE • CONSTANT sTRAIN EN~G\' A'r Y!IUl 
OC • CURlI.EN"T DUCTZ LITY 

IF CIon.EO.I) THEN 

E!.SE 

END I , 

CALCou.TE Ct.IRli:ENT DOC"TILITI.ES 
PSEO· PSE· PSEOUl 
IF [OoY.NE 0) lIC(1)-D/OY 
IP (ESE.m.O! l.IC(2)"(PSEO/ESE <I 
IP (CSE,NE.O) lJC~l)·(PSEO/CSE +l 
U(1) .!U.X( UII) ,LIC(l) ) 
0(2)·MAJo:~ U[2) ,UC(2) ) 
O(J) "1'lAX ( U(3) ,LIC(3) ) 
E (4).1'lAX ~ E (4) ,IJC (1 ~ ) 
E(5)·"K.U:( E(5) ,UC(2) ) 
E(IS)"MAJC( E(6) ,UC()) ) 

CAL£uu.TE EXCUl:SION RATIO'S 
DO 20 1·1,3 

J"1 ~ 3 
IF (E(JI GT lJ E(I) • E[I) • E(J) 1 
EIJ"I"O 

[)NEIOOSIO 
DNEloIOO 
DHEI0110 
OoNEIOU:O 
[)NEIOl.)O 
OoNEI0140 
DNEIOlSO 
ONEI0160 
ON£10170 
DNEIOIBO 
oNE10190 
ONE I O:i!OO 
DNElono 
OoN£102.20 
ONEIOZ)O 
OoNEl0240 
OoNEl0250 
OoNEI0260 
ONEl02'0 
DNEI02BO 
[)NEI0290 
DNEIOlOO 
[)NEIOllO 
OoNEIOl20 
OoNEIOllO 
[)NEIOHO 
DNEIOHO 
DNEIOl60 
DNEIOl"10 
DNEIOl~O 

OoNEI0390 
DNEI0400 

RETlJR.N OoNEI0410 
EJIlD oNE10420 

c S'T1U!:0010 
C· ... _" ••• " ••• ,," •• ,," ... ,," .,," ""-,, ."- ..................... " •••••• ,," .......... """.-" ,,·STREOO 20 
C S'TREOOJO 

SllBROIJ'TlNE STRENG (ESE,PSE,PSEOUl,P,PL,O,DL,SE) ~ltE0040 

DlMENSIO!' ESEI3) SlRE0050 
c· 
C VAAIABL.ES 
C· ... 

C TSE - TOTA.:.. ELEMENT Si'RJ.IN ENERGY 
C ESE(1) • ELASTIC ELEMEm" STilAW 2N!RGY 
C ESE(2) " I1AJIlMUoI ELASTIC ELEMENT STRAIN ENERGY, POSITIVE LOADING 
C ESE(3) " I1AJIIMtl1 E~S"l'IC ELEMENT ST1I.AIN ENEltG'!', NEGATIVE LCADING 
C PSE PUS'TIC E:.zMENT STR~II-J ENERGY 
C P5EOUl • PLASTIC ELEMENT STRAIN ENERGY At U.ST ZERO CROSSING 
C P CLlRRDn LCAD 
C n. PltEVIOUS LOAD 
C D CLIRRENT OISPL..\CEMENT 
C DL PREviOUS PI SPLACEMEN'T 
C SE lJNl.,OADING STIFPNESS 

.. 'S1"JlE0060 
S'1R!0070 

·S"'TREOOBO 
ot"RE0090 
S'TREOIOO 
S"I'REOIIO 
STRE0120 
S'TRE0130 
S'TRE014 0 
S'TRE01SO 
STRE0160 
S'T:REOI70 
S'TREOl BO 
5"TRE019o 

C' ~ .................. ·STRE0200 

PSEL • P5E 

TSE 

PREVEm' UNDERFLOW POF VD.'!' Sl'!ALL PSll'I OR DDIF 
PSlJloI"P.PL 
OOIF·P·OL 
TOL-1 OOE· 25 
IF (.JJlS(PSUM) .LE.TOL .011. AES(ODIF) U TaL) THEN 

DTSE·O 
ELSE 

OTSE • PSUH-OoDIF/2 00 

END" • ESE(l)' FSE· D'TSE 
PREVENT tlNDERPl.C*' Pal VERY SHAL.L P, OR SE.o 

IF (ABS{PI .1.2.'TOL) 'THEN 

S7'RE0210 
STltE0220 
S"I'RE02l0 
STRE0240 
STRE0250 
STRE0260 
S'TRE02?a 
S'TRE02BC 
S1REo2!il0 
STRE0300' 
S!REOlI0 
S'TREOJ20 
STREOllO 
S'iJlEOl40 
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c 
C. 

C 
C. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 
C 
C 
C 
C 
C 

ESE ~ 1 ) -0 . 
ELSE IP (SE.EO.O) THEN 

ESE~ 1) ·T5E 
E!.SE 

ESE(l)" P'P/(PSE) 

...,1' 
ESE!l)" MIN~TSE,ESE(l)~ 
PSE "TSE·ESE(]) 

•. CALC PUt.C"TIC S'TiI.UN ENERGY AT ZERO CROSSING 
IF (P~PL.L.E.O) THEN 

Op·PL·P 
IF (OF.NE.O) THEN 

IF~ (PSE.L . FSE) .LT. TOL) THEN 
PS!OLD"FSE 

ELSE 
PSEOLD.PSE~ (P5EL'PSE) 'P/ (FL'P) ...,1' 

E!.SE 
PSEOLD"PSE 

END IF 
END I , 

OETERJolINE PL\IIPM1 EUSTIC 8TUIN ENERGY/SIDE. 
IP ~P.GE.O) THEN 

ESE(:I) "KolJl: (ESE(.iI) ,ESE[l») 
ELSE 

ESEI.3)·KAX(ESE(3) ,2SE(1)) 
ENDIF 

SU BRCVl"IN! J.JClJoICI) • AXIAL HY&'TEll!SIB I«1DEL 
REFE~E: ANALYSIS OP THE PULL BO.LE BEVEN 

&"rCRY RiC TES'T BnLJ:'Ttlll!. 
SUBROUTINE HYSTO 2 (P ,0 ,Pl.,DL, V ,vt., B ,HRUl, XC ,Hl, J:T~, PY ,ALPHA, BE'!'A, 

" DYT,OoYC,CBE,JIMAX,DHAX, ",DX, PP,OoP,D, J:S,lT ,NRL,A, 
SEg,ESE,PSE,PBEOlXl,OPOS, DO, 10011.) 

REAL~" XC,XT1,n2,KR,U,r:T,N1tL 
INTEGER RULBI 
DIKENS ION UPOSUJ,EXa(6),EBE(3~ 
LOGICAL PGTPL,PLTPl. 

P • CUUENI' LOAD, POSITIVE. IS TENSION 
D • CtlU.EN'T OISPLAOIIEm', POSITIVE IS ELONGATI(Jo;' 
S • STIPrNZSS 
xc • VIRGIN CQfi'R!S9I~ STIFFNESS, EC 
J:'TI • PRE·'tEI~ VIRGIN TENSILE BTIPFNEBS, 0.9"XC 
')(T2 • POST·YEILD VIRGIN TENSIl.E &'TIP'PNESS, 0 OOl-XC 
PY • TENSILE YEILD POINT, PHO-YY 
PloW< • I'LUIKllN TENS ILE FalCE :!EPatE UNLOAD I NG 
DK.U • MoUIMtlN TENSILE DISPI.AOf:EN't BEFORE UNLQADING 
PX • FCSCE AT Sl'IFP'NESS CKANGE POINT CN THE UNLOADING CURVE. 
OX .. OISPL. A1 STIFFNESS ~GE POINT <»I THE UNLOADING CURVE 
PI,DI • INTERSECTlaN OF TWO UNEs 
Dn • TENSILE YEIUl DISPLAOCENT .. PY/XTI 
DYC • CCMPiESSla,I YElLO OISPLAom-rr .. PY/kC 
P'P • PIECE AT CQ1P2ESSICN STIFFNESS CJWJGE POINT 
OP • CCMPiESSICN AT CCKPRESSlaN STIFFNESS CHANGE POINT 
~ • tlNLOADING STIFFNESS" J(C/(r:.u.J(/DYT)~"(·~O) 
XS • lJl.\DING STIFFNESS, LINE BETWEEN ~PJI:,OOX) AND (FP,OP) 
Xl' • lJl.\DING BTIPPNESS, LINE BETWEEN ~PPrDP) AND ~'2PV,'2DY) 

C. SE'!' INITIAL STIPPNESS ANtI aE'TtlRN 
8000 IF (NRL.!Q.O) THF:N 

C. 

c 
C. 

c 
C. 
C 
C 

ENDIF 

IF (P.LE.O) THEN 
NRL"l 
HRLN·l.l 
S"XC 

E!.SE 

SEQ·J:C 
•• p 

NRL·:2 
HRLN-2.1 
S"XTl 
SEQ·J(C 
•• p .,.,1' 

RmJRN 

... 1IE'T~N IP NO STEP HAS BUN TAKEN 
IF (P.EO PL .OR. Oo.EQ.DL ) RE"IiJF.N 

BE'T LOADING PLAGS 
~L"P.GT.PL 

FL'T'PL"P.LT.PL 

CALC nCURSI~ RATIO AT EVERY ZDO CROSSING .. 
IF (P·PL.L.I!.O .AND. PL.GT.O) 

.... CAll. DNE (0, UPOS, EXo., OYT, D, ESE, PSE, PSEOLD, CSE) 
IP (P~PL,I..E,O .AND. PL.LE.O) 'THEN 

EXCR (4) "0 . 
EXCR (5)·0 
EXCR (6)"0 

END I , 

CALC DUC"I'ILITY IP lJl.\D GT PAST !...ClAD 

oucrILI1Y POll. POSITIVE LQ.U)S ONLY 
IF [P.G']' 0 .AND. PGTPL) 

.... CJ.ll. OoNE:~],OPOS,E)(O,DYT,D ,ESE(iil~,PSE,PSEOLD,C5E) 

9519 CALL IDltECT~IDR,IDRV,IDRVO,P,PL,IJ,VL) 
1011- lOR 

1 IF (NRL.EQ.O) NRL"l 

RULEI-NRL 

GO TO (100,200,300,400,500,600, ,00,eOO,SlOO, 
" lCOO,llOO,1:Il.OO,1300) RULE! 

C 

STREOJ50 
S'I'RE036 0 
STRE03'0 
S'I'REOJ80 
STRE0)90 
STRE0400 
BTREOUO 
STRE0420 
BTRE04)O 
STREOUO 
STRE0450 
STRE0460 
STRE0470 
STREOUO 
STRE0490 
STRE0500 
STRE0510 
S'TRE0520 
STRE0530 
STRE0540 
STREOSSO 
S1'REOS60 
S'TREOS1O 
S"TRE0590 
S'TRE0590 
STRE0600 
STRE0610 
STRE0620 
S'TRE06JO 
STRE0640 
STRE06S0 
S'TRE0660 
HYSTOOIO 
HYST0020 
HYSTOOJO 
HYS'TOOdoO 
HYST0050 
HyST0060 
HYfn"OO'O 
HYS'TOOBO 
HYST0090 
I-IY51"0100 
HYST0110 
HYS'T0120 
HySTOllO 
HYST0140 
HYS'TOISO 
HySTo160 
HYST0170 
HyBTOlBO 
HYS'T0190 
HySTO:lOO 
HyS'T02l0 
HyS'T02:f.0 
HySTOj!.lO 
HYS'TOHO 
HYS'T02S0 
HyST0260 
HYST02"10 
HYST02BO 
HyST0290 
HYSTOlOO 
HYST0310 
HYST0120 
HYST0330 
HYSTOHO 
HyS'!"OJ50 
HYSTOJ60 
HYSTOJ70 
HYST0J80 
HYSTOJ90 
HYST0400 
HYST0410 
HYST0420 
HYST0430 
HYST0440 
Hy5"t"0450 
HyST0460 
HYSTOC'O 
HYS'I'0480 
Hys-r0ol90 
HYS'TOSOO 
HYST0510 
HYST0520 
HYST05l0 
HyST0540 
HYSTO!i50 
HY5'T0560 
HYSTOS'O 
HyST0580 
HYSTOS90 
HYST0600 
HYST06l0 
HYS!0620 
HYST06l0 
HyST0640 
HYST06S0 
HYST0660 
HYST06'0 
HyS7'06eo 
HYST0690 
HYS'T0700 
HYSTO"/IC 
HYSTO?20 
H'I'Sj07l0 
HYSTOHO 
HYSTO?50 
HYSTOHO 
HYST0770 
HYST0790 
HYSTOHO 
HYST0800 
H'I'STO 81 0 
HYST0820 
H'I'S10BJO 

C RULE 1 
C 

l.Oo\DING AND UNLOADING ON THE COKPRESSION BRAl-OCH BEPORE YElLe H'{ST0B40 

100 

C 

SEQ-XC 
IF [P GT 0) 00 10 200, 
S·J(C 
NRL·l 
HJU.l'·l.l 
IF (PLTFL) A"H"IN(lO 'P,'2 "PY) 
IP (PG'TPLI A-C 
• ."URN 

C RULE 2 TENSION UJADING BEPaRE YEIL.D 
C 

200 IF [IOoR) 230,2.30,210 
210 IP [P GE.PY! 00 TO 600 

9-nl 
NRL· 2 
HRUl-2.l 
"·PY 
RETURN 

OilO IF [Pl..LE.O) GO TO 210 
FHAX"AMAXI (P, FHAX) 
DHAX·.\HAXI !D, DHA,X) 
FX "FMAX 'PY 
OX ·DHA.X·PY!KC 
9·KC 
NRL-3 
HRUl·:2.2 
A-FX 
RE'TlJl.N 

HYS'TOB50 
H'rSTOB60 
K'!'sTOe?O 
HySTOBBO 
HYSTOB90 
H'I'ST0900 
HYST0910 
HYS'T0920 
HYSTOSllO 
HyST0940 
HYST0950 
HYST0960 
KYST0970 
HYST0980 
HYST0990 
HYSTIDDO 
HYS"TIDID 
HY5TI020 
HYS1'lOJO 
HYSTI040 
HYS'TIC50 
HYSTI060 
HySTIO,,/O 
HYS"l"lOBO 
HyST1090 
HYSTI100 
HYSTllIO 
HYSTl120 
HYSTl130 
HYST1l40 



C RULE 3 UNLOADING ON TENSION BEFORE YEILD 
e 

300 IF (P~PL) GO TO 500 
IP (P ,GT 01 GO TO 3JO 

310 IF (KC.NE,KTll THEN 
CALL INTSC"I' (01 ,PI ,O,P, J(c,OJl,PX, nl) 

.LS. 
PI-P 
OI·D 

ENDIF 
IF (P.LE.PII GO TO l20 
S-KC 
NRL·J 
H1UJII·l.11 
A-PI 
'ETURN 

J ~ 0 S·Xil 
NiL-4 
HRlJool·J .12 
A·PY 
'E'TURN 

JJCl IP (P.GE.Fl1AX) GO TO 20Cl 
S-ICC 
NRt.·J 
Kill,lII·J.2 
1r,.px 

'ETURN 
e 
C RULE 4 l...Cl.\DING Tal1r.RDS '1" FRC14 PX. 
e 

e 

400 IF UORI 500,500,410 
41Cl IF ClBa(PI GE.PY! GO TO 100 

S-ICTI 
NRL-4 
HRLN-4.1 
A· 'PY 

R"'''''' 
C RULE 5 LOADING AJID UNl..ClADING BE"NZEN BR.UlCHES 0''1' AND n-y' 
e 

500 If' (Xc.NE.nll THEN 
cALL UnSeT (OITEN'S, PI TENS ,D,P, I(C, Dn, PY ,KTI) 
cALL INTSCT{DICCJ1P,PIC04:P,D,P,I(C,DX ,FX,X'TI) 

ELSE 
PlTENS-P 
DITENS-O 
PICQofP-P 
DIC01P-O 

ENDIF 
IP (P.l..E.PIC~l 00 TO llO 
IF (P,GE.PITENSI GO TO 210 
S·KC 
NRL-S 
HRI.Jl-S.l 
If' (PGTPL ) A·PIT'ENS 
If' (PL'TPL I A-PI C04P 

R"""" e 
C RUL.E IS LOADING AnD TENSION YEIUI 
e 

600 IP (IOR) 1S30,lSlO ,610 
610 El-XT2 

NRL-6 
HRLN-6.1 

C. .. CA.LC UNL.OADING CORVE Pat ~GY INFO 
PMAJI-AMAlII (P, PHAX) 
DMAJI-AHAJU (0, DMAJI) 
lOt· XC· (DI1AX/DYT)·· (-1 .• ALPHA) 
PX -FHAJ! -PY 
DX -DHAJ(-Py/g 
KS -(PY~FKI/(DX'DYCJ 

C· - FeRCE XR GE XS, TO PRE'I."'EN"I' UNSTABU LDOPS 
IP (XS ~,JCR.) 1CR·(FI'W(~PYI/(IlMAJI-O'lCI 
SEQ-D. 

RET"'" 
6JO FMA.X·»!AXI (P,PttAX) 

DK,I"X·AMAXI CD,OMAX) 

e 

D.-xc· CDI'!AJ(/DY1")·· ( 1 .• AU'KA) 
Pl{ ·PKAX-PY 
DJ! ·DMAX-PY/D. 
XS ·(PY·F){)/(OX-D'IC) 

PORCE kR GE XS, TO PREVENT UNS'TA2LE LOOPS. 
IF (XS GT.o.) THEN 

D.. O'K.u:~ P'f) / (DlQ)! -D'I'C) 
ItS·1CR 
DX-DM,t,)I-PY/KR 

ENDIF 
DP -DYC· EnA· (DX'DYC) 
PP -FX (OX-OP) "XS 
K"1' -{2·PY~FP)/(DP-2·DYCI 

DQ ·DYC • Py/n 
s·", 
NiL-7 
Hl,lJool-6.2 
A-FX 
R",,,,,, 

c RUL.E 7 lJNl.A\tlING APTER YEIUI 
e 

e 

700 5EQ-JIJI 
IP ~ IDR ~ 730,730, '? 10 

710 IF (P GE_FHAX) GO 'TO tiOO 
S·1Ol 
NRL-7 
KiiUll''?,1 ......... 
R",UllN 

7JO IF (P.LE ,FIt) GO "TO BOO 
S·1Ol 
Nil.L·7 
1i)1.).l-7.2 
A·PX 
RETUllN 

c FlUl..E 8 ON BRANCH B~EN DX '- DP 
e 

e 

800 IF (PGTPL) THEN 
IF (1GI.EQ XS) GO TO 1<100 
GO TO 1300 

"""IF 
IF (P.l..E.FPI GO TO 900 
S·KS 
NRL·B 
H1U..N·e 1 
A·FP 

''''UllN 

C RULE 9 CIol' BIUNCH FP-'I''' 
e 

e 

goo IP (PGTPL) GO TO 1300 
IF (F 1.£ (-2"PY) ) GO 1'0 1000 
son 
NRL·9 
I-iRlJoI-9 1 
1>..- '2"PY 
'ETURN 

C' RUU 10 . ON THE C~PRESSI~ C1.l1l.VE AF"!'D 'fELDING 
e 

e 
1000 SEQ- I I (l./KC - (4. 10, 4 /KC)·(P'IjP!·"2) 

IF (IOiI) 1010,1030,1010 
1010 S·KC 

NRL·IO 
HXlJoI·lO .1 

HYS'I'1l50 
HYST1l60 
HYS'T1l70 
H'fS'TllBO 
HYS'Tll!ilO 
HYBT1200 
HYBTlOIIO 
H'1S'l'U20 
HYSTUlO 
HYBTl2tO 
HY~12S0 
HYS'l'laO 
HYST12?O 
H'fST12BO 
HYST1290 
H'YSTIJOO 
HYS'TIJICl 
HYB'I'1J20 
HYSTIJJCl 
H'I'ST1340 
H'fSTllSO 
HYST1l60 
HYSTIJ70 
HYSTIJBO 
HYS'T1390 
HYSTUOO 
H'fS'T1410 
H'l:STl&<ilO 
HYSTUJO 
HYS'TIUO 
HYST1450 
HYS'TU60 
HY S'T141O 
HYSTUBO 
HYS"l'1490 
HYBTlSOO 
HYSTlSlO 
HYS'TlS20 
H'1ST1S30 
HYS"l'IS40 
H'f5T1SS0 
H'fSTlSfiO 
HYSTlS"IO 
HYSTl580 
HYSTlS90 
HYS'T1600 
HYSTl610 
HYST16:/:0 
HYST16JO 
HYS'T1640 
HYSTl6S0 
H'1ST1fi60 
HYST1670 
HYS"T1680 
HYS'T16!il0 
HYS'T1700 
HYST1710 
H'fS'T1720 
H'l:S'T17JO 
HYS'T1140 
HYSTl'1S0 
HYSTIHo 
HYS'I'l??O 
HYS'TI ?aD 
HYBT1'?90 
HYS'TUOO 
HYBTIUO 
HYBTU;O 
HYS'TlEJO 
HYBTIUO 
HYS'TU!50 
HYSTU60 
HYS'T1B10 
HYSTlBBO 
HYS"r1990 
HYSTl900 
HY Sil!ill 0 
HYBTl920 
HYBT1930 
HYB'Tl!il40 
HYST19S0 
HYST19BO 
HYSTl970 
HYS'Tl!ilBO 
HYST19!il0 
HYST:dOOO 
HYST<il010 
H'l:S'T<ilO:i!O 
HYST<ilOJO 
HYS'T<ilO,O 
HYS'T<ilOSO 
HYB72060 
HY512070 
HYS"l'2ClBO 
HYBT20Sl0 
HYST2100 
HYS'TOllIO 
HYSTH20 
HYS'T2L!0 
HYST;nQ.O 
HYSTZlS0 
H'fST2lBO 
HYST2170 
HYS"l'2190 
HYSTZI90 
HYS'T:oJao 
HVST2210 
HYST<ilHO 
HYST2230 
HYST2240 
HYSTnSO 
H'I'S'T2260 
HYSTn70 
HYST22.B0 
H'I'S1'2290 
H'I'ST2JOO 
HYST2JI0 
HYST2320 
H'I'ST2JJO 
HYST2l40 
HYST2)SO 
HYS'!2JISO 
HYS'T2J70 
HYS"l'2J60 
HYST23Sl0 
HYS"l'<il400 
HVST2UO 
HYST2420 
HYSi'2430 
HY6"T24.40 
HYST24S0 
HYS'!'246Cl 
H1S'I'24':10 
HYST24 ij(l 

HYSi2490 
HY5'T2500 
HYST2510 
HYS'T2520 
HYS"T25JO 
H'I'ST2S4.0 
HYST2S50 
HYST251S0 
HYS"l'25?O 
HYS"l'2SBo 
HYS"I'25S10 
HYSi2600 
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A·I0*P 

'ET"'" 1030 IF (AB5(P) .LE.PY) GO TO 1100 
S·XC 
NRL·lO 
HRLN·I0.2 
A··PY 

'ET"'" e 
C RULE II - UNLOl.DING B~EEN 'f' .. CI 
e 

1100 8EQ-lOl 

e 

IP (ABS(P) .GT .P't ) GO TO 1000 
IP ( P .GE, 0.) GO TO 1200 
,.1Ol 
NRL-l1 
HRl,lII-1l.1 
IF (PGl'PL) A·O 
IF (PLTPL) A· -PY 
R"'UllN 

C FlUl..E 12 LOADING FOilJll Q TO M 
e 

1200 IP (PLTPL) THEN 

e 

IF (xs.EQ.n .AND. P,GT.~) 
GO TO 1300 

l!NI>" IF ( P ,GE.PMA1I) GO TO 600 
S·XS 
NRL·12 
HRLN·12.1 
A-PK>.J< 

''''URN 

00 TO BOO 

C RULE 13 - LOADING AND UNl.OADING INSIDE Q-"'D-P-'1' -Y
e 
DOO 

e-

IP (lOt NE XS) THEN 
CAU. INTSCT(DlTENS, PITENS,D, P,D.,DPUJ( ,PKl.X,U) 
CALL INTBC"I'(DICQo!P,PICCKP,D,P,JIll,DX ,F:II,XS ) 

'LB' 
IF (PGTPLl GO TO laOO 
PITENS·P 
OITENS·D 
PIC~P·P 
DICCttP-D 

ENDIF 

--·IS FOINT WITHIN Py'-PP-P"t" ? 
IF (PICQ1P.LE.PP) THEN 

IF (J:C_N!.XT) THZN 
Cw.. INTSC"'I'IDICCI1F,PICQIP,D,P,XC,DF,PP,XT ) 

ELSE 

>NIlIF 

IF (PLTPL) GO TO 900 
PICCIoIP-P 
DlcafP-D 

IP (D: 2O.KB .AND. PLTPL) GO TO SOO 
S2·Xi 

'LBE 
52·1CJ. 

END" 
IF (PGTPl.) THEN 

IP (P.GT,PIT'ENS) GO TO 1200 
A·PITtNS 
KRLN-IJ .1 .,.,IF 

IP (PLTPLI THEN 
IF (P,LT PICCMP) GO TO !OO 
A-PICQGI 
HRLN·IJ .2 

ENDIP 
8-KAX(n,S2) 
NJ.L·IJ 

H'I'S'I'2510 
HYS'TUi20 
HYS121!iJO 
HYS"I'2640 
H'IS"I'2650 
H'IST2660 
HYS"l'Z6?0 
HYST26B0 
HYST2690 
HY ST27Q 0 
HYST2710 
HYST2720 
HYSi2iJO 
H'fST2i40 
HY5127S0 
H'f5T2760 
HYS'T~??O 

H'l'ST27Bo 
HYST2790 
HYST<ilBOO 
HY S'T~B 10 
H'I'S"'l':<IB:<IO 
HYST28JO 
HYST~Uo 

HYST2BsO 
HYST2B60 
H'16I2810 
H'1STHBo 
HYST2egO 
HYS"I'2900 
H'I'Si291.0 
HYS'T2920 
HY ST29l0 
HYS'T2940 
HYST29S0 
H'fS'T<ilSl60 
HYST2S170 
HYST<il9BO 
HYST2990 
HYSTJOOO 
H'fST3010 
HYST3020 
HYSTJOJO 
H'I'ST3040 
HYS'TJOsO 
H'IS'Tl060 
H'fS'I'lO?O 
H'I'STlOIO 
HYS'TJOSIO 
H'fSTJIOo 
HYSTJIIO 
H'I'$1) 12 0 
HYST,)lJO 
HYSTl140 
HYS"l'3150 
HYS"l'3160 
HYSTJl70 
HYST31BO 
HYS'TJ190 
H'fSTHOO 
HVSTHIO 
HYST3220 
H'1STH30 
H'I'ST3240 
H'I'5T3250 
H'I'STJ260 
HVSTl270 
HYS'TJ280 
HYS"TH90 
H'f STJJ DO 
HYS'T3JlO 
HYSTJJ20 
HYS'TJ330 
HYS'T3J40 

Fl.E'l'lJ1I.N HYS'TJJSO 
END HYST3lEO 

C HYSTOOIO 
C--.- ••• ---.- ........ --- .... -- .. ---.- .... ---- ••••• -- .... ·.---·-· .. ·-·-··- .. ··_··HyST00<10 
c-. BENDING HYSTERESIS HODEL ...... HYSiOJ ........................ ,HYSTOOn 
c •••••• -..... -.- ......... --- •••• --.-- .. -.-- •• - .... ----.- ••• -··--·····----· .. _ .. HyB'T004o 
c HYSTOOSO 

SUBRot1I'INE HYBTOl (}I, D,PL,Dl.., VEL, NB,NI,PC,DC, PB,DB, 81 ,CSE, H'J5'1'0060 
" ~,RUl..E, RDIR,A,PI«>,PI'IH,DMG,DMH,BACXB ,ALPHA1,ALPHAZ, HYST0070 
&. lR, PR, DR, FR, SE, 0'1, BSE, PSE, PS!OUl, UFOS, UNEG, EXc:R) HY STOO BO 

IMPLICI"T RE-'L(A-H,k,O'Z) 
II'{PL.ICIT INTEGE]lII.J,L·N~ 
INTEGER DIFI, DIRL 
CHARACTER· 4. FR ( 1 I 
LO::;rr:.u. BACJCB,RE'VRSL 
DII'!ENSION PE [11 ,DB (l), PR OJ ,Oil (1 I ,llPOS (3), UNEG(3 I, EXCR (6 ~,ESE(l) 
DATA 1tlJlHAA/l.l~9/,Al.PKAB/1 O:d!il/ 

INPUT vu lAB LES 
P .. CURltEN"I' LDAI> 
o .. CUllRENi 01 SPLActHEm 
PL • LAST L.QAI) 

VEL • PR(%lUCT OP LAST AND CURRENT VELOCITY 
NB • NUl'lBER OF BACKBClNl! CURVE POINTS 
Nl • MAXIHUN NU1-I3!R OF SECONDARY LOOPS 
PC • CRACXING ~ 
DC • CRACXI He 0 I SPu'cEMENT 
PB (J) • BACKBONE CURVE LOADING POINT J, ,·l,NB 
DB(J) • BACIIBONE cURVE DISPLACEMENT penrT ),l,NB 
SI - HHTlAL S"I'IPP'NES5, pc/DC' 

OlI1'Pln' V.Ul.IABUS 
... AN INI"I'IAL VALUE OF ZERo, OR PALSE 

k 
.ULE 

• ..., 
"'" """ '"'" PR(I) 
OR(I) 
PR(I) 

" ALPHAI 
u.PHA2 
"CltB 

15 REQUIRED POR ALL OU'l'Ptn' VARIABLE.S. 
• STIFFNESS 
• RULE NUKBEII, STOU.O IN THE PORKAT RN.OIR UFQN EXIT OF 

THIS SU_BROU_TINE. 
- LOAD LIHIT BEFORE NEXT RULE CHANGE, IN THE CURRENT DUI 
• KAXIMUN PAST La.t.D IN THE POSITIVE OIIU!C"I']ON 
• KAXIr-ruN PAST LOllI) IN THE NEGATIVE DIREC"I'ION 
.. HAXII'flJN PAS"!' OISPI.AC~ IN THE POSITIVl: DlREC"I'ION 
• KAXIMUN PAST OISPLACEM:EN'r IN THE NEGATIVl: DIREC"I'ION 
• SECaNDARY I..CCIP UlADING FOINT, I 
• SECONDARY LOOP DISPLACmoIENT paIN'!', I 
• BE CCNDAR 'I' I.OOP pu"G 
• NLlHBEFI op SECONDARY LOOPS AC"I'IVE 
• POSITIVE LOAD OEGRADING STIPFNESS FACT~ 
• NEGATIVE LOU> DEGRADING STIFFNESS n.crOFl 
• aACXBONE LOADING PLAG 

IN"l'ERNAL VARIABLES 
J 
JO 
I,IT 
DrR 

DIRL 
IRlTLE 
"'ULE 
RE:'In.SL ... 
PM 
t>< 
DtW< 
OJ 
OJ 
DOl 
DOJ 

• BAC~ONE CURVE POINT ., IN THE CURRENT' DIREC"'l'ION 
• TEMPORMY VARIABLE 
• SECONDARY LOOP NU-!:EZR 
- CUIUIEN'l' DIREC"I'ION 

DIII·l, POSITIVE LOADING 
DHI-2, POSI"I'IVE UNLOADING 
DU-l, NEGATIVE LoADING 
Dn·4, NEG1>.."I'IVE UNt.£W)ING 

• LAST DIFIECTICIN 
• INTEGEFI VAUlE OF R UL.E • 
- INTEGER VALUE OF us-r IIIJl..J! • 
- LOAD REV!R SAl. FUo,G 
• ~ SOW'!'E V WJE OF nfl:: LOlD, P 
- HAXIMUN PAST LOAD IN THE CUllJ.BN'I' DUECTION 
• KAXIH1.,l}.l PAST DISPLACEM:EN'r IN 'THE Cl!Ri.ENT DIRECTlON 
- KAXIMUN PAsT DIBPUCEMDn' IN BO"I'H DIREr:-!'IONS 
- ONE ~AIl.TER OF PIoI, USED BY um.oADING CURVES 
• THREE OUARTERS OF PH, USED BY lJNl.,OADING ClfRVES 
- OISPUCmotENT AT Ql ON UNl.OADING BRANC:H 
• 01 SPl...ACEMEN"I' AT QJ ON UN1.OI.I)ING BRA1JCH 

HY5T0090 
HYST0100 
H'fSTOII0 
HYST0120 
HYSTOllO 
HYS'TCl140 
HYSTOl50 
H'I'S1"0160 
H'fS'TOl?O 
H'I'S'TOlBO 
H'fSi0190 
HYST0200 
HJ'STO:i!lO 
HYST0220 
HYB'T02JO 
HYST0240 
HYB'T0250 
HY8T0260 
HYST0270 
HYS'TO;o!BO 
H'fST0290 
HYS"'l'OJ00 
HYS"'l'O)lO 
HYSTO)20 
HYSTO)JO 
HYST0J40 
HYSTOJsO 
HYSTO]lSo 
H'I'ST03'?0 
HYS"i'03Bo 
HYSTOJ90 
HYS"T0400 
HY8'1"04]0 
HYST042Cl 
HYST0430 
HYB'I"0440 
HY510450 
HYSTOHO 
HYST04':rO 
HYSTCl4 BO 
H'fST049o 
HYSTOSOO 
HYST0510 
HYS"T0520 
HYS'T05JO 
HYS'T054o 
HYS'T0550 
HYST0560 
HYS"I'051D 
H'1S"'l'05BO 
HY81'0551D 
H'1S"I'060o 
Hys-r0510 
H'I'S1'0520 
HYSi0530 
HYSi06GO 
HY51'06S0 
HYST0660 
HY5T0670 
HYST06S0 
HYS"l'069o 
HYST0100 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

C 

001 
0" 
00 
OF 
00 

" OX 
PCJ 
DCJ 
P2,D2 
PI,DI 
X 
XB 
FLAGl 
FLAG 2 
J.l.I'HM 
J.l.I'H .... 
S 
Sl 

" SJ 
su 
so. 
SOJ 

.. INTERJor£DIATE DISPUCEHEN"I' INTERCEPT of UNLaA.DING BUNCH HYS'TC710 

.. IN'TnJolEOIA.TE DIS'PUCDlEN"I' INTERCEPT Of' UNLQ.\DING BR.J.NC'H HYS"rO., 20 
.. DISPI....\CEM:EN'r INTERCEPT Of llNl..OADING BRANCH HYST07JO 
.. DIFFERANCE IN LOAD, usm FOR CALCUI....\TING K HYSTOi40 
.. DIPFDANCE HI DISPLACEMENT, USED PCDl CALCULATING X HYSTOiSO 
.. LOAD INTERCEPT Of LIlI.DING AND BACKBCNE CURVE HYS'T0"l60 
.. DISPLACEMENT IN'TERCEPT OF l..QADING AND BAClCBCl1f.E C'llRVE HYS'TO"/?O 
.. PC/3 HYS'T0i80 
.. DIBPU.CEMEN'T AT PC) HYST0790 
.. INTERSECTICIN OF LOADING AlID IlNl..OADING CURVES HYS'TOBOO 
.. SH.Al..l... lDOP UNLOADING POINTS HYSTOBlO 
.. I1AXlMUN 01 SPI....\CDlENT HY S'TO II' ~O 
.. STIFFNESS FRCJo!: RULE 9 HYST0930 
.. U'FPEl! SECONDARY LOOP FlAG H'r'&"T'O 94 0 
.. LOWER SEOONDMY LOOP FIAG HYSTOBSO 
.. DEGRADING FACTOlI. FeR FIRST CYCU HYS'l'OB60 
.. DEGRADING FACTOR FOR StmS!OUENT CYCLES Hy,s-rOa7o 
.. 'I'EI'IPQR.lR'r' STIFFNESS HYS"T'OE&O 
.. UNI..OADING STIFFNESS FRCJo! FSi HYS"I'085ilO 
.. UHl..OADING STIPP7l.ESS FRQoo! PS2 HYS"I'OSIOO 
.. UNI..£lADING S'UPPNESS FRCPl PSJ HYSTOSIlO 
.. STIFFNESS BEnrfEEN CUR.REN"!' AND RFLOADIlIIG Palm HYS'T09;!O 
.. STIFFNESS B!.TIiEZN P.l AND DO 'HYS'TC9l0 
_ STIPFNESS BETWEEN PB .um DO HYS'T0940 

HYsT095C 
INTERNAl. FUNCTIONS HYBT0960 
F!l2 - OIBPLAC:E:l'[Em' INTERCEPT OF LQADING AND LDil..OADING CUltVE 
FSI - UlU .. O~JHNG STIFFNE5S WHEN P) ,'15 PMAX 
PS2 .. UNI.OAPING 8TIPn:ESS WHEN '?s pM.tJ( ) P ) .2S PMAJ( 

P5) - UNUlADING S'I'IPP'Nl:5S k'HEN' .25 FI'WI ) P 
FSL - LOADING STIFFNESS WHEN P ( PC/3 WITHOl1r REVERSAL. 

HYBT09'?O 
HYS'T0910 
HYS'T05l90 
HYSTICOO 
HY61I010 
HY9'l'10;!0 

SU_SROO_TrmS aI.J..ED HY61I0l0 
DIRECT - DETEIU'IIN!S THE VALUES OJ" DIR .\Nt) DIRL HYB'TI040 
INTSCT .. OET~IN'ES THE INTERSECTION OF TWO LUIES IN POIm·SLOPE HYSTI050 

F~ n=_ 
""N - DETEJUo1INES THE STIFFNESS BASED aN DP,DD .\NO X_DEP'ULT HY0710'?O 

FSll X) - 51 '(DC/X) .. '. 294 
PS;!(Xj- 51 'IO.934!i'(DC/X·lJ +lJ 
PSJ(Xl- 51 'IO,SlOSlP(DC/X'lJ +1) 
FSL(X) - 51 '(DC/X)" .:liS 
FDZ(X)- DH' .. 05·PM/(PBl(X)) 

HYS'TI080 
HY5710510 
HYBTllOO 
HYSTlllO 
HY8711;!O 
H1'STlllO 
H1'S'T1140 

1000 IP (Ill: GT.O) WRIT"EIlOB,1020) 
10:il0 PalMATI' El· I-',G13,S,' 

(I, PRO) ,DR (I), P'R (I), I-I, IRJ 
PR-',GIJ.5,' CR-',G13.5, 

HYSTllS,O 
H1'811160 
HYSTll'?O 

C 

• 'FR-' ,A) 

I.P-ABB(P) 
DETERMINE IF ELASTIC 

IF (RULE EO,O .AND. 1.P.L'r.PC 
KOoBI 
BE-X 
RE'nlRN 

ENOIF· 

) THEN 

H'Y8TllaO 
HYSTU90 
HYST1:IOO 
HY6'Tl:ill0 
HYSTU:ilO 
HYST1:i110 
HYS'Tl4!40 
HYSTl4!SO 
HYB'Tl:iI60 

C ..... DETERMINE IP W.u.L IS INACTIVE, IF BO RETURN 
If' (Rtrl.E.LT.O,OJ RETURN 

HYSTlZ'O 
HYS'Tl4!BO 
HYSTl290 
HYST1l00 
HYSTlllO 
HYSTll:ilC 
HYS"TIJJO 
H'tSTIJf.O 

c 
C. . .. DETERMINE C1.IRR ENT DIRECTIIDl 

c 
c. 

c. 

c 
c. 

LRUU-IN7(RULfJ 
DIll. -R.DIR 
CAll. DIRECTIOIR,OIRL,P,PL,VEL) 
ROIR "DIR 

.. DETERMINl: KUltoruN J.ND H'II'HHUN VALUES 
PI1G-M.tJ(P,PMG, PC) 
~-K.\X(D,Of'IG, DC) 
f'I"IH-HIN{P,PHH, ·PC) 
DI'!H-HIN{D,DI'IH, ·nc) 
DHAX-toL\X (DfoIG, ·DMH) 
PMAJ(-MAX (Pl'IG, ·PI'!H) 

. BET MAXIMUN AND MI NIMON VALUES . .. 
IF (DIR EQ 1 .OR DIR.EQ.2) THEN 

PM-""" 
DM-OMG 

ELSE IF (CIR.EO.J .OR. OIR.EQ 4) THEN 
PM-FMH 

""-IlHH 
END IF 

.. C.\l..Ct1lATE EQt1IVALBm' 1.JNl..OADING STIFFNESS PaR EI'lD:GY. 
If laAC1C8 .OR RULE.EO,l 0) THE:N 

51 "FBI (OMAX) 
S2-PS:iI (DliAJ() 

Sl-PS3 (DKUJ 
Do .tII'! . PM· (n1r! 'DHG) /(PI'D! ·PMC) 
Ql'-PH/4 
QJ-J'Ql 
OQ3-DH ·0.2S·PH/Sl 
502-JCMIN ((OQl·Do) ,03 ,51) 
OOl-D03· 0.50 'PJoI/MAJ< (52, B02) 
BOl-JCMIN I (DQl·DO) ,Ql, 51) 
BE"O .S-PH" 2/ «(PJIo!·Q3)·0. So-IOM·003)· (QJ+01)·O ,S' (PQ3 -DOll 

·(Qll'O.S-(Ql)/HAX(S3,S03) ) 
ENDIF 

HYS'TlJSO 
HYSTlJ60 
HYS'TIJ10 
HYEI"TllBO 
HYSTll90 
HYSTl400 
HY6Tl410 
HYSTU:ilO 
HYS'TUJC 
HYBTU40 
HYS'TUSO 
HYSTU60 
HYS'TU'O 
HYS'TUBO 
HYBTl490 
HYST1500 
HY8TlSlO 
HYBT15:i10 
HYS"I'lSJC 
HYS'T1S40 
HY6"'t'lSSO 
H'tST1S60 
HYSTlS'?O 
HYS'TlSIO 
HYS'TlS90 
HYST1600 
HYS'T1610 
HY5716:i10 
HYST16JO 
HYS'T1640 
HYSTHiSO 
HYS'T1660 
HYS'I'l6'?O 
HYS'T16BO 

. CHECX TO SEE If' lAST RtJLE IS STIu.. IN EFPEC1 HYST1690 
IF (DIR,EQ OIRL .AND HYS'T1100 

((DIR,EQ,l.A.Ntl P.LT,A) a<. (OIR.EO.2 .AND. P GT.AI .OR. HYS'T17 10 
[OIR.EQ 1 .\NIl P,GT,A) ,CI\. (OIR.EQ 4 . .\NO. P.LT.A)))"rIiEN HYm'17~O 

RETURN HY 6Tl'?3 0 
END IF HYSTl'?40 

CALC EXCURSION RATIO AT E'VE:RY 2.ERO CROSSING. 
IF IP-PL.LE.OI CALL. DNEIO,UPOS,EXCR, DY,OLI,ESE,FSE,PSEOLD,CSE) 

ERASE 5X.U.L L..OOP FUGS 
IP (H.GT,Oj THEN 

IT-IR 
00 10 1-1, IT 

HYS"I'l'?SO 
HYSTl'?50 
H'tSTl'??O 
H'tS'TIHO 
HYS'Tl?90 
HYSTIBOO 
HYS'THIO 
HYSTlBZO 

IF (FF: tIl .EO, 'L' 
(FR(II EO '7' 
IR-I·l 

.AND. P.U;,PIUlj.aR D.LE.DR(II») .OR HYS'TlBJO 
.ANJ:) P.GE PRO) D GE OR[I) I)) THEN HYS'TlB40 

GO TO IS 
E!lOIF 

CONTINUE 
,,",IF 

15 I-IR-l 

If' (OIR.EC'.l .OR. DilLEQ J I THEN 
LOADING ROUS 

LOAD ING ON IIACKBONE 
IF (EACKE OR. RUlJ!,EQ 0.0) THEN 

'-0 
DO 18 J-2,NB 

DO-DB (J) ·.\8S('O) 
OP-PB (JI·AP 
IF LAP LT,PB(J) .AND 

S-OP/OD 
IF (S.G'T X) THE:).l .-s 

A-SIQII(PE(J) ,PI 
ENIl1P 

END IF 
CONfINIJE 
RIJU-1 
RACXB- ,TRUE 
IR -0 
IF IOIR.EQ,l) TIU:~.1 

ALPHAI-Al...F1-IM 
ELSE 

A.LPH.A2-Al...FJ-IAA 

"""IF 

(OO"OP) .GT. 0 I THEN 

HYS"I'USO 
HYST1S60 
HYBTU'?O 
HYS'THIBO 
HYS'THlSlO 
HYS'T1900 
HYSTl910 
HYST1920 

... ROLES 1,6 1lHYS'TlS1JO 
HVST1940 

Rt.JLE IHYSTlSlSO 
HYST1960 
HYST1910 
HYSTlSI!O 
HYSTlSl90 
HYST:ilOOO 
HYST2010 
HYST4 0ZO 
HY S"T~OJO 
HYST~040 
HYST2050 
HYST;!060 
HYSTZO?O 
HY 51'20 ~ 0 
HY5j20$lO 
HYSTHOO 
HYST2ll0 
HYS'TH20 
H'!'S'T2110 
HYS'T:il140 
HYS'TnSO 
HY S'T:iI16 0 

49 

HVST21 ?O 
WADING .AFTER tJNl..OADING HY5T2lBO 

ELSE HVST;!190 
RELOI.DING INSIDE SMALL LOOPS RULE llHysnZOO 

~o 1-1·1 HYSTZ~10 
IP (LOT.O ) THEN HYS'I'2~.o 

IF (.NOT.«( FR(I) EQ."- .AND. OIR.EO.l) .OR. H't6"'l'Z2JO 
I PR(II.EQ.'L' .AND OIR EQ J )11 GO TO 20HYST2240 

X-JOHN ( (O·OR (I) I, (P ·PR(I»), SIJ HYST22S0 
A-PRO) HYST20li50 
RULE·II-I/IOOO. HYSTn70 

C HYST2290 
C. INITIAL REl..aAJ)ING EELDW PC/J HYST:il290 
C. . ....... , ..... " ....... WITH REVERSAL RUU: SHYST4!JOO 

ELSE IP (AP.LT. (PC/ll )THEN HYSn310 
U.CJCB- ,FAI.SE HYST2J:il0 
IF ((DIR.EQ.1 .AND tJIRL EQ.G) .OR HY!>I23JO 

(OIR.EQ.J .AND. DIRL.EO.2) I THEN HYST2340 
P:l- ,9S-PM HYS'I'23S0 
0~-FD2 (DM.\XJ HyST2J60 
X-D!'IN( (D·02), (P P2) ,51) HYS'T2310 
KB-X HYS'T<!lBO 
A- P2 HYS'T:ill90 
Rt11.E"1 HYST:il400 

HYS'T2410 
PCJ-SIGN(PC/J,PIoU HYST2GZO 
D01-tM· PM· (I ./PSl (DMAJI) ':iI ,/PB~ (ttoIAl)"l /PSJ (Dl9..X) ) /4 . HYS'TZ4 30 
DO.-OM PM-(DHH·DMGI/(PI'IH·PMG) HYST2440 
IF (CIR ,EI;;), 11 DO-!1AX(DOl,DO~) HYSTZGSO 
IP (DIR.EQ.3) DO-I'lIN(COl,OO:1l) HYST2G60 
DCJ -Do- PC3/PSL(DK.\X) H'tST2G 70 
S-D!IN ( (D· OCl) t (P ·PCl) , 81) HYS"T2G8 0 
If' IS GT.X) THEN HY 1IT2451 0 

X"S HYS'T2S00 
A- PC3 HY::rT2S10 
R.OLJ!-B.l HYS1'2520 

£NOH H~S'T2530 
HYS'T25GO 

......... , , .. , WITH REVD:S.A.L, PM SIDE l.OADING 1H1t...E SlHYST2SS0 
IF ({CIR.EO.l .AND. D.L.T.O) .OR HYST:ilS50 

(DIR.BQ.J .AND. D.~.O) THEN HYS"I'25'0 
[-n HVS'T:il590 
DO 40 J-2,NB Hysr;!590 

IP (PB(J) .LT.ABS(PM) I GO TO 40 HysrZ600 
DO- ·SICRIl(OE(J) ,D)·O HYS"U610 
DP- ·SIGlHPB(J) ,D)·P HVn26;ao 
If' {(DD·OP).LE.O.) GO TO 40 HYSTl1530 

S"OP!DD HYS'TZ640 
IP (S.G1.X AND, S.LE.SI) THEN HYS'Ti650 

l-B HYST:il560 
I.-SIGN(PBIJ),PI'!I HYS'T2670 
i.llLB'''9 HYST26B0 
BACIB- .TRlJl'!. HYS'T2690 

ENDIF HY STZi 00 
40 Cart'INUE HySTZ11C 

ENDIP HYST2,? 20 
C HYS'T2'?JO 
C.. . WI"rIiOlJI' REVBliISAL RULE 6HY&I:ilHO 

ELSE HYS'T27S0 
~-PBL(DKU) HYST2760 
A- SIGN(IPC/J) ,PM) HY5T2iiO 
RULE-IS HYST2190 

ENDIf' HYST2190 
C HYST;!BOO 
C. . . . MIDRANGE l.El.Il.lDING CURVE RtJLE 7HYST2Sl0 

EL.BE IP (.\P'.LT.IJIS( .Sl5-PI"!) ) THDI HYS'rH:ilO 
B.\.Cg-.F.u.sE, . H'tSTH30 
PZ- . SIS-PI"! HYS'T:ilBGO 
DOI~P'D2 (Dto!AJ[) HYS'T2&50 
'::-IOUN( (O·D:iI) , (F·P;!) ,SI) H'i5i'<i&60 
A.-P2 HI'S'T2B70 
RULE-' HYS'T2BBO 

C HYS'T:il890 
C.. LOADING TOWARDS '!'HE BACQlONE CURVE RIJLE lOHYsT2S100 

ELBE HYsTZ910 
SA.CO".TRUE. HYSnSl20 
IF (IJI.GE.ABS{PM) .elL (ABS(Dl'l)) LE.DC) GO TO 1 HYS'TZSlJO 
n-o HYS'T2S140 
IF (OIR.EQ.l) THEN HYS1'iSlSO 

IP (AJ..PI-I.\.I.NE.A.1.J'H.U .AND ALPHAl.NE . ..\LPK).l!) HYST2S1150 
ALPH.\l-ALPH.\A H'iB'T:ilSI10 

DD .. ALPHAPDI'l·O HYST2980 ~ n_~ 

IF (.u.?H.\2.NE,A1.J'HAA ,AND. AU'HA:< ,NE.ALPHAEI) HY07JOOO 
.u.PHA.iI-A.U'HAA HYST3010 

DO-.\LPHA;!*OH·D HYST30Z0 
EMOIP HYSTJ030 
t)F-R4·P HYSTJ040 
IP ((DP"DD) .GT.O) THEN H'tS'TJOSO 

l{-HIN( (OP/DD) ,SI) HYS'T301S0 
ELSE H'iS73070 

K-5I HYSTJOBO 
~U n=~ 
DO 50 J-2,Nl! HYSTll00 

IP ( PB(J).LE . ..\EIS(PI'I) ) GO TO so HYST3110 
JO-J·l HYSTl12c 
DD .. OB(J) ·OB(JO) HYSTJIJo 
DP-PStJ) . I'll (JO) H'!'S'I'3lGO 
IF ((DP-OD). LE 0.) GO TO SO HYS'TJlSO 

CALL INTSC'TIDJt,FJ,D,P,)i;,BIGNIOE(J),P), HYS']'311S0 
SIGNIPB (J), F), (DP/DDJ ) HVeM'J170 

PX-FX HYSTJIBO 
DX-DX HYSTl190 
IP (AEB(OX) .GE.OB[JO) A.NO. ABS(D>:) .LE.OEIJ) .A.ND.HYSTJ200 

.\BSIPX) .m.ABS(Pl'll .AND. PI'!·PX GT.O) THEN HYSTJ210 
IF (AP,GT,.\BS(PX)) GO TO 1 HYSTJ220 
A- PX HYSTl2JO 
RULE-lO HY5'Tl2GO 
IF (OIR.EO.I) THEN H'iST32S0 

AJJIHJ.l-ALPHAEI HYST3260 
El..SE H'iST3270 

.\LPHA2-A.LJIHAB Hl'S1'3ZBO 
ENOIF HVSTl290 
GO TO 100 HYSTllOO 

ENDIP HYSTJJIO 
50 CCl'l'TINtJE HYST3J20 

GO TO I HYSTJ330 
END IF HYST1340 

ENOIP HYS'TJJ50 
HYSTJ3i50 
HYSTJ3?O 

ELSE HY5T33eO 
ONLOADING RUl..ES RULES :2 ·SHYSTJ190 

HYSTJGOO 
INITILIZE VALUEB HYSTH 10 

BAC)I;l!- .PALSE HYSTJ420 
Sl-f'Sl (DMU') HYSTJ4JO 
S2-PSZ(DI'lAX) J-!YSTJUO 
SJ-PS3 (DI9JoII HYST14S0 
DO -IlH· PI'! I (DHH·DMGI I IPIoD-I·PHGi HYST3460 
QI-PM/4 HYS'T34?0 
OJ-PQl H'iSi34BD 
DOl-OM·O,.itS -PM/B1 HYSTJli90 
B02-)OoUN «(DQJ ·00) ,03, SI) HYSTJSOO 
DQl-DQ.J·O so-Pfo!/MAJt[S2,S02} HYS'T3S10 
S03-Jao!IN (IDQ1·OO) ,01, SI) HYST1520 
su-o HYST35JO 

HYST3540 
HYS'TJ5S0 

LlNLQAIlINr:: INSIDE SMAI..J... POSITIVE LOOPS RUU: S HYS'T3SIS0 
r-IR'1 H'tSTlS?O 
1-1·1 HYS"!35BO 
IF n .G"!'.O) THEN HVS'T35S10 

IF (NOT (CDIR.EO Z .A.m). FF:(l).EQ 'L'I HYST1600 
(DIR,EQ,4 AW. FR(I) .fI!O '?')l I 00 TO 70 HYST1510 

IF ((OIR EQ.2 AND I (P G'T OJ ~ PR(II G"I".03).0;: HYSTJ620 



C 
C. 

c. 

CoO 
100 

~Ol.GE.P .AND. P.G'T.Q1 .AND. PRIll.GT.Qll OR H'I'51'3630 
HYST3640 
HYS'T3650 
HYSTJ660 
HYSTJ6?O 

IQl.GE P AND. PR(I).G'T.O III .~ 
(DIR.EQ.II AND.I (P.LT.Ql .AND. PR(I).L'T.QJ) .aR. 

(Q3.L.E.P .AND. P.LT.Ql .AND. PR(I).LT.Ql) OR. 

ELSE 

(Ql.LE.P .AND. PR(l).LT.O II) ) THEN 
X- (PR(I) ·P)/(DRII) ·D) 
IF IJ:.L£.O .aI. X.tn'.SII GO 'TO 70 
A·PRlIj 
RULE·S+I/IOOO. 
GO 1'0 100 

SU·lMTN( (DRII) 'D), (PR(I) -P) ,51) 
!NOIF 

!NIl!F 

CALC DUC'I'ILITY AND 'EXCURSICN RATIO 
If (RLn..E.EQ.l CR. RULE,Gr.5) THElJ 

IP (DIll.EQ 01) THEN 
OLI· MAX ( D , DL I 

HYSTJ6BO 
HYS'TJ690 
HYSTJ'700 
HY&"!'J'710 
HY&"'!'J'720 
HYSTJ'7JO 
HYS'TJ'740 
HYSTJ750 
HYS'T3760 
HYSTJ770 
HYSTJ'780 
HYSTJHO 
HYS'TJIIOO 

CALL DNE(l,UPOS,EJeCIl., OY,DLI,ESE(2),PSE,P5EOU>,CSE) 
ELSE IF IDU.EQ.4) THEN' 

HYST3Bl0 
HY S"l'3 II 20 
HYS'TJ8l0 
HYST3 II 110 
HYSTJBSO 
HYBTlB60 

DLI· HIN( D , DL I 
C\.l.J... DNE (1, ONEG, E:IIo., ·OY, DLI, ESE ()) , PSE, PSEOLO, CSE) 

!NOIF 

ENDlP 

ENDIF 

.. UNl..ClADING a,I THE TOP SE~ 
IP(AP.G'T.ABS(Q.l)) 'THEN 

X·MoI.)[ (Sl, SUI 
A·Q.l 
RtJl..J!·2 

UNLOADING ON THE HIDDLE SEQiENT 
EU3E IP~AJ!.GT.ABS(Ql)) 'THEN. 

X·MAX IS:1., S02,5U) 
A·Q1 
iUL.E·J 

UNLOADING ON THE BC1M'OH SEQ(ENT 
EUE 

X-!QJIiS), SO), SUI .-0 
RULE·'" 

ENDIF 

SAVE REVERSAL POIN'TS PaR SI1AU... LOOPS 
IRUJ..,E"INT (RUL.E) 

HYSTl870 
HYSTlUO 

JUll..E :ilHYSTlUO 
HYs-!'J900 
HYBT3!H0 
HYSTJ9:i10 
HYS'T39JO 

Rut..E JHYSTl9110 
HYS'Tl9S0 
HYSTJ960 
HYST351?O 
HYS'T3!UO 

RULE IIHYST35190 
HYSTUOO 
HYSTIIOIO 
HYST40aO 
HYSTIIOJO 
HYS'UQ,l0 
HYST&OSO 
HYS'T1I.060 

REVllSL·n.11I...E _EQ.l.~ .IRO't.2.EQ,10.CUI:. UlULE.EQ .1.011 .!.JWU. EQ.l0 
IF ({DIRL.EQ.1 ,Al'JD. DIR.EQ.OI .AND .. NOT , REVRSL) .CR. 

HYST&0'70 
HY51'1I.080 
HYSTII.090 

.. (DIRL EO,4 .ANI>. DIR.EQ.ll I THElIl 
IP (IR,L'T.NI) THEN 

!NIl IF 

IR·IR+l 
n(IR) .p 
DRtIR) -D 
PR{IR)· '7' 

'EU3E IF i(DIRL.EQ.l .~. DIR.EQ." .AND .. NOT R~BL) 

.aI. (DIRL.EQ.2 .~. DIR.FQ.l) I'I'HEN 
IP iIR,LT.NII THEN 

!NIlIf 
ENDIF 

III·IRq 
PR{IR)·P 
DII(IRI·D 
PR(IR)-'L' 

IP i (1 OS-SI) .Gr.K .AND. X.GT.O I RETURN 

K-O 
RULE· ·RULE 

HYSTUOO 
H'YS'T1I.110 
HYSTU20 
HYS'TII.1)O 
HYS'TlIlII.O 
HYS'TIIlSO 
HY!n'4160 
H'I'&"1'41'70 
H'i STII 180 
HYBTIIl90 
H'iST1I200 
HYS'TIIHO 
HY S'TII 220 
HYBTII2)O 
HYS',..;ao 
HYBToI:il50 
HYBT4:i160 
HYSTII270 
HY ST4:iIB 0 
HYST4290 
HYSTOOO 

Rl?TURN HYST4ll0 
END HYST4l:i10 

C HYST0010 
C-------····----·---·-·-··- .. ••• .. -··-·--··--···· .. ·-··-··--·······-··-···-HY810020 
C··· SHEAR HYSTERESIS MODEL. HYSTOII HYST0030 

C·-- •••••• --·-····· .... ··------··--··---· .. ••••• .... -·--·· .... •• .. ··---·-······ .. HYS'I'OOIlO 
C HY61'0050 

SUBROUTINE HYST04 (P, D, PL,DL, VEL, NB ,NI, HYST0060 
.. PC ,DC ,ps ,DS ,SI ,cSE ,DY HYS'T0070 

X ,RUL.E ,ROUi ,A ,PHG ,PKH HY5'TOOBO 
[)KG ,DI'!H ,BACJ:B ,SRl ,SR2 ,SR3 HY51005l0 
!OR)! ,Ii ,BE ,UPOS ,UNEG ,E:IIo. HYS"I'OIOO 
ESE ,PSE ,PSEOLD,PR ,DR ,FR ) HYSTOIIO 

1l1PUCIT REAL(A-H,K,O-Z) 
IMFLICIT INTEQER(I,J,L·N) 
Im'EGER on, OIRL 
LDGICAL RACJlI,CllCXD,REVRBL 
CHAltAC"'I'ER·" FR i NI) 
DIMENSION PS INS I ,os iNS) ,PR (NI) ,DII CNI ) 
DIl'Il!!NSION UP05 (3), UNEG(l I, EXClI.(6), ESE (3) 
D,\1'A '\u>H.\/l .Oll! 
INFU')' VAllIABUS 
P • CURR£N'T LOAO 
D • CUR.REN'T DISPU,CEMENT 
PL • u.Si' LOA.D 
VEL • PRCDOCT OF UST AND CURRENT VELOC'I TY 
NS • NlI'HBER Of' BACXl!J~ CURV1!: POINTS 
NI • H.\XlMUJoJ NUMBER OP SECONDARY LOOPS 
PC .. CRACKING LOAD 
DC • CRACKING DISPUCEM~ 
SI • INITIAL S'I'IFFNESS PC/DC 
PS • BACKBONE CURVE LOADING POINTS 
DS - BACXBON'E Cl.lJlV'E DISPl.,AC!MJ!N')' POINTS 

OU'TPtrT .... AJU.r..BL.E.S 
AN INITIAL V..uJJE OP ZERO IS IIEQUIIIED FOR ALL OUTPtlr VARIABLES. 

X • STIFFNESS 
RULE - RULE NtklBER, ST~ED IN THE PaR HAT VI.OIR UPON EXIT OF 

THIS SU BRQIJ TINE -. .,,0 
PHIl 
D><G 
DMI! 

P' 
D' 
"" IR 
BACXB 
SRl 
SR' 
SR) 
SRJ< 

• L.OAIl UKI T BEPClRE HEX'T RULE CHANGE 
• HAXIMUN PAS'T LOAD IN THE fOSI1IV1!: DIRECTION 
• MAXIMTJN PAS'r LOAD IN THE NEQATIV'E DIRECTION 
• HAXIM!JN P'\'5T DISPUCEI1EN'T IN 'THE POSI'TIVE DIRECTION 
• !1AXIM'UN PAST DISPLACEI1ENT IIIl THE IIlEGUIV1!: DIR~C'TION 
• SECOND~Y LOOP LOADING. POINT 
• S'ECaNDAilY l.OOP DISPU.CEH:E:NT POINT 
• SECONDA.RY LOOP FLAG 
- SECONDARY LOOP Nl.lPmER 
• BACKBONE LOADING. FUG 
& REl....OADING; STIFFNESS FRCJo1 RULE B - USED BY RUL.E 11 
• RELOADING S'I'IPFN'ESS FF.C>1 RU'L! 9 USED B'l' RUl.2 11 
• RELOADING STIPFNESS PRCJot RU'U 7 USED BY RUL.E 11 
• RELOADING 5'TIFFNESS F'RCJot IIUU:S B '" 9 USED BY RULE 11 

HYSTOUO 
HYST0130 
HYST0140 
HYST01SO 
HY STOll!i 0 
HYS'l'Ol?O 
HYSTOleO 
HYST0190 
HYSTO~OO 

HY STO:ill 0 
HYST0220 
HYS'rC2JO 
HYS'TC:UO 
HYST02S0 
HYS'T0260 
HYST02"l0 
HYS'T02BO 
HYSTO~90 

H'fSTO)OO 
HYSTOllO 
HYS'TOl20 
HYST013(1 
HYS'T0140 
HYSTo.lSO 
HYSTo.l60 
HYSTO.l"lO 
HYSTOHO 
HYSTO.l90 
HYST0400 
HYST0410 
HYSTolIOIO 
HyS'T04JO 
HY5'1'OIl40 
H'l'ST04S0 
HYS'T01I.60 
HYSTOII."l0 
HYSTO&BO 
HYST0490 
HYSTOSOO 
HYSTOS10 
HY5'T05::00 
HYS'TOSJO 

IN''l"ERW..L V1JlI;U!LES HYS'TOS40 
J • BACXBONE CURVE POINT. IN THE C'lJRREN'T DIRECTION HYST0550 
DIR • CURRENl' DIlI.ECTIOJII HySj0560 

DIR!.. 
IRULE 
U<OLE 
alAC," 
REVRSL. 
PC< 
DC' 
S 
SR 
SRP 
DO 
DOP 
Al' 
PH 

"" """" 

DU·l, POSITIVE L.OADING HYS'TOS?O 
DIR·2, POSITIVE UNLC.t.DING HYS1'OSEO 
DIR·J, NEGATIVE LOADING HYSTOSSIO 
Dn·", NEGA'TIVE UN1...OADING HYS'T0600 

• U.ST DIRECTION HYS"I'0610 
• INTERGER .... ALUE OP RUL.E HYST06 ao 
- INTEGER VAUJE 0(' U.ST Rt1l.E • HYSTo630 
• CRACXED WAU. PLAG HYS'!'06GO 
- L.OoUl RE'VElISAL FlAG HYS"r06S0 
• PC 1:1. , USED BY l..O.AIlING CURVES HYST0660 
- DISPUCE'MENT CaRRESPONDING TO PC2 aN THE LQ.UlING 8P..ANCH HYS'r06?0 
• INTEJUoI~IArE STIFFNESS HY5T06~0 
• RELOADING S'TIfPNESS HY5'T0690 
• I'IINlMUN RE1.J».DING STIPPNZSS HYSTO?OO 
• DISPU.CDlEN'T INTERSEP'T OF PUX DISPUCEMENTS HYSTO? 10 
• DlSPU.CE2'tENT INTERS!PT OP THE um...oADING BRANCH HYS'T0'20 
• ABSOl..lTTE VAl..lJE OP CT.JlU{EN'T LQI.O P HYSTO'30 
• !1AUI'rTJN PAS't' 1..CAD IN THE CUIUlEN"T DIREC'TICN HYS1'0?40 
• !1A:III!'tUN PAST DISPl-\.CE)IIZN'l' IN THE Cl!R.RENT DIRECTIOl'J HYS'TO?50 
• MAJlIMUN PAS'I' DISPl-\.CEHZN'l' IN EITHER DIREC'l'ro:.: H'l'ST0760 

50 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PHAX • KAXltoroN PAST t..aAD IN EITHER DIRECTION HYST0'770 
PA • PM'PC, USED BY \..INLQU)ING CURVES HYST01BO 
PB • PC/2, USED BY tml...DJJ)ING CURVES HYS'T0"l90 
DA • DISPLACEMEm A'T PA, USED BY UNl....OADING CURVES HYS'rOBOO 
DB • DISPLACEMENT .U PB, USED BY UNl..CIADING CURVES HYSTOB10 
DF • DIPFERANCE IN ~, USED PCIl CALC'llLA'TING X HYSTOBOIO 
DO • DIFFERANCE IN DISPlACEMENT, usm FOIl C.u.cuLA'TING J( HYS'I'OBlO 
PX • LOAD Im~cEP'I' OP LClDIHG AND BJ,C'XBCNE cURVE HYS'T0B40 
DX .. DISPLACEMEN'I' INTEii:CEP"T OP LC».DING AND BACKBONE cURVE HYSTOB50 
P2,D2, • POINT ctl THE LQ.\DING CURVE BE'TWEEN lH1l..ES '7 AND 10 HYS'I'OB60 
:II • KAXI!roN DISPLACEMENT HYS1'OB?O 

Xl 

" I,IT 
JO 
AlJ'H. 
AlJ'HAl' 
Sl ., 
S) 

su 
S" sO) 

• DISPLACEMENT INTERCEPT FaI: RULE 11 HYS'T08BO 
• 751 PC DISPlACEMN'I' POR RULE 11 HY8TOB90 
• :ilS I PC DISPlACEMN'!' PO~ RUl..E 11 HY STOSI 00 
• TEMPORAJlY LABEL FOR SMAI..J.. LDOP LOADING AND UNLOADING P'TSHYS')'0910 
• J-1 HYS'I'OSl20 
• DEGRADING S'rIPP'NESS FACTOFI HYS'TO!ilJO 
• DEGRADING S'rIPFNESS PACTaR lISED BY RULE 10 HYST0!il40 
- STIFFNESS FRet-! FUNCTTON FSl HYS'TO!il50 
• STIPPloIE5S FRO"! FUNC'TION FS2 HYST0960 
- STIFFNESS P'IUJ4 P'lINCTI0N FS) HYS'T0970 
• STIFFNESS BETWEEN ct.DI.RDrT AND RELOADING POlm HYST0980 
• S'I'IFPloIESS BE'TWEEN PA AND DO HY5T0990 
- STIPFNESS BETWEEIIl PB A.ND DO HY51'l000 

HY51'l0l0 
nn'ERNAL FUNCTIONS HYSTl020 

HYST10l0 
HYST1040 

P'DOI - DIBPLl.CEKENT IIft'ERCEPT OP U}lt)ING AND UNl..OADING CURVE 
PSI • UNI..CIP.XIIHG S"TIPFNE5S WHEN P) (PH-PC~ ·PA 
FS2 • UNLaADIHG STIPPHEBS WHEN PA)P) (PCn) ·PB 
FSl • UNUlADING STIFFNESS WHEN PHB 
FER • l.DADING BEl...OII' PC/7., WITH PINCHING 

HYSTI0S0 
HYSTl060 
HYST10?0 
HYSTI0BO 

SU BROU TINES CAUJ!D HYSTI090 
DIRECT -. DETERMINES THE \?LUES OF Dli AND DIRL HYSTllOO 
INT5CT • DETDHIN!:S THE INTERSECTION OF TVO LINES IN POINT· SLOPE H'iSTll10 

PORM HYST1l20 

lO"N • DETEJUoIlNES THE S'TIP'PNESS BA9~ ctI DP,DD AND r::_DEPULT HYS'Tl110 
HYS'T1l11.0 
H'l'S'TllS0 

C UNSYI9lETRIC COlEFPIC'IEN'TS HYS"T1l60 
HYST1l70 
H'l'S'Tll 110 
HYS'rllSiO 
HYSTlOIOO 
HYS'J'l:110 
HYST1220 C 

PSI (X)· 51 -MINI (l .1675· (De/J!)'" .34.3 ),1.) 
PS7.(X)· 81 ·MIN((O.'7761·(De!Je) .. ·.J195),l.) 
is'3(X)· SI "MlJoI((O.0707I(DC!l)-l.l69 ',1.) 

PSR (X)· BI ·MIN( ( (.\BS (DC/:!!) J .... l.Oiil), 1.) 
PO::O (I)" SIGN (DMAI, PM) .. OS'SIQi(PJIWt, Pl't) I (PSl II) ) 

1000 IP (IR.GT,O) WJUnDOII,100l0) (I,PR(I),OR(I),PR(Il,I"l,IR) HYST12JO 
10010 PC5MAT(SX,'I·',GIJ.5,' n··,Gll,5,· Oll:··,G1J.5,· FR·' ,AI HYST12110 

C 
AJo .. us (P ~ 

..... DETERMINE IP ELASTIC 

HYS'I'l::050 
HYS'I'U60 
HYS'T1270 
H'iS'l'lHO 

C 

IP (RUL.E.EQ.O .AND. AP .LT.PC ) THEN 
X·SI 
SE"x ."""" ENDIF 

HYS"!'12S10 
HY5TIJOO 
HYS'I'lJ 10 
HYS'TIJOIO 
H'I!S'I'UJO 
HYSl'13GO 

C ..... DE1ERl'1IHE IP wAU.. IS lNA.CTlVE, IF SO RE_TURN 
IP (RUL.E .LT 0.0) lIE'Tt.lR}Il 

HYS'I'13S0 
HY S"I'136 0 
HY S'I' 137 0 
HYS"!'13 BO 
HYSTl390 

C 
C. 

C 
C. 

c 
c. 

C 
c. 

C 
CoO 

C 
c. 

DETERMINE CUUZN'T DI:B.EC'TION 
~ULE· INT (IIULE) 
DIR -lIDIR 
CAll. DIRECT(DIR,DIRL,P,PL,V1!:LI 
RDIR ·on 

.. DETERMINE KAJlII'IllN AND HINI~ VAUJ[S 
I'I'«O-!QJI(PPIO, PC,P) 
DHG-IlfA.X(!lMG, DC,D) 
PHH-HIN(Pt!H, ·PC,P) 
DKH·MIN(DMH, ·DC,D) 
DKAX·I'UJ( (I»tG, -OI1HI 
PIoW\ .. 11AJ (PMG, 'PHH) 

.... SET KUlMUN·.u/Il "'INIHtJIIl VALUES .. 
IP (OIR EQ.l .CGt DIR.E'Q.:1.) THEN 

""-FHG ""-Dt<G 
ELSE IP (DIR.EO.3 .OR. DIR.EQ.III T'HEN 

""-""" ""-Dt<>! 
ENDIF 

.. CA~TE EQUIV.u..:Em UNl....O.\DING S'TIFPNESS FOR ENERGY. 
IF IBACJ;E .CII. RUU:.EQo.OI THEN 

Sl-PSI (DMA.JC) 

ENDIF 

S2-PS:l (DMAlI) 
S)-PSJ (DKU!) 
D(I-DM-PM· (DI1Gl·DHM] I (PHG 'PI1H) 
PA-PH-SIGN( PC, PH) 
OA·DJoI-SIGN( PC, PM) lSI 
PB·SIGN( (HIN(US(PAI, (PC/2») ) ,PM) 
S02 ·](MIN i (DA ·00) ,PA, 51) 
DB-DA- (fA-PBI /I'LU{S2, 502) 
S03·JQoIINi (DB-DO) ,PD,BI) 
BE·O .S-Pt1"'2!( (PH+PA)'O .S· (DH·DA) 

• (PA+PB) -0.5- (DA ·OB) + ~PB)·O 5· (PB) lMAX (Sl ,90)) I 

CHECk TO SEE IF lAST IH/L.E IS snL.L IN EFPECT 
IP iDUI:.EQ.OIRL _AND. 

HY5T1400 
HYS1'1410 
HYST14 20 
HYST1430 
HYST1UO 
HYST14S0 
HYST1460 
HYSTl470 
HY5Tl480 
HYST1490 
HYS'I'1500 
HYST1S10 
HYST1S20 
HYST1Sl0 
HYST1S40 
HYST1S50 
HYST1S60 
HYS'I'lS70 
HYS'T15BO 
HYSTlS90 
HYST1600 
HYS'I'1610 
HYSTl6010 
HYS']'16JO 
HYS'l'1640 
HYS'J'16S0 
HYST1660 
HY S'Tl6'1 0 
HYST16BO 
HYS'Tl690 
HYS'Tl"lOO 
HYST1? 10 
HYST1720 
HYS'T1'7JO 
H'f S'J'171i1 0 
HYS')'1750 
HYS'Tl'760 
HY STI '7'7 0 
HYST1780 

'" (iDIR.'EQ.l .AND. P.LT_Al .aR. (DIR.EQ.OI ,AND. p.ar.A) .CR. HYST17Sl0 
&.. (DIR.EQ.l· AND. P,G'T,A) .aR. (DIS.EQ.4 .AND. 

RE"'J'URN 
ENDIF 

CALC EXCURSION RATIO AT EVER.Y Z.ERO CROSSING. 

P.LT.A))) THEN HYSTlEOO 
HYS11ElO 
H'l'STlBN 
HYSTlBJO 
HYST1840 

IF (P·PL.LE.OI CAll.. ONE(o,UPos,EXCl\, DY,DLI,EsE,PSE,PSEO~,CSE) HYSTlB5C· 

DUS! SMAl.l.. LOOP PLAGS 
IF (IR.GT.oI THEN 

n·IR 

HYS1l&60 
HYSTIB?O 
HY5'TIUO 
H'iS'!'18!ilo 
HYS1l900 DO 10 1·1, IT 

IF I (PRil) EQ. 'L' 
{FR (II .EQ '''l' 
IR·I-l 

.AND (P.LE'.PR(II ~ D LE.DR(J))) OR. HYS'Tl910 

.,\.NO (P.QE PR(1l OR. D.GE DR!JI )~) THEN HYSTl920 

GO TO 15 
ENDIF 

10 CONrINU'E 
!NIllP 

15 I"IR.1 

IF 10rR.EO 1 aR DIR.EQ 3) THEN 
LO;uJING RULES . 

PC2- SIGN ( (PC 121 ,PM) 

L..OADING aN BACKBCJNE 
If (BACKE OR. RULE.EO.O.O) THI!lIl 

x-o 
DO 40 J·2,NS 

DD-DS(J) ·ABSiD) 
Dp·P6(J) ·AF 
IF ('-P.L'!' PSIJ) .AND iDD*DP) GT.O.) iHEN 

s·DP/DD 
IF IS.Gi.K.AND S.LE.SI) THEN 

<-s 
A·SI~(PS(J),PJ 

ENDIP 
ENDIF 

COln'INUE 
RULE·. 
BACXB- TRUE 
111:·0 

LOADING AFTER UNLOADING 

HYSn9lo 
HY5T1940 
HYSTl950 
HYS'!'l960 
HYSTl9"l0 
HYS'I'1990 
HYSTl990 
HYST2000 

.. RULES 1,S-llHYST201(l 
HYSTOIOZO 
HYST2030 

IIULE 1 HYS'T2040 
HYS'!'2050 
HYSTOI060 
HYST:1.0?O 
HYS'T:1.0eo 
HYST2090 
HY S1'2 1 00 
HYST2110 
HYST2120 
HYST211C 
HY5"'I'~140 

HYST21S0 
HYS'T2160 
HYS'T:ll?O 
H'l'S'i21BO 
HYST2190 
HI'ST2200 
HYS'I'2ZH 

RULES 6 l'lHYST:1.22C 



c 
c .. 

c· 
c .. 

ELS£ 
c:ru.CJ(Il· (ABS(D'M) GT.DC) 
Rf"V]ISL· (DIR.EQ.l .AND. DIRL.EO.4) .OF: 

.t!i (DIR EO.3 .AND. DIRL.EQ.2) .OR. 

.em. LRUl.E.EQ.5 .OR. UlULE EQ.II) 
IP (CRACJ(Il) THEN 

ELBE 

PZ· .Sl5 ·SIGN(PKAX, PM) 
DZ·FD2 (DfoIAX) 

P2-PH 
D2-OM 

"'!>IF 
S·JOoIIN I (D2 -D), (P~ ·P), SI) 
1-1'1 

LRULE. EQ B 
LRul.E.EQ.51 

HVSTnJO 
HYSiZHO 
HYSn~50 
Hystzao 
HYSTZ2?0 
HYSTZ290 
HystZi90 
HYSTZJOO 
HYSTZJI0 
HYSTZJ:20 
HYSTZJJO 
HYSTZJ40 
HYST2350 
HYST2J60 
HYST~l70 

RELOADING INSIDE SMAU. LOOPS RULE. llHYST2J80 
IF \I.GT.O ) THEN HYBT:il90 

IF (.NOT «( F':R(I).EQ.'7' ,AND DIR.EQ.l) OR. HY6T'2400 
(F':R(11 EQ 'L' ,AND DIR.EQJ I)~ GO TO ZOHYSTZ410 

IF (SIU,I,.E,O .OR. SR2,LE.0 OR. SllJ.U:.O OR HYST24'lO 
SRM,L.,E,O) TH2J>l HYST24JO 
1.1 HYST2440 
GO TO 20 HYST0I4S0 

ENOH HY 8'1'2460 
IF CJ.P.LT.Al!S(PO) .AND. S.GT,SB.H) THEN H'I'STOI47 0 

REWSL· . FALSE, HY S'T:i4 10 
1-1 HU'T;aUO 
GO jO 20 HYSi'~SOO 

£NOH HYST:i~lO 

IF (ABSCPR(I».U: Fe/4) THEN HYSTZS'lO 
X·JQ1IlH (D·DR (I» , (P- PR (I) I, SI) HYSTZSlO 
A.pR (II HY5'TZS40 
RUl.J!-11.1.I/I000 HY9'T0I550 

E1.5E IP (A,ES(PR(I» .l.E,l·PC/4) 'THEN HYSTZS60 
XZ·D:i· (PZ '1. 5'PC2) /610 HYS"I'OIS10 
:n.lf2·PC2/SR2 HYST2SBO 
If·D'' (?C2/Z'P) /SRZ HYS'T25!i>O 
IF (AP.LT.PC/4 .-'NO, ((DIR EQ 1 .AND X.LT.Xl) .OR,HYSi'Z600 

(DIR.EQ.3 . AND , If.GT.)Cl))) TH2J>l HYSTZ610 
X·KMIN( (XI'D), (PC.<I/2-P) ,SI) HYST26Z0 
A·SIGN( (PC/4) ,PH) HYS'T2630 
RULE·n. Z_I/IOOO. HYST26&O 

ELSE HYS'T26S0 
K·J(}IIIN( (DR (I) -D), (PR n) 'P), SI) 
A·PR{I ) 
RlJl..E·U .3'1/1000. 

...,IF 
ELSE 

XOI·OR(I) - (PR(I) -I ,S*PC2) /SRM 
:U·X2.·PC:i/SR:i 
X·D· (PC2/2-P) /51'2. 
IF (AP,LT.PC/' .~. ((OIR £0.1 AND 

ELSE 

(OIR.EQ.) .J.ND. X.GT.Xl»)) THEJII 
K·JQ4IN( (Xl-D), (PC2/2-P) ,SI) 
A"SIGN( (PC/41) ,PH) 
RUl.,E·ll.4 ~I/IOOO 

X·D- (1. 5--PCZ ·P) /SRJ 
IF (AP.LT. JOPC/4 .AND. 

HYST2660 
HY5'T2610 
HY S'T:l15B 0 
HYST2690 
HYST:l700 
KYST2710 
HYS'T27010 
H'iS'T2nO 

If,,LT.XI) OR.HYS'T<lHO 
HYST2?SO 
HYSTZ160 
HYS"'I'<I?10 
HYSTi'?&O 
HY STa'7S1 0 
HYSTnOO 
HYS'T2810 

«(DIR,EQ.l .AND. X LT.X2) 
.OR. (DlR,EQ.l .AND. If.GT.X2))) 

K·)QoIIN( (J!:2 -D), (1.S"PC2 'F), SI) 
A·SIGH (l' PC/4) ,PM) 

THEN 
HYSTHOIO 
HYST2BlO 
HYS'l'2UO 
HYST2BSO 
HYSTaB60 
HYSTaB70 
HYS"t':illBBO 

RULE-l1 S-I/IOOO. 
ELSE 

END IF 
ENDIF 

ENDIF 

SRJ-5RM 
k·XHIN «(DR (I) -0), (PR (I) 'P) ,SI) 
A·PR(I) 
RUU'·11.6·I/I000 

INITIAL RE~ING BEU»i PC/. W/O REVZRSA.L 
El..SE IF (AP .LT,ABS(PC2) AND .. NOT REVRSL ) THEN 

K·FSI (DH.AX) 
~·PC2 

IHlU"iS 

HYSTaUO 
HVSTa900 
HYST2910 
HYSTZ9Z0 
HYST:i!9JO 
HY 8'1'294 0 
HY8T2950 

RUl.J! 6 HY8T2S160 
HYS'T2970 
HY8T29BO 
H'I'ST':i990 
HYS'TlOOO 
HY8'T3010 

...... IIELOADING TO F2 RUl.J! 1 HYST3020 
HYST30JO 
HYST3040 
HYS"t'30S0 

ELSE IP (A.F .LT,ABS[PZ) AND 
(.:NOT.IIE"VRSL .OR. AP.GE.PC-0.15» 
x-s 

THEN 

A·P2 
RULE-1 

RELOADING BELO'III PC WITH REVER5.\L 
ELSE IP (M,L't',PC·0,1S ) THEN 

g·PSR (D!9.X) 
51·PSl (DKA.)() 

s."FS2. (DHAJ:) 
SJ,·FSJ, (DKAIO 
PA·SIG:N (PKAX, PM) • S IGN [PC, PM) 
D~·SIGN [OMAX, PM) ·SIGN(PC,PM) /51 
PB·SIGNI (KIN(ABS(PA), [Pc/Z)) ) ,F'f'!) 
DB·DA- (PA·PB)/S2. 
DOP·DB· (PB) /S3 
DO·DM·PM· (O!1G'DMJi) /(PHG·PI'!HI 
IF (DIR,EO.I) OOP"JoW((DOP,DO) 
IF CDIR,EQ J) DO):l·HIN'(DOP,DO) 

DC2-DOP .. PC'~/Sl 
SRI'!·»!I:N ( (De2 - 02) , (PC:< 'P:!) ,SI) 
IP (5 Gi'.SRM) THEN 

END I , 

IIEYltSL·.FUSE. 
GO TO 20 

SRp·IQ"!IN[ (DeZ'-D) I (PCz·P) ,51) 
SlU'KAX(SRP,KIN(SR,S) I 
DC Zp·D- (PCZ' P) /SRl 
SRl·jQUN (D~ ·Dc;aPI , (n 'PC,), SI I 
SR2'2,OO/( 1,/Sin ' 1./SRJ ) 
IF (AP.L'!'. (PC/4) ) THEN 

X·SRI 
A·SIGN! (PC/4) ,PMI 
RULEaB 

ELSE 
X·SR2 
A·SIGN (PC,PI'!I·O. n 
IIULE·!il 

END!' 

HYSTJOiSO 
HYST30"0 
HYSTJOBO 

R01..ES B .. 9 HY STJ 090 
HYSTJlOO 
HY&'TJ110 
HYS1'.:n:otO 
HYSTJ130 
HYSTJ14.0 
HY&"TJ1:'O 
HYS'TJ160 
HYS'TJ1"O 
HYS'TJlBO 
HYBT31!i>O 
HYS'T3:iOO 
HYS'TJ210 
H'i S'TJ;a20 
HYS'T3~JO 
HYS'TJ:iI60 
HY S'l'l 2 SO 
HYS"TJ:260 
HY S"TJ;a 7 0 
HYST'l280 
HYSTJ~90 
HYS'TJJOO 
HYSi'JJI0 
HY S'I'JJ ~ 0 
HYSTJJJO 
HYS'rlJ4IO 
HYS'TlJ50 
HYST'lJiSO 
MYSTJ,J10 
HYSTlJBO 
HYS'TJ,J90 
HYSTl400 
HYSTlf.lC 
HYST'34'l0 
HY5'T34l0 

LOADING TOWAAIlS THE BAC](EONE CUllVE lWU: 10HYSTJUO 
El..SE HY&-I'J4S,O 

BACIa!·. TRO'E HYSTJ460 
IF (,NOT ClUCJal) GO TO JO HYSTl410 
IR·o HYSTJ490 
.uJlH.AP·l,o HYS'TJ490 
IF (ABS(DM) .EO.ABS(Dt1A)() I .uJlHAP·U.PHJ. HYSTJ500 
k·lQUN (Al.PHAP--SIGN (~X, DZ) -D2) , (SIQI (PM,tJ(, P2) ,P2) HYS'T3S10 

,SI) HYS'T3SZ0 
00 50 J'2,NS HYS'T3S,JO 

IF ( PS(J) ,l.,E ABS(PHAX) ) GO 'TO 50 HYS'TJ540 
Jo·J -1 HYS'TJS:'O 
DO·DS(,J) -DS(JO) NYS'TJ560 
DP·PS(,J) -PS(JO) HYS'TJ510 
IF «(Dp'DD) Lf.O ) GO TO 50 HYSTJSBO 

CALI. INTscr(DX, P>:,O,P,K,SIGN(DS (J) ,P), HYSTJS90 
SIGN(PS(J) ,P], (DP/OO) ) HYS'TJ600 

IF (o\BS(OX) GE.DSIJO) AND J.s,SrDX) ~ OS(J) A,ND,HYS1'3610 
ABS(PX) ,GT.ASS(PMAX) . .IIND fH'PX GT.O) "THEN HYS"TJ620 
IF (AP.GE.ABS(Plfl) GO TO lO HYSjJ630 
K·XH.IN( (DX'D), (n·p) ,SI) HYSi'J640 
",. pJ( HYSTJ650 
RULE·IO HYS'U61S0 
GO TO 100 HYS'I'J1510 

ENDIF HY5'rJ6eO 

51 

c. 
c 
c 

c 
c. 

c 
c .. 

c. 

c 

so 

" 

C 
100 

ENDIF 

CONTINUE 
GO TO lO 

ENDIF 

INITILIZE VAl))ES 
BACICl!· PALSE. 
SI·Fsl(DMAX) 
S2-PS2.(DKU) 
S3-FSJ ([)M.\)I) 
DO·OM-P",· (OHG-DHH) /IPMG PMH) 
FA· PH· SIGN (PC, PM) 
DA·D!1-SIQ.I(PC,P"') /SI 
PB·SIGN( (KIIIl(US(PA), IPC/Z» 
S02-IQo!IN «(DA·DO) ,PA, SI) 
DB·DA· (PA·PB)/KA.IC(s:a,soa) 
S03-DI"IN( (DB-DO) ,PE, 51) 
6U·0, 

) ,PM) 

tJNLCl'.DING INSIDE SMA.l.J.. POSITIVE LO:lFS 
I·IR-l 
I-I-I 
IP (I.G'T.O) THEN 

IP (,NO't'.((DIR.EQ.:i .1.NIl. PB,(I).EO.'L') .CS 

HYST'3iS90 
HYSTJ100 
HYSTJ110 
HYSTJ"20 
HY51J130 
HYSTl140 
HYSTJ'7S0 
HYSTJ.,60 
HYST3""O 

RULES :2 ,SHYST31BO 
HYSTJ1510 
HYST3B(l0 
H'i5TlB10 
H'1'SjJ820 
HYS"T3BJO 
HYSTJB40 
HYS"TJB50 
HY5TJB60 
HY5TJI10 
HYSiJ880 
HYSTJB!ilO 
HY S'TJ!i> 00 
H'i S'TJ !ill 0 

i:l1LE 5 HYS'TJ5I:iO 
HYS'TJ5IJO 
HYS'TJ5I40 
HYST'JSl50 

(DI1LEQ.4 .AND. FRU) ,EO.'1'» ) GO TO 10 
HY S"J'J5I IS 0 
HYS'TJ5I10 
H'iST'J9BO 

IF ((DIR,EQ.2 _AND. ( (P,GT.PA .AND. PII(I).GT.PA) 

ELSE 

(PA.,GE.P .AM:I. P.GT.PB .AND. PR(I) .G'T.PB) 
(Pg,GE.P.AND PR(I) ,GT.O ) I) OR. 

(DIR,EQ.4 .AND. ( (P,LT.PA .AND. PR.(I) .LT.PA) 
(PA,LE.P .AND. P.LT.PB .AND. PR(I).L'T.PB) 
(PS,LE.P .AND. PR(I).L'!'.O )1) ) THEN 

Ie· (PR (II 'P) / lOR (II -D) 
IF (!C.Ll,O .CI\. !C.Gr.51) GO TO 10 
A·PR(I) 
RUU: .. S.I/I000. 
00 to 100 

SU·lOIIN( (DR(I) -0), (PR (I) ·P). SI) 
IOIDIF 

ENDIP 

aLe DUt:'TILITY AND ElICUllBlaN RATIO. 
IF (Rtn.E.EQ.I .ca, RULE.GT.S) THEN 

IP (DIR.EQ.~) THEN 
DLI· IQ.X ( D , DL ) 

.CR HYS'TJ990 

.aR HYS'T4000 
HYS'T4010 

at. H'iS'T4020 
.aR. HYST40JC 

HYS'T4040 
HYS'T4050 
HYS"TlO60 
HY5T4010 
HYS'T40B() 
HYST40!i>O 
HYSTUOO 
HyurUl() 
HYSTIU ao 
HYST41l0 
HYST'140 
HYSTU50 
HYST'16() 
HYSTU"O 
HYSTIU ao 

CAU. bNE(l,OPOS,EXCi., DY,DLI,ESE(~),PSE,P5'EOLD,CSE) 
ELSE IF (DIR.EQ.f.) THEN 

HYS"Tli190 
HYSTUOO 
HYST4Z10 
J-IYS"Td220 
HYST4230 
HYST4Z40 

DLI· "'IN ( 0 , DL I 
CAlJ. ONE (1, ONEG, !XCR, -DY ,OU, ESE (J) ,PSE, PSEOLD, CSE) 

IOID" 

END I , 

ENDI' 

UNLOADING aN THE TOP SE(Io[ENT 
IP(AP,GT.ABS(PA) THEN 

~.K.U: (Sl, SUI 
~·PA 

RULE· 2 
.. tlNl..l».DING aN THE MIDDLE SEQI0lT . 
ELSE IF(U.GT ABS(Pl!»), THEN 

X·MAX (SOl, SO:i, sUI 

'-PB 
RtJLE·J 

L1Hl..llADING ~ THE BO'Ii'ot"I SEQo!ENT 
ELSE 

K·I'IIJ((Sl,SOJ, SUI .-, 
RULE-4 

END I , 

SAVE RE'VEItSAL POU~TS FeaI: SK.tJ..L LOOPS. 
IRULE· IN'! (RULE) 

HYS"T4250 
H'iST'Z60 

i:Ul.E Z HYS'T4:a.,0 
HYS')'42BO 
HYST4I290 
H'I'Si'4J()0 
HYS'T4310 

RULE 3 HYST43:20 
HYSTOlO 
HYST4340 
HYS'T4J50 
HY5T4J60 

RULE , HYS'T4:3'?0 
HYST4HO 
HYSi'4J!il0 
H'iS'T4dOO 
HYST4410 
HYS'T44~O 

HYS'T4dJO 
HYS'T4d40 

REViBL .. IRt.n..:E: .£O.l.em. auI.E' .EQ, 10.OR .lJI.ULE ,EO.1.0R, UWLE. EQ 10 

HYS'r4dSO 
HYS'TU60 
HYST441 0 
HYS'T .. 80 
HYS'TU5IO IF «DIRL.EQ.I .AND Dn.,£O.2 ).NO •• NOT. RIMtSL) 

. OR. (DIRL.EQ 4 .ANtl. DIR.EQ.l) ) THEN 
IF (IR-.LT.NI) THEN 

END IF 

IR-IR'l 
PR(IR)·P 
DR(IR)·D 
FR(lR)· '1' 

ELSE IF «(DIRL.EQ.l .;t.ND DIR.EO.4 .AND .. Nor RE'\r'RSL) 
.<JR, (DIRL EQ 2. . AND. DIR.EQ.l) ) THEN 

IF [lR,LT.lU) THEN 

!NI>IF =IF 

IR·IP.·I 
PR(IR)·P 
OR(IR)·D 
FR(U)· 'L' 

IF ((1.05~SI) G'T.X .AND. X,GT.O ) RETURN 

'-0 
i.Ul.J!. ·RrJU 

HYST'4500 
HYST4510 
HYST~5 20 
HYST4SJO 
HYST4S4() 
HYST4550 
HYS"T4560 
HYS14510 
HYS'T45BO 
HYST~59() 

HYS'I'4600 
HYST461() 
HYS'T46Z0 
HYS'T46JO 
HYST4154() 
HYSTd.iSSO 
HYST466() 
HYST46"O 
HYST46B() 
HYST4690 
HYST4700 

RET~ HYSi'4'71() = n~H 
C HYST'OOlO 
C ............................... •••• •••••••••• •• ••• •••••••••••••••••• .. ···HYST0020 
C,·· T.u:EDA HYSTERESIS MCDEL ..... HYST06 .. .. .... . .. HYST'OOJ() 
C •••••••••••••••••••••••••••••• •••• •••••••••• •• ••• •••• •••••••• ··········HYS'r0040 

Sl!BROlM'INE HY ST06 (PI, DI, PS,DS, VI I VS, S, H:RLN, A, B, IDRO, RP, H1 STOOSO 
, PC, DC, PY, DY ,PO, 0:::, CY, YU, CPY I CSE, JUmL, UMI ,UM~, UMJ, UM4, MY STOOiSO 
.. Sl,XO ,XOtl'l,lfOY,UOD,O(),XIUM,Ol,UID ,X2UO,UZ,XlUl,UJ,OY, HYSTOO"O 
.. ACHNG, SE, ESE, PSE, PS£OLIl, UPOS, t.JNEG, EXCR) HY STOO BO 

REAL UM(Z,'Z) ,IDRO,UPOS(l) ,t.JNEG(l)"EXCR(6) ,EsE(3) 
HYST0090 
HYSTOIOO 
H'1'STOI10 

TAJCZDA HYSTERISIS I'IODEL. . llEPERANCf, S. OTANI, OILU-ENG-74 -202.9 HYST0120 
HYSTOllO 
H1'570lll.0 

PI 
DI 
ps 
DS 
VI 
VL 

C S 
HRLN 

• • IDRO 
RF 
PC,OC 
P1,DY ,U 
0: 
CY 
YU 
CPY 
cSF 
!\NRL 
1IM1 
[><2 

lJIo!:l 
[><. 

Sl 
ACHNG 
BE 

TAXEDA .. SOZEN, J. A5CE ST. DIV. DEC. 1910 

ClJRREm' LOAD 
CURREm DISPL 
PREVIOUS LDAD 
PREVIOUS DI SPL 
CURRENT VELCCITY 
PREVIOUS VELocITY 
CIlRREm S"J'IFPNESS 
CURRENT RULE NUK8ER 
lIFPER t..aAD LI!'!I T BEFORE RULE CHANGE 
I.DiIi'ER LOAD LIMIT BEPClRE RULE CH~E 

??PREVlOUS DIRECTION 

CiACXING LOAD AND D I SPU.C~ENT 
YEIU> LOAD AND DISPLACE}I[ENT 
\JLTIMATE LOAD AND OISPU.CEMENT 
EU,STIC S'TII'PNESS PD/DC 
POST CRACKING STIFFNESS (PY 'PC) / (D"! 'OC) 
POST YEIU> STIFFNESS (PU'PY)/(OU DYI 
CRJoCXING', YEII..D STIPFNEss (FY·PC)/CDy .. OCI 

HYS70150 
HYST0160 
HYST01"0 
HYSi'OlBO 
HYS'TOlSlO 
HYSi'0200 
HYST0210 
HYSi'OZ:20 
HYSTOnO 
HYS'T02dO 
NY S'TO~ 5 0 
HYS'TO,150 
H'iSTo,70 
HYST02BO 
HYSTO,510 
HYSTOJOO 
HY51'0310 
HYS'7'03.0 
H"STOlJO 
HYSTOJ40 

NZlfT RULE NUomER HYS'TOJ50 
PEAK DI6PU,CEl'[ENT IN THE POSITIVE DIRECtION HY5'T'DJiSO 
FEAK LOAD IN THE pOSITIVE OIRECTICIN HYSTOJ10 
PEAK DISPLACEMENT IN THE NEGATIVE DIRECTION H1STOJBO 
PEAK LOAD IN THE NEGATIVE DIRECTION HYST0390 
lJNLQ.\OlNG STIPFNESS HY5T0400 
LOAD WJ-IERE RULE CHNGS IF LOADING ComrnU'ES IN Cl.1]U DIRECiION HYS'7"0410 
EUSTIC UNLQA.OING CUllVI': HYS'T0420 



C 
C 
C 
C 
C 
C 
C 

ESE 
PSE 
PSEOIL 
UPOS 
liNEG 
EXCB 

ElASTIC ISi'RAIN ENERGY 
PLASTIC STRAIN ENEBGY 
PLASTIC &-l'U.IN ENERGY .A1 L-'S'T ZERO CROSSING 
POSITIVE DUCTILITY INFO. 
NEGATIVE DUCTILITY INFO. 
EXcRUSI~ RATIO INFO. 

C Jl 
C 

II PaR CURRENI' DIRECTION PaR LQADING AND UNLCW:IING 
II PaR NEW DIRECTION F~ REVERSAL 

HYS'T04l0 
HH''I'OUO 
HYS'T04S0 
HYSTc460 
HYS'T0470 
HY51'0490 
HVS'T0490 
HYSTOSOO 
H'r'STOSIO 
K'fST0520 
HYST05,lO 
HY8'l'0540 
HYSTOSSO 
HYST0560 
HYST0570 
HYST05&O 
HYS'TOS5l0 
HYS'I'OiSOO 
HYS'I'0610 
HYST0620 
HY510630 
HYS'T0Ei40 
HYST0650 
HYB'T0660 
HYE/T0670 
HYS'T0680 
HYS'T0690 
HYS'T0700 
HYIiTO'lO 
HY51'0720 
HYST07JO 
HYSTO"40 
HYS'TO'50 
HY5TO?!SO 
HYSTO.,.,O 
HYSTO"laO 
HYI7rO"liO 
HYS'I'0600 
HYS'TOSlO 
HYS'l'OE ~O 
HYSTOBJO 
HY S'TOElcl 0 
HYS'TO&50 
HYiST0860 
HYSTOa10 
HY S"TO 890 
H':tBT0Il90 
HYEr'r0900 
HY8T0910 
HYS'T0920 
HYS'T0930 
HYBT0940 
H'r'ST0950 
HY8'T0960 
HY51'0970 
HYST09BO 
HYS'T05l5l0 
HY&-I'1000 
HYSTIOIO 
HYS'I'IO.O 
HYS'TIOJO 
HYSTI040 
H'tS'TIOSO 
HYS'TI060 

C 
C IREVSL 
C ISGN 

jf .. 2 POR POSITIVE LOAD, ". 1 POI'. NEGA.TIVE L.Q.U) 
SlGN OF l...Q.U) IN NEW DIRECTION 
SIGN OF THE CURRENT LQ.\D POR LOADING AND UNL!lADING 
SIGN OP THE NEW LQAD POR REVERSAL C 

C 
C .. R1N IP CURRDlT STATE· PREVIOUS STATE 

BOOO IP ((PI.EQ.PS .OR. Ol.EO.OSf .AND. RNRL.NE 0 ) RETURN 
C 
C 

C 
C. 

GET DIRECTION AND RTN IP CTJU.Em' STATE IS wnHIN L.I""lTS 
CAll.. IDREC"1' (IDR,IDRV,IORVO,PI,PS,VI,VS) 
IF (A.GT.E .AND PI.LE.A .AND. PI.G"I'.B .AND. IDR.tO.IORO) RETURN 
IF (A LT.B .AND. PI.GT.A .AND. PI.U.B . AND. IDR.EO IDaO) RETURN 

. CALC EXClmSICIN RATIO AT EVERY ZfRO CROSSING ... 
IF (PI"PS.LE.O)CALJ... ONE(O,UPOB,EXClI., DY,DI,ESE,PSE,PSEOLD,CSE) 

C 
Co' INI'I'ILIZ.E D..\TA PCII PIRST CA.l.L. TO SUBlIOt1l'INE 

901 

IF (RNRL.EO.O) THEN 
RNRL·l 
l.Ml"·DC 
llM2- ·PC 
<.M.l- DC 
tJ<4- PC 

ENDIF 

INITILIZE DATA 
NRL·RNRL 
l.JI!.(l,l)-UHl 
lJoIll ,~)-u·1.2 
tJoI( ~ ,1)· Uo13 
~12,2)·t.1i4 

IF (PI.GT.Ol THEN 
lOON -1 
JI·.<i 

ELSE IF' (PI.LT.O) THEN 
902 IEIGN -·1 

JI"l 
ELSE IF' (DI. LT. DB) THEN 

903 ISGN -'1 
JI-l 

ELSE IF' (D]. GT .DS) THEN 
904 lOON -1 

.os 
JI-2 

ELSE 
IEIGN ·1 
JI-l 

ENDIP 

IF' (Dl.[.E.Ds) THEN 
IREVSL-'1 

ELSE 
IRFVSL· 1 

ENDIF 

IP (IDR.LT.O) THEN HYB'TI070 
IF (ISGN.GT.O) CA.l.J... DNE(1,UPOS,EXClI., DY,DI.2SE!Z),PSE',P$EOUl,CSE!HYo-TIOBO 
IF (lOON. 1..T . 0) c:AlJ... DNE (l ,UKEG, EXCR I -DY ,DI I ESE (.3) , PSE, PSHOLD, eSE) HYSTI 0510 

ENDIF H'iS'TllOO 
HYS'TlllO 

00 TO ( 100, 200,300, '00, SOO, 600, 700, BOO, 900,1000, HYS'Tll :il0 
HYS'TllJO 
H'1 S'T1 140 
H'1S'T1150 
H'1ST1l60 
H'1ST1l70 
HY~llac 

HYST1l90 
HYST12 00 
HYSTl:iI10 
HY8TU.~O 
HYSTl:;JO 
HYSTIHO 
HYST12S0 
HYSTl.60 
HYS'l'10l70 
HYSTIOlBO 
HYSTlaO 
HYSTllOO 
HYBT1310 
HYST130l0 
HYSTll30 
H'1S'r1340 
Hl'ST13S0 
HY S'Tll 60 
H'1 S'TlJ? a 
HYS'TIlBO 
HYST1l90 
HYBT1400 
HYBT1410 
HYS'T14 2,0 
HYST14JO 
HYSTIUO 
HYSTUSO 
HYST1460 
HYSTl470 
HYS"t'14BO 
HYS"l'USlO 
HYS"l'lSOO 
HYSTlS10 
HYSTlSOlO 
HYSTlSl0 
HYSTlS40 
H'1S1'lSSO 
HYa't'lS60 
HYST1S?0 
HYSTlSBO 
HYSTlS90 
HYS'T160Cl 
H'1ST161Cl 
HY5't'l62Cl 
HYST1630 
HYSTl640 
HYST1650 
HYST1660 
HYST16?0 
HYS'T16so 
H'1S'I'1690 
HYS11700 
HYST1710 
HY S1'17 ~ 0 
HYST1730 
HYST!740 
HYST1750 

1 1100,1100,1300,1400,1500,16(0) NRL 
C .- ..... TAXEDA }lUU 1.0 ....... ElASTIC STAGE 

100 IF (IDR) 130,130,110 
110 IF (ABS(PI) .GE.PC) GO TO 200 

E·Pl 
A·PC·ISGN 
s-oc 
SE"S 
NRL·l 
HRU.-l.l1 
GO TO ~OOO 

130 B"O. 
A· PC" IREVSL 
IF (PI.NE.O) I'.-PC"SIGN(I.0,PI) 
s-oc 
SE·S 
NIIL·l 
KRW-1.2 
00 TO 2000 

C .-._- TAJ<EDA RULE ~. 0 ........ La.\I)ING ON P:RII9.RY CURVE UP TO YEII.J) 
~OO IF CIDR) 2:30, 2:JO, :no 
210 IP (ABS(PI) GE.PY) GO TO 300 

B·PI 
A-PY*lSGN 
s·ey 
51- (PI· (PC"ISGNl ) / (DI'OCilISGNj 
SE·Sl 
NRL·~ 
HRl...N-2.11 
GO TO 2000 

230 B-O. 
A·PI 
51- (PI+ (PC"lSGN)) /eDI 'OC"ISGNl 
S·SI 
SE"Sl 
NRL·S 
HRl...N-~. 2 
GO TO 200Cl 

C····· TAXEDA RULE 3 0 ._... LQl\DING ON PRIl'tARY CURVE An'ER YEII.J) 
JOO BOTT-HAX(ABSCDI) ,ABS(llMll ,AB5(UMJ) ) 

51-CPY· 5QRT(DY/EO'I'T) 
se·Sl 

IF (IDRJ 330,330,310 
IF (AES(PI) GE.PU) GO TO J20 
A·PU'ISGN 
B-P; 
S·YU 
NRL-3 
HRUl'-3.11 
GO TO 2000 

l20 A·PU"Isc;N 
B·PI 
s·o 00001 
NRL-3 
HR~·3.12 
GO TO ~OOO 

330 :e·o 
A·PI 
:e0'!"I'·MAX(ABS{DI),ABS(lHl),AB5(1JM3) ) 
Sl-CPY· SQRT IDY/BOM') 
5·51 
NRL-4 
HRUW-3.2 
GO TO ~OOO 

._ ••• TAXEDA RULE 4.0 •• _ •• tTNUlA.DING F!WM POINT llM 
C'URVE AP'TER YEILDING 

400 IP (lOR) 4l0,440,410 
410 :OF (ABS(PI).GE.AB5IUH(JI,2»1 GO TO 42:0 

A·IJM(JI,21 
B-PI 
S·SI 
NRL-4 
IiRUW·CI 11 
GO TO ~000 
A·PU·ISGN 
a·PI 

HYS1'1?60 
ON THE PRIMARYHYS11J70 

HYSTl?90 
H'1S11?90 
H'1ST1900 
HY5TUI0 
H'15TU2c 
H'1SiU30 
H'1S'I'lB4C 
HYSTlB50 
HYST1960 
H'1SilB70 
HYS'l'l B 80 

52 

." 

.so 

S·YU 
NRL-l 
HRUoI"4.12: 
GO TO' .000 
A·PI 
B-O 
a·Sl 
NRL·4 
HR~"CI.2 

GO TO 2000 
IF IDI.LE.DS) IDRVO"l 
IF (Ol.GT.DS) IDRVO"2 
IF (ABS(UH(IDRVO,l)l .G'T.DC) GO TO 450 
A·PC'IRRVSL 
B·O. 
S-51 
NRL-15 
IiRW-4.Jl 
GO TO 2000 
XO-DI 
XOLlM·IO. ·UoI(IDRVO,2) )/IXO-lJI!(IDRVO,l f) 
XOY ·(0. 'PY*ISGN)/IXO-DY"IBGNl 
IP (PY.GT.ABS(lJo!:IIDRVO,:iI)) .AND. XOY.G'T.:KO~) GO TO 460 
A·tJoI(IDliVO,2) 
E·o. 
SZ·XOtl"! 
S·S2 
NRL-6 
HR~"4.3Z 

GO TO :il000 
t.I'I(JI,l)-DY·ISGN 
lI'I(JI,2) ·PY'lSGN 
A·UM (JI, 2) 
B·O. 
S:iI"XO'f 
S·SZ 
NRL-6 
HRLN·, .33 
00 TO 2000 

HYST1890 
HYSTl900 
HYST1910 
HYS'I'l9'20 
HYST1930 
H'iS'T1940 
HYSTl950 
H't'Sj191S0 
HYSj15170 
H't'STl51BO 
H't'ST1990 
H'1S12000 
H'1S12010 
HYST2020 
HYST2030 
HY6T2040 
HYST20S0 
HY5T2060 
HYS12070 
HY5T2080 
HYS12090 
HYST2100 
HYS"'I'2110 
HYS'T.l.O 
HYST2130 
H'iST2140 
HYST2150 
HYST2160 
HYST2170 
H'1S'I'2leO 
HYST2190 
H'1S'I'2200 
HYST2Ollo 
HYST2.0l0 
HYS7 •• 30 
HYSTn40 
HYST22S0 
HYST'2260 
HYST'22?0 

....... TAXm'" RULE S.o .. _ .... 

500 IF (IDI) 5JO,540,51O 

UNLOADING PRCJoI POINI' lJoI ON THE PRlKARYHYST~2BO 
CUilV! EEPClRE YEIILING HYST:ii290 

HYS"r.2300 
510 IF (J.BS(PI) .GE.ABS(lJIo!(JI,.))) GO TO 200 

..... lJoI(JI, 2) 
B"PI 
13·81 
NRL"S 
HlI.~-S.ll 
GO TO .000 

530 A·PI 

B-' 
S·SI 
NRL·S 
HRlJIl·S .2 
GO 'TO :il000 

S40 IF (DI.t..E.DS) IDRY"2 
IP (DI.aT.DBl IDRV-l 
IF (J.B6(LI'I(IDRV, 1) .GT.DC) GO TO 450 
A"PC"IREvsL 
B-o. 
S-51 
NRL· U. 
IiRLB·S .Jl 
GO TO :oICOO 

HYBT2310 
HY6T2320 
HYS'I'23JO 
HV S'T':ii 34 a 
HYS'TZJ50 
HYST.360 
HYST2370 
H'iST:ilHO 
HYST2JS1o 
HYIn'2,400 
HYS'l'.2410 
HYS1'.2420 
HYST.2430 
HYS"l'U40 
HYST'24S0 
H'1ST2460 
HYSi'2470 
HYST24B0 
HYS'T2490 
HYST2S00 
HYIIT2S10 
HYST2S20 

...... TAX!:DA RULE 6.0 ....... lAU>ING TOWo\R.DS POINT lM c:JN THE PRlHARHVST2530 
CURVE. HYSi2540 

600 IP (lOR) 630,6l0,610 
610 IP (J.BS(PI].GE.ABS(UH(JI,2))) GO TO 210 

... ·tJoI(JI, :iI) 
B·PI 
XOlJol· (PI -llH(JI,2) l/(DI'UM(JI, If) 
S·XOlJo!: 
NRL-6 
HR~"6.11 
GO TO :il000 

630 UOD·DI 
UO-PI 
A·PI 
8-0. 
S"SI 
NRL-7 
HJUl'I-6.:oICl 
GO TO 2000 

C ....... T.\JDA I\UU 7.0 ._ ... - 1JNl...DADINC PROM POINT lJoI AF'TfR RULE 6 
700 IF (1011] ?30,740,710 
710 If (ABSCPI) GE.ABS(UO») GO TO 720 

A-UO 
B-PI 
S·Sl 
NRL'" 
HRUI"-7.11 
GO TO 2000 

720 ... ·tJoI (JI, 2) 
a·PI 
XOtJol· (C. ·tI1(JI, 2) J /010 'UM(JI, 1)) 
S·XO!Jr1 
NRL .. 6 
HR~-7.12 

GO TO 2000 
730 A"PI 

B·O. 
S·SI 
NRL-7 
tmLN·?~ 

GO TO 2000 
7&0 A .. tJoI(JI,.ii) 

B-O 
nUol .. (PI ·\.JIIIJI, 2)) I (01 ·UM(JI ,1)) 
S·X1ll'l 
NRL"B 
HRUI"·? .3 
00 TO .000 

HYST2550 
HYST2560 
HYST2570 
HYST~SSO 

H'1ST2590 
HYS'I'2600 
HYST:il610 
HYST.60l0 
H'iS'T~630 
HYST:ii640 
HYST~6S0 

HYST:ii660 
HYS'T.<i670 
HYST:il680 
HY5"l':il690 
HYS'l':il700 
HYST2? 10 
HYST2720 
HY!n'~7 30 
HYST2740 
HVS'T~7S0 

HYST'2760 
HYST2770 
HYST2? 80 
HYST2?90 
HYST2S00 
HYST2Sl0 
HY.5"12&20 
HY8T2&30 
HYST2B40 
HYST.9S0 
HYST2960 
HYS12870 
HYSTaaO 
HYS'T0lB90 
HYS'T0l900 
HYS'T2910 
HYST29Z0 
HYST2930 
HYST29C10 
HYST2950 
HYST291S0 
HYST29?0 
HYST29BO 
HYST251S10 
HYS1'3000 

C' _ ...... TAXEDA RULE LOADING; TQWAllDS POINT UM ON THE PR1KARHYS'T3010 
CURVE HYS1300l0 

SOO IP (lOR) EJO,!30,BIO 
BI0 IF (ABS(PI).GE.ABS(t1M(J"I,2))) GO TO 210 

A·UM(JI,2) 
B·Pl 
XllJol· (PI ·tJIo!(JI,2) )/CDI-tJM(JI, 1) ) 
s·u tJoI 
NJu.·a 
HR~·B.11 

00 TO 2000 
BJO Ul·"I 

U1D-DI 
... ·PI 
B-O 
5-51 
HIlL· 9 
KRLN·S .2 
00 TO 2000 

H'18130)O 
H'1ST3040 
HYST30S0 
HY573060 
HYST30?0 
HYST3080 
HYST3090 
H'1ST3100 
HY813110 
HYST3120 
HYST3110 
HYSTl140 
HYST:Jl50 
HYS'I'3160 
HYS'l'31'J0 
HYSTll BO 
HYS1'3190 

C ...... TAKEDA RULE 9.0 ••••• 
900 IP (IDR) 930,940,910 
910 IP (J.BS(PI) GE ABS(U1 

A·TJ1 

UNLOADING FRc:t4 POHn Ul .\?I'ER RU'i...E B HYS1J200 
H't'Si3~lO 

B·PI 
S~Sl 

NRL-9 
HRLN-9 11 
00 TO ~OOO 

SIlO ... ·Pl 
B-O 
S-51 
NRL-9 
HRl,JIl-9 2 
00 TO .000 

)) GO 'TO BI0 HYS'I'3~20 
H't'Sj3~30 

H'1S'I'.J:ii40 
HYS':'30l50 
H'1ST3250 
HYSTJ~70 

HY S'T3 ~ 90 
HY ST3 ~90 
HYBT3300 
HYST33 10 
HYS'!33~0 
HYS'r3330 
HYST331;0 



940 A·UO 
B·O. 
UUO- (pr·tlo) 1(01 ·tlOD) 
S·X;i!UO 
NRL"10 
HlU.l.J-9.3 
00 TO ~OOO C···· .. TAXEDA RULE 10.c 

1000 IF ! 1011.) 1030,1030,1010 
1010 IF (J.BS(PI) .GE . .\.BStt.lO 

A·UO 
B·PI 
X2tlO· (PI 'UO) /eDI uoDI 
S·X2UO 
NIU,-10 
KRLN-I0.11 
GO TO 2000 

1030 OZ·PI 
A"PI 
B·O. 
S·Sl 
NRL"l1 
HIU.~.J·I0. 2 
GO TO 2000 

C _._.- 'TJJCEI)A :RULE 11.0 
1100 IF (1010 l1l0,1140,1110 
1110 IF CU5(PI) .GE.ABS(U2 

A-tlJ 
B"PI 
.9-51 
NltL"11 
H1U.loI·U.11 
GO TO 01000 

1130 A·PI 
B-O. 
5-51 
fiRL-11 
KRLN"l1 2 
GO TO 2000 

1140 A-Ul 

B-' 
XlUl- (PI -01) / (Dl 'UID) 
S·XlUl 
NltL·12 
HRLJo.J-ll.3 
GO TO ;aooo 

C .- .... TAXEDA RULE IJ.O 
lZ00 IF (lDR) 12l0,12.30,lHO 
1210 IF (ABS(PI) .GE.AJlS(U1 

A·Ul 
B·PI 
X3Ul- (PI 'Ul) / (DI' UIO) 
S-1301 
NRL"12 
KRLN·12.11 
00 TO 2000 

1230 UJ"PI 
A·PI 

B-' 
5-S1 
NRL·13 
HlUJ.J·lZ.2 
00' TO 2000 

COo ...... TA1ZDA RULE 11.0 

c 
C 

c 
C 

1300 IF (IDR) 1330, 940,1310 
1310 IF (-US(PI) .GE.Al!S(l1J 

A·U3 
B·PI 
S·SI 
NRL·U 
HRU.·13.11 
GO TO 2000 

13JO A-PI 

B-' 
5-S1 
NRL-lJ 
HRUJ-13.2 
00 TO 2000 

••••• TAXEDA RULE 14.0 

140C IP (lOR) 1I30,1440,141C 
141C IF (ABS(PI) .GE. PC 

A·PC·ISGJo>! 
B-O. 
S-SI 
NiL· 14 
HRLN·14 .11 
00 TO 20CO 

1430 A·PI 

B-' 
S·SI 
NRL-14 
HRU,J-14 2 
GO TO 2000 

1401.0 A-UM(JI,2) 

B-' 
5-51 
NRL·S 
KRLN·14.3 
GO TO JOoo 

_.- ... TAXl:DA RULE lS.0 ..... _-

1500 IF (lDR) 1530,1540,1510 
1510 IF (ABS(PI) .GE. PC 

A·PC·ISGN 
B·PI 
5·S1 
NRL-IS 
HRU>l·15.11 
GO TO 2000 

lS~O PQ·PC·ISGJo,l 
*(PQ,PI)/Sl+DI 

LOAD ING TOIIAlWS POINT IJO 

)) GO TO 610 

HYS'TJ3S0 
HY9T3J60 
H't 61337 0 
HYS'1'3390 
H'IS'T3190 
H'tST3400 
HYBT3410 
HYST3420 
,",YST1430 
HYST3440 
HYST34S0 
HYS'T3460 
HYST34?0 
HYS'TJ4BO 
H'fST34S10 
H'fST3S00 
HY61'3Sl0 
HYST3S20 
HYS'T3Sl0 
HYST3S40 
H'fST3SS0 
H'fST3S60 
HYSTlS?O 
HY8'T3SBO 

tmLOADINCl n.~ portn' U2 APTER RULE 10 HYS1'3S!l0 
HYST36CO 

)) GO 1'0 1010 

I.A\l) ING TOW).RDS POINT Ul 

)) GO TO 810 

HyST36l0 
HYl!iT36JO 
HYEI'T.Hi30 
HYEI'T3640 
HYS'T3650 
HYST3660 
HYST36?0 
HYST361B0 
HY8T'3690 
HYS'Tl?OO 
HYS'T3?10 
HYS'T3720 
H'1S'T3?30 
H'1S'T3?40 
H'IST37S0 
H'1673?60 
,",YBT3770 
HYSTlHO 
HyST3790 
HYSTl800 
Hy8T381 0 
HySTlS~O 

HYBT3BJO 
H'lS'T3UO 
H'1S'T3BSO 
H'lSTlB60 
H'1S'T3B?0 
HYS'T3BBO 
H'fEI'T3890 
HYs-r'l900 
HYS'l'3910 
HY8TJ9~O 

HY8'I'3930 
HYST3HO 
HY 8'T39 5 0 
HYB'l'3!ilI!i0 
HYS'l'J9?0 

lJNl,.OADING F'll0I'f POUlt' UJ APTER ROLE 12 HYST3!180 

)) GO TO 1210 
HyST3Sl90 
HY91'UIOO 
HY S'TciO 10 
H'tS'Tcl020 
HYS'T&030 
HYST4040 
HYST40S0 
HYS'I'4060 
HY6"!'40?0 
HYS'l'40BO 
H'lBTcl090 
H'fSTHOO 
HYSTcIllO 
HY S'Tci 1 20 

LOADING IN THE tmClU.C](E[l DIRE'eTION .lFTEHYS'TcIllO 
CRACKING IN THE O'THER DIREC'TI~. HYS'TU40 

HYS'T41S0 
) GO TO 210 HYen'4160 

HY91'41?O 
101'1 s'U l& 0 
HYS'TUSIO 
HYST.t200 
HYS'T4210 
H'1S'Tcl220 
HYS'TclOIJO 
HYSTcI:iI40 
HYS'Tcl2S0 
HYSTcl360 
HYST4:i170 
HYS'J'clHO 
Hysrclao 
HYS'T4300 
HYS'T4310 
HYSTclJ:ilO 
HYB'l'cI330 
HYS"I'.340 

LOADING IN '['HE tllIICJV,Cn:o DIRECTION .lFTEHYS'T43S0 
YEILDING IJol THE OTHER DIREC"TICIN. HYS'Tcl360 

) GO TO lS20 
HY5'Tcl3?0 
H'1S'Tcl3BO' 
HY8T4390 
HYSTUOO 
HYSTU10 
HY&-I'U.O 
HY5'T443 0 
HY5'T4Uo 
HY5'TUSO 
HYS'!U60 

QY" (PY.J SGN-PQ) / (DY' ISGN .DQ) 
A·P'1·ISGN 

H'fS'TU70 
HYS"I'cl4BO 
HYl!iTU90 
H'1'l!iTclSOO 
HYS1'clSHJ 
HYS'!'IlS20 
HYBT~S30 
HYSTclS40 
HYST4SS0 
HYS1c15150 
HYSTclS?O 
HYS'!'clSBO 

c 
C 

B·PD 
S·QY 
NRL-16 
HR.LN·lS .l~ 
GO 10 2000 

1530 A·PI 

B-' 
S·SI 
NRL-lS 
HRUl-IS 2 
GO TO 2000 

1540 IF (AEiS(PI) GE ABS(ll"l(JI,~J)) GO TO 1550 
HYS'T4SSlO 
HYS'!cl600 
H'I'STcl610 A·I..t!(JI,2) 

B-' 
S·SI 
NIIL-4 
HRLN-IS 31 
GO TO 2000 

IS50 A·PU~:::REVSL 

B-' 
S·'I'U 
NltL·3 
HRLN-15.32 
GO TO 2000 

._-_. TAXmA RU~ 16.0 

1'600 IF (lOR) 1630,1630,1610 
1610 lP (ABs(PI) GE PY 

A·PY'ISGJIl 
a·Pl 
S·QY 
NRt,.·Ui 

HYSj4620 
HYSTcl630 
HYsTcl6c10 
HYST4650 
H'fSTIl660 
HYSTrl.670 
HYST46BO 
HYST46S10 
HYS'T4?OO 
HYS'TcI?.1O 
HYS,.47;oO 

LOA!l!NG TOWARDS THE YEILD POIm' AFTER HYSTcI?30 
RlP..-E 15 HYST4HO 

) 00 TO JOO 
HYS"Tcl7S0 
H'I'ST4760 
HYS'T4?10 
H'1'ST4180 
HYS'T4790 
H't 57'48 00 

53 

c 

KRLM-16 11 
GO TO 2COO 

1630 UH(JI,l) -DY 
lI'I(JI,2)-P'i 
tJO-PI 
tJOD"DI 
A-PI 

B-' 
5-51 
S3-QY 
XO·DI 'PI/S2 
NRL· ? 
HRLM·16.2 
GO TO 2000 

C -_ ••• -) CALCtJlA'TE HAXIHUN PREVIOUS OEPORMA.TION 

c 

2000 UI'Il·MIH(lJlo!(I, U ,01) 
tJMJ·I'IIN(llM(l, 2) ,PI) 
UM.l-MAX(llH(2, 1) ,01) 
UMcI-MJJ«(UM(a,.) ,PI) 
RNliL-NRL 
lORD- IDR 
Rp·O. 
IF (I01LGE.O) A.CHNG-A 
IF (IDR.LT,O) AC'H]QG-B 

RE'I'IJRN 
END 

HYST4910 
HYST4S20 
H'fS1'4B30 
H'1S"cleclO 
HYS'!clB50 
,",YS"4B60 
HYS'TclB70 
101'1 STci 880 
HYSTciBSlO 
HYSTUOO 
HYSTo.910 
HYSTII.920 
HY5T4930 
HYST~940 

HYSn9S0 
HY5T4960 
HYST49?0 
HYSTclSl80 
H'1STcl9S10 
HYSTSOOO 
HYS"SOI0 
HYS'TS020 
HY67S030 
HYS'T5040 
H'tS'TSOSO 
HYSTS060 
HYSTS070 
HYST0010 

C··.······· H'1STO? 
C 

•••••• , " I ••• I. ~ •••••••••••• ," •••• , I •••••••••• I. I ••• HYSTOO 20 

c 
c. 

c 
c 
c· 

c 
c-

c 
c-

c 

SUBBOU'!'IN! HY6IO? (PC ,DC, FL, DL., X, RULE ,PSEOLD, A,B, YI, VL, S, PY, KIE, 
" DY ,CSE, ESE, PSE, R.JCEY, UFOS, UNEG, DO.) 

REAl. X,KIE 
DIKENSION IJlIOS (3 J ,tllIIEa (3) ,EtJlClI. (6) ,ESE (3) 

EUSTO·PU.srIC BILINEAR HYS"I"ERE'SI5 MODEL 

pc 
PEO 
DC 
PL 
DL 
py 
PYEQ , 
• RULE 
RJlRL 
VI 
VL 
<IE 

ICEY"JXEY 

- CUlUlEN'T !.DAD 
- MODIFIED CUlU'(Em' LOAD 
- CUlUiEN'T DISPL. 
• u.&-I' l.OAI> 
• LA.S'T DISPL. 
- 'tEIUl lA\D 
- MODIPIElJ 'rEILD LOA.D 
- El...AS'l'IC STIFFNESS 
• CURRZNT 8TIPl'NESS (OU'J'Ptn') 
.. CUl.RENT RULE NtlmER, USED 'TO TRACE MODEL 
- NEXT RlJl,..E NlM8ER (CflrPl1T') 
- NOT USED 
.. OOT USED 
.. INElABTIC STIPFNESS 

PC-II::· (DC 'DL) IPL 

. CALC EXCOR-SICfi RATIO AT EVERY ZERO CROSSING .. 

(<X1I'Pll'T) 

IF (PC·PL.LE_O) c:::ALL DNE'(O,tJPOS,.Eil:O, DY,DL,ESE,PSE,PSEOLD,CSE) 

E.L,lSTIC REGION 
IF (RUU!.U:.1 .AND. ABS(PC).LT PY) THEN 

'-8 
IH112"1. 
A- P'I' 
B-'P'i 
PC·S"OC 
CAlJ.. ST.iI!NCl 
XEY-O 

(ESE,PSE,PSEOLD,PC,PL,OC,Dl.,S ) 

RXEY .. gy 
GO TO 1000 

ENDIP 

- _ .. INElASTIC REGION 
DU·OC-DL 
IP (DIR.EQ.O) RETURN 
PEQ -PC' KIE'De 
PEQL-FL' nEoDL 
PYRQ-PY' D-XIE/S) 
OVEL-VI·Yl., 

LDAD AT (J!. AltOVE POSITIW YlIUl 
IF (RULE.EQ 1) THEN 

IF (DIiI.CT.O) THEN 
POSITIVE 'iEILD 

CAlJ.. STRENC (ESE',P5E,PSROLD, 
PL-PY 
Dt,.-OY 
00 TO l10 

ELSE 
... NEGATIVE YEILD 

PY,FL, DY,OL,S ) 

CAw... STRENG (ESE,PSE,P5EOUl,·PY,FL,·DY,tlL,S) 
PL· -PY 
DL- ·DY 
GO TO ~20 

ENDIF 
ELSE 

IP (RUL.E.EQ.2.10) GO TO 210 
IP (Rl11...E.EQ.2.20) GO 'TO HO 
IF (RUL.E.EQ.2.30) GO TO :130 

ENDIP 
WRITE(lOIl,') 'INVALID RULE IN H'1S'TO?·BILINEAR HYS'TERESIS HODEL' 

C' WAD AT OR ABOVE POSITIVE YEILD, ON BAC}(BON'E CURVE 

c 

210 IF (DIR I.E.O) GO TO ,,30 
J(-KIE 
RULE·" .10 
PC-PYEQ4 OC ' KIE 
BOo PC 
A- PC'10 
c:.uJ,. STRENG (ESE,FSE,PSEOLD,PC,F'L,DC,DL,S ) 
KEY-l 

RKEY-KE'1 
IF (DVE~. LT. 0 ) THEN .-s 

BOo PC' 
A- FC 

ENDIF 
GO 'TO 1000 

C' . LOAD AT ~ BELa./ NEGAT IV'E YEILIl, ON BACl(llONE CURVE 

c 

220 IF (DIR CiE.O) GO TO 230 
X·XIE 
Rt.1lJ!'· 2. ~ 0 
FC· . PYEO'+OC" XIE 
B· pC 
A· PC'lO 
c.u..L STRENG (ESE,P5E,PSEOLD,FC,PL,DC,DL,S 1 
KEY· 2 

lt~Y·J::EY 

IF !DV'EL.LT.O ) TH'E:Jol .-s 
e· FC 
A· FC 

E><lIF 
GO TO 1000 

C· - .. LOAD IN LINXAR R.,UlGE BE'TW'E'EN BACJ(BONE CURVES 
,,)0 X·S: 

RULE-2.3 
PC-S' (DC 'DL) • PL 
A· PC • P'1EQ PEQ 
B· PC PYEQ' PEQ 
IF (FC.CT.A) THEN 

DA·:OC:· (A·FC) /s 
C.\l..L STRENG (ESE/P5E,F'SEO~, A,PL,O"",DL,S ) 
DL·DA 

H'1STOOJO 
HYSTOOIIO 
HYSTOOSO 
HYS'T0060 
HYST0070 
HYST0080 
HYSTOOSIO 
HYSTOIOO 
HYST0110 
HYST012C 
HYSTOIJO 
HYST0140 
HYS'T01SO 
H'f5T0160 
HY S'"l'0 1 ?O 
HYS"I'01BO 
HYS'T01S10 
HYS'T0200 
HYS"T02l0 
HYS"I'02l0 
HYS'TC230 
HYS'T0240 
HYST02S0 
HYST0260 
HYST02?0 
HYS'TOa&C 
HYS'T0290 
H'1S'T0300 
HYS'T03H1 
HYST0320 
HYS'T0330 
HYST03ll0 
HYST03S0 
HYST0360 
HYS'T0J,70 
HYSTOHO 
HYST03510 
HYS1'OciOO 
H'I'STOcilO 
H'1STOl\20 
HYS10cl30 
H'1'S'T01l40 
HYS'TOII':'O 
HYST0460 
HY5TOcl10 
HYS'TOci BO 
HYST0490 
HY&-I'0500 
HYSTOSIO 
HYS'TOS20 
HYS'T0530 
HYS'T05c10 
H'iS'T05S0 
HYST0560 
H't57'OS70 
HYSTOSeO 
H'i5T0590 
HYST0600 
HYST0610 
HYST0620 
HYST0630 
H'1ST01540 
H'fSi'06S0 
HYST0660 
Hl'S'T06?0 
HYSTC6BO 
HYST06S10 
H'iST0700 
HYST0110 
HY&-I'0720 
HY51'07J0 
H'1STO?40 
HYSTO?50 
H'fSTO?150 
H'iSTO?70 
101'1'57'0790 
HYS'T07Sl0 
HYS'l'OBOO 
HYSi09l0 
HY5TOB20 
HYST0830 
HYST09clO 
HYST0850 
H'fSTOBI50 
HYST08?0 
HY51'0660 
H'1STOBSIO 
HYSTOSlOO 
Hl'S'TOSllO 
HYSi'0920 
HYS"OSllO 
HYST0940 
HYST0950 
HYST0960 
HYST0910 
HYST09S0 
HYST0990 
HYSTlOOO 
H'I'SnOl0 
HYSTlO~O 

HYSTI0)D 
H'I'S71 0 11.0 
HY5T1050 
HYST1060 
HYSTl C1C 
HYSTlOBO 
HY~109a 
HYST1100 
HYSTlllO 
HYSTl!20 
H'15i!l30 
HYSTllCO 
IHS'T1150 
H'I'5":'1160 
HYSTl11Q 
HYSTllBO 
HYS'!'1l9C 



c 
c. 

C 

PL-A 
GO TO no 

ELSE IF ~PC LT,il) THEN 
DB-DC' CB - FC) Is 
CA.LL SiREN(; (ESE, PSE, PSEOUl, 
DL-DB 
FL-B 
GO TO 2~0 

ENDIP 

B, FL,DB, DL, S ) 

H'I'8T1200 
H'{STl210 
H'{ST12JJO 
H'{S'T12JO 
H'iS"I'lOiclO 
HYSTl:2S0 
HYS"TIZ60 
H'tST1270 
HYS'T1280 
HYBT1290 

.• CALC D " E' 5 BASED ON PEU S1'RAIN ENERGY HY ST13 00 
IF (ICE'I' EQ.l) CAu... D)IIE(l,OPOS,EXCR, DY,DL,ESE(2) ,PSE,PSEOLD,CSE) HYSTIJlO 
IF (KEY, EQ. 2) CALL DNE (1, tlN'BG, EXCR, . OY ,OL, ESE (3) • PSE. PSEOLD, CSE) HYST13:i1:0 

. c.u.c STRAIN fNERGV FOR THIS ST:EP. 
CAl.L. S1'1I.ENG (ESE,PSE,pSEOU),FC,fL,DC,DL,S ) 

CALC PU.C!IC S'TR,\IN J!!NDOY "T ZERO CROSSING 

ICE'I'-J 
RKEY-KEY 

1000 RETURN 
END 

HYSTIJJO 
HYSTIJ40 
HYS'T1350 
HY S"I'136 0 
HY5T13'70 
HYS'T13BO 
HyST1l90 
HYST1400 
HY!IT1410 
HYSTU20 
HYS'rUJO 
HYSTOOIO 
HYS'T0020 
HYS'TOOJO 
HYSTOe4e 
HYS"J'eOSO 
H'H'T0060 
HYST0070 
H'tSTOOBO 
H'I'S'T0090 
HYfn'OlOO 
HYSTOllO 
HYST0120 
HYS"T01JO 
HYSTOUO 
HYSl'0IS0 
HY510160 
HYSTOl'70 
HYSTOIBO 
HYST0190 
HY8ToiOO 
HYS'TO:ZlO 
HYBTOHO 

GaEL TRUSS HYSTERESIS t10DEL Pal: ANGLE AND BOX SECTION 

SllBROU'UNE HYSTOB (P, FLA, DE,DELA, EL,SU:,El'I,AREA,RADG, YS,PY, SHAPE, 
" CC, CYCLE, RlJLE, 5'1IF, IRV, IDue, HA, VA, HC, VC ,R 1iN, DEHAX ,REG I}!, 

PREGIN, PBOT ,DBOT (PTaP, DTOP, EKI, ouc, EXCR, DEL't, ESE, 
.. PS!,PSEOLD,CSE) 

DIMENSION DUC(3). EXCR(6), ESE(J) 
LO:;rCAJ... REVRSC 
RUL" 4 IRV, IOOC 

IF( IRV .Ee. 0.) RE'VXSC- . FALSE 
IF( IRV .EQ. 1.) RE'VRSC- TiWE. 
PI-3.14155126 
ES-AREA'Di/EL 
DELY-PY/ES 
DEL-DE/DEL.Y 
PL-P/py -
ESR' SU' EL/RAl>G 
St,.OP7-STIP/ES 
DA-J.BS(DE) 

DP-P 'PIA HYS'TO.JO 
DDE"DE·D£LA HY8TOHO 
ODEL-ODE/DELY HYST0250 

C ---- CAl.CtJl..Jt.TE EXCUIlSlc»l' RATE AT .-vERY ZERO 0065100 - ... ----.-.----.- HYSTO:l60 
C HY 8'fO<il '7 0 

IF (P-PU.t2 0,) 0l.L DNE(O,DOC,EXCI.,DELY,DA,£SE,PBE,PS'EOUl,CSE) HYS'TO<ilBO 
c ~=~ C··· .. ---·-··----·-·------· .... ---···--·-··----····----·· .... --...... -.-.- ... HYS'ToJOO 
C OUC ..•. !J...El"!ZNT DUCTILITY ItATE HY8TOllO 
C !'XCII .... E.L!I1E:NT DctmBlOO UTE HYSTDHo 
C DEL'I' ..•. ELDIENT YIElDING DISPUC!HEN'T HYS'iOJJO 
C ESE .•.• ELEMEN'!' ELAS'l"IC !l"J'1tAIN ENERGY HYS'TOJeO 
C PSE . ELEMENT PUSTIC S'TU.IN PXUGY HYST03S0 
C FSEOLD . ELEMENT Pl..AS'rIC STRAIN ENERGY AT LAST URO CROSSING HYSTOJ60 
C CSE ELEMENT CONSTAN'! BTlUIN ENERGY HYS"TOJ"/O 
C HYS'T03110 
C 01' . ELEMENT AXIAL LDAD INCREMENt' (lIPS) HY S"I'039 0 
C ESR EFFECTIVE SI.£NDER RATIO (XL/R) 101'1'510400 
C YS . YIELDING STRESS HygT0410 
C AREA .••. CROSS SECTION AlI.EA (A) HygT042C 
C EM .••• ELASTIC MODlJUJS (E) HYSTOOC 
C DP . - .. EI..EMZl'lT UIAL ~ INCREI'IEN!' (XIPS) HYST044C 
C P . CURREI'l'T AXIAL I...QAD (IUPS) HYST04S0 
C PL. P PY U'T]O (P/PY) HYS1"e41S0 
C PU LAST AXIAL L.DAD HY~0470 
C DDEL _ ... DISPLACEKENT INCREMENT UN) HYS'TOUO 
C DE .... CURRENT .uIAL DISPl..ACEMEN'r UN) HYS'TOUO 

DE!'1AX - - _. KAJrIi'rUH .uIAL DISPl..ACEI'IEN"!' (IN) HYSTCSOO 
OA .. - CURRENT AilSOWTE AXIAL DISPUCEHEN'T (IN) Hys-rO~lO 

DELA •. - - US'!' AXI.u.. DISPUCEMDn' HYS"!'OSZC 
DOE • - EL.Et!:ENT DISPLACi:!4ENT INCI:E'KE:N'T HYSTOS3C 
DEL DEL-DE(DELr HYSTOS,O 
DELY - •.. YIELDING DISPLACEME:N"I' HYST0550 
V CURRENT VEr.o:::ITY HYS'TOS60 
....-u. UB'T VEI..O:::ITY HYST05'70 
ES EL~T I!..I..\S'1IC STIFFNESS HYS'1'0580 
EXI UNLa.\tlING EQOIVA.l.ENT STIFFNESS Pat CALCUl .. UIHG EESE HYBT05S10 
PY . - - - 'TENSION YIELDING LOAD HYS1'0600 
EL _ .• EU'Joa]lT LENGTH (IN) HYS1'0610 
CC C 5UB. C CaNSTAm' HYSTOIS:lO 
PHAX •• BUCKING LDAD (KIPS) H'tSTOlSlO 
DELMIJ( . - BUCXING 01 SPLACEMENT (Il-ll HY STOIS4C 
HA,HE, .,HCLHDI. ,HF .-. Flpy DE/tlELY PLOT'S DE/DELY CcaullNA.'TE HY8TOISSC 
VA,VE,. ,VCl,VOl . ,VP P/py DE/DELY PLQ't"S P/FY C~PIHATE HY!iT0660 
RSN _ ... Jl:ESIDUJ.l. STRAIN HYSTOIS?O 
RULE RULE NUMBER HY 8'l"01S B 0 
CYCLE . NO. OF CYCL[ HYS'T0690 
STH ELEl'CENT STIPFNESS HYBTO'7eO 
REVBSC .. - - LOG1CAL INDEX FOR RE"'Il!RSI!lG CURVE OCCURJI.ED HYBT0710 
IDue 1. HC LESS THAN 12, C HC-12 HY BTO'J2 0 
REGIN ..• - REGIN 1 DE ~ H.\ HY S"'J'C'7l0 

3: DE - (HH, HAl H'I'ST0'74.0 
J: DE - (lIB, If H) H'I'S'T0'750 
" DE - (He, HE) HYS'T0'76C 

PREGUI -. PREVIOUS STEP REGIN ID tJt.KBD: HYST077e 
SHAPE 1: PaR BOll CR ANGLE SEcnoJol HYSTO? 80 

2 FOR I SHAPE SECTION HYSTO?!iI0 
J FOR BOX SEClION CONSIDERING LOCAL BueXI..ING HY&"'rOBOO 

C NOTE. THIS IS Om.Y PaR XLIII. LESS THAN 4.0 HYS'TOUO 

C· .. --------- .. ------------------·----·----------------- ------- •• ----- .. -- HYB'l"08;oO 
C HY810BJO 
C INITIAL BUCXl.INO LOAD HYSTOB40 

IP~ ESR .1..1 CC AND. CYCl..E .EQ, 1 ) 'THEN 
PMAX-' ~ l,' (ESJI.' ':z/(2 .'CC"2»)) "'1S'AREA 

El..SE IP( ESR ,GE. CC .AND CYCLE .EQ. 1 ) THEN 
PHAX- 'PI'PI -AREA'EI'II (ESlI"H 

ENDIP 
c 
C RESIDUAl. ELOGATlON F,l.C'TOJI RPAC 
C 
C 1-' POR BO){ AND ANGLE SBCTION '*1 

c 

IP[S!U.PE EQ. 1) THEN 
RPAC-l ?S 

ELSE IF~SHAPE ,EQ. J) THEN 
RFAC-O 

I" POll r SKAPE SEC'TICIoI 
El..SE IP(SHAPE EO, 2) THEN 

RFA.C-1 41 

END" 

C GENERATE CaN'TROL. POINTS CCOJI,DlNATE 
C 
C (1) ponrr A 
c 

IF [ SHAPE NE J ) 'THEN 
IF (CYCLE EO. 1 ) THEN 

VA-PMAX/PY 
KA- PM.U! (ES 'DELYl 

E!-SE IP( CYCLE ,EQ. :Z) 'THEN 
IF( ESJI LE. 40 ) TJ-IEN 

PMAJI_· (2~ ,4/ESR) 'FY 
EU:E IP( ESP ,GT 4C l THEl'l 

PM.AJ(_. ().O IESR) 'P'I' 
ENDIP 

EL.SE If! CYCLE ,en- 2) 'THEN 
IF( ESlI. .LE. 40 ) THE~ 

PPlAX-- (lB S/ESII) 'P'!' 
ELSE IF ( ES"F .CT. 40 ) 'rHDl 

Pl'tAJ:- - (2~ ./ESR) "py 

--; 

H'I'810B50 
HYSTOBISO 
HYST09?O 
H'I'S'TOUO 
HYBTOB9C 
HY8'T0900 
HYS'T'0910 
H'I'ST09~0 
HYSTO!DO 
HYSTOSIIO 
H'tSTOSlSO 
HYST09!S0 
ffVSTc:J970 
HYS'TC!il90 
HYST0990 
HYSTlOOC 
HYSTI010 
HYSTI020 
HYSTJ030 
HYS-I'lC40 
HYS'TI050 
HYSnC60 
HYSTl0'70 
H'I'STIOBO 
H'I'S'TI090 
HYSTllOO 
HY&llllO 
HYSTl12C 
HY&l1l3C 
HYST1l40 
HYST1150 
HYS'T'1l60 
HYS'I'll?O 
HYSTllBO 
HYS'TllSlO 
HYS'T1200 
HYS'T1210 
H'I'ST1220 
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c 

Elomlf 
ENDIF 

ELSE IF( SHAPE EO. J ) 'TH£N 
IP( CYCLE ,EO, 1) TH£N 

VA-PMAX/PY 
HA- PMAXI (ES 'DELY) 

ELSE IP ( CYCU: .EO. :Z) THEN 
i'HAx·PI'IAJI 

ELSE r P ( CYCLE . EO .3) THEN 
PHAX- (n.4/ESlI.l-PY 

ELSIE IF ( CYCLE ,GT, 3) THEN 
PMAX-' (19 .5/ES'R) 'PY 

ENDIF 
ENDIF 

(2) POItn' E 

1iB- ·S 
IP( ESIi. .LE. 40 ) THEN 

Vll--l? ,fESR 
EUE IF( ESR .G"f. 40 ) 'THEN 

1*' PCIR BOX AND ANGt2 SECTION ""I 
IF{ SHAPE .EO. 1 CIt. SKAJlE .EQ. J ) THEN 

VB- -lB./ESR 
/** PC5I I SH.\.PE SECTICii "/ 

ELSE IP{ SIiAPE .EQ :2 ) '!'HEN 
VB- '11. J/EBR 

ENDIF 
ENDIP 

(3) POINT C 

IP( IDOC .EQ. 0.) THEN 
HC- '12. 

IF( ESR ,LE, 40 ) 'THEN 
vC--I:'./EBR 

ELSE IP[ EGlt . err. 10 ) THEN 
1-* FCR am: AND ANGLE SECTION --I 

IP~ SHAPE .EQ. J .OR SHAPE .EQ. J ) 'I'HE.N 
VC- -I • . /EBR 

1-' Pal. I SHAi'E BECTI<:N * * I 
El.SE IP( SHAPE .EO. :iI ) THEN 

VC- - 8 . S/EER. 
ENDIF 

J!Nl)IP 
ENDIF 

(4) POINT E 

HE-l .• (RSN-EL/DEL't) 

""-l 
IS) POINT Dl 

SLOPE- (VE-VC)/{HE-HC) 
HOI- (SLOPB"HC-VC) I ~ SL.OPB.O. 4167949) 
VOl- -0 3679UI*KDl 

(6) POINT D 

IP( ESJI .12, ,0 ) THEN 
KD-HOI'll IESR 
VD-VDI*31./ESR 

ELSE IF( ESJI .en". 40 l TKEtol 
I'"~ Pal 1I0X AND ANGLE SEcr'Ia.. **1 

IF{ SHAPE .EQ 1 .CR. SHAPE .EQ J ) THEN 
HO-HDl"ISO ,fEAR 
VD-VDl'ISC /EIiR 

/ •• Pal: I SHAPE SECTION '*1 
ELSE IP{ SHAPE .EQ, 2 ) THEN 

KD-HDI-0I0./ESR 
YO-VDl'20./EBR 

ENDIF 
ENDIF 

C DEJ'INE ENVELOPE IiIL.OPE 
C 

c 

SLOPl·l. 
SLOP:iI- (VB ,VA.) I (HB-HA) 
SL.OP3- ~Ve-VBJ I (HC 'Kill 
SLDP4- (VO,VCl I~HD'HC) 
SLDPS - (VE-YO) I (HE-I'IIl) 
SLOPIS·O.OOCI 

C DEFINE ENVZLOPE INTERMIDIATE POINTS 
C 

c 

(1) POINT H 

VH- (VB.IiILDP2- ('VO+HD-HB» 10 -SLQn) 
HH-VH·VD+Hll 

(:2) POINT Cl 

VCI-O 
HCI-HC· (VC/BLOP4) 

C (3) POINT (PREF,PREP) . CAl..C'UUTE IN RULE NO I 
C 
C 
C (4) POINT ~HlI.EF,VREP) CAI.ClJL,.ATE IN lHlLJ!' NO. 5 
c' 
c· . - DEFINE C'URRENT REGIN ZONE Nl.taIER 

PREGIN-REGIN 
IF( DEL .GE. HA) kEGIN-l 
IP( DeL .G:!. HH .AND. DEL. L'T. lolA ) REGIN-2 
IP~ DEL .GE, KB ,.\NO. DEL .LT. HH ) REGIN""3 
IF~ DEL .G!, HC . .\NO DEL .LT HB) REGIN-4 

GaEL'S HYS'TOJlESIS 1..005' RlJ'U:S 

(1) RULE 1 

IF( RULE' .EQ. 1 l THElIl 

RE'I'URN 

"""'F 
(2) RULE 2 

IF (P GE. PI'lAX . AND, P l.T, PY ) THEN 
B'rIF-SLDP1"ES 
BJ.!-SLOPl'ES 
IF ~ DEMAJf . LT. C . AND DE . U. DDQ..): ) 'THEN 

JlSN- ~ (0. SS 'ABS (DE) IESJI) • 0 .00 C 2'ABS (OE) • '2) 'RFAC 
ENDIF 

ELSE IP [ P. GE, P'l' ) THD.' 
STIP-SLOPS 
RULE-IS 
EXI-SLOP1-ES 

ELSE IF ( P L.T. PMAlO THEN 

ENDTF 

01-DE-HJ,"DELY 
SLOP~- (VE'VA)/(HB'KA) 
S'!'IF-SLOp2'ES 
P-PHA.X' (STIP"Oll 
PL-P/FY 

RULE·2 
IF( DIl'KU: LT. C . .&.NIl, DE .LE DEM.U) THEN 

RSlII- (CO 5S-US (DE) IESR) - 0 .0002"USCDE)·* i) -F PAC 
ENDIF 
EXI-SLOPl*ES 

C,\.lJ... S'1"RDIG ~ESE, FSE, P SEOUl , p, PLA, DE, DEu", EXI) 
CALJ. DNE(I, Due. £xo" DEL'!', DA, ESE. PSE. PSEOlD, CSE ) 

IF( RULE .EO 2.) THE:N 
IF( DEL. Gil' HH) THEN 

If( DDE.1...E 0 ) THEN 

HYSTHJO 
HYSn24C 
HYSTHSO 
HYS11260 
HYS'Tl~?O 

HY~1280 

H'I'S'T1OI90 
HYSTllOO 
HYS'T1310 
HYS11320 
HYST1J30 
HYSTIJ40 
HYSTllSO 
HYST1360 
HYST13?C 
HYST13 80 
HYST1390 
HYST1400 
HYS"!'UIO 
HYS'T1420 
HYS'T14JO 
HY5'11440 
HYS'TU50 
H'I'S'TlUO 
HY8T14?O 
HYS'T14BO 
HYST149C 
HYST1500 
HYST1S10 
HYST15JC 
HYS'l'lS30 
HYST1540 
HYSTl550 
HYST1560 
HY5'T1570 
HYSTISBO 
HYS'T'lS90 
HYS'I'16CC 
HYST1610 
HYSTllS:lC 
HYS1'IS30 
H'YS"l"U40 
HYST1lSSO 
HYS'T1660 
HY5'116'70 
H'I'S'TlSBO 
HYSTHi90 
HYST1700 
HYST1?10 
HYST17 :10 
HY8T17JC 
HYSTl'740 
HYSTl?50 
HYS"I'l?60 
HYSTl??O 
HYSTl780 
I-/YS'T17S10 
I-!YSTlBOO 
HYSTlBID 
HYSTlB20 
IfYSTIB.30 
HYSTlB4C 
HYSTlBSC 
HYS'TU IS 0 
HYS'TU"'IO 
HYS'TlBBO 
H'I'S'TlB90 
HYS"T1900 
HYST1910 
HYST1920 
HYST19JC 
HYS'T194C 
HYST19SC 
HYS'T1960 
HYS'Tl!l'70 
HYS'TlS180 
HY &'TlSI 90 
HYS'T2COO 
HYST:il010 
HY S'T~ c 20 
HYBT2ClO 
HYST2040 
HYST2050 
HYBT206C 
HY8T~O'7o 

HYS'T~OBC 

HYST~C!ilO 
H'fS'T21CO 
H'I'S'1'3110 
H'J'Si2l20 
H'IST2130 
HY S't'il 110 
H'fST21S0 
HYST2160 
HYSTil170 
HYSTZIBO 
HYST2190 
HYS'T:ZilCO 
HYST2210 
H't57.220 
H'I'ST~230 

HYSTn40 
HYSTnSO 
HYST.260 
HYST:Z270 
HYST:Z2BC 
HY572290 
HVS'T2JOO 
HyST2JlO 
HVS'T2J20 
HYS12330 
HYST2J40 
HYSTilJ50 
HYST2J60 
HYST2l?0 
HYSTZ3S0 
HYS1239C 
HYSi2400 
H'l'S'!'2410 
HVS'T~4 20 
HVST24JO 
H'I'ST:lUO 
HYS'T24S0 
HYST2~ 60 
HYS'T24?0 
HYST24 so 
HyST:Z490 
HYSTZSOO 
HYSi2S10 
HYS'i2520 
HYST2SJO 
HYS'T2540 
H'I'S'T2550 
HY5'12560 
HYS1'2S'70 
HYST2:'BO 
HY5"('2590 
HYS'!i60C 
HYST2610 
HYST26~C 

HYS'l':ZISJO 
H'I'S'T21S40 
HYS'T:il6SC 
HYS'T:il660 
HYST.670 
HYb"T'.ISIO 



IF (PREGIN .m. REGIN ) UVRSC- FALSE. 
STU- SLOP~ *ES 

IF( DEHAX _L"T. 0 '.AND. DE .LE. DEKAJI' ) THEN 
RIm- ( (0.55 'ABS (DE) !ESR) + 0 .00 0 Z~ABS (DE) • *;J:) -RPAC 

nSE IF( DEM.U GT 0 ) "THEN 
RSN- «0. 55'ABS (DEl/ESR)· O. 000Z'AB8 (DE) u;;J) -RFAC 

END" 

IF(.NOT. REvue )THEN 
EU-SLOP1*ES 

ELSE IP( REVRSC l"THEN' 
EKI·ES· «FTOP Fl.) / (DTOP-DEL)) 

ENDIF 

ELSE IFi ODE .CiT O. )THEN 
IP( .NOT RE'VRSC I TH~ 

Rm..E-7 
STIF·SLOF1·i!S 

pu.·PL.-SL..QP2-DDEl. 
DU.-DEL-DDEL 
DBOT-DLA 
PBOT-PU 
Fl.-PLA.+SLOP1'DDEI. 
p·Pl.~PY 

PTOP·VEo i SLOPS- (PBOT·IIE· Sl.£IP1·DBOT 
.Sl.£IP1'HEl! (SLOPS -SLOPll ) 

DTOP- iPBOT -VI! .SLOP5 -HE· SLOPl-OBOT) 
/ (Sl.LIP5-SLOPl) 

EKI-ES'SLOP1 
ELSE IP( REVRSC ) THEN 

RUl.E-12 
'bBCT-DEl. 
PBOT-P/PY 
SLOP"'- IPTOP-PBOTl/ (DTOP'ODOT) 
STIF- SLDP? "ES 
EXI·ES·SLOP7 

ENDlp 

END" 
ELSE HIDEL .LT, HH .AND. DEL .GE. HB ) THEN 

IF( DOE ,LE. O. ) THEN 
STIF-SLOF2'ES 

IP( DEHAX .LT, 0 . AND , DE .LE. DFl'lA) I THEN. 
RSN- ( (0.55 'ABS (DE) /ESR) ·0 00 O. 'ABS (DE) ,. 2) 'i-PAC 

El.S! 1Ft DEHAJ( ,G'!'. 0 ) THEN 
RBN- ( (0.55 'ABS (DE) /ESRI .. o. OOO~'ABS (DE) ., 01:) 'RFAC 

END" 

IP(.HOT, REVRSC )THEN 
EX!· SLOPl' ES 

ELSE IF ( lEVRSC I "THEN 
E1U-ES' ( (PTCF - PL) / (MOP -DEL) ) 

ENDIP 

ELSE IF( DOE CiT, O. JTHEN 
IF ( . NOT. REYaSC ) THEN 

RULE"'e 
STIP- SLOP1"ES 

Pl.J\-PL SLOP3'DDEL 
DLA·OEL.-DDEL 
DBOT-DU. 
PBOT·PI.-' 
PL·PI....A+ SLOP 1 ~ DOEL 
P·PL'PY 

PTOp·VO+ (SLOP4' (PBcrT'VD' SLOP1'DBOT 
+SLDPl'HD1/(SLOP4-SLOPl) I 

OTOP- (PBO'!"\IO+Sl.OP4·HD-SI.OPl·D'B0T) 
! (SLOP4-SLOP1) 

EKl-ES-SLOPl 
ELSE IF( REVlI.SC 1 THEN 

iU1U·ll 
DBO'r·DEL 
PBar-p!py 
P10p·yo 
D'TOp·KD 
SLOP? • (MOP -PB01') / (DTOP 'DBar) 
STIp·SLOP7'ES 
FIU·E.S'SLOP? 

ENDIP 
.,."P 

ELSE IP( DEL .LT. HE) THEN 
IFiPaEGIN .HE REau. ) REVRSC- .PA1.s! 
RUU·l 
EJ:.I·ES'SLOF'l 

""'P IP( RE\Tl{SC ) IRY·l 
IF ~ .NOT REYl!.SC) lRV·O. 
CA.U. sn.~i ESE, PSE, PSEOl.D, P ,PLA,DE, DEI.A, EXI) 

IP( US (DEMU) .L'T. ABS(DE) ) THE~ 

(l) Rtn..E l 

o.LL DNE(l, DUC, EXCR, DEL.Y, DA, ESE, PSE, PSEOlJ), CSE ) 
DEI'lAX·DE 

ENtlIF 

IF( RUI..Z .EO. l.) 'THEN 
IF (DEL. en. HC) THE~ 

IF( DOE .LE, O. ) THEN 
IF (PREGHl .NE REGIN I REVi:SC· .PA.l..SE. 
S'TIP·SLOP3~ES 

H( DEHAJI .l.T, 0 .AND. DE .LE D:E:H.U) ,'THEN 
RSN-(O 55-A..BS(DE)!ESRl+0 OOO;a'.uiS(DE)h~)'RFAC 

ELSE IP( D.EM.U G'T, 0 ) THEN 
RBN- ( (0.55 "AIlS (DE) /ESllJ ·0 0002"ABS (DEI" 2) 'RPAC 

ENDIF 

IF(,NOT. Il.E'VRSC )THEN 
EX1-SLOPl'ES 

ELSE IP( REVRSC ITHEN 
EJC1·ES' ( (PTOP - PL) / (DTOP -DEL) ) 

ENDIF 

EUE IF( DOE G'l'. 0 )THEN 
IP( DEL GT 12.) THEN 

IP( NOT, RE\fRSC )THEN 
IWLE-51 
STIP·SLOPl'ES 

PU·PL· Sl.OP2' DDEL 
DU·PEL·DDEL 
OBar-Dl..JI 
PBO't-PU 
P L-PI..J.. SLOP1<-DDEL 
F-Pl.*PY 

PTOP-\IO- (SLOP4- (PBm·YD' SLOP] 'OBOT 
+SLOPl·HO)!(SL.Op~'SLOP1) ) 

DTOp. (PBOT VD.SLOP~'HD'SLOP1"DBar) 
/ (SLOP4' 5LOPli 

EXI·ES-SLOPl 
ELSE I P ( REVRSC I THDl 

Rl.Tl.J:·IO 
D'BO"['·DEL 
PBOT-P/PY 
SLOP7- (PTOP - P'BOT) ! (DTOP 'DBOT) 
STIP· SLOP7 -ES 
EXI -ES- SLOP7 

mIl IF 
ELSE IF ( DEL.LE -12 ) THEN 

1U:<n SC- FALSE 
R1J1.,E-4 

HYST269 0 
HYS'l'2700 
HYS'T2710 
HYOTZ720 
HYSTZ7l0 
HYST2740 
HYST27S0 
H'iS'T2760 
HYB'T2770 
HYB'Tj!"/BO 
H"1ST~790 
H"1S72BOO 
HYST2910 
HYS12820 
HYS"I'2830 
Hys-rH40 
HYST2&50 
HYSTZB6C 
HYST287C 
HYST2UO 
HY6"T2B90 
HY5"I'2900 
H"1ST29l(l 
H'tB'T;;J920 
HYB'T29l0 
HYS'T2S140 
HYST25150 
HYS'T2960 
HYST2970 
HYST29BO 
HYST:2990 
HYSTlOOO 
HYS'TlOIO 
HYSTJOZO 
HYST30JO 
HYS'T30'0 
HYS'T3050 
H'rSTJOEO 
HYSTl070 
HYSTlOBO 
HV8i'1090 
HVSi'llOO 
HVS'TlllO 
HVS'Tl120 
HV S"TJ 130 
HY S'T3 140 
H'tS'T3150 
HY S'TJl EO 
HYST3170 
HV6T31110 
HVSTl190 
HY9'I'HOO 
HYSTl210 
HYSTlHO 
HYS'THlO 
HYtrr3240 
HYB'Tl250 
HYST3il&O 
HYS"Tl2?0 
HYS'Tl;J:BO 
HY B'Tl;;Jg 0 
HV61J300 
HYS"I'J310 
HYS'Tl3;oO 
HYSTlJ30 
HYSTl3tO 
HYS1'll50 
HYS'TlJ60 
HYSTll70 
HYST3lBO 
HYS'T3J90 
HYS'l'3400 
HYS"'T3&lO 
H'iBT3&aO 
HYST34JO 
HYS1lUO 
H)'S"!'l450 
HYST34t50 
HYSTl470 
HYST1480 
HYS'T3490 
HYSTl500 
HY S"Tl5 10 
HYS'l'J520 
HYB'TJ510 
HYS'TJ5tO 
H'tSTl550 
H'ts-T35EO 
HYS"!'J570 
HYS'Tl5BO 
HYS'Tl5510 
H'i S'Tl600 
HY6"T1610 
HYST16:;Z0 
HYS'Tl630 
H'iS'T3640 
H'i8'T3650 
HYS"!'lEEO 
H'tSTlE70 
HYS"!'35BO 
HYS'Tl6510 
HYSTl700 
HYSTl710 
HYS'!'17:20 
HYS'TJ"l30 
HYS'Tl740 
HYSTl"l50 
H'iS'TJ?60 
H'tS"%'l7'70 
HY8'T37BO 
HYS'TJ?90 
HYSllBOO 
HYS'TlS10 
HYSTl~ 20 
HYSTJelo 
HYSTl840 
HYSTJe50 
HYST1860 
HYST3B70 
HyST3BBO 
H'IS'l'3B90 
HYSTl900 
HYS'l'J910 
HYS'Tl9 ~ 0 
HYSTHlO 
HY5'T3940 
HYSTl950 
HYSTl960 
HYS13970 
HYSTJ980 
HYS1'3990 
HYS'T4000 
HYST4010 
HYST40;l0 
HYST40lD 
HYS'J'4a40 
HYST4050 
HYST4060 
HY ST~ O"l 0 
HYSTd.oaO 
HYST4090 
HYS"4100 
HYS'T4110 
HYST41 ZO 
HYS14110 
HYS'I'4140 

55 

S'TIP-SLOP4'ES 
EKI-ES'SLllP4 

ENDIP 
ENOIP 

ELSE IF (DEL U HC) "THEN 
1Ft ODE .LT. 0 ) THEN 

RUU-3 
HC-OEL 
YC-PL 
IDUC-l. 
8TH- ·SLDP6'ES 
EItI-ES' ( (VO 'VCl! (tID· HCl ) 

IF! DEMAX .LT O.AND DE .LE. DEKAX ) THEN 
'kSN. (0 .55'US (DE) !ESR) 0 0 .ooO:2·A.BS !OE) "2)'RFhC 

ELSE IF( D~ .GT. 0 1 THDl 
II:BN- ((0. 5S*ABS (DEl /ESR) ~ O. 0002'A,8S (DEI"· 2) "RFAC 

DlDIP 
ELSE IF (ODE GT. 0 ) THEN 

Rt1l...E·, 
STIP-Sl.LIP4-ES 
EXI·ES-Sl.OP4 

ENDIP 
ENDIP 

IP( i.E'V!i:8C ) nV-l. 
IP ( .NOT. RE'V!i:SC) IRV-O. 
c.u.L 8TJ.ENG (ESE, pst, PSEOLD, P, PLA ,DE, DELA, EXI) 

HYS'T4150 
HYS'N lEO 
HYST4170 
HYST41BO 
HYST4190 
HYS'U:200 
HYST4210 
HYST42Z0 
HYST4210 
HYS1424.0 
HYS'T4250 
HYST4250 
HYS'T4270 
HYST4HO 
HYST4290 
HYST4JOO 
HYSTIl310 
HYST4lZ0 
HYST4ll0 
HYST4HO 
HYST4350 
HyST4360 
H'iST4J70 
H'iS'T4J80 
HYS'I'4J90 
HYS'!'4.400 
HYS'T4410 

RET"'" 
ENOIP 

(4) Rtn..E 7 

IP( A!! 5 (D»WC) .LT. ABS(DE) ) THEN 
CJ.J.J.. ONEil, DUC, EXCi, DEL)', DA, ESE, 
DDWC-DE 

ENDlF 

IF( RlJl.:E .EQ. "'.) THE:N 

PSB, PSl!OUl', CSE ~ HYOTU 20 
HYS'TUlO 
HYS1'44.40 
HYS't4450 
HYS'l'4460 
HY S"T447 0 
HY8'T4490 
HY!>]'U5IO 
H"1S'14500 

IF( DEL G'T. DIlOT .AND. DEL .l.T. DTOP .AND. P .GT, PliU) 
STIF-SLDPl'ES 
EKI-BS*SLOPl 

ELSE IF (DEL .LT. bllOT .OR. P .LE. PHAX) THEN 
IF( P .1.2. P\IWC ) THEN 

R EVRSC· . FAl..SE. 
PTOP-O 
DTOP-O 
PBcrr-PL 
OBOT·DEL 
IiIl-PU./FY 
1iI2-PI'IAlI!PY 
HA-!DELA/DELY) , «(501: SI)/!SLOFlll 
VA-52 
SLllPZ- (VB . VA.) !(HB -KA) 

ENDIP 
STIP- SLOP;J: -ES 
RUU-2 

Pl.-VA~ SLDP2' (DBOT -HA) 
i-PL'PY 

EXI·ES' ( {PTCP - Fl.) / (DTOP -DEL) ) 
ELSE !P(DEI. .G'l'. DTOP .~. PL .l.T. 

STIP-SLOPS-E8 
Rt1U-5 
EKI-ES-SLOPl 

EL.5E IF(OEL .G'!'. DTOP . .\NO PL .GE 
STIF-SLClPE'ES 
RULE·!; 
EXI-ES-SLOPI 

ENDIP 
IPt REVRSC ) tRV·l. 
IF ( .NOT. REYlt.SC) IRV-O 

VE) THEN 

VEl THEJW 

CALL STRENG (ESE, PSE, PSEOl.D, P, PLA ,DE, DELA, EXI) 
RET""" 
mIlIP 

(5) RULE 8 

IF( RULE EO. E,) THEN 
IF( DEL .CiT. DBC'!' .AND. DEL .Li. MOP) THEN 

STIP-SLllP1-ES 
EKI-ES"SLOPI 

ELSE H(DEL _LT. DBC'!' ) 
IITIp·SLDP2 -ES 
RULE-2 

PL-PEOT· (DBOT - DEL) • SLOP2 
P-Pl.-PY 

En-ES- «PTOP' PL) / (D10P 'DELl) 
ELSE IP(OEL ,G'l', DTOP ) THEN 

STU· SLOP4 -ES 
RULE-4 
E1U·ES·SLOFI 

mIlIP 
IF t REVRSC I IR"'-l. 
IF ( .NOT. REVRSC) nv·o 
CAll. snENG~ESE, PSE, PS'EOlJ) , P, PU,DE,DELA,EKI) 
RETURN 
ENOIP 

(6) RULE 9 

H( RUU EO. 51.) THEN 
IF' ( DEL .at. DBO"l' .AND. DEL . L7. O'TOP ) THEN 

STIP-Sl.£IPI-ES 
EXI-ES-SLOPI 

ELSE IF (DEL . LT. DBO'T ) 
STIP·SLOP:l-E5 

THEN 

RULE-) 

PL·P'BOT· (DBCT-DEL) -SLOPJ 
P·PL"FY 

EKI-ES" ( (PTOF' PLl/ (D'TOP ·DELl ) 
ELSE IF (DEL . GT, DTOP ) THEN 

STIF·SLOP4*ES 
Rt1LE~4 

EXI-ES"SLOPI 
ENDIP 

IF( REVRSC ) !RV·l 
IF ( .NOT R~SCl IRV-O 
CALL STRENG (ESE, PSE, PSEOUl, P, PLA, DE, OELA, [XI 1 
R~lIlUol . 
mIllP 

('71 Rtn..E 4 

IF( Rm..E 
IF 

.EQ 4.) THEN 
(DEL .GE HC1 . AND , DEL L1 HD) THDJ 

IF(DOE .I:;E. o. ) THDl 
STIp· sLOPII. "ES 
EXI·ES*SLOPI 

ELSE IP! oDE LT. 0 ) THEN 
PREP·\IO+(SLOP4'{V'B V'D'SlDPl"HIl 

.SLOPl"HD) /(SLOP4' SLOPll ) 
DREp· (VB 'VO+SLOP4 'lID· SLOP1-HilI/ i SLOP4' SLOPll 
IF( DEL .LT, DREF) THEN 

PTOP'P/PY 
DTOP-OEL 
DBOT·ISl.OP3"HB-'J""8,·PTOP'SLOPI"DELI!(SLOP3 
PIlOT·VB. SLOPl- (DBaT' HBl 
STIP-SLOPl'ES 
Rt1l.2-9 
RE'VRSC· . TRUE 
EXI·ES-SLOP] 

ELSE IF ( DEL . GE. OREF) THEN 
PTOP·P!P'1 

THEN HYS"I'4510 
HYS1'4.520 
HYS"t45JO 
HYST4540 
HYST4550 
HVS'T4560 
HYST4~70 
HYST45BO 
HYS'T45S10 
HY6'T4EOO 
HYST45 10 
HYS'!'4E:;Z0 
H'I'ST46JC 
HYST4640 
HYSl'4650 
HYST~660 

HYST~670 

HVS'U6BO 
HVS"T4690 
HYS'T4?OO 
HYB'I'4710 
HYST4720 
HYST47JO 
HYS'T47A0 
HYS'T4750 
HYS'r1760 
H"19'T47?0 
HYS'T47BO 
HY<n4?!il0 
HYSTnOO 
H"1 S'T49 10 
HYS7U:iO 
H"1ST4B30 
H'tS'TU40 
H"1 Sj4B SO 
HYS'T4660 
HYST4870 
HYST4BBO 
HYST4890 
HYSTIl900 
HYS'T4910 
H"1S149Z0 
HYST4910 
HYST4940 
H'lS'T45150 
HYST4950 
HYST4970 
HYS'T496 a 
HYST4990 
HYS'T5000 
HYST5010 
HYST5020 
HVST50lo 
HYST504() 
HYST5050 
HYSTS050 
HYST5070 
HYST50eO 
HYS'T5090 
HYST5100 
HYS'T5110 
HYST5120 
HYSTSlJO 
HYST5140 
HYSTS150 
HYST5lEO 
HYSTSI70 
HYST5180 
HVST5190 
HYS'T5200 
HYS"T5210 
HYST5220 
HYST52JO 
HYST5240 
HYSTS250 
HYST5260 
HYST:.270 
HYST5Z80 
HYST5Z90 
HYST5300 
H'1ST5310 
HYSTSJ20 
HYST5330 
HYST5340 
H'tST5J50 
H'tS"I'5360 
HYST:.3iO 
HYST5J BO 
HYSTS19C 
HYST5400 
HYS"T541C 
HYST54Z0 
HYSTSIDO 
HYSTSUO 
H'tST5450 
H'tSTS460 
HYST5470 
HYST5" eo 
HY5T5490 
HYSTS500 
HYSTS510 
H"1ST5520 

Si..,OPIIHYSTS5l0 
HYSTSE.40 
HYSTS5S0 
HYS'T5560 
HY S'TSS'7 0 
H1'S"S560 
HYSTSS>lO 
HYS'T5500 



DTOP"DEL HYST5610 
DEar .. (Sl..O'P~·HA-YA.' PTOP - 8LOPl-DEt.f I (8LOP~ - SLOPl) HY S'T56 ~o 
PBO"!'"VAo SLOP2· (DBOT -HAf HY S'T5610 
STIF·8LOP1OoE8 HYS'T56&0 
Rm.E·e HYS'T5650 
RE\lRSC· . nUl:. HY S"l'5e 6 0 
EXI·ES"SLOPl HyS"!'se10 

ENDIF HYSTSUO 
ENDIf' HYSTS6S10 

El5E I~i-I~~~t.O;;;E~D .AND DOE .GT. 0 f !HEN ~~~;~~6 
R~' n~n 
EXI·ES"SLOPI HY8T5110 

EL.SE IF( DEL .LT. HCl .AND. DEL. .CE He) THEN HYS'TSHO 
REVll.SC· F~E. H't8T5150 
RUL2.4 HY S"I'S15 0 
STIP.Sl..OP4.ES HYSTSnO 
EIU·ES"SLOPcL HYS'I'SHO 

ELSE H( DEL. .L.T He) THEN HY S'!'51S1 0 
REVRSC· .F,I,L.SE HYSTS800 
lWLE·J HY8TS810 
HC·DEL HYST58:l0 
VC·PL. H'tS'T59JO 
IDUC·l. HY S'TS 840 
S'TIF· ·Sl..Ope-ES HYSTS8S0 
EXI ·E9· (\I'D-YC) I (IID-HC)) HYBTSBliO 

~IF HYeT5B10 
IP( REVise 1 IRV·l HYSTSBBO 
IF ( ,NO'!'. REVRSC) IRV·O. ' HYeTSBSlO 
CAU.. STRENG (ESE, PSE, PSEOlJ), P, pu, ,DE, DEl..)" EXI) HYS'TSSlOO 

If! AlIS(DEMAJI) .L.T -'BSIDE) ) THEN HY5T59]0 
CALL. DNE!l, DUC, EXo., DEL.Y, DA, ESE, PSE, PSEOlll, CSE ) HYS"I'5920 
D~·DE HYSTSSllO 

ENDIP HYBTSSI40 
RE'TURN HYS'TSSlSO 
DIDIF HYS'TS960 

(B) Rt.JLE 5 
H1S'T5910 
H'tS'T5S1BO 
HY8TSSlSlO 

IP( ROi..E EQ. 5.) THD-I HYS'T6000 
IF (DEL. .LT. HE ) THD-I HYS'T6010 

IP(DDE .GE. O. ) THEN HY8T60:a0 
S'TIP·Sl..OPS"ES HYST60JO 
U:t·ES-SLOP1 HYST6040 

u.s! IP ( DDE .LT, 0 ) THEN HYST60S0 
BREF·VA-SLOPl*HA HYST6060 
HREF· (yo. Sl..OPS'KD-DEF) I (Sl..OPl·SLOPS) HY S'T601 0 
IF{ DEL ,GE. ;mEP ) CYCL.E·CYCL.!tl HYS'T6010 
prop·P!PY HYS'T60Sl0 
DTOp·DEL HYS'T6100 
DBOT· (BLOP:iI"HA-VA+PTOP ·SLOP1·DEL)! (SLOP:l- SLoPI1HYS'T6110 
PBOT·VA.SLOn" (DBOT-HA) HYST6l:i10 
BTIP·Sl..OPl"ES HYS"NHJO 
Rtn...E·1 HYST6UO 
REVRSC" .TUIE. HYST61S0 
ElI·ES-SLOP1 HYEit'6lEiO 

ENIlIF 
ELSE IF( DEL .GE. HE .AND. DOE .GT. 0 ) THEN 

HYST6110 
HYS1'6lU 
HYST5l90 STU· SLOpe 

Rt1LE·6 
EXI·ES·Sl..OPl 

END IF 
IF( REVRSC ) lRV·l 
IF I .NO'T. REVilSC) IRY·O. 
CAl..L &"'nIENG[ ESE, PSE, PSEOLD, P ,PU,Dt, DELA,EXI) 

IP! .us (DEM.U) .LT A.BS!DE) ) THEN 

(9) Rt.JLE 6 

CALL. DNEO, DOC, EXo., DELY, DA, ESE, 
DEI"1AX·DI!. 

ENDIP 

!PI RUL! .EQ 6.) THEN 
IF (ODE .GE 0.) THEN 

STIP·SLOP6 
EXI·ES"SLOPI 

ELSE IF!DDE .LT. 0.) THEN 
STIP"Sl..OPl"ES 
RtlU·l 
CYCLE·CYCL.E .. l. 
REVRSC· ,PAl..SE. 
EXI·ES"SLOPl 

ENOIF 
IF! RE'VRSC ) IRV·l. 
IF I .NOT. REV1lSC) IRV·O. 
CAll ::;r"RENG (ESE, PSE, PSEOUl, P, 'P1..\,DE, DEl..)" EXI) 

IP( A.BS(DFl-IAXf ,LT. ABS(DE) ) THEN 
CALL DNE(l, DUC, EXCR, DEL'l, DA, ESE, 
DDtAX·DE 

ENDIP 

(10) aULE 10 

IP! RUU EQ. 10 1 THDl 

HY5'T6200 
HYB'T6:i1:l0 
HYST62;O 
HYST62JO 
HY5762C10 
HYS'T62S0 
HYST6l!S0 

PSE, PSEOUl, CSE ) HYST6210 
HYEiT6HO 
1-IY8T6290 
HYST6100 
HY8'T6310 
HYST15l:l0 
H'tS1'6110 
HYS'T6140 
HYS"T6150 
HYST6J50 
H't57631 0 
HYS'T6HO 
HYST6J5I0 
HYST6400 
HYST6410 
HYST6420 
HYST64l0 
HY8'T5440 
HYST64S0 
HYS'T6C160 
HYST6&10 
HY S"T64B 0 
HYST6fo5l0 

FSE, 'PSEOW, CSE ) HYS'T6500 
HYST6S10 
HYST65:a0 
HYST6510 
HY8"T'6S40 
HYSTeSSo 
HYS'TI!5S60 
HYBT6510 

IF( DEL .c;j. DBOT ,J.ND. DEL .LT. DTOP ) THDI 
8T IF· SLOP1 'ES 

HYST6SBO 
HYS'l'6S5IO 
HYST6600 

EXI·ES"SLOP1 
El..S'E IF{'DEL. ,LT. DBa,. ) THEN 

5TU'·SLOPJ*ES 
RULE·l 
REVRSC· .PALSE. 
?Top·o 
DTOp·O 
FBor·O 
DBor-o 
EX!· ES" ( (PTOP, PL) ! (DTOP 'DEL) ) 

EJ...SE IP(DEL. ,w MOP') THEN 
STIF·SLOP4"ES 
RUL.E·4 
I!.)(I·ES·Sl.DPl 

ENDIF 
IP( RE'VRSC ) IRV·l 
IF ( .NOT REVllSC) IRv·o 
o..u STRENG(ESE, PSE, PSEOUl, F, PLA,DE, '[lEU ,EK!) • ..,URN 
ENDIF 

(11) RULE II 

IP( Il,tJl..!! EQ. 11 I THEN 
IF ( DEL .GT. bBOT .AND. DEl... L'T 

&",[,IP· S Lan "ES 
EXI~ES· s:...op' 

EL..SE IF I D£L . L.'l' DBOT) 'l"Hn-< 
STIP·Sl..OP,"£s 
RUU·2 
REVRSC· FALSE 
PTOP-O 
DTOp·O 
PBOT·O 
DBOT·O 
En·ES-! (VD-PL) !<HD 'DEL)) 

ELSE IF(DEL .G;. DTOP ) THEN 
S1IF·S'l..OPS~ES 

RU:...:!·S 
EXl·ES·SLOPl -" IF( RE\I'i<SC I IRV-l 

!P ( . NOT , RE'VRSC) IRV·O 

DTOP ) THEN 

o..LL S"'I'RENG(ESE, PSE, PSEOUl, P, P1.Jt.,DE,DEU"EXI I . .,.""" 
DlOlF 

HYO"'!'UI0 
HYS'T6630 
HYST66l0 
HYST6640 
Hysr6650 
HYS'T5660 
H'tST6610 
HYS'T66BO 
HYST66S10 
HYS1'6HO 
HYS'T61l0 
HYS"!'6120 
HY5T6130 
HYST6')40 
HYST67S0 
HYST6160 
HYSTIS110 
H'tSTIS1BO 
HYB'T1S1S10 
HYS'T6BOO 
HYST6B10 
HYS'T6B20 
HYST6BJO 
HYST6S40 
HYST6B50 
HYST6B60 
HYST6810 
HYSTISBBO 
H'tSTISB90 
HYST15S100 
HY81'6910 
HYST65120 
HYS'T65130 
HYST6940 
HYS'T69S0 
HYST6960 
HYST6910 
HYST15980 
H'I'STIS9S10 
HVST"IOCO 
HYST"IOI0 
HYST"I020 
HYST7030 
HYS"nOfoO 
HYS"l"'JOSO 
HYS'11060 

56 

c 

(12) RULE 12 

IF! inJLE EQ. 1~ ) THEN 
IF( DEL ,GT. DBOT ,.\NO. DEL .LT. DTOP f THEN 

S1'IF·sLOP1"Es 
lXI·ES"SLOP1 

EI..sE IP (DEL LT, OBOT 1 TH~ 
STlp·SI..£JP2'OES 
RULE·' 
REVlISC· .PAl..SE. 
PTOp·o 
DTOP"O 
PBOT"O 
DBOT·O 
EKI·ES'(PTOp·PL)/(DTOP DEL») 

El...SE IF (DEL ,GT. DTOP ) THEN 
S'I'IF·SLOPS"ES 
RULE·S 
EKI·ES"Sl..OPl 

ENDIF 
","IP 
IF( REV1tSC ) IRV·l. 
IF ( .NOT. REVRSC) I'RV·O. 
CALL S'lilENG(ESE, PSE, PSEOUl,P ,PLA.,DE, e:El.A, EJt'Il 
RIm1RN ..., 

HYST"'I010 

C· , ••• ". HYS'TOSI ... Oo.""" _ .. " ••• - ... " ...... "., ....... Oo~ •• Oo ••••••• " _'O."" ... *. 

HYSnOBO 
HYS'T7090' 
HYS'T71CO 
HYST"I110 
H'tST"ll20 
HY ST'1 130 
HYS'T1140 
HYST'1lS0 
HYS'M160 
HYS'n110 
HYST1lBO 
HYS'T"Il5I(I 
HVS"':lOO 
HY S"l'i 210 
H'lS"l'i,20 
HYST"I;2JO 
HYS'M;240 
HY5'i12S0 
HYST7260 
HYST1;110 
l-lYSTI 01 BO 
H.Y S'M 290 
H'tSTilOO 
HYSTIllO 
HYSTil20 
H'tS"MJJO 
H'tSTQOIO 
HYSTOC:aO 
HYln'003C 
HY~0040 

HYSToOSO 
HYST0060 

PlNO-SUAREZ, TOWER LONe eUlCTIaN GIRDER MClUNT-RO'1'ATI(JN 
H'fSTERESIS I1CDEL. BASED ON HYSTERESIS LOOP OF TOIA GIROD. 

SUBROI.n'INE HYST051 (MOM, 9'l'[F, P,:!!, FLA, xU,DX,av ,RULE,PTOP,DTOP, HYS'T0010 
" PBO'l',DBOT, SPTOP, SDTOP, SP'BO'I' ,SDBO'I', SSMOP, BSDTOP, SSPBO'T, HYS'TOOBO 

SSDBOT, HA, VA, HB, VB, lID, VD, HE, V!, RAP, VAP, KBP, VBP, SSl-ID, HY S'TOOSIO 
SSVD, SSHE, SS'VE, S6SP'!P, BSSOTP, SSSPET, S9SDBT , SND, svtl, 6HE, HYSTOIOO 

" SVE, DUC ,DEHAX, PACH, PAC\', FAC, DUOQJI:) HY S'I'011 0 
DII'IENSION DUC(1) HYS'T0120 
l..OOICAJ... HIGH HYST0130 

C HYSTc140 
C ....................................................................... HYSTO 1 SO 
C DUC - _. fLEKEN'! DUCTILITY UTE HYB'TC160 
C EXCil. . _. - ELEKENT EXCURSION UTE HYST0110 
C ESl! ELm<ENT ELASTIC BTi.A.IN RATE HYS'TOlBO 
C PSE ---·ELEHENTPI..ASTIC!rr'RAINR.ATE H'tS'T0190 
C PSEOLD El...EMENT PLASTIC OT'llIN UTE AT LAS'T Zona C'ROSSIN3 HYS'TO,OO 
C CBE EL!MEN'T CaNSTAm' SnAIN ENERGY H'fST0210 
C 8TIP . ELEMENT S'TIPPNESS HYSTO:a<lO 
C P . _ .. CURlEN'T ELEMENT INTERNAl.. F~C! HYSTOllO 
C X • c:ulI.u:m E1...!')(ENj' INTEB.NAL DIBPU.CDlFln' HYB'T02,;O 
c: Pu. . _ .. PllEVIOUS E1..DI::&NT INTElI.NAL·PaRCE HYSTO~50 

C xU . PREVIOUS l!U'l'IEm' INTElNAL DISPLACE.!'IEln' HY610260 
OP . - - - ELEKEN'I' INTERNAL PaRCE INCREMENT HYST0210 
Ox . - _. ELEl1ENT ImERNAL DISPI..J.CEI'!ENT INCRE)IEN" HYST02BO 
HIGH _ .. - LOGICAL. INDEX, IF P .GlT. 0 THEN HIGH·.'TlI.lIE. HYST0290 
RtJU - _ .• RULE NUMBER H'tSTOlOO 
MOP .. REVERSED LQ.U)ING POIN'!' AT 'I'OP 2NVELOPE HYSTOllO 
D'l'OP . REVERSED CISP. POINT AT TOP IDNELOPE HYST01,0 
PBOT - RE~SED LQADIHG palm' AT BOTTCJo! ENVELOPE HYS'TOJJO 
DBOT UVER6E:D DISP. POINT, AT BO'M'CIoI ENV'ELOP2 HYS'T0J40 
SpTQP . U'VDsm I...aJ.DING palm" AT TOP SMALL LOOP HYSTOJ50 
SDTOP _. - REVD.SED DISP. POINT Af TOP fMALL l..OOP HYST0360 
SPBOT _ .. IlEVEIUiEO LOADING POI~ A.T BO'I"t'Oo! SHAU., LOOP HYS'I'0110 
SDBOT REVERSED DISP. palm' .\T BOTTa-! SMALJ... LOOP HYST0190 
SSPTOP • RBVERSED LOADING palm AT TOP SECOND SHALL LOOP H'fSTOl90 
SSDTO? --- REVERSED DISP, POINT AT TOP SEcctm SKALJ... LOOP HY &"'T'O 4 00 
SSFBOT - REVERsm lA\DING palm' AT, Bonet'! SECOND SMALL l....CX)P HY ST0410 
SSDBOT REVERSED DISP. POINT A.1 BO"M'CJII SCaN[) BI'W.J.. LOOP HYSTO&:lO 
SSSPTP ... REVERSED LQ,a,DING POINT AT TOP THIRD aa ABOVE SMALL LOOP H't'EM'O'lO 
SSSOT'? . REVERSED DI5P. POINT A.T TOP THIRD ClR UOVE SKALL LOOP HYS'T04CIO 
SSSPB1' REVERSE:D LOADING POINT AT BOT. THIRD OR ABOVE SMALL Loa HYS"T0450 
SSsnBT REVERSED DISP POINT AT BOT, THIRD OR ABOVE SMA.I...L l..CX;)P HYST0460 
IU., VA . - - - PIRST BUCXLING POINT AT TOP 'ENVELOPE HYST0410 
HAP,VAP' FIRST BUCXLING palm AT BOTTet'! ENVELOPE HYS"I'D480 
KB, VB - TOP ENVELOPE CQf!'ROL POINT' HY ST0490 
KEP,VBP--" BOT'I'Qot !N'IE1..DPE CONTROL POIN'I' HYDr'OSOO 
HD,VD .. - - FIRST SMALL LOOP CCJN"IltOL POINT HYSTCS10 
HE,V! - - - FIRST SKALL LOOP CCJN"IltOL POIN'I' HYDr'OS20 
SHD,SVb SEcam SMAU LOOP CCNl'ROL POINT HYST0510 
SHE,9Vl SECCK) Bl'!A.LL LOOP CQH'n:OL POIN'T HYS'TOS'O 
SSHD,SSVD . THIRD OR ABOVE SHA.u, LOOP Can'lI:OL POINT H'fST05S0 
SSHE, SSVE THIRD at ABOVE SHAw.. LOOP caNTlI:OL POIN'T HY8'TOS6c 
DUQ1A.X PAILURE DUCTILITY HYS'T0510 

.GE 1 PAILURE DUCTILITY CONSIDERED HYST05BC 
C .LT 1 FAIUJlI.E DUCTILITY NOT CONSIDERED HYST05S10 
C ............................................................ - •••••••••• HYST060C 
C HYST06lCl 
C·· ... •••• ... ••• •• •••••••• .... ••• HYST06'20 
C • CHEeX FA.ILtm.E DUC'TILITY ... HY5'TC610 
c·· .. •••••••••••••• .. ·········.. HYST06a.0 

IP( DUC(l1 .GE DrJOoQX .AND DUCJo!..U ,GE. 1) THEN HYS'I'06S0 
p·o HYS"'T0660 
STIF·O .001 HYST0610 
RETURN HYSTOlSeo 

ENOIP HYSTOISSIO 
IF( RV EQ. 1 ) HIGH· .PALSE. HYST0100 
IF( Rv .EQ 0 ) HIGH· nUB. HYST0110 

c 
C ................................... . 

C • DEPlNE ENVELOPE CONTROL POlms • C···· ................................ . 

c 

HAl .. Q .OOfo<l 
VAl"2100. 
HB1·HA1"0 .OCl,3 
V'Bl·VAl·465 
HA,Pl··0.0042 
VAn· -2700. 
HBPl·H.l.Pl-O .0023 
VBP1·VAPl·455 
IFI 110PT .EQ 2) THEN 

proP·51S19S1GG 
PBOT·SlgnSlSl 
PACH·KA/HA,l 
FACV·VA/vAl 
PAC·PACV/PACH 
HA·HAI-PACH 
VA·vAl-n.CV 
HB·HB1"PACH 
VB·V1Il·PAC\I 
HAP·HAPl*FACH 
VAP·VAP1'OPACV 
HEP·HBP1-FACH 
VBp·V'BF'l" FACV 

ENOIF 
IP 1 P .C£ 0 AND ,,1...1. GF Q) HIGH· .TP:UE 
IF 1 P .LE, 0 ,AND pu. .U: Q) HIGH- PAl-SE 
IF' ( HIGH) RV·O 
IF' ( .NOT, HIGH) RV·l 

C •••••••• - ................. . 

C • DEPlNE ENVELOFE SLOPE -
c· .. ·· .•.... -••.. ~ ....•.•.. 

c 

SLDPl·W,\l/H,\ll*FAC 
SLOP,· 2023:i!4'F,\C 
SLDFJ-'lOOOOO"FAC 

C .......................... -
C ~ HYSTERESIS LOOP RUllS • 
C •• -_ ••••• _ ................ . 

C· -RULE 1 
IFI Rtn...E .EQ 1 ) THn-< 

!PIP ,CE, V"- OR. P U. v~ I THEN 
RULE· ~ 
STIP·S:...oP, 
u. FOR Uh"'BIo.l.--'NCE PORCE ••• 

HYSTc1 :lO 
HYST01JO 
HYS'T0140 
HYS'T01S0 
HYS'T0160 
HYST0110 
HYS"T01BO 
H'tS'T01Sl0' 
HYSTOBOO 
HYS1'OBlO 
HY SjO~ 20 
H'tSTOBJO 
HYSTDB40 
HYs-rOBSO 
HYST0860 
H'I'STOB10 
HYST08BO 
HYSTOB90 
HYS'T0900 
HY STo$ll 0 
HYS'TOSI ~O 
HYST0930 
HYST0940 
HYST05l50 
HYST05l60 
HYST05l70 
HYST09BO 
HYST09S10 
HYSTloOO 
HYSTIOIO 
HYS'TI0;20 
HYSTIOlo 
HYSTI040 
HYS1'10S0 
H)'STI060 
HYSTI010 
HYS1'1090 
HYST1090 
HY5Tll00 
HYSTlllQ 
HYSTlli!:O 
H'tS'TlllO 
HYS'TIUO 
HVS'T1150 
HYS'T1150 
HYST1l10 
HYSTllBo 
HY5T1l5lo 



C 

IP( P .GF.: VA) THEN 
UPl- P'VA 
UD - UPl/SLOPl 
UP2- UD-SLOP2 
P • P- (UPl·UF2) 
IF( P .LT. O.l-VA) P-o.PVA 
RV-O 

ELSE IP( P .1..E. VA.F~ THEN 
UPl- P ·VA.P 
UO - UP1/SLOPl 
twa- . UD~sLDP2 
P - p. (UP1·trP2~ 
IP! P GT. 0 l"VU) P-O.PV'-P 
RV-l 

E:NDIF 
ELSE 

RULE-l 
SiIP-SLOPl 

ENDIP 
IF( DEM.U! .LT ADson I THEN 

DEHAlC-.\SS (X) 
DUC (1) -DEMAJl:I (HU'PACH) 

ENDIF 
RE'TUlUl 

END!F 

C-·-RUU: 2' 

c 

IF( RULE .EQ. 2 ~ THEN 
IP( HIGH .AND. DX .G"['. 0 ) THEN 

IP ( X . LT. HB ) THEN 
Rm..E-2 
STIP-SLOP2 
IP( P .LT 0 JP-C.l--VA 
IP( P.LE O.I*VA) S'TIP-SLOPJ'O·.Ol 

ELSE IP( X .GE. liB ) THEN 
RULE-3 
STIP-SLOPJ 
IFf P . L..T. 0 )P-O.l"VA 
IF( P.LE O.l--VA) S'TIP"SLDPJ-O 01 
.," PaR UNBAl.-'JIICE PaRCE ,* * 
IPf Xl-' .LT. liB) THEN 

UD-:X liB 
UP-STIF'UD 
P-VB .. UP 

END" 
ENDIF 

ELSE IF ( . NOT . HIGH . AND . DX . LT. 0 ) THEN 
IP( X .GT. HBP ) THnI 

RULE-2 
STIP-SLQP2 
IF( P .GT. 0 lP-0.1-VA.P 
IF( P .GE o.l-VAPl STIP-SLOP3·0.Ol 

ELSE IF! X .LE. imP ) THEN 
RULE-J 
5TIP-SLOPJ 
IF( P .GT. 0 )P-O.PVAP 
IF( P .Gf. o.PVAP~ BTIP-SLOP)'O.Ol 
'"* FOR UNB..t.LANCE· PCIllCE -*, 
IP! :xu, .GT. !omP) THEN 

UD-X ·lmP 
UP-STIP'UO 
P-VBP+l1P 

ENOIF 
ENDIF 

El.SE IF( HIGH .AND. D:X .LE. 0 ) THEN 
PTOP-Pl-' 
DTOP':XU 
IP ( PBOT . EQ. 99951519 ) THEN 

IP«).5S(DTop/pACH)·).5S(HAlJ+O 00401) .U. 0.Ol26)THEN 
STlP- ( ·5203020 B' (ABS (OTOP /FACH) ·ABS (HAl) - 0.0042) 

·BS6026) *PAC 
ELSE 

STIP- ( !.20J020B'0 .0126 • B56026) 'PAC 
ENOIF 
RULE"B 
VAP- - 2?oO--PACV 
HAP-MOP' (2'700*PACV"PTOP)/STIP 
VBP-'OJ"·465 'PACV 
imP-HAP' 0.0023 *PACH 
_U PaR UNBAlJ.NCE PaRCE 
UD-X -xu. 
UP-STIP"UO 
P-PU+UP 
IF( P .LT. YAP) P-VAP 

ELSE IP( PBOT .NE. 999999 ) THEN 
CALL LOOP (HAl, PTOP, DTOP, PBOT ,DBCT, HD, VO, HE, VE, 

SM1, SH<I,PACH, FAr:'I) 
S"I"I P- (PlOP -VO) I (DTOp·l-ID) 
Rm..E-1l. 
* - I POR tmBJJ..ANCE FaRCE ,-, 
UD-X-Xl...A 
r;p-STIF--UD 
fapl,.A+UP 
IP( P .LT. 1"BO'1') P'PBOT 

ENDIF 
ELSE IP( .NOT. HIGH .AND. DX .GE. 0) THEN 

PBOT-PLA. 
DBOT-XLA 
IP ( PTOP . EO. 999999 ) THEN 

IF ( (ABS (DBOT/PACH) -ABS(HAPl J·O. 0042) .LE. O. Ol26)THEN 
STU- (-520JOOlOB" (ABS(DBar/F.lCH) -AllS(HAP1) ~O. 004~) 

.. a!.600l6) -PAC 
ELSE 

STIP-(-520l0:aOB'O.Ol26' 1156026 )*P)..C 
ENOIF 
RULE-B 
VA~ 01'7 00 -FolCV 
HA-OBOT' (2100*PACV-PBCT) /STIF 
VB-VA'46S'FAr:'I 
~·KA"O. 000!3-FACH 
--'" POR UNBAU.NCE PClitCE 
UD-J(·XU. 
UP-S1'IP"UO 
P-PLA·UP 
IF( P G']' VA) P-VA 

ELSE If( PTOP .NE. 999999 ) THEN 
CALL.. LOOP (HAl, PEOT, DBOT ,PTOP ,DTOP, HD, VD, HE, VE, 

51'11, 5H2, PACH, PACV) 
STIP- (PBOT'VD) I (IlB01'-HDl 
RULE-II. 
--"" FOR UNE.t..L..ANCE PClitCE 
uo .. x-xu 
U'P-STIP*UO 
P-Pu. .. lJP 
IF( P .CT. PTOP) P-PTOP 

ENDIF 
ENDIF 
IP[ OEM.U LT . .lEIS (X) ) 1'HEN 

OEMAJl:-ABS (X) 
OUC(1)-OEHA>lI (KAl"FACH) 

ENDIP 
RE'TURN 
ENDIP 

C" ·RULE 3 
H( RlJU! .EO J ) THEN 

IP! HIGH .AND. DX GT 0 ) THEN 
RULE-J 
STIP-SLOPJ 
IF( P . LT. 0 )1"-O.l'VA 
IP(P .LE O.I'VA) STIP·Sl,OPJ-O.Ol 

ELSE IFi .NOT. HIGH .AND OX .LT 0) THEN 
RULE-J 
S1'IP-SLOPJ 
IF( 1" .G"l'. 0 )1"-O.PVAJ' 
IFiP .GE. O.l"VAl'1 STIP-SL..OPJ"O .001 

H~S'T1200 

HYS'TlOillO 
H'tS1'laZO 
H'I'ST12)0 
HY S'T1 211.0 
HYSTl250 
H'I'S'Tl:iI60 
H'I'STIZ'70 
HYST12BO 
HYST1290 
H'I'ST1300 
HYSTIJIO 
H'tST1320 
HVST1330 
H't S'fl14 0 
HY5T1350 
HYS'Tl)60 
HYST1370 
H'tSTIJBO 
HYST1390 
HV&"l'1400 
HYST1410 
H'tS'l'U.ilO 
HYST1430 
HYSTIUO 
HYSTUSO 
HYS'TIUO 
HYS'r14'?O 
H'1S'rliBO 
H'I'S"I"lUO 
HYSTISOO 
HYS'T1S10 
HYSTl50i10 
HYS'TlS30 
HYS~nSII.O 

HYSTl5500 
HYS'Tl560 
HYST1510 
HYST15BO 
HYST1S90 
HYS'T1600 
HYS'T1610 
HY&-r160i10 
HYST16l0 
HYS'TIUO 
HY&"l'1650 
HYSTl660 
HVST1610 
HY8Tl6BO 
HYST1690 
HYSTl100 
HVur1110 
HYST17 010 
H'1S"l'1"l30 
HYSTl'7"O 
HYBTl"l50 
HY011160 
HY5'11110 
HYS'T1'7BO 
H"I'S'Tl"liO 
H'1S'I'lBOO 
H'1STUIO 
H'1ST1B20 
HYSTllllO 
HYS'Tl lid 0 
H't BTl II SO 
H'tSTlB60 
HY81'18'70 
HYSTlBBO 
HYS'TlB90 
HYS'T1900 
HYS'Tl910 
H'tSTl920 
H'tS'Tl930 
HYS'Tl911.0 
HYST19S0 
HYST1960 
HYST19'70 
HYST19BO 
HYSTIGGO 
HYSTOiIOOO 
HVOl'OiIOIO 
HY6TZ020 
HYS'TaOJO 
HYS'T2040 
HYST2050 
HYSTjj:060 
HYST20'70 
HYST:lIOBO 
HYST'2090 
HYSTZlOO 
H'tS'T2l10 
HYST21Ol0 
HYS'T2130 
HYST21110 
H'l'S'T21S0 
HYS'T0!l60 
HYS'1'21 "I 0 
H'1ST21BO 
HYS"I"1l90 
HYS'1'2Z00 
HYS'T2210 
H'l'STnOilo 
HYS'T0!2)0 
HYST2211.0 
HYS'T<l2S0 
H'tST<l260 
H'tST~:nO 

H'tST22BO 
HYS"T2290 
HYS'T:il300 
HYST~110 
HYST2J:il0 
HYST2JJO 
HI'STa140 
HYST2HO 
HYST2l60 
HVST2J"l0 
HYST2J8o 
HVST2J90 
HYST2400 
HVST24l0 
HYST211.20 
HYST24lo 
HYS~211.40 
HYST2450 
HYS':'2460 
HY5T24"l0 
Hi'ST24BO 
HYS'T0!490 
HYST2500 
HYSt'2510 
HYSTO!S20 
HYST2530 
HYST2540 
HYST2550 
HYST2560 
HYST2S"lO 
HYST2S ~O 
HYST2S90 
HYST2600 
HYST2610 
HYST2620 
HYST2630 
H'1STHjll.O 
HYST26S0 
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c 

ELSE 11"( HIGH .AND. DX .LE. 0 ) THEN 
PTOP-PU 
DTOP-XU. 
IF ( PBOT . EO. 999999 ) THEN 

IP{LUlS(DTOP/PACH)-ABS(RAll"o.OOIl.2) .LE. 00126)THEN 
6TIF- ( . 52030aOB -- (ABS (DTOP /PACH) ·ABS (HAl) • 0 . 004 2) 

.. 8560 26) *FAC 
ELBE 

STIP- (,S303020B-0 .0126 - E56026) "PAC 
ENllIF 
RLlLE-B 
VAP- . 2"lOO*FAC'V 
HA.?-DTOP· (2'100" PACV"PTOP) ISTIP 
'l.8P-VAP.1I.6S*PACV 
HBP-H.J..P-O 0023-PACH 
,-, PaR UNBA.I.ANCE PaRCE 
UD-X'Xl,A 
UP-STIP'Ull 
P-PLA~UP 
IF( P .LT. VAP) P-I,IAP 

ELSE 11"( PBCT .m:. 9999n ) 'I'HEN 
CA.l.L LOOP (HAl, PTOP, DTOP, PROT ,DBOT, HD, W,HE, VE, 

SHl, SMl, PACH, PAC'll) 
BTIP- (PlOP 'W) I (MOP-HD) 
RULE-'" 
-,. PeS. UNBA.LANC! POICE 
lJI)-X·Xu. 
UP-S'TIP*lJI) 
p-pu,·op 
IF( P .LT. PlOT) P-PBOT 

E:NDIF 
ELSE IP( .NOT. HIGH .AND. ox .GE. 0 ) THEN 

PElOT-PtA 
DBOT-JlU 
IF' ( PTOP . EO. 9999951 ) THEN 

IF ((ABS{DBO'r/PACH)-A.BS(HAPl) .. 0.0040!) .I..E.0.Ol26) THEN 
STlP- (·501030308" CABS (DBOT!PACH) -ABS (HAP1) -0 .0011. 21 

.B560215) 'PAC 
ELSE 
STIP~(·5203020B-0.0126 • B56026)-PAC 

ENDIP 
RULE-B 
VA- 21 00 rpACV 
RA-DBOT- (Z? OO-PAC'V-PBOT) 1STIF' 
\'B-VA· .. 6S*P.lC'V 
HB-iL\+O .0023-PACH 
,., POR ImBALANCE PaRCE " .. -
UO-X·XJ...,\ 
UP-STIP-LID 
P-PU.~UP 

If( P .G']'. VA) P-VA 
El.SE IF( PTOP .NE. 999999 ) 'rHEN 

c:.u.L 1...OOP (HAl, PBOT,DBOT, PTOP,DTOP, HD,VD,HE, V'E, 
S"'l, SK2, PACH, PACV) 

STIP- (PBar·VO) I (DBOT·I-ID) 
1Ul...!-4 
-" PCII. UNB.u..ANC:E PCI!.CE 
lJI)-:X·XU 
t.JP-S'TIP*llD 
P-PU"UP 
IP( P .G']' PTOP)' P-PTOP 

ENDIF 
ENDIP 
IP( OflolA)( .LT. ADS(:X) ) THEN 

DEMU-A.BS (X) 
Dtx (l) -DEKAJlI (HA.l"PA.CH) 

ENDIP 
RrnmN 
ENDlP 

C-- -RUU 4, 'I, B, 9, 10: 
IP (RU'LE.G"[' )) CA.LL HYBTSlB(STIP,P,X,PU,XU"DX,RV,RULE,PT01",D1'OP, 

PEOT, D:SOT ,SPTOP, SDTOP, SPBCT, SDBOT, SSPTOP, SSDTOP, SSPBOT, 
SSDBCT, RA, VA, HB, V» , HD,VD, HE,VE, HAP, VAP, Hl!lP, VBP, S5HD, 
SSVD, SSHE, SS'/E, SSSPTP, SSS'DT1", SSSPBl', sSSDET, SHD, SVD, 

RE'I'URN 
END 

SHE, SVE,DUC ,DDtAX,PACH, PACV, 8LOP2,SLQP), HAl J 

SUBROUTINE HYS'T9B (STIF, P, X, PLA., XI...a.,DX,RV,RUU, PTOP, DTOP, PBOT, 
DBOT, snop, SDTDP, SPB01', SDBOT, SSPTOP, SSDTOP, SSPECT, 
SSDB-OT', HA, VA, HB, '1.8, HD, YD, HE, VE, HAP, VAP, HBP, VBP, SSHD, 
SSVD, SSHE, SSVE, 8SSFTP, BSSD'TP, S SSPET, 8SSIlBT , SHD, SVD, 

" SHE, SVE, DUC, DEK.\X, PACH, PA.CV, 8LOP2, SLOPl, HAl) 
DIHENSION DUC(J) 

11..00 IF( Rl1I..E .EQ. 4 ) THEN 
IF( HD .GT. HE .AND. X .GT. DBOT .AND. OX .I.E. 0) THEN 

IF( I .G']'. KD) THEN 
STU- (PTOP'VP) I !OTOP-I-ID) 
* -- -- POR UNBALANCED PORCE * ---
UO-X'HD 
lJP-STlprUO 
P-VD'trP 

ELSE IPt :II .I.E. HD .AND. X .G"!'. HEI THEN 
S'fIP- (VD -\l'E) / (HD -HE) 
*"" PaR UNBALANCED FClB.CE '-' 
UO-X-HE 
UF-STIP'UO 
P-YE'uP 

El.2! IF! :x .LE. HE .»ID. x .G'l'. DBOT) THEN 
STIP- (V'E' PBOT) / (HE - DBCT) 
'" POR. UNBAlANCED PClRcE ". 
llD-X·DBOT 
UP-STU 'lID 
P-PBOT- UP 

ENOIF 
RULE-d 

E1..SE IF( HO G"I'. HE AND. X .U. DBOT .AND. DX LE 0 ) THEN 
IP!:X Gr. HBP) THEN 

RU1..2-2 
CALl.. SRV(P,RV) 
STIP-SLOP2 
, •• PaR UNBA~E PORCE --- * 
UO-X -DBOT 
UP-STIP"UD 
P-PBOT-UP 

ELSE IF (X U:. HBP) 'rHEN 
RULE-,l 
CJ..U.., SRV(P,RV) 
STIP-SLDPl 
IP (P.G'T'.0.1--V~.OR.PBOT.GT.0 I·VAP) STIF-SLOP,l'O 01 
• --, POR UNBALANCE PORCE 
UD'X -DBOT 
UP-STlF--UO 
P-PBOT.UP 

END IF 
ELSE IP! KD G'l' HE AND DJ( GT 0) THEN 

SPBOT-PLA 
SDBO'l'-XU. 
SP'!'OP-PTOP 
SDTOP-DTOP 
c.u.L SLOOP (S?BOT ,SDBOT, PTOP, DTOP, SHD, SVD, SHE, SVE, 

SIMI, BM2, PACH,PACV) 
BTl P- (SPBOT . SVD l/ (SDBOT - SKD) 
RULE-"l 
.-,' POR UNBAl..ANCE PORCE ,*. 
llD-X·:U.-' 
tJP-STIP*UO 
P·PU. .. UF 

ELSE IP( KD LT HI! AND. X .L'T O'!OP AND DlI: GE 0) THEN 
IF( X .LT HOI THEN 

STI P- (PBOT - VO) I (DDOT NO) 
""" POR UNBAl..\NCEJ) P~Ci! '"' 

HYST2660 
HYST2610 
HYST26BO 
HYST2690 
HYST2'700 
HyS'T0!'710 
HYSTO!"l20 
HYS'l'2'730 
HYST2'740 
HYS'l'2"lSO 
H'tS'l'2'760 
HYST2'7'70 
HY S'I'2'7B 0 
H't ST2?51 0 
HYST2BOO 
HYSTO!IIIO 
HYST2B20 
HYST2B30 
HYST21140 
HYS'l'O!BSO 
HYSTa60 
HYSTa10 
HYS'l':ilBBO 
HYS'T:dB90 
H'iB'T2900 
HYS"T2910 
HyST2920 
HyST29l0 
HYST2940 
HYST29S0 
HYST2960 
HyST29?O 
HyST29BO 
HyST2990 
HyST3000 
H'YSTJOIO 
H'1STl020 
HySTJ030 
H'1STJ040 
HYSTJ050 
HYST3060 
HYST3010 
HYSTlOBO 
HYST3090 
HyS'l'JlOO 
HYS'TlllO 
HYSTl120 
HYS'TJIJO 
HYST3l11.0 
HY S'l'31 SO 
HYSTl160 
HyST31 "10 
HYS'l'31BO 
HySTJ190 
HYS'T3200 
HYST3210 
HYST3220 
H'1ST3230 
HY S'TJ2 II. 0 
HYST3250 
HYSTJ260 
HYSTJ210 
HySTJ2BO 
HYST1290 
HYST3300 
HySTJJ 10 
HYSTJ320 
HYST3330 
HYBT3l40 
HYST3J50 
HySTll60 
H'1STJ3'70 
HYST33BO 
HYSTlHO 
HYST3400 
HYS13410 
H'tSTl420 
HYST3430 
HYSTlUO 
HySTOOIO 
HYST0020 
HYST0030 
HYSTOOII.O 
HYSTOOSO 
HYST0060 
HI'8TOO"lO 
HI'81'OOBO 
HYST0090 
HYS1'OIOO 
HYS'TOlI0 
HVS'l'Ol20 
HYSTOIJO 
HYST0140 
HYSTOlSO 
HYS'l'0160 
HYS'TOl'70 
HySTOIBO 
HYST0190 
HYST0200 
H'1STO:llIO 
HYST00!2C 
HYS'T0230 
H'IST0240 
HYST00!50 
HYST0260 
H'1ST02?O 
HYST02BO 
H'tST02510 
HySTOJOO 
HYST0310 
HYST0320 
HYST03JO 
HyST0J40 
HYSTOJ50 
HYST0350 
HYST03?O 
HYS'T03BO 
HYST03510 
HYBTOII.OO 
HYSTOil.lO 
HYSTOII.20 
HYS"rOOO 
HYSTOUC 
HI'ST04S0 
HYS'T0460 
HySTOII.10 
HYSTOII.BO 
HYST0490 
HYST050C 
HYST0510 
HYST0520 
HyST0530 
HYST0540 
HYST0550 
HYS'I'OS60 
HYSTOS"lO 
HySTO~80 

HYST0590 
HYST0600 
HYST0610 
H't5T0620 
HYST06JO 
H'1S'T0640 
HYST06S0 
HYS'T0660 
H'r'$'T05?Q 



c 

UD~)I'HO 

UP~STIF"un 

F-IID-UP 
E1-'5'E IF( )I .GF. HO .AND. X .LT. HE) THEN 

STIP~ (VD·V!) / (HD· HE) 
.". FaR UNB~CED FORCE """ 
UD-X'HE 
UP-S"J'IF"UD 
P-VE-UP 

EUE IF( )I .GE HE .A:ND. X .LT. DTOP) THEN 
STIr- {VE 'PTOP~ / (HE, DTOF) 
•• ' FOR UNB,\lAl.IcED FaRCE , •• 
UD~X'DTOP 

UP"STIP"UD 
F-pTOP"UP 

ENDI' 
RULE-oCI 

ELSE IF( HD . LT. HE ,AND )! ,GE. DTOP .AND OX .Gi!. 0 ) THEN 
IF{ X .LT HE) THEN 

RULE-2 
CAU. SRV (P,RV) 
STIP-SLDP2 
,,,. FOR IDmAI.ANCE. FORCE ". ~ 
lID-X 'D'TOP 
UP-STIF"tJl) 
P~Pl'OP~ UP 

ELSE IF ( X :GE. KB) THEN 
RUlJ!-J 
CAl..I. SRV(P,RV) 
STU-SLOF3 
IF (P L1.o.1-"A.CIR.PTOP.LT.0.l·VA) STIP~sLOP3·0.01 
.,' FaR UNBALANCE FORCE ". 
UD~)! ·DTOP 
UF-STIF'tJl) 
P-PTOP' UP 

END I' 
EUE IF( HD ,LT HE .AND. DX .U, 0 ) THEN 

BPBOT-FBar 
SDBOT-DBOT 
SPTOP~PU. 

SDTOP-XLA 
CALL 6LooF (snap, SDTOF,PBcrr ,OBOT, SHD, SVD, SHE, fIVE, 

SI'Il, 8M2, FACH, FACVl 
S7Ip- (snop ·SVD) I (SOTOP . SliD) 
RULE-7 
•• , P<JI\ UNBAlANCE pORCE •• , 
UO-)!·XU. 
lJP-S'Tlp·l1D 
p-pu,·up 

ENDIF 
IF( OEMAJ( .LT. AB5()!) ~ THEN 

0E21AJ(~AB5 (X) 

DOCO) -OEKAJI/ (HAI'FACH) 
ENDIF 
Rn'llItN 

ENOl' 

HYB'T06BO 
HYS'TOISSlO 
HYS'T0700 
HYST01l0 
HYB'T07;l0 
HYS'TC?)O 
HYS'Tc740 
HYST075c 
HYSTO"JlSc 
HYSTc"J"JO 
HYS"I'OHO 
HYS"I'Oj!iJO 
HYSTOBcO 
HYSTOBlO 
HYS1'OB20 
HY5TcBJO 
HYS'TcB40 
HYS'T08S0 
HYSTOHiO 
HYsToB"JC 
HY&10BBO 
HYST0B90 
H'inOgcO 
HY~0i10 
K'J!&"TOg;ilO 
HYST09l0 
HYSTcUO 
HYS'T09S0 
HYSTc91Sc 
HVSTOg70 
HYS'T09BO 
HY&10Sl90 
HY6"I'IOOO 
HYS'l'lOlO 
HYSTIc20 
HYBTI030 
HVS'TI040 
HYSTIOSO 
HYS'TI060 
HYS'TIO'O 
HYBTIOBc 
HYSTI090 
HYSTllOO 
HYS'TllIO 
HY S'l"11 ~O 
HYBT1l30 
HYS'Tll'O 
HYST1l50 
HYST1l60 
HYBTll'O 

C·· ·Rl.ll..E ?: 

HYBTll BO 
HYST1l90 
HYSTl;ilOO 
HYST1210 
HYBT12;i10 
HYSTl;illO 
H'1 B'T1 211. 0 
HYST12S0 

'00 IP( RUl.E .EQ. 7 ) THEN 
IF( SlID .G'T. SHE .AND )! .G'!'. SDBOT.AND Dll .L!. C) THE:N 

IF( X 01. SlID) THEN 
srI p- (SFTOP . SVD ~ / (BOTO?' SHD ~ 
••• FaR IDm.\l..U.JCED FORCE •• , 
un-X'5HD 
UP-STIp·tJD 
P-SIID_UP 

ELSE IF(JI .LT SliD .AND. X .<n, SHE) THEN 
S'TIF~ (SVIl'SV'E) I (SIID'SHE) 
... FOR Ll'HBAJ..I,NCED FORCE ••• 
UO-)l'SHE 
UP-STIP'lJD 
P-5VE-uP 

EL.5E IF ()! .LT. SHE .J.ND. X G!. SDBOT) THEN 
STIF'~ (SVE' SPBOT) I (SHE, SOBD'!') 
• -, POR U'NBo\I.J.NCED FORCE ,., 
lID~X - SDBOT 
up-snp'un 
F-SPBOT+UP 

END I' 
RULE-1 

HYSTl:iSO 
HYST12'0, 
HYSTl2BO 
IftST1l90 
HYSTllOO 
HYBTl310 
HYSTIJ:iiO 
HYS'TIJJO 
HYSTlJ&O 
HYS'T13S0 
H'1S'T1l60 
HYSTIJ70 
HYS"TllBO 
HYSTlJ90 
HY&1UOO 
HYSTUIO 
HYS"I'U.O 
HYSTUJO 
HYS'TU&O 
HYS'TUSO 
HYBT1460 
H'1S'T1470 

ELSE Ip{SHD.err SHE AND. )( .LE SDBOT .AND. DX U.O ~ THEN H'1s-I'lUO 
IF( X .GT. HBP) THEN 

Rut.E-2 
CALL SlI:V (P,RV) 
STIF-SLOP2 
... FaR UNBA1.ANCE FORCE 
lID-)! ·stlBOT 
UP-STIP"tm 
P-SPEOT .. UP 

ELSE IF( )! .LE HEF) THEN 
RUU-J 
CAI.J.. SiiV (P,RV) 
STIF-SLOPJ 

IF (P.G'T.O.l"VAF.CIIl..SPBOT.G'!'.Q I'VAP) S'TIP~SLOF3·C.Ol 
., - FaR UNBAlANCE FORCE 
lID-)! ·SDBOT 
UP~STIFo.lID 

P-SPBC7J'-l1P 
END I' 

ELSE IF(SJ-ID .GT. SHE .AND D)! .G'!'. 0 ) TH~ 
RULE-!' 
SSF'l'OF-SP'TOP 
SSDTOP- S'DTOP 
SSPBO'I'-F1A 
SSDBO'I'-XLA 
CALL SLOOP ( SSPBOT, SSDBOT, SSPTOP, SSDTOP, SSHD, 5SVD, S5HE, SSVE, 

SMl , S!oI2, FACH , FACV) 
STI P~ (SsPBOT· SSVO) / (SSDBOT - sSIID) 
••• FOR m<BAI..\NC£ FORCE ."
lID-X-XU 
lJP~ SlIF'tJD 
P·Pt..\·UP 

HY8T1490 
HYSTlSOO 
HYSTlSlO 
HYBTlS20 
HYS'TlSJO 
HYSTIS&O 
HYSTlSS0 
HYS'TIS60 
HYSTlSiO 
HYs-I'ISBO 
HYSTlS90 
HYBTl600 
Hysr16JO 
HYS'TllS20 
HYS'TlISJO 
HYSTHi40 
HYS'116S0 
H'1ST1660 
HYSTl6iO 
H'1ST1680 
H'1ST169c 
HYSTl'OO 
HYSTlilO 
HY&11':!0 
HY.erI'I?JO 
HYSTl?40 
HYS'!'l?SO 
H'1ST1760 
HYS'!'l7?0 
HY 5"Tl?B 0 
HY5Tli90 
HYST1800 

EUE IF ( SliD . LT. SHE .AND X LT SDTOF .AND DX GE.O ~ THEN HYSTI810 
IF ex . LT. SHD~ THEN 

STIF~ (SPBOT' SVD) / (SOBD'!" SHD I 
-"' FOR lIl'iB.\L\loJCED FaRCE •• , 
lID-X 5HD 
UP-STIF"UO 
P-SVO"UP 

ELSE IF(X .GE. SlID .AND. X LT. SHE) 
STIP- (SVD 5YE) I (SlID -SHE) 
,_. FOR UNBAL\NCE[) FORCE ,., 

UO'X'SHE 
tJP~ S'fIP"UO 
P-SVE"'UP 

THEN 

ELSE IF (X GF SHE .AND )! .LT 5OTOP) THEN 
57I P- (SVll> SPTOP) /, SHE· SD'!OP) 
.", FOR. UNJ!AL.I.NCED FaRCE -., 
lID-)!- SD"OP 
uP'STIF'lJD 
P-SPTOP, L1P 

END I , 
RULE-, 

ELSE I F I SHD LT. SHE . AND X .oE SDTOP AND DJ.: GE 0) 
IF( X .:"T. KB) THEN 

RIJ'I..E-2 
CAll SlIV (P,RV) 
S"!'IF-Si..0P~ 
-,. FOJ! lIl'iB,I,L.ANCE FORCE -" 
LID->: -S010P 
IJP~STIP'UD 

P-SPTOP"L1P 
ELSE IF ( )! .OF. HE) THEN 

RULE-3 
CA.:..L SJlV (P.RV) 

HYST182C 
HYST1830 
HYS'T1840 
HYSTU50 
HY57UISO 
H'15T1870 
HYSTlBBO 
HYSTu90 
HYST1900 
HYST1910 
HVST1920 
HYSTl93c 
HYS'!'l9oC10 
HYST1950 
HYSTI511S0 
HHM'I5I70 
HYST19BO 
HYST1990 
HYS'T:OOOO 
HY ST.:lO 10 

THEN HY 5T20 20 
HYST20JO 
HYST2040 
HYST20S0 
HYST20fiO 
H'YS'T2C10 
HYS'!'20S0 
HYS'T2ogC 
HYSTHOO 
HYS'T2110 
HYS'T2120 
HYS'THJO 
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c 

STIF-SLDPJ 
IF (P.LT.O I·V}"OR.sPTOP.LT,O.I·VA) 5TIP-SLOPJ"0.01 

, •• PCIIl. UNaJ. tJ.NCE FORCE ••• 
UO~X 'SOTOP 
UP-5TlF'UO 
F~SPTOF'UP 

END I' 
ELSE IPISIID .LT. SHE .AND. OX .LT. 0 ) THEN 

RULE-!' 
S5PTOP~ PLA 
5SDTOP-XU. 
SSP BOT- SFBOT 
SSDBar- 5OBOT 
CALL SLOOP! 5SPTOP, SSDTOP, SSPBOT, SSDBD'!', S5HD, SSVD, SSHE, SSVE, 

SMl ,5M2, FACH, FACV) 
S'TI F~ (6SPTOP -SSVIl~ / (SSDTOp· SSIID) 

". FaR UNBAI.ANC E PORCE • -, 
UD~X ·xu 
UP-STIF"UIl 
P-PU,+UP 

ENDI? 
IF( OEl1AJl .LT. ABS(l) ) THEN 

DEMAJi-AB5 (X) 
DOC 0) -DEMAJ:/ (HAl' FACH) 

I!'Nl)IF 

'!TURN 
END I , 

C· ·RULE 8 

c 

IP( RULF .EQ. B ) THEN 
IF( PTOP .EQ. 999999 ) THEN 

51-VA 
EL2E IF ( PTOP .l'lE. 999999 J THEN 

SI-FTOF 
ENDlF 
I P ( PEO'I' . EQ 5199999) THEN 

G2~VJJl 

ELSE IF ( PElcrr .NE. 95199951 ) THEN 
Sa~PBOT 

ENDIF 
IF( P LT. 81 ,AND. P .07. 15'2 ~ THEN 

RUL!-B 
STIF"'STIF 

El.SE IF( P .1..£. 52 ) THEN 
IF ( PEaT . Eel. 9999951 ) THEN 

• •• Fell. U)lBAl...\NCI!' FORe!: ••• 
UPI-P'S2 
UIl-Ul'l/&"l'IF 
UP2~ -uoo.Sl,OPOl 
p~p" (UPl~UP2) 

H.AP~JI·UD 

VJ.P-S2 
iULB'~2 

CALL SilV(P, iV) 
STIF-SLOP2 
KElP-HAP,0.0021-FACH 
VBF ~VAF ... 65 'PAcV 

ELSE IF( PBOT .NE. 9995199 ) TH!)\I 
If( X .cor. HEP) THEN 

RULF-2 
CA.LL SRV(F,RV) 
S'I'IP-Sl,OP2 
,., FaR UNBAIJ.NCED FORCE •• -
tm-)l-DBOT 
UP~STtF-UD 

F~PBOT .. UF 
ELSE IF! )! .L.E_ KBP) THEN 

Rut.:E~J 

CA.LI.. SRV(P,RV) 
STIF-SlLlPJ 
IF ( F.w O.I'VAP .aR PDOT .GT O.l"VAP) 

STIP-SL.OPJ ~O .01 
••• FOR lI'NBAu.NCED FORCE ••• 
lID-X ·DBaT 
UP~SlIF-UD 
P~PBOT+UP 

END I? 

ENDI' 
ELSE IF( P .GE. SI ) THEN 

IF (PTOP EQ, 9519999 ) THEN 
." FOR UNBAlANCE faRCE ••• 
U'P1 ~ P' SI 
lIP-UPI/S'!'lF UP.- ·UO-SiDP2 
F-P, (UPl'UP2) 
HA-lI·UO 
VA-51 
Itt1LE-2 
CAl..L SRV(P,RV) 
S'!'IF~8LOP2 
HB~HA_O .002J'FACH 
VB~VA'oCIfi5'FACV , 

ELSE IF( PTOP .NE 999999 ) THEN 
IF( X LT HB~ THEN 

R!Jl..E-2 
CAJ.J.. SRV(P,RV) 
STIP-SLOF2 
••• FOR UNBALANCED FORCE 
Ll'D-X'D'TOP 
lJlI-STIP'UIl 
P-PTOP·up 

ELSE IF( X .GE HE) THEN 
RULE~J 

C.A.l.L SRV(P,RV) 
STIF-SLOPJ 
IP ( P .LT. O.l-VA.OR PTOP .LT. O.l·VA~ 

STIF~5LOPJ'O 01 
•• , POR LlNBAlAlIIC:£D FORCE ••• 
UD-X ·OTOP 
UP-STIP-UD 
P~PTOF·UP .,.,1' 

ENDI' 
END I , 

1 P( OEl'W( .L1 AB5 ()!) I THEN 
OEJiAX-ABs (X) 
OtIC 11) ~OEMAJ(I (HAl" PACH) 

ENDIF 
RETURN 

ENOl' 

C·· ·RULE 9 
900 IP( Rut..E .EO. 9 ) THEN 

IP( SSHD .G'T 5SHE .,U.ID. X .GT. sSDBO'T . .AND DJ( .l..E 0) THEN 
IP( X .G!. SSKD) THEN 

S1'I p- (SSPTOP' 5SIID) / (SSDTOP' 5SHD ~ 
- ... FQR UHBAl..ANCED PORCE • - " 
llD~ )I'S5HD 
UP~5'T!F·UD 

P~SSVD"lJ1> 

E1..5E IF()! .LT. SSHD .AND X .G'! SSHE) THEN 
S'TIF~ r SSVD· SSVE) I (SSHD - S5HE) 
•• ' POR UNBA.lJ,.NCED FORCE'" 
lID-X-SSHE 
UP~STIF·IJD 

P-SSVE+UP 
ELSE IF (X . LT. 5SHE AND X r:n 5sDBOT) 1'HZN 

5TIP- (5SVE - sSPBOT) / (SSH! - SSOBOT I 
., - POR UNBALANCI!!l PORCE ."' 
Ll'D~X 'SSDBOT 
up~STIF'UD 

p- 5 SPBOT· UP 
END I' 
RULE~5l 

Et..SE IF(S8HD .G'T SSHE AND.X.LE.SSDBO'!'.J.ND.OX.L.E c.) TH~ 
RllLE'oCI 

HYST2140 
HYST2150 
HY S'l'2 1 60 
HYST2110 
H'1ST2lBo 
H'fST~190 
H'1572200 
H'fST~210 

H'f5T2220 
HY8T22JO 
HYST2240 
HYST225C 
HYS1226c 
HY512210 
H'1S"l'22S0 
H'fS'T2290 
HY5T2300 
HYST2310 
H'15T2320 
HYST:;J30 
HYST2J4Q 
HYST2350 
HY5T~J6C 
HYS'I'2J?O 
HYS'T2JeO 
H'1'S12HO 
H'1'S'T2,OO 
H'fS'T2UO 
HYST~'20 

HVST24JO 
HYST2440 
HYBT:il450 
HYST2460 
HYST2470 
HYST24BC 
HYST2490 
HYST2500 
H'1S'T2510 
H't'ST2S:ilO 
HYS'T2Sl0 
HYST2S40 
HYS'T'2SS0 
HVST2S60 
HYS'T2S?O 
HYST2SBO 
HYST2590 
HYST2600 
HYS'l'261o 
HYST:!1S20 
H'1STZISJO 
H'1'S'T2ISoCIO 
HY5T25S0 
HYS'T2660 
HYST:OEii0 
HVS"I';il6BO 
HYST2690 
HY5T2?00 
HYST271c 
HYS'TJ?JO 
H'1ST2?30 
HYST2?40 
HYSTJ7S0 
HYST2760 
HVST2"O 
HYST27 BO 
HYST2790 
HYST2BOC 
HYST2BIC 
H'1S'T2S20 
HYS'T2BJO 
HYST2B40 
HYST2BSO 
HYSTa60 
HYSTJB70 
HYS'T2SBO 
HYST2UO 
HYST2900 
HYS'I'291C 
HYST292c 
HYS'Til9Jc 
HYST2940 
HYS'T~9S0 

HYST2960 
H'1'S"2970 
HY5T~9BO 

HYS'T2990 
H'{STJOOO 
HYSTJOIO 
HYSTJ020 
HYSTJOJO 
HYSTJ040 
HYST30S0 
HYSTJOISO 
H'I'5"J010 
HYSTJOBO 
HYSTJ090 
HYSTJ100 
HYSTJIIO 
HY8'TJl20 
HYSTJIJO 
HYSn140 
H'fS'TJlS0 
HYSTJ160 
HYS'TJ170 
HYS1"31BO 
HYSTJI90 
HYSTl200 
HYSTJ210 
HYS13220 
HYS'TJ~30 

HYSTn40 
H'fST32S0 
HYSTJ21S0 
H'f5T32?0 
HVS"TJ2BO 
HYS'T'J290 

• HYST3JOO 
HYST3JIO 
HYSTJJ20 
HYS1JJJC 
H't'STJJ40 
H'fS'!J3S0 
HYS1'3JISO 
HYS'TJJ?O 
HY::;"!'JJBO 
HYSTJJ90 
HYSTHOO 
H'1S'!'J410 
HYSTJ<l. 20 
H"l'{i'rl4JO 
HYSTJ4oCIo 
HYSTJ.50 
HYSTJ41S0 
HYS'!'J47C 
HYSTJoCIBO' 
HYSTH90 
HYSTlSOO 
HYSTJSlo 
HY5'I'J520 
HYST3S30 
HYSTJSoCIO 
HYS'TJ':ISC 
HYBTJS60 
HYSTJS70 
HYS'I'J58o 
HYS'I'lS90 



GO TO 400 
E~ IP(SSHD ,aT. SSHB .AND. DX .CT. 0 ) THEN 

RULE-IO 
SSSP'rP· SSPTOP 
SSSDTP-SSDToP 
SSSPBr .. pLo\ 
SSSDBr .. Xu. 
s-l'I P- (8 SSPBr- SSSPTP) / (SSSDBT' SSSDTP) 
.". FOR llN8.\L\NCE PaRCE .u 
UO"I!·XU. 
UP"STIP"UO 
p·P[.""olJP 

ELSE IF(SSHD.LT.SSH.E.AND.I.LT.SSDTOP AND.OX GE.O) THEN 
IF(X .LT, SSHD) THEN 

S"l'IP" (SSPBOT' SSIID) I (SSDBOT' SSHD) 
• ,. PaR lINBAJ..t,NCED FOiCE ." 
UD·X· SSIID 
up. SlIP ' tID 
P·SSVD· UP 

ELSE IF 01 . GE SSrID AND. X LT, SSHE) THEN 
STI p. (sSVD - SSVl!) / (s SilD - SSHE) 
•• , POR UNB~cm POReE ..... 
un·X-SSHE 
lJiI·STIP'UD 
P .. SSVE+UP 

ELSE IP(X .GE. SSHE ,A.ND, X ,LT. S8DTOP) THEN 
STIP· (8WE - SSPTOP) / (SSHE' SSDTOP) 
••• :POR llN!3AI.J.NCED POReE •• -
UO"X·SSDTOP 
UP"S"l'Ip·UO 
P·SBPTOP+UP 

END IF 
RULE·9 

ELSE .tP(SSHD LT. 8SHE AND.X GE.SSDTOP.AND.DX,GE.O ) THEN 
RlJ1.E·G. 
GO TO 400 

ELSE IP (SSHD . LT. BSH! . .\ND. OX . LT 0) THEN 
RULE-I0 
SSSP'!'p·pu. 
SSSDTp·Xt.A 
SSSPBT·SSPBOT 
SSSDET· SSDBOT 
STIp .. (BSSPST - sasPTP)! (SSSDBT' 8SSDiP) 
'"' POR UNB~C! PORCE ••• 
un· X ·XLA 
U'P-STIF'UD 
p·PU+UP 

END IF 
11'( DEKU: .LT. ABS!X) ) THEN 

DEKU·ABS (X) 
DUC! 1) -DEKAlI/ (HAl"pjI,CH) 

ENDIP 
RETURN 

END IF 

- 'RULE 10: 
IF( RULE .EQ. 10 ) THEN 

IF ( SSHD .GT. BSHE ) THEN 
IF ( X . LT. SBSOTP . AND. )t . GT. SSSOST ) THEN 

lI.ut.E"lO 
STI p .. (aSSP8T' 5SSPTP) /! SSSDST· SSSD1'P) 

ELSE IF ( X . LT. SSSDBT ) THEN 
RULE-9 
GO TO 900 

ELSE IF! X .G!. SSSDn ) THEN 
RULE"'7 
GO TO '700 

END" 
ELSE II' ( SSHD LT SSHE) THEN 

IF ( X LT, S5BDTP . .\NO. X GT. SSSDBT ) THEN 
RUl,.E·IO 
STIF· lSSSPBT-SSSP'TP) I (SSSDU-S9SDTP) 

ELSE IF( X .(;'1'. SSSDTP ) THEN 
RULE-SI 
GO 1'0 900 

ELSe: IP! X .LT. 9SSDBT ) t'HEN 
RULE-'7 
GO TO '700 

END IF 

END" 
IP( DEMAX ,LT. ABS(X) ) THEN 

OEM.\X·.t.BS(X) 
noe( 1) "DEMAl:/ (HA1"PACH) 

ENDIP 
.ETURN 

ENDI. 

SUBRotTl'INE LOOP(KA1, VC,HC, VB,RB, HD,VD,HE,Vi, 
" SHl, BH:iI, FACH, FA.CV) 

VCl"VC/FAr:I 
Hel·He/PACK 
VB1·VB/PACV 
KB1-RB/FACH 

SMl· (Vel 'VEll) I (HCI-HBl) 
IF( (ABSlHCU-jUlS(HAl)"O.004:i1) .LE. O.Ol:ilEi ) THEN 

SI1:i1". S :iIOJO:il 09· (MS l Hel) -ABS (HAl] +0.0043) +6S60~6 
ELSE IF( (UlSlHe1)-A.BS(HAl)fO 001101) .UT. 0.OH6 ) THEN 

SM2··SOIOJ0208'O.0u'6 • 8560J15 
ENDIF 
FAC'l'1·.5 
PAC'l';!· .1 
HL-HCI-HBl 
n·vel-VB1 
Hl·HB1·HL-FAC'l'1 
Vl·VBI+VL"PAct'1 
H2 ·HBloHL·PAct':iI 
V:i! ·VB1 +VL· PAcr:il 
IID1- (VI- (Hl/5Ml) 'VCloSl'fjil'HCl) 1(8H2+1/SI'Il) 
VOL· S!1:i1"HDl+VCI' SH:iI"HCl 
HEl·HDl· HL'l PAC'I'l·FAC'1':iI) 
VEI·VOl·n. (PAC"1'l'FAC'T") 
HD"HD1·PACH 
VO .. VCl'U.CV 
HE-HEl·PACH 
VE·VEl'PA,CV 

SUBROUTINE SLOOP lVC, HC, VB, liB ,lID, VO, H1!:,VE,SM1, Qo!2 ,FACH,FACY) 

VCl·VC/PAr:I 
Hel·He/PAcH 
VBl·VB/FAC'V 
KBl·I£B/FACH 
SMI· (VCl ·VBl) / (Hel-HBll 
SM2-U'7l60 
FACTl- .Il 
pAei2- .1 
HL-Hel-HBI 
IJ1.,-VCl-VBl 
Hl·H'Bl·HL--PACTl 
Vl·VB1·YL*PACTl 
H2·H81+HL"FAct':iI 
V2-VBl·V'[,"PAct':iI 
IIDl· (VI- (HI/SH1) -vel -SH2 'HCl) I (SHJ"'1!SM1) 
VOl-SMZ"HDl.VC1· 5M2-Hel 
HEl· HDl . HL. (FACT l' FACT2) 
VEl-VOl VL"'(FACT1'PAI:"T2) 
HD·HDI"FACH 
VO·VCI·PAC'I 

H'!STl600 
HYSTll!ilo 
HYSTll5:aO 
HYSTll5JO 
HYS'I'l6410 
HYS13650 
HYSTl61i!i0 
HYSTl6?O 
HYST16BO 
I-IY513690 
HVSTl700 
HVSn'710 
HYSTJ'7ao 
HYSTJ7JO 
HYS'TJ7G.0 
Hl'STJ750 
HYSTJ'760 
HYS"l'l'7'70 
H'!ST3'780 
H'!813'790 
HYSTlBOO 
HYST3910 
HYSTJB20 
HYSTJBlO 
HYS'!'JUO 
HYSTJeSO 
HYS'l'HISO 
HYSTl&'7o 
HYSTlEEO 
HYSTJe90 
HYSTl9()0 
HY9Tl910 
HYS'T19,,0 
HYST39JO 
HYS'l'1940 
HYSTJ950 
HYST1960 
HYST19'70 
HVS"l'lgaO 
H'15TJ990 
HY5T4000 
HV8T4010 
HY:rr'40 .. 0 
HYBT4010 
H'1S'T4I040 
HYS"l'1I050 
H'tS141060 
H'tST40'70 
H'tS140BO 
HYS'T4090 
HYSTUOO 
HYS1UIO 
HYSTU;!O 
HYS1'UlO 
HYS'I'U40 
HYS·UISO 
HYST4UiO 
HYSTU'70 
HYSTUBO 
HYSTU90 
HYST'OlOO 
H'!'ST'~ 10 
HYSTII"~O 
H'16T4:i1l0 
HYST4:i1110 
H'!'S'T4I;aSO 
HYST4<160 
H'1STII0I70 
H'!ST4;a0 
HYS'U290 
HYSTlllOO 
HY514110 
HYS141:ilO 
HYST'110 
HYS14li10 
HYSTG.lSO 
HYST431S0 
HYS"I'G.J?O 
HYST4JBO 
HYSTaJ90 
HY:rr'UOC 
HYS"TUIO 
HYBTU'lO 

'HYSTUlO 
H'tSTUG.O 
H'iS'TU,50 
HY:rr'U60 
H'!'STU'70 
HYSTU'O 
LOOPOOIO 
LOOPOO .. O 
LOOP0010 
LOOPOOIIO 
LOOPOOSO 
t.OOPOOI!!O 
LOOP0010 
LOOPOOBO 
LOOP0090 
LOOPOI00 
LOOpOllo 
LOOP01:lO 
LOOPO 13 0 
I.DQFOUO 
LOOPo150 
LOOP0160 
LOOPOl'70 
1.DQPOIBO 
l.OOPO 190 
LOQPoaOO 
I.OOPOZIO 
LDOPO .. :lO 
l.OOPO:ilJO 
LOOPOHO 
LOOPO:il50 
t.OOPO~ISO 
t..OOPO:ii '7 0 
[..OOPO<l!O 
LOOp04190 
LOOPOlOO 
LOOPOJIO 
LOOPOl .. O 
lOOPOllO 
l..OOPOHO 
SLoooOI0 
SLOOOO:ilO 
SLoooolO 
SLOOO040 
SLOOOOSO 
SLOOO060 
SLCOO070 
SLCOOCBO 
SLooo090 
5LCOOI00 
SLOOOllO 
SLOOOl:lO 
Sl.COOl'lO 
SLooo140 
5Looo150 
SLOOO160 
SLooo170 
5L.OOOIBO 
SLCOOl9l0 
SLCOO200 
SLCOO:illO 
8LCOO;a:lO 
SLooo"lO 

59 

HE·HE1·FACK 
VE·VE1'PACV 

SUl!ROUTlNE SRV(P,RY) 
IP! I' ,GT. 0 ) TH~ 

RV·O 
ELSE IF (P L1. 0 ) THEN 

RV·l 
EliDI' 

SLOO<l 'l ~O 
SLOOO~50 

SLCXlO:l60 
SLooo:l'70 
SLooo:lBO 
SRVi'OOlO 
SilVP0020 
SilVPOO)O 
SRVP0040 
SiI'lPOOSO 
SRVPOOISO 
SRVP00'70 
SRV'FOOBO 

RETIJRN SRVP0090 
END SRVPOIOO 

C MATIOOIO 
c_ •• ___ e.e •••• _ ..................... ___ •• _ ••••••• __ ..... _____ ••• _e •••• -····MA1100 .. 0 

8lJBlI.otn'INE !'tAn4 (IOPT, FIRST ,/IIAT I SE, P, PL, D ,DL, LELnoI, MATIOOlO 
" lMAT,SKAT,!!ESE,EPSE,DOCT,2XCP.,DAJolAGE) KATI0040 

LOGICAL FIRST,TNP'I'FG,SRFLJo.G,POSTro 
RUL HQD,LlIrP,K,DUO(4),FUO(II) 
INTEGZR CYCLEN 
Drl"Jl!NSION SE (100) ,SMJ.T(40) ,DtJC'T(Jl ,EXCR(6) 
CHJ.RACTU·aO TYPE 

IP (IOPT.Nl!:,I) LELEM·EO 
IF (IOPi.EQ.O) RETURN 

c· 
e VARIASt.ES: 
c· 
C· ... _ .. - GLOBAL VARIABLES 
C IOPT ~ l, INITIALI ZE MATER III 
e - 2, Gn S11PPNXSS 
e RINi't1l" • INPUT DATA 
e SH.\T • INTDNAL S"TaRACE 
C SE • OUTP~ S'TIPP'NES8 
c· . 
C 
C 
C 
C 
C 

SHEAJll DATA. _. _. 
SMAT(l]· NSEG9, 
SMATt .. )· eSE, 
SHAT(J)· H, 
SMAT(G.)" WID, 
S'MAT(G.+I)· PP, 
SHAT(G.'I"NSEG)· 01", 
SHAT(S':i!·NSro)· BOAM 
SKAT {6·;jI 'NSEG) • HO, 
SKATC'7·:i!'NS!G)· HS, 
Sl'1AT(B·~·NSEG)- LWP, 

NlJMBER OF BAeXBONE SEGI1ENTS 
CONSTAIN'T S'l'RAIN ENERGY. 
HEIGHT OF 8HE.U WAll. 
WIDTH op SH~ WALL 
BAeXBOm SHEAR Fcm POINT I 
BACJal.ON.!! DISP[.A.C!!MENT POll POINT I 
BETA POR DAMAGE INDEX 
HEIGHT OF OPENING 
SHEAR SUN u:NGTH 

KATI0050 
M.AT10060 
I1IoT100'70 
MATIOOBO 
I'tATl0090 
/lU,TlOI00 
/!!ATlOIIO 
M.ATl0120 
I'tATlOIlO 
KA'T'lOUO 
MA.TlOl':'0 

. -/!!ATI0160 
I'!ATI01'7() 

. -I'IATl()lBO 
MATlOl90 
I'IATlO:ilOO 
MA.TIO~ 10 
!'!ATlono 
MATlO:ilJO 
MAT10:il40 

- ·M.AT10250 
MATl 026 0 
MATIOa?O 
M.ATI0'lB0 
HATI0290 
MATIOlOO 
MAnOllO 
MATl'0,320 
MATlOllO 
HATI0HO 
HATIOJSO' 
HATIOJl!iO 

LilPeL'/Wl HATlOl'70 

---:-'-1:-
SMAT!9+"-NSEC)· AD, CROSS 5EC'TICIN llEA OF DIAGONAL BM 
SI'IAT(lO+<I·NSiG)·AV, CROSS SEC"'I'ICIN llEA OF VERTICAL BA.lt 
SMAT (ll ... ·NSBC) ·HQD, SHEAR SPAN LENGTH RATIO 
SMAT( 1:1+"'NSEG) ·BOC·09QC , c:.I.IGINA.l. STIPFN'ESS 
SH),1'(13+;jI'NSEG)·SC't·OSCY , 
SMATi U+2~N9EG) -soy (·080Y), 
SI'Q.T (IS ";PNBEG) ·SYU·O:9YU, 
SHAT (11S+a'N5EG) -Sl1P"OSUP, 
SMA1'! n .... "NSEG) eSCtJ(·OSCU), 
SMAT (18 .... 'NS!G) ·scm (. osaI) , 
SHAT l19+ '2 'NSEO) "SOE (-OBOE) , 
SMAT (:il0~ a'NSEG) "0 . 

GO TO (100,,,00,lOO,400,SOO) Ion 

100 CaNT !NUE 

MATlOHO 
MATlOHO 
MAT10400 
MAT10410 
fotATI04"0 
MAT10G.30 
MATlOUO 
fotATIOG.50 
I'lATlOG.ISO 
HATlOG.'70 
MATlOUO 
MATIOUO 
I1ATI0500 
MATlOS 10 
MATIOS .. O 
l'!A'I'lOSlO 
MA'l'l0540 
HA'I'lossa 
HATlOS60 
MATlOS '7 a 
MA.TlOSBO 
MATI05!il0 
MAT10600 

C MATl0610 
C- - ._- _._. - INPUT DATA FOR SHUJlI HYS'TZRESlS MCOEL . OoIATlOIS20 
e CHATIOlS10 
e NSEO • NUHBBi OF BAeXBONE SEG:E)o[E'NT9 ou,TlOIS4IO 
e PI' • BACXBCINB UllD C'\ATI0650 
C DP - BACJ:BctlE OISPUCEl'IXNT Cl1ATl 06 IS 0 
c- 'OOIATIOIS?O 
C FOR ntIS MATUIAL, NSEG SHOUIJ) BE 4. 1'tA1106BO 

ilEAD(]05,.) TYPE ,Naec,sDAM KATI0690 
REA!)llo5,') ( SMA1(4·I ),I·l,NSEG) ""'TI0700 
i!AI)(l05,.) ( SMAT(4+I+NS'EG1,I-I,NS.E!G) IiATlO?lO 
READ(105,.) HO,Hs,Lai'P,AD,AV MATIO?aO 
1..!l2M - 90 I'tATIO'7JO 
lMAT .<19 ,,"TI0'7.0 
SI1ATfl).NSEO KATI0'7S0 
SlU,T (a) "SMAT (5) 'SMAT (9) la.lSHA'l' (5) • SI'lAT (15) ). (SMAT (10) -SMAT(9)) /:I tot.t..'!10760 

e TO CORRECT PAILURE DISPU,CEMEm' MATI01'70 
e THE ADAY fiMAT IN EBT'VEEN BEES THB REAll STATDIEN1'8 ABOV'i!. MATl0'780 
e SMlT("I ),I"l,NSBG AND SMA1UfIINSEG),I-l,NSEG HATI0'790 

c 
c· 
c 

SHAT(S.:I.NSBG) .. BDAM MATlOBOO 
SMlT(Ei.;jI.NSEG)" HO MATIOB10 
SKAT ('1.;jI"N8EG)· HB MATIOB;jIO 
SHATU .... NSEG). LWP MATlOBlO 
SHAT(SI+;jI.NSEG)" AD MAT10UO 
SMA.T(lO':I-NSEG).AV MATlOSSO 

. - - - - CALC CCNSTANI' 9TR.AIN ENERGV. 

IF (PIRSTl VRITE(lOH,65) 
WRITE(10B ,6'1) MAT ,BDAl'I, (~T (4 'K) ,SHA.T(4 +,K+NSEG), K-l ,NSEC) 
WRITE(lOB,') , , . 

65 paRJ1AT(/I/' SHEAR;! HYSTER.E!SI8 MODEL DATA 
" 'F<:II. WHoLE LDfGnl MEME ER ' 
"I ' ..... - .. - ........ - ........... - .......... --', 

" /:··· .. ·~~-~;~·;~;~s MAT. 

"5X,'BE'I'A',6X, 3X,' S1'RESS',BX,' &"t'RAIN') 
6'7 FOR""'T (Z8X,U,'2X,lG15.6)/(49X,2GlS.6) 

HATIOUO 
MAT10B'70 
KATlOUo 
l"oATlOB9(l 
I'IATI0900 
MATI0910 
KATI09<:0 
KAT10930 
I'IATl0940 
MAT1095() 
MATI0960 
tolA1'109'70 
MATl0990 
MATl0990 

RE'TtrIUI' HATllOOO 
C ....... _ ........ e ••• _ ...... • .. GE'T S1IFFNESS TERMS ..... _ .. e ....... •• ...... • .. ··_·MATIIOlo 

<:00 Cc:NrINUE MATlI020 
SHEA.R.l toJXlEL DATA 5'TQRAGE PaR Mm"iSZR MATlI0JO 

SE( 1)· k MATll040 
5Ef :0). LRULB MATll050 
SE(3).KXl... MATll060 
SEC 4)· DSINC MATll0'70 
SEt 5)· DI1AX HATIIoaO 
SE(IS).OM HATll090 
SE( ?). PM I'tATl 11 O() 
SEC a) .. xp I'I.ATll 11 0 
SEC 9)" soc MAT 11 1 <:0 
SE(lO)· Bey MAT Il 110 
6E(11)" so't MATIIlG.O 
SE(1<:). SYU M.l.TlllSQ 
SEeD). SUP MA'I'1l160 
SE(1Il)- SCU MA'I'll 1'1 0 
SEC 15)· SOB MATlll90 
SE(115). SOE MATll190 
SEU?)' pUO(I,I.l,') MA.'I'1l'200 
SE(21). DUO(I,Iel,4) MATl1210 
SEC '25)· KEYDS2 MATllHO 
SEl ~6) e SECNe MATllHO 
SE C"'7)· SH MATllHO 
SE(~B). OU1'7 MA.Tl1<:50 
S2(<l9). FUl? I'tATl1260 
SE(JO)" AR.E!Al KATll '2'7 0 
S'E(lll. cye[Do/ MAT 11 '280 
SE(32) - CSE MA1'11290 
SE(ll). FUOO !'IATlDOO 
SE(301).DUOO MATlIllO 



SEilS)" DXP 
SE (l6)· TNPTFG 

C SE(l"l)- POSTFG 
C SE(38) - COl 
C SE(39)· RAT 
C S£(40)· RATI 
C SE(41)" SQi5 
C SE(42o)· SJl 
C SE(43)· ono 
C SE(44)· SRFLA.G 
C - -USE - EQUIVALENT UNLO.tJ)ING STIFFNESS 
C SE(4S) ·OSE 
C 51::(116)· IOPT:; 
C --IOPT2 • USED !N HYSTlcI SLlBJTN (DNCJrul..,DDISBI SUBR'I'}Il IN HYSTl4) 
C SE(47)· IOPT 
C SE(48)· PSQ6 

SE(49) - KI...\ST 
SE(50)· DP't'T 
5E(51) - OPT 
SE(SJ)· ESE 
SE(53) ·ESE 
5E(51\1,)· ESE 
SE(55) ·PSE 
5E(515)· PSE OUi 
SE(s?)· ElICR(l) 
SE(58)· ElICR(2) 
SE(59)· EXCR(l) 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c- -
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c-

SE(ISC),SE(61),SE(1S2) SEE ONE SUBRnI 
5E(60)· EJlCR(,) 
58(61)· EXCR(!!,) 
SE(62)· EXCR(IS) 
SI![(3)·PC 
5E(64) ·PY 
SE(6S)·FU 
SE(66) ·PF 
SE(61) "DC 
SE(6a) -DY 
SE(69) -DU 
SE("IO)-DP 
SE(1U·OSINCL 
SE(121"UPQS (I) 
SE(ll)·tJPOS (21 
Sf("/4)·UPOS(l) 
SE("IS) ·l.IN:EG(l) 
SE("I6) ·lJNEG(2) 
SE ("1"1) • ONEG (l) 
S8(18) .u:NGT'H 
SE("I9) ·WIDTH 
SE(EO)· SHEAliI SPAN I...ENGTH ItA't'IO: SMA't'(11"2'"NSEG) OR MQD 

INITIJ.LIZE 
SilFU,G·. F'A.l.Sl!!. 
POSTFG· TRUE 
TNPTFG- PALSE. 
<XL-1 
CYCLEN·l 

HATl13:;O 
MATl13JO 
I'Io\Tll 34 0 
HA"I'11350 
MAT11360 
MAT113?0 
MlTll.38 0 
MA.T11390 
I'QTlU,OCl 
HATlU 10 
HA"I'1l4 ao 
I'QT1l430 
MATI1UO 
I'QT1l450 
MlTllUO 
I'QTll'"0 
lotAT1l490 
l'Q"I'IU90 
I'QT1l500 
!'UT1l510 
HAT1l5aO 
MAT1l5l0 
MAT11540 
MATl1550 
MATl1S50 
MU1l510 
MAT11580 
!'UT1l590 
!'UT1 115 00 
MATlliS10 
I'IATlliSaO 
HATlHiJO 
HATlllSotoO 
HATlliSSO 
MATl liS 15 0 
MAT116"10 
HATllUO 
MATlliSSlO 
MATll?OO 
MAT11"lIO 
MATll"l2Cl 
MATl1130 
""T11140 
""'Tl1750 
lllATll?l50 
MATll110 
MATllHO 
""'T11?90 
KATI1800 
MA1'llBlO 
MATllllaO 
MATlllllO 
I'U.TllUO 
MATllll50 
I'tATU8150 
MATI 18"10 

DO 31 t.·I,4 MATl1880 
31 FUO(LI·O MATl1B5IO 

DO 32 L.I,Go HATll900 
DUO(L)-O. MAT1l910 
SEt 3)-)(n.. MATl19~O 

SE13l).CYCLEIil I'tATllSlJO 
NSEG.SHAT(l) MAT1 19\11 0 
SHAT(J)-SE(7111 MATllSl50 
SMAT (4) ·SE("I9) MAT1l9150 
5iKA.T (11. ,!.'NSEGJ • SHAT (1 ~ OI-NSEG) /SXA.T (4) MAT1l9"10 
SE (l:l)·. 5 "SMAT(S) "SKA'T(5I) _.5. (SHA'T(5) • SKAT (is) ). (SMAT (10) -SHA.1'(5I») I1AT11980 
SE(90).SI'IAT(1l+a*NSEG) I1ATllg90 
SE(HI.SMAT(a) HATlaOOO 
HQD.SE(IIO) I'UoTHOIO 

C PIND COl, THIS COEFF. IS ClBSERVEO FRC14 EXPEilMEN'I'AL DA.TA KATHOOIO 
C01"0.3 I'UoTHOJO 
SE(H) -COl HA1'120'0 
IF (TNPTPG) SE(JiS) .. l HA.1'1010S0 
IF(.NOT.'rnPTFG) SE(JIS)·O I1ATH060 
IF(POSTPG) SE(3"1)·1 ""'TI01070 
IF( NOT.POSTFG) SE(3"1)·0 HATl:;OIlO 
IF (SIU'l..A.G) SE(44)"1 KATl:;090 
IP(.NOT.SRFLAG) 5E(44)·0 MATI~IOO 

MAT12110 
CAll. OPNS"I'F(SHAT(S) ,SMAT(6) ,SHATP) ,SMAT(8), MA'l'lH20 

SMA.T(9) ,SHJ.T(IO) ,SKA.T(ll) ,SHAT(U), MATlOIll0 
sec ,BeY MATUUO 

SOY ,SYU ,SUP ,SCU MATUlSO 
" SOB ,SO! MA.Tl:;li50 

SHATil2.2·N6EG) • sec MATl 21 "I 0 
SMAT(13.:;"NSEG)·SCY MATlU80 
SMAT (14+ 2"NSEG) "SO'i I'IATIU90 
~T(IS_2o"NSEG)"SYU KATl:I:;QO 
SHAT(Hi+2o"NSEG)"SIJ]I' HATU;illO 
~T(l"I.2o·NSEG)-SCU HATl2.:;:;O 
SMAT (18+ 2"N6EG) • SOB MAT12.:;30 
SMAT (19+:;"NSEG) ·SOE HA.TUaC 
SE(6l) .. SMAT(S) HATla.50 
SE(6&).SHAT(iS) KATla.60 
S£(6S) • SHAT ("I) MATH;il70 
SE(66) • SKA'r (iii) i'L\1'l:nIO 
SE(6?) -SKAT(9) to:n:u9o 
SE(68).SKATtlO) KA"I'1:;lOO 
SE(iS9)"SKAT(lI) MAT!:;110 
SE("I0).SHA.T(12.) MlTHHC 
SEt l)·SOC MATUlJO 
5.£ (.l.O)"SCY ""''I'U140 
SE(11).S01' HATUlSO 
SE(12) ·SYU MATl~)60 
SE(ll) .SUP MATlill10' 
5E(14) -5CU MATl:;1I0 
5E(15) ·SOB HATl:;3SlO 
SE(16) ·SOE I'IATl:;'OO 
SEI 9) • SEt U MATlilUO 
RE'l'URN MATH';ilO 

C MATH'JO 
c··············· .. • .. ••••••• GE'T ~IPFNESS TERMS ··-······· .... •••• .. ••• .... •• .. HAT12"0 

JOO CaNTINlJE Jo!.ATU'SO 
IF(SE()6) EO.1) TNP'l'FG" TRUB. MATH'iSO 
IF(SEIJ6) .EO.O) nJPTFG·.F.u..sB. HATH4'70 
IF(SE(J'7) .EO I) POS'TFG".T'liUB. KA.TI2oUO 
IF(SE(J"I) .EQ.O) POS't'FG·.PAl.. .. S!. ""'''1'1:;490 

C SRFU.O TO CONTROL XXL -1 CR 3 DEPENDING ON INITIAL DI6P. INCREMENT MATHSOO 
IF(SE[U) .EO.I) SRFu.G ... nUB. 1'0.11:;510 
IPiSE(U) .EO.O) SRFU.G·.FALSE. !iA.TliiSaO 

C. TO SET INITIAL KXL BASED ON INITIAL DISPl..AC~N'!' INClEMENT (D5INC) HATl:;slO 
C IF INITI,U, OISPL. lNOEHmn' IS POSIT!VE, THEN POSTFG· .TRUE HA'I'125oiO 

Jll.NSEG'5 MATUS50 
J22.NSEG'6 MAil;ilS60 
J)).NSEG'" MATl~510 

J52·6Q"NSEG MATU510 
JSS.U+2"NSEG l'9.il2S90 
JS9· U+2 "NSEG MATUiSOO 
JISS·U .2·NSEG MATlHi10 
!<XL.SE() HAil2iS20 
CYCt.EN-SE(Jll MATl2oiSlO 
LRU'LE·SE I ~) MATl il64 0 
IOPT2.SE (41S) MATlillSSO 

C,U,L HYSTlII.( P ,D ,PL ,DL ,SMAT()), MATl21S1S0 
SMAT( S) ,SMAT[Jll),SKAT( 6) ,SMAT(J::IOI),SHAT[ "I) ,SHA.T(Jl3), MATl 215 "I 0 
5MAT(JS2) ,SMAT[J58) ,SMA.T(JS91,~T[JISS) ,SEt 1) ,LRUt..:E! KAT12.iS80 
KKL ,SEt oil ,SEI·S) ,SEC 6) ,SEt 8) ,SEt 9) KAT12iS90 
SErlO) ,SE(12) ,SE(LJ) ,SE(1S) ,SB(l6) ,5E(11) HATl2o'700 
SE(21) ,5E(25) ,S:£(29) ,SE(JO) ,CYCL:E!N ,SE(H) MA.TI2o'IO 
SE(J3) ,TNPTFG ,POSTFG ,SE(J8) ,SE(41) ,SE(4:;) H.A.TI2"1i1C 
SE(45) ,IOPTiI ,SE(49) ,SE(49) ,SE(SO) ,SEIS1) KATH130 
SE(s2) ,SE(55) ,5E(S6) ,SE(S"I) ,SE(63) ,SE(1S41 KAT12140 
5E(65) ,SE(66) ,SE(iS"I) ,5E(6S) ,SEI(9) ,SE("I0) HATU?50 

" SEnl) ,SE(7:2) ,SE("I5) ) MATU?60 
tP (TNFTFG) SE(36)·1 MATU"O 

60 

c 

IF' I.NOT'.'I'NPTPG) S8(36)-0 
IF (POSTFG) 52(3"1)·1 
IF ( NOT POSTFO) Sl!!()7)·0 
IP (SRPLAG) 5E(")·1 
IP ( NOT SRPLAO) SE(U)·O 
SEt J) -KXL 
SE(ll)"CYCl..!N 
SEt :;) .. l..R.m...E 
SE(46) ·IOPTa 
RmJRN 

C·· .. - rRA.NSPEB. ENEROT.!!S PCR BOTH 10PT·J AND 4. 
C (NEGUc.-t' DOC'TILITIES cA.LCUtATIc:u.l AT PRESENT S1'AG.!!) 

400 .!!E5E-SB(S:;) 
EP5E·SE(55) 

l"l-'Tl~? 80 
KATl2790 
KATI4IOO 
MATUIlO 
MATla:;o 
HAT12830 
MA.Tl:iIUO 
IQTl2B50 
MATl2EtSO 
M.\Tl2.I"IO 
MATl2.BSO 
MAT12B90 
I"IATla900 
MATl2910 
I9oT129:20 

c- . rRA.NSFER. DOCTILITIES AND EXOUSION RATIOS POR BOTH 
00 410 1·1,3 

10PT·) S 4. HAT12930 

C 

Due-!' (I) "MAX (SE [II ~ II ,SE ("/4. I J ) 
!XCR (I) ·SE(515·1) 

410 EXO (1+3) ·SE (S9·I) 
RETURN 

HATl2940 
KAT12950 
KAT1296C 
I'tAT129iC 
I'tAT12091C 
MATI2990 

C······ .. ····a .............. -- ... DAMAGE INDEX .......... a .. ··-- •• • ........ • .. -·· •• 1'iA"l'1300C 
500 EESE"S!(5:;) 

EPSE·SE(55) 
C· - - DDMAX IS THE l..AlI.GEIl OP Dl'!A.X OR OM IN HY5'l'14 SUBRTN 

ODHA.X·MAlI' (SE (S) , Sll: (6) ) 

c 

PY·5MAT(IS) 
. DDU : FAlUIllE 01 spu..CEHEJIl' OP MCKEONE CURVE 
DDU· SKAT (12) 
BDAM .. SM.A,T(S·3"NSEG) 
DAMAGi·DDMAX/DDU -BD","/ (PY"DDU)" EPSE 
RE'TUllN 
lNll 

C···) TO CALCuu,TE AVAIlABLE STtPPNESS USED IN '!'HE HYSTERESIS LOOP 
C 

,,"11:1010 
MATllO ~O 
M.l.TllOlO 
MATll040 
MAT13050 
MA.T13060 
M.l.TlJ070 
MATlJOSO 
M.l.'!'l3090 
MAT1:I100 
I"IAT13110 
OPNSOOIO 
OPfoIS0020 
OPNSOOlO 

SUElRotrrlNE OPNS"l'F (PC, FY, P1.J, P P, DC, DY, DU, DF, SOC, SCY , SOY, OPNSOC 4 0 
,,5YU,SUF,SCU,SOB,50E) OPNSOOSO 

C OPNS0060 
C CCMPl1r! ~IF'PNE5S S(OCI OPNSOO"lC 

sec.pcIDC OPNsooaO 
C C1:MPtrrE STIFFNESS S(CY) OPNS0090 

SCY·(FY·PC)/IDY-OC) OPNS0100 
C cCJI6Itn'E STIFFNESS S(OY) OPNSOllO 

50Y-PY!DY OPNSOI ao 
C CQ!PUTE STIFFNESS S(YU) OPNSOllO 

SYU.(PU·PY)/[DU·t\Y) OPNS0140 
C CCMPtn'E STIfFNESS S(UP) OPNSOlSO 

SUP'· (PP-PU)/(Dp·DU) OPNS0160 
C cCl4POTl!! STIFFNESS S (CU) OPNS0110 

SCU" CFU-PC) / (DU-DC) OPNSC190 
C CCMPU"f'E S'TIPFNiSS S(08) : B IS !'!IDPT. OF PT. A.vm PT. Y OPNS0190 
C PT. A ·INTERSECTION OF EXTENSI~ OP OC WITH HORIZQJI!'AL t.INE THROU Y OPNS0200 

XA..P'i/SOC OPNsono 
JIll. (lU.·DY) n OPNS0220 
saa"P'Y/"B OPNSO~30 

C Cc:1'I:PUTE S"I'IFP'NESS SlOE) : E IS KIDPT. OP P'T. 0 AND PT. U OPNSOHO 
C PT 0 :Itn'Eil.SECTICIN OF EXTDlSION OF OY WITH HORIZONTAL LINE niROU U OPNSO~SO 

XC.FU/SOY OPNS0260 
XE· (XC-OU) /::1 OPNSO:;'70 
SOJ!.FU/XE OPNSO:; so 
RE'TtTRlII OPNSOHC 
fi[D OPNS0300 

C ............................................................... - ........ a····_·· .... _···· .. HY5TOOIO 
c·· THIS HYSTERESIS SUBII:OUTI~ FCR PERPORATED SHEAR WALl... HYSTlcI.. HYSTOO:2C 
C .. _ ..................................... a .. _ .......................... • .. _····· .. •••• .. ····HYST0030 
C HYST0040 

SUI!ROln'INB HYS'TU(Fl' ,DP ,PPP ,DPP ,H HYStooSC 
OFC ,ODC ,OFY ,ODY ,OFU ,ODU HYST0060 
HO ,OSOC' ,OBeY ,0S08 ,IC ,Ul.U1..E HYSTOO;O 
ltXL ,DSINe ,tlKAX ,DH ,ICF ,sec HYSTOOaO 
SCY ,SYU' ,SUP ,SaB ,SOE ,FUO Hyst0090 
DUCl ,XEYDS:; ,PUl"l ,Ulll ,CYC~ ,CSE HYSTOIOO 
FUOO ,TNPTPG ,POS'TPG ,COl ,St,;jIiS ,5R HYST01IO 
USE ,10P'r2 ,PSQ6 ,KLAST ,DP'n' ,DPT HYST01'20 
ESE ,PSE ,PSEOl.D ,EXCR ,FC ,PY HYSTOllo 
PU ,FF ,DC ,DY ,DU ,DP HYST014C 
DSINC:L ,UPOS ,UNEG ) H1'STolSO 

HYS"I'0160 
IN'TEGBI CYCLEN H1'STCI?O 
REA.I.. X, KP,DUO (4) ,FOO (4) ,xu.sT, OYDS1, K:EYDS:; HYST0190 
REAL \JPOS(3) ,UNEG[l) ,DCi-(6) ,ESE() HYST0190 
LOOICA.L TNP'Tf'O,POST'PG HYS'T0200 

C HYST0210 
C HYS"I'0220 
C- HYSiO::l)O 
C DEFINITION pOll: "'UI.AlH~ HYS'I'02040 
C. -. - -. HYST02S0 
C HS W.A..LL SHEAR SPAN,nOM LOADING POIN'!' TO THE' BOTTOM OP WALL H'iST0260 
C WID- . - W.Al..L IiIIDTH HYS'T0210 
C HO - . - THE HEIGHT OP THE OPENING HYST0280 
C H .. THE HEIGHT OF THE WAIJ... HYST0290 
C .l.D THE m-r .uEA OP DIA.~L STEEL BARS HYSTO)OO 
C AV - ... - THE Nn' .un OF VEJlTICAL STEE.L. BARS HYS'TOllO 
C HO,H ABOVE JUST USED PCIl CAL..CUl..ATlCJ!.l OF FAILURE DISPL. (STIFF SUBii'fN) H.YST0320 
C CDC ···-INITIl.L (OIl CIlIGlNA.1.) OA.CXING DISPL. HYSTOJ30 
C CI:lY -. INITIAl.. YIEUlINC DISPL. HYSTOHO 
C aDU -·--INITI.A..L ULTIP!.l.TE DIISPL. HYS"I'0350 
C aDF ----INITIAL FAILlJIlB DISPL. HYSTOJiSO 
C OFC . INITIAl.. CRACltING I...OAD HYST031C 
C OFY 'INITIAL YIELDING I...OAD HYST038C 
C OPU . INITIAL ULTlMA.T:E I...OAD HYST0390 
C OPF ---·INITIAL FAILllllE Ul.\D HYS10400 
CDC --·-C'R},cJt.ING DISPt._ HYST0410 
C OY -YIELDING DISPt.. HYST042.0 
C DU . - ,ULTlHATE DISPL. HYST0430 
C DP .. ·F~IUlil.E DI5Pl.. HY5T0440 
C PC ---'CRACkING t.OAD H1'ST04S0 
C PY - - ·-YIEtDING LOAD H1'ST04iSO 
cpu· -. -ULTIMATE I...OA.I) HYS'T0410 
C FF - ... FAILURE La.\[) HYS'T0480 
C DMAX - MAlI. OISPL. PaR THE t.OADING S~SE IN THE CURRENT CYCLE HYST04Sl0 
C DCP . -. -CRACltING DISPL. IN THE NEGATIVE LOADING SENSE HYS'T0500 
C DYP .. YIELDING DISPt.. IN THE NEGATIV'E l..OADING SENSE HYSTOSlo 
C DXP- --SEE DFC5CE SUBi'TN, WHICH EQUA,L TO CURlI.:ENT DP AND ASSIGNED TO HYSTOS'20 
C DPP JUST BXi'CliJ! CHANGING DP TO A NEW VALUE HYS'l'0530 
C PCp· -. -CRACltING L.OAD IN THE NEGATIVE LOADING SENSE HYS'T0540 
C FYP --YIiUlING LOAD IN 'THE NEGATIVE L..DADING SENSE HYST0550 
C DP ,pp- . 'ClllUI:ZNT DISPL. ,CrJRI..E!NT LOAD HYST0560 
C FP -·-·FAILUi.B LQ,U).0.5"tFC+i'Y) HYST05;0 
C PM --!'WI.. t.a.\D BEPOR.E THE CURFlEz.rI' C'iCLE HYSTOS80 
C PUO ,DUO· . - -LO.U'l AND DISPl... POR IJNLClADING POHr! UO HYSTOS90 
CFYOB- -O.s.FY HYST0600 
C lOCl..·l -. - FOR POSITIV1! LQIJ)ING HYS'I'0610 
C X1Cl,.·2 -. - FOR POSITIVE lJNl.QADING HYST0620 
C KJC:L.J -. - POR NEGATIVE LOADING HYST0630 
C XJ<I...·4 -. FOR NEGATIVE UNLOADING HYST0640 
C JOCt.·S - - FOR REVERSAl.. LOADlNO PRC!<! POSITIVE TO NEGATIVE HYST0650 
C JCXl..·6 . - - FOR REVERSAl.. LOADING FRO<! NEGATIVE TO POSITI\fI! HYST0660 
C JOCI....? - - FOR RELOADING APTER UNl..DAIHNG IN POSITIVE OIR.!!C'TION HYST0670 
C JOCI...·e . - - FOR REt.oAIlING AYTER UNLOADING !N NEGATIVE DIRECTION HYST06S0 
C SRPl..AG SEE NEW5'TI 5UBRTN;TO CONTROL REVERS. 1.AlD IN YIEUl STAT.!! HYS1'C690 
C MQD "'/(O·D) ,SHE-'R-SPA1-I L..ENGTH RATIO HYST0'700 
C !..WP··-·-L'/W' POR OPENING SHEAR WAll. CASE HY5T0110 
C Kl..AST-·--LJ.ST STIPFNESS HYSTO'7:;O 
C KE:YDSI-XEYDS(SECNO-<l) ; ICEYDS2·XEYDS(S.!!CNO-1) HYSTO"l)O 
C PUO(l)"FUC(:;"C'fcL.EN), FUO(2) .. PUO(:;*CYCL.EN-1) HYSTO?'O 
C PUO(l)"PUO(::I·CYCl.nII-~); FUO(4)-PUO(2-C'tCLEN-3) HYS,.C"I50 
C DUO(I)·DUO(:;"CYCL.EN); DUO(2)-DOO(2·CYCL.EN-l) HY5T0?i50 
C USE- EOUIVllENT IJNl..OAtlING STIFFNESS (SAME AS SI! IN THE HYST031 HYSi01"10 
C HYSTO'7BO 
C HYST0"l90 

[,JtlJ1..ST.I..JlUt.E HYS1'oeOO 
KI...\S1.1( HYSi0810 
KJQ.J..ST.KXI.. HYSTOB20 



c 

OSINC-OP'OPP 
IP WA.Ll.,. PAIL(X-O) AT PORCE-O THEN STIll. K-O ~ iETURN 

lPOt.EQ.O) THEN 
WRIT!(lOB,900~ 

FORMAT(1X, •••• WALL PAIL, AND STOP THE PROGRA/'I'l 
STO' 

END I' 

HYS'T08JO 
HYS'TCB4,O 
HYSTOISO 
H'1S'TOB60 
HYS'TOB10 
HY8'TOBBO 
HYSTOB90 

C' . WHEN DISPLACEMENT INCREXBNT CHANJB SIGN, REHZMBER TWO PREVIOUS 
H'18'T09cO 
HYST0910 
H'tST09l0 
H'{8'T09JO 
HYST0940 
HY8'T09S0 

C I'L\.X .. OI5P. OF TWO HA.l.P CYCU5 
C 

c 

IP( (DSINCt.-OSINC) .LT .0) 'THEN 
K1!'iDS1-XEYDS3 
K1!YDS.-OPP HYST09EiO 

C TO MEMORIZE 1HE POINTS AT \tI'l-!ICH DSINC.OSINCL ( 0 
C 

HYST0910 
HYSTO!HlO 
HYST0990 
HYSTI000 
HYST10l0 
HYS'TI020 

IF I POS1PG) THEN 
IP(XXI.l..ST.EQ.2 .AND IOCL EQ 5) THEN 

PUO (~)-O 
DUO C,I)-O 

!NO IF 
IF(J(IClJ..,ST.EQ.4 . AND. IOCL.EQ.I5) THEN 

PUO(l) -0. 
DUO(l)-O. 

!ND IF 
IF(DSINC.LT.O) THEN 

IP(lOCL[.S1'.EQ.B .OR XXLLST.EQ 10~ THEN 
PUO (l~ -HA.X (FUO Ill, PPP) 
DUO (1) -MA.X (OUO I 1 I, JCEYDS2) 

ELSE 
PUOIl)-PPP 
DUO (1) -n:YDsa 

nm IF 
END IF 
H(DSINC.GT.O) THEN 

IF(IOCLL.ST.EQ.7 .OR. KXLLST.EQ.9) THEN 
PUO ( .. ) -MIN(Ftl'o (2), PPP) 
DUO (2) -MIN (OUO (2 ~ ,JCEYDsa ) 

ELSE 
FUO(:;) -PPP 
DUo(J) -XE'1'DS2 

END IF 
END CF 

ELSE 
IP(XXLlST.EQ.2 AND XlQ...EQ.S) THEN 

FUO (l) -0. 
OUO (1) -0. 

END IF 
IP(XXl..LST EQ.d AND. X1CI...EQ.61 THEN 

PUO (2 ~ -0 
DUO (2 ~ -0 

!ND I' 
IP(OSINC.GT.o) THEN 

IFiKJCI..LS'I'.EQ.1 .aR JQl:L.l..S'T .EO.9~ THEN 
FUO 11) -MIN(PUO (l), P'PP~ 
DUO ( 1) -MIN (DUO (1) ,K1!YDS2) 

ELSE 
FUO (1) -PPP 
DUO (I) -XEYDsa 

END IF 
END IF 
IP(OSINC.LT.O) THEN 

IFIIOCLLST.EQ.B .aR XKLLS"'!'.EQ.IOI THEN 
FUO (a) -M.tJC (PUO (2),PPP) 
DUO ( 2 ~ -l'1.AJ[ (DUD (:oil) ,K1!YDS2) 

ELSE 
PUO (:;n·ppp 
DUO (:;n -JCEYDS2 

END IF 
END IF 

END IF 

HYSTI0JO 
HY8'TIOdO 
HYS1'lOSO 
HYS1'l0I50 
HY8'TI010 
HYSTlOSO 
HYSTI090 
HYSTllOO 
HYSTlllO 
HYSTll:lO 
HYST1l30 
HYST1l40 
HYSTllSO 
HYSTllEiO 
HYST1l10 
HYSTl180 
HYSTl190 
HYST1200 
HYSTIHO 
HYSTl220 
HYSTHlO 
H'tS'TIHO 
HYS'TllSO 
H'tS'TllEiO 
H't8'T1210 
HYSTllBO 
H'tS1'1290 
HYSTllCO 
HYS'TlllO 
HYSTIJ:ilO 
H'1ST13JO 
HYS'TIHO 
HYS1'lJSO 
H'l5TllEiO 
H'lST!J70 
H'lS'T13BO 
HYSTIJ90 
HYST1400 
HYSTUI0 
HYSTU:;O 
HYSTUJO 
HYSTIUO 
HYS1'USO 
HYS'T14150 
HYS'TU1C 
HYSTU80 
HYSTU90 
HYST1S00 
HYST1510 
HYST15l0 
HYST15JO 
HYS'TIHO 
HrSTlS50 

IF (lABS (XEYDS. I 

100.-' 
LT.DC) AND_(lOCL.EQ Ei~.AND.OC::EY09l.GT 0.)) TH!N H1S'T1560 

GO TO 2J 
END IF 

HYS'T1510 
H1S'T15BO 
HYS'TlS90 

IF (lABS (XEYDS:I.) LT.DC) A.ND.(JCII:L.EQ.S) . .A.ND.(KEYOS2.LT.0.)~ THEN H'iS'TlEiOO 

XXL-' 
GO TO 2J 

END IF 
IF! (lOCL.fQ.2) .AND. ((IlM.GB.DC) .OR, (DMAX.GE.OC') ~) THDI 

100.-' 
00 TO 013 

END IF 
IF«lOCL.EQ.2).AND (Dtt,LT.DC~ . .um.(I»WC.LT.DC)) THEN 

1CXL-1 
00 10 aJ 

END IF 
IF((JCII:L_EQ,4) AND «(DI1,GE.DC).OIi.(DHAJI Gli' DC)) THEN 

XXL-' GO TO :U 
I!NI) IF 
IP «(KXL.BQ. iI' .~. (DM. LT .DC) .AND. (DKAJI', LT .DC), THBN 

1CXL-l 
GO 'TO 23 

I!NI) IF 

IP{lCJJ...EQ.l) THEN 

iOCL-' 
GO TO :13 

ELSE IP(JO:L.EO 3~ TliEN 

100.-' 
GO TO 23 

ELSE IPiIXJCl.. EQ 2) AND.(PP.U.O) 
.AND IDSINC.LT.01) THEN 

KKL-' 
00 TO 203 

AND. (OPP.HE.O) 

ELSE IF(KJCl...EQ.iI.) ANI).(PP.LE.O) AND (OPP NB,O~ 
.ANtI. (OSINC.GT. 0)) THEN 

JOO.-" 
GO TO aJ 

I!NI) IF 
IFIJOU,.EQ.B) THEN 

JOO.- , 
GO TO .oil 

END IF 
IP(JCXL.EQ.7~ THDI 

JQCL-' GO TO .J 
END IF 
IP(IOCL.EQ 10~ THEN 

KKL-' GO TO 2J 

£ND I' 
IP(1(]{l..EQ.9) THEN 

xn-4 
00 TO 2J 

END IF 
IFIXXL EQ.51 THEN 

xn-l0 
PSEOLD-AREAl 
GO TO 13 

DID IF 
IF (IOCL,E.Q.Ei) THEN 

100.-' 
PSEOlJ)-AlI.E.Al 
00 TO 13 

DID IF 

HYST1EilO 
HYSTHilO 
HYS'TlEilO 
HY8'T1EidO 
HYST16S0 
H'1 STlEil!i 0 
HYS'TlEi?O 
HYST1I580 
H'1STl15§10 
HY~n700 

HYS'Tl710 
HY~n7:10 
HYS'T17JO 
HYS'TIHC 
HY5T17S0 
HY5T1160 
HYST1?70 
HY5T17 BO 
HYST1790 
HYSTlBOO 
HYS'TlB 10 
HYS'TIB20 
HY91'lBJO 
HYSTIUO 
H'lSTlBSO 
HYS'TlBEiO 
H'lSTlB10 
H'lS'TlBBO 
HYSTlB90 
HYST1900 
HYS1'1910 
HYS1'1920 
HYSTl!DO 
H'1STl!UO 
H'1ST1950 
HYST19150 
HYST1970 
HYST19 BO 
HYS'!'l990 
HYS1'2000 
HYST2010 
HYS'!'a020 
HY8'T2oJO 
HYST20ilO 
HYSTZOSO 
HYST2060 
HYST2010 
HYST2oBO 
H'tST2090 
H'tST2lo0 
H'1ST2110 
HYST2120 
HYS'T21l0 
HYS'T2li1.o 
HYST2lS0 
H'I'S1'21Eio 
HYST2l7o 
HYST2lBO 
HYST2190 
HYSTa;aOO 
HYST2:1l0 
HYSTa.2.20 

IP(XEYDS2.LT 0 0.ANO.(ABSOCEYOS21.LT DC~ MD. (lOCL.E:Q S~I XJCl..-4 HYST2.2JO 
IP(XE.YDS:I.GT 0.0 AlID.(KEYOS:Z LT DC).I\ND.oaa .... EQ.I5)' XKI..-:Z HYSnHO 

END IP I-IVS1'a2S0 

IP(IOCL EQ.IO).A.ND (iDSINC-OSINCL).LT 01) THEN 
IP (POSTFG) THEN 

H'lS't'2a60 
I-IV9TaaiO 
HYS'T2UO 

61 

PFPP-YUO 11) 
DDDD-OUO III 

ELSE 
PPPP-YUO (:;) 
DODO -DUD (:;) 

DID IP 
FPI-PPP'P"'O .9 
OPl-DDDD 
KP-(PP1'O )/(DPI-DPP) 
x-<> 
USE-""'X (K, SOB) 
IF (POSTFG) CYCl2N-C'fCLENol 
IOPTa-J 
CALL DDISS I (IOPTa, ESE, PSI!, PSEOUl, DPP, PPP, DPP, 0 ,-'R EAl, 

X, USE, lOCL, 'Pc, DC, PY ,DY, 0.1, OHAX, CltlC, SOB, PUO 0) 
pp·O.· (OP 'DPP)-](l! 
PPP-O. 
!...RULE-51 
CAll. NElli'S'!' I (ODC, CDY, atlU,OPC,OPY ,OFU,MEA1, OM,PC, FY, 

PU, FF, DC, DY, DU, DP, HO, H, OSOC, OSCY, soc, 
SCY, S'fU, SUP, SR, SOB, SOE, SQ6 ,PSQ6 ,DPT, SDP) 

CAlL DINt'ER (FC, PY, PU, PP, PFP ,DC, D't, DU, DP ,OPP, SOC, SCY, SYU, SUP, IC, 
FP ,DP, OStNC, KXL, LJl.ULE, POSTFG, DUo, PUO) 

DHAJ[-ABS(DP) 
DStNCL-DSINC 
RET1JRN 

END IF 
IP(JCXL.'EQ.10) THEN 

IFIPOSTPG) THEN 
DOD-DUO (l ~ 

ELSE 
DDKX-DUO (a) 

DID I' 
IP(~S(DP)' L'T.ABS(DDlCX)) THEN 

LJl.t1l..E-S:; 
CA.l.J.. DINTER (PC, P'f, PO, PF, PPP, DC ,DY ,DU, DF, DPP, SOC, SCY, SYU, SuP, 

X, FP, DP, D5INC, )(Xl., UitJI...E, POSTPG, DUO, PUO l 
END IF 
IP{Al!S(OP~ .GT.A.BS(ODlOC) THEN 

X-KP·O .5 
IPiK.N!.XlAST) THEN 

IP{POSTPG) PP-PPP'(DUO(1~ DPP)"KLAST.(DP-DUO(l)~·K 

IP ( . NOT. POSTPG) PP- P'PP+ (OUO (~) ·DPF) ·Xl..A.ST+ (DP' DtlO (2) I ., K 
END IF 
LRt1L.E-SJ 
CALL DtNTE!!: (FC, FY, PU, PF, PPP, DC, D'I', DU ,OP, DFP, soc, SCY, SYU, SUP, 

x, PP, DP, DSINC, lOCL, LRut.E, POS'TFG, DUD, PUO) 
END IF 
OSINCL-OSINC' 
DMAX-KU(ADS(DP) ,DMU, 
IOPT2-1 
CALL DDISS I (IOPT2, ESE, PSE, PSEOUl, DPP, FPP, DP, PP, AREAl, 

RETUiN 
END IF 

K, USE, JCXL, FC, DC, P'I' ,DY ,DM, DMAX, OOC, SOB, PUOO) 

TP (XlQ... EQ.9) .ANtI. «(DGINC"DSINCL) . LT .0) ~ THEN 
IF (POOTi'G) THEN 

FFPP-P'UO (a) 
ODDO~OllO (2) 

ELSE 
PFFP'-PUO(U 
DDDD-DUO (1 ~ 

DID IF 
PPI-PFFP·O .9 
DP1-DDDD 
KP- (PPl·O.) I (DP1-OPP) 
K-X]> 
USE-MA.X(X, sal) 
IP ( NOT. PO&-rPG) CYCt.EH-CYCI..EN+ 1 
IOPTa-J 
CALL DOISS! (10"2, ESE, PSE, PSEOUI,DPP, PPP ,DPP, 0 . ,1IlI.E.A.l, 

It, USE, XlCL, PC,OC, FY ,OY, DM,DHAX, <DC, SOB, PUOO) 
PP-O .• (OP·DPP~·KP 
FPP-o 
UH.1l.J3:-51 
CAw.. NEWS1'I (CDC, OOY, ClDU,OFC,OPY ,OPU,AREA1, DI'!I, PC, F't , 

PU,FP, DC,OY ,DU,OP, HO, H ,OSOC,OSCY, SOC, 
SCY, SYU, 5UF, S1t, SOB, SOE, SQI!i ,PSCIEi,DPT ,SOP) 

CAll. DINTER (PC,PY, FU,PF,PPP,DC,DY ,DU,OF,OPP,SOC,SCY, SYU, SUF, x, 
PP,OP, tlSINC, DL, LRUI...E, POSTPG,tlUO,PUO) 

DKAX-US(DP) 
DSINCL-DSINC 
RE""" 

END I' 
IP(KKL.EQ,!iI) THEN 

IP(POSTFG) THEN 
DDg-DUO (2) 

'ELSE 
ODXlC-DUO (I) 

END IF 
IP(US(DPl .U.US{DDD) ~ THEN 

LJilULE-S~ 
CALl. DINTER. (PC,P't ,FU, FP, Pl'P, DC,DY ,DU,DP, OPP, sec, SCY, SYU, SC"P, 

II::,YP ,DP, DSINC, U1., UlU1..J!, POSTFG,OUO,PUO) 
END IF 
I1(AB9(DP) .GT.ABS{DDJaCl)· THEN 

X-KP·O .S 
IP(X.Nl!.n.A.ST) THEN 

11 (POSTPG) yp·PPP + (DUO (:;) -DPP) .1CL.lS'I'. IDp· DUO ( 2) ) • X 
IF ( .NOT .POSTFG) PP-FPP. (DUO (1) 'DiP ~ -JCLA.S'T. (DP 'OUO (1) j --I( 

END IF 
LRU"I...:!-53 
CJ..I...l. DINTER (FC, PY, PU, PF, PPF,OC,D't ,DU,OF, DPP, SOC', SCY, SYU, SUP, 

x, Pp ,DP, DSINC, XXL, LR U"I...:!, POSTPG, tlUO, PUO J 
END IF 
DtQ.X-!1A.X (ADS (051) ,OHAX) 
DSINCL-OSINC 
rOPT:;-l 
CAu., DDISS I (10M2, ESE, PSB, PSEOUl,DPP r FPP, DP, PP ,AREAl, 

RETllJUII 
END IF 

X, USE, IOCL, FC, OC, PY ,DY, OM, DMAX, CDC, SQB, PUO 0) 

CHECJ: IP P",SS TURNING POINt' 
OlJ CAl.l.. DClJRRD (IOCL, DSINC, FP, P'PF ,OM, FC, PY, PU, P1, K, OP, OMAlt, 

" OPP,DC ,DY, DU,C'lCLEN,ARU1, ~,TNPTPG, CDC, OIlY, OIlU, OFU, 
" DP, HO, H, OSOC, POST"FG, OSCY, SOC, SCY, SYU, SUi', SR, SOS, SOE, 

SQE, OFC, OPY, PSQi6, OPT , DP'rT , KXLLST, USE, PSE01.D, OPOS, ESE, PSE, 
CSE,ExCR,tOPTa) 

IF((X.EQ.O).-'ND.(PP.EQ.O).AND.(PP.EQ YP» GO TO 77 

.. TO CALCULATE t'liE STIFFNESS IN EACHLQAD STEP 
CA.U.. DNCXUt..( PC, PY, PU, PF, DC,D't ,DU, DF, PP, DP ,D!1A.X,DH, JrP, SOC, 

" SCY ,SYU, SUP, SaB, SOE, JCXl., LJl.ULE, PPP, DPP, FUO ,DUO, DSINC, x, FUl1 , 
OSOB,AREAl, PUOO, POSTPG, PSEOL.D, P SE, ESE, HO, 1-1, OFC, OPY, OPU, ODe, 
ODY ,OIltJ, SQIS ,09OC, OSCY, SR, JCEYDS2, COl, PSQ6, J(LAST, OP,.,., OPT, 
FPT, n-rPTPG, lOCI..J..ST, t..RU1.ST, IOPT2, USE) 

HYST2HO 
HYS"!'23011 
HYST2J10 
HYST2l20 
HYST2330 
HYST2340 
HYS'!':oill50 
HYSTaJ60 
HYST2l10 
HYS"T2lBO 
HYS'T2J90 
HYST2d.00 
HY9'T24l0 
HY S'T2G. 20 
HYS'T2liJO 
HYS1'2UO 
HYS"adSO 
HY S1'241!i 0 
HYST2t70 
HYSTaUO 
HYST2490 
HYST2S00 
HYSTaSlO 
HY5T2520 
HYSTaSJO 
HYS't'2540 
HYSnS50 
HYSnS60 
HYST2S70 
HYSTa5BO 
HY5TZS90 
HY5Ta600 
HYST2610 
I-IYS12620 
HYSTa15l0 
HysTa1540 
HY5T2.650 
HY &-t'26 15 0 
HY5T2610 
1-115T2690 
H,(9T2Ei90 
HYS'T2700 
HYST'2710 
HYST2120 
H'lS'T2730 
HYST.140 
HYS'Ta150 
H'tS1'aiI50 
HYS'T27'70 
HYST:l1BO 
HYSTa790 
HYS"2800 
H'1ST2BlO 
HYS'T2B~O 

HYST2e30 
HYSTaUO 
HYS"I'2SS0 
HYS'T:lB60 
HYS'l'2870 
HYST2BBO 
HYSTlB90 
HYS'T2900 
HYSTa910 
HYSTa920 
HYST29JO 
HYS'T29'0 
HYST:il9S0 
HYST2960 
HYS'r29iO 
KY9T29BO 
HYS'T299o 
HYST3000 
HYS'TlOI0 
H'I'STl020 
HYST30l0 
HYS'T3040 
HYSTJ050 
HYS'TJ060 
H'1ST3070 
H'fS'Tl08o 
HYSTJ090 
HYS'TJ100 
HYSi'lll0 
HYS"l'JI20 
HYSTJIJo 
HYSTl140 
H'I'$1315o 
HYS'TllEio 
H'fST3170 
HYSTJ180 
H'fS'Tl190 
HYSTJ:ilOO 
HYSTJalO 
HYST3220 
HY6i'J2JO 
HYST3HO 
HYSTJ.50 
HYSTJ2i50 
HYSTJ.70 
HYS"I'J280 
HY.:ITJ:;90 
HYSTJJOO 
HYS"!'l310 
HYST3J ~O 
HYST3J30 
HVSTlJ40 
HYSTlJSO 
HYSTJJ60 
H'lSTJJ70 
HYS"TllSO 
HYS"Tll90 
HYST:!I4.00 
HYS'T3UO 
H'1S"%'3420 
H'tSTHJO 
HY S1'34.d 0 
HYST3450 
HYS'TJ4I50 
HYSTJ470 
HYST34 80 
HYSTl490 
HYST3S00 
HYSTl5l0 
HYSnSaO 
HYSn5lo 
HYSTl540 
HY513550 
HYSTJS60-
HYSTJS10 

IF(X.EQ.o,) RETURN HYSTJS80 
11 IP(TNPTFG~ THEN HY5T3590 

IP(JOCL.EQ.l .OR. KJCl...EQ B OR. JQCL EQ.IO OR IOCI....EQ l HYSTJ600 
ail. )(xL.EQ,7 .OR. lCKl..EQ.9 OR KXL.EQ.5 OF:. KJCl.. EQ.IS) THEN HYST36l0 

IP(AES(PPj .LE. (0 .7.PYI AND IClCl..NE 1 .AND. JQCL NE 3) THEN HY'ST36ao 
USE-X H'1STJ630 
10PT:I-J HYSTJEi40 

END If HYS'TJEi50 
IP(ABSIPP) GT. (0 1.P't)) IOPT2-1 HYSTJEiEio 
CAl.l.. DOl S91 (IOPT2, ESE, PSE, PSEOI..D ,OPT, PPT, DP, PP ,UE.A.l, HY S'TJ61O 

X, USE, )(XL, PC, DC, PY, DY ,OM, OHAlC, COC, 50S, PUOO) H'1 STJ6 BO 
ELSE IP(KXL.EQ a OR. KXL,EQ d) THEN MYS1'3690 

IOP1'a-J HYSTJ700 
CALl.. DDI SSI (IOFT2, ESE, FSE, PSEOUl, OM, FPT, DP, FP, .\REAl, H'I' STJ71 0 

I!NI) IF 
TNPTPC - PALSE. 

X, USE, )(XI.., PC, DC, PY, DY, OM, DKAK,ooC, SOB, PUOO) MY ST.:I7 ~ 0 
HYSTl7JO 
liYSTlHO 



ELSE IP((Ul. •. NE,S AND. XXL,NJ.6) CR. HYSTJ7S0 
k (KXI... EQ S .OR. X.KL.EO.6) ,AND «(DP"PP).GT.O.))) THEN HY513?60 

[P(ABS(PP) !...E. (0,7"PY) .AND. X.JL.NI:1:.1 AND. XXL NE.3) TH~ HYm'3770 
U"SE .. 1l HYSTl78Q 
~OPTl-3 HYST3790 

D/!) IF HYST380Q 
IP(ABS(PP).GT.(O,1'PY)) IOPTZ-l HYS'T38 10 
CAU. OOISSI {IOPT;jI, KSE, PSE, PROLD, OPP, PPP, OP, PP ,AilEAl, HY STli 20 

k K, USE, XXI., Fe,DC, i1Y , DY, DtoI, OHAX, CDC, SOB, PUOO 1 HY ST3830 
ELSE IP(oca .. EO.S .OJ. ){XL EO.IS) .AND.(OP-PP) ,LT.O.)) THEN H'1STJB40 

USE-IElS HYS'TlBSO 
CALL 001 SS I ([OPT2, ESE, PSE, PSEOLO,DPP, PPP, OP, PP ,MEAl, HY ST3 BISO 

k K, USB, ICXL, PC,DC,FY, O'f, DH,DMU,aoc, sea,FUOO) H'fSTlB70 
DID IF H'1S1'3BBO 
OSINCL-OSINC H'1S"1'3890 

C CALC OUClILITY H'fST3900 
IP(XJa....EO.l .OR. KXt..EO B .aR. KXL.i'Q.lO) THni HY513910 

OLI·MA.XIOP,OPP) HYS,!,39~0 

au. 'ON'E (1, UPOS, EXO,OOY ,OLI,ESE (';.), PSE,PSEOLD,CSi) HYSTHJO 
END IF HYSTH40 
IF(KJCl, EO,3 .aR ICKl".EQ.7 OR. XXL EQ,9 1 THEN HYST39S0 

DLI 'MIN (OP ,OPP 1 HYST3960 
CALL ONE (1 , lJNEG, EXCR, - CDY , DLI , ESE (3) ,PSE, PSEOLO, CSE) HY S'T)910 

END IF HYST3980 
66 RE'TllRJII HYST3990 

DIIl H'!'ST4000 
C ONCXOOIO C·.-···· -". _ ...... _ ... --- ... _ .. _- -..... -' .-.......... _ ........ _ ................... 'ONCXOO 010 
C- _ SUBlI.OOTINE ONCrot. SUBRTN (FIND STIFFNESS AND PaRCE IN EACH STEP) "ONCXOO)O 
C- "- _ •• _ ... _. _ .......... - - -" •• _ ••••••• - ............... -_ .... _ ............... -ONCXOO '0 

C 1. 

c ,. 

SUERotn'lNE DNCKUL(FC, FY, PU, PP ,DC ,OY, DU,DP, FP ,OP, ~,DH, 0, SOC, DNCIt:OOSO 
k SCY, SYU, SUP, sas, SOE, KXL, l1lOLE, PPP ,OPP, FUO ,DUO, DS INC, X, PU17, DNCJ:OOISO 

osaa ,ARE.U, FUOO, POSTFG, PSEOlJ),PSE,ESI!,HO, H,OPC, OPY ,OPU,ODC, DNCK0070 
QD'f, CD!), SQ6, OSO:::, OSC'1, S'lI., Kl!YDaOl, Cal, PSQ6, Xl..AST ,DP'M', DPT, ONCICOO ~ 0 
PP't', TNPTFG, KIO.l....ST, Uln.ST, IOPTOI, USE) DNCI(0090 

ItEAL X,DUO (;jI ) ,FUO (21 ,KP, oaINC, Xl..AS'T, J(EYDSil 
DII'IENalON ESE(l) 
l...C(;I CAl.. TNPTPG, POS"TFG 

... LOAD 
IP(XXL.EQ,l).Oi (KXL.EQ.l)) THEN 

LRtJI..E·lO 
IP(ABS(OP) .LE,DC) THDI 

x·soc 
USE'K 
IOP'I'2':! 
RETURN 

. ... RULE 1. 0 

EL.SE IP«(.U!S(DP).GT DC) ,A,ND,(ABS(DP).LE.OY)) THEN 
DDT· SIGN (DC, 'OPf 
K-SCY 
IP(ABS(PF) .LE, (0 7'PY)) IO:?T2-il 
IF(AB5(PP) GT,10.7"PY») [OPT'-1 

ELSE IFI (.\BS(OP) GT.'OYI .AND. (ABS(OP) LE,DU) THEN 
DDT'SIGN(DY,DP) 
X·SY!) 
10PT;jI·l 

ELSE IP(MS(DP) G'T.OU AND. ABS(DP) .LE.OP) THEN 
DOT' SIGN (OU, DP) 
X'SUF 
IOPT,,·l 

EL.SE IP(ABS(DP).G'i' DF .AND. ABS\OP).L.E,(~o-D'i) THEN 
DDT·SIGNrDF,DF) 
X'«(O I-PO)-FP)/I(ilO-DY) DF) 
USE·OSOC 

EtSE IP(ABS(OP) ,GT.IOlO"OY)) THEN 
ODT- SIGN (ilOoOY, OP) 
x·-o .000I*SCY 
USE·OSO: 

END IF 
IF(KlAS"r,EQ.X) RETURN 
IF (TNPTPG) THEN 

PFPP·PPP 
FP-PPPP· (DDT, DPP) • KLAST· (Op· DDT) "K 
FPT-PPPp· (DDT-DiP) "Xu.sr 
DPT'DDT 

END If 
RETURN 

!!NO " .... UNLOAD .. 
IP«KJCL.EQ .• ).OR.{)(XL.EQ "~) THEN 

10M2·J 
IP(CH_U,OOC AND. [)MAK.LT.CIDC) nI~ 

l1lULE·:at 
x-soc 

.RUl2 l.1 

IF(1Cn.l.S1.EQ,S ,OR. KXI.J..ST.EO.15 ,OR. 
,all. UU..9'!'.EQ 8) THEN 

JOO..l.S"T. EQ.7 

DFl'OP 
PPl'PP 
CAU, DDISSI(J,ESE,P9E,PSEOUl,OPP,PPP,'OM,0. ,AREA-I, 

K, USE, KXl., PC,OC, F'./ ,DY, DM,DHAX, ODe, SOB, P1l00) 
PP-O ,,' K"DP't"l' 
OP'M"O 
OPP-OPT 
FPP-O. 
Dp·DPl 
PP·FPl 

Elm IF 
tOM;jI·l 
RETURN 

END I. 

IP (LRuLE.eQ.s, 
x·xu.~ 
RETURN 

END IF 

OR. UH1U.EQ.ll) THEN 

IF (JClQ..U3'T.EQ,S Cli. 1CXlJ.Sr.ZO.6 .OR. XXl..L8T.EQ.7 .011, 
JCl(I.LST.EQ e .DR. m.J..S"r.2Q,1) OR. 1OCu..sT.EO.IO) THEN 
SKI' (0.· PPP) I (OPF/) DPP) 
X·S)(1 
11"( 10M.GE .ODC) .AND. (MS (ICEYDSll . u: .DC)) '!'HEN 

IP(]Q(LLST.EQ.7 .<lil aLISl' EO.B .011., 
KXLI..Si.EQ.9 .CII.. ICXLLST.EQ.I0) THEN 
K·MAX (10', SXl) 

END IF 
FP"PPP" (DP 'OFP) oj( 

Ul.UL;E·SII 
IF(Fp·PPP) LT,O) THEN 

IP(PPP.GT.O) X,PC/CDC'OP'!') 
IF(PPP L'!' 0) x·-pc/( ·DC-DPP) 
pp·o d("OP'M' 
IF(KKL.EO 2) KXL'S 
IF(XXL.EQ,41 KXL'6 

END IF 
RETtlRN 

END I. 
[P(ABS(PPP) LE.10.7-PY) J.ND.lltJCl..l.ST.EQ.7 OR 

.. RULZ S.II 

lOCLL.ST.EO.i OR. j(}CLI._9'!'.EQ.9 .OR. lCIClJ..ST EQ.I0)) THEN 
X-M}j( (1O.AST ,050B) 
K·M.\X(K,SK1) 

l.R!JLE·23 
USE·X 
FP-PPP" (DP ·.[JPP)-X 
IP«(PP-FPP) .loT.O.) THEN 

DP1~'OPP· (0, -PFP) (K 

RULE il.3 

CA.lJ.. NEWSTI \ OOC, OO'!', QDU, OPc, OPY, OPU, AREAl ,DH, PC, PY, 
PO, PF, DC, o't, DO, DF, HO, H, OSOC, OSCY ,SO:: , 
SCY, SYU, SUP, SR, SaB,SOE,SQIS',PSQ6,OPT ,SDP) 

11"(S06.LE.0.) AlID. sQI!i.GT,O ) THEN 
OJP·SIGN(DC, -OPT) 
FJP·SI GN (PC, OJP) 
K'FJP/(OJP-OPT) 

D}.ICK0100 
DNCXOIIO 
D}.IC1(0120 
DNCX0130 
oNClCOl40 
ONCX01SO 
ONClC0160 
ONCX0170 
DNCJ:OlllO 
DNCJl:OHO 
DNCJl:0200 
ONCKO;jllO 
DNCJ(O;jl;jlO 
DNCJ(02JO 
DNCXO:t(O 
DNCXOilSO 
DNCXOil.60 
ONCJ(O il.7 0 
ONcxoilao 
ONC){02!li0 
ONCI(O)00 
ONCXOlI0 
'ONCXOJ;iO 
oNCKO)30 
DNCXOJ40 
DNCI0350 
ONCJ(0360 
DNCXOl"lO 
DNCKOJ80 
DNCXOJ9Q 
ONCXO'I)O 
ONCX041.0 
ONC){O';jIO 
'ONOO'30 
DNCIt:OUO 
DNCKO'SO 
DNcrouo 
DNCJ:.OIl70 
DNClOUO 
ONCJ:0490 
DNCXOSOO 
O}.lCX0510 
DNCK0520 
DNCXOS30 
'ONCKOSIIO 
'ONCXOSSO 
ONCXOSISO 
ONCXO!i10 
ONCXOSIO 
ONCJ:OS90 
ONCK06oo 
oNCK0610 
DNCKOIS;jIQ 
ONClt:0630 
DNCXOISIIO 
'ONCX06S0 
DNCXOlS60 
ONCKOlS70 
ON00610 
ONCXOlS90 
ONCl.0'700 
ONex0'710 
DNC'X0'7;j10 
DNCJ:Q?lO 
DNCJ:O'l II a 
DNCXO?SO 
DNCKO?60 
DNCl{O??O 
DNCK01S0 
DNClCo790 
ONCKOSOO 
ONC'IOBlO 
ONCXOBlO 
DNCXOBJO 
DNCKOUO 
DNCXOBSO 
DNCKOB60 
DNCX.OS?O 
DNClt:08eO 
DNCXOB90 
DNCI(0900 
DNCX0910 
ONCJC09ilO 
ONCX05l)O 
ONC){OUO 
DNC'XO!ilSO 
DNCKOHiO 
DNCK0970 
DNcKogeo 
DNCK0990 
D}.ICXI000 
DNCXlOI0 
oNCXl020 
ONCX1030 
DNCXI04.0 
ONCX10SO 
ONCKI060 
DNCKI070 
DNCK10BO 
DNCKI090 
O}.lCKllOO 
DNCKII10 
DNCXl120 
'ONCXll)O 
DNCXll4.0 
DNCXllSO 
ONCXl160 
ONCXll'lO 
DNCKllBO 
DNCKll!i10 
DNCKlilOO 
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,u, ,.", 
EN!) IF 
10PT.·) 
IP(XXL,EQ.il) IOC1.·S 
IP(XXL.EQ.4.) m.·6 
DPP'OM' 
FPp·O. 
PP-O.· (OP-OPT)-X 
RImlllN 

END I. 
IOPT~'3 

R2l"URJ' ..., I. 
END IF 
IP(KXL.N'E.IOClLST) THEN 

[P I POSTFG) THEN 
PFPP'FUO(l) 
GGGG-PUO (:ol) ,U, 
PFFP'PUO (~ ) 
OOGC'1"UO (1) 

DID IF 
11"(DSINC.LT.O ) THEN 

FUOO·PFFP 
P009-0 .eS·'YPF 
PU17·PPPF/6 

EN!) " IP('OSINC,(n',O.) THEN 
PUOo,cGOO 
FU09·0.BS"GGGG 
Fun'GGOG/6 

EN!) IF 
END IF 
IP( (PP"PPP) .LT.O) THEN 

IP(PPP.GT.O) x'FC/(OC'OPT) 
IP(FPP,LT 0) j(_·pc/(·oc·oPP) 
PP-O .+K·OP'M' 
IF(}OCL.EQ .• f KXL'S 
IP(KJCL.EQ.') 1CXL·6 

END I. 
[P«(XXUSI',EO.7 .OR. KXll.ST.EQ B .CR. KXLLs-T.EO.9 

OR. JCXL.LST, EO.l 0) . AND , (ABS (FPP) . t:r .ABB(FUOO»)) THEN 
PUO!il·PPP"O.BS 
FU17-PPp/6 

END " IP(ABS(FU'17oe) . !...E. (0.10·PY)) THEN 
IF(ABS(FP).O'T.Pc/J1.AND (ABS(PP).l-E.(O 10-PY1)) THEN 

u.uu· •• 
'-OSOC 
IP(X.NE.JCl..AS"T1 '!'HEN 

Pp·FPP" (DP ·DPP) • K 
END IF 

END I. 
IP(ABS(fP) .LE.pC/3) THEN 

LiHU'23 
IP(u'U!...E.NE.LRUl.S'l') n,lfT"F(;·.TRtll!:. 
IF (nJPTPG) THEN 

IP(ABS(DP1 .GT, (lO-OY» THEN ,-soc ,'-', 
FPT' SIGN (PC/l, F"PP) 
OPT"DPP· (1"P"t-PPF) /x:u.sT 
DCP"SIGN(DC, -OPP) 
PCP"SIGN (PC, DCP) 
K·IFCP ·F") IIOCP OPT) 
IPIK.G'T.OSOC) THEN 

FCp .. O 
DCp·DPP/l 
It:. (0. ·PPT) I (OCP'DPT) 
USE-X 

END IF 
PPT·FPP. (DP1'-DFP) -ICl.AST 
pp~ppp. (OPT, OPP) *XUST" ~OF -tin) oK 

EN!) IF 
RET"'" 

END IF 
END IF 
Rl!T11R1I 

ELSB 

... RULE il .• 

.ROLE 01 3 

IP( (ABS\PP) GT.ABS(PUl1)) .AND. (ABS(PP) LB,.\BS(FU17*1S1 
.011.. J:t..\S'T,LT.O.») THEN 
PPP-P'U09 

LRl1I...E-.5 
IF(IJlUU.NE,Ul:ut.sr) THEN 

OtlFP"SIGN(DC, -OPP) 
PF"PP-SIGN (PC ,DOPP) 
SDl· (PFPF'PPPII !DOPP-OPl') 
X'MAX (SXXl, OSOB) 
pp-ppp .. (OP'OPP) "It: 

END " 
END " 

... RULE 01.5 

IP( (ABS [ABS (F"P) 'ASS jFU1'l) LT .ABS (lCoOSINC)) ,AN[), 

(US(FPf .LT.Al!IS(PUl1))) THEN 
PiT'P017 
DPT·OPP .. (PFT-PPP1/K 
'TNPT'PG- ,nltr.e. 

EN!) I. 
IF( (TNPTFG). CE. (1\1'16\ fiI) . U.ABS(FU17) 11 THEN 

RULE l 6 
Ul.ULE·215 
IP (TNPTPG) THEN 

PYP'SICiN(PY, -OP) 
OYP'SIGN('OY, -DP) 
K- (pyp. PPTl / (DYP ·OPT) 
Pp·FPP" (DPT 'DPP) °JCI.AST· (OP -OPT) "X 
PPT·FPp· (OM-OPP)-Ja.\S'l' 
JP«Pp·PPP) .tT.O,) THEN 

'OPT .. OPP.(O. 'PPP)/x 
CALL NEWSTI (ODC, ODY, acu,oPc, OP'( , OPU,AREAl, DM, FC, py , 

fU, YP, DC, Dr ,D!), DP, Ho, H, osee, OSCY, soc, :lCY, 
8YU, sUP, SR, SOB, SOE, SOlS, PSQ5 ,Dn, SDP) 

IP(SQ6.U 0.3 . .t.ND. SQ6,GT 0.) THEN 
DJP·SIGN(DC, -DPT) 
PJP- SIGN ~ PC, Wi) 
K'PJP/ (DJP OPT) 

ELSE 
<-Sl1 

END IF 
IOM'~·l 
IP(XXL.EQ.2) KJl.·S 
IP(ICXL.EQ.,) KJa.·6 
DPi-DPT 
ppp·o. 
pp~O,' (OP-OM)"K 
RE1'URN 

END I. 
END IF 
RETURN 

EN!) I. 
RE"l"URN 

END " 
END " C 3. . .. REVER SAL LOAD ING 
IP«(1aa ... EQ,5f.CII OC](L £Q.6)) THEN 

IP((SQ6.Li'.COl).CIR (LRULP!.EQ.3l)1 THEN 
uun.E·31 
IF(OM.LT.DC AND. DMAJC loT,tlCl '!'HEN 

lC·KLAST 
PSE·O. 
OPP·O. 
FPP-O. 
USE·X 

ONCXl.I0 
ONCX12;j10 
DNCJ:lillO 
oNCKl:oJlIO 
ONCKl.SO 
DNCKl:01!iO 
DNCXl270 
tlNCU.SO 
DNCX1290 
DNCXlJOO 
DNen310 
'ONCXlJ .0 
D~Cl(lllO 

DNCXIHO 
DNClC.l3S0 
DNClCl160 
ONCJClJ70 
ONCIUJeO 
ONC'KIJ90 
ONCKUOO 
DNCX1410 
DNCX14 ~ 0 
DNCKU30 
DNCK1UO 
DNC){USO 
DNcXlol60 
DNCK14"lO 
DNCJC14 eo 
ONCX1490 
ONCX1SOO 
ONCX1SIO 
ONCXlSZO 
DNClClS30 
ONCXIS'O 
ONCXlSSO 
tlNCX1S60 
DNCKlS'?O 
DNCKlS eo 
DNCKlS90 
DNCX1600 
DNCK1610 
DNcn620 
DNCX1630 
ONCXl1!i40 
DNCXllSSO 
ONCK161S0 
CNCXU;70 
ONC1tl6eO 
DNCJ:l690 
DNC)(l'lOO 
DNCX1110 
DNCXl120 
DNCKl?JO 
DNCXI'?4.0 
DNCX17SO 
ONCX1760 
ONClI:l770 
ONCX17eo 
DNCXI790 
DNCKlBOO 
Dt.lCXl810 
ONC1tlB20 
'ONCKla30 
ONCX1B40 
ONCXlEI!;iO 
DNCXIBISO 
ONClCll70 
DNCXIBeo 
ONCXlB90 
ONCJClSlOO 
ONCX15l10 
DNCX1920 
ONCXl51JO 
ONCXIUO 
ONCKl9S0 
'ONCK15l60 
DNClC19'10 
DNCI(l980 
ONCK1990 
DNCX2000 
Dt.lCX;jIOlO 
DNCX;jI020 
DNCXil030 
DNC){lO'O 
DNCX20S0 
DNCK~060 

ONCX:oJO?O 
ONC){;jIOeO 
ONCX2090 
ONCX2100 
'ONcnllO 
Dt-ICK;jI120 
DNCXUJO 
DNcn140 
DNCXillSO 
'ONCXl160 
DNClt;jl170 
DNCX21BO 
oNCX:oJ190 
DNCX2lO0 
ONCJ:2:oJ10 
ONCKil220 
DNCKlilJO 
DNCX20140 
ONCK2.S0 
DNCJl:il260 
ONCXH10 
ONCX;jI290 
OJIICX1290 
ONCX2)OO 
ONCIt:.)lO 
DNCX2lilO 
'ONC){illJO 
DNCKilJ40 
DNCX.~350 

DNCIt:.360 
DNC){ll70 
'ONCXl3BO 
DNCI(2J90 
DNCX:oJ400 
DNCK~UO 

ONCK.420 
DNCK~430 
DNCKil440 
I:lNCK.4S0 
DNCK~460 

DNCKil4?O 
DNCK24 ao 
DNCXil490 
DNCK2S00 
DNCKilSl0 
DNCXilSlO 
DNCK2Sl0 
DNCIC~540 
DNCX2SS0 
ONCKilS60 
ONCK25?0 
ONCK25!O 
DNCX2S90 
DNCX2.600 
'DNCXil610 
DNCK.62a 
DNCKil630 
DNCl(ilUO 
DNCX;Z6S0 
DNCX~660 



c. _ 

IOPT:iI·3 
IP(ltXL.C:Q.5) ULaJ 
If (XXL..EQ.I5) KltLal 
RETIlI'>I 

END IF 
IF(XXL.NE.D:I.J.ETI THEN 

DJP"SIGN{CC, OPT) 
PJp· SIGN (PC ,N'?) 
IP(OP'l"T.NB.O) THEN 

XapJp/ (DJP ·OPTI 
ELSE 

XapJ P/ (DJP -DPP) 
F>ID 1P 
IP(OP"t'T.NE 0) THEN 

IOPT.") 
CA.l...L DOISSl(IOPT:2,ESE,PSE,PSEOLD,DPP,FPF,DPT,O ,MUl, 

K,US'E,IQ(L,FC,DC,PY ,OY ,OM, OKAX,ODC, S.QB, FUOO) 
pp·o .~K"DPTT 
DP"'·O. 
opp·on 
ppp·o 

END IF 
END IF 
IF( (OP·PP) .Ct.o 1 THEN 

USE· (0. ·FP) I (OP/l'OP) 
END IP 
IQP'T2-l 
.ETUR>I 

END IP 

lAU1...E·l2 
IP ( (FP *PPP) . LT. 0 ) THEN 

K-SR 
END tp 

IF(OPTT.N2.0) THEN 
IOPT2-J 

..... RlJl...E: J. ~ 

CALL 0015151 (IOPTa., ESE, PSE, PSEOLl> ,DPF, PPP ,OPT, O. ,AAEAl, 
X, USE, !(XL, PC, DC, FY, OY ,DI"I, DMAX, C1DC, SOB, FUOO) 

FP-O .• X"OP'" 
OPTT·O 
OPp·OM 
FPPaO. 

END IP 
IF(DP*P'P) Gr.O.) THEN' 

USE- (0. - pp) / (OP/l'OP) 
END IP 
IOP'T:iI-l 
RETURN 

END IP 
.RELCIN)]NG AFTER tINLCADING .. 
IP(lCXl..EQ.?) oa.(KX:[...EQ.8) THEN 

IF(DM.U.ODC . AND , DHAlI.LT.CiDC) THEN' 
1C.-ICIJ,sr 
USE·X 
IOPT:ilaJ 
IF(KkL.EQ,"l) JQCL·l 
IP(I(XL.EQ.9) KXLal 
RETUR>I 

END IP 
IP(ICICL.NE.JCJCL.LS'r) THEN 

IP(POS't'FC) THEN 
FFFP·Pl.lO(l) 
GGCG"PUO(2) 
DDDD"OUO (1) 
EEEE·DUO(:2) 

E!'sE 
PPPP·PUO(l) 
DODD-DUO (:I.) 
GGGe·PUO (1) 
EEEE-OUO (1) 

END IP 
{P(OSINC .GT. 0) THEN 

PU09·0 ,9-PPPP 
IF (ABS (PPPP) . LT. O. 'I-YY) OPT"ODDD - (PHP - PtJ09) /OSOC 
I P (ABS (PFPP) . elE. 0 ? "FY) OPT-DODD 

END IP 
lP(OSINC.loT.O) THEN 

FU09"0 .9"CGGO 
IF (ABS (GGGC) . LT. o. "l*P'Y) DP'l'·EEEE- (GGGQ-FU09) I0BOe 
IP (ABS (GGGG) GE.O.?-PY) on"BEEE 

END IP 
IF(un11...:e EQ.54.) THEN 

JlI .. lQ..AST 
E!.SE 

SKP- (FU09' PPP) / (OPT -DPP) 
xp al1AJ( (SXP, IClAST) 

END IP 
T'NPTPG •. nlJE. 

END IF 
IF(AB9(OP) .LE.ABS{DPT)) TH~ 

UH1LE·U 
K-K> 
OSE-K 
10P1'2·3 
IF (TNPTPG) THEN 

pp. F'PP. (DP -OPP) "I( 
END IP 

ELSE 
IF(UH.ll..S'l'.EQ.4:i1) GO TO 698 
IP(l.JH.ll..ST.£Q.S4) THEN 

lCP·n .. u·r 
END IP 
IP(Ul:Ul..Si NE.41) THEN 

X-HAX(O .S-Jal,XLAST) 
FP-PPP. (DP -DPP) -x 
IOpnal 
DPP-DPT 
PPP-1PT 
lAUl.2·4l 
TNPTFG- PALSE. 
00,.0698 

END IP 

X"O .S·U 
IOPT2-1 
IF(X.NE.Kl..AST) TNP'l''PG''.T2UE. 
IP(TNPTFC) THEN 

pp .. ppp ... (OPT-OPP) "KLAST· (OP ·ovr)-II: 
FPT.PPp .. IOP't' ·DPP) -ICL.A.ST 

END IP 
END IP 

RULB 4.2 

CALL DIN'TER (PC, FY , FU, PF, FPP ,DC, DY , oU, OP, OPP, soe, SCY, SVU, SUF, 
K, FP, DP ,DSINC, XJCI.., Ul.UI.E, POSTPC ,DUO, FUO) 

IP(DI1.GB.ODC .I.ND. ABS(Xl!YOSl) .LB.DC) THEN 
Sn·IO. 'FP11 (DP/3 'DP) 
USE-~IIQ,SKl) 
IOPT<l-3 

ELSE IP(ABSIFP) LE.(O.?rFY) THEN 
sn- (0. -FF) / (OP/3 ·DP) 
USE· MAX I JU.J.ST, OSOB) 
USE-MA.X(UsE,SX1) 
IOPT2 a J 

ELSE IP(ABSIFP).GT.lo.'1"P't'») THEN 
IOPT2 a l 

END IP 

RHTVR.N 
END IP 

99 FORMAT(2Fll 5,16,P9.4,Il) 
199 FOllMAT(2Pll.S,I4,15) 
299 PORMAT(SPl.<l. 11.) 

RETURN 
END 

DNCJ:26?0 
DNCK~6 e 0 
DNCJr2690 
ONCI:;;I? 00 
ONCJr;;l?lO 
DNCX;;Ii20 
DNCX2?30 
DNCK4'111.0 
DHClC:iI'750 
CHCX~?50 

DNC'kl1?O 
DNCK:iI?&O 
ONC'k2?90 
ONCk2BOO 
ONCX:iI& 10 
DNCX:a2:0 
DNCX;UlO 
DNCX2BIlO 
DNCX:;:&SO 
ONCX:il860 
ONCI(2B?O 
ONCK2:BBO 
oNCI(:ile90 
DNCICi900 
DlIICX:il910 
DNCX:il920 
DNCXalO 
ONCJ:.9a.O 
ONCX.9S0 
DNCX:il960 
DNCJ:.:ilSI?O 
DNCJ::29BO 
DNCX2990 
DlIICDOOO 
DNCOOIO 
DNCOOaO 
OJIIClUOlO 
DNCX3060 
DNC](JOSO 
DNCltJ060 
ONCDO?O' 
ONCD080 
DNCD090 
DNCDIOO 
DNC1) I 10 
ONClOl~O 

ONCDllO 
ONClU140 
DNCJtJlSO 
ONCJJ160 
ONClUl'lO 
DNCPleO 
DNCPlSlO 
DNClOlOO 
DNCKl210 
ONCOHO 
DNCXHlO 
DNC10240 
DNCX3:i1S0 
DNCDl60 
DNClOl?O 
DNCJ::)l80 
DNC!tl:il90 
CNClO300 
DNCD310 
DNCJtJllO 
ONCJtJllO 
DNCXlliO 
DNCXJlSO 
DNCXJJ60 
ONCJ0370 
ONCJ(JJBO 
DNCXl390 
DNCD'OO 
DNCJ(l'lO 
DNCXl'lO 
DNC](l4l0 
DNClld.60 
DNCD'SO 
CNCD'60 
ON~'70 

ONCJO' 80 
ONCD690 
DNCItl500 
DNCIOS 10 
DNClO5 ~O 
DNCXJSlO 
ONCXJS60 
ONClU550 
ONCD5150 
DNCIOS'IO 
DNCItlSBO 
DNCI05g0 
DNCD600 
DNCXl61 0 
DNCX36:i10 
DNCXJ IS lO 
ONCXlI5&O 
DNCD/550 
DNCD1560 
ONClOiS?O 
DNClO6IBO 
ONCJ0690 
ONCD?OO 
DNC10110 
DNCD'I:ilO 
DNCD'130 
ONCJ(.l'l60 
DNCD'ISO 
ONCIO'IiSO 
DNCD'I?O 
DIIICJ{J'I BO 
UNClO'190 
DNClOBOO 
DNClOBIO 
ONCXJIJ20 
ONCJtJ8l0 
tlNCJtJB'O 
ONCKleSO 
DNCIU&iSO 
ONCIO&"lO 
ONCXJBIO 
DlIIClOBSlO 
ONCXJ900 
ONCX3910 
ONClOSl20 
DNCKl9JO 
DNCKJ940 
ONClO9S0 
DNCJ0960 
ONC109'10 
DNClO9BO 
ONCK3990 
DNCJt4000 
ONCJ:.4010 
DNCJ:.4020 
DNCK40JO 
DNCX,O'O 
DNClt4050 
ONCX40CSO 
ONCX40'10 
DNCK4080 
DNCXlOSIO 
DNCKl100 
DCURoOlO 

C. aa __ .... __ .... __ ._. a._ .. a a .... a ••• a. _ ...... _ ..... _ ••• _ .... _.a. __ a a _ ... a a. _ .. a •• _aDCUROO 20 
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c·- SUBROUTINe OC1JR.ll.D SUBRt'N (TO CCl'lPtrrE CURRENT OISPL.,DM,~I'L\X) DCUROO)O 
C _ aa ...... ~ .. a •• _ ••• _ ....... _ .... a __ ....... ___ ........ _ .... _ ......... a. _. _____ .. a aa ..... aD('lIR0040 

SUBROI.1l'INE DCl.lJli.O DCXL, OSINC, PP, PPP ,011, PC, PY, PU. PF, X, DP, OHAX, DCUROO 50 
" OFP ,DC, DY, DU, eYCl...EN, AREAl, Ft9.A, i'NPT:FG, CDC, CZlY, aDU, OPU, DCUltOOIS 0 

OF, HO, H ,050:, POSTPG,OSCY, SOC, SCY ,SYU, SUP, Sll, SOB, SOE, [X:UR00'10 
SQ6,OPC,OFY, PSC115 , DP1' ,OPTT, XXl.J..~ ,USE, PSEOLD,lJPOS, ESE,PSE, OCUII0080 
CSE,EXClI, IOP"t'II) DClJR0090 

c 
C OPP .. DISPL BEFCIRE DlSPL INOEHENT ADDED 

DCUROIOO 
DClIRO 11 0 
DClIR01.20 
DCUlI:OIJO 
DCUR0140 
DCUROiSO 
DClJROi60 
JX:URD1 '1 0 
DetJR0180 
DClJROlSlO 
OCLlR02QO 
DClIR0210 
OClJRO;j,~O 

DClJR0230 
OCUR02ll0 
DC l.IRO <I 50 
DCUR0250 
DCUlt O:! 'I 0 
DCUR02eo 
OCUR 02g 0 
OCURO.lOO 
OCURO],lO 
DCUlIOJ20 
DClJROJlO 
DCOROHO 
DClJJI.OJSO 
DCUROJ50 
DCURO)?O 
DCURO)BO 
DCURO)90 
DCUR0400 
DCUR0410 
DCUR0420 
DCUROd.30 
DCUlt0440 
DCUR04S0 
DCUR04iSO 
DCUlt04?0 
DCUR0480 
DCURo,90 
DClJR0500 
OCUR0510 
DCUR0520 
DCUROS30 
DClIROS40 
DClIROSSO 
DCL'R 05 is 0 
OCUR05"lO 
OCUROSBO 
DCUROS90 
DCUR0600 
DCUR0510 
DClJROI5~O 

DCUROiSJO 
DCUIi OiS 40 

LeGI CAL TNPTpa, POSTpa 
INTEGER CYCLEN 
REAL K 
DIHE-NSIOt.! ESE(3) ,EXCiI(iS) ,UFOS(J) 

IF ((XXLI...S'T. EQ.l .A.NO. OStHe.GT. 0.) .em 
(KXLLST EQ 3 .AND. DSINC.LT 0.)) THEN 

IP ((ABB(DP) -DC) LT ABSIDSINCl AND ABS(OP) .GT.DC) TNPTFGa TRUE. 
IP((ABS(OP)-DY) LT.Al\S(DSINC).AM) ABSIDP) G'T.DY) TN}'TPG-.TRUE 
IF ( (AB S (OP) -UlJ) . loT ABS (OStNC) AND. ABS (OP) . G'T OU) TNPTFG-. TRUE 
IP(ABS(OP)'DP) .LT.ABS(OSINe).AND ABS(DP) G'! OP) TNPTPC·.TRUE. 
IP ( (ASS (DP) . (:2 0" OY) ) . LT .ABS (OS INC) .AND .ABS (DP) GT. (20· DY) ) 

'I'NPTPG- .nUE 
GO TO D1 

..., IP 
IP«:aL.EQ.S .OR. leXL.EQ.6) .AND. «(OP·PP) GT 0 )) THEN' 

IP (ABS(DP) 'DC) LT.ABS (DSINC) THEN 
IF(ABS(DP) .CT DC) THEN 
~PTPG· .nUl, 
IP (JCXL..EQ. 5) XlCL-3 
IP(KlCL,EQ.6) Xn.·l 

END IP 
DlD IP 
GO TO DI 

END IP 
131 DMlJ(.!'l.U(AlIS(OP) ,DM.l.X) 

IPi.(PP.EQ.o) ClL ((PP-PPF) 
OM .. MAX (01'1, DM.It.X) 

LT.O)) THEN 

C OP'M' ,OPT 
C (O,DFT) ~ 0 , 0) 
c-
C 
c 
c 

.) .DPT'!' : (. 
DBINe : (. 

IP( (PP~PPP) ,LT. 0 ) THEN 
OPT·OPP-Pl'P/K 
DPTT-OP'OP'1' 
CALL ON! (0, U'P06, EXca, ClOY ,OP, ESE, PSE, PSEOLD, CSE) 

tp 'X"SUP -'NO RUCH PC!F.CE·O ilIEN SET FQRCE-O Am1 DP"oFTT 
,AP'TD TJiAT X·o 
!P~K EQ.(-O.000l"SCY)1 THEN 

OP-DP 
FP"O. 
K-O. 
STOP 

END IP 
IP(DI'!.LT.CDC .AND. OMAJl.LT.ODC) THEN 

IOPTOi·l 
E!.SE 

IOPT:iI-:iI 
END IP 

0J..l.. ODISSI(IOPT2,ESE,PSE,PS'EOUl,CFP,PPP,OPT,O ,AREAl, DCUR06S0 
It, USE, PL, PC, DC, PY, OY, OM, Ot'IAX,aoc, SOB, PUOO) DClJii0660 

IF ( (POSTPG) AND. ('PPF . LT . 0)) THEN DCllR06'10 
C'lCLEN"C'!'CI...Dl.1 OCUR06BO 
Ph.UaO. DCUROCS90 
DKAX.US (DP) OCUR0'100 

END IP CCURQ'IlO 
U(.NOT. POSTPG .AND. P'PP.GT.O ) THEN DCUR 0'12 0 

CYCLEN-CYCLENq DCUR0'130 
PK.U:-O. DCUR0'140 
DI'IAJI-US(DP) octmO"lSO 

E:ND IP OC!JROi6C 
END IF OClJii0'170 
IP{DH.Gr.ODC) THEN DCUROHO 

CAlJ.. tleWs-rI (CDC, CDY, CDU, OPC, OFY, oro, AAUI ,DM, PC, F't, DCUR0790 
FU, PP, DC, 0'1, OU, DP, HO, H, OSOC,OSCY, sec, OCURoe 00 
sey, SYU, SUP, SR, SOB, SOE, SQ6, PSOG, OPT, SOP) DCUR0810 

END IF DCL'ROB.O 
IPIICICL.EQ.;jl) II:kL .. 5 DCUR08JO 
IP (KXL.EQ .• ) Kn. .. 6 DCllROUO 

!NO IP DCURoeso 
IP(((J(](L.EQ.'1).AND.(m...LS'T EQ.4ll.eII: DCUlioaiSO 

.. ((XlIL.£Q,8) J.ND.(I(JCI.J...ST.EQ.2))) THEN DCllRO&'IO 
CYClZNaC'tCLEN+1 DCURouo 
QI1"MAX(DH,DKU) DCUROB90 

END IP DCUR0900 
il~ DCUR0910 
~ oc_" 

C __ ........ a_ ...... _ .... aa_ .... a_ .... a_ ... a __ ... ___ ........ aa __ .. a._ ........ a_ .... a .... __ ... a_NEWSOOlO 

C •• Nl'lliS'l'IP st.JBllTN (PINO STIPFNESS WHEN nSSING HClRI'Z. UIS (PaRCE·O) NEWSOO:o!O' 
C .. _ ..... _ .... a_ •• ___ .. _ ....... _ ........ _.·. __ .. a __ ... a ...... _ ...... _.a __ .a __ ···_···_···-NEWB0030 

SUSROU'TINE NEWS'TI (OOC,CD't ,aDU,OPC,OP't , OPU,All!.'.l , OK, PC,PY, NEWs0040 
'- FU, FP ,OC, D~ ,DU, OF, HO, H, OSOC, OSC\', sec, NEWSOOSO 
'- BCY, SYU, SUP, SR, SOB, SO!, 806, PSQ6 ,DPT, SOP) NEWS0060 

506 a AlI.EAl/ (Oro-ODU) 
TOL"lE'lO 
IP(J.BS(OM) .loT.CDC .AND. SQ6.LT.TOL) 506-0. 
PSDp·SDP 
SDp·DPT 
Al..PHA·HO/H 
IF«(SQ6.ar.o.).A.ND (SQ6 !....E.O.))) THEN 

oc-oc 
PC-Fe 

E!.SE 
Ba ·0.lS4'1)-SOCS 
SR· (0.l7'191J.IO"B) "Osoe 
DC-ADS (stlP) ·0 . :ilS 
DC·H.\JI'('DC,OOC) 
IP(DC.GT. (l.S·CDC) 1 THEN 

DCal.S·ODC 
END IP 
IP lABS (SOP) .Gr .DU) THEN 

PC-O .9S-PC 
SR.-PC/(US(SDP) -DC) 

END IP 

PCas:a, .. ~A39(stlPl·DCI 
END IP 
IP(SQ6.NE 0.) THEN 

B-'O 20102*S06 
BB-l lS?8-10"B 
IP(BB.GT.1.) BB-l 
SCY"BB-OSCY 

EN!) IP 
COEFl· (OPY· OPC) / (OD't ·OOC) 
COEF2· (OFU 'OPY) / (ODU .QD'!') 

SYU· (COEF2/COE'Pl1-SCY 
IP(SQI!i.L.E.O ~ THEN 

DVaDV 
ELSE IP«(SQ6.CT.O.) .\ND.(SQ6 LE.O Jl~») tH~ 

Oya(Xl\, 
E!.SE 

D't- Il.S29S1.0.4S415-U:X:;[SQ6» "aDV 
E:NO 1P 
IP(SQ6,EQ.O.) THEN 

DU·DU 
E!.SE 

OU-DY" (ODU/COY) 
OU-!Q,JI IDU, 1.SoDY) 

DID IP 
F':I!·PC. (OY'DC) ·SCY 
PU·PY. (DU-OY) - S'tU 
Sup··O.S "SCY 

NEWSOO?O 
NBWSOOBO 
NEWS0090 
NEWSOIOO 
NEWS0110 
NEWS0120 
NEWS0130 
NEWS0140 
NEWSOISO 
NEloiS0160 
NEWSO 1'7 0 
NEIrIS01IJO 
tJEWS0190 
NEWSOlOO, 
NEWSO.10 
NEWS02~0 

NEWS02JO 
NEWSOHO 
NEWS02S0 
NEWS0260 
NEloiSO"?O 
tlEWS0280 
NEwSoao 
NEWS0300 
NEWS0310 
NEWS03:20 
NEWSOllO 
NEWS0340 
NEWSOlSO 
NEWSOl60 
NEWSO)?O 
NEWSOJ!O 
NEWSOJSlO 
N'EWS0400 
NEWS0410 
NEWS0420 
NEWS041Q 
NEWS04dO 
NE .... SOd.50 
NE .... S0450 
m'olS04?0 
NEWS04S0 
!'lEWS0490 
NEWS0500 
NEWSOSIO 
NE ..... SOS20 
Nl!WSOSJO 
N'EWSOS40 
NEWS0550 
NEWSOS60 



pp. (PC·P"t) /1. N2WSOS?O 
Dp·Dll. (FP·PU)/SUF Nl!:WSOSBO 
soc-pelDc NEWSOS90 
SOY·PY/OY N1!WS01500 
SCU·(P'U,PCl/(OU·DCl NEWS01510 
X,),·FY /SOC NEWSOI51. 0 
XB·(X,), .. OY)/'J NEW9015JO 
Saa-PY/IB NEWS0640 
XD·FU/SOY NEWS0650 
XE· (XD+OU) /1. NEWS0660 
SOE·PU/XE NEWS06?O 
PSQ6·SOEi NEWS01560 
RnURN NEWS01590 
END NEWSO? 00 

C.····.· •• ••••••• •• •• •••••••• • .. • .... • •••• • ••••••• •• .. • ... ••••••••••••••• .. ··00190010 
C··· SUBROUTINE DOISSI SUBRTN (UE.l.l"ENEROY DIssIPATION) 001SOO1.0 
C .... CALCUl...A.TE THE EU.~IC STRAIN ENERGY (ESE (1) AND OOISOOJO 
C·.... PU.STIC STRAIN ENERGY (PS!l DOIS0040 
C ............................................................................................ DOISOOSO 

SUBROUTINE DOISSI (IOPT3, ESE, PSE, PSEOI.l:l, DPP, PPP ,OP, PP, AREAl, DO I 50060 
" X, USE, KJCl., PC, DC, FY ,OY ,DM ,OMAX, CDC, SaB, PUOO) DOISOO? 0 

RtAL X 00lS0060 
Dll"lENSION ESE(J) DOI50090 

c 
C AREAl REPRESENTING AREA ENCLOSED BY THE HY&'"rERlSIS RESPONSE 
C TSE,ESE(I),ES!(2),ESB(Jl,PSE,PSEOLD SEE STRENG SUBR'l"N 

DOISOIOO 
DOl50110 
DOISOI1.0 
DOISOIJO 
001S0140 

C USE .. !QUIVAlJ!!NT UNLOADING S"rIPFN'ESS 
c· . 

IF(Ion;l.EQ 1 .\NIl. x.NE.O.1 THEN 00150150 
CALCUL.\TE THE EQUIVJ.l...EN't' UNLOAI:IING STIFPNESS DOIS0160 

IP«ABSIFUOO) .G'l'.O.'7"PY) .OR (Xxt..EQ.'7 .alL KXL.EQ 6 .OR. DDIS01'70 
JOCL,EQ.9 .OR. XXL.EQ,lO) THEN 00150180 

OOPP"SICN(OC, -OP) DOl60190 
PFPP"SIGN(FC,DOPPl D01S01.00 
SlCKl"(FPPF-PUOO-O B5)/(DDPP'DP) ODIS01.10 
SXI·I1AX(SXXl,Saa) D01S0HO 
OF1" OP 0 (pp/lS • PP' O. BS) ISXl OD ISO:l30 
FYP·9IGN(PY, 'OP1) DOI50Z40 
OYP"5IGN(DY,Pn') DOl502S0 
SX2" (PYP 'PP/6) / (DYP-OPl) 00lS0260 
OP:iI"DP10 (0 ·PP/6)/SX2 001501.'70 
.\A·O .5" (0. as "FP' PP/6) • (OP -OP 1) +0 . S*PP/S" (OFI . OP1.) DDISO:otBO 
USE" (PP"":lll (1.*ABS(ll)) DDIS0290 

ELSE IP(ABS(PP).U ,o.i-n) THEN 00lS0300 
SXI • PC/tc ODrsOllO 
PPI-SIGN'(FC/l,PF) DDI50HO 
OPl"DP+ (PPl' PFl/SXI ODISOllO 
DeP .. SIGN(OC, 'OP) OOISOHO 
FCP • SIGN(PC,DCP) ODIS0150 
SX1. • (pCP-PPIl/ (OCP -DPl) DOI50HiO 
OPiI: .. OPI .. (0. 'PPl)/SKiI: 001503'70 
M"O .5- ipPI' PP) - (DP-OPI) .0.S"'PPl* ('OPI-OP2) D'OIS03BO 
USE • (FP·-2)/(~"ABS(AA» D'OIS0)90 

END IF O'OIS0400 
nm IP '0'01501110 
IP{IOPT2.EQ.Z AND. t.NE,O.) THEN 00IS04:10 

IP(DH.U..oDC ,AND, DH.U.U,CDC .A.ND.(JOQ", EQ.l ,OIl. DDISOOO 
K1CL.EO.l .OR KICl. EO.S .ClIL XXL.EQ,15») THDI DOISOUO 

USE-X O'OIS04S0 
ELSE IP((DP*PP).G'l' O.l THEN O'O!S04150 

USE·(O 'PPI/(OP/l-OP) O'01S04?0 
END IF O'OISOUO 

:END IF 'OOIS0490 
CALL STRENG ( ESE, PSE, PSEOI.l:l, PP, PPP, OP ,OPF ,llSE) DO IS0500 
ARE.U"ESE(ll.PSE 00lS0510 
RE'TURN O'OISOS1.0 
END ODISOS30 

C ....................... •••• ..................... •• .. •• .... • •••• • .. ••••• .. •• .. ••••• .... ••• .. DINT0010 
C _ •• SUBROUTINE DINTElI. SUBRTN (OIECX IP NEW CUlUl.EN'I' TRACK ImaSEC'T DINTOO~O 

C _ •• ; IP YES, FIND CONNECT PT. (UPDA.T%[) CURltENT PT ) DUfr0030 
C .......................................................................................... DINTOOCO 

SUBROr.1l'INE OlmER (PC, PY, PU, PP, PPP, DC ,DY, DU, OP, DPP, SOC, SCY, SYU, OINTOOSO 
" SUP, I, PP,OP,DSINe, m.., UtUU!,POS'TPO,DUO,FUO) OINl'0060 

REAl. I,ICJ,OUO(4) ,PUO(') 
LOGlCAI., FOSTFG 

IP(ABS(DP) .LT.DC) THEN 
](J·PP/OF 
IF (XJ. LT sec) RE'TUIl.N 
If (XJ. EO.SOC) THEN 

IPi09INC'.OT.Ol xn"l 
IF(DSINC.LT.O) xn.·J 
OFT""" 

END IP 
IP(KJ'.w.sec .AND. X,GT.SOCI THEN 

IP (UU11.2.EQ. 51 .OR, UH1LE.EQ.S2) THEN 
X· (x"opp·PPP)/(){·SOC) 
y-x·soc 
ADP·SIGN(X,OPP) 
APP"SIGH(Y,OPP) 
PP"APp· SOC- (DP 'ADP) 
IPiOSINC.G'T 0) XXL"1 
IF(DSINC.L1.0) XXL"3 
<-SOC 

END IP 
. PC&!: RELOAD OUR.ING REVZR9AL S'rAG! 
IP(UtlULEO.41 ,OR. LRUI.E.EQ.':iI) THEN 

IP(OP.GT.O) THEN 
IF(POSTPG~ 'THEN 

FPPP"PUO(ll 
GGGG·OUO (I) 

'LS' PPPp·FUO(2) 
GGGG .. DUo (:ill 

END IP 
ELSE 

IF (F05*l"PG) THEN 
PPPl'''PUOi1.) 
GGGG .. OUD (1.) 

'LS' FPPP·PUO (1) 
GGOO"OUO (1 ) 

END IP 
EN!) IP 
IP(ABSiOP) .G"!".ABB(OOOO) . .um. (Dp"GGGG) .GT.c) THEN 

n·PPP" (GOGO'DPP)-It 
SX· (ABS(pC) ABS [ra)) I (~S (DC) -~S (GGGG)) 
pp·n. (DP ·0000) "SJ: 
IP(DP.GT 0) DJ.·6 
IF(DP LT ,Ol KXL"S 
X·5X 
RE'rUllN 

END IP 
END IF 

£NO IP 
END IP 
IF([ABS(OP) GE.OC) .\NIl. (ABS(OP) .LT.DY» THEN 

IP (tlP.GT.OI THEN 
IP (POSTPG) THEN 

FPPp·PUO(ll 
GGGG"ouo (1 ) 

'LS' PpFP·PUO (~l 
GGGG·OUO i") 

END IP 
ELSE 

1 P (POSTPG) THEN 
pppp"PUO (~) 
GGoo"DUO (2) 

'LS' FPPF·PUO (1) 
GaGG·DUO (I) 

END IP 
END IP 
IP(ABS(OPP) L'T.O . .lM). (LRlJl..E.EQ.41 .OR. LRllLE.EQ.4l) 

DINrOOiO 
DINTOOBO 
OlNT0090 
DlmolOO 
DINTol10 
DINTOI:lO 
OImOl30 
01N'T0140 
'OlmolSO 
'OINT0160 
01NT01'70 
DINTOlBO 
'OINT0190 
OINT0200 
DINT0210 
OINTOil:il:O 
DINTOil:30 
DINTOHO 
DINT01.S0 
DINT01.60 
DIN'I'01.iO 
DIN'l"OnO 
DINTO:il90 
DIN1'OlOO 
DIN"!"OllO 
DIN'TOJ30 
DarrOllO 
DINT0J40 
DINT03S0 
DIN'T0360 
DINT03'70 
DINT0380 
OINTol90 
DINTOf.OO 
DINT041c 
OINT0420 
01NTOf.30 
DINTOUO 
OINT04S0 
DINT0460 
'OIN'l"04'70 
DINTOUO 
OINTono 
DINTO!iOO 
01NT0510 
OINT05:10 
DINTOS30 
DIN'l"0540 
DINTOS50 
DINT05iSO 
DINTOS?O 
OIflTOSBO 
OINTOS90 
OIN'l"OiSOO 
DINT0610 
OINTOiSil:O 
DINT06JO 
OINTDIS4D 
'OINTDISSO 
DINT0660 
01NT06?O 
DINTD6BO 
DINTD690 
oan-oioo 
OIm'0'710 
OINTO'7 jl.0 
OINTO'7)O 
OINTO'HO 
DIN'TOiSO 
ounoiSO 
DINTOiiO 
DINTO'7BO 
DI N'T07S1 0 

cc 

64 

AND. (OP'GGGG) GT,O) THEN 
n"PFP' (GGGG'OPP)"~ 
sx· (ABS (PC) -AS9 (Y.) / (AIlS (DC] ·ABS (GaGa) 
IF(OP G"!" 0] pp.Ya+ (OC'GGOG) ·SX· ('OP-DCl"SCY 
IP (OP. LT ,0) pp .. y~+ ( - DC' GGGO) • SX+ (DP+DCl - OCY 
IP(OSINC' ,Gr, 0) Jl:XJ.,"1 
IP(OSINC.LT,O) XXL"3 
X·SCY 
RE'Tll>N 

END IP 
KJ" (ABSiPPl'PC)/(ABS(OPl'DC) 
IP(KJ.LT.SCY) Jl~ 
IF(KJ EQ.SCY) THEN 

IF(OSINC.GT,O) ltXL·l 
IP(OSINC.LT.O) !tn·J 
RE'Tll>N 

END IP 
IP(J(J'.GT.5CY) THEN 

X· (X-ABS (OFP) ·DC"SCY· ABS (pPP) ... PC) / iX - SCY) 
Y·ABS (PPP) oXrASS (Xl' X"ABS(DPP) 
IP(ABS(X) .LT,DC) THEN 

X· (X'OPP-PPPll (X-SOC) 
y·x-soc 
.\DP"SIGNi):,DPP) 
APP·SlI~('f ,DPP) 
JP(OP G'l".D) PP·A.FP.SOCr(OC-.\DP)"SC"'·iOP·DC) 
IF(OP.LT Ol FP·AFP·SOC· (-DC-ADPJ oSCY-(OP·DCI 
IP(OSINC GT.O) XXI.·I 
IP(05INC.LT.O) xn.·3 
X .. SCY 
REnIRN 

END IP 
ADP·SIGN(X,OPF) 
APP"SIGN(Y,OPP) 
PP"APP"SCY r (OP -.\IIP) 
IP(OSINC.GT.O) KIG."l 
IF (OSINe LT 0) XIQ. .. l 
X"SCY 

END IP 
RETtJRN 

END IP 
IP«ABS(DP).GE,OYJ.A.ND.(ABS(DP) LT.OU) THEN 

1CJ·(ABSI(PP) ·PY)/iA.BS(OP) -0'1) 
IP{J(J,LT.sn1) RE"'t'URN 
IP[](J.EQ.9YU) 'l"HEN 

IF(DSINC.G'l' 0) Xn.·l 
IP(DSINC.LT.Ol Xn.·l 
RE'Tll>N 

END IP 
IP{XJ,GT.SYU) TH'EH 

)I·(PY-'OY"SYU"IC"ABS(OPP) 'AB9(PFP)) I(IC'SYU) 
Y·AB S (PPPl +X "ABS (X) • X-ABS (DPP) 
IP(US(X).Ll.DY) 'l'HEN 

X· (X-US (OPP) . DC- SCY· ASS (FPP) • PC) I (X- SCY) 
Y·ABS (PPP) -X"ABS (X) ·J(·ABS (DPPl 
ADP-SIGN(X,DPP) 
AJ'p·SIGtHY,DPP) 
IP (DP. GT. 0) PP "AFP .SCY r (DY --'DP) + SYU* (OP 'OY l 
IP(DP LT.O) pp·AFP·SCY"(·DY-.\DPl·SYU-(DP.DY) 
IP(DSINC.G'T.O) XXI.·1 
JP(OSINC.LT.O) KXL .. 3 
X·SYU 
RETURN 

END IP 
ADP·SIGN(X,DPP) 
A.FP·SIGN('t,DPP) 
PP"AFp.syur (OP-ADP) 
IP[05INe.GT.0) 1JG.. .. l 
IP{OSINe.LT.O) Xxr..·l 
X·SYU 

END IF 
RETTJ>N 

END IP 
IP(ABS(OPI GE.DU .AND. UlS(DP) .LT.OP) THEN 

IP «(ABS(DP) . EQ.OU} .AND. (oUlS (FP) .LT, FU» RETlllUI 
KJ - (AB9 (YP) • PU) / (ABS (DP) 'Dll) 
IP(XJ'.LT.Ol ,J.ND.(](J.LT.5UP») RZ'l"URN 
IP(~.EQ.9UP) 'l"HZN 

IP(OSINC.GT.O) )(IL-l 
IP{DSINC.LT.O) Xn.-3 

R"""'" 
END IP 
IP (XJ, GT. SUP) THEN 

X· (PU·DU"SUF 4 !t"A.BS(DPP) ·AlIS (FPPl)/(K-Sl1f') 
Y·A.BS (FlIP) "X-ABS (X> - It·ABS (OPP> 
IF(ABS(X> .LT.DU) THEN 

:X .. (Py· OY "SYUoJ:-,US (OFP) ·AD s (PP F) ) / (X- SYU) 
Y·US(PPP) ·It-A.BS(X) ·X").1IJS(OPP) 
~P·BIGN(X,OPP) 

A.PP"SIGH(Y,DPP) 
IP (OP. GT. 0)' Pp·AFP4 SYU- (DU ·ADP) .SUP" (DP 'OUJ 
IP (OP, LT. 0 > PP"A.PP ·SYU* ( . OU -ADP) • SUP- (OP ·OU) 
IP(OSINC.GT.O) JOCL"l 
IP(09INC.LT.O> KJCL·3 
X .. SUP 
RETIlRN 

END IP 
ADP" SIGN (X,OPP) 
A.PP"SIGN(Y,OPP) 
Pp·AYP"SUP" (OP-ADPl 
IP(DSINC.GT.O) Itn."l 
IP(DSINC.LT.O) Kn."l 
X·SUP 

END IP 
:RETlmN 

EN[) IP 

IP(ABS(OPl.GE.DP AND. ABS(OP) .l..T. (20 rOY» THEN 
KJ·(ABS(PP) ·pPl/(US(DP) '01') 
OO"~D-DY 
spa .. (0, PPU-FP) /~DG'DP) 
IF(XJ.EQ,5FG) THEN 

If(OSINC w.Ol Xxr..·l 
IF(OSINC.LT.O) Itn.·) 
RETUlIN 

END IP 
IP(XJ.GT.SPGl THEN 

)1·(0, 1*PU·OO-SPG.!t"A.B9(DPP) 'ABS(PPP11/(J('SFG) 
Y·ABS (PPP) +X -ABS (X) -X-ABS (DPP) 
IP(A.B8(X).LT.OU) THEN 

.. TRY WHi"l'HER IT 19 1..CCATED IN 8WN U AND P. .. 
X· (PU,OU·SU'P.X r AB5 (OPP) 'ABS (PPPl) I (K·SUP) 
y • .uS(PPP).X-ABS(X) -l(rABS(DPF) 
IP (ABS (XI, LT .DU) THEN 

X" (F't. 0'1' "SYU oX-ABS (DPP) - ABS (PPP) ) / (X· SYU l 
Y"ABS (FPP) +X"ABS (Xl' X·-'BS(DPPl 
-'DP"SIGN(X,OPP) 
APP"SIGN(Y,DPPl 
IP(OP ,G'l' .Ol PP"APP"SYU* IDU·ADP)·SUP· (OP-DU) ·SFG· (OP·OP) 
1 P (OP ,LT. 0) pp·A.PP"SYU- ( . OU' ADP) .SUP r ( ·DP_DO) ·SPC- IDP·DF I 
1PIOSlNe GT, 0) KXL·l 
IP(05INC L.T.O) XKl.·l 
X·SPG 
RFT""" 

END IP 
ADP·SIGN(X,OPPJ 
APP"SIGNIY,OFPl 
11' (OP G"l". 0) FP"APP+SUP *tOP 'ADP) .SFG· (OP -OP) 
IP (OF. LT, 0) PP"AFP+SUP- (-OF'~P) .SPG* (OP+DP) 
IF (OSINC',GT.O) JOa.·l 
IP(DSINC,LT.O) JOCL·l 
X"SPO 
RETURN 

EN[) IP 
IF(ABS(X) LT.OF AND ABS(Xl.OT.DUJ THEN 

X· (FP ·Dp·SUP"X· ADS (DPP) -ABS (FPP) ) / (K- 5UP) 

OIm0900 
DINTOB 10 
DINTOB20 
DIN't'D9)0 
OIN'TCHO 
OIN't'OBSO 
OINTOBi!iO 
0lNTOB10 
OINTOBBO 
DIN'T0690 
OHn0900 
DINTOSlIO 
OINTOSl~O 

OlNTOSl30 
DHl'TOSJ"O 
OINTOSJSO 
DIN'TOSJ150 
DIN'I'09?0 
OINTOSlBO 
Dltn"OSlSlO 
OINTlcOO 
OIN'I"lOIO 
OINTIOlO 
OIN'!lOJO 
DINTIOo.O 
OINTIOSO 
DINTIOi!iO 
OIN'TIOiO 
OIHrlOBO 
DINTI090 
DINTllOO 
DIN'TlllO 
OIN'T1l1.0 
OIN'I'1l30 
DIN'I'1l40 
0lNT11S0 
DIN'I'li is 0 
DINTll'70 
DINTllEO 
DINTliSJO 
OIN'I"I~OO 

OINTl1.10 
DINTl:il1.0 
OINT1230 
DINTIHO 
OINT1250 
OINT12150 
DINTl~'70 
OINTl2BO 
OINTl290 
DINT1300 
DINT13l0 
DINT1l20 
OINT1330 
OINTlJolO 
OnrrlJSO 
DIN'T13iSO 
DHn"13?0 
OarrUBO 
01N'I'1390 
OIN'l"l400 
OIN'I"l410 
DU~l420 
DIN'l"l4JO 
DINTIUO 
DINT1450 
DINTl460 
'OINTl410 
Dlm'l4BO 
DINTl490 
DINTlSOO 
DINTI510 
DINTI520 
DTNT1S30 
DINTISo.O 
0lNT1550 
OINTISI5O 
OINT1S?O 
OINTlS80 
OINTIS90 
DINT1600 
OINTl610 
DINT1620 
DINTI630 
OINTl6&O 
DINTIS50 
OINTlUO 
DINTISiO 
DUrn6BO 
DINTl690 
01NT1'700 
DINT1'710 
DINTl7il:O 
OINTliJO 
DINTl740 
OINTI'750 
DINTlii!iO 
OINTli?O 
OUl'TliBO 
DUtI'lHO 
DINTlBOO 
OIN1'lBIO 
OINTIB1.0 
DIl'nlBJO 
DINTIB40 
DINTIBSO 
DUl'TU60 
OINTU'iC 
DINT18 80 
OIN'l"1890 
DIN'l"I5IOO 
DINTl910 
DINT1920 
01NT19)0 
DINTl940 
0lNTl9S0 
OIN'T191S0 
OINTl9iO 
OlNTl9BO 
'OINT1990 
DINT:OOOO 
OINT1.010 
OIN'T:ilD1.0 
OIN'T2030 
DINTa040 
DINT20S0 
DINT20iSD 
~INT20?0 
OINT20BO 
OINT20SJO 
DINT1.l00 
DIN1211D 
DINT2l4l0 
DINT2lJD 
DINT2140 
OINT2lS0 
01NTZl150 
DINTZl'70 
OINT~I BO 
OINT2190 
DINT2200 
DINT2210 
OINT4I210 
DIJllT22JO 
OINT:OHO 
DINT22S0 



V·AS9(PPJlI.I(·AB9(XI-K·ABS(DPPI OINTn60 
ADP-SIGNIX,DFPI OINT.LOI'10 
APP-9IGN{Y,OFP) OINT.:uO 
IF (OP _GT, 0) FP-APP.SU'P· (DP -ADP) .SPG- (OP-DF) OINT2l90 
IF(DP LT,O) n·A.FP·SUP·(·DP-ADP1-SPG·(DF-OF) OINT:illOO 
IF(DSINC,GT.OI x:n..\ OINT:ii310 
IP(D91NC.LT_OI m..-3 DINT.12.0 
K·SPG Onrr<lllO 
RETUItN OINT.JG.O 

El.a:l IF' OINT:illSO 
ADp· SIGN (X,tlFP) OINr'.360 
AJ'p·SIGNIY,DPP) OIN'T<l370 
FF·AFP~9FG·IDP -.\DPJ OINTOI190 
IF(tlSINC.G"!'.O) Kn·1 OINT:il3S10 
IF(DSINC ,LT 0) XXL-J OIN"T:aOO 
X-SFG OIN'I':ilUO 

"END IF DINT.f.20 
ilETURN OIN"l':iI'30 

END IF OItn':iIUO 
DUrr:il'SO 

DH-20'D't+(0 0_1.FU1/(-00001·SCY) OItrt'l1ll60 
SGH" O.OOOPSCY DINT:ilIII?O 
SPG- (0 _1 ~PU - PFJ / (20*'0'1" OP) DINTH 80 
IF(ABS(DP).GB.(OlO·O't) AND. ABS(DF).LT.DH) TH~ DHnzno 

IF (ABS (DP) .EQ. (20'0'1') .AND. ABSIFP) .LT. 10 1"PU) I RETURN DINT:ilSOO 
XJ-(ABS(FP) ·(O.l·PU)J/(ABS(DP) '1.0·0'0) DIr-n'ZSlO 
tP(XJ.LT 0 .AND. KJ,LT.SQI) RB'IilRN DHIl'ZS:ilO 
IP(XJ.BQ.SGH) THEN DIN'l'ZSJO 

IFIDSINC Gr.O) Ul,.-l DIN'I':ilS III 0 
IP(DSINC.LT.O) KJCL·J DINT2SS0 
RETUlI.N DIN'l'aS60 

2ND IP DINTaS?O 
IP(K.1.c;T.smo THEN OIN'I'asso 

)C .. (O .l'PU-20·0Y·SGH-K·'\sS(OPP) -.\.Bs(PPPll/llt·SGH) DIN't'2S90 
Y·ABS(PPP) .K.USOO -X*.\BS(tlPP) 0lNT2600 
IF(A..8S(X) ,LT OP) '!'HEN OINT:l610 

CC TRY WHBTHER IT 19 LOCAtED IN BTN P AND G ..... OINT:l6.0 
)C. (0 .1 ·PU - 00' SFG_lt 'A8S 10PP) ·ASS (PPP) 1/ (X- SPG) olNT26JO 
Y·ABS(FFP) .K·~S(X) 'X'AllS(DPP) 0lNTZ6eo 
IP(ABSOc) .LT.oF) THEN DINTZ6S0 

X .. (FU·DU.SUP.J(*A.BS (DPP), -ABB(PPP)) / (K-SUP) DUll'266 0 
't-ABS(PPPJ ·X·gS(X) -X'.ur.S(DPP) DIN'l'26"0 
AIlP"SIGN()I,OPP) DINTa680 
AFp· SIGN ('t ,OPP) DINt'269Cl 
IP (op.ar .0) Fp·AFP'Sup· (OP ,WIII .. sro· (OO-OP)· SGH' lOP ·00) oINT:a.,OCl 
IF ~ OP. L'I' . 0) FP-APP~SUP" I -OF - A4lP) • SPG· ( 'OG+DPJ "SGH' (OP"DG) DINT:Z" 10 
IF(DSINC.G'T.O) ltJCL-l oINr.?20 
IP~DSINC.L'T.O) XXL-3 DINr."3Cl 
X-SOH DINt':iI" '0 
RE:'T'TJRN DIN'l'2.,50 

END IF DINt':iI"60 
ADP-SIGNIX,oPPI OINr:il.,,,O 
APP-SIGNIY,oFP) DINT27.!10 
IP (DP. GT ,0) PP-UP· SPG' (OF 'ADP I. SGH* lOP 'DF) oINT.?90 
IP (OP. L'I'. 0) Fp·AFP 0 sro· ( 'OF -ADP) _SGH· (OP 'OF) OINT:iIB 00 
Fp.SIGN(PP,DP) OINT:ilIlO 
IP(DSIOC.GT.OI m..·l OINT<lBaO 
IP(DSIOC,LT.OI m.. .. 3 OINTHJO 
J(.SGH OIN'TlIIIIIO 
RETURN o urr:a SO 

DID IP ourr2860 
IF(ABS(X) .LT. (:ilO·OYI I THEN OINT:a"o 

x .. IPP-OP"SPG+X·.\BS (DPP) -US IFPP)) / (X, SPC) OINJ':iI880 
Y'ABS(FPPloX*ABS(X) 'l"'ABS(DPP) DINT211S10 
ADP-SIGNrX,OPP) DIln':ilSlOO 
AP'P"STGN(Y,OPP) OINT<lSllO 
IF (DP.GT, 0) P'P-APi'+SPG' (<lOtOY 'ADP) +SGH' (DP '.0'0'1') DIN"!':iIS1<10 
IF(.oP.LT.O) PP"AJlp,sPG.(-aO·D't A[)P)·i90H·(Dp·:iI0·DY) OINTl9JO 
IP(D9INC,(l'T.0) ](J(l.-l DIN'I'<lHO 
IP(D8INC.L'T.0) XXL·J DIH"I'<l5ISO 
K-SGi OINTl960 
RETURN 0INT:il5I?0 

END IF DI NnSlll 0 
ADP"SIGN(X,DFPl DIN'l'a9510 
AFP- SIGN (Y, DPP) DINJ'JOClO 
FP-AFP" SGH" [OP -).DPl DIN'l'JO 1 0 
IF(DSINC GT.O) Kn.-l OINT30:ilC 
IF('OSINC .LT, 0) Ul."3 DINT30l0 
K.SGH OINTl040 

END IF DINT30S0 
RETURN 0lNTl060 

END IF 01HT10?0 
IP(A!SIDP) .GR,oH) THEN DINTloao 

x .. 0 . DIN'T3090 
IP(OSHfC.GT,O) JQCL·l DII'ft'310e 
IP (DSINe .LT, 0) m.. .. 3 DIN"r3110 
RETURN oINT31 ZO 

£NO IP OlNT31le 
RET1JlbI DINI'JUe 
!NO DINrJ1se 

C ••••••••• HYST1., .......... " ••• " ........... *., ...... * ................ " ......... HYS'T0010 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

THIS SUBRO<.1TIN! IS USED PCI\ NCNLlNEU BEAM-COI.aOl ANALYSIS, H,{STooao 
WHICH CAN ~LYSIS '!'HE POSTPtlCItING, UNUlI.DINQ, AND IBLCIlDING HYSTOOJO 
H'tS'TERIBTIC LCOPS. HYBTOO'O 

HYSTOOSO 
.. __ .. ____ ..... _ .... _____ ••• _ •• ___ .. ____ ••••• ___ .. ___ •••• __ .... ---··.-.-· .... ·HyST0060 

SUBB.otrrIN! HYSTIZ( IOPT ,N9!G ,YS ,8M ,LID ,HH ,00 , 
.;. JSTOR,IDOF ,WW ,Z2. ,INEB ,INEH ,ST ,11£V1, 
" IREVa,IREYl ,IRzve ,IECOP,ECC1o,ECCYO,NUHP ,KLS 
" SKALL,R.ATIXO,IUTIYC,TO"rA ,IMD ,ISJI! ,tlBLTPl,S~ , 

SP ,ISTUT,IR ,G ,I!ITIP,IAUTO,IMATD,UTIOJ, 
QilNEB,DBEE , 

NP,IPM, BETA, EClC, ECY, U, V, UO, vc, GCD, 
BL, 01, DO, 000, TI.., XlJJC, FLOC, PGLOB, XGUJ, 
EO, El, B2, T"8, PR, TIl, SEA.SAT, STP,MDIAG, 
BEASAT, TF.1T, OP, OutOlY, PSI:, ECCX, ECC't, 
PP1, PACt'Oi, OPCOPY , ASAT, S, DE, 
AO, E ,S'TlI,DEP,BOP,BT:RP,TEP,EJlEP,5REl',PJL,PLP) 

10PT • 1 PORJofUU.TE THli: INITIAl. MEMBER s1IFPNESS 
• 2 PORMlJU,TE nIB 1QolLINXU. MEMBER S'TIFFNESS 

RJo.TIXO • INITIAL IMPERPECTION OP THB ~ER IN X DIBEr:TtCN 
R.ATIYO 0, INITIAL IHPERPEC'TICN OF THE I'IDIBER IN Y DIlIECTION 
IECOP .. ECC:E:l'InIC LOAD oPTI~ 
WIt - ECCENT'RIC DISTAlCB IN X OIRECTlc.l 
ZZ - ECCENTiIC DISTANClI IN 't OIRBC't'ICIN 
NlI1P - roTAL SECTI~L POINT ~ TKE SBaaNT CJ.osa -BEC"UCIN 
ASAT • MEMBER GLOBAL STIFFNESS MAnIX 
EEASAT .. CONDENS'iD MATiIl 
CCNH'T - RBSIDUAL lQT'UJ 
DO .. I'IEl'Il3U'S .oISPI..AcmotEN"l' lNamGNT AT EACH D.O.F. 
NSEG • TOTAL NO OF SEGI1ENTS IN THE I"!EKBER 
lOOP • TOTAL o.O.F. OF '!'HE HV!BER 
ELS • TOTAL l.E:NGTH OF THE MEMBER 
t..IBN • THE CROSS- SECTIClN LIBRARY NO. 
PLP • FLAG FOR Jl.JOINO t..OCAL BUCJ(LING 

o . NO t..oCAL BUCKLING 
1-111. LOCAl. BOCXLING OCCURRED 

fQo!FM • SVSTEM PmomER NO. 
RmEE ~ INDEX FOR LIMITING NORM OF DISPLACEMENT 

a EEE. t..T. QRNE! 
1 BBB .GT. QRlJEB 

C Eex • DISTANCE PRCM REFER~B COORDINATB (U,V,W) ORIGIN TO 
ECCENT1UC l.aAD LOCAnON IN U DIRBCTlaN 

HYBT0010 
H'tS'Tcoao 
HYS'J'OOSIO 
HYS"TOIOO 
HYS'T01l0 
HYB"rOIOiO 
H'tS'T0130 
HYSTOH,O 
HYST01SO 
It't S'TO 115 0 
HYSTol?O 
HYS"I'OlBO 
HYSTOlSlO 
HYS"i'O .. OO 
HYSTO:i!lc 
HYS'TO:il:ilO 
HYSTOZJO 
HYSTOZeo 
HYSTO.SO 
HYSTOl60 
HYSTOl?O 
HYST02BO 
HY8'TCZ90 
HYS'TOJOO 
HYSToJIO 
HYSTOJ30 
H'i9'TolJO 
HYST0J40 
HYST01SO 
HYST0360 
HYSi0370 
HY5TOJaO 
HYS'T0l90 
H'tSiO,OO 
HYSTOcl.lO 
HY5TOlll20 
HYSTOIIIJO 
HYSTOIIIIIIO 
HYSTOIllSO 
HYS'TOIllEiO 
HYS"'!'oe?O 
HYSTOUO 
HYSTOeSlO 
HVST0500 
HYSToSI0 
HYS'TOSaO 
HYSTOSJO 
HYBTOSIllO 
HYS'l'OSSO 
HYSTOS60 

.. OISTAN'CE FRCl'I REFER£NCE COORDINATB (U,V,W) ORIGIN TO 
ECCENTRIC LOAD L.CCATION IN v DIRECTION 

REAL Im:!B,INEH 
DIMENSION BBTA(NSEGJ ,ECX (21, Eey (:iij, IP'H(IDOFJ ,MDI1<G(IDOP.l) 
DlHENSION tl (NSEG ,NUoIP) ,V (NSEG, NUMP) ,UO (NfJMP) ,VO (NLMP I 
'OIMl!NSION GeO (NSEG,:iI, 3),01 (looF) ,OD( lOOP) ,AS;\T (IooF, lOOP) 
DIMl!NSION 000 (lOOP), ELINSEG) ,TLINSEG) ,XLOC(NSBG, lZI, OF (IDOP) 
DH1ENSION FLOC (NsEG, 12), FGLOB (NSEG, 1.,) ,XGt.O(NSEG,laJ 
DU1ENSION Bl INSEG, NUMP) ,E:il (NSBG, NlJMP 1, TE (NUoIP) , PR (NSBO, 51) 
DIMENS]ON 'Ii: I N1JMP) ,DE (NSEO,NU'MP) , SEASAT (lOOP, lOOP) 
DIMENSION TIR CNSEO,9) ,SX 112, U) , EitBP (NSEG, NU'MP) 

65 

c 

DI~SION DPCOPY (IOOF) , PJL(:NtH) ,Eo (NSBG,NmtP) ,NP (NSEO, 1 Z) 
DI/aNSION PACTOR (lOOP) I 2E.\SA.T (l:il, 12) , TF.1T (12, 12J I STP (JS'TClR) 
DIl'IENSION DUI9ft (lOOP, looF) ,SlI.EP CNS1!:G ,NUolP) ,sn (NSiG, N\JIfP) 
DIMENSION R (I:Z, 1.) ,PSltINSEG, 12, la), TEP INS2G,~) 
DIMENSION ECCJ I.), ECCY 1<1) ,AO (NtJo!P) , B (~P), PPI (100P) 
DIMENSION DEP (NSEG,NlI!P) , EOP (NSEG,NUHlI) ,STRP INBEG,NUMP) 

C DI!FINl! PARAMETERS 
PL.P·o. 
EY-HfEM 

INITIALIZ,:e '!'HE MEMBEIi.'S ;\SAT tot1r.TRIK 

DO I? I-l,IDOF 
DO 1? J·l,IDOP 

ASA'T(I,J)·O. 
17 CONTINUE: 

GO TO 1"11.0,740, ZOOI,IOP" 
HO CONTINtl'B 

C 
C DBPINE LOCAL BUCkLING pLAG 
C 

DO 6Ei6 IK·L,NUiP 
656 PJL(1It)·O 

c 
C DEFINE SEGMENT GLOB.AL AND LOCAL 0 O.P RBLATION 
C 

Ll·l 
00 300 1"1,1; 

IF (I GT,6) Ll·NSEG 
lOO NP(Ll,IJ ·IOOP·lZ·1 
C 

DO J04 l"l,NSEG'l 
DO 30111 J .. ? ,14 

X·I·6·Ej 
NP(I,J) ·K~ (.1·6) 

)04 CCNl'INUE 
00 JOf!i l·a,NS"EG 

DO 30f!i J·l,6 
K"I·6-1S 
!lIP (l,J)-X~ (J-6) 

306 CONTINUE 
C 
C IlEFINE FORCE -J1ao!:DIT INDE'JI 
C 
C 

00 90l:il 1"1, lOOP 
IPM(I) ·0 

SlOl<1 CONTIN'UE 
IPMI looF ·12'4)·1 
IP'H(IooP·lZ.S) ·1 
IPM( lOOP ·IZ.6)·1 
IPM( looP-12 0 10)"1 
IFH( lOOP '12.11)"1 
IFHI lOOP '1<1.1.)·1 

IP ( lOOP .EQ. la ) GO TO 1115JS 
DO 30a I·l,NSEG·l 

J"P6 
IFH(J'2) ·1 
IF'M(J-ll·l 
IPM(J )·1 

30B CCNTtNUB 
4S3S CCNTINUE 

C 
C DBFIN! SECTIClN POINTS AND SECTIONAL LOCAL COORDINATES 
C 

c 

CAlJ.. WE (LIBN,HH, uu,W, ZZ, INEB, ImH, S"!', IREY1, IREV:iI, IilEYl, IRBV4, 
" I£COP, U'O,VO,AO, B,Bcao, ECCYO,NUKP) 

DO SO I·l,NSBG 
BE'TA(I)"O. 
00 so J·l,NUHP 

U(I,J) ·UO (J) 
V(I,J) ·VO (J) 

50 CONTINUE 
IF( IBCOP IIQ, 1 ) THEN 

ENDIP 

ECX (1) • BCCXO 
I!Cx(a) ·ECC!O 
ECYIll-BCC'tO 
ECY( .. ) ·BCCYO 

C READ UCH NODAL POINTS' GLCEAL COORDINATBS 
C 

c 

DC:l a03 l~l,NSECJ 

DO :il0J J·I, Z 
DO :ilO) I::·l,l 

GCJ)(1,J ,l)-O. 
<103 cam'INI1.B 

1~P-0 

DO 30" I-1,NSBG 
IF(NSEG . EQ, 1 ) THZH 

SEL·BLS 
EL(Il-SEL 
(]CD II, 1, 3) -Ti!HPP 
GCD(I, a,31,,~pP.SEL 

BLSE IF( 1 .EQ. 1 .OIL I .BQ. ((NSEG-:il)/:ii)·l 
CIi. I .20. (NS2G·2)12)~" .1JlI.. I .BO. NSEG 

,AND. NSEG .NE. 1 ) THEN 
SEL·SMALL 
iU.(I) ·SEL 
GCD(I, 1,3) "TEHPP 
GeD (I, ~,J) -T~PF·SEL 
TEMPP-1'E)tPP' SEL 

ELSE IF( I .NE. 1 .CR. I .NE. ((NSEO·:a)f;iiJ+l 

ENDIF 
30? CONTINUE 

.elL I ,NE. ((:NSECi-al/2) -2 OR. I NE, NSEO 
AND, NSEG .ME. I ) THZH 

SEL" (ELS" .SlU.I..J..) / (NSBG· 4) 
ELII) -SEL 
GCD (I, l,l) ·T8MPP 
GeO (1,01,3) -TEMPP .. SEL 
TEt'(PP-TH{FP·SEL 

C INITI.\I.IZ '!'HE MEMBD. GLOBAL OISPLACEHZNT U E).CH O.O.P 
C 

c 

00 IS? I·l,IOOP 
.01 (1)-0 
DD( 1)-0 
DOO II) ·0. 
OpCOP't I I) -0 

15., CON'I'IN'UE 

C GENERATE THB INl1'IAL IMPERF!CTION OEPUCTICN 
C 

C 

PI·31111l5926 
DO 115 I·l , NSEG 

000 (NIl ll, 1)) _ (RATIXO·ELS)· SIN(PI~OCD (1,1,3) /ELS) 
000 (NFl (1 , "»)" IR.ATIXO·ELS) -SIN(PI"GCD( I I Z, 3) fELS) 
DO 0 (NIl (I, :2) )" (RATIYO ·ELS) • SIN I PI"GCD (1,1, 3) /ELS) 
000 (NP (I, B) ) ~ (RATIYO·ELS) - SIN (PI -GCD (I I 2,3 I/ELS) 

l1S CONTINO! 

C GENZIUTE iHE SEOI'lEN'T LE:HG'TH (INCLUDING THB INITI.\!.. IMPERPECTION 
C 

c 

DO 912 I~l,NSEG 
EL(!) ~SORT (BLI I)' • ." (000 (NP II, a) ·000 (NP 11,2)) ) *"2 

·(000(NPfI,7))·DOOfNPII,1)))··Z I 
TL(I)"EL.(I) 

91<1 CONTINUE 

C INITIALIZE THB LOCAL DISPt...\CEMENT AND l.OCAL INTER.NAL PORCES 
C AND GLOBJ.L INT'ERNA.L PORCE 
C 

00 lZ9 l·l,NSEG 

HYS'TOS70 
H,{S'TOSBO 
HYSM'0590 
ijY5T0600 
H'tST0610 
HYST06;J0 
HYS'TOEi30 
1l't51015 III 0 
H'tST015S0 
H'tS't'OEiEiO 
HYS"i'06?O 
HYS't'06~0 

HYST0690 
HYStO.,oo 
HYSTO" 10 
HYSTO"20 
HYSTO.,JO 
HYSTO"IIIO 
HYSTO.,SO 
HYS'T0?60 
HYS'TO""0 
HYSTO" ao 
HYS'T0"90 
HYSTO~OO 

HYSTOHO 
HYST0820 
HYStOBJO 
HY S'TO SIll 0 
HYS'TOBSO 
HYST0860 
HY9T08"0 
HYST0880 
HYSt0890 
HYST0900 
HY9TOSlI0 
HY9TOSl20 
HY9T09l0 
HYS"TOSl40 
HYST0950 
H'{STOSl60 
H'tS'T0970 
HYSTOSleO 
HYST09S10 
HYSTIOOO 
HYSTI010 
HYSTIOOIO 
HY5'l'lOJO 
HYST1oeO 
HYSTlOSO 
HYSTl060 
HY &"rl 0" 0 
HYSTlOaO 
HVSn090 
HYSTllOO 
HYSTlllO 
H'tST1l20 
HYSTllJO 
HYST1l40 
HYBTllSO 
HYST1l60 
HYSTll"O 
HY S'l'll SO 
H'tST1190 
HYS'Tl:ilOO 
HYST1;il0 
HYS1'1220 
HYST1230 
HYSTl.:iI III 0 
H'tST1250 
HYST1260 
HYS'T1270 
H'tSTI2S0 
HYSTl290 
HYSTlJOO 
H'ISTl110 
H'tST1J20 
HYSTllJO 
H'tSTll40 
H'tSTlJSO 
HYST1Jl50 
H'tS,.U.,0 
HYSTIJBO 
HYST1l90 
HYS'TII1100 
HYSTIIII10 
HYS'T111120 
HYST1III10 
HYSilUO 
HYS"I'lIII50 
HYSTUEiO 
HY$"l'14?O 
HYST14aO 
HYST14S10 
HYST1SOO 
HYSTlSl0 
HYST1S:Z0 
HYS'T15JO 
HYS'T1S40 
HYS'TISSO 
HYSTlS60 
HVS'T1S"0 
HYST1SI0 
HYSTISSlO 
HYST1600 
HYBTl610 
HYST16010 
HYST1630 
H'tSTlEi11.0 
HYSTl.Ei50 
HYSTl1550 
H'tSTlEi10 
HYSTI5BO 
HYSTl690 
HYSTl?OO 
HYS'T11l0 
HYSTl1.0 
HYSTl?lO 
HYST1140 
HYSTI?SO 
HYSTl?60 
HYSTl??O 
HYS1'17 ao 
HYSTl"90 
HYSTlBOO 
HYSnB 10 
HYSTlB 20 
HYSTl830 
H'tST1SlllO 
HVST19S0 
HYSTH60 
H'tSTU70 
HYSTIB80 
HYST1B90 
HYST1900 
HYSTl910 
H'iST1920 
H'fST1930 
HYSTl960 
HYS'l'ISl50 
HYS'l'lSIEiO 
HYST1910 
HYSil9BO 
H'tST1990 
HYST2000 
HYSTZOIO 
HYST2020 



DO .329 J·l,1:O 
XU::X:(I,J)·O. 
Pt.OC(I,J) -0. 
)!GLO(I,J) -0. 
PGLOe (I ,J) -0. 

.329 CClN't'INUE 

INITI1I.U Z.E THE stC'TtClNAl.. S'T1I.AUI AND BE'!'.\. VAI..l.ll!8 

DO J2S I·l,NS2G 
BETA(I) -0 
DO 3~S J·1,NlJMiI 

EO (l,J)·O 
El(t,J) -2Y 
2. (I,J) --BY 
1'2 (J)·EM 

12S CONTINUE 

DO 112 I·l,NSJ:!G 
c 
C PINE THE Ron.TION MATIU)! Dl.ll! TO INITIAL IMPJ:!Rf'ECTION EFPEC'T 
C 

llO 

c 

PR(I,ll·l 
PR (I, 2.) -0. 
PR (1,3) -0. 
PR(I,4)·0. 
PRO,S) "1 
PA (1,6) -0. 
PR II" )·0. 
PR ~ I, a )·0. 
PR It,9) -1. 

J(QO·O . 
KA·OIINP(I,J.» ·OCOII,1,l) "000 (NP[I,ll) 
VA·Ol (NP I I, OJ)) ·OCO! 1,1(2) .. 000 INP (I, ~)l 
ZA·OlINP\I,J») ·GeOII, 1,3) .. 000 INP(I,3» 
ROU·Ol (NP ~ I, Ei)) "000 (NP II ,6) 
)111-01 (NPII,?» oGCO(1,l,l) .. 000 (NP(I,?» 
'l'E·01 (:NP (I, B) ) +GeO I I,2,:il1 "000 (NIl (I, S) ) 
ZE·01INP (1,9)) +GCD (1,2,:1.) +000 (NPII,9) ) 
ROZB-01 INP (I, 1:1:») -000 (NP( I, l~» 
OU·OO(NP(I,ll ) 
O'll.·OO(NPO,l) ) 
OU·ODINPII,3» 
ORO)(..\·OOINP(I ,4») 
DROYA·OO(NP(l,S» 
OROZA·OO(NP(I,IS) ) 
OXB·OO(NPiI,'J» 
0Y'B·00(NP(I,9) 
0'Zll-OO(l.IP(I,9)) 
DROXB·OO (NP (I; 10» 
OROrll-OO(NlI(l;ll») 
OROZB·OD (NP(I, U» 
IF (]Coo EO.1) GO"I'O 135 

C VAaIABU!S POR THE RO'1'ATIClNAL. MATRIX DUE TO INITU.L· IMPElI:PEC'TI~ 
C 

c 

¥X0·PR(I,4) 
'lYO·PR(I,S) 
VZO·PR(I,6) 
WXO-PRII, ?) 
WYO· PR. (I , 9) 
WZO·PR(I,9) 

C CA.LCUI...\TE ROTATtONAL IotATRIX OP SEGMEN'I' 
C 

110 
C 

c.u.L RCJU.tD, YA, U,ROZA, XB, YB, 'lJI ,ROZ,B, VXO, VYO,V'ZO,WJ.O, 
.. WYO,W?.O,I,R,PR,BB'TA,TL,NSEG) 

LO"O 
DO 110 J.t, 3 
00 110 X"1,3 
t.O·LQ·l 
TIR(I,LO)-R(J,lC) 

C GENEUTE THE INITIAL ROTATIONAL MATRIX OR PREVIOUS RCYrA1'IO<I.\L 
C MATRIX 
C 
C 
C PIND SEGKEN'TS' PRINCIPAL AXIS .um MA'I'aIll PROPElITI'ES 
C I SUBROUTINE STiATE I\M) JUDEL ARE CAI...I...ED BY PRINe) 
c 

c 

CALL PiINC(O. ,0.,0. t I, ST,TOTA, LIB'N, moI,EY ,G, YS, tOPT, NUHP ,NSEG, 
EA, EIU, ElV,GXT, IREY1, IRE"J:l, IIEVl, IREYC,OCO, vco, IMATER, 
AO,B,BE'TA,EO,E1,E2.,l1,V I Uo ,va, TE,E,OE, INm, INBH, PJL, 
RATI03 I IR,.sTR, DE?, EOp, S'1'RP I TEP, !REP, SREP, FLP) 

C CAl..Ct..I1..ATE ECCENTRICITIES OP 'nfO END' SE~ENTS 
C 

c 

IP (I.EQ 1.OR.I.EQ.NS:eo.AND.IECOP.I!Q.l) THEN 
CALL ECCEHT(NSEG,l.ICC,VCO,I,O ,0., ECX, EC'i,ECCX,ECCY) 

END IF 

C CAI...CUl.A'TE INITIAL ROTATION I'U.TRU OP SEGMENT 
C 

c 

KCO·1 
0010 130 

C V}.RUBLES POR THE INITIAL ROTATleta.L MAnu 
c 
1)5 

c 

V'X0-TIR(I,4j 
VYO-TIRCI,S) 
VZO"TIR(I,6) 
W1<0"TIR(I,7) 
~O"TIR(I,8) 

Io'ZO·TIR( 1,9) 

C c.u.cUl..-'TE ROTATIONAL. MATRIX OF SEGMENT 
C 

c 

CALL RCJof..AOlA, VA, a,ROU, XliI, 'l'B, ZB,ROZB,1/JCO,VYO,V'ZO,iaO, 
W"lO,WZO, I ,R,PR,BrrA,TL,NSEG) 

DEC·O. 
DCl1·0. 
OC'l·O 

C PDRMU1..J.TI! THE SE~' S l...OACI.. S'TIPPNESS MATRn 
c 

CALL ELESTI INSEO, I, ISTt', EA,EIU, iIV ,GP:T, EL, FLOC, PBX, S'K) 
c 
C T1U.NSPEJI, SEGHENT"S LOCAL S'TIFPNE:SS 'I'O GLaBAL STtFFNESS 
C 

c 

CAl.I... toruLn'I'(O,l:il,D~Y,SX,R) 
Cll.L M'Ul..TI'I(l, l:il, SX,R,DUMMY) 

C ASSEMBLING SE~NT GLClBAt. STIFFNESS TO MEMBER 
C C£NTROID STIFF'NESS MATRIX 
C 

c 

00 BS J·l,l:il 
DO as JJ-Ll:il 

ASATINP(1,J) ,NP II, JJ)) ·ASAT(NP(I,JI ,NP (I,JJ») 'S!CIJ,JJ) 
95 COI-lTIN'Im 

112 CONTINUi: 
0010 555 

HYST20JO 
H'lS'T'Hl.O 
HYST<l050 
HYS'T2060 
HYS1'<lO?O 
HYS'T<lOaO 
HYS'l':i!090 
HYS'THOO 
HY S'T<l 11 0 
H'I!S"l':HOlO 
HY5"l'ZlJO 
HYS'1'ZHO 
HYS'1'Z150 
HYS1'21150 
HYST<i.I?O 
HYS'1'<i.UO 
HYS'r1190 
HY5'T1ac 
HYST<i.lIO 
HYS'T<i.110 
HYS"T<i.<i.JO 
HVST<i.<i,40 
HYST:nSO 
H't'ST<laO 
HYSTH?O 
HYS"t'UBO 
HYST2.90 
H'tS"t'<ll00 
HYST:l.lIO 
H'lS"l'2lOilO 
HYS"l':lllO' 
HYS'T:lJ40 
HYST1JSO 
HYSi:ilHic 
HYS'T:ilJ?O 
HYSTilJaO 
HY S'T2.39 0 
HY5'T2.UO 
HYST1410 
HYST241C 
HYST:il4JO 
HY8'T2440 
HYS'l':il4SO 
HYST:la460 
HYST24?0 
HYS'T:laUO 
H'iBT:lQ.90 
HYST:lSOO 
HYSTiiSlO 
HYST:ilSOilO 
HYSTZ5JO 
H'I!STilS40 
HYS'I'lSSO 
HYS'l'2Si50 
H'lS"l'ilS?O 
HYS'T1S&0 
HYST2590 
HY3'I"ilIS00 
HYST<i.i51C 
HYST.i520 
HYSTZi5JO 
HY st'2i54 0 
HYS'Tl6S0 
HYST2660 
H'fST26?0 
H'fS'T1680 
HYS'T2690 
HYS'T2?00 
HYS'Tl?lO 
H'lS'T2?OilO 
H'tS'TOil?lO 
HYS'1T?&O 
HY S'T1'?S 0 
HY S'Tl?15 0 
HYST2??0 
HYST:nSO 
HYS"!':I?90 
HYS'TlaOO 
HY8T2BIO 
HYSTZS10 
HYS'TH.30 
HYST:ZUO 
HYST1BSO 
H'l ST:iI 860 
H'lSTH'O 
HYST:ilBBO 
HYST2B90 
HY&-I'29cO 
HYS'T0il910 
HYST1920 
HYST19JO 
HYST2.HO 
HYST:l950 
HY S"I':l9 IS 0 
HYS'!:l9?O 
HYST19&0 
HY9T:l990 
HYSTJOOO 
H'lS'TlOl0 
HYS"Tl020 
H'lSTl0.30 
HYSTJ040 
HYSTl050 
H't S'TJ 060 
H'tSTJO?O 
H'tSTJOaO 
H'{STJ090 
HYS'TJlOO 
HYS'!'.3110 
HYS"I'.3I:ilO 
HYSTJl.30 
HYSTJUO 
HYSTJI50 
HYSTl160 
HYSTJl'JO 
H'fSTllaO 
HYSTJI90 
HYSTJ2,OO 
HYSTJZlO 
HY STJ2. 20 
H'tSTJOilJO 
HYS'T3HO 
HYS'T30ilSO 
HYS'T321S0 
HYST.3:i!?0 
HYST.3HO 
HYSTJ29C 
HYSTlJOO 
HYS't'l.310 
HVSTJJZO 
HYSTlJJO 
HVSTJ.340 
HYSTJ3S0 
H'lS"t'3360 
H'tST:!3?0 

C······· .. ·· .. ···· .. ··· ~ IOPT .. z ) 
••• _._ •••••••••••••••••••• _ ........ _ ••• HYSTJJBO 

200 CONI'INUE 
IP ( ISTUT LT. 5 ) THEN 

IST.MT"ISTAllT'1 

'LS' ISTART·5 
ENDIF 

DO tl,26 I·l,IooF 
426 F",CTQR (I)·O 

HYS'T3l90 
HYS'T311.OO 
HYST3410 
HYS'1'3420 
HYS'!'J4.30 
HYST.3440 
HYSTJ4S0 
HY5IT1460 
HYSTl4?0 
HYST)4 BO 

66 

C OISPUCDIZNT INCREI'IENT TRANSFCJIlMA.TION DUE TO ECCEN'niIC LOADS 
C 

c 

IP( rECOP .EQ. I ) THEN 
DO 9U 1-1,11 

DPII)·ODn) 
CONTINU'! 
DO 5~!!I II-l,12 

DO(II)·O. 
DO 5:15 KJ.-1, l2. 

DO (lI) -DO (It) ·TPJT (II,]CJ(l 'DPL]cX) 
S:lSO CONTINUE 

D<IlIF 

C CCNVDlT !'IEHBElI: END OISPLACEHEN'1' INCRel1ENT TO THE: CORRESPONDING 
C MDmEi.· 51 DOl" DIREC'TICN 
C 

c 

DO BJ.1 I-l,1'a . 
DD(IOOp·l :1+1) ,,00(1) 

931 CCNTlNt.J'2 

C BACK SUBSTITI1I'1! TO OE'T HEl'lBER'S INrnNAL DOP OISPU.C~'1' TNO,motENT 
C 

Ll·lOOP-l:la .. l 
LZ"IDOP 

Do BJ8 1"1..1, U 
eJ8 PAC'TORII)·OO( I) 

ItID·I1DIAGIIDOF·1) -1 

CALL GAUSS:I (4, IOOF, 1..1, U ,I'I!lIAG, STP,DPCOPY, PAc.-!'OR, JSTOR) 
DO !i01 I·l,Ll 1 

OP(I) -0 
901 DPCOPY(1)"O 

00 900il I·LLU 
900il DPII)"OPCOPY(I) 

c 
c 

DO US I·IDOP·I:il+1,IOOP 
PAC'TOR(I)·DO(I) 

... - BACX StlBS'TI't'tn'E BEGIN .. _-

IP I lOOP .NE 1:1 1 THEN 
L~·IOOF-l:iI 
CALL GA.l1SS2 (5, roop, l,U ,KDIAG,S'1'P,DPCOPY ,FA.CTaR ,J:ITOR) 

ENDI. 

C ADD GLOBAL OISPUCEMEN'r RATE TO TOTAL 01 gpt.,A.CEHENT 
C 

c 

c 

00 90l t-l,IOOP 
OO(Ij-PAC'l'CI!.(I) 

90.3 01 (1)-01 (I) '00(1) 

00 219 I·l,NSEG 
DO ~l!iI J·l,U 

]CGWI I,J) ·OO(lolP (I ,J) I 
Z19 CCNTI:Nt.TI!! 

C PIND EACH SEQoIENT INt"E!:R.NAL P~CE IN GLCEI.\L OtREC'l'Ict.lS 
C 
C 
C ADJl1s-t' THE INITIJ.L IMP'ERFEC'TION DEFLECTION FCIII::NEW CYCU!, ISPE-l 
C 

C 

IP( ISPE .EO. 1 ) THEN 
PI·l.141SU6 
DO :1iI10 I-1,IooF 

000 (I) -0. 
110 CONTINUE 

ELS·O. 
00 Olll I"l,NSEG 

SZA·Ol CNP (1,3» -oeD II, I ,l) 
.9'2,.S·01 (NPII,911.OCD(I, a,3) 
EL(I) ·SZ!·SZA 

211 !'LS-ELS+!'LII) 

ASSUME INITIJ.L IMPDlPEC'TICIN RATIO B.lt.SED C!oI HEMaD HIODU: POHn" 
OISpU.CDmNT 

I0Ul1-«Nsro/:l)-1)t6 + 1 
UTIlO·DI (IOll'l) /ELS 
RATIYo-Dl I ID[IoI4 1) IELS 

DO :lIS I"I,NSEG 
000 (Nil (I, 1») - (R.ATIXO-ELS) ·SIN(PI' 

(01 (NP (1,3») oGc:DII, 1 ,J) -01 (NPD,3) ») /EU) 
000 (NP (1 , 7)) - (RATtXO*ELS)· SIN(PI' 

(Dl (NP (I ,9) +Gc:D (1, .,l) -DJ. (NP(l,.3») IELS) 
000 (Nil II, al)· llU,'rI'lO*ELS) tSIN(PI' 

(Ol(:NP (J, 3)) +GCD(I, 1,3) -Dl (NP(l,l) J) /EU) 
DOO [NP (I, a)· (RA'l'I'tO-E:LS)' StNlpP 

" (D1(NiI (1,9)) "GCO( I, OJ,.3) -01 (NP( I ,3) ) lEU) 
215 CONTINUE 

C GENERATE TIlE SEGKEm' LXHGTH (INCLUDING THi INITIAl. IMPERFECTtON 
c 

c 

00 9H I"l,HSro 
EL(Il.S~TIEI..(Il'·Ol. (DOO(NP(I, a)) '000 (NP(I,Oil» ) .... 2 

'(DOO(N1I(I,?) -OOO(NP(I,l))) t'Ol ) 
TLll) ·EL(I) 

g;ajj CQ.ITlNUE 
WRITE (l oe, 915 1 
WRI'!'E(lCl8,9l6) 
WlUT:E(lCl8,91?) (r,EL(I) ,I·l,NSEGJ 

915 PORHA.T(I/IX,'THE SE~ I...XNGTH:') 
916 POlI.HATI1X, 'SE~ENT LENGTH') 
911 FORHAT(I5,P1S.6) 

ENDIP 

C ... _._._ ... - •• __ ....... _- .... - •• _ ....... __ ••• - ................ -_ •• 

C PIND EACH SE~ IN'1'D\NAL fORCE IN GUJBAL DIRECTIONS 
C _ ....... _ ....... _ ••••• _ ••••••• __ ............... _ ••• - ....... - ••• 

DO 90 l·l,NSEG 
CALl.. CtDAP (i., PR, I, NSEG, XGt..O, PSK, SX, PGLOB) 

c 
C PINl:I SEGMENT OEPCIIl1'QTION AND INCU!XEN'I'S IN HEHBU CoaRIllNATEB 
C DIRECTIONS 
C 

IF (I8PE.EQ.0.CII..ISPE.EQ.l) THEN 
IP I ISPE .EQ. 0 1 GCTO no· 

DO 335 J·l,l:il 
IF (J EO.3.0R J.E:0.6.0lI. J.EQ.9.0R J EQ.1:il) Garo J3S 
01(NP(I,J»·0. 

3.3S CCJm'tNU'E 
J30 liA.Ol (NP(I,ll) .OCD(I, 1,1) -OOO(NPII,l)) 

ENDIF 

YA·OIINl' (I, Oil») oGCD(I ,L2) oOOO(NP (I, 2) 
U.OIINP (1,3 1) "GCD(I, 1 ,3) 4000 (NP n, J») 
ROU·Ol (NP II ,6)) +000 INP (1,6) 
XB·Ol (NlI(I,'l) )4GO)(I, 2, 1) -ooo(NP (1,')) 
YB·OI (NP(I,a1) -GCD(I,2,:il) .000INi' (I, H) 
ZB.Ol (NP(I,9) -GCDII, 2,3) ·Ooo(NP It,9») 
1tOZB·Ol (NP I I, H) J "DOO (NP (1,12)) 
DU·DO[NP(I,11) 
OYA.DO(NP(I, Z» 
DU·DD INP (1,3) ) 
Oi.OXA·OD(NPiI,4.) ) 
ORO'lA·OD(NPII,5») 
OROZA·OD(HP(I,I!5) ) 
OXB"DD(NP(I,?) ) 
D'fB.OD(NP(I, B» 
OZS·DD(NP (I, 9) 
ORO:KB-OO (NP (1,10)) 
or~O'lB-OD(NPII,llJ ) 
ORoze·oo (NP I I, 1:1)) 

HVSTJ4.90 
HYS'T3500 
HYs-J'3510 
HYS'TJ5OlO 
H'tSTJSlO 
HYSTJStl,O 
HYST35So 
IoIYS'T3SI50 
HYSTJ5'lc 
HySTlS80 
HYS'TJ590 
HYSTJ600 
HYS"Tl610 
HYST3610 
HYST36.30 
H'I'ST364,0 
HYS'TJ650 
HYST.3660 
HYST36?0 
H'tST3680 
HYST.3690 
H'I'S'1'.3700 
HYS'1'3'l10 
HYST.3'?20 
HYS'T.3?JO 
HYS'TJ?40 
HYS'T3'l50 
H't'STJ?60 
HYSTJ??O 
HY!nJ1BO 
HYS1'JBo 
HYS1JBQO 
HYS'1'HlO 
HYS'1'JB20 
HYS'l'3BJO 
HYSTJe(O 
HYS'T3BSO 
HYSTH150 
HYS'TJe'lo 
HYSiHSO 
HYSTJe90 
HYSTJ900 
HYSTJ910 
HYST39:i!0 
HYS'TJ930 
HYSTl9G.0 
H"tST39S0 
HYSTJ960 
HYS'T.39?0 
H'I'ST.35i180 
H't'STH90 
HYST4000 
HYS'I'4010 
HYST4020 
HYS'UOJo 
HYSTG.04C 
HYST40S0 
HYS'U060 
HY6Ttl,O?O 
HYSTilDaO 
HYSTII090 
HYS'!'1I100 
HYS'TUIO 
HYST41:il:O 
HYS"t'4130 
HYS'T4UO 
HY~41S0 

HYST4160 
HYS'T41 ?O 
H'l'S'T41ao 
HYST41!i10 
HY:IT4100 
HYST4210 
H'tST41:il0 
HYS'T4:ilJO 
HYST4240 
HYST4:ilSO 
HYS'1'41150 
H'l S'1'40il?0 
HYS'T41eO 
HYST4190 
HYS'T430C 
HYS'!'431O 
HYST4.J10 
HYS"TII.3l0 
HYST4.34C 
HYST43S0 
HYSTII.360 
HYs-J'43?0 
HYS'1'4.3!0 
H"tST4l90 
HY S'T44 00 
HYS'I'C410 
H'l'STUOlO 
HYS'TU30 
HY8T4Uc 
HYSTUSO 
HYS"I'U60 
HYS'!'44?O 
HYST44 SO 
HYST4490 
HYS'Ttl,SOO 
HYSTIIS10 
HYST45ao 
H'l'STIIS30 
HYST4540 
HYS'1'45S0 
HYS'l'4S60 
HYS'T4S'l0 
H'tS'1'4SaO 
HY:IT4S90 
HYS'l'4i500 
HYST46l0 
HYSi4620 
HYSi46.30 
HYST4640 
HYSTII650 
HYS"T4660 
HYST4670 
HYSTII690 
H'I'STII690 
HYSTII100 
HYST4'110 
HYST4'l0il0 
Hl'S'1'4130 
HYS'1'4'ltl,O 
HYST4150 
HYST4760 
HYS"l'4?10 
HYST4HO 
HY S1'~? 90 
HYSTUOO 
HYSTUIO 
HYSTU~O 

HYSTUJO 
HYSTU40 
HYSTUSO 
H"tS'1'U60 
H'iS'TU'O 
H'I'ST4BBO 
HYSTU90 
HYS1'G.900 
HYST4910 
HYST4920 
HYS1'49JO 
HYST4940 



c 
C YARIAaUS FOR 'THE INITIAL ROTATICINA.L ""TRII 
C 

c 

V1CO-TIi.(L') 
\/"to-TIR,ILS) 
VZO·TIR(l,6) 
~O·TIR.(l,'7) 

!lYO·TIR' 1, B) 
W'ZO·TIR! 1,9) 

C CALCUlATE SEGKEN'T CURVUUJl.E lATE IN PlllNCIP,U. AXES DUl.iCTlClNS 
C 

c:A.U, CUJlV~(NSEG, I .DEC,DCU,OCV,Il, El...,Plt,DX .... DYA,DZA,OROXA., DROYA, 
" DROU,DXB,DYl!,D'Z.B,DROXll,DROY.B,DRO'Z.B ) 

C 
C CALClJUTE EACH S'EG'lEN'S PRINCIP~L AJlIS .\NIl H.AT~IAL Pi.OPDTIES 
C 

H'I'STiI.9S0 
HYSTU60 
H'I'STiI.9'70 
H'(STiI.9BO 
HYST4990 
H'I'STSOOO 
HYST5010 
H'rS'TS020 
HYSTSOlO 
HYSTSO&O 
H'rSTSOSO 
HYS'T5060 
HYSTS0'70 
H'ts-rSOBO 
H'tSTS090 
HYSiSl00 
HYSTS110 

C.J..Ll. PR INC (DEC, DCO, OCV, I, ST, 'TOT~, LIBN I EH, E't ,G, 'i 8, IOPT ,NUOIP, NSEG, HY STSl:il 0 
EA, EI U, ElY, GKT, IREYl, IlI.EVJ, IRE'V3, IREV, , UCO, VCO, IMATER, HY S'iSlJ 0 
AO, 9, BET~, EO, E1. 24 .l.l, V, UCI, YO, TE, E ,DE, INn, INEH. FJl., HYSTSU.O 
R~TIOJ, JEI, S1"R., DEP, EOP, STRP,TEP, DE.P, SRE'P, f'LP) HYSTS1SO 

c 
C CJ..l..CIJl.ATE ECCEmRICITIES OP T'WO END· SEGtml'S 
c 

c 

IF (I.EQ.l.OR.I.EQ HSEG.AND.I5COP.EQ.l) THZN 
CAL.L ECCENT (NSBG, OCO, VCO, I ,RO'Z.A, ROtB, ECX, BCY, BCCI, BCCY I 

I!NDIF 

C.\LCU1.J"TE SEQ1ZNT CI."RRENT ROT~TIONA.l.. I'tATRIX 

CA.l.L RCM.\ (ltJ. I VA. ZA, ROU, XlI, YB I ZB, RO'Z,B, ¥XO, VYO, VZO, WJ(O, 
- wYO,W'Z,O,I,R,PR,BETA,TL,HSEGl 

C CALClJUTE .EACH SEQiENT LOCJ.l.. PaRCE 
C 

c 

DO '710 rl-1,12 
FLOC(I,II) ·0. 

DO '710 lCX·l,I:01 
'710 PLOC(I,II) ·FLOC'I, 11) .. a(II,O) "FGLOB(I ,XJ::) 

C CALCUl...UE ELEMENT STIFFNESS KAnIX 
c 

CALL ELESTI (NSEG, I, ISTIF ,U, nU,ETY ,GltT, EL, PLOC, PSlt, SK ) 
c 
C CALCUI...A.TE SYST&I STIFFNESS HATRIX 
C 

c 

CALL MUL'I11'(O,U,Dt.:M'I.Y,SK,R) 
CALL. MUL.'I'M(I,l:01,Slt,R,DtJIIM't) 

C ASSEMBLING SBQ1ENT GL..CIBAL STIPF'NESS TO MEI'I8ER 
C CEm'ROID STIFFNESS liA'T'RU 
C 

c 

DO 80S J·I.12 
DO B05 JJ-l , 12 

A.SAT (NP (I ,J), NP (I ,JJ) ) ·~SAT (NP(I,J'l,HP(1 I JJ)) -SJ:(J ,JJ I 
B OS CCNT'INIlE 

510 CONTINUE 

C CALCt1U.T'E MEMBER'S LOAD INCREMENTS BASED CN 1X: ·OD 
c 

c 

DO son II"l,looP 
DP(II)·O. 
FFl (II) -0. 

DO 5021 X.·l,looF 
OP (II) ·OP (II) ·SEASAT (II, 10 "DO (X) 

50n CaNTT"NUE 

C CALClJU.TE KEMBER'S TOTAl.. PaRCE IN nfE GLOBAL DIREC'I'IaN 
c 

c 

DO B04 J-l,NSEG 
DO BOil. X-l,12 

FFl (N'P (J, X) ) 'FP1 (NP (J ,Xl) .PGLClB (J .. K) 
B04 CClN'!'INUE 

", 

c:..\lJ:Ul.ATE STABILITY MEMBER'S STIPFNESS PAlL\11E"I'ER AND 
DISPu'CEKENT NOliI'! 

IP ( IAUTO EQ. 1 ) THEN 

DO 9'7'7 ~·l,IDOP 
DPCOPY (!'1M) .. 01 (~) 

00 g'7'7 NN-l,IDOF 
DUMMY IMH,NN) ·SEASAT [Hl'l,NN) 

IP ( I STAR'T . EO· 2 I' THEN 
C.u.J.. SNCIRM \l, PPl, OD,DP, DlJ10In I DELTPiI, S:oI, tDOF, I F't11 

"""" 
IP \ IS1MT .OE. :il ) THEN 

CJ.LL SNQRfo!( 1, PPl,DD,DP.DUI9IY ,DEL'rPJ, SJ, lOOP, IPM) 
c.u.L. S»:IRM(:; ,DPCOPY, DD,DD,Dt.J1oI(Y', £EE,CMY, lOOP, IPM) 
IF (SJ~DELTP;;.m:. 0.) sp· ((DEL'l'PJ /DaT1l2) "2)11 tS;;/SJ) 
RNEEE·ABS [UE/QRNEE) 

!OIDI' 
ENDI' 

C I'IEHOBI'Z.E: THB STUIUTY El...EJ4ENT STIPFNBSS 
C 
555 00 98'7 I·1,IooP 

00 51B"/ J·l,IDOF 
SEASAT( I, J) ·ASAT! I,J) 

9B'7 CONTINUE 
c 
C CCNVDT A.SAT ,,"TRn TO HALP' STCRAGE AND BAmiED MClDE 
C 

CA.I..J... SXY (ASAT ,STP.JS'TCS, lOOP ,MDIAG, IHO) 
c 
C PIND CONDENSED snFPNESS MATRIX CORlIESPONDtNG TO iWO·nm Ii DOP 
C 

c 

IF ( lOOP .NE. 1:01 ) !'HEN 
L;l·IDOP· U 
CALL GAUSS:oI (1, lOOP 11, U ,HIlIAO, STP ,DPCOPY, FA.C'TOR,J~ClRI 

ENDI' 

C CONDENSE As'\T MATlUX TO GIrT ~DlSED MATiIX CORUSPONDING TO 
C T'iIlO ENDS TWELVE OOP DIRECTIONS 
C 

00 205 J·1..1.IOOF,·1 
DO 20S I·J .Ll,·1 

IJ·HIlIAG(J) ·J·I 
IP(I.:r L1' I"IDI"G(.:r·U OR. IJ .EQ. MDIA.G(J) ) 'THEN 

EE.ASAT (I ·LI"l, J ·Ll+l) "STF(IJ) 
!::EJ,SAT (J ·1..1+1, I ·L1·1) ·EEASA'T (I· LI_l,J ·Ll-!) 

END IF 
205 CONT!NUE 

IP ( IECOP 

RETURN .,., 
EQ. 1) CALL TI!.ANX(EEA.SA!,ECC)(,ECCY,TPJT,SX) 

SUBROUT IN! SNCRM (IOP'T ,BR, D611, DBR, 1'K, DELTP, DEN, NOP, IFM) 
C···-··- .. ······-···-·· .. -.... -...... -- ... -... -....... -... -..... -...... -. 
C CA.LCIJl..ATE NORM OP LOAD INCREMENT AND NORM OP DISPLA,C'.EM£NT IHatEM~ 
c 
cIon 
C IOPT 
C 

. C-'LCULATE DELTP POR NORM OF LCA.D AND DEN 
CAl,.CUu'TE DELTP PaR NORM OF DISPUCEMEN'T 

C SR DISPu..CniENT VECT~ 
C BR LOAD YECTO!iI 
C DSR DISPl..ACEMEN'T INOIMENT VEC'['OR 

HYSTS160 
HYSTSI'70 
HYSTS! BCI 
HYSTSUO 
HYSTSaoo 
HYSTSil10 
HYSTSiUO 
HYSTS;Z30 
HYSTSil.40 
HY!rI'SiiSO 
H'tSTSil60 
H'1S'iSiI'70 
H'1S'TSilBO 
H'1STS:oI90 
H'tS'TS300 
HYSTS310 
HYSTS1:ilO 
HYSTSJ30 
HYSTSHO 
HYS1'SJ50 
HY5l'S31S0 
HVSTSJ'70 
HYSTSHO 
HYS'TS390 
HYSTS400 
HYSTS410 
HVSTS4:i10 
HVSTS430 
HYS'TSUO 
H'fS"TS4S0 
H'iS"TS460 
H'1STS''70 
HYSTSUO 
H'18"I'5490 
H'tSTSSOO 
H'18"I'S510 
HYS'TS520 
H'1STSS30 
HYSTSS'O 
H'1ST5550 
HYS'T5SIS0 
HVS'TSS?O 
HYSTSSBO 
HYSTS5510 
HYS'TSISOO 
HYS'TSI!ilO 
HYSTSI5;iO 
HY9TSI5JO 
HYS'T56C0 
HY!n'5650 
HY5'T515I!iO 
HYST56'70 
HYSTS6BO 
HYST569C1 
HYSTSiOQ 
HY!M"S?10 
HYSTS7aO 
H'tST5?30 
HYSTS'7,0 
HYSTS'7SO 
HYSTS'760 
HYS'TS7'70 
HYS'TSHO 
HY S'T5'?9 0 
HVo-l'SBClO 
HYST5&l0 
HYSTSI:ilO 
HYS'!'5E30 
HYSTSUO 
HYSTSISO 
HY9TSUO 
HYSTSB'70 
HYST59EO 
HYSTSIISIO 
HYSTS900 
HY9TS910 
HYSTS9410 
HYST59JO 
HYST59i1.0 
HYSTS9S0 
HYSTS960 
HYSTS9'70 
HYS'T59B0 
KYSTS5I5IO 
k'1S'T6000 
HYST6010 
HYST60JO 
HYST60JO 
HYS1'6040 
HYS'T60S0 
HYST6060 
HYST60'70 
HYST60BO 
HYS'T6090 
HYST6100 
HYST6l10 
HY STI!i 160 
HYS'T6lJO 
HY S'TiS 1&0 
HYS'TIS150 
HYS'T1S160 
HYST61'70 
HYS'l'6110 
HYST45l5l0 
HYS'TI!i.OO 
H'lST6i110 
HYS'l'6220 
HYST6HO 
HYST6i140 
HYST152S0 
HY5't'6260 
101'15'1'6270 
SNOROOIO 
SNORClOaO 
SNClR0030 
SNtI0040 
SNQROOSO 
SNaR0060 
SNOR00'70 
SNCROCIBO 
SNOR005l0 
SNOROI00 
SNQROllO 
SNCll.OliiO 
SNOROl30 

67 

C DB&. LOI.D VECTOR INCUKI!NT V'ECTaR 
C 'rx S'TIPFN'ESS I'IATRIX 
C DEL'l'P: NClRM OF LOAD all: 01 SPL..\CE2'1ENT 
C DEN : DEN· nuNSPOSB OP :DID,:":TX:·:OSR: 
CTP1-! TlI.ANViRSE AND ROTATION DOP IDENTIFICATION INDEX 
C 0 FOR TRANVERSE 
C 1 POll RO"I'ATIaN 
C 
C NCn'E: 511(1"1'1), BR(MM), DSR(HI1), DBR(Ht1), 'l'X(MM,H!'J) 
C IPHINN) 
C··--····--··--·-···-······-···-·····--·········-· .... -......... _ ... _. 
C 

DIMDlSION DSR. lOOP), DBR (HOP), BR (NOP) , TX(NOP,NOP), IPM(NOP) 
c 
C SKIM STIPFNESS TERMS 
c 

c 

00 eo 1·1,HOP 
DO eo .]~l,NOP 

IP( .\SS(TX(l,J») 
80 Com'lNUE 

LT. 1 E·; ) TJ<II,J)·O 

C SlWICH H.UIMLH PCIICE OR DISPLA.CE~ INCREMEtn' 
C 

c 

""""·0 
1'M'L\X·O. 
00 :iI5 t'1,NOP 

IP(IFH(II .EO. 0 ) THEN 
IF(ABS(BJI.{Il) GT. J.BS(F'HAX) ) THEN 

F'M1J(·SR(ll 
loolIP 

ELSB IP (lFM!I) .NE. 0 ) THEN 
rp(A..8S(BR(I)1 .G'!'. ABS('1'MMJ.ll) ) THEN 

lMHAlC·Bll(I) 
!liDI' 

ENDIP 
25 CClm'INUE 

C FIND NOR'" OP CBR 
c 

DELT-O. 
00 3. I·l,foIOP 

IP(IPM(I) .EQ. 0 J THEN 
IP(FMAX .EQ. O. 1 GO 'TO 32 
DELT'DEL'!'+ (All S !DBi. (I) !FK1oX))' q 

ELSE IP(IFH{I) .NE. 0 1 THE},] 
IF(TMHAlt .EQ O. ) GO TO 3~ 

OELT-DELT. (ABS(DBR(I) /'T1'IMJ.X1 1'·-:01 

END " J~ Ccm'lNU! 
DELTp· SQRT (DELT IOOPI 
IF (IOPT.,EQ.J) Goro :0100 

:D9'T:·" ('1')" \'1')(:. : DSR"l'1t: 

OfN-O. 
00 68 .:r"l,}.IOP 

DO 68 )(·l,NOP 
DI!'N·DI!'N'D6Rlllr:l ·n::.{lC,J) "DSIl(K) 

6B carrIN1JE 

SNat0140 
SNCIIOlSO 
SNCIIO Hi 0 
SNcst01 "10 
SNaROlBO 
SNaR0190 
SNaRO.ClO 
SNaROnO 
SNClRO:ol:olO 
SNC50:olJO 
SNCROHCI 
SN01I.oaso 
SNORoil6o 
SN01I.Oil'70 
SNORO:uO 
SNatOa90 
SNaROlOO 
SlIIaROllO 
SNCIIOJ:oIO 
8NOROllO 
SNCIIOJf.O 
SNt:DO:OJSO 
SN05I:OJ60 
SNOIllOJ '7 0 
SNOIiOJIO 
SNOR0390 
SNOiI0400 
SNOR0410 
SNOR04 ~o 
SNOR 04J 0 
SNOR Odd 0 
SNaR04S0 
SNOR0460 
SNOR04;0 
S'NOR04BO 
SNClR04510 
SNOROSOO 
SNCROSID 
SlIlOR05~0 

SNaR05l0 
SNaROS40 
SNCROSSO 
SNOR0560 
SNOIlOS'7Q 
SNOIlOSBO 
SNOllOS!;lO 
SNCDl:OiSC!D 
SNOR 061 0 
SNOIiD6i10 
5NOR0630 
SNCll.064Q 
SNaR06S0 
SNaR06C50 
SlIlOR06iO 
SNOR06QO 
SNClt06g0 
SNORCI'700 
SNaR0'710 
SNCIil07:30 

C SNctl.O'7) 0 
200 RETUlI.N SNCROHO 

ENtI SNaRO'7So 
C GAUS0010 
C GAUSOO;iO 
C ....... -- ...... -.--.- .......... ---- ...... - ••• -- ......... -.- ..... --- __ ... ·._ •• _ ...... ·_·_GAUB0030 
C MATUI SOl..UTICII OF EQUATtClol U·P, WHEIlE THE UPPER TRIANGULAR MATRIX GAUSOOIiIO 
C OF TlIE B'lMKETi.IC KATiIX A IS BTORED BY aX'lLIHES. P IS STORED AS GAUS0050 
C A FULL ~nnJl'. THE KAnU P IS REPlACED BY X M'TEi BAC'lC GAOS0060 
C SUBS'TIn1rICii IS CCl(FLEA'l'E. BOTH A I\ND P ARB ALTERED..... GAUS00'70 
C GUYAN OPTION: IP GOYAN IS .TRUE. ,,"SS KATlI.IX IS ALSO CONDENSED GAUS0080 
C ..... _. _ ........ ___ ....... __ • ___ ...... -- -_ ... _._ - -. __ ••• _ •• --._ ...... -. - ....... - ....... ·-QAUS0090 

SUBJ.otn'INE GAUSS41 (lOP"!' IN, U, U,MO,A, P.PACTaR, ISTOI!.) GAUSOIOO 
DIMENSION A( IncR), PACTOR (N), P(N),MIl (H+l) GAUSOIIO 

GAUSOl ~O 
IJI (I,JI .. MD(J)·J-I GAUSOlJO 

C· . -GAUS0I40 
C MATRU STORAGE SClfDG: GAUS01SCI 
C ·!'HE MlTlIJI A IS BANDED AND S't1OIi7RIC. '!'HUS aa..,Y THE SX'1LIN'E ABOVl! GAUS0160 
C AND THE MAIN DIAGONAl. NEEDS TO BE .naaED. GAUS01'70 
C THB MAnn A IS STanD IN A LINBAi .t.U.AY BY COt.lJolNS. THE YA.UlE ON GAUSOlBO 
C THE MAIN DIAGONAL IS STaRED IN TlIE LINEAR AllRA'i" FIRST. GAUS0190 
C ADDJ:ESSES OIl THE LINEA.i. .uiAY EL»tEN'l'S CONTAINING nfE HAl},! DIAGONAL GAUS0200 
C TERMS DB STal:ED IN MD. GAUS0210 
C EXAMPL.E· LB'T B BE THE 5)(5 PUU. SYJIIE'T'RIC MAT'RU BELOW.. GAUS02i!O 
C ' 1 : l: : : 13 ' GAUS02l0 
C ' ~ : 5: : 11 NOTE: B(1,3),B(1,4) AND B(~,4) ARE ?ERO. GAUSOil40 
C Boo: : iii : "/ : 10 : GA.US02S0 
C S'OM.: 6: 51: MD- I, ii, 4, 6, I, 13 GAUSO:ol60 
C : B: GAU'S0:il70 
C THUS, B(3,3)"'-'( MO(l) ) .... t") GAUSO:ilBO 
C B(I,J) .~( MD(J) .. J·I 1 H J)I AND UiD(J) +J'H ~MD(J+l) GAUSO:il!ilO 
C ·0 IP J>I AND (MD(J)-J·I))MD(.J+l) GAUSOJOO 
C ·MATRIX P IS NOT SY~IC, AND IS STORPD ~s A PUI..L MlTUX GAUSOJ 10 
C· ....•• 'GAUSOJ:ilO 
C VUIAl!IL2 TABLE: GAUSOJ30 
C 10PT .. OPTION ~ER GAOSOJf,O 
C ~ .. NUHBEII: Of' DEGREES OP FlIEEDCJII OP ~ l'll'l'RIX QAUS0350 
C Ll - PIRST ROllI TO BB WOi.J:ZO WITH GAUS0360 
C U - LAST ROW TO BE waurED WITH GAUS03'70 
C MD .. ADDRESS 0' THE HAIN DIAGONAL TERMS OP A GAUSOlBO 
C P .. u,CI) KAnu CIi INPU'r, SOLN (X) OFAX-P ON CCMPLP.TION OP GAusoJgo 
C IOPT-iI. GAUSOil.OO 
C PACTOR" T'EMPOR"uy ~AGE I9.TRIX GAUSOil.l0 
C L • ROW NUMB~ POR ELIHINATICIH CiA.USD420 
C I • ROW NIJIoIBD GA.US0430 
C J • COI..I..KN NlQiBER GAUSOUO 
C. . ·GAUS04S0 
C GAUS0&60 

c
c 
c 
c 
c
c 

c 
c-

c 

L1·MAXIL1,ll 
U·MI:N(L:oI,N) 

GO TO (10,J'70,3'70,310,410),IOPT 

GAUS04'70 
GAU60410 
GAUa04g0 
G.\US050o 
GAUS0510 

10 CONTINU'E GAOS05i10 
IOPT'l, REDUCE .... AND P . 'GAUSOS30 
GAUSSI.u.I iLJKINIATION IS OSED TO REDOC.l! THE A. AND P MAT'R.ICIESGAUSOS40 
P'ROM ROW Ll TO RCIi U. IF Ll IS 001' 1, IT IS "SS~ED TKAT GAUS05SD 
A AND P ME A.l.l..1\2.\DY REDOCED PRCIo1 1 TO U. GAUSOS60 

DO 100 L-L1, U 
IP (L. EQ.N) GO TO 100 

TE9'T FaR ZERO PIVOT. 
IF (A(I'IO(L»).EQ 0) THEN 

W·L 
GOTO )15 

ENDI' 

.. - _. CALCULA.TE THE PACTORS tACH ROW rs toroLTlPLIED BY 
DO JO I· (L'l) ,N 

LI-IJI (L,I) 
IF ( LI.LT.MD(I<l) I THEN 

F~CTORII)·"(LI) /A( MO(L) ) 
fCSf 

F .... CTOR! 1)·0 

END" 
10 COHTINlI'E 

. ·G.\USOS'70 
GAUSOsao 

C· REDUCE ~ BY CO~S ,Jl EACH RC6I (I) 

GAUS0590 
GAUS0600 
GAUS0610 
GAUSOEi20 
GAUS06l0 
~US0640 

GAUS06S0 
GAUS066D 
GAUS0670 
GAUSOI5BO 
GAUS01590 
GAU'SO?OO 
GAOSO?10 
GAOSO'7~O 

GAUSD?30 
GAUS0140 
GAUS0'7S0 
GAUS011!i0 
Gl.USOi'70 
GAUSO? 90 
GA.USO"l90 
GAUSOBOO 
GAUSOBIO 
GAUSOB20 
GAUSOB30 
GAUSOUO 

DO 40 J·(L.U, JII 
W·IJI(L,J) 
IP (W.GE.MD(J.U) GO TO 40 
DO 35 r· (L'll,J 

IJ .. IJI (I,J) 
A.IIJ) .. A(IJI·F-'C'TCIt(IJ· ... (W) 



c 
c· -

" 40 

" 

C'ClNTINUE 
CONTINUE 

REDUCE P BY CO~S ~J) EAOi ROW (I) .. 
DO 45 I-(L·O,N 

P{I) -P lI) . PACTaR (1) "peL) 

100 CaNTINUE: 

'ET""" 

GAUSOB50 
GIoUSCB60 
GAUSOB10 
GIoUSOBBO 
GIoUS0B90 
GAIJS0900 
GAUS0910 
GAUS09~0 

GAUS09l0 
GAUS0940 

l10 CONTINUE GAUS09S0 
C' IOPT·4, REDOCEtI KlJLTlPLICATICIN _. - - - _. - - ·GAUS0960 
C SOLVE PaR V IN S'"D-P WHERE S HAS BEEN REDUCED BY G.\USSI.uI GAIJS09'70 
C EL.ltolINATICJN. GAUS09BO 
C THE RESULTING LOI.D IS STORED IN P. GAUSOggO 
C THE DISPLA.CEHEN'TS ARE INP~ IN D GAUSI000 
C MULTIPuaTICIH CINl.Y TAXES PUel! BE'fWEEN ROWS Ll ~ L~. GAUSIOIO 
C' _ ... - - - - _ .. _. - -- - - ·G.\USIO~O 
C GAUSI0JO 
C· - Ol-lLY om; LOAD CAS'!!.. GAUSI0"0 
C ZERO P GAUSIOSO 

c 
c-
'" 

)4' 

DO l;JO J-Ll,L~ GAUSI0iSO 
IP (A(MD (J) EQ.O) THEN GAUSI010 
W-J GAUSIOBO 
GOTO 315 GAUSI090 

ENDIP GlUS1100 
P (J)·O G.\USll10 

- MULTIPLY S RED • DISP - P 
DO 340 I-Ll,U,+l -
00 HO J-L1,U,+1 

IP( I .LE. J ) I.1·MD(J)+.1-I 
IP( I .Gr. J ) IJ-MI)(I) +I-J 

P(I) ·P~I)-+-A(IJ) "PACTaa(J), 

CONTINUE 

''''''"''' 

GAUSll ~o 

410 CONTINUE 

GIoUSllJO 
GIoUSl140 
GAUSlISO 
GIoUS1160 
GA.USlll0 
GAUSl1BO 
GAUSl190 
G.\USl~OO 

QAUS1210 
G.\IJS12~O 

GAUSl~JO 

C· 10FT·S, BACX S\.J'BSTUTI~ - - - - - -.- .. GAUSl~40 
GAUSl:i1S0 
GA.USI:il60 
GAUSl:iI'70 
GAUSIJBO 
GA.USl:i!5l0 
GA.USlJOO 

C SOLVi! POR D'IN S'"D'-P' 

Ll- .) 

L2' .) 

Ll- -, 

: : 
s· :D' : iP' : 

" -: -: 
:D :P : 

WHERE S is 'THE: C~~SE~ ~'l'RIlI' BY GAUSS ELEMINATION, 
AND IT IS A NON POSITIVE DEPINITIVE MAnu 
o AND P ARE THE-REDUCED DISPUCEMENT AND LOAD MATRIX 
P' ARE INPUT IN AUAY P 
D ME U/PUT IN AR.R.U'i P"CTOR 

GAUS1310 
GAUSIJ:ilO 
GAUSlJlO 
GAUSIHO 
GAUS1350 
GA.USIJ60 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C . - ... ·G.\US1310 

C 
C- ... ONLY ONE LOAD CASE. 
C 

'" c 

00 1:010 J-Ll,U 
IF [A(MDIJ)).EQ.o) THEN 

W-J 
ooTO 3'75 

ENDI. 
CONTINUE 

c· . - - ... CAI...CUU.TE DISPLACEMENT KATRn , BAC){ Sl1ll~UTION ONLY 
TAKES PUCE BE'N"EEN U ~ U 
W-N 
DO lSO !·Ll,Ll,-1 

PACT OR !I )-0. 
00 l50 J·I,Ll,-+-l 

IJ-MD(J)-+-J-I 
IP( IJ .EQ. HD~I) ) 'rHEN 

FA-el'alI. (I) -fACTalI. (I) -+-P (I) /A{tom (I)) 
ELSE IF( 1.1 .LT. KD(.1tl) 1 THEN 

nC'TCDI.{I) -PACTOR (I) - A(IJ) "PAc.-ro:a(J) /AIMD(I)) 

ENDI' 
350 com-naJE 

GOTO 310 
l1S WRITB'{lOB,aOOO) W,MD(W),A(MD(Wll 

aooo PORM).T !I//IX,SO('*')/ 
''" fR','ROlil IN SUBROlTI'I'NE GAUSS', TSl,'·'/ 

370 
STO. 

R"","", 
END 

'. PIVOT IS L! 0 ... ROW:', 15, TS 1, ' • '/ 
, • S'l'CIU.GB ~:',I5, T51,'·'/ 

PIVOT: I, IP, GIS. 6,TSl, '.' I 
, " SOLUTION IS ABORTED TSl, '. 'I 
lX,SO (" ')/) 

GAUSlJeO 
GAUSlliO 
GAUSUOO 
GAUSUIO 
GAUS14l0 
GAUS14JO 
G.\USIUO 
GIoUSUSO 
GIoUSlUiO 
GAUSlf.'70 
GAUSH-BO 
GA.USI4.90 
GAUSISOO 
GAUSISIO 
GAUS1S:il0 
GA,USISlO 
caUS1540 
GAUSISSO 
GAUSl560 
GAUSIS70 
GAUS15BO 
GAUBISSIO 
GAUBHiOO 
GAUSll5l0 
GAUS16~O 

GAUSIISJO 
GAUSII5I0 
GAUS16S0 
CAUS1660 
GAUS1610 
GAU916BO 
GAU91690 
G.\US1700 
GAUS1710 
GAUS17aO 
CU1.VOOIO 

SUBaotn"lNE ClliVA( NSEG,ISEG,DEC,DCU,DC'V,i,EL,Pi,CJtA,DYA,DZA, CUB.VOO:ilO 
'- DiOXA, DROYA, DROZA, DX-B ,DYB, DZB,DROXD, CiOYB, rmOUl) CUllVCOlO 

DIMENSION R( ll, ill, [:IA.(6) , DDA Hi), DB (6) ,DDB (6), PR. (NSro, 9), EL(NSEG) CUBVOO'O 

DO 5l I·I,ll 
DO Sl .1-1,12 

R(I,J)·O, 
S2 CClNTINU! 

1-1 
1:i1 R(I,I)-PR(IS!G,l) 

R.(I, 1.0 ·PR(IS~, l) 
R.(I, I+~) ·n( ISEG,l) 
JUI~l,I) ·PR(I5EG,4) 
R(I+1,I_l) -P'R(ISEG,Sl 
R(I-l,I+2)-PRfISEG,6) 
II. (I + 2, I) -PR (ISEG, 7) 
Rn+:iI,I"l)-PR(ISEG,B) 
R II -+-~, I ... ) -pa f ISEG,9) 
1-1+3 
IF ( I EO 1 J ) GO TO 6l 
GO TO 72 

62DA(1)-DlIA 
DA(~)-DYA 

DA(l) -DZA 
DA(4) -DROXA. 
OA(5)·DRO'tA 
DA(6) -DRO"Z.A 
OB I 1) -DX8 
DB (Z) -DYB 
DBll)-DZB 
DB (4) ·DROXB 
DB(~)·DROYB 

'OB (6) -DROze 

DO 710 11·1,6 
DDA(II) ·0 

00 110 U:-l,5 
110 DDA(II).·DDA(II) -R(ll XX) "D-'(XX) 

DO 720 II-l,iS 
DDB (11)-0 

DO 1,0 XX-1,iS 
120 DDB(II)·DDB(II)-R(II,JOC)"DB(XXl 

... PIW SEGHl!NT BASIC DEPORMATION INCREHENTS -. 

DEC· (DOBIl) 'DDA(l)l/EL(ISEG) 
OCU- (DDB (4) -0011.( 4») IEL(ISEG) 
Dei- (DDB (5) 'DDA(~)) IEL(IS!G) 

SUBaOlJTINE CLDAP (PRM, PR, l,NSEG,XGLO, P9X, SX, PGLOB) C····-···---···--·----·-·-·---·-··--··----·--·--·-··-------.. ------.. 
C CA.LCULA.TE SEGKENT GLOBAL PORCES 

CUI/YOOSO 
CU'RV0060 
Ct1iV0010 
CUllVOOBO 
CUl.V0090 
CUllVOIOO 
CUiVOIIO 
CUiY01:il0 
CUiVOIJO 
CUi-YOltO 
CURYOISO 
CURVOI is 0 
CURV0110 
CURVOISO 
CURV0190 
CURVO.aOO 
CURVO:i!lO 
C\JlI.VOalO 
C\1ltVOaJO 
CURVO;UO 
CURI/0~50 

CUlI:V0l60 
Ct1iVO~'70 
C!.J'iIvoao 
CtJRV0:il90 
CUllVOlOO 
CUiYOllO 
CURYOllO 
ct1ilY03l0 
CURVOl40 
CURVOlSO 
CURVOJ!SO 
CURVOl10 
CURVOlSO 
CURVOl90 
CURV0400 
C1JlI.VO"10 
CURV0420 
CUllV04l0 
CURVOUO 
CUlI.V04S0 
CUlI:V04.60 
C[]RV0410 
Ct1iV04BO 
CUlI:V0490 
Ct1iVOSOO 
CURVOSIO 
CURV05~0 

CURV05JO 
CURY05&0 
CLDA.OOIO 
CLDA0020 
CLD"OOlO 
CUlA0040 

68 

C··-·····--.·--·-----···-· ...... -----·.-- ______ . ___________ . ________ _ 

c 

DIMENSION l(GLO(NSEG, U), PSJ: l~sEG, 1 a, 12), SJl(U, 1"') ,PR (NSEG,9), 
'- PGLOS (NSEG, 1 ~l ,DLOCAL(ll) J PRH(U, l~) ,DFL.OC (ll) ,OPGLD (12) 

C PREVIOUS STEP ELEl'lENT STIYFNESS 
C 

DO 99 II-l,l~ 

00 98 JJ-1, 1~ 
SXI II, JJ) -PSl" (l, I I ,JJ) 

DO J:;a L-l,n 
DO J:oI J-l,12 

J2 PRM(L,.1) -0. 
959 X-1 
4~ PRM(X,Xl-PR(I,l) 

PlU4(X, X+I) ·PR (I,~) 
PRfo1(lt, X-2) ·PR (I, 3) 
PRMlx+l, Xl ·PR (1,4) 
PRM(X+l,X"l) -PR(I,S) 
P'RM(X+l, JC+~l ·PR (I,iS) 
PF\M(X>2, x)-pa (1,1) 
PRJII(){·~, X+l) -PR I I, 8) 
PRM( x_a, X+2) ·PR (1,9) 
X,X'3 
IF ~X.EQ.ll) GO 1'0 9:i1 
GO TO 4~ 

92 DO 610 11·1,12 
DLCCA.L(II) -0 

DO 610 XX-I,n 
610 DLOCA.L (Ill • o LOCAL (II) + PlI.M I II, \tX) *XGLO( 1,0) 

DO 610 II-l,iZ 
DPt.OC (II)'O 

DO 6~0 II-I,ll 
620 DPLCC (ll)'DPt,OCllI ) +SK(II, 1100 ·OLCCAJ.,(IJ") 

DO 610 11-1,101 
OPGLQ(II)-O 
DO 610 J(](-l,l2 

630 DPGLO(II) -OPGLO (II) +P1U'I(KX, II) "OPLOC (ICK) 
. PGLOB(I, II) -oPGLO(Il) ~PGLCIB (I, II) 
iS40 CClN'TINUE 

'ET""" END 

SUBRoarINl! LIB (NNCO, KH, UU,W, ZZ, INEB, INEH, ST I IAl, IA:iI, IA..3, 
'- IA4, IECOP,UO, I/O,AO,B, ECCO, Eeno, NlHP) 

C· . - -. - - - -- ... -
C SECT I : BOX SECTION 
C BECTl: TtTBE SECrION WI"rH aNB LAYER. 
C SECTl· R:E:CTANGUl.AR o.OSS 9ECTIc:!-I 
C SECT4. WIOE-Pu.NG1! SECTION 
C SEel'S NOT AHILABLI! NC7III 
C SECT6: TUBE SEel'ICJN WITH TWO l.AY'EB.S 
C SECT?· ANGL.E SECTION WITH EQlJA.lr LEGS 
C SECTB: ANGL.E SECTION WITH EOUA.lr LEGS ( OPPOSIVE SITE ) 
c-

REAL INEB, IN2l-! 
DIKBNSION UO (NtJoIP1, Va (N!J)(p), AD (N~), B (NlMP) 

c 
C THIS SUBRotn'INE IS PeR SE.U.CHING MEKBER'S o.OSS-SECTICIN LIBRAR't 
C 

IP(NNOO .EO. 1 ) THEN 
CAll. SECTl(HH, UU,WW, ZZ, I NEB , INEH, ST, 

" UO, VO ,-,0 ,B, ECCXO, ECCYO , NUKP, IECOP) 
ELSE IP (NNOO . EQ. a ) THEN 

CALL SECTl (HH,W,ZZ, lNEB, 9'1, UO,VO,AO ,B, ECCXO, 
'- I!CCYO,NlI'lP,IECOP) 

ELSE IP(NNOO .E'Q. 3 ) THEN 
c..uJ.. SECTl (HH, UU,WW, ZZ, INEB, INEH ,t10, VO,AO,B, ECClIO, 

, ECCYO,~P,IBCOPJ 

ELSE IF(NNCO .EQ. " ) THEN 
c:.u.L SECT4 (HH, IJU,WW, ZZ, INEB, fir,UO, VO ,AO,B,EeClo, 

'- ECCYO,NU4P, IAl, IA2., IAl, IA", IECOP) 
ELSB IF (NNC() • EQ. 5 ) THEN 

c:A.LL SECTS (HH,IJU,W, I NEB , lNEH, ~,UO, VO,AO,B,~, IECOP) 
ELSE IP(NNOO .EO. is ). THEN 

CA..LL SECT6 (HH,WW, Z:l., lNEB,ST, UO,VO,-'O ,B, Becxo, 
, ECC't'O,NU4P,IECOP) 

ELSE IP(NNCO .EO. 1 ) THEN 
CA.Ll.. SECT? (HH,W, 2.Z, ST, UO, YO,AO,B, ECOIO, ECCYO,NUKP, 

, IAI,IA2.,IAJ,I .... ,I!COP) 
I!LS! IP(NNCO .EQ. II ) THEN 

CA.I.J.., SECTB (HH, WW, ZZ, 9'1, uo, VO, 1.0, B, ECC'XO, ECCYo, NTJMP, 
'- IAl,IAl, IA..3, 1M) 

EN1)1, 
R1mJRN 
END 

SUBiOlTI'INE SEC'Tl (HH, UU,ECCXO, ECCYO, INEB, INEH, fir, 
'- UO, VO ,AO, 8, ECC1I 0, ECCYO, NtJoGI, IECOP) 

C··· -
C nns SUBROUTINE IS Pat DEPINING SECTICINU. COORDINATES FOR 
C THE BO'll: CROSS-SECTION 
C HH - BOX HIGH 
C UU - BOX WIDTH 
C INE8 • TOTAL NO, OF ELEMENTS Fell. HAIJI' WIDTH 
C INEH - TOTAL NO. Of EUJoIENTS P<5 H..U.F HIGH 
C ST - TH ICJOoi'ESB 
C·· .-

REAL INEB,INEH 
DIMEN'SI~ uo (NtMP) ,VO(NUKP) ,AO{NtI1P) ,B(NtJo1:PI 

UU-UU· 2""ST NUo!JI,o'. (INEB+ltlBH) 
1!LJ-I-(HH/:iI.l'ST)/(INEH-lI 
ELB- (uu/:il.) /INES 
UO (1)- (Uu/a.I+(ST/:iI.) 
VO II) -. «(HH/:iI.)· (9'1/2.)) 
AO(l)·ST"ST 
B(1) -Sf 
DO Sl I-a,INEH 

YOlI) -. [(HH/l.)· (S'T+ELH/:iI.)-II·.) "ELH) 
UO(I)-(UUO,)'(ST/:iI.l 
AO(I) ·ELH"ST 
B(lJ·I!LIi 

S~ COm'INUE 
00 53 I-l,INZS 

J-[·INEH 
VO(J)-'(lHH/a.l·(ST!a.) 
UO(J)-«UU/:iI )-(I!LB/:iI.)-(I-l)'"ELB 
AO(J) -El.B"8T 
B(J)-nB 

53 CCIm'INUB 
NEOQ-INB'B+INHH 
DO 54 ['l,NECQ 

J·NEOQ-o-I 
UO(J) 'UO(l} 
VO(J)' ·VO (I) 
-'O(J)--,O(l) 
B (J) ·BO) 
JJ·(N,!!OQ"2} ~I 
uo(JJ)' UO(I) 
VO(JJ)·VO (I) 
AO(JJ) .. AO (I) 

B (JJ)-B(I) 
JJJ-(N.E:OO"J) ·1 
UO (JJJ) --UO(I) 
'10 (JJJ) - ·VOO) 
Ao (JJJ) ''''0(1) 
B (JJJ1·BII) 

S4 CONTINUE 
IP( IECOP EO. 1 ) THEN 

ECC'XO-ECCXO 
ECCYo-ECCYO 

ENDI, 
R1mJRN 
EN!) 

CI.l)AOOSO 
CUlAOO~O 

CLDA0010 
CUJA0090 
CUlA0090 
CLDA.OlOO 
C~A0110 
CLDAOl~O 

CLDA0130 
CLDA0140 
CLDAOlSO 
CLDAOliSO 
CLDA0110 
CLDA01BO 
CLOA019C 
CLDAO~OO 
CLDAo~10 

CLDAOZ2c 
CLDI\OalO 
CLDAO~40 

Cl..DI\O~SO 

CLDA0260 
CLDAO:1:70 
Ct..OAOl90 
CLDA0290 
CUlAOlOO 
CLOACJ 10 
C'LDAOJ20 
CLDAOJJO 
CUlA0J40 
CLDAOlSO 
CLDAOJ60 
C'lJ)"0310 
C!..IIAOlSO 
Cl..DAOl90 
CLDA0400 
CUlA0410 
CLDA0420 
CUlAo430 
CLDA0440 
CLDA04S0 
LIBNOOIO 
LIBNOO:ilO 
LIBN0030 
LIBN0040 
LIBNoaso 
LIBNo060' 
LIBN0010 
LIBJIIOOBO 
LIBN0090 
LIBNOIOO 
LIBNOIIO 
LIBNOl20 
LIBNOllC 
LIBN0140 
LIBN01SO 
LIBNOl60 
LIBNOl10 
LIBN0180 
LH!N0190 
LIBNOlOO 
LIBNO:i!lO 
LIBN02.0 
LIBN00l30 
UBNOHO 
LISNOlSO 
LIBNOliSO 
LIBNO:il"?O 
LIBNo;aBO 
LIBNOBO 
LIBN0300 
LIBNOJIO 
LI8N0320 
LIBN0330 
LIBN0J40 
LIBNOJSO 
LIBN0360 
LIBN0J10 
LIBN03BO 
LIBNOHO 
LIBN0400 
LIBN04l0 
LIBN0420 
LIBNOf.JO 
LIBNOUO 
SEC"I'OOIO 
SECTOO~O 

SECTOOla 
SEC'1'OO"a 
SECTOOSO 
SECTOOiSO 
SECT0010 
SECTOOBO 
BECT0090 
SECT0100 
SECTOIIO 
BECTOIlO 
SECTOIlO 
SECTOUO 
SECTOISO 
SECT0160 
SECTOI '70 
BEC'1'O 18 0 
SECT0190 
SECTO:olOO 
SECT0210 
SEC'TO.N 
S!C'T02l0 
SECT0240 
SECTO:ilSO 
SEC'T0:il60 
SECTO~'70 
SECTO:zeO 
SECTO~90 

SECTOJOO 
SECTOllO 
SEC'Tc320 
SECTOl]O 
SECTOl40 
SECT03S0 
SECTOl60 
SECTOl70 
SECT03BO 
SECTOJ90 
SEC"l'04CO 
SEC1(j410 
SEC"l'Od20 
SECTOd30 
SECTOd40 
SEC'i'0450 
SECT0460 
SEC'i'OnO 
SEcr0480 
StcrOd90 
SECTo500 
SECTOSlO 
SECTOS20 
SECTOS30 
SECTOS40 
SECTOSSO 
SECTOS60 
SECTOS'70 
SECTOSBO 
SEC'rOS90 
SECT0600 
SECT0610 



c ~ 
c 
c 
c 
c 
c 

c ~ 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c· ~ 

c ~ 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c ~ 

c 

SUBROCITlNE SECTZ (R.AD, EC'C'lIO, ECCYO, 1NEB,ST, uo, VO .AO,B, ECCXO, 
" ECC'l'O,N~, I!COP) 

1'HIS StlBltO(1J'INE IS POR DEPIHING S'EC'TIONAL CQCJI.DINATEB paR 
THE TUBE ClOSS· SEcrIa.I 

RA.O RADIUS 01' THE TUBE (l!IA.BiD ON CDn'ER LINE 
INEE - TOTAl. NO, OF ElDIENT8 POR 1/1/, OP THE C]:iC1.2 
ST - THICXNESS 

REAl. urES 
DIMENSION UO (NUHp) , VO (NU)(p) ,AO (NtMP) ,B(N~) 
NUI1P·4 - I NEB 
PI·:Z."J.14159215 
SITA· (1'1/4.) / (2* INESl 
1EHP-.iI - SITA 
DO as r-l,INEB 

VO (l)-SQilT (RAD-RJ.IJ/ (1 ... TAN (SIU.) "U,N(SITA») 
UO (I) -YO (I) • TAN (SIT},) 

25 SITA·S1TA+TDIF 
DO)O t-INES-I,2'INEE 

VO (I) -VO (I, INEB) 
UO (I)- -Uo (I-INEB) 

DO )5 I-2'1'INEB+1,J-lNEB 
vO(l)-''ICl(I'~''INEB) 

JS UO(1)-UO(I-2·INEB) 
DO 1/,0 !-J'!NEBtl,,"INZB 

VO (I)- ·VO (I-J·INES) 
40 UO (11· 'UO (I·:!"rNE:B) 

DO so r-l,NlJloIP 
B (II - (pI"RAD) /NUKP 
AO(IJ-B(IJ"st 

50 CONTHIDE 
Il"(IECOP .EO. I ) THEN 

ECCXO- ECC)(O 
ECCYO·ECCYO 

ENDIP 
.ETURN 
END 

StIBROln'INE SECTJ (HH, UU, ECCXO, ECC'tO, tNEB, lNEH, UO, VO, A.O, B, fCCl 0, 
" ECC'iO,NLHP, IECOP) 

THIS SUBROln'INE 18 POR DEFINING SE<:,[,laNAL COCRDINAT!S FOR 
THE RECTANGUI-U. CltOSS'SECTION 

HH ~ SECTIONAl.. HIGH 
UU • SECTIONAl. WIDTH 
INn • TOTAL NO OF ELEMENl'S FOR HA.l.J' WIDTH 
INEH • TOTAL NO. OF El.J!KENTS 1"011. HAlJ' HIGH 
B (ll • HH/2 (L..It.RG~ LENCI'H) 
B (2) • lllJ/Z (SMALLER LENGTH) 
NOTE: BO) .um BOll ~E POR c.u.ctn...\TING TORSIONAL RIGIDITY 

RUL INEB, lHEH 
DIMENSION UO (N1.J!IIPJ ,VO (Nt1MP) ,10.0 (NllHP) ,8 (NllHP) 

HUMP·4- (INEB·INEHl 
EUi·HH/(:iI.'INEH) 
ELB·W/ (:iI. "INEB) 

DO 50 M·l,INEB 
II· (1"!'1) 'INEH + 1 
UO (II)· (00/01) - (ELB/~)' (H-l)·E!.B 
vo (II)· (HH/a) . (ELH/Ol) 
},O(II)·EUi·ELB J., 
00 60 1·(M·l)"INEHoJ, H'IN1!H 

J-J+l 
UO(I)·UO(II) 
VO(I)·CHH/2)· (J-t) 'ElJ.!- (Eut/Ol) 
.\0 (l J -ELH*ELB 

60 CONTINUE 
50 CClHTINtJE 

IORT·INEB"INEM 
00 ?O I·ICRt'-1,2'1gRT 

UO(I)·aO(I·IQRT) 
vo (1)· 'VO (I' IQRT) 
A.O(I)·ELH'E~ 

? 0 cotn'INTJ1!: 
00 EO r-2·IQRT+l,J·lQRT 

UO (1)· 'UO (I 'J'lt,;IRT) 
vo (I) ·vO(I·J' IC!BT) 
AO(I)·ELH-ELB 

BO camurux 
00 90 r·J·IQRT+l,4"IQil'T 

UO(I)··UO(I·J'IQl.T) 
VO (I)· -YO (l.) 'IORT) 
10.0 (I) -ELH'El.B 

90 CONTlNU!: 

IP( HH .GlL lllJ ) "rH!N 
B (1l-HH/2 
B (2) -lllJ/2 

n..BE Ip( HH .LT. UU ) "rHEN 
B (1) -lllJ/2 
B (2) -HH/:iI 

ENDlP 

IF{ IECOP .EQ. 1 ) THEN 
ECCXO-ECCXO 
ECC'I'O -ECCYO 

ENDlP 
.ETURN 
END 

SUBROUTINE 8Ect'li. (HH, 00, ECCXO,ECCYO, INn, ST,UO,VO,AO, B,ECC'XO, 
iii ECC'tO,Nl.I<P, IllEV1, IREV., IllEV3, Ill!'V' .. , IECOP) 

SEC'TOC10 
SECTOC:ilO 
9ECTOOlO 
SECTOC&O 
SEC'l'OOSO 
SEC'T0060 
SECT0070 
SECTOC&O 
SECTOC90 
SEC'TOICO 
SECTOllo 
SEC'l'OlJO 
SEC'TOllO 
SEC"I'OUD 
SEC'l'OlSO 
SEC"I'OllSO 
SEC'l'0170 
SEC'l'OlBO 
SEC'l'015l0 
SEC"I'O.OD 
SECTO;UO 
SECTO:ilOlO 
SECTO<lJO 
aleTa'HIC 
SEC'TO.SO 
SEC'!'Ol50 
SEc-t'ono 
SEC"'I'OHO 
SEC'!'02510 
SEC"I'OJOO 
SECTOlIO 
SEC"l'OJ20 
SEC"I'DllO 
SEC"rDHO 
SEC'TOlSO 
SEC'TOJ50 
SEC'TOJ '7 0 
SEcr'O]80 
8EC'I'0390 
SEc.-I'OOlO 
8EcrOO:iilO 
SECT0030 
SECTaoca 
SEc.-T'0050 
SECTOOtiO 
SECTOO?O 
SECTooeo 
SECTOD5IO 
SEC'T0100 
SEcr01l0 
SECT0120 
SEC"I'0130 
SECT0140 
SECT0150 
SEC'T0160 
SEC"I'0110 
SECT0180 
SECl'OI90 
SECT0200 
SECTOZIO 
SECTOHO 
Si!C'TOOIlO 
SEC'fOa&O 
SECTO~50 

SECTO<l60 
SECT'00l7Q 
SECTOil90 
SEC'T00l90 
SECTOJOO 
SECTOlIO 
SECTOJaO 
SECTOJJO 
SECT0J40 
SEC"!'OlSO 
SECT0160 
SECTOl?O 
SECTOlBO 
SECT0l90 
821:1'0'00 
SEeTa'lO 
SECT04:i10 
SECTOUO 
SECTOUO 
S2C'TO'SO 
SECTOUiO 
SEC'TD410 
SECTo410 
SECTono 
SECTOSOO 
SECTOSIO 
SECTOS:ilO 
SEC"TOSJO 
SECTOSIO 
SECTOS50 
S.E!CTOS.sO 
B!C'TOS70 
SEC'TOS80 
SECTOS5IO 
SECTOI$CO 
SEC'TO.!'ilO 
S.E!CTOf!JD 
SECTDfiJD 
SECTOfilO 
SECTOISSO 
SECTDISISO 
SECT0010 
SECTDO:ilO 
SECTOOJO 
9ECiOO<ll0 

THIS Sr.mli:OUTINP: IS PaR DEPININa SECTIC2aL coamINAt'!B POB SECTOOSO 
THE WIDE ·PLANGE SECTlct.1 S!CT00I50 

ST ~ pLANGE THlcnmSS SECTOO?O 
tNEE ~ 'ot'EB nUCIQIIESBI 8ECTOO BO 
HH • SEC"rrON HIGH sECTD090 
lllJ • SECTION III'IDTH SECT0100 
IB..I!V1~ NO. 01' PUNa! COUI4N IN T'HE REPElI.ENCI UIS U IHRECTICINSICT01IO 
IREVZ· NO. 01' Fu.NOE ]lOW IN 'l'HE REFE1I.ENCE .l.IIS a DIREc.-I'IClNSECT01:i10 
IREVJ~ NO. 01' WEll COLlMN IN nil!! aEFD.EHCE AXIS 'I DIi.ECTICJNSEc.-I'OlJO 
IREva· NO. OF WEB II.CIIf IN nil!! IEPnENCE .l.JI8 V DIREct'Ict.1SEc.-I'OUO 

REAL lHEB 
DI~NSION UO OruMP) , vo (Nt1HP), 10.0 (NllHP) ,S (NlIKP) 

mMP-IREYl'IREVJ"Ol • IREV3·IRE'V4 
WEBHIGH • HH· 2'ST 
SS 'I' utl/IREV2 
TT • ST/IREVI 
seB - INEB/IREVJ 
'!"I"T • WEBHIGH/IRE'lrl. 
B(l)- (2'UU·ST"·J + WEBHIGH"INEB--J)/J 

- - -- - -- _ ... _. SEc.-I'0150 

C .. CALCU1.ATE TOP FLANGE El..EMEN'!' COOlI.DINAiES x·, 

SECTo160 
SEc.-I'0170 
SEc.-I'OIBO 
SEC'i0190 
SECIOZOO 
SECTOZ10 
SEc:-I'OZ:ZO 
SECTClaJO 
SECTCZ4.0 
SECT0250 
SECTca60 
SECrc270 
SECTo;zaO' 
SEC'J'OZ90 
SECiOJOO 
SECTOllO 
SECTOJJO 
SECTOJJO 
SEC'i'OHO 
SEC"TOJSO 
SEcrOJfiO 
SECTOJ10 
SEC'iOJBO 
SEC'iOJ9C 
SECTO<llOO 
SECT0410 

00 SO Ial, IRE'll 
00 50 J~l, IRE'l2 

X·X·l 
UO(X)·{ W/Z) O.S*SS + (J U·SS 
vo (X)· (HH/:iI) 0.5"n (I 1)*1'1' 
AO (X) -ss"n 

50 CONTUIDE 

... CIt.LCULATE BOTTCI1 FLANGE El..EJIIENT CCXlR..DINATES 
DO 60 I~l, rREVl 

DO 60 J·l,IREV:a 
X-X'l 
UO(X)-( -uu/Ol) + 0 5'55 I (J-U"SS 

69 

c 

VO(X)-('HH/3) - 0,5"n • II·U·," 
AD (X)·ss·n 

60 CONTINUE 

C ... cAl.CULJ.TE WEB EUMmlT COORDINoUES 
00 10 tal, IREI/4 

DO 70 J-l, IB.EVl 
j(·X"1 
UO(lO-('INEE/:i!) t O.S-SSS. (J-ll-SSS 
VO(X)-('WEBHIGH/.iI) O,S-T'T'T (I'l)-1'T'T 
10.0 (X) 'I' S SS·TTT 

10 CCNTlNUE 

11'( rECap .EO 1 ) 'THEN 
ECCXO·ECCXO 
ECCYO·ECC'I'O 

>WlP 
''''URN 
END 

SUBROUTINE SECTS (BB, T, 0, NCS, NPS, Tl, UO, VO ,10.0, B, NUMP, I Ecap) 

THIS SUliiOUTINE IS P<:m DEPINING SECTIONAL CoaRtIINATES FOR 
THE OPEN IfEB JOIST PLATE-CHORD CROSS-SECTIClN(BOTTCt4) 

BB - pU,'!8 WIDTH 
T - PLAT! 'nI ICXNEBS 
11 • CHORD TIl rCIrnESS 
NPS - TOTAL NO OF ELEMENTS POll. HALF PLATE WIDTH 
NCB • TOTAL NO, OF ELEMENTS FOR EACH ANGLE CHORD'S TOE 
D - THE ANGLE I 9 LENGTH 

R2It.I. NCS,NPS 
DIMENSION UO IN1..I1P) , VO (NUMP) ,.\0 (NUMP) ,8 (NtJotP) 
IF (IECOp .I!O. 1 ) THEN 

WRITE(109,-) '1', 'SEC'T5 LIBR.J.R'I' paR ECCENTRIC LOAD IS NOT', 

IECOP-O 
ENDIP 

'AVAII.Jo.BLl!. " 

NUMP· .. ·NCS·jjJ·NPs·a 
S-· ( ( •. S"BB·T''I':iI) - U. "T1-T.O+0*Tl •• 2 'Tl.D-":iI· 2. 'T'T'l·"J -T1· '3)) 

$ !(BB"T+<II."Tl*D·J, "T1"-:oI) 
DS·(D-Tl)/(Ol.-NCS) 
lJO (I). (BB/2.)· (TI/:iI.) 
VO (I)·' (09, (T+O.S·'Tll) 
AO(1l·Tl""2 
8(1) -n 
DO 52 I-:oI,NCS+l 

UO(I)-(0.S·BB·0-09)-:01 *"DS*(I-l) 
VO (I) •. IS· (T'O .5""1)) 
AO (I).;iI. 'OS*Tl 
BCI) ·:oI."DS 

5J CQNTINlJE 
DO 54 I-NeSt:il, a-NCS-I 

aD (I) -0 5'BB·0 .son 
VO (I) - (O'T -S) .OS-:il. "09" (I 'NCS-ll 
AD (I) -2. "OS*TI 
B (I) ·J.·OS 

54 CONTINUE 
UO(2"OCS·:iI) - -UO(l) 
YO(2"OCS·:iI) -VO (l) 
AO(3·NCS·0l)·'\0 (1) 
B(0l·NCS-2)·B(U 
00 56 I-2·NCS+J, J'NC9·J 

UO (I) -. (0. S"BB -0-09) ':iI. *DS' (I, 2"NCS-J) 
VO (l) -. (S' (T+O S*Tt)) 
ItO (1) -OI."DS-11 
B (I)-a. "DB 

515 cON'I'INlJE 
00 59 I-JtNeS.l, "-NCS-:a 

UO (I)- -0 .S"BB'O.S'Tl 
VO(I)·(0·T·S)·D9·J "OS·CI-J"NCS·:a) 
10.0 {I)-2. -OS"TI 
B(I)·a. -DS 

59 carrINlJE 
DBS· 0 .5 *BB/ (2. 'NPS) 
00 60 I-I/,'NCS·J, 4·NCS-J·~S-1 

UO I 1)·0 .S-BB+DBS· 2 .• DBB* (I-'"NCS .;iI) 
VO (I).- (S-O.S-T) 
10.0 (1)·:iI."'OU-T 
B(I) -2, 'OBB 

60 CClN'TIHUE 
00 15" I·I·NCS+NIlS.3, .. -NCS-:a"NPS.:iI 

aD I I)· -0.5 *BE ·DaE· J "OU" (I ·4"NCS-NPS-2) 
VO II)· - (S-o.S"T) 
10.0 (I)·J .-DBB·" 
B(U·:iI. "OBB 

64 CONTINUE 

'E1'U>N 
END 

SUBROUTINE 8Ec.-I'6 (IUD, ECeXO, ECCYO, lHEB, ST, UO, VO,.\.O, 8, I!CC~ 0, 
" ECCYO,NtJoGI, IECaP) 

c·· . 
c 
c 
c 
c 
c 
c 
c· 

THIS SUBllOUTINE IS P<:m DUINING SECTICIUoL COCRDINATES POR 
TH! nm2 CRoSS· SECTICINWIIICH HAS TWO LAYOS 

R.J..O ilADIU8 OP THE nIB! {BASED aN CENTER LINE 
INEli • TOTAL NO 01' '8LEMENrS POR 1/4 OP t"HE CIRCLE POR 

2ACH I..A'I''EJl 
liT • THICDlESS 

REAl. INElI 
DIMFN9ION UO (Nt.1'IF) , VO (NUKPJ ,Aa (NU1P) ,a (NUMP) 
NUMP-9 " I NEB 
NNUHp· HUMP !:iI 
RJ.IJ1-RADt(ST/4.) 
RAD:a·R..\O- (ST/I/, ) 
PI·~ ") . 141SSI:oIfi 
SITA.- (PI/'.] /(:a"INEB) 
'TEl'Il'-:il. -SITA. 
00 2S I-I,INES 

VO (1)- SQRT (RJ.IJ1*RAD1/ ( 1. "TAN (SITA~ 'TAN (SITA) ) ) 
UO (I) -VO (r) -'TAN (SI1'A) 
VO (I.NNUoIP) - SQRT IRIt.D:oI.R..\DZ/ (1 .• TAN C SITA) -TAN (SITA) I] 
UO(!·~)-'IOII'NN1.Jo[P)·T~(SITA) 

:015 SITAaSITAt TEMP 
DO lO I·INEB+l,:a -IHEB 

VO(I)~VO(I-INEB) 

aO(I)-·UD(I-INEB) 
VO (I+NNUMP) ·VO (I-INEB+NNt.MF) 

JO UO{I+NNUMP)-·UO(I·INES"NNUJoIlI) 
00 35 I-Z·[NEB+I,l"INEB 

VO (I)· ·'101 I 'Z'INES) 
UO (]) ·UO (I -:a"IHEE) 
VO (I+NN1.tIP)· -VO I I -:; ·INEli 'NN'\lMP) 

JS UO(I+NNUMP)-UO(I'Ol-IHEBtNNIJMl') 
00 10 r-J'INEB+l r 4-INEB 

'10 (I)- VO 1 I -J"INES) 
UO (I) - ·uo (I 'JoINED) 
VO{I+NNt.JKP)- VO(I-J*INEB·NNI..lHP) 
UO (Itl'JNUKP)- 'UO (I -)"INEB'NNUHP) 

pO SO I-1,NNLIMP 
B (I) - (pPRAD1) /NNUHP 
AO (l)·B(I) "(STO,) 
8(I·NNUMPla(PI'R..It.D2) /NNI.t!P 
1.0 (I -NNlKP) -B (ItNNUKP)" (ST/J.) 

50 CONTINUE 
IP(IECOi' .20 1 ) THEN 

ECClCo-I!CClCO 
ECCYO-ECCYO 

''''''IF . .,."'" 
!OlD 

SUBRotrrINi! SHC"M (D, ECC)(O, ECCYO, T, UO, VO, 1.0, B, ECClCO, ECCYO, NUHP, 
" Ll,Nl,L2,N2,IECap) 

SECT0420 
SECT04JO 
SECTOUO 
SECT04S0 
SECT0460 
SECT0470 
SECTOI/,BO 
SECTClII.90 
SECT0500 
SECT0510 
SECTC5Z0 
SEc:rOSJO 
SECTOS40 
SEC'TOSSO 
5ECTOSl!i0 
SECTOS?O 
SEC'TOSBO 
SECTOSSIO 
SECT01500 
SEC'TOOIO 
SEC'I'OO ~ 0 
SECT0030 
SECT0040 
SEC'iOOSO 
SECTOOISO 
SECTOO?C 
sEcrooeo 
SEC'T0090 
SEcrOlOO 
SEC'TOllO 
SEC'T0120 
SECTOIJO 
SEC'T0140 
SECTOl50 
SEC'T01150 
SECTOI?O 
SECTOIBO 
SECTOISIO 
SI!CTOOlOO 
SECTO~IO 
SEC'i02JO 
SEc.-t'OJJO 
SECTO:a4C 
SECTOJSO 
SECTOOl150 
SECTO:il10 
SEC"l"O:aeO 
SECTOHO 
SECTOJOO 
SECTOJIO 
SEC'TOJ:aO 
SEC'TOJJO 
SEcrOHO 
SECTOJ50 
SECT0360 
SECTOJ70 
SECTOJBO 
SECTOJ90 
SECTOI/,OO 
SEClOUO 
SECTOI/,20 
SEC'T0'30 
SEerO"O 
SECTO'SO 
SEL"T0'150 
SEC'To,?O 
S2CTOII.B0 
SEC"TO 11.$1 0 
SEcr0500 
SEC'TOSIO 
SI!CTOS20 
SI!CTOS30 
SECTOSIO 
SEC'TOS50 
SECTOS60 
SECT0570 
SECT05BO 
5E("'1'OS90 
SECT0600 
SE("'1'0610 
SECT0620 
SEC'TO!5JO 
5ECT0!51/,0 
SECT06S0 
SECT01560 
SECTC1570 
SECT06BO 
SECTonO 
SEC'T0'700 
SECT0010 
S2CTOOZO 
SECTOOJO 
SEcrOOI/,O 
SEcroOSO 
SECTOOEiO 
SECTOC70 
SECT0080 
S2CT0090 
SECTOI00 
SEcrOllC 
S2CT0120 
SECTOlJO 
SEC'T014C 
SECTOl50 
SECTOl150 
SECT01?0 
SECTOleO 
SECTOl90 
SECTOOlOO 
SECTO:al0 
SEcr02:aO 
SI!CT02JO 
SEC'!'OJ4Cl 
SECT0250 
SEC'TOa60 
SEct'0:il70 
SECT028Cl 
9E<:'['0290 
SEcrC)OO 
SECTO.lI0 
SEc.-t'OHO 
SEC'TOllO 
SEC"rOHO 
SECTOlSO 
SECTOl60 
SECTOl'O 
SEC'TO)90 
SECTO)90 
SECT0400 
SEC'T0410 
SEC'T04;Z0 
SECTOII.10 
SECTOUO 
SEC'TOII.SO 
SEC'T0i60 
SEC'TOI/,?O 
SECTO'BCI 
SECT0rl.90 
SECTOSOO 
SEC"TOSIO 
SECTOS20 
SEC"TOSJO 
SEC'TOClIO 
SEC"TOOJO 
SEC'TOClJO 
SECTOOI/,O 



THIS SllBROlTTIN! IS FaR DiFDlING SECTIONAL COGUilNATES POll. 
THE ANGl..! CROSS' S2C'TICIl 

o • ANGLE sloe TOTAl.. I...ENcrH 
T - 'THICXNiSS 
ECCXO· THE X-Dlfn'ANC2 PJlCl'll ECC!NTi.IC LOAD TO SHAPE CENT:£i 
ECCYO- THE V-DISTANCE: nQol BCC!NTRIC LOAD TO SHAPE CEN1'D. 
Ll - NO. 0' CO~ IN :x DIIEC'TI~ 
I'll - NO 0' ROW IN X 0 rREC'TICN 
U - NO. OF RCJiI IN Y Or:a:E!CTION 
N:iI - NO OP COUJICN IN '1 DIlI:ECTICIN 

C IECOP- ECCENrRIC LOAD OPTIo:N 
C 1: ECCEN'l'RIC 1..OA.D oUPLIED 
CD: WITHOUT EecxN'!1lIC I..OUI 
c· 

DlJiENSIO}.! UO (NtJo(P) ,VO (truMP) ,AO ~NUoa') ,B (:NUfiI) 
HB-[D"T"D";jI-'P*:iI)/t, 'O'Z_'T) 
511- (T/Nl) *0.5 
SXl- (D/Ll) '0.5 
DO 101 J-l,Nl 
II-J-l 
DO 10i 1-1, Ll 

H-U-Ll·I 
UO (M) -BB - (0- 0*1 -1) 'SX1) 
VO (M) ·EB· (;PJ -1) -511 
AO(M)-SYl'SX1*iI.. 
B (1'1)-2 'SXl 

101 CONTINUE 

SX2- ('1'/N2) -O.S 
512- «(D-T) /L:iI)·O_S 
DO ~01 J'l,Nl 
II·.I-l 
DO ZOI I-l,L.:iI 

!on-II'LZ- I - (HI-Ll) 
UO (Hll-!B - (;j!l.I-l) 'SX;Z 
VO (Ml ) ·BS . (D' (:ii- 1-1) - SY:iI) 
AO (Ml )·SY;Z*SX:iI·,. 
BO'lU·Ol ,'sn 

~Ol CCINT'INUE 
NUMP·Ll'Nl-L;Z*Nl 
IF(IECOP .EQ. 1 ) THEN 

ECCl<O-ECCXO 
ECC'tO-ECCYO 

","'F 

''''URN tNI> 

StmROU1'INE SEC'T9 (0, EcCXO, ECCVO, T, UO, VO ,AO, H, ECCXO, Eecyo, HUMP, 
S Ll,NI,L2,Nl) 

THIS SUBROUTINE IS FOR DEPINING SECTIaaL COClRDINAT'ES POR 
iHE ANGLE ClOSS, SECTION (BOT'!'O'I CHaRD) 

CD· ANGLE SIDE TOTAL UNGTH 
C T - THICiCN!SS 
C ECCXO· THE X 'OIS1'ANCE PRQoI ECCEln'RIC LOAD TO SHAPE CPln'D. 
C ECCVO· THE V'DISTANCE FRa! BCCENT1l.IC LOAD TO SHAPE CENTER 
C Ll· NO. OP COUlKN IN X DIRECTION 
C J-.ll· NO OP ROW IN X DIRECTION 
C L2- NO. OP R~ IN V DIRECTION 
C 1'12- NO OF COLlMN IN 1 DIRECTION 
c· 

c 
c· 
c 

c 

DIMENSION UO (NUHP) ,va (NUMP) ,AO(NtJoGI) ,B~NUHPJ 
BB.(D'T+O":i·T"':iI)/(fo "D-l.'T) 
IYl- (TIN1) '0.5 
SXI- (D/Ll) 'O.~ 
00 101 J-l,Nl 
lI-J-l 
DO 101 I-l,Ll 

M-II"Ll"I 
UO (M) -Bll- (0- (Ol~I'I) *SXI) 
VO (H) - - (BB - (:i'J '1) "SYl) 
AO(I'I)-SVPSXl'fo. 
B(")·a .'SXl 

101 CONTINUE 
SX2- (T(Na) -0.5 
512- ~ (0-1') /L:iI) *0.5 
00 :iIOl .I·l,N2 

II-.I-l 
00 ZOl I-l,l..:i 
HI-II'W+I·(Nl"L1) 
UO (Ml) ·BB - (jj:*J '1) - SIOl 
I/O (Ml) -. (EE- (D - (jj:*I'1) 'SVOlj) 
AO (I'll) -sn-Sll*'. 
B(Ml) -l. "sn 

201 CONTINUE 
NUMF·Ll"Nl·U*N:iI 
'ECCXO-ECCJlO 
ECCYO-ECC'tO . .,.".,. 

END 

SllBROlTt'INE i.CMA(llA, VA, 'Z.A,R02A, XlI, \'H, ZB,aO'l.!l, YXO, 'lYO, V'ZO, no, 
VYo, w'Zo, I sro,., Pi., B!TA., TL, NEiEG) 

DIMENSION R (1:1, 1 Ol) ,PR (NSEG,9) ,BETA.~NSEG1,TL(NBEGI 

TL(lSEG) -SQIlT{ (XB-lIA)--2+ ("is 'VA) "l+ (ZoB-U) *"01) 
wx- (XB - XA) /TL ([BEG) 
\II'Y- (Y'B-YA) /TL{ISEG) 
wz- (ZB - U) /TL (ISEG) 
ROIICBA.·BErrA( ISEG)"O .S· (ROU 4 RO'lJl) 
S·SIN{ROWOBA) 
C·COS (ROWOBA) 
VEU·YXO -C - (VYO "\i2.0 - '1"1.0' WYO) -S 
v:ElA1-VYO~C· (V:Z.O"W)lO-'V"XO"W:Z.O)"S 
VBJ.'Z..V'l.O~C ('nIO'WYO'V'YO-WXO)-S 
'Il'!-VBAX "W)I"VllAY " WY.VBA.Z IW?; 
TLV· SQRT «VBAX-1'H'WZ) "'2+ (v:ElA.Y-TH*wY)"Ol + (VBA.z,·TH-n) "2) 
'11(- (VB.U .,""I1fX) /TLV 
vy- (VBAV 'TM'WY) /TLV 
V'Z.- (VBAZ -nt'WZ) /TLV 
UX-Vy.wz ,vZ-WY 
U'Y-vz.W)( ViI"WZ 
UZ-VX-WY ·VY·WX 

C PIND THE ROTA.TION MATRIX AND THB SECTICtl PROPERTIES 
C 

DO S2 1-1, l~ 
DO S~ J-l,lOl 
R(I.J) -0 

SOl CONTINUE 

'-1 
12 R (I, I) ·UX 

R(I, I .. 1)·lJY 
R(I, 1+21 'UZ 
R(I'I, l)-VX 
R(I' L,I·l) .VV 
R(I' L, lo2)·VZ 
R(I' 2, I)-W}( 
RO.2,Iol) -Wy 
R(I' 2,1' 2) ·WZ 
1'1-) 
IP (I EQ,13) GO TO 62 
GO TO 72 

6" PR(IS'EG, I) ·UX 
PR(ISEG, 2) -U1 
PR(ISEG,)) ·UZ 
PR(ISEG, II.) ·'IX 
PR(ISEG,S)·VY 
PR~ISI!G,IS)·VZ 
PR(ISEG,1) ·WJI 
PR(ISEG,8)·WV 
PR (ISEO,9) 'WZ 

,"'URN 

SEC'iOOSO 
SEC'iOOEiO 
SEC"'l'0010 
SEC'T0090 
SEC"I'005l0 
SEC'TOI00 
SEC"TOI LO 
SEC"I'Ol ~o 
SEC"l'OlJO 
SEc-rOUO 
SEC'TOlSO 
SEC'TOHO 
SEC'T0110 
SECTOUO 
SECTOl90 
SEC"I'OOiOO 
SEcrO~10 

SECTD2:i10 
SECT02JO 
SECTOHO 
SECT0250 
SEC'l'0260 
SEC'TO;Z.,O 
SECTo;zeo 
SECT0290 
5eC'rOJOO 
SECTOJIO 
SECTOJ20 
SEClO))O 
5EC'T'0140 
SEC'TOlSO 
SEC"T0J60 
SEC'TOJ10 
S!CTOJIO 
SSClOJ90 
SECTO'OO 
SEClOUO 
SSCTOfo;ZO 
SEClO,JO 
SECTOUO 
SECTOfo~O 

SEC'TOfo60 
SBCTOfo10 
SEC'TOfoBO 
SEC"TOnO 
SEC'T0500 
SBCT0010 
SECTOO:ilO 
SECTOOJO 
SEC'TOOfoO 
SECTOOSO 
SEC'T0060 
SEC'TOO?O 
SEC'TOOeO 
SEC'T'OOgO 
SEClOlOO 
SEc.-rOllO 
SEClOl20 
SECT0130 
SEClOUO 
seCl0150 
SEc.-r0160 
SEC'T'0110 
SECT0180 
SECTOl!ilO 
SECl0200 
SECT0210 
SEClOHO 
SECl03JO 
SECTO:il&O 
SEC'To;ZSO 
SECTO;Z60 
SEClOOl10 
S!C'T02ll0 
SECT0:;t90 
SBC'TOJOO 
SECTOJlO 
SiCTOJ:IilO 
SECTOJJO 
6ECTOHO 
SEC'TOJSO 
SECTOJiSO 
SBC"I'OJ?O 
SEC'T'OJaO 
sECTOJ90 
SEC'TOfoOO 
SEeT04IO 
SEC'TOfo:iilO 
SEeT0430 
SEClOfo40 
ROHAOOIO 

.. - 1I0I0r.0020 
ROHA0030 
lilQIIIAOOfoO 
ROMAOOSO 
ROHA0060 
ROIOr.0070 
iOMAooao 
~ClMAOO!ilO 
RCMAOIOO 
~OMAOll0 

RCMAOliiO 
RC»!AOlJO 
RottA01'0 
ROKA01SO 
RottA0ll50 
ROKAOI10 
ROKA.0190 
ROHA.0190 
R~O:iOO 

RCl'QO:nO 
ROKA03:1ilO 
RClM.'.O:ilJO 
ROMAOHO 
ROHAO:iilSO 
ROMA,O:i IS 0 
ROM.\03? 0 
ROHA.0380 
ROHAOlgo 
ilOHA.0300 
IICMAOJ10 
ROMAOJ20 
ROMAO)JO 
ROMAOJ'O 
RClI'LlOlSO 
ROMAOJ60 
ROHAOJ10 
ROHAOlBO 
ROKA0J90 
ROKAO'OO 
ROKAO'10 
ROJoIAOil.:ilO 
ROI'lA.0il.30 
ROMA.OUO 
ROMAO'SO 
ROK.Il04l50 
ROMA04?0 
RO!oIA.Ofo!O 
ROMAOfo90 
ROIIQ0500 
ROHM510 
ROHA0520 
ROMAOSJO 
ROHAOSfoO 
ROMA05S0 
ROHA0560 

70 

C •• - •••• ---- •• - •• - •••••• - ...... __ •• ___ •• _ ••• - •• 

C SUBROlTTTI'JE PRINe ?OR CALCl.Il.ATE PRINCIPAl.. AJlES 
StmROIJTINE PlUK (DEC ,DC'l1,DC'V, ISIG, S'T ,TOTA, LIBN,EM,fY ,G, 1S, 10PT, 

" NlJoIF, NSEG, EA, HIU, EIV, GXT, IREV1, IREV3 , IREVJ, IREV4 ,LlCO, 
VCO, lMATER,Ao, B, BE'TA,J!.O, El, E2, U, V, Uo, VO I TE, E ,DE, INEB, 
INEH, PJL,RATIOJ, Ill., STR,DBP, EOP,STRP ,TEF, DEF, SR.EF ,FLP) 

C •• - .... ----- •• - ••••• -.----.------.---.----.- •• 
c 
C ECCX • X' DIS'!'.\NCE PRQoI ECCENI"RIC WAD TO INSTANCE SHAPE-CENTER 
C ECCV • Y - DI S'1'ANCE PRQoI ECc!NTRIC WAD TO INSTANCE SHAPE ·CENnR 
C BClI • X' DI9'iANCE FRQoI ECCENTRIC LOAD TO CRlaINAL SKAPE-CEYrEJl 
C EC'1 • V- D1STANCE PRCM ECC!Nt'RIC LOAD TO CDlIGINAl.. SHAPE-CENTER 
C • ____ ._ •••••• __ •• _._ •• ____ • __ • __ .. __ • ____ •• ___ ._ ••••••••••••• ---

c 

RE.U. ImB,INEH 
DIMENSION AO (NtIoIP) ,S (NtI'IP) ,BETA(NSEG) ,DE (NSEG,NtJHF) 
DIMENSION E(NaDI) ,EO (NSEG,Nt.JMP), El (NSEG,NUKP), E:Iil (NSEG,NUMP) 
DIKENS ION TE("Nt.JMP) ,U(NSEG,NTJMP1,V(N8EG,NUoIF) ,SREF(NSEG,Ntl'[P) 
DIKENS ION UO (NUoIP) ,Vo (HUMP) , S'TR (NSEG, HUMP) ,FJL (NU'G') 
DIKENS ION DFP (lIISEG,N~) ,EOi' (NSEG,NlIMP), snp (NSEG,NUMF) 
DIMENSION "rEP (NSEG,NUMP) ,mBP INSEG,NtJIGI) 

C CALClJl.ATE :nRAIN R.A.TE OP PACH 8ECTION ELEMENT 
C 

C 

00 SO I·1,Nt.Tl'IP 
DB ( ISBG, I) -DEC' DCU*VIIS!G, I) -OCV'U II5EG, I) 
E(I) 'EO ~ ISEG, I) -DE( ISEG, II 
EO I ISEG,I) ·E(I) 

50 CONTINUE 
IF (IM.U5,EQ.0) 'fHEN 

CA.LL JUtlELO (NsEG, N1JHP, I SEG, EM, E't, RATIO), DE, E, El, E2, TE, STR ) 
ELSE IP (UQTER.EQ,l) THEN 
CALL JUDEL.:iI ~NSEG,NUMF, I SEG, EM, EV, RATIOJ, Y5, DE, E, B1 , E2, TE, S1R) 

EI...SE IF (IHATER.EQ.21 THEN 
CALL JUDEU (NSEG,Nt.JMP, lSEG, EM, IR, 'tS,DE, E,TE ,DEP ,EOP, 5TRP, 

" STR,TEP,EIlJ!.F,SllEP,IOPTJ 
ELSE IF (I\'IATER.EQ,3) THEN 
ELASTIC CASB SOLllTION 

DO ?9 I-l.NU4F 
TE(I) -EM 
STR (ISEO, II -STll (ISEG, I) +TE (I) "DE (ISEO,l) 

19 CaNTINUE 
!NIlIF 

JUDGE 1..OCA1. BOCJt:LING PaR BOX SECTICIH 

IF (LIBN.I!Q.l.Aml.UEVl.NE.O) CALL BOXLOC(PJL,STR,NSEG, 
" N!.I4P,ISEG,INEB,INZH,TE,ErT,EM,UO,VO,PLP ) 

C CALCut..t.TE THE SECTIONAL PROPERTIES ABOUT SECTIaN)J.. REPERENc:E 
C AXES i11ITH CDUGIN AT to, 0 ) 
c 

c 

UO·O. 
E5\lO·O 
ESUO·O 
EIUO-O. 
EIVO·O. 
EIUVO-O 
DO 60 I·l,NtIHF 

IP( P.IL(!) ,EQ. 0 ) THEN 
EAO·EAO+TE (I) - AO ~ I 1 
Esvo-Esv0 4 TE (I) "VO (I) *.\0 (I) 
B9UO-ESUO.'!'E (I) *Uo (I) 'AO (I) 
EIUO-EIUO'TE(I) ·VO (I) *VO Il)-AO (n 
EIVO-E1VO'TE(I) -UO (I) *UO (I) ".\0 (I) 
EIWO·EIUVO+TE (I) *UO (I) *Vo (I) *.\0 (I) 

ELSE IF( PJL~ I) .EO. 1 ) THEN 
EA.O-EAO~RATIOJ -!!H' AO (I) 
ES'VO-ESVO.I.ATI03·EM*YO (I) 'AO (I) 
ESUO-ESUO .R..\TIOJ -EM-UO (I)' AO (I ) 
EIUO-EIUO'RATIOJ*EM-YO (I) *Vo (I) "AO (I) 
EIVO-EIVO'RATI03-EH'UO (I) 'UO (I) *AO (I) 
EIUVO-EItNO.RATIOJ "EM~UO (I) -VO (I) *AO U) 

<NIlIF 
ISO caNTINUE 

C THl! Nell cENTROID LOCATION COUESPCNDING 'fO SEcrION R!PD.ENC! AXES 
C 

c 

t.JCO·ESCO/EAO 
VCO-ES"'IO/EAO 

C THE SEcrICHA.L PROPERTIES ABOUT 8EC'TlaDJ.. REFERDICB AlES WITH 
C ORIGIN AT I OCO,VCO J 
C 

EIUl ·nuo ·veo ·veO'Do 
BIVI-EIVO -OCOIOCOIUO 
EltNl·EI UVO· t.JCO*VCO-EAO 
IF{ Etul .LE. O. ,CR. EIVl ,U!! O. ) THEN 
Wil:ITE(lOI,~) •• , INZFI'ICI'E.NT SEC'TI(]f.I EUJIfENT AlUlENGEMEN"t' **' 
IIltlT!(108,')' ---·EJUtCllit-·----·ERRCII.··-··-·--ERJl.CIR·-·- ' 
WRIT!(109, -) • 111 Etul OR EIVl IS NEGATIVE 

ENDIF 

IF( ABS~ (BIV1·EIU1)/EIV1) .LE. 0.00001 .AND. 
ABS~EIlJV1/:EM) .LB. 0.00001 ) THEN 
BErrA (ISEO) -0 

ELSIl IF! ABS(EIV1·EIU1)/EIVl) .Ll!. 0.00001 AND. 
" ABS(EltNl/EM) .GT 0.00001) T'H~ 

BErrA. (18'201'0 .S-ATANOl (;;I. 11 EIUVl , 0.) 
ELSE IF( AlIS(BIV1-!Hll)/EIV1) .GT. 0.00001 AND. 

" ABS(EIW1/EM) .LE'. 0.00001 ) THEN 
BB'TA{lSEG) -0 

ELSE IP( ASS(EIVl'EIU1)/EIVl) .GT. 0,00001 AND 
ABS(SIUV1/EM) .GT. 0.00001 ) THEN 

BETA( ISEG) -0. 5"ATAN;Z (:iI. 'EIUVl, (EIVl-EIUl ) ) 
END'F 

.-- LIHIT BnA T'O (SiO DEaREE TO '90 DE~:EE) ---

PliO·J .UlS9JIS 
P90 .J .141S9:i1IS/Ol. 
IF( BnA(ISEG) .GT. P90.AND. BETA{TSEG) .LE, PIBO ) THEN 

BETA( I SEG) -BETA (ISEG) - PUO 
ELS'E lP(BETA(lSEG) .GE, ·PHO . .AND.B.ETA(ISEG) L'r ·pgo ) THEN 

BETA (I SEG) -BE'TA(ISEG) ·P190 

"""F 
-. - AVOID UNS'Ul!ILE BnA ANGL.! OCctJllllED --
••• NEAiI 510, -SlO, AND 0 DEQl.EE 

Ht ABS(ABS(BETA~ISEG))'P90) .LT. 0 OJ) THEN 
IF~BETA(ISEG) .LT 0) BE"l'AUSEG)- P90 
IFIB~A(lSEG) .GT 0) BE'l'A(ISEG)- P90 

ELSE IF( ABS(BE'TA(ISEG)) .LT. a OJ ) THEN 
BETA(ISEGI -0 

ENDIF 

IP( BETA(lSEG) .EQ. 0 ) THEN 
EA.-!!AO 
EIU·EIUl 
EIV-EIVl 

ELSE IF( DnA( ISEG) NE. 0 ) THEN 
!!A-PAO 
EIU-O. S - ~ EIU1+E IV1) . (EltNl/ 51}.! ( 3 "EB'TA (I SEG) ) ) 
EIV.O_~' UIUl~EIVl)" (EIU'll/SIN( 3 'SETA( ISEG))) 

ENDIF 
C 
C' SEClION RHlIDITIES WITH 1I:I!SP'EC'T TO THE INSTANTANEOUS PRINCIPAl.. 
C AXES U AND V 
C 
C 

CAU. SECRlG( LIBN, ST, TOTA,BJ, IRBVl, IREY2, !REVJ, IREV', B,Nt.7MF) 
GX1'·G'BJ 

ROHA.OS1O 
PRINOOI0 
?RINOO;!O 
PRINOOJO 
PRIN0040 
PRINOOSO 
PRIN0060 
PRtN0010 
?RINOOaO 
PRINOOSID 
PRINOIOO 
PRINOllO 
PRINOl:ilO 
PRINOlJO 
~R INOl foO 
r'RINDlS0 
~RIN0160 

PRINOL10 
PRINOl80 
PRIN0190 
PRIN0200 
PRIN0210 
PRINOHO 
PRIN02JO 
PRINOUO 
PRINO;ZSO 
PRIN'0260 
PRIN02"O 
PRINOHO 
PRIN0290 
PRINOJOO 
PRINOJ 10 
PRINOJ20 
PRIN0330 
PRIN0)40 
PRINO) ~O 
PRINOJ60 
PllINOJ10 
PRINo)eO 
P1UN0390 
PRIN0400 
PRINO'10 
PiINoa.20 
PRIN04.l0 
PRIN04'0 
PRINO'~O 
PRINOil.ISO 
PRlN0410 
PRUI04aO 
PRIN0f,90 
PRIN0500 
PRINOSI0 
PRHoiOS20 
PRIN0530 
PRINOS40 
F'RINOSSO 
PRIJ-.lOS60 
PRINO~10 
PRINoseo 
PRINOS90 
PRINOISOO 
PllINOIS10 
PRINOiS:ilO 
PRINOlS30 
PRINOiSil.O 
PRINOISSO 
PRIN0i560 
PRIN0I510 
PRIN06BO 
PRINOE90 
PRINO?OO 
FRIN0110 
PRIN0120 
PII.INO?JO 
PRINO?foO 
PlIIN01~0 

PRINO 115 0 
PRIN0110 
PRI}.IO?80 
PRIN015l0 
PRIN0800 
PRINOBIO 
PRINOBOlO 
PRINOBJO 
PRINOUO 
PRINOBSO 
PRINOBiSO 
PRIN0B10 
PRIN0880 
PRINOB5IO 
PRINOSIOO 
PRINOSllO 
PRINOSIOlO 
PRIN05lJO 
PRIN09fo0 
PRIN05l50 
PRIN09EO 
PRIN09?0 
PRIN05l80 
PRIN0990 
PJ.I}.!1000 
PRlNI0I0 
PRINI020 
PRIN10lO 
PRINIO'O 
PRINI050 
PRINI060 
PRIN1010 
PRINI0BO 
PRINI090 
PRINI100 
PRINl110 
P'RIN1l20 
PRINllJO 
PRIJ-.l1l40 
PRINllSO 
PRINlllSO 
PRIN1l10 
PRIN1l80 
PRIN1l90 
PRIN1200 
PRINUlO 
PRW1220 
PRIN1230 
PRIN1HO 
r'RIN12S0 
PRIN1260 
PRIN1210 
PRINIHO 
PRIN1290 
PRINIJOO 
PRIN1310 
PRIJ-.llJ20 
PRINlJ30 
PRINlJa.O 
PRIN1HO 
PRINll60 
PRINlJ10 
PRINl)BO 
PRINLJ90 
PRINHOO 
PRINUI0 
PRIN1420 
PRIN143D 
PRINIUO 
r'RIN14S0 



c 
C CALCULATE PRESENT S'ECTIONAl. EU!M!NT COClRDINATi! 
C ACCORDING TO INSTANTANEOUS AX!S 

PRI~UEiO 

PIUNl&'70 
PRI~U80 
PilI~U90 C 

DO S~ J-l,NUI'!P PRIJIIlSCO 
U (I SEe, J ~ - COS (BftA ( ISEG) ~. (UO (J) "lJCO ~ ·SIN (BETA ( ISEG ~ ) • (VO (J ~ ·VCc) PRIN1S 10 
'I (ISEG, J ~ - . SIN (BETA ( ISEG) ~ • (tJO (J) "oeO) .COS (BETA( ISEG) ) - (va (J) ·VCO) PR nns OlD 

52 CONTINUE PRI1H5JO 
R2"I't11UI PUN1540 
END PiI IlU 550 

SUBROUTINE JUDELO (NSEG,NafP, ISEG,l!24, BY ,RATIOl, 
.. DE,E,B1,Ea,TB,~ ) 

EI..A.STO-PUSTlC: STRI!SS-STllIN HYSTERESIS HalEL 

DIMENSION DE (NSEG,~), E (NUMP), E1 (NSEG,NU'G') 
DIMENSION E2 (NSEC, N'1.JMP) ,TE (Nt.:MP) ,S'Ilt (NSEG,NUl1P) 

DO 75 l-l,NUMP 
IP ( En) .LT. El(ISEG,I) .AND,E(I) .G1'. E:ilOSEG,I)~ THEN 

TB(I)-~ 

BTl!: (ISBG, I) ·sn (ISEG, 1) -TE( I) "DE (ISEG, I) 
_IF 

TElolSION STRAIN CONTROL 

IF (E(I).GE.El(ISEG,T) .AND DE(ISEG,I) .GE. 0.) THEN 
E1 (ISEG, I)·:: (I) 
E~(ISEG,I)-E(I) ;Z.*EY 
1£ (I) -lUTlOO-EM 
sm (ISEG, I) - STR (ISEG, I) .TE(I) 'DE (ISEG, Il 

ENDIF 
IP (E(I) GE.El(ISEG,I) .AND. DE(ISEG,I) LT. 0.) THEN 

TE(I)·~ 

STII: (ISEG, I) - sn (ISEG, I) "TE(I) "DE (ISEO,1) 
END IF 

_. eCI'IPRESSION S'TlU.IN CONTROL •• 

IF (B(I).L.E.E2(ISBO,I) .AND. DE(ISEG,I) .U. 0.) THEN 
E.:ii (ISro, I)·E (Il 
E1 (ISBG, I) -E (I)' 2.·EY 
TB (I) -lUTIOJ *Dof 
S'lii: (ISEG, I) - STR (ISEG, I).TE(I) -DB (ISEG, Il 

_IF 
IP (B(I).I..J:i!.E.:ii(ISEG,I) . AND , DB(ISEG,I) .QT. 0.) THEN 

TE(I)-~ 

STR (ISEG, I)· STR (ISEG, Il ~TE(I) -DE (IS!G, Il 
ENDIF 

"IS CONTINUE 

BllBR.OlTrINII JUDEL2 (NSEG,NUHP, ISEe, EM, EY ,RATIOJ, YS, 
" DE,'E:,El,E2,TE,STR ) 

MalIPIED BILINEIJI. STESS" STRAIN HYSTERESIS HODEL 

DIMENSION DE (NSEG, N1JM])) , B (N\.IMPl , El (NSEG, NllKP) 
DII1ENSION E2 (NSBG,NUMP1, TE(NlW), STR (NSEO,NUKP) 

DO ")5 l':'l,NUMl' 
IF{ E(I) .LT. El(ISEC,I) .AND.E(I) .G'T. E:l:tISEG,I)) THEN 

TED) ·EM 
S'Ilt (ISEG, I) -sn (ISEG, I) .TE( I) -DE (ISEG, I) 

TElolSION S'IltAIN CON"I1I:OL 

BUlE IP(E(Il.GE,El(ISEo.,I) . .AND. DII(ISEG,I) Gil. 0.) THEN 
IF(Al!S(S'Ilt(ISEG,I» .GE. YS) THEN 

El tISEG, !I-E (I) 
E2(ISEO,I~·E(I)·0I -BY 
TEtI)·UTlOO·EM 
sn (ISEG, I) -Ert'R (ISEG, 1) 'TE(ll -os (ISEG, Il 

SLSE IP(ABS(ST:R(ISi!G,I) .LT. YSl TH~ 
TE(I)-m 
S'TR (ISEG, Il"STR (ISEO, I) .. no) "DE (ISEG, I) 

ENDIF 
BUlB IF{B(I) .GII.l!l(lSEG,1) .AND. DE(ISEG,I) .LT, 0.) THEN 

']'£(1) -EM 
S"I"R l ISEG, I) -!n'R (ISIG, I) .. TE(l) *DE tISEO., Il 

-- Ca9RESSICIN S'l"RAIN CONTROL --

El.S'B IF(E(I) .LE..E'l(ISEG,I) AND. DP!(ISEG,I) .LE'. 0.) THEN 
If(ABS(S'['1I:(ISBo.,I)) .aE YSl TH~ 

E'l(ISEo.,n·I!(I) 
El (ISEG, I) -E (1).;3."n 
T:2: (I) -iATIOJ *EM 
STR {ISEG, I)-S'TR (ISEO, I) .TEU }-DE (ISBG, 1) 

ELSE IF(AllS(STi.(ISEG,I)) .LT. YS~ THEN 
TEn) -EM 
STR (ISEG, I)·STR I ISEG, I) .TB (I J ·DE (ISEG, I) 

ENDI' 
ELSE IF(E(I) .LZ.E:O:(ISEG,I) .AND. DE(ISEo.,H .aT. 0.) THEN 

TEO) -EM 
5'TR (ISEG, I) -STR I ISEG, I) >TE(I) ~DB (ISEO, 11 _IF 

")5 CONTINUE 

RETURN 
ENll 

S1JSlI.0UTINE .lUDELl IN5IEo.,N~, ISEG,EM, IR, YS,DE, E,TE, 
~ DEP, EOP,~P, STR,TEP, EREP, SRHP, MOPT) 

RA.HBERG"OSGOOD STRESS"8'TRAIN HYSTER'ESIS MODEL 

DII1ENSION DE (NSEG,NUMPl, E!(NUMP) ,TEtNUolP) ,S'TR (NaEG,NUMP~ 
DIMENSION DE!P(NSEG,N'lMP) ,EOP, iNSEG,NUMPl, STRP (NSEG,NUHP), 

.. " TEP(NS'EG,NUGI) ,EREP(NSEG,N1.JIIlI~ ,SREPINSEO,NlMP) 

-. POR INITIAL CONDITICIN •• 

DO 75 I-l,NUHP 
IP( MOPT .EO. 2 ) THEN 

TE(I) -El'l 
STR( ISEO,I)·STRi ISEG, I)-TEll) 'DE (ISEG,I) 
TE'P(ISEG,I)-TE(I) 
DEP (ISEG, II ·DEI I SEG, U 
EOP( ISEG, Il·E(I) 
snp (ISEG,I) -STR (ISEG,I) 

-. CHECK REVERSS POIN'T --

EUlE IPIDEP(ISEG,I)' DE(ISEG,I) .LT. 0) THEN 
EREP (ISEG, I) -Eop (ISEG, I) 
SREP (ISEG, I) ·STRP [ISEG, I 1 
TE(I)-EJII 
sn (ISEo., I ~ -STR (ISEa, I) >TE (I) -DE tlSEG, I) 
TEP(ISIa,I)·TEII) 
DEP( ISEo., I) -DE (I SEG, I) 
EOP(ISEG,I)·E(I~ 

S'I'RP(ISEG,I) -STR(ISEG,I~ 

Jt1DEOOIO 
JUDEOOOlO 
JUDE0010 
JUDEOO&O 
JtJDEOOSO 
JLlDE00150 
J lItIEO 0'7 0 
JUDEOOBO 
JtJDE0090 
JtJD:20100 
JUDE0110 
JUDE01010 
JUDEOllO 
JUDE0140 
JUDE01SO 
JUDE0160 
JlIDE0170 
JLlDEOllilO 
JUDE0190 
JUDE0200 
JrJDBOHO 
JlID:EOOlOIO 
JLlDEOOlJO 
JLlDE02&O 
JUOEO:il50 
JLlDEO:ilEiO 
JUDEO:il70 
JLlDEO;UO 
JUtlE00l90 
JUDE0100 
Jl.JtIl!OllO 
JtJtIEOJ:ilO 
JUDE0110 
JUDEOl&O 
JUDE01SO 
JUD!OlEiO 
JUDE0170 
JUOEOJIO 
JUDE0l90 
JUDEO&OO 
JUDEOI10 
JUDEOIioOiO 
JUDEOIloJO 
JUDEOUO 
JUtlEO&SO 
JUOE0&50 
JUD'li0010 
JlJDEOO:ilO 
Jt1DEOOlO 
JUDEOO&O 
JlJDEOOSO 
JUDE0060 
JUDE0070 
JUOEOOBO 
JlJDE0090 
JlJDEOIOO 
JUDE0110 
JUDE01:il0 
JUDE01l0 
JlJDEOl&O 
JUDE01SO 
JUDEOl150 
JUDE0170 
JUDB0180 
JUDB0190 
JUDEO:ilOO 
JUDE0210 
JUDEO:ilOiO 
JUOEO.:il30 
JUDEO.:ildO 
JUtlEO.:ilSO 
JUDE0:i!60 
JUDEO.:il"lO 
JUDEO:;:SO 
JUtlEO:l90 
JUDE0300 
JUDEOJ10 
JUDE03:10 
JUDE0330 
JUOE03&O 
JUDEOJSO 
JutlEOl 15 0 
JIJDEOJ70 
JUDEOJBO 
JUDE0390 
JUDEO(OO 
JUOEO&lO 
JUOE04410 
JUDEO&30 
JutlBO&&O 
JutlE0450 
JutlE0460 
JUDEo"70 
JIJDE04BO 
JUOEOl90 
JUDEOSOO 
JUDEOS10 
JUDEOS:lO 
JUDEOSJO 
JUDEOS4.0 
JUDEOOIO 
JUDEOO ~O 
JUDEOOJO 
JUDEOO&O 
JUDEOOSO 
JUIlE0060 
JUDE00'70 
JUOEOOIIO 
JUDE0090 
JUDEOlOO 
JUOEOIIO 
JUDE0120 
JUDEOllO 
JUDE0140 
JUDE01S0 
JtmE01EiO 
JUDE0170 
JUDE01BO 
JUDE0190 
JUDE0200 
JUDE0210 
JUDE0220 
JUOt!O:illO 
JIJDEO:ilolO 
JUOEO.:ii50 
JUDE02150 
JUDE02"10 
JUDi!O:leO 
JUDE0:il90 
Jr.JDEOJOO 
JUDEOJ10 
JUDEOJ:lO 
JUDBOl30 
JUDBOJ&O 
JUDEOJSO 
JUDEOJ60 

71 

-- PCII SaLETON J..ND BIlA.NCH REGION .-

ELSE IF(DEP(ISEG,I)- DE(ISEG,I) GP!. 0) THEN 
STR (ISEG, I)·STR (ISEG,H ·TEP( ISEo., I) ·DE (ISEG, I) 

c 
C. . FOR FIR ST 9Ja:L.ETCIN CURVE 

c 

I?( ERBP(ISEG,I) .EO. 0 A1ID SREP(ISEG,I) .EO. C ) THEN 
IF( ABS!STR(ISEG,Il/YS) LT O.~) THEN 

TEKP1·l/EM 
ELSE IP( STR(ISEG,I~ GE. 0 ) TH~· 

TEMJl1-(1 • IR'A.BS(S1'R(I9EG,Il/YS)'·(IR·1l I/EM 
ELSE [PI S'J'R(ISEo.,l) .LT 0) TH£l,1 

TEKP1-(l • IR·A.BS(STR(ISEG,I~/YS)··(I1I:·11 )/EM 
ENOIF 
TF:(I)·l/TmoG'l 
np (ISBG, I) -TE (I) 
DEP (15EO,I) ·DE (ISEG, I) 
EOP( ISEa,I) -E(I) 
STRP (ISEO, H -sn (ISEo., 11 

C. A.P'TE:R PIRS'T SICELETON CURVE 

c 

ELSE IP( DEP(ISEo.,I) .NE. 0 OR.SREF(ISEG,I) .NE. 0 ) THEN 
TaG'.- STR(ISEG,I) SREF(ISEG,I) 
IP (ABS(TEMP:iI/(;3"YS» LT. O.~ ) THEN 
TEMP1-l/~ 

ELSE I P (TD!P;3 GE. 0 ) THEN 
TEMl'1·n· IR'ABS(TDDl2/(2*YS»-'{IR"1) l/EM 

ELSE IP! T'EMPOI .LT. 0 ) THEN 
TD!])1·il ~ IR"ABS(TafiI::ii/(2·YS})·"{IR·l) )/EM 

ENOIF 
TE(I)·l/1E2"IP1 
TEP (ISEG, r) ·TE(I) 
DEP( ISEG, II -DE(ISEG, Il 
EOP( ISBO,I) -Ell) 
S'TlI.P i ISEG, I) -STR (lSEo., r) 

.,.,IF 
ENDIF 

75 CONTINUE 

R""", -e-·-----· .. ··· .. ··-------------·--··- .. ·--· .. ··---------·---...... --.----
9uaRCIlrrINl! BOXLOC(PJL,5"TB.,~SEG,NUHP, ISEG, lNEB, tNEH, 

.. TE,ST,EM,UO,VO,FLP ) 

JUDGE LOCAl. BUCXLING STi.ESS FCIl BOX SECTION 

NOTE FU-O . NO LOC.U. BOCJa..ING OCCURRED 
FLP-1 - 5 t..CC.\L BtJClG..ING OCCURRED 

REAL lNEB,lNEH 
DIMENSION Sill: (NSEG,N1.J§) ,UO (NUMP) ,VO Oro1P) ,FJL(NlIMP) ,TE{NtW) 

00 ISO l-l,NUKP 
PJL(I) -0 

IPT1·1 
lNEQ-lNEB~I:NEH 

rPT2-INEQ+l 
] PTJ - 2 - lNEQ.1 
IPTd·)-INEQ->l 

CA.LCULATE SECTION EL£MEN'T LENG'IlI 

ELH·U8(VO(2) ·VO(l)) 
E1J!,-ABS(tJO(I?mI·l) "UoIINEH".») 

-- JUDGE LOCA.L BUeXLING INDEX FJL .-

AVOID SECTION REACH TO PtnL'{ YIELD CCl'IPRESSIaN ST1I:ESS 

IP( STI(ISEG,IP'Tl) .LT. 0 .AND. STR(ISi!O,IPT.) LT. 0 . AND , 
" !mt(ISEG,IP'T)~ .LT. 0 AND. STII:(ISEG,IPTd) LT. 0 ) THEN 

IF( TE(IP'T1) .HE FJ4 . AND , TEIIPi2.~ .NE. EM AND. 
TE(IPTl) .Ni. BJII . .AND. TB(IPT4~ .NE. EM ) THEN 

00 ~EiO I-1,HUMP 
~150 FJL( n-1 

END,' 

FLp·S 
RETUR>I 

ENDIF 

IF( 8"IllOSECJ,IPT1) .LT. 0 . .uID. STRiIsEG,IPTJ) .LT. 0 ) THEN 
IF(TEiIPT1) .NEL EH .AND. TE(IPTl) .NE. ~) THEN 

DO 70 I·INEH.l,INEO 
70 PJL(r)-1 

DO 701 1-2-INEQ4INEH.l, J-U~O 
");3 PJL{I)-l 

Ll-2. 
L'l"INEH 
L.J"IN~;3 
L4-INEQ+lNEH 
CJJ..L sUBLI1 (1, FUI,U, U, u,u., ELH,EH', 5"T, sn, FJL, rsEO, 

NSEG,NtJGI) 

L1-:iI'INEQ·:iI 
t.;Z-2'IHEQoINIIH 
U-)'lNEQ°:il 
U-)-INEOolNEH 
CALL SUBLII (1, PlJI, lol, U, LJ, L4, ELH, EH, S'!', sn, PJL, 15EG, 

NSEG,NlI1P) 
ENDIF 

_IF 

IF( STRIISEG,IPTa) .LT. 0 .AND. STR(15EG,IPT4) .LT. 0) THEN 
IP(TI!(IP'T2) .NE. !l1.AND TE(IPT4l .NE. EM) THEN 

DO 40 l-lNEO"INEHol,:iI-INBQ 
40 PJL(I)·1 

DO 4. l-l"INEO·tNEH.l, &-lNEQ 
4. FJL(I)·1 

Ll·J 
L:I:-INEH 
U-IN'EQ+OI 
L4-INEQ-"INEH 
CALI.. SUELI1 (~, FLP, Ll, U, W, lA, ELH, EM, ST, STR, FJL, ISEG, 

NSEG,~) 

Ll·2-INEQ-;3 
L2-2-INEQ·lNEH 
l.l-JrlNEQ·. 
L4·J·lNEO~INl!H 
CAIJ... SUB t.. I 1 (2 ,FU> ,W, L2.,LJ, 1..4, ELH, El"I, ST ,STR, PJL, ISECi, 

NSEG,Nl.IH]l) 
ENDIF 

ENllIF 

IF( STR(ISBG,IP71~ .LT. 0 AND. S1'R(ISEG,IPT2) LT 0) THEN 
IF(TE(IPTl) NE. E~ .AND. TE(IPT2) NIl. EI1I THEN 

00 JO I·I,INEH 
FJL(I) -1 

00 2J I-IHEO.l, lNEO·lNEH 
PJL(I) -1 

LI- INBO~ IHEH.l 
L:l-2 t lNEO 
L3·J· lHEO" lHEH-1 
L,-4-INEQ 
CA.LL SUBLIl (1 ,PLl', Ll, La, I.), LA ,BLH ,EM, 5T, STR,PJL, ISBa, 

HSEG, NtMP) 

L1-INEH-1 
L'l-INEO 

JUDEOJ70 
JIJDE0380 
JtTtIBc]90 
JUDE0400 
JUDE04l0 
JUDE0420 
JUDE04JO 
JUDEOUO 
JUDE04S0 
JUDBOUO 
JUDE0470 
JUDEO"80 
JUDE0490 
JUDEOSOO 
JUDE0510 
JUDEOS ~O 
JUDEOSlO 
JUDEOS&O 
JUDE05S0 
JUDEOS60 
JUDEOS70 
JUDEOSBO 
JUDE0S90 
JUDE0600 
JUDE0610 
JUDB015Ol0 
JUDE06JO 
JUDE0640 
JUDB015S0 
JUDE0660 
JUDE01570 
JUDE0680 
JUDE0690 
JUDEO")00 
JUDEO") 10 
JUDBO")20 
JIJDEO")JO 
JUD!O")40 
JUDB07S0 
JIJDE0'760 
JUDE0770 
JUDE07 BO 
BOXLOOIO 
BOXLO0;30 
BOXLOC30 
BOXLOO&O 
80Jl:1.0050 
BOXLO0150 
BOXL0070 
BOXLOO BC 
BOxLOO:lO 
BOXLDICO 
BOXL0110 
BOXLOlOlO 
BOXLOIlO 
BOXLOldO 
BOXL0150 
BOXL011S0 
BOXLOl "10 
BOXL01BO 
BOX1.0190 
BOXL0200 
BOXLDa10 
BOXI.Oa;30 
BOxL0:il30 
BOXLOHO 
BOXLO:lSO 
BOXLOao 
BOXL0270 
BOXLO:ilSO 
BOXLO:l90 
BOXLOJOO 
BOXL0310 
BOXUl3 ~ C 
BOXL03JO 
BOXLOldO 
BOJl:L03S0 
BOXLOJ60 
BOXLOJ70 
BOXL0390 
BOxLO.J90 
BOXLC400 
BOXLOd10 
BOXL04:l0 
BOXLOd3C 
BOXLOddO 
BOXLOISC 
BOXLOdlSO 
BOXLO""I0 
BOXL04BO 
BOXUld90 
BOX1.0500 
BOXLOSIO 
BOXL0520 
BOXL05l0 
BOXLOS40 
BOXL0550 
BOXL05150 
BOXLOS"IO 
BOXLQ5&0 
BOXl..OS90 
BOXL01500 
BOXL01510 
BOXLOlS20 
BOXL0630 
BOXL0640 
BOXLOISSO 
BOX1.0660 
80XL06")0 
BOX1.0680 
BO)l1.0690 
BOXLO")00 
BOXLO/IO 
BOXL0720 
BOXLO/30 
BOXLOHO 
BOKLO/SO 
BOXL0760 
BOK1.0770 
80XL0710 
BOXLO")90 
80XLoaoo 
80XL0910 
BOXL08:i10 
SOXL0930 
80xL0B40 
80XLOB50 
80XLol60 
BOJCLOB'70 
BOXLaBBO 
BOJCLCB90 
80XL0900 
SOXL0910 
BOXLc920 
80XLOSl)0 
BO)(L094.0 
BOXL0950 
80)11.09150 
BO)lL09'10 
BO~L09S0 

BOllL0990 
BOXLICCO 
BOXLIOIO 
BOXL10~0 

BOXLIOlO 
BOXLlOdO 



u ~;3-INEQ· lNEH·l 
L4~l' INEQ 
C.u.J... StmLIl(3,Pl...P,Ll,U,L3 L..4,ELH,E2'I,ST,STR.,PJL,ISEG, 

NSEG,NUMP) 

"""" !:NIllP 

IP( ST'R(ISEG,IP'Tl) ,1.:1' 0 -'NO. STR(ISEG,IM4) .LT 0) THEN 
IP(TE(lPTl) .NE EM.AND TE(IPTG) .NE. EM) THEN 

1)0 )0 I~Z'INEQ"l,;3'INEQ+INEH 

)0 PJLnl-1 
DO 3Z [-)-INEQ--l, )'IN'EO"INEH 

J. PJL(I)-1 

L1-INEH·1 
['J·INEQ 
L3-~· lNEO" INEH"1 
L4-3· INEO 
CA..Ll.. SlIBLI1 (4, PLP, 1...1, LJ,LJ ,IA ,ElJ{, EM, S'!' ,STR,pJL, ISEG, 

NSEG,NUMP) 

LI-INEO>INEH·1 
L~·~· INEQ 
L,3-3' INEQ-rNEH·1 
L4~II.'INEQ 
CALL. SUEtll (4., PLP, Ll, L2, LJ,L4, ELH, D'I, s-r, 5n, F,11.., I SEG, 

NSEQ,N1..MP) 
ENDI' 

ENDlP 

RET"'" 
END 
SUBROlTJ'INE SUEtl1 DO::, PLl', t.l, I..2,LJ, 1.A ,ELH,"EM, S'T,STR, PJL, I SEG, 

• NSEG,NUKP) 
DIMENSION STR(NSEG,NUHP) ,pJL(~P) 

WoO 
T01ST·o ,-0 
DO "4 I·LI,LOI 

Ip[STR(ISEG,l) LT. 0 ) jH~ 
J·J"1 
W-W"ELH 
TOT51'·TCTST+STi(ISEG,Il 

ENDI. 
H CONTlNU'E 

DO.,61-U,L4 
IF(S'l'R(ISEG,I) .LT. 0 ) THEN 

J-,1.1 
W-W"ELH 
TOTS'T-TO'I'S'T' sn (I SEG, I) 

ENDlP 
CONTINUE 

PIN!) AVERAGE STRESS .\Nt) OITICAL STRESS so. 
If (J NIl. 0 ) THEN 

SAVE-ADS (TOTST /J) 
sa·o "ZS- (.3 .14159' 3 14159) 'Pl11 (lPO .91" (WiST)' ·Z) 

IF ( SAV'!!: .GT. SO) iHEN 
DO 71 1-L1,L;3 

H IF( ST1l(ISEG,I) .tT 0 AND. PJL(I) .NE. 1 ) P,1L(I)-1 
DO eo I·U,lA 

If( STR(ISEG,I) LT,O .AND. P'JL(I) .NE. 1 ) FJL(I)·l 
Ft..P·lQ( 

END I. 
ENDlP 

SUBROl1I'INE Sin' (ASAT, S"I'IFF, ISTeR, ~P, HDIAG, IMD) 
C· __ ·····_··-· __ •• .. ··_··_······- .. ·-··_- .... •• __ ····_···"-_ ............ - •• -
C·· CClNVERT S'TIPF'N!SS MATRIX TO HALF QI'ORJ.GE Alm BANDED MCOE C.·_·····_·_· .... -.. _· .. ··,,--_·_···· __ ···- .. __ ···_· __ ··--_· .... _._ .•. _._ ..... 

DIMENSION ASAT (NOP, NOP) , STIPP (ISTCIR) ,MOl AG (NOP·1) 
c 
C CONVERT STIFFNESS I1,ATlUX TO HAU' STORAGE BANDED HalE • STIPP 
C THE !'lAIN DIAGONAL ADDRESS ARE STORED IN !'mUG ARRAY . MDIAO 
C 

c 

L-O 
DO 70 J·l,HOP 
DO BO I"l,J 

1P ~ ASAT(I,J) .EQ. 0 . .\NO. 1 .NE. J ) GO '1'0 BO 
II' (ABAT(I,J) EQ. 0 . .\NO. 1 .EQ. J ) THEN 

WR1't'E(loe,"1 'THE STIFFNESS ',I, 'TH DIAGONAL TERI1 ME ZERO' 
II' . SOUJTICN ABORTED' 

RETURN 
ENDlP 

"-I 
GO 'TO 100 

BO CONTINUE 
100 00 "0 I-J ,101,'1 

L·L~1 

IF ( I.EQ J) !1DIAG(J)·L 
IF ( ASAT(I,J) .EQ. 0 .AND. I .EO, J ) nlEN 

Ql'TE(lOe,-) 'THE STIpFNESS ',I,'TH DIAGONAL 'TERM ARB ZERO' 
/I' SOWTICtI ABORTED' 

RE'TtJIUI 
ENDIP 
STIPPtt)aASAT(T,J) 
IPT·L 

10 CONTINUE 
MDIAG(tKlP-I) "IPT+l 
I!o!tI-MDIAG(NOP"ll ·1 

RETl1RN 

"'" 
SlJl!RotrrINE SECiIG(l.I:aN, ST ,TOTA,BJ ,U,Nl, U,Nl,B,NllKP) 

'PiND SECTION RIGIDITY 

NO'l'E, 
THE TORSIONAL alGITY IS ASStnoIED ELASTIC CURRENTLY 

DIMENSION B(~) 

BJJ·O. 
BJ .. O. 
II' (LIBN.L.E.OI) jHEN 

C FOR SECT 1 ,Z E~BN'l' 
C 

c 

DO 48 l·l,NLMP 
aJJ"BJJ"S (I) 

4Iii CONTINUE 
BJ.do, "Ta'l',VTOTA.*ST/SJJ 

ELSE IF(LIBN.EQ.J) THDl 

C FOR SECTION J ELEJo!ENT 
C 

c 

SIT1-1- (B l ~ I .. 41 (12:"B (ll "'4) I 
BJ· (B (1) "S (Z) U3)_ (5 _333J· (3 .36·B(~) /(B (1))) "STTl) 

ELSE IP(LlSN,EQ.do OR,LIBN EQ 5) THEN 

C POR SECT do Et.!:MENT 
C 

BJ"B (1) 
ELSE IF (LIBN. EQ.IS) THEN 

c 
C POll SECTI5 ELDiENT 
C 

NNUHP·N1.JIoIP/2 
DO 58 l-l,NNUMP 
BJJ·EJJ, «B (I)·S (1'NN11MP) l/2.) 

SOXLlOSO 
BOXLI060 
BOXLI010 
BOlCl.I0!0 
BOlCLI090 
BOMLllOO 
BOXL1110 
BOXLI1Z0 
BOXtlllO 
BOXLllf.o 
BOXL1150 
BOXLll150 
BOXLII10 
BOXLlleo 
BOXL1190 
BOXLUOO 
BOXLUIO 
BOXLH~O 

BOXL12JQ 
BOXLIHO 
BOXL1:1.S0 
BOXL1~60 

BOXL1Z10 
BOXl.l:l.80 
BOl!Ll;390 
BOXL1300 
BOILll10 
BOJ(LI3:c!O 
BOXLIJJO 
BOXLU&O 
BOIL1350 
BOXL1:!60 
SUBl.OOI0 
SUBl.0020 
51J11L0030 
5UlJ1..OO&Q 
SUlILOOSO 
SUBlA060 
SUBLC010 
SU'BLOOBO 
SUBL0090 
SUBLOIOO 
SLfBL0110 
SUBlA120 
SUBL0130 
SlTBlAIGO 
Sl1BL0150 
SUB!...OlI50 
SlTBLOl10 
SUBL0180 
SUBL0190 
SUBL.O 20 0 
SUBL0210 
SllBL.02OI0 
SUBl..OOIlO 
SUBLCi40 
SUBLCl0t50 
SlIBLOa60 
SlIBL0210 
SlIBLO;ao 
SUBLOa9l0 
SUBLOlOO 
SUBLOllO 
SUBLOJ:lO 
SUBLO.:!)O 
SUBI..Ol40 
SUBLOJ50 
SUB1..036 0 
SUBl..O.3"O 
SUBL03BQ 
S1I:YAOOI0 
SIYAOOOlO 
S1I:U0030 
SJ(YAO040 
SICYAC050 
SI{'tA0060 
SJ:YA0010 
SI{'tAOOBO 
SI{YA009l0 
snAOI00 
S1(1A0110 
S1I:YAOl;30 
SXYA01.30 
S1(YA0140 
9XYA0150 
SXYA0160 
SXYA0170 
S1(YAOUO 
SKYAQ190 
SJ:YAOOlOO 
SltYAOUO 
SltYA00l2:0 
SK'tAO;jIJO 
SJ:YAOHO 
SKY1t.0;350 
SKYIt.OHO 
SltYA0;310 
SXYAOHO 
911:YA0;390 
S1I:YA0.300 
S')[YA0310 
SXYA03010 
SXYJ.OllO 
SltYACHO 
SKYJ.OlSO 
SJ(YA0160 
SICVA0)"10 
SKYAOHO 
SEo.OOI0 
SECi00;30 
S2000)0 
SECR0040 
S200050 
SEo.0060 
SECiClO"O 
SECR0080 
5200090 
S2CR0100 
SEOI0110 
SEClt01010 
SECR0130 
S2CR0140 
5£00150 
SEOOll!io 
SECROl10 
SECROliiO 
SECR0190 
SECRO~OO 
5ECROOllQ 
SECRO~ 20 
SECl.OZlO 
SEC'R02d.O 
SECROZSO 
SEo.OZ150 
SEo.02'70 
SEo.O:;UO 
SEo.0290 
SEOl0300 
SEo.0.310 
SeOOl:lO 
SE003.30 
SECllOHO 
SECR0350 
SEClloJ60 
SECR0)"10 
SEat0380 

72 

58 CCI''TlNUE 
BJ-4. oTOTAoTOTA·ST/B,1J 

ELSE IP(LIBtI.EQ.1,~ .LIBN.EQ, 8) THEN 
c 
C PeR SEC,.., AND SEC'TB E~ENT 
C 

c 

ST"I'1"ST/N1 
DO 50 I-l,Ll 
ssn·o. 
DO 60 J-l, N1 

X·I_ (J'I) *Ll 
SSTl-STT1+SSTL 

150 CONTINUE 
BJ-BJ+«(B(I)'SSTl'*J)/3 ) 

SO CONTINUE 
S1"l'Z·ST/}.I" 
DO"OI·(Ll""Nl)·1,(Ll"Nl)+L'i!: 

SSTJ·o. 
DO BO J-l,NZ 
IC-I~(J'll"U 
SS'TZ·STT"·SST:I 

BO CONTI'NUE 
BJ-8J·«B(Il-SSi2··3~/l ) 

10 CONTINUE 
ENDI. 

RETURN 
END 

SlIBRotrrINE ECCEN'T (NSEG, UCO, VCO, I SEa, R02.A, ROZE, ECX, EC't ,ECCX, ECCYl 

Ol.CULA'rE !'{EJo!BER·EllD ECCntI'RICITIES 

DI!1ENSION ECI (01) ,ECY (Z), ECCX (';!), ECCY (2) 

C ECCENriIICITIES A.BOU'I' SEC'TION REPERENCE COCaU)INATES 
c 

IF( 19EG .EQ_ 1) THEN 
EXX·UCO . ECI (1 ) 
E'tY·vCO 'ECY(l) 

ELSE IP( ISEG .EQ. NSEGl THEN 
EJn(·UCO·ECXl~) 

E'tY"VCO ·ECY (;3) 
ENDlP 

C t.IOTE: EX:!! AND F:f'i ARE V'ECTCltS FROII LOAD APPLIfD' POINT TO CENTROID 
C IN SECTION REPEilENCE Co:aDINATES OIltECTICN 
C Eel IS 'THE DISTANCE nOlI REFERENCE COORDINATE ORIGIN TO 
C LOAD UPLIED LOCATICIl 
C 
C ECCEm"RICITIES ABotrr MEME!lD COCIRDlNATiS 
C 

c 

1F( 151!G .EQ. 1 ) THEN 
ECCX(l)·COS(ROU)*EXX - SIN(ROZA)-EYY 
ECCY(1)·SlN(ROU)·EXX" COS(RO'l.A)*EY't 

El...!iE IP! ISEG ,EQ. NSEQ ) THEN 
ECCI(3)~COS(ROz.B)·EXX 5IN(1l0z.B)~EYY 

ECCY(OI) .. snHRO'Z.B)'"EX'X • COS(ROZB)'EYY 
ENDlP 

C ~E. ECCX A.ND ECCY ME VECTORS ?ROIl LCA.D APPLIED POINT TO CEN'T'ROID 
C IN MEKEER Co:JRDINATES DI1I.EC'TION 
C 

5llBIlotlTItlE EL.ESTI (NSEG, I SEQ, ISTIP, EA, EIU, EIV ,OXT, EL, PUX:, PSX, SK) 

CA1.C1Jl..A'TE STABILITY Et.ntENT STIPFNESS 

DII'IENSION EL (N5EG) ,pUX(NSEO, 101) ,PSK (NSEG,U, 1:1) ,SJ{( U, 12) 
c 
C INITIALI ZE 'THE SEQ1EN'I' STIr'PN'ESS 
C 

c 

AUN·laOO 
DO &30 1-1,101 
00 &30 J-l, 1:1: 

SK(I,J)'·O 
&)0 Cam'INUE 

C FORMULATE THB ELEMENT S'TIPPNESS MATilU 
C 
C 

papLCC (I SEO, J) 
Cop· P/ (10 . -u (ISEG) ) 
IF (ISTIP ,EQ. 1) THEN 

5X( 1, 1) -101. -EIVI (EL(ISEG)"- l) -COF'1 J. 
91( ~,2) ·101. "EIU/(EL(ISEG) •• ) -COP"l:1.. 
SIt{l, l) ·EA./IL{ISEO) 
5X(,,&)·, .-EIU/EL(ISEG) -cop· (&. "EL{ISEG) 'EL(tSEG) /3.) 
Slt(5.,S) • •. ·lHV/EL(ISEG) -COP' (,. 'EL(tSEQ) -EL[ISEG)/3 ) 
Slt(~,6l·GXT/EL( UFO) 
S'X (1,5) ·6." ElV I (EL~ ISEG) "';3) ·COp·EL t ISEG) 
SX(;3 ,') -·6. -EIU/{EI..(ISEG)··~) -COP- ("ELt ISEG») 
SX("I,.,)·Slt(l,l) 
SI.(e,8)·Slt(;3,;3) 
91.(9,9) ·SXD,3) 
SX(lO,lO) ·SK{4," 
S1I:.(11,11)-51([5,5) 
Slt(l;3,U)·9J(.{6,15) 
SK(7 ,11)" 'SK(1,5) 
SI( !,IO)--SI(.lI,&) 
SlC.! 1,1) --SlCD,I) 
Sltt it,8) - -SX (., ~) 
SlCD,9) ·-SX(J,)) 
SX(&,tOl-0.SoSJI::(4,&)·COP·{ EL(15EG) te:L(I5EG)/l ) 
SlC( 5, 11)-0. SoSX (5,5) 'COP' (-EL( ISEG) ·EL(ISEG)/J.) 
SX(6,1OI)-·SlC.(15,6) 
SX(l,ll) ·SJt(l,S) 
SK(J,10)-SJ(.(OI,4) 
S)C(&,8) --SK(2, 10) 
SX(S,7)~'SJI::(1,1l) 

ELSE IP(ISTIP .EO. Ol THEN 
IP ( ABS (P) ,L1. 1.) THEN 

SX D, 1) ·1;3. *EIV/ (BL! ISBa) rOJ) ·COP"IZ. 
SX(OI,~~.lJ.'EIU/(EL(ISEG)""l) COP'lZ. 
SX (3,3) ·EA/EL( ISEC) 
SI( (', 4) ., . "nU/EL( I SEC) 'COP' (II. . ~!L (ISEG) "EL( ISEG) 13 .l 
Sit (5,5)-4. "EIV /EL( I SEG) COP- (& 'EL (ISEC) ·EL( ISEG)I 3. ) 
SK (6,6) ·GXT/ELU5EG) 
SK (l, 5)·6 -EIV I (EL (ISEG) ":d) • COP "EL{ISEG) 
51( (a, &). -6 -BIUI (EL(ISEG) ":I.) -COp" ('EL(ISEC)) 
SI(('7,7)·SIt(1,1l 
Slt(B,e)·Sk(OI,Z) 
SlC(9I,9) ·Sk(3,3) 
SX(10,10)-SK{&,4) 
SK(11, 11) ·SK(5 (5) 
SJC ~ lZ, 1:1) • SIC (6,6) 
5)((1,11)·-5IC(l,5) 
51(6,10) --SK(;3,&) 
5)((1,'7)· '5)((1, 1) 
SIC l ~(9). 5X (Z, 2) 
S)((3,9l· 'S)(l,31 
SI: (4, 10)-0 5.51C(4, 4) 'COP~ (-EL( ISEGI rEt.(ISEC) 13.) 
SI( (5,11)-0,5-5)( (5, S) 'COP- (-EL( ISEG) rEL{ISEG) 13.) 
SK(6,l;3)· -SX(I5,6) 
5X (1,11) ·SK (1, S ~ 
SX(J,tOl·SX(2, &) 
SlC(&,e) --5X(2,10) 
SX(5,1) -'SI(l,11) 

EU.E IF (P.G'l' 1.) THEN 
SXU·IiQRT (P IEIU) 
CU·COS (SKU-EL( I SEG) ) ""UN 
SU·SIN (SXUtEL (I SEG) ) "AUN 
SkV·SQRT (P IEIV) 
ev.COS (SX\I'EL( I5EC)) "Aln'l 
SV-SIN(SX\I''EL( ISEG)) 'AUN 

SE00390 
SEOl0400 
SECRO&10 
SECRO&;30 
SEOO&30 
SEOO&&O 
SE00450 
SE00460 
5E004'70 
SECR0490 
SECll0490 
SECll0500 
SECR0510 
SECR05Z0 
SECR0530 
SEat0540 
SEat0550 
SECR05150 
SECR05"10 
SE00580 
SECROSo;lO 
5ECi0600 
5E00610 
5ECR06010 
5ECR0630 
SECR0640 
SECR06S0 
SECR0660 
ECCEOOI0 
ECCE0030 
ECCEOOlO 
eCCE0040 
eCCEOOSO 
eCCE0060 
ECCE0070 
ECCEOOBO 
ECCE0090 
ECCEOIOO 
ECCEOI10 
ECCEOI ~o 
'ECCEOlJO 
ECCEOUO 
ECCE0150 
ECCE0160 
ECCEOl"O 
ECCEOIBO 
RCCE0190 
ECCE0200 
ECCE0;310 
ECCE0;3:10 
ECCEOJJO 
ECCE0240 
ECCEO~50 

ECCEO:ll!iO 
ECCE02"0 
ECCE0280 
ECCEO~90 
ECCEQlOO 
ECCE0310 
ECCEO)2:0 
ECCEOl30 
ECCEOlllO 
ECCEOJ50 
ECC'EOJ 15 0 
ELESOOIO 
ELESOOZO 
E.LE50030 
2LES0040 
ELE50050 
ELES0060 
ELE500.,0 
ELESoOao 
8LES0090 
ELES0100 
ELESOIIO 
ELESOl20 
ELES01.30 
ELES0140 
ELES0150 
ELESOl60 
ELE901'70 
ELESOllO 
ELESOl910 
ELES0;300 

'ELESO:i!lO 
ELES0;3;30 
ELESO.30 
ELES0:il40 
ELES0;350 
ELES0360 
ELES0;310 
ELESOOlBC 
EUSO.ll90 
ELIS0300 
ELE50310 
ELBS03010 
ELE90330 
ELBSOJII.O 
EL8S0l50 
ELESOJ150 
EL890310 
ELESOleo 
ELES0390 
ELES0400 
ELE90410 
ELESO.:lO 
ELES0430 
ELESOUO 
ELES04S0 
8LES0460 
ELES04.10 
ELES0460 
ELE50d.5l0 
11..1350500 
ELES0510 
ELES05.0 
ELES0530 
ELE9054Q 
ELES05S0 
ELES0560 
ELES05'70 
EtES05BO 
ELES05910 
ELE50EioO 
ELES0610 
ELESOi5;ao 
ELES0i530 
ELES0640 
ELES0650 
ELES0660 
ELES0670 
ELES0680 
ELE50690 
ELESO" 00 
ELES0710 
ELES07Z0 
ELESO"30 
ELES01,0 
ELE50'750 
ELES0160 
£LE90'770 
ELES01&0 
ELES0'?90 
EL£90800 
ELES0810 
ELES0820 



c 

SI 11, ll-!IV" «( SXVh 31 *SV'I (jil. 'AUN-jil. 'CY ·SXV*EL( ISBG) 'SV)) 
SX (jiI,;1) "EIU" I (SnI" IJ) - SUi (jil *AUN' jiI. -eu· SJU'E,L( ISEG) "SU)) 
SK D, J) -E.A/EL( ISEG) 
SX (4 ,4) -EI U" SXU" ( ( SU' SX\J"EL( ISEG) -CUI I 

IjjJ,IAtJN-ji1 ·CU·SXU-El.(ISEG)-SU)l 
SX IS, Sl-Elv"Sr:v- I I sv· Sr,<'11 EL II 13 EG) 'C'V)I 

l;a, 'AUN-:l. -CV-SXV-EL(ISEG) ·SV)) 
SK (6, 6) -Gn/Xl.(ISEG) 
SK(l,S) "EIV" «SXV·":U" (l.'"AUN-CV)/ 

(2 .-AU'N :I. 'CV-Snt''"EL(ISEG) '"9V)) 
SK 13,41 - 'BlU" (ISXU" 1'jI) 11 II. "Aim-ctll I 

(2. ""UN, 01. -C\)- SKU"EI.(ISEG) "SU)) 
SK('1,7) -aXIl,l) 
SKI9,e) -SXI:I,:I) 
SX(9,9) -SX(l,)) 
aXIIO, 10) -SKIll. ,4) 
SXl11, 11) -SX(5 ,5) 
SX 112, 1~) - SKI6 ,IS) 
SXl7 ,111·' SKll ,5) 
SXIB, lQ)-' SK[jjJ,4) 
SKl1,'))· aXll,l) 
SK (:I, B) - 'SXI~, 41) 
9X(J,9) - ·aX(),J) 
SK (4,10) -UU-SXO" ( (SIC\J'EL( ISEG) 'AUN-SU) I 

(jil. -AUN' Z. 'CU- SICU-ELI 1520) 'SU») 
sx (5, 11) ·E 1'1* SXV" ( (SKY "ELI ISEG) "A.UN- S'V) I 

(2 ·,t,\JN·Z.'CV·SJI:V'"ELIISEG)"SV)1 
aX(6, 1'3)·- SXI6,6) 
SX(1,lU·Sl(1,5) 
aX(:oI,10)-911:(:oI,4) 
SX(e,B),- 'SK(jiI, 10) 
SX (5, 'J). -SIC(l, 11) 

ELSE IF[P .L1. '1.) THEN 
SICU·SO'RT( 'P/EIU) 
CU·COSH (SKU"EL I ISEG) ) '" A.UN 
SU-SINM (SXU"ELIISEG») "A.UN 
SIeV·SQiTI -p/EIV) 
CV-COSH (SXV*EL(ISEG) "A.UN 
SV-SINH (SXV"EL(ISEG)) "A.tJl,I 
SK (l,.I.) ·EIY· ((SKY" "J)" sv/(:I "AUN- jiI. -CV+SJ(V"EL(ISEGJ -SV)) 
SK 1:iI, Ol ) "EI U· ( (SKU" "))" suI (ji1 "A.UN· jiI . -cu. SXU"EL( I SEG) I SUI) 
5X (l, J ) ·U/EL( ISEG) 
5X (I, fo ) -EI U' SKU" ( (SIro" EL(ISEG) "CU- SUI I 

(CI -AUN·3."CU"SXU"EL(ISEG) "SU)) 
SX (5,5) -ElV- SJCV" ( (SICV' EL( I SEG) 'CV- 911) I 

(~."AUN-jil. 'CV'SJ(VrE'L{[SEG) -S'V)) 
SX (6,6) ·GxT/EL (ISEG) 
SX(l,5) ·ElV" {( SJ:I/' "4) I (CY·l. "AUN) I 

(:oI."AUN-:l. ,,~. SXV'EL(ISEG) "SV) ) 
SX (2,4)" -EIU- ( (sro"":iI)" (CU·l. "AUN) I 

(;1. "AUN-:il. "CUoSXU"ELI [SEG) "SUI ) 
SX (7, ')) -SlC (1,1) 
SKIB, B) -SK(:I,jiI) 
SX(S,9) ·SX(.3,J) 
SIC (10, 10) ·SX(4 ,el 
SXfll, 1l1·SIC(5,S) 
SX 02, 1:11 ~ SX (6,6 ) 
SIC (7, 111·-SK(1,S) 
SK(e, 10)·- SX(2,4) 
SX(1 ,')) - -SIC(l, 1) 
SX(2, 8) - 'SIC(2, :i!l' 
SK(J,9)· -SK(3, J) 
SI( (4,10) ·EIU"SlCU- «(SU-SX\J"ELUSEGI *AUN) I 

(2. "A.UN· ~ . 'ctl~ SKU" EL( I SEG) "SU) ) 
SI{ (5, 11) ·EIV*SJ:I/' «(SV-SJCV"EL(IS'EGJ -AUN) I 

(J, 'AUN· •. "CV.SXV'tEL( 18EGl "5'1)) 
SK(6,1.)· -SK(IS ,6) 
SX(l ,11) ·SXII,S) 
SX(2.10)·SX(jiI,4) 
SK(4,B) ··S .. (.il, 10) 
SK(S,7) --SJl:ll, 11) 

ENOIF 
ENOIF 
DO 90 I·l,H 

11.1°1 
DO SO .1-11,12 

SX{,J, I) -SK(I,J) 
90 Ca-n'INUE 

C MFl40RIZE THE !I..EMENT S1IP'F'N:2SS PCR BEING USED IN SUBRot1TlNE 
C CLtlAP IN 'rlii NEXT STEP 
C 

DO 190 11-1,12 
DO 190 JJ·l,12 

PSIC (ISEG, I I, JJ'1 -5 .. (It, J'J) 
190 Com'INTJE 

RETUlIN 
END 

S\1BJIOI.1I'INE T'i.ANJ: (P:FA.SAT, ECClI', ECCY, TPJT ,A.SATPI 

TRANSPER M!)(BER STIFF'NEs9 I'U.TU! INTO ECCEm'RICITY t.alD 
~PL'l OIRECTIClII 

ELES08JC 
ELESQUO 
ELES0850 
ELESOBISO 
ELE80e70 
EL:E:SOUO 
ELESOB90 
ELES0900 
eLEse910 
ELEse9110 
ELES0930 
ELES0940 
ELES09S0 
ELES0960 
ELES09')O 
ELES0980 
ELES0990 
ELES1DOO 
ELESle10 
ELESIOZO 
El.ESI0JO 
ELES10&O 
ELES1050 
ELBSI060 
ELESl070 
ELESIOIIO 
ELESl090 
ELBSllOO 
ELESlllO 
ELESllOlO 
ELESliJO 
ELE!HUO 
ELES1l50 
ELES1l60 
ELESU70 
ELE8llBO 
ELESl190 
ELESIZOO 
ELE81ZI0 
ELESlZ:lO 
El.ESHJO 
ELESIZ40 
ELESl:l:50 
ELES1:r60 
ELES12010 
HUSlao 
HL.ES1:i190 
HLESlloO 
ELBSl310 
BLBSll:lO 
ELES1l30 
ELESIHO 
ELES1350 
ELES1l60 
ELESll70 
ELES1JBO 
ELESlJ!':IO 
ELESUOO 
ELESUIO 
ELESUjilO 
BLESUJO 
ELES1440 
ELESUSO 
ELESU60 
ELESU10 
!LESUBO 
ELES1f,90 
ELES1S00 
ELESIHO 
ELiSls;ao 
ELESlSlO 
E1.ES1S40 
El.ES15S0 
ELES1560 
ELESl510 
ELES15BO 
E.LJ!815S10 
EL!Sl600 
ELBSlI510 
ELESlI5ji10 
ELESlI5JO 
BLES1f5foO 
Bl.ES1650 
ELXB1ISISO 
.l!L.Bs1610 
ELESl680 
ELXSllS90 
ELEi91HO 
'!'RANOOIO 
'!"RANCO.O 
TRANOO.3C 
T'RANOOfoO 
TRAN0050 
TiANOC60 

DIMENSION ECCX (:I), ECCY (~), TP.1T(1 jiI,ljil) , FPASAT(l., 1:1) ,A.B.UP(ljil, 1:1) nANoo10 

c 

00 jil50 1-1,1:01 
00 :150 J-1,la 

TPJT( 1,03)-0, 
IF( I P.Q. J ) TPJ1'(I,JJ"1-

250 CONTINUE 
TPJT(l, 4)- P.CCY(l) 
TPJT(l, 5)-·,ECClC(1) 
TNT(l,6)··,ECC'i(1) 
TPJT(~, 6). ECCJ!(l) 
TPJT (9, 10) - !ZCCY 12J 
TPJT (9, 11) - . ECC'!II (~) 
TPJT ('J, 10l)·· ECCY (jiI) 
jpJT(a,ljil)- ECCX(:I) 

CA.l.L 1'IULn.!{0 ,l;!.,ASATP, P'PA5A.T,TPJ'Tl 

TRANOOBO 

C: TP.1: " : EIZASAT: * : TPJT: 
c 

TiAR0090 
TRANOIOO 
TRJ.N01.1.0 
TRAR01:il0 
TllANOIJO 
TRANOl40 
TJLUI0150 
TRAN0160 
TRA.N017 0 
'T'RAN01eO 
TRANono 
iRAN'o.OO 
'!"RAHOZIO 
'!"RANOHO 
nt"u,lo:lJO 
TRANoa40 
TRANOjil50 
TRAH0360 
T1I:ANO Z') 0 
T'R.ANOZIO 

CAlJ.. MU'Lnt'(1, 1:1, PPASA'r,TPJT,ASA.Ti) T'ilAN0:il90 
RE'TU1Uf TR-Ul0300 
DID Ti,UlOJlO 

c- -_ •••••• _. -. ~- ..... -. - ........ - - - •• - - ..... --. -- .. - ..... - ---- --- •• - -. -- - ....... -SXYLOO 10 

c· 
c 
c 
c 
c. 
c 
c 
c. 
c 

SU8ROlJ"!'IN! SKYLINIJPLAG,IOP"'I',NDOf,IBUG,TITLE,!'IDIAG, SKYLOO:lO 
"IELDOP,1.H,SE.I1D,NAJom) SK'tL0030 

DlKENSION MD lAG INDOP.ll ,SE(IELDOP-(IELOOP'l) IjiI) SX'tt • .QO 011 0 
DII'IENSION MD (IE.L.OOF.1) ,LH (IELOOP) SXYL0050 
l..OOICAL '8TEST,P1 SXYLOQ60 
CHAlI.ACTER*<") NA.H:E,TITL.E(Z) SXYL0010 
CHARACTEl'iI"l CX(100) SXYLOO~O 

IF (IOPT.EQ.1) THEN 
0010 1-1. .NDOP.l 

MDIAG(I) ·r 
IF ( BTESTIIBUG,12) ) THEN 

W1UTE(101l,') 'INITIAL VALUES' 
WRITE (lOS, J 20) I I ,!'!DIAG (I), 1-1,NDaF) 

ENDIP 

SXYLD090 
SJ:YLOIOC 
SKYLOIIO 
SX'lL0120 
SK'lL01JO 
SKYLOUO 
SX'lLOIS0 
SXYl.0160 
SKYL0110 

ELSE IF (IOP'T.EQ.jiI) THEN SK'tLOlBO 
.. - DETE:Rl'!lNl! THE SKYLINE OP nus EL.EMnn', AND MODIFY 't'HE SlCYL01SlO' 

GLOBAL SKYLINE... SXYLO.OO 
I • THE ROW OP THE MDa!fR STIFFNESS MATRU SXYLOnO 
J • THE COL~ OP 'THE KEMBER STIFfNESS I"\ATRI:II SXYLO •• O 
IJ - THE ADDRESS op THE I'IP!NBER S'TIPFNIlSS TElU'I I,J SICYLQjilJO 
Uo!I • THE ROW OF THE Gl..OaAl. S'TIPP'NESS MA'!"RIlI. COliIRESFaNDING SXYLQjjJf,O 

'TO ROW I OF THE MEMBER S'TIPFNESS KA.TRU Sl('iLOjil50 
l.J4J • THE COLUMN OP THE GLaBoU.. STIPPNESS MATRIX CORRESPONDING SXYLo~60 

TO COLlJIoIN .1 OF THE I'lIMBER S'TIPYNESS M1\.TII,IX SJ:YLOZ')C 

73 

c. 
c 
c 
c 
c 

c· 
c 

'" <S. 

. MDIAG(J.1) -- TME JJ'TH ELEMENT OP T1i.l! GLOBAL SXYLlNE I'U.TliIX. 
AT THIS POINt' THE GLClBAl. Sn-LINE MATRn: CONTAINS THE 
LDW1!ST RCM NtlKBER TKA.T CCN'TAINS A. NON-ZERO STIPFNESS 
"'RM. 

DO 2050 I-1,IELOOP 
LMI·IJoIII) 
IF (IJo!I.LE.O) GO TO Z50 
DO alo J-I, IEWOP 

l.JIIJ~l.M(J) 

IF (LMJ ,LE.O) GO To HO 
:J-Iom(J) "J-I 
IP (Si:(IJ) EQ.o AND JPUG .EQ, 0 I GO TO ,;140 
IP (SE(IJ) EQ.O ) GO TO 240 
IP O,JI'lI LE.l.K]) THEN 

MDIAG(LMJ) ·MINCI1Il!AGiLMJ), LMI) 
eLSe 

MDIAG 1U"'l1) -I1INOiOIA.G(lJ1I), 1.MJ') 
£NIl IF 

CONTINUE. 
CONTINUE 

SKYLO:lBO 
SJ:YLO~90 

SKYLOJOD 
SKYLOllO 
SXYLOJ ~o 
SKYLOJJO 
SKYLOJfoO 
SXYLQJ50 
SXYL0360 
SXYLOJ10 
SltYLOJBO 
SKYL0390 
SKYLOfoOO 
SXYLO.f.lO 
SKYL042,0 
SJ:YL04JO 
S,(YL0440 
SKYL0450 
SXYL0460 
SX'iL04'J0 
SX'iL04BO 

-". -SXYL0490 

ELSE IP (IOPT EO, J) THEN 
c··· - _. CALCULATE THE INDICIES OF THE MAIN DIAGONAl. TE:RMS. 

1f' ( BTEST(lBOO,la) ) THEN 

SXYUlSOO 
SJC'iLOSIO 
SJ:YLOS20 
SICYLOSJO 
SKYLOSIO 
SICYL05S0 
SKYL0560 
SKYL0570 
SXYL0590 
SKYL05j10 
SXYl.Q600 
SXYL0610 
SKYLOIS"O 
SXYL06JO 
SXYL0610 
SXYLQ650 
SXYLQ660 
SXYLOIS,O 
SKYL06BO 
SXYL0690 
SXYUI'JOO 
SKYLO') 10 
Sl('lL01 ao 
SKYLO'JlO 
SKYL0140 
SKYL0?50 
SX'1L07fiO 
SKYL0170 
SKYL07BO 
SXYLO,,/jlO 
SXYLO~OO 

SXYLQBlO 
SKYLOe ~O 
SXYLOSJO 
SXYLQ840 
SXYL0850 
SX'lLoa60 
SXYLOB')O 
SXYLQBBO 
SKYLQ890 
SXYL0900 
SltYL0910 
SXYL09~0 

SJ:YL09JO 
aX'lL0940 
SXYUl9S0 
SXYL0960 
SXYL09'J0 
SKYI..09BO 
SXYL0990 
SJ(YLIOOO 
SI(YLI010 
SJC'lL10"O 
SKYUOJO 
SX!tLlO&O 
SXYL.IO:'O 

c· 

H. 

WRITE(l08,") 'AFTD COLtJoIN HEIGHTS' 
WRITE (lOB,) ZO) (I ,MI.'JIAG (1),1-1, NDOF) 

ENOIF 
MDIAG(l) "I 
ICOLHi-1 
DO l10 !RCM-:l, (NDOF.1) 

Il.LIOi·ICOLHT • !'ID lAG I IRON· I) 
ICOUlT·IROW (KDIAGIIROM) -1) 
MI.'JUG (IROW) • I u:x:N 

IF ( BTES'T(IBOO,lZ) ) THEN 

ENDIF 

WRITE{lO',') 'A.!IDRESa OP MAIN DIAGONAL El.D4ENTS' 
"'IUTE{lOS,J .0) (I ,MIl lAG (1),1.1, NDOP) 
PORHAT I' MIlIAG(',ll,')"',IS) 

HI PCIU1AT (216) 

IP I ,NQ'T, IS'TESTiIBOO,U) .CIR.BTEST(ISOO,9)) ) GOTO J70 
- _. - PRltn' A MAP OF THE STIFFNESS -'.RlU.Y 

NL- HDIAG(NDOF .. U -~IAG(1) 
NP·NDOF/IOO 
m.·HCllINDCF,lOO) 
IP tHR.GT.O) NP·NP·l 
00 jil70 Ip-l,HP 

JCI~ I IF-1) '100 
JC.-I'IIN (IF"lOO, NOOF) 
JOl·100 
IP (IP.EQ,HP) JJ-NR 
RITE (lOB, .90) TITLE (1) ,TITLE (jiI), w.ME,NL, (I, I ·Jel ,JC2, 101 
DO 210 l-l,NDOP 

PT· ,FA-LSE. 
t)O Z60 JJ·l,J. 

J.JJ. (IP '1) "100 
IJ·HDIAG(J)"J·I 
IP (IJ.LT,MDIAG(J·l) .ANtI. LL'!' J) THEN 

CX(JJ)· 'X' 
P'I''" .TRUE. 

ELSE IP (I.EQ.J) 'THEN 
CX(JJ) .. ''0' 
P'I'- .TRUE 

CX(JJ)·' , 
ENOl. 

.60 CctrrUruE 
210 IF (PT) WRITE(lOa,~95) I,(CX(J),J-1,J3) 

290 PeRMAT ('1 STRUCTURE..... ',A., I 
, SOllJTION. ...' ,A,II 

&. 'S]{'tLlNE OP THE ',A,' MATRIX I, I 
", THE MATSIX REQUlRES' , 16,' ST'CIIt.AGE LOCATIONS', 
"/aX,UIU,': .. ')) 

a95 F<lR.IU.T 1I6, 1 HAl) 

ENDIP SICYLl060 
J'JO RE'J'UUl SJ(Yl.I070 

DID SICYLIOeo 
C NODOOOlO 
C- -. __ .... _ .--- - ...... ____ - ..... _- ...... ---- -- .... - ... - .-- •••• - ••••• --- -.-- .... - --NODDOO 010 
C ~DDOOlO 

SUBROUTINE NCllOOF (NDOF,NCQID,NPRU,NJl.EST ,KUNCID, ttNODE,NCOS, NODOOOfoo 
" SCAl.J!,NSUP'T,NcaHST,ID,IOOP,INDElI,cc:GI.D,COSINE,CONST, OODD0050 

JTPLO,JTCOS,BUG,MST'aJT) 00000060 
00000070 

DIMENSION COClW(KUNCD,)), ID 11'!AJll«:D), INDEX (HAXNOD) , IPM(6) ,JFM(6), NQDDooeO 
lOOP (MA.XNOD, 6) ,COSINE (3, l, NCOS) ,CaNST (KAXNCID, 6) , NODD0090 

&. ,JTFW(MAXNCD), J'TCOB (MAXNal) ,MBnJ'T (KAXNCIO, IS) NODDOI00 
DIMENSION VX(3),VY(l),YZ,(.3) NOODOl}O 
LOGICAL FlAQ,PT,BUG,T"EST,BTEST NO0001ao 
CJUJtACT!1l"lS TYPE OOD00130 
CHAlIACt'Elt"ji1 01(6) NOD00140 

C," .. __ ....... _.... " .. OOD'001SO 

C VARI)JILI TAB.I.J!!. NeDDO 16 0 
C CtXIi.D - JOINT COClR.I) lNA1!S lC, Y, Z NODOO 11 0 
C ID • JaINI' NlJIIBES NODOO 1 BO 
C roop • GLOBAL DEGRRES OF Pi.EEDCM ASSOC. WI1H JOINT PX, PY,PZ"IO,HY,HZNODD0190 
C .1TCOS • ROf IN COSIN!: KATilIX ASSOC WITH JOINT NODDOjilOO 
C COSlNE • COSINE KA.T'BIX NODDono 
C CaNST • GLORAL C~STlU.INT KATRIX POit. EACH NeDE OODDOl20 
C JTFLG • CCNTAINS JOINT PUG'S' MUST BE 24 BIT'S LaNG NODD02JO 
C BIT"S 0 TO 5 RESTRAIN DOP l'lC,FY,FZ,HX,MY,MZ, NO'ODOHO 
C BIT'S 6 TO II CaIDENSE OaF FK,PY,PZ,MX,MY,M2. 00000.50 
C BIT'S U TO 17 CONSTR.AIN OOP PlC,F'i,FZ,HX,MY,M2. NOOOO0l60 
C BIT'S Ie TO ZJ ELIMINATE 'OOP FX,PY,PZ,MX,MY,I'!Z NOODoa;o 
C MSTRJT • INTElUU.L MAS'TER JT • OF CaNS'TR.AINE[) Jourrs. NODDOHO 
C-.... .. - - 'NOODO~SO 
C NOODO)OO 
C· INPUT NODES NOODOll0 

c 
c· 

IP (BUG) \6:I1E(1011,1000) 'INP\lt' NCDES' NOODO.3~O 
1-0 NOooono 

20 1"1"1 NODDDJ40 
R.EAD(lOS, 'I) ID(Il,(COCRO(I,J),J'.l,l),JTCOS(I),IGEN NODDo3S0 
IP (IO(l).LE ,Q) THEN NODOOllSQ 

mlCDE·I -1 NODOOl'JO 
GO TO ZIS NODOOJ BO 

ENDIP OODOO)90 
IF (BUG) WRI1!(lOS,JO) 1,IDn), (COORO(I,J) ,J'"l,ll ,J"t'COS(I) 000'00400 
IP (IGnl.GT, O) THEN NODD0410 

READ(105, -) IDINC,CCXlROl,CCORJ):I,CoaRDJ NODDOlIlO 
DO ~S X-l,IGZN NOOD04JO 

1--1'1 NOODOUO 
[0(1) .10(1'1) "IDlNe NODD045D 
IP (lOll) LE.O) THEN NOOD041S0 

NNOOE-I'l NOOD0470 
GO TO .6 NOOD04 Bo 

ENDIP N0000490 
CClORD (1,1) -COORD (1'1,1) • COORD 1 N0000500 
COCIRD n, 2) -COORD ( 1'1,2) • COORD 20 NOD00510 
COORD (1,3) ·CoaaD( 1'1,) -COORD3 00'000520 
JTCOS(I)-.1TCOS(I-l1 NOD005.30 
IF (BOO) WRITE(lOe,lO) 1,1'0(1), (COOR.D(I,J) ,J-1,J) ,JTCOS(I) NOOODS40 

NODOOSSO ENOIF 
IP (I. LT .NNeDE) 00 TO 20 

:l6 can"INTJE 

00'000560 
P'K)DDQ510 
NO'O00590 
NODOOS90 
ooD00600 
~DDoISIO 

NODD0620 
OOOD0630 
NOOD0640 
NOOD06S0 

SORT NCDES 
CA.l.L ISORT(ID,lNDEX,NNCDE) 

MOVE NCl)E INFO. TO TEMPORARY STORGA.E 
:00 foO 1·1,NNCI:lE 

J·INDI!X (I) 
100'1"11,11-10(.1) 



C lOOP(I,~) -JTCOS (I) NOtlD0660 
NOoD06"10 
NODD06BO 
HOOOOf5~O 

00000"100 
NOODO"lIC 
00000"120 

C- .. ~.~ •• -- ... _ •• - .... _- .... _- •••••• _ ••• _ •• - .... - ..... -_ •• -. - .... ~ .. 
C·· cORREC'J' BY GER J!NG·FUH J'J'COS{I) RUU.CED B'i JTC09(J) --c· ._ ••• ~- .. -- •• ~. _ •• ~-- ....... __ . _ ........... _ ••.... _ ••. _- .. ~~--_ .. 

c 

10 

lDOP~I, 01) ·ncos (.I) 
DO 40 K~l,J 

CONn (I, 10 ~COClItD (J, K:J -SCALI! 

HOVE N<%IES 
NNOLD·NNCXlE 

1-' J_, 
INFO BAC!. TO'MAIN S'l'OR AGE , DELETE DUPLICATE INFO. 

11.3 1-1"1 
) .. ']01 

ID(Il-IDOP(J,l) 
IF (I.G1L<l) THEN 

IP (IO~I) ,EQ, 100 1) ) T'HEN 
r·I·1 
NNODE·NNQOE ·1 

ENDIP 
ENDIF 
JTCOS ~ I) • IOOf' (J , 01) 

DO " 1("I,J 
co::JRO( I, Jt:) • CaNS'!' (J,X) 

If' (I,l..T.NNODE) GO TO 43 

OOOD0130 
NOOOC"I'O 
NOD001S0 
NODD01f50 
ooD001"10 
NeODO"l BO 
00000"190 
NQDDOBOO 
oooD0910 
NODOOBJO 
NODOOB30 
NOODO!40 
NOOOOBSO 
t«:IOD0B/50 
NOD008"10 
NOD008BC 
NOODOB90 
00000900 
NQDD0910 

JO PaRMAT(· NCi)E(',Il,'):',I',' X:',Fl0.II.,' y:',FI0,',' 2.:',PI0 II.,NOD009Z0 
" :,' COS~",I3) NODO~9l0 

C···· - -. Gl..OBAL Joun COSINE KATRIX 
NODO~911.0 

OOOD~950 
NODD()9f50 
NODD09"10 
NQ0009BO 
OOOD0990 
NODDIOOO 
OODOIOIO 
000010:10 
NODOIOJO 

c 
c· 
c 
c 

c 

" 

IP ~BOO) WRIt'2(IOB,1000) 'DIRECTICN COSINES 
DO 55 ICOS·l,NCOS 

READ ( 105,") IJX,IIY 
CAll. CROS5~IJZ,VX,VY,0) 
C.tJ..J... CROSS(V't,V2.,\/"lC,l) 
DO SO J·I,l 

COSINE (l,J, ICOS) ·VX (J) 
COSINE (~, J ,ICOS) ·VY (J) 
COSINE (3 ,J ,ICOS) ~V''Z (J) 

IP (BUG) WRITE(IOB,56) ICOS,' \/"lC",VX,' VY:',VY,' 1J7.:',VZ 
55 CONTINUE 
56 PaRMAT(' COS~',Il,') , 

" 
60 

65 

" 
" 

?1 

.. J(A,SS,F9.S,' I',SP,F9.S,' J',P9.S,' X '),SS) 

INPUT RES'J'1U..INTS 
ZERO IooF MA.'TRIX WHICH iIIIU. HOLD lI.ES"I'RAINT, CClNS1'RAINT AND 
ULTIHA'J'LJ' DOP INPClRMATION 

DO S9 I-l,NNOOE 
JTFl.G(I) "0 

1-' 
PLAG- .TR(Jl!. 
1-1"'1 
IP (I ,LE NSUPT) THEN 

IF (PUG.AND.BUG) ~ITEp08,10(0) • NODE RESTIU..INTs 
PLAG-.f'ALsE. 
R!AD(105, .) NaDE,Ii'M,IGnI,NaDINe 
IP (OOOE.EO.O) THEN 

El.S2 

00 10 J·I,NNOtiE 
DO 6B II-I,6 

IF iIfM(I1) .NE.O) JTPLGCJ)·IBSE'T(JTFLG(J),II·l~ 
IP (If'H(II).EQ.<l) JiFt.G(J)"IBSET(JTFLGIJ),II+l"l) 
CON'I'INU'E 

If' (BOO) WRITE(10B,BO) IO(J),IPM 
CONTINUE 

J ·IQOICX(NODE,ID,NNCJ)E) 
IP (J.FO 0) THEN 

If' (Btx;) Wl'/:IiE(108, 1S) Na:lE 
ELSE 

DO? 1 11-1,6 
If' IIFl1(II).Ni!,O) JTPt.G(J)·IBSET(JTPI...G(J),II·l) 
IP (IPI'1(II) .EQ,2) JTPLG(J)·IBsET(JTPLG(J),II+l1) 
CONTINUE 

IF (BUG) 'ifRITE(IOB,BO) ID(J),IPH 
E>/!lIF 
IP (IGEN.GT.O) THEN 

NODE-NOOE"'NCDINC 
IGEN·IGEN·l 
GO TO 6S 

""'IF 
ENDIF 
GO TO 60 

ENDIF 
15 PaRlU.T C' NODEI',I5,' N01' PQUND, RESTRAINT IGtGED ... ·) 
BO FaRMAT (' NaDE(',IG,') F:X:',I~,' PY",[:iI,' Pz,',I., 

" ' MX:' ,12,' !1Y:', l<l,' HZ:', I<l) 

NODDIO'O 
NODOI050 
NODDI0f50 
00001010 
OOOOIOBO 
NODDI090 
NODDllOO 
OOOD1110 
NOODll :10 
NOODlllO 
OOOtl1HO 
NOD01150 
NODDIUlO 
00001110 
NQDDl180 
NODDl190 
HODDIOIOO 
I-IQDDIHO 
NODD12:10 
NOOD\:IlO 
NOODIHO 
NODDU50 
NODOl:lf50 
OOOD12"10 
NOODUBO 
NODDla90 
NClDOll00 
00001310 
NO'DD13 ao 
HODD13JO 
NODDIHO 
OODDlJSO 
NOOI:lIJf50 
NODOlJ"IO 
NODOll BO 

C· ... _. INPUT NC%IB OOP'S TO BE CONDnlSED OI.!T'. 

NODtll]90 
NOODuOO 
NQDOU 10 
NOODU:ilO 
OOOI:)UlO 
OODDIUO 
NODDl450 
NODOH60 
NODD14"10 
ooDOUBO 
ooDOU90 
OOOD1500 
NODDlSlO 
NOD015.0 
NODDl5l0 
NOOOI5'0 
00001550 
NOD01560 
000015"10 
NODOl5BO 
NOOD1590 
NODD1600 
NOODlI!ilO 
ootl016:10 
OOOD15l0 
NODDHi'O 
NODD1650 

c 
c 
c· 

1-' 
FlAG- T'1I:l1E. 

901·1·1 

" 

100 

lOl 

llO 

IP (I, U .NCQND) THEN 
IF (Fl..A.G.AND.BUG) 
WRITE(lOB, 10(0) , NODE DOP' 'S TO BE CONDENSED 01l1" 
PLAG-, FJ.l.EE. 
READ(105, .) mDE,IPM, IGEN,NODIN: 
IP (NCI)E.EQ.O) nl"EN 

DO 100 J"l,NNODE 
PT·, PAL.SE. 
DO 99 II-l,6 

IP (IPH(II) ,NE.O.AND .. NOT.BTEST(JTFl.G(J),U 
JTPLG(J) -IBSE'J'(JTFLG(J}, U.S) 
JFM(U) ·IP'M(II} 
PT" .nUE. 

ELSE: 
JP'H (II)"O 

ENDIF 
CONl'INUE 

IF (FT.AND.Boo) WilITE(10e,BO) ID(J),JPM 

1)) THENl«JDDHi60 
NOD016?0 
OOOOl6BO 
00001690 
NODD1100 
NODDl"110 
NODD1"l:t:0 
NODDl"IJO 
NOODIHO 

ELSE NOOD1"1S0 
J -lQUICX(N(J)E,ID,NNODI!.) NODD1160 
IP (I EO.O) THEN NQDOI1?0 

If' (BUG) WUTEnOa,llo) NODE NOD01?B0 
ELSE NODDl"l90 

DO 101 n"1,6 NODOlBOO 
IF (IFl'!I(II).NE ,O.AND, . NOT .BTEST (JTFLG(J), 11·1.) )THENNOODH 10 

J'l'PLG(J')-IBSZ"I' (Jt'FLG(J) ,II~S) NODDlBZO 
JP'M(lI) ·IPH(II) NODDlBJO 

ELSE NODDIB'O 
JPH (II)"O NOb01BSO 

ENDIP NOODlIIl!iO 
CONTINlJE OOOD1&10 

If' (PT -'ND Btx;) WRIT'E~1oB,BO) ID(J) ,JFM NODDI8EO 
:END IF OOD01B90 
IP (IGEN.GT 0) THEN OOD01900 

OOOE-NOOE.NODINC OOD01910 
rGEN.IGnI·l NO'DD1920 
GO TO 95 NOOD19JO 

ENDIP NODD1940 
ENDIP NOOD19S0 
GO 'TO 90 00001960 

ElmI F NCDD191 0 
FORHAT (' NOIlE~', IS,' Nar POUND, DOP ~£ NO'!' CONDENSED ') NOODIHO 

INPUT CONSTllAINTS. 

1-' 

OOOD1990 

f'I...A.G- TRU'E 
4001"1'1 

00002000 
OODOOlOIC 
NOD020aO 
NODO:lOlO 
OODD2040 
HOOO~050 

NOOD20EiO 
NOD02Q"IO 
NOODZOBO 
NOOO~C90 

NOD02100 
NODD:B 10 

'10 

IP (I U NCO}.lST) THEN 
Ii' (f'I...A.G) WRITE(lOB,IOOO) NODE CONSTRAINTS 
FUr.G-.PAL.SE. 
READ(lOS, *) IT'IPE,HAS'TER,NOOI!,IGEN,NCIOINC 

J "IQlJICX:(NaOE,ID,NNODE) 
IF (J.EO,O) THD! 

\onlITF(10e,4~0) NODE 

74 

c 

us 

ELSE 
IF (l'J'YPi! EQ.O) 'J'HEN 

TYPE· 'JD· RIGID BODY' 
DO US 1(·1,6 

IP l.NOT.BT!ST(JTPLG(J) ,X·I)] THEN 
JTPLG{J) ~IBSET (JTFLG(J), K.l1) 
HS'I'RJT (J, K) • IQU1CX (MASTER, ID, NNODE) 

'LS' W'ltITE(lOB,4JO) NOOE,X 
ENDIF 

cONTINUE 
ELSE If' (IT'tPl!.BO,I) 'THEN 

TYPE- 'n·PLANE' 
X-l 

IP i . NOT BTESi(JTFLGIJ) ,X·I)) THnI 
JTfl.G( J I • I BSET (JTPLG (J) ,X+11) 
HSTRJT (J,X) "IOUICX(HASTER, ID, NNODE) 

ELSE 
\II1UTEI10B(4)0) NODE,X 

END IF 

x-' 
IF (.NOT.BTES1'(JTPLG(J),K·U) THEN 

JjpLG (J) - IBSE'T (JTFLG (J) ,K' 11) 
MS'!1lJT (J, x) ·IQUICX (I1AS'J'ZR, ID,NNODE) 

ELSE 
WRITE(l09,430) NOOE,K 

2NDIF 

x-' 
tP (.NOT,BTEST(J'TFLG(J), X·1)) THEN 

JTPLG (J) • IBSET (JTf'LG (J) ,)("11) 
MS't"RJT (J, X) -IQUICK (HASTEJL ID, NNClDE) 

El.S2 
WlI.IT'E(IO~ ,11.30) NOOE,X 

END IF 
2l.SE 

W'iI't'E (lCB,dAO) ITYPE,I1ASTER,NODE. 
ENDI' 

WRIT!(10B,'SO) TYPE,MAS'J'ER,NClDE 
ENDIF 
IF (IGEN GT,O) THeN 

NCl)E·NOOE·N~INC 
IGl!N-IGEN·1 
GO TO 410 

ENDI' 
GO TO '00 

ENDIF 
4~0 FCiUU.T (' NCDI!.:',I6,' IS NO'J' POUND, CONS'I1t.AINT IS IGNCRED') 
410 FCIlMAT (' NCXlE:',I6,' IS RBS'l'RAINED, CONSTRAIm",III, 

" • IS IGNCIR.I!D . ') 
4,40 f'ORMAT (. INVALID CCNS'TRAINT TYP!', IJ, 

" 'tu.S'!'ER:',I6,' SLAVE:', 16) 
II.SO PORJoUT (J'I,A, 'CONSTIIAl N'I' ,', 

, HASTD:', 16,' SLA\rE:', 16) 

If' (BUG) WRlTE(IOB,lOOO) 'JOINT RES"T'RAINT CODES 
IF (BOO) CALL PBIT(NNa:lE,JTPLG,IO) 

NOC021~0 
NOOOZl30 
1'100021,0 
NODo:n5C 
NODD:il160 
t-JQDC:l110 
NODO~ laO 
NODD.190 
NODDa<loO 
NOODZ~ 10 
NODD2220 
NODO:l:aJO 
NOD02211.0 
NODD<l2S0 
NOOD2:160 
ooDD2210 
NQDD22BO 
NOD02290 
NOOD2JOO 
NODD:ilJI0 
NOD02JJO 
NOOD2JJO 
NODD2J40 
NODD~J50 

JIIOCD:1.J60 
NaDOZ310 
NO002lBO 
OODO:ll90 
ooD02400 
NODD2410 
NODC24 ~O 
NODD<l4.JO 
NODD~UO 

NODD211.S0 
OOD02160 
NOOD21"10 
NOCD24BO 
NODD~490 

NODD2500 
00002510 
OODD2520 
NODD.J5JO 
NCDO.SIO 
NQDD<l550 
HOOD:l560 
NODD<l5?O 

C· ._ •• ~-- ...... - _ •• - --_ •• ~-- _ .......... _ ••••••• _. ~ 

NOOD~S BO 
NODDZ59C 
OOOD1600 
NOD00l610 
NODO:l620 
NOD026JO 
OOOD<lUO 
NODD:il650 
NODD2660 
000D26 '70 
NODD26BO 
NODDZl!i90 
00002100 
NOOD2110 
NODOZ1 ~O 
00002130 
OODO:l140 

C··- DI!'l'DHINE THE DEGRFI!S OP FREE[)OI! .. 
C- ••••• -.~. - ..... ~. -_ ..... _ ...... _. -~ .......... ---~ 
C Z,ERO CClNST'JlAINT MATRIX WHICH IoiIU. HOLD THE MOMEN'r 
C, ..... , TRANSPautATION POR CONsnAINED OOP 

c 
c. 

c 

DO 499 r"l,NNC[)E 
DO 499 J-l,6 

11.99 CONS'T(I,J)"O 
NDCIp·O 

· .DEGll£1!S OF PREEDOI1 TO "BE CaNDENSEtl ooT 
00 500 I·l,N'NCDE 

DO 500 J-l,6 
JT·J'Tf'LG(I) 
IP (B'rEST(JT,JoS) .AND. NOI'.BTEST(JT,J~II)) THEN 

NDOp·NDQP-l 
lOOP (I,J) -NDOF 

ENDIF 
500 cCNl'INUE 

NCCIltI"NDOf' 

NODD2?SO 
NOD'O:l160 
OOD'02"1 "I 0 
NODD."IBO 
OOD0219 0 
NOOD2BOO 
NODD:lSlO 
NODD2B<l0 
NODD2&30 
NOOO:lB40 
NOOD2BSO 
NODDZB60 
NOOD2B "I 0 
NOOD:lSSO 

C ..... , .~S'I1lAlNED AND UNRI!~AJNED DEGREEs OP 'PREEDa4 
DO 510 l·l,NNODE 

NODDlB90 
NO'OOZ900 
JIIODD~910 

c 

00 510 J·I,f5 
NaDE-IDOf' (1,.1) 
IP (,NOT (B'l'EST{JTPLG(I),J·I) ,OR. BTES'T(JiPLGIIJ,J'5) .Oll. 

B'TESTIJTf'~(T),J'Il)) ) THEN 
IP (IDOP(I,J) .EQ. 0) THEN 

NDOP"NDQf'·1 
IDOf'(l,J)·HIlOP 

ENDIP 
SLO C~INUE 

NYRE!"NDOP·NCCIND 

OOD029ao 
NOD00l930 
00002940 
JIIODD:39S0 
NOOD:l960 
ooD02910 
NOOD:i!9BO 
NODD.990 
NOOD3000 
OOD0.3010 
NOODJ020 

C. ' .. , R!STRAlNED DEGREES OP FREEDO-I OOOOlOJO 
NODDJ040 
NODDJ050 

c 
c. 

DO SJO l~l,NNCI:lE 

DO SJO J"l,6 
IF (BT'EST(JTPLG(I),J·l) .AND. .""". 

NDOP .NDQP+ 1 
lDOP(I,J)-NDOP 

ENOIF 

. NOT . BTI!ST(JTPLG(I) ,J+l?) OOOOl060 
NOT.BTEST(JTPL.G(I) ,J+l1)) THEN NODDlO"lO 

530 ~INUE 

NODDJCao 
NODOl090 
HODD31CO 
0000.3110 
OODD31:;0 

· .lI.ES'TRAINED DBGREES OF F'ilBPJ:)Q"! 
DO 5lS I-1.,N}Q)E 

DO SJS .1"1,6 
IP (BTEST(JTFt.G(I),Jd1) 

NDOP"NDOP+l 
lOOP (t,J) "NDOf' 

ENDIP 

NOODJ130 
NOODJ 14 0 
JIIODDl150 

5J5 CONTINUE 

..\NIl .. Not' BTEST(JTi'LG(I),J~l1)) THEN OODOJ160 
OODO) 1"1 0 
NODDlleo 
NOODl190 
foKIDD.3:i!OO 
OOOD3.10 
OODDJ~<lO 

SlS 

Hl 

NREST·NDOF -NPlE! ·NCOND 

· ,CONSTRAINED DEGREES OP PREEDOH 
I • OODE ID Of' St..\\fE NaIlE 
I I - NODE 10 Of' MASTER NODE 

DO S~O I·l,NNCI)E 
DO 5:10 .1-1,6 

... CHECJ. OOF PcIt COHST'JlAINT 
IP (B1'ES'!'(JTFLG(II,J-ll)) THEN 

DETUMINE MASTER NC:DE AND DOP • 
II·I 
NCDI!- ID (II) 
II~I1STRJT(II,J) 

IP (II .EQ 0) THEN 
WRIiE(10B,S:i!S) OODE,.Itl(I) ,J 
IDOP(I,J) -0 
CO ,.0 S~O 

END I' 
IF {BTEST(JTFL.G( II) ,J+lll) GO TO SIS 
IDO? (I,J) ·IDOP(II,J) 

.CHECJt: FOR DIFFEREtrr JOIN1' COORDINATE SYSTEMS 
IP (J'TCOS(I) NE,JTCOS(II)) THEN 

WRITE(loa,411) !D(I),IO(II) 
PORMAT (' CmJPLICTING COSINE 10 N~!RS, MASTEl!.: 
16,' SUr.VE:',[S,' CORR.ECi INFln "lI.ERUN .• ) 

ENDI' 

.. CALCUUTE THE CONS"TRAINT I'lATlUX 
IF (J.GE.4) THEN 

)l.Q·COORD(l,l) ·COORO(II, I) 
YG-COORD(I,~) ·COORO(II,:i!) 
ZG-COORD (I, J) . CCQRD (II, l) 
N ·JTCOS(I) , 
JOoIS·COSINE (l, l,N) ·XG+COSINE(l, 2 ,N) ''tG·COSIN'E (l, ),N) -ZG 

NOODl~JO 

NCDOJ240 
NClDDl:lSO 
NCD03~60 
NOD0J210 
NOODJ2BO 
NeDD3290 
NODD3l00 
1«)0DllIO 
NOOOl3:i10 
OOODl3l0 
NOOD3J4 0 
NODDJ3S0 
NQD0J.360 
r-rODD)l?O 
NODO)3 BO 
NODOJJ90 
NODDJ400 
NOOD3410 
NODDJII.20 
NODOllI.)O 
NODOJ II. 11.0 
NOODJ4S0 
NODDJ4S0 
NOODJ'10 
NOODJ4 80 
NODD34g0 
NODDJSOO 
ooDOl510 
NOODJS20 
NODDlSJO 
NODOlSII.O 
NODOlSSO 
NODDlS60 
NOODl5"10 



c 

!!NDlf 
S20 eON"'t'INUE 

Yl1S-COSlNE {'I, 1 ,NI ·J;G.COSINE(l, ~ ,N) ·YG.COSINE(:iI, J ,N)''Z.G 
ZMS"COSUm IJ, 1 ,N) 'J:G~COSINE(3, l,~) 'YG4COSINE (3, l,N) ''Z,G 

END IF 
IF 1'!.EQ.4) THEN 

CClNST(I,l)-'ZMS 
CONST (I , iI) - 'tMS 

ELSE If (J.I!Q.!) THEN 
eONST(I, l)- 2.MS 
eQNST(I,4)··XMS 

El..S1! IF (J.I!Q.6) THEN 
eaNST(I, 5)- ''fM9 
CClNS1{I,6)· XJoUJ 

I!NI)IP 

S2S FORMAT (. NODE"', lEi,' NOT FOUND WHILE ASSIGNtNG CONSTRAINED', 
.. ' 001' TO NODEI',I6,' OOF",ll,' OOF IS oE1.2TED .) 

PRINT 0l1T aROEllED NCOE IN'PO, AND OEGREBS OF FREEDCJ<I 
IO'RITE(lOB,lOOO) 'Ha)'2 COORDINATES ANtI DEGREES OF FREEDCM' 
WRITE(lOB,600) NDOP,Nc:ClND,NPRES,NRI!ST 

600 FORMAT 
" (U, 'TOTll NUMBER OF DEGRI!ES OF P'RI!.EDCJo!.. ...... .',16,1 
" 'X,'NUl'IBER OF DEGREES OF PI(EEDCI'l CONDENSED otn' ..... ',16,1 
" 4X, 'NUMBER OF PitES DEGllEES OF PRE'EDCM . ',16,1 
" 1IoX, 'NUl'lBElt OF REST'RJ.INED DEGREES OF FREEDOM.. ',16,1/ 
ok 4X,' NODE CO!U',.X,·X·COORD·,BJ,'Y·coaRD',aX,'Z·C<XIRD',4X, 
ok 4X, 'FX' ,6)(, 'FY' ,6X, 'F'Z.·,6X, 'M][' ,61, 'I'ft' ,6X, 'liZ') 

DO 610 I-l,NNODE 
DO 605 J-1,6 

IF (BTES'!(JTP'LG(I) ,J'l)) THEN 
CX(J)·' 'R' 

ELSE IF (BTES'1'(JTFLG(I), (J411))) THEN 
CX(J)·' 'C' 

'LS' CX(J)·' • 
I!NI)IP 

605 CONTINUE 
610 WRITE(108,6aO) [D(I)',J'TCOS(I), (CcatD(I,J) ,J-l,J), 

" (IOOP(I,X) ,CX(lO·,1t·1,6) 
6010 FORMJ.T('X,I6,lP,IS,lG1S 5,OP,6(I6,Aa) 1 

WRITE(10B,62:SI 
6as PClRMAT(lOX,'NO'iE!: R . RE5'"I'RAINED DEGlIEB OP n.EEOCI'I', / 

" lOX,' C - CON8T1UNED DEGaEE OF PR.EED01') 

C··-----,· PRI~ OLTr CClNSTUINT HArRIll 
IF (BUGl THEN 

5>6 

FUG-- TRUE: 
DO 540 l-l,NNCI)E 

TES'T· PALSE 
DO 536 J·l,6 
TES'T • TEST .OR. BTES'T(JTfLO(I),(J41l)) 
IF (TESTI THEN 

IP (Pu'G) WRITE(10a,1000) 'NCE.!! CONS"I'1tAINT MATRII 
FLAG- .PA.LSE. 
WRITE(10e,S5C) 10(1), (CClNST(I,J) ,J-1,6) 

ENDIF 
540 COl'n'INUE 
5S0 PORHA'I'(U,I6,lP, 

, Tl~:',G1:Z.5,' T13:·,G10il.5, 
, TZ1" ,G12 .5,' T23', G12.S, 

" 'T31,',Gla.S,· T3~:',Gla.5) 

. . 
ENDIP 

PRINT Otrr oIRECTICJtoI COSINES 
WRITE(lOB,lOOO) 'OIRECTION COSINES 
DO SSO ICOS·l,NeOS 

WRITE(10e,56) leos,' VX:', (COSINE ( l,J,ICOS) ,J-l,l), 
, 1FY:',(COSlNE(a,J,lCOSI,J·l,l), 
, VZ:', (COSIN!.(l,J,ICOS) ,J·1,3) 

560 COl'tI'INU! 

NODDlSBC 
NOtlD3S90 
~tlD3EiOO 
NODDJEil0 
NODDJEiOlO 
NODDJEilO 
NODDJI5.0 
NOoDJEiSO 
NODOJ660 
NOoDl6'10 
NOODJEiSO 
NODDl690 
NODOJ'IOO 
NODDJ'II0 
NODD3'1'lC 
NaDol'l30 
OODDl'l &0 
NaDDl'lSO 
NODDl'760 
NODD3'7'70 
NODDJ'I90 
NODD3'190 
OODDJSOO 
OOOD3810 
NODDJa:oo 
NODD38JO 
NODDl840 
NODDJ850 
NODDlS60 
NODDJ8'10 
NODD38BO 
NODD189C 
OOD03900 
NODDJ910 
NODDJ9i10 
NOD03910 
OOD039.0 
OOOD3950 
OOOD3960 
OOtlD3910 
NODD3UO 
NODDJ!l90 
00004000 
00004010 
NO0040ilO 
NODO"OJO 
NODNO'O 
NOOD.f.OSO 
NOoD,OtiO 
ta:)0040'l0 
NODD40BO 
OODD4090 
NOOD4100 
OOD04110 
NCoD4120 
NODO'130 
NODO'1.0 
NO0041S0 
NOOD4160 
NODD41 'I 0 
NODD41SO 
NODD4190 
NOoo4i100 
NOD04alO 
HODDUilO 
NODO.:iIlO 
NOD04:il'0 
HOOD.aso 
NOoD40i160 
HODD4i170 
NOD04aBO 
NODD40i190 

RE'!'1..llUI NODO.300 
1000 PattU.T (/I,5X,A./) NODD4310 

END NODD43 Ole 
e PBtTOOI0 
e ..... -- •• ·- •••••• - ...... •••• .... -·-· ..... ·-··· .... --- .. ·.---····-······- .... ·---·PSITOOOilO 
C PBITOaJO 

SllBROU1'INE PBIT(NNCDE,JTPLG,ID) PBITOQfoO 
DIMENSION JTPLG(NNCDE), ID(NNCtlE) PBIT0050 
I...OOICA..L FUt.G(0:Jl1,BTIIST PBIT0060 
WRITE(loa,40) PBIT00'70 

,0 FORMAT (UX,' REST2AINT',' CONDENSl!:',' caNSn.AIN',· eLIMlIU.TI!',/ PBITOOIIO 
" UX,4(1IoX, 'FFF!+IH'), /lU,4(n, 'XY2JlY'Z'l) PiIT0090 
00 20 I-1,NN([)S PBITOI00 

DO 10 J·0,23 'PBIT0110 
10 FLAG(J) ·BTBSTIJTfLG(!) ,J) PBITOlOilO 
20 WRITB(lOe,lolID(I),(Pu"Gtl),K-O,:illI,JTFLG{I) PBIT0130 
lO fORMAT (' NCDE(',U,') ','(4J,I51.1l.Ilel P'BITOltO 

lI:ZTUlI.N P8IT0150 
END PBlT0160 

C ISCli0010 

C· •• ·--···.-·· .. ···--· .... •• .. --·· .. -·······-·····-- ...... • .. -- .. ···-·····-- .. • .. ·-·Isoaoo~o 
C IBaR0030 

SllBlI.OUTIN.I! I satT iID, INDEX,lol) ISat0040 
INTEGER IDIN) ,INDEJ(N) t8aROO~0 
l..OOlc:A.L FUt.G ISaR0060 
00 10 1-1,101 leoaoo'o 

tNDE'lI.(I)·I leaRoo'o 
10 CONTINUE ISCIl0090 

ISCIIiI0100 
00 30 1·101,2"1 IflClt0110 

PUt.G. TRUl! lSC5IOli10 
DO 20 J-2,I 15(11.0130 

IF ( ID(INDEX(J)).t..T.ID(IND£X(J·l)) ) THEN ISeROUO 
X·INDEX(J) lSClR01S0 
INDEX (J)·IND9 (J -1) ISClR0160 
INDEX(J-l)·K ISeRonO 
FLAG· .F.u.sE. ISCIROIBO 

ENDIP 1 SORO 190 
Oil 0 CONTINUE 16C1ROaoo 

IP (FLAG) llmJRN IS(II.OillO 
CONTINUE ISCROJOilO 

RE'!'1J1U.I ISOlI.0230 
END ISOROHO 

C .............. - - .... - ....... -- - ...... --- ........ -- .... - - ...... -- - ....... - ••••• -. -. ·-DHFOOO 1 0 
SUBaOl1TINE oKPDA.T(IOPT,IWlIITE,TO,DT) DHFOOOilO 
t..OOlCAL TEST',OPEND,FA.I..SE,AllIAL,fnS"T DI'IPDOOJO 
eHARA.CTER-40 OPTItl'i Dl'tPDOO.o 
CHAiA.CTER"'SO NAME, DU'i1 DMPDOOSO 
CHAU.CTER"'lla TITL(a) [lMPD0060 
CHA9.AC'!'sa"'l~ INAME' OHPD0010 
DIMENSION R.INPUT(lOO) DHPDOOBO 
SAn PIRST DHPD0090 

SINCLUDE: ·ZCa-tN· DHP'D0100 
C OI"lP'DOIIO 

GO TO (100,200,300,400) IOPT DMPD0120 

e········-·······-···--···-··········-···-·······-··· 
C· READ DATA ID TO BE SAVED, A.ND INITILl'Z.B PILES - •• 

C············ .. -················-· .. ··············--··· 
C 

c 
c-

100 FIRST· .nUE. 
IZDUMP·IZ 
IZ·IZ"'l 
NWRITE·O 
WRIT'E(108,109) 

109 FORMAT (/,SX,' DATA 1IIRITT'EN TO FIL.E.S 'I 
-' 5X, ........ -- •• -_.:.--.- ••• ---./) 

101 RUO(10S,') OP'TICN,IDOP,IUNIT,IGEN,IIDOF,IIUNIT 
102 CON'!'INUE 

- SET UP DOF DATA 
IF (TEST(OPTION,'OOF', .Pu.sE.)) TH~ 

\o'1\I1E(10B,110) 'OEGREE OP PRE:mQoI',lDOF,IUNIT 

'OMPD0130 
'DI"IP0014 0 
DMP00150 
D!1P00160 
OMP001'l0 
DMPD0180 
DtoIPD0190 
OHPOO2,OO 
OHPOOZIO 
DHPDOZ~O 

DKFD0230 
DMPDOHO 
DMPD00il50 
DMPDOHiO 
DI'IPDOil'lO 
DMPDOa80 
DHPoeao 
OI"lPDOJOO 
DI'IPD0310 

75 

CHECI{ PILE S·U.TUS 
lNi;UIR! (lJ'NIT· [UNIT, OPl!NEO"oPEND) 
IF (.NOT OPEND) OPEN (UNl1'·lllNIT) 

INrTILIz.E OATA .\NIl FlU 
NWlI:[TE·UW1UTE+l 
NZ(I2.l-1 
NZ(IZ+l)-IDOf 
NZ(IZ+:a)·IUNIT 
I'Z,-I'Z.·3 
WRITE (IUNIT ,120) TITLED) (1.90), TITU (1) (Bl: 
WRITE(IUNIT,1201 TITLEI2J (1:90),TITL.E(2)(81 
WRITE (IUNIT, 130 I 1, 100F, IWRITE, TO ,DT 

C· -. sn U'P JOINT 

c 

ELSE IF (TEST (OPTIal, 'JOINT' , . PALSE. ») THEN 
JOINT· looP 
JOI~I·IQUICX (IOOF ,m (IZID) ,NNClDE) '1 
IF (TES1'(OPTION,'FII',.FALSE.) THEN 

IDOFJ ·HZ (I ZIOOF·JOINTI) 
DIR·'pX' 

ELSE If ITES'T(OPTICN,·PY',.FA.LSE.)) 't'HEN 
rOOFJ·NZfIZIDQF4JOINTI'MAXNQO·1) 
OIR··FY' 

ELSE IF (TEST(OMICN,'F'1.',.PALSE ) THEN 
IDOFJ·N'Z(IZIDClF .. JOINTI '1'lUN!Xl"II) 
on· 'FZ' 

Et.sE IP (T'ES'T(OPTION, '1'0.', .FALSE.)) THEN 
IDOPJ .. m IIZIOOF·JOU.rrI +HAXNal'3) 
DIa-'Ml!' 

ELSE IP (TES'T(OPTICIH,'M'l',.FALSe.)) THEN 
100FJ· NZ I I 'Z.IOOP+JOINTI +!9JCNOD"') 
OIR· 'MY' 

I!LSB IF I TEST (OPTtaN, '1"[2.', .PAL.SE.») THEN 
IDOFJ·N7,. (I 'Z.IDOP+JOINTI "'MAXNIXI- 5) 
Ol1t· 'MZ' 

ENDIF 

WllITE(lcS,llO) 'DEGREE OF FRE!DOf',IOOpJ,IUNIT,JOIm',OIR 

CHECI{ PILE STATUS 
INQUIRE (UNIT-IUNIT,OPENED-OPEND) 
IF (.NOT .OPEND) oP~ (UNIT-IUNIT) 

INITILIZE DATA. AND FIt..! 
NWRITE-NWaITB+l 
N'Z(IZI-l 
lolZ(IZ·l)-IOOPJ 
NZ(IZ·~)·IIJNIT 

U·IZ+3 
W1UTE(IUNIT,l.0) TITLBD) (l:eO),TITLE(ll (Bl:) 
IO.ITE!ItlNIT,l:;aO) TITLE(a) (1:80) ,TITLE (Oil) (a1.) 
WRITE (IrJNI'T', 130J 1, IOOPJ, l\iJ1.ITE, TO,OT ,JOHn, OIR 

C' . SET tIP BUXiNT 

c 

ELSE IF (TESTIOPTICN, 'EU', .PAUE.») THEN 
ill.ITE(l08,110) '1!lD'l!h"t",ICOF,IUNIT 

CHECK PI LB !7i'ATUS 
INQUIRE (UNIT·tUNIT,OPENED-OPfND) 
IF (.NOT.OPeNO) OPEN ((JNIT-IUNIT) 

nHTILIZE DATA AND FlU! 
NWR ITE-NIfIITE+ 1 
NZ(IZ) ·2 
NZ(IZ+ll-IOOF 
NZ(lZ+OiI)·nINIT 
rz·n·3 

GET el...EMENT TYPE 
IC • m(IZEL..B·IDClF ) 
IELTYP • NZ (IC I 

!BITE (IUNIT, lOiIO) TITLE(l) (l BO) ,TITLE (1) (B1:) 
IfRITE(IlINIT,lOilO) Tl'l't..!HOI) (l :80) ,TITl....F!(2) (a1:) 
IfRITE (IlINIT, 1 30) Oil, lOOP, I\iJl.ITE, TO, OT, IELTYP, • EU!2<IEN'T' 

C·" --SE'!' UP ENEIGY 

c 

.!!LSE IF (TEST(OPTICN,'ENElGY',.PAl..BE.I) TH~ 
W1UTEI108,111) 'ENERGY BAu.NCi',IUNIT 

CHECX PILE S'TU'US 
INI;lJUE IUNlT-ItlNIT,OPENED·OPEWl 
IF (.Nar.OPIrnD) OPEN (IJNIT·IUNIT) 

INITILlz.i oATA AND FlU 
NWRITB·HWJ:IT! +1 
NZ(IZ)·3 
~Z(IZ+l)-O 

N2.(U·a)-IUNIT 
IZ-I'Z,+3 
W1.IT.I!(ICNIT,HO) TITLE(l) (l;aO),TIn...:E!(l) (81:) 
WRITE (ItlNIT,lOiIol Tlt'LB(~) (l:aOI,TITLE(a) (91:J 
IfRI'!E (ItlNIT, 130) J, IDOP, IWIUT!,TO,DT, 0, 'ENERGY' 

C·· --S'E'T IJP SlJoI 0' R.BACTlctrlliI 

c 

El.SB IF (t'EST(OPTIaN, 'SlJIIIRCT', .pA.LSa.)) THEN 
W1IITE{10',1l1) ·SI.I<MA.TION OP IB.ACTleJo/S·,ItlNIT 

CHEC'JC FILE STATUS 
INQUIRE (UNIT-IUNIT,OP!liIED-OPEND) 
IF (.NOT.OPEND) OFEN (UNIT·IUNlT) 

INITtLIZE DATA AND FlU 
NWRIT!·NWllITE+l 
N'Z,(IZ) -4 
NZ(IZ+1)·0 
lolZ(IZ·II)·lUNIT 
IZ·IZ·3 
W1UTE(IUNIT,1~0) TITLE!ll (l.BO),TITU(1) (81:) 
WRITB(IUNIT,l~O) TITLE(:!.) (l:eC),TITl...E(:a) (Ill.) 
WITS (IUNlT, 130) ., IDOl', IWlIlTE,TO,DT, 0,' S~CT' 

e'-'--SET UP S~ OF 'REACTIONS 

c 

ELSE IF (TESTIOPTI~,'GRc::m4)', .PAUE )) TH~ 
IiRITE(lOB,1111 'GROUND I1QTIOH' , I tIN IT 

CHECJ:: PIU STA.TOS 
INQUIlI:E (UNIT·IUNIT, OPENED-OPEN[)) 
IF (.NOT .OPBND) OPEN IUNIT'·lUNIT) 

INI1'IUZJ!! DATA AND PIU 
NW1I.I1'!·NWRlTE·1 
NZ(IZ)-5 
NZIIZ-1) -0 
NZ(n+2) .. [UNIT 
12.-11."'3 
WRITE(IUNIT,UO) TnLE(H(1:80),TITLE(HfSl) 
IiRITE(IUNIT,lZO) TnLE(Z) (l :BOl,TITLE(2) (81.) 
WRITE (lllNIT, 130) 5, IDOP, tWRITI!, TO, OT, 0, 'GROUND' 

ELSE IF ('!'ESTiOPTION,'END', PALSE.) THEN 
NZ(IZOUMP) -NWlITB 
RETlJRN 

,1.5' 
WRITB(l08,lQ.0) OPTION 
GO TO 101 

I!NI)IP 

C. . . . GENERATE LA\DS 
IF (IGEN.m.O) THEN 

I GEN- IGEN-l 
lOOP ·IOOF ... 1I00F 
IllNIT·IllNIT •. 1IUNlT 
GO TO loa 

I!NI)IP 
GO TO 101 

DI"IPDOJIIO 
'DI"IPDOJJO 
DHPDOJilO 
OMPD0150 
DMPOOl60 
O!'IPOOJ'70 
DHfOOlao 
OMP'D03!i10 
DHPOO'OO 
DHPDO.IO 
DMPD04 ~O 
DHFD0430 
DHPtlOUO 
O!'l.PDO'SO 
Df<!PD0460 
DHPD04'10 
DI1P00490 
DHP00490 
DHPDOSOO 
Dl'!POOS10 
O!'IPOCS~O 

DHP00510 
OI1fOOS40 
DHpD0550 
DMP00560 
0I"lPDOS'70 
tlI'IPDOSBO 
D!'IPDOS;lO 
DI"IP00600 
tltoIFD0!510 
Dr1PD0!5:00 
OI"IPD0630 
J)MPD064 0 
DI"IPD0650 
DMP00660 
DHP006'10 
Ol'lPD0690 
DHPD0690 
01"[PD0'700 
DHPD0'710 
Dl'IPOO'l20 
OMPD0'730 
DMPD014e 
DI"IP001S0 
DMFDO'l60 
DHPDO'l?O 
DMPtlO'l BO 
PMPDO?90 
!)MPDOSOO 
DMFDOBIO 
DHPD09:Z0 
[)I1PDOB30 
01'11'0084.0 
DHPDoe50 
Dt1POOB150 
OMPDOB?O 
DHPDOBIIO 
DHFD0890 
DI'IP00900 
DI'IPD0910 
DHP009Z0 
DMPD0910 
DI"lPD09,0 
otfp009S0 
[)M.P00960 
[lHPD0910 
DKPD0980 
DHPD0990 
DHPDICOO 
DHPDI010 
DHPDION 
DMPDI030 
OMPDlo40 
DHPOI050 
DHPOIO!5o 
DHPDl 0'1 0 
DHPDIOBO 
DHPDI090 
DMPDllOO 
DHPOIIIO 
DHFOllao 
DHP01l30 
DMFDl140 
DI'IP01150 
Dl1PD1160 
DHP01l10 
DMvtnlBo 
Dt1PDl190 
DHPDlaoo 
DMPD10!l0 
DHFDl:olaO 
DHPOU30 
Dl'IPD1240 
OMF012Se 
OMPD l:ii!6 0 
DMPDU"IO 
OMPDIHO 
'DHPD1290 
OI<IFOllOO 
DHPDlJ 10 
DMPDIHO 
OI'IP0133 0 
DHP01140 
DHPOU50 
OHPDlJ60 
DI"IP013 'I 0 
DHPD1380 
DMPDIJ90 
OI"IP014 00 
DHPD1410 
Dl'lPD1420 
OMPDU30 
OMP01UO 
OMP014~O 

DHP01ll60 
DHPDlIl'?O 
DHPDUeO 
DHPDl1190 
DHP01500 
DHPD1S 10 
[)MPD1S20 
DHPD1S30 
DMPD1S40 
DI"IP01550 
OMP01560 
DHP01S10 
OMP015BO 
DHPD1590 
DMPD1500 
DHF01510 
DMPD1620 
DMPD16JO 
OMPD1640 
DI"IP016S0 
DMPD1660 
DMPD16'10 
DHPOltiSO 
OMP01690 
DMPD1'100 
DHP01'710 
OI1PD1'7Z0 
DMPD1'1JO 
DHPD1'740 
OMP01'lSO 
DHPD1'1EiO 
DHPD1'l?O 



c 

105 FORMAT 
llO FCIIU1AT . 
III FCIRM.\T 
120 FORMAT 
1)0 FCRMAT 
10.0 FORMAT 

~511,'FIL.E Is Al.lI:.EADY OPElIlED, waITE IS ),E!ORTC:O',lO~'·'J) 
~5X,A,' N',IS,' IS WRI"!'TZN TO UNIT N',IS,.,' JOINT: ',Ii5, 

, DIRECTION:' ,AI 
(51,A,' IS WRIM''EN TO llNa .',15 ) 
IAI 
~ lIIO ,11', 2GlS. S, OP, 11, IIS,A) 
(SX,'INVAl..ID INPUT: ',A,', INPln' IS S'ltIFEIl .. ') 

c········.·.· ..... · .. ··· .. 

DMPD1'?i!lO 
DI'IPD1'790 
DMPD1800 
DHPDlBIO 
DMPDlB:ilO 
DI'IPDlIIlO 
DHPD1UO 
tI'IPD1B50 
DHPD1II60 
DI'IPOlB?O 
D!1PDlBIIO 
OI'1P01890 

C· WRITE DATA TO FILES •• -

c························· 
c 

c 

DMP015l00 
200 NUMB·NZ(IZDUHPJ DMPD1910 

DO 250 I·1,N1.MI!l DHPD19:i10 
11-IZOlJllP·l-II-l) '1 DMPOl9l0 
IT'IPE·NZ I II) OHPDl911.0 
IooF ·NZfrI+l) OlIIPD1Sl50 
IUNI1·NZI U .. 2) DfoIP01960 
IF (ITYPE.EO 1) THDI 01'lPD19?0 

J·IOOF-l DfoIPtH!UO 
IF (IZVEL.EQ a OR. lacc.EQ.O) THEN OI'lPDl99 0 

WRITE(IllNI'T,210) Z(IZL.OADoJ),Z(IZDISP·J),o.,o. DI1PDJOOO 
ELSE D!"IPDJOIO 

WRITE (ItlNI1', 210) Z (lZLOAD-J) I'Z. (IZDISP'J), DHPOJOJO 
'Z.(IZVEl.+J),ZilZACC+J) DHFDJOlO 

fNDIF DMPD:ilOII.O 
ELSE IP OT'(9E.EQ :iI) TH2N DHPD:il050 

I?? DKPD20EiO 
IEI.No-IOOF DHPD:ilO?O 
L.A.S-t'YP·O DHFD2010 
F.u..9E·, FAL..9E. DHPD20Sl0 
CAll. EULI! DHPD:iIl 00 
I I?, LS'T'TYP, PIRST, IREL, FIRS'!' ,NAME,EESE, EPSE,O~GE/DUCFAG, DHPD:illlO 
IE~O, IELDOF ,XGDOP I PGECJ<I',RllllPtrl' ,AJlIAL, IZOOSP, I ZOLOA , MSTOR)DHPO<l120 

ELSE IF IIT'I'PE.EQ.l) THEN r»1PD:illlO 
OIFp·i'IE·ESE·EICE·PSE-EDO DHPD:iIlII.O 
IF iEIE HI.o) '1'H~ DI'IPDJ150 

RE·DIPFlEIE " 100 Dl'IPD:illEiO 
Bl...SE DMPD:ill?O 

IF (OIFF.HI.O) RE·I00.00 DHPD:iIlIO 
IF (OIFP.EO 0) 'RE. 0,00 Dt"IFO"H90 

£NIHP OMPD.iI:ilOO 
WRITE(IUNI'I',iUO) EIE, I!SE,EXE, PSE,ZOD, RE OPlPD:iI:iIlO 

ELSE IF (ITYPE.EQ,4) TH~ DMPD:iI:iI:ilO 
WRITE(IUlUT / 210) SUKRCI' DKPD:il2l0 

ELSE IF (ITYPE.EO,5) TH2N DHPD:ilHO 
WRITE (IUNIT, 210) GlIOUND DHPD:il250 

ENOIP OMPD:iI:ilEiO 
250 CaNTINlJE DMPD.iI:iI?O 
HO FClRI'!ATlIP,6GIJ.5) DMPD J:i18 0 

PIRST· . FALSE DH:PD2290 
RE'l'lJRN DHP02JOO 

DMPD:ill10 

C··············-··················-········· DMPD2J.il0 
Dl'IPD'UlO 
DMPD2HO 
DMPD2J50 
DMPDOl3l!iO 
DHPtl:ilJ'70 
DHPDOlJBO 
DHPD:ilJSlO 
DMPDHOO 
DMPDilUO 
DMPD2 .. :ilO 
OMPD:iI"JC 
DMl'DiluO 
DMPDH50 
DMPtl:ilUO 
DHPD'U'?O 
DHPDlUO 
DPtPD2UO 
DHPD'lISOO 
DMPD2S10 
DMPDa520 
DHPD'lI5l0 
DMPD25"0 
DHPD'lISSO 
DHPO:il560 
DHPDlS'?O 
DMPOOl5BO 
DMPD2590 
DHPDZ600 
Dt1PDilEil0 
.DMPD'lI6:i10 
OHPD2Ei30 
Ol'IPD264 0 
DI'IPD'lI65 0 
OMPD'lIEiEiO 
DHP'OOl6?C 
DMPDZ680 
DHPOilEi90 
DHPD2?00 
DHPD:iI? 10 
DMPD'lI?20 
DMPD:iI?JO 
DMPD:iI?'C 
OMPD'lI?SO 
DMPDil?6C 
r:.!PD:iI??O 
DM.PD:I?90 
OIoIPD:iI?90 
DMPD:l900 
OHPD:l910 
DHPD:il9ilC 
DMPD:il930 
DMPD:lUO 
DHPD'lIIIsO 
[)toIPD:ilUO 
DMPD:ilS?O 
Dt1pt:1:i1sao 
DI1PO:ilB90 
DH P'tI<l9 00 
DHPD<l910 
DHPD~9;ao 

DHPD:a9l0 
DHPD:aUO 
DMPDJ950 
DI'IPD2960 
Dt"IPD:a9?O 
DHPD2S180 
DMPD:il990 
DMPDJOOO 
DHP03010 
DHPD3020 
IlHPDJClO 
tlMPD3040 
Dr-IPD3050 
DHPD30i5C 
DI'IPDJO'?O 
DHPDlOBC 
DHPDJOSIO 
DMPDllOO 
DHPDlII0 
Di"lPDl1.i10 
OHP03130 
DMPDl140 
DHP03150 
DHPDl160 
DMPDJl?O 
DHPDJIBO 
DMPDJl90 
DMPDHOO 
DHPDJ210 
DMPDJ2:i10 
DHPDHlO 

C· READ DATA FRCJoI PIL..E AND WRITE TO nolS ••• 
C-········ •••••••••••••••••••••••••••••••••• 

c 
c· 

400 RE'WIND(UNIT·IUNI1) 
READ (IUNI't',IZ0, END-499) TITl.( 1) (1' BO) ,TITL(1) I Bl 
READ (Il/JUT, 120, END·(99) TlTL (2) (1' BO) ,TI1'L(2) ~ Bl 
WRITE(l08,'05) TITL(l) ,TITL(Ol) 

405 PaRHAT ('1 STRUCTUI\E ... '/A,I' SOUlt'ION., , .. , ',A,f) 
RE.).!) (IUN IT, IJ 1, END·,n) !TYPE, IDOP, IWRITE, TO, OT, ITEMP, IN..t.KE 

IJl PORMAT (lIlO, OP, ZG15 5, OP/lX , 16,A) 

410 

.lO 

." 

.. DOF DATA 
IP ~ITYPE.EO,I) THEN 

WRI'!'E (10 B, 45C) IDOF I I UNIT , IT'EMP, lNAME 
I STEP· - IW1UTE 
READ (IUNIT, -, END· 44 0) RLOAD,OISP, VEL/ACC 
I STEP ·IS'T'EP+ IWJllTE 
T·TO-DT-ISTEP 
IF (MOD(ISTEP, INC) .EO.O) 

WRITE (108, Ui 0 I I STEP, '1', RLQAD, DISi' , VEL, ACC 
GO TO 410 

ELSE IF (ITY'PE. EQ :iI) THEN 
IELNO ·IOOF 
I EUY'P·I'l'EMP 
WRITE{l0I,U5) I.E~,IllNIT 

GET EI..EMENJ' 'l"rPE AND CCMPME WITH INPlI'T TYPE. 
IF (IZELE.GT.O) THEN 

IC· m (I ZEU+ IEUKl) 
Et.SE 

IC· -1 
E.NDIF 
IF (IC.~.O .AND. IC.L.E.MAlIZ) '!'HEN 

IELTpO • NZ(IC) 
Et.SE 

IBLTPO· '100 
ENtlIP 
CRUTE OtJMofY ELEMENT OIRECTau IF INPln' TYPE IS DIPF 
IZELET·UEI..E 
IP (II!.L'I'YP.NB.IEl.TPOI THEN 

CALL CI(~R(IELNCH·:iI/O) 
IZELP! • IZ+:iI 
NZ!IZEL..E·IElB:l )·IZEl.E~IEI..NO--1 

toIZ (IZEUI IEIliO+l)· IELTYP 
ENDIP 
11-& 
U,STYp·O 
PALSE· .FAL.SE. 
CALL EULIB 

(I E I l...S'I'T'tP, F.u..sE, IREL, PALSE,!-aME, EESE, EPSE, DA!1AG!, DUCP;\G, 
IEI.NO, lELDOP, ICGDOP ,PGECM, RINPUT, .\lI1A.L,IZDOSP, IWLOA,HSTOR) 

RESTORE OLll ELEMENT DIRECTOIIY 
IZELE·I'Z.EL..E'T 

ELSE IP (ITHE.EQ.J) THEN 
TEI·O .CO 
TSE·O .00 
DSE-O .00 
EIEM·O 
ESE2"I·O 
EXEM·O 
PSEM·O 
EOOM·O 
IIfRITEII0B ,455) IUWIT 
I STEp·, IW1UTE 
REAOOlllHT,-,fND-'Jl) EIB, BSE,UE, PSE,fDD, RE 
TEI·TE1 .. EIE 
TS£·TSE;. ESE+Ex:E+PSE+EDO 
DSE·OSE·A.2S (13 IE· ESE 'En! 'PS! -BOD) 
EIEM·A1'l.Ul (SNGL(EIE) ,EIEM) 
ESEI1-AJ-":<l (SNGl.(ESE), ESEM) 
EKEi1--'KII.Xl (SNGL(ElCE), EXEM) 
P5D"1-.A.MA..'<1 (SNGL(FSE), PSEI'Il 
EDDM·A.HA.Xl (SNGI.(EDD), EDOM) 
ISTEp·ISTEP·rWRI'!'E 
T·TO·DT"'ISTEI' 
IF (MOD(ISTEP, INC) .130.0) 

W1l I'rE (109,459) I S'1'EP, T, EIE, ESE, EKE, PS E, EOD, RE 
GO TO 4JO 
RE ·ZOO·DSE/ (1£I+T5£) 
WRITE (109, 45B) EIEM, ESEJI'J, EXD1, PSEH,l!:DDM,RE 
GO 'r0 440 

ELSE IP (ITVPE.EQ,4) THEN 
'll'F:ITEIl09,45Ei) HJNIT 
ISTEp·-IWRITE 
READ(lUNIT,",DID·440) SlJo[RCT 
I STEP· ISTEp· IWRlTE 
T-TO"'DT"lSTEP 
IF O"lOtHISTEP,INC) .EQ.OI WJUTE(lOB,4i50) ISTEP,T, SllI'!R.CT 
GO TO 435 

ELSE IF (ITYPE. EQ. S) THEN 
WRITE (lOB, '5'1 I IUNIT 
IS'l'EP·-I\I/'Il.ITE 
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". R!AD(ItlNIT,-,END·'"O) COROUl-lD 
I STEp· ISTE?" IWiIT! 
T·TO+ DT- I s-rn 
IF ~"CI)(ISTEP, INC) .EO.C) WiITE(10B,'Eil) IS'TEP,T, GROUND 
GO TO '36 

ENDI. 

4'0 RETt1lI.N 

499 WIUTE{l01,5001 IllN!T 
500 P(JJUi;\T IIIIIOX,' PREMAT'URE END OF FILE, t1N!T ., lsi 

• lOX,'READ CCl'IM.J.ND IS ~aRT'al'I/1 I 

OMPDJ2'0 
DMPDJ:1.50 
OI1.PDJ:ilEiO 
Dl"!PD3:i170 
DHPDJ:ilBO 
DMPDl290 
DHPDJJOO 
DMPtlJJlO 
DHPDJ3OlO 
DMPD3ll0 
Dl'tPDJl4C 
OHPDlJSC 
DHPDJJiSO 

445 FaRMAT (SX,'El.D!EN"I' .',15,' IS READ PRCM UNIT ~',15) OHPD3l70 
450 PCJRloU.T (5X,'DEGREE OF FREEDOH .',15,' IS READ PRCI"I UNIT II ,IS, OHP03lB[) 

.. 5X,'JOINT .',15,', DIRECTION. ',A21/ DMPD33510 
,,6X,'STEP', ' TIM! ',' LOAD DI'IPD3400 
'" DISPl..ACEMENT ',' VELOCITY',' ACCEUii.ATION ') DHPD3"10 

455 POIIJ'I.A.T (5X,'ENERGY DATA IS READ PRCM tINIT .',15// DHPOJ,:aO 
" 6X, 'STEP', , T11'IB ',' INPlI'T DKPOJllo30 
.'EUSTIC STRAIN ',' KlNE'TIC ','P1J.STIC STRAI/'II DHP03"0 
... ' DAMJIINED ',' REUTIVE ERROR "l DHPDJ'50 

456 PCIIlMAT (5X,' S~TIO/'ll OP RUCTIONS UE READ PRCM UNIT _',15// DMPOl460 
,,6X,'STEP', 'TIM! FX' DftlP034'10 
'" PY PZ HX OHPDl4 B 0 
'" MY , HZ ' ) DMI'DJ490 

45'1 /~T (5~, 'GR~ MOTION IS READ FRCJoI tiNIT iI',I5/1 :~g~~~~ 

" I·· . _. ACCEu;RA'1'ION -I' , DMPDJ520 
'" I·· _ .. - VELOCITY "'1', DI"lPDJ5JO 
'-' 1- .... OISPLA.CEMENT ,--,---,--/', I DH9Dl540 
'- :IX, 'STEP', ' TIME D!"lPDl550 
'-' GL..CBAL X ',' GLaaAL Y GLOBAL Z DMPDJS60 

:: ~~t = ',' gt= ~ , g~:~ i ,j ::~~;~~ 
459 PaRl1.1.T(:il5X,901'·'J/10X,' K.\XIMUN ·,IP,5G15.5,1 OMPOJ590 

" f;l5X,'GROSS RE:',OP,FlS.',,"') DHPOJEiOO 
459 FOIUIlAT(IlO,IP,iSGI5.5,OP,P15.4) OH:PtlJEiI0 
460 PCliJIlA.TIII0 / 1P,'1GI5.5) DHPOl6:lQ 
461 POIUU.T(I6,lP,10G12.4) DHFDJ630 

C O"P036'0 
JOO RETURN OH:PDl650 

END DI"lPDJ660 
C GI!'l'COOIO 
c ••••••••• ••••••••••••••••• •••• ••••• •• ······························--··GETCOOOlO 
C GETCOOJO 
C SrJBRotn'INE GE'TC'HR DE TERM INS THE VALUE OF '1'HE FIRST CHJJU.CTER GETCOO'O 
C APTER AN OPTIONAL (LWORD·.TRlTE.) XEl'WORD (WORD) GETC0050 
C AND REMCv:ES THE STRING (WORD) /lcKA.!i IP GETC006C 

c . .. 

10 

" 

HOOIFY·.ntlTE. GETCOO?O 

SrJBar:x.rI'INE GE'TCHR I....-EM,WORD, cHAR, LWORD,!'tODIPYI 

CHARACTER· ~ .) IfERB, WORD, CHAR 
LOG I CAL ltICI)I FY, 1.WOJl:D 

cHAR·' , 
IP O . .waRD) THEN 

ELBE 

IST~T·INDEJf (IfERB,wCIRD) 
IP (ISTMT. L.E 0 1 RBTUDl 
I·IST.\RT~l.J!N(WORD) 

1-1 
ISTAlI:T-l 
CALL PIRST(VERB) 

END I , 

IP ~VER.B(I:Il,BQ.'·" ) THEN 
1-1 0 1 
IJ·I 
J·n~n(VERB(IJ·),"")·il + IJ 

IP (VERB «(J+:iI): (J'<l» .130.'" ') THEN 
IJ·Jol 
GO TO 10 

ENDIF 
IP (J EQ.O) THEN 

CH.\R·VERS(l: ) 
GO TO 10 

ELBE 
CHAR·VERS(I:J) 

ENDIP 

ELSE 

IJ·INDEIi (CHAR, " "") 
IF OJ.NB.O) THEN 

CHU·CH),JI(.IJII/OWt~(IJ·:iI) ) 
GO TO 20 
ENDI. 

J·INDEX(VERB(I.),' ') • I .~ 

IF (J.GS.II CHAR·VEItB(I:J) 
ENlm 

IF (HalIF'I) THEN 
IP (VERB~J+:iI:J+OlJ .EQ ',') J·J+l 
VDl! ~ ISTABT: ).VElU! (J.'lI: 1 
CAU... PIRST (vnB) 

ENDI' 

RImJIUI 
END 

S'nIPS PR2CEEDINQ BUNX SPACES OPF -' CHARACTER STRING 

GETCOOBO 
GETCOO!;O 
GETCOI00 
GETC0110 
GETC0120 
GETCOlJO 
GETC0140 
GETC0150 
GETC0160 
GETeOl'?O 
GETC0180 
GETC0190 
GETC0200 
GETCC:illO 
GETCC2 ~O 
GETCOOllC 
GETCCi!40 
GETC0250 
GETC02Eio 
GETC02?0 
GETC0:il90 
GETCO:ilSlO 
GETCOJOO 
GETCOJI0 
GETCOl:ilO 
GE'TC0330 
GETC0340 
GETCOJSC 
GETCOliSO 
GETCOJ?O 
OETCOlBO 
OETCOHO 
GETC0400 
GETC0410 
GETC0420 
GETC04JC 
GETC0440 
GETC0450 
GETC04iSC 
GETC04'?O 
GETco .. ec 
GETC04S10 
GE't'COSOC 
GETC0510 
GE.TCOS ~ 0 
GETC05lC 
GETC05 .. 0 
GETC0550 
GETC0560 
FlRSOOIO 
PIRSOO:ilO 
PIRS0030 

SUBROU'!'INE FIE.ST(WCII.D) PIRS0040 
CHARACTER-I') WORD PIRSOOSO 

IF fINDEX(WOiD,' ') .EQ.O) RETtmN FIRS0060 
DO 10 1-1, (LE!-I(WCRD) I FIRSOOiO 

J. INDEX (WORD (I: I " ') PIRSOO 80 
IP (J.EQ 1) GO '1'0 10 FIRS0090 

WORD.iIIClU) (I : ) FIRSO 1 00 
RETURN FIRSOII0 

to CCiiTUlUE PIRS0120 
~O RETURN FIRsollO 

END FIRSOUO 
C GETIOOI0 
C SUBROI.1rINE GE'TINT DETER.MINS THE VALUE OP THE. FIRST INI'EGER (INI'EGI GETI0020 
C APTER AN OP1"ION.U. \LWORD· TRUE.) KEVWORD (WORD) GETIOOJO 
C AND REMOVl:B THE s-t'UNC (WORDII/INTEGER IP GETIOC'O 
C HODIPY·. TRUE, INTEG CAN BE .u.lY LENGTH REPRESENTABLEGETI0050 
C BY SINGI..J! PRECESION. GETIOOEiO 
C GETIOC?O 

SUBlI.Ol1TINE GETIN'T (IIERB, WCIlD, IN'T!G/OEPULT, UiQRD ,MCDIF'I) GE1IOO 90 

CHJJI.ACTER-(") VERB,\IIlQRD 
CHARACTER-I0 NUMB 
LOGICAL !'IC[)If'Y, UfaRD, HIT 
ImEGER. DEFtJl.T 
DUA N1.MB/'OI2J456'7B9'/ 

INTEG·DEPULT 
HIT·. TRUE 
IF (LWOROl 'rI-lEN 

ISTMT· INDElC (VERB ,WORD) 
IF' (ISTART L.E 0) RETURN 
I·IST.\RT·UN(WORl)) 

1-1 
IST),JIT-l 

ENDI' 

ISIGl-j • 1 
L.-L.EN(VERB) 

5 IP (I Gr.L) RETl1RN 
IF (VDUI~I:I).EO.'-·) THEN 

1staN' ·'1 
1-1·1 
GO '1'0 5 

GE1'I0090 
GE1'I0100 
GETIOllO 
GETIOl:i10 
GETlOIJO 
GE1I0lll.O 
GETI0150 
GETI0160 
GE'1'IOI ?O 
GE'1'10190 
OE1I0190 
GE1I0200 
GETI0210 
GETI02OlO 
GETIO~lO 
OETI0240 
GETI0250 
GETIO~60 

GETIO~'?O 
GETIo.eo 
GETI0290 
GETIOlOO 
GETIOl10 
GETIOJ.O 
GETI0330 



El.SE IF (VElm(I H.EQ."· CI&:.VERBU:I).EQ.' .) THDI 
1·1·1 
GO TO S 

ENDI. 

IF (LGE1vnBfl.l),'0') AND. ll.E\V'ERB(I,l),'9·) ) THZN 
IF t HIT) THEN 

HIT· .FALSE. 
INTEG-O 

ENDIP 
DO 30 .1·1,10 

IF(VERB[I.I) .EQ NU'(BIJ.J) 1 THEN 
INTEG-lQ-UrrEa- (.I. U 
1-1,1 
00' TO 10 

".,1, 
CONTINUE 

E:NDI. 

INTEG· INTEG" ISIGN 

IP (MODIFY) THDI 
IF (VERB(I.I).EQ.',') 1-1·1 
VERB(I:n'UT )~VERB(I,) 

E:NDI. 

GE'TI0340 
G.ETICl3SCl 
GETI0360 
GETIClJ"10 
GE'l'ICl3BO 
GETIOHO 
GETI0400 
GETI0410 
GETIOfo.O 
GETIOnO 
GETIOUO 
GETI0450 
GETIOUO 
GETI0470 
GET!041!0 
GETI04S10 
GETIOSOO 
0'2TI0510 
GETI05~Cl 
GETI05l0 
GE710S40 
GETI0SS0 
GETI0S60 
GBTIC1570 
GETlClSBO 
GE1IC1590 

RETURN GE'I'I0600 
END GE110610 

C 0.080010 
C···· •• ·······.·--··-···---·····----·---·---·--·--·--···-·-·····-···-··-OOSOCl:olO 
C 00500)0 

STJ8ROUTlNE CROSS (V'Z., \IX, Vy ,NORM) CROS0040 
Dllo[ENSION V1C (3) ,vY()) ,no) 01.050050 

OOSSI (AI, 81. Cl, "-2,8., C3) -B1 ·C2· B2"CI 
CROSS'} (AI, Bl, Cl, Aa ,8 ~,c:a) -Cl ·A2· C2"Al 
CROSSK (Al, Bl, Cl, "-:ii, 8., C2) ·A1 "B2· A2"B 1 
VAUJE (AI ,A. ,Al) ·SQRT(Al""Z·AOI·"OI .. AJ "01) 

c..u.cfJU.n VZ, IF VY WAS CORRECTLY INPtJI' 
VZ (1) -CROSSI (VX (1), VX(;i) ,VlI U), VY (1) ,VY (2) ,vy Ill) 
VZ(2) -CROSSJ' (V1I( 1) ,VX(;;t) ,V)! (3) ,VY(1) ,lIYt 21,VY(3)) 
VZ(3)-0l0SSXfVXI I) ,VX(2) ,VX(3) ,VYO) ,VYtz) ,VY(3)) 

NORMALIZE VX,VY,V'Z. 
IF (NORM NE.O) THDI 

AVX·VA.!.llX(VX (1) ,VX [a) ,VX (3)) 
AI/i'·VAl.l.l'E(VY tl), VY (01), VY. (3)) 
.WZ·VALUE(VZI 1) ,V2.( 01), vz (3)) 
DO 10 1·1,3 

\/X(I)·IJiI (I) I AllY. 
vy(I).1T't (I) IAVY 
IIZ(I) .VZ(1)/AVZ 

1..0:JI c:.u. FUNCTION TEST 

uxaCAL FlJNC'TION TEST(OP1IaN,TAAG!'I',DEPLT) 
CHARACTER·t") OPTION,TMG!'I' 
r;:.3ICAL DEFL"r 

J. INDEX!OPTIaN,T,uGE'I') 
IP (DEl"LT) THEN 

.LS. 

IF IJ.LT.~) TMDI 
TEST·. TRllX. 

ELSE IF (OPTION(J·2):IJ·U).NE.·NO') THEN 
TEST· TRUE. 

.LS' 
TEST ... FALSE. 

ENDI. 

If (J.EQ.O) THEN 
TEST- .FALSE. 

ELBE IF IJ 1..T.2 ) THEN 
T'EST· .T1ltIE. 

ELSE IF (OPTIctl( (J·a)· (J·1)) .EO. 'NO') THEN 
TEST· .PALSE 

ELSE 
TEST· .TlI:tIE. 

I!NDI' 
ENDIP 

RIrrtJlUl 
END 

INTEGER FUNCTION IOUICK 

INTEGER. FUNCTION lQUICX(TAlt.GET,ID,N) 
INTEGER. TARGET, 10 (N) 

IF (ID!l) .GT.TARG2T OR. IDiN) ,LT.TARGET ) GO TO 100 
IQllICX~l 

IF (ID(IQUIClC) .EQ.TARGET ) Rn"tlRN 
IQUICX-N 
IF I ID(IQUICJC) .EQ.TARG!rI' ) JETURN 
J. (Nq)/z 
IQUICX-,) 

10 J. J I~ 
IP (IQUICK.LT.l) lQUICX·l 
IF (IQUICX.GT.N) IQUICX·N 
IF (ID{IQUICK) .BQ,TUGE'T) RIrI'URH 
IF (ID(IQUICK) GT.TUGET AND. J.NE.O) THEN 

lOUICK~ lQlIICK·J 
GO TO 10 

ELSE IF (ID(IQliICX).LT,TARGET AND. J.t-/E.O) THEN 
t QUICX· IQUICX·J 
GO TO 10 

I!NDI' 

I·HAK (IQUICK· 2, 1) 
J'MIN(IQ,N) 
DO 20 LQUICX-I,J,l 

IP (ID lIQlJIC)() EQ. !AlI:GET) 
20 Com'lNUE 

00 30 IQUICK·l,N 
IF (ID(IQUICK) .EQ,TARGET) 

JO CONTINUE 

100 WRITE(10B,1l01 TARGET,IQLlICX,ID(lQU1ClC) 
llO PORMAT (. TARGE'T,',IB,' NOT FOUND, I...A.ST ID(',16,') .·,IB) 

lQUICK·O 
RIrrtJlUl 
END 

REAr.. FUNCTION VCOS 

REAL FlINC"!'ION VCOS (VI, V'21 
DIMENSION VI (J), V2 (3) 
.... ALUE (Al,A~ ,.A..J) ·SQRT(A1··2'A2·· 2"A.3 '·2) 
DOT IA1,81,Cl, A2,B2,C2) ·Al·A2·Bl·B~ ,Cl"C2 

0.050060 
0.0S0070 
o.OSOOBO 
alOSOOSIC 
CROS0100 
0.0190110 
0I.0501Z0 
0050130 
OOSOUO 
0I.0B0150 
o.OS0160 
CiOS0170 
CROSOleO 
caoso 151 0 
0I0S0.00 
CROSO.HI 
0.080 •• 0 
0.0eO"30 
0.0S0240 
CROS02S0 
CROSOZ60 
CROSOZ70 
CROSOleo 
CROS0a90 
PUNCOOI0 
FUNCOO2:0 
FUNCOOJO 
PlJNC0040 
Pl1NC0050 
FUNC0060 
Pl1NC0070 
PUNCOOBO 
F~OOSIO 

PUNC0100 
PONC0110 
FUN:Ol:i10 
F1JNC013C 
FUNCOUO 
FUNL0150 
PIDlC'0160 
FUNe:0170 
YONCOIiO 
FUNC0190 
FUNCO:ilOO 
PUNCO:illO 
FlIl«:02:i10 
PUNC0230 
FlINCOHO 
FUNCO:ilSO 
FUNC0:i!60 
FUNCO."I0 
FUNCoao 
FUNC'O"90 
F1.lNC'OOlO 
PUNCOO:lO 
PUNC0030 
PUNC0040 
FUNCOOSO 
FUNC0060 
YUNCO 0"1 0 
FtnCOOIO 
P'UNC0090 
PUNCOIOO 
FUNCOII0 
PUNC0120 
PONC0130 
FUNC014 0 
PUNC'0150 
PI..l'NC0160 
F\JNC0170 
FlJ'NCO 180 
FI..l'NC0190 
PUNC0200 
FUNC0210 
FUNC0220 
FUNCO:il30 
FUNCOHO 
FUNCOJSO 
FtlNC02150 
PUNCO.70 
FUNCO:ileO 
F1JNCO:lSlO 
FUNCOJOO 
FUNe:0310 
FUNC03:10 
PUNCCJ30 
FLlNCOl40 
PUNC03S0 
FlJNC0360 
FUNCO 37 0 
FIJNCOJIO 
PUNCOJ!ilO 
Ft]NC0400 
PUNCOOI0 
PUNC0020 
PUNC0030 
PlmC0040 
PUNC0050 
FUNC0060 
FUNCOO",O 
FUNC'OOBO 

A,1I1·VALUE(Vl (1) ,VI (2) ,VI (3) FUNCOOSIO 
AV2·VALUE(V:I (1), V2 (2) ,liZ (3) ) FU'NCOI00 
VDOT-DOT(Vl(l),Vl(2),Vl(l) ,V2(1),V .. (2),V:I(3)) FUNCOl10 
VCOS·VDOT/(AVI·AVl) FUNC0120 
Rn"URN FUNC0130 
END PUNC0140 

C ,,"SS0010 
C--·.-_ •• ---· __ ._.·····-_··-·-·· •• ·--·--·.·-··--·--·-···---·----·-······!'lASS0020 

SUBROUTINE I"IASSIN( I~SS, PMASS,MCClND,BUG, IBUG,TITLE, HA.X'Z., ,,"SSOOJC 
'- M1o.XNOD,NNODE,IZ, IW, I 'Z.ID , Z,N'Z., I ZMDMS , IZHASS, MASS0040 

IZLJI!, I ZJCE, IZMDAT, NDOF, Nl"lASS, IUDOF, t ZCNST, ,,"SS0050 
I2JCOS, NCONtI, 12MD) ,,"SS0060 
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c 
c· 

c 
c· 

c 

!.OOICAL BUG,HCOND 
INl'"EGER f'MASS 
CH.U:ACTElt·(·) TITLEI~) 

CHARAct'ElI. w.M!'"1 Z 
DIMENSION 'Z.lO;KAK'Z.) ,meo .1'IA.XZ,l ,MD(7) 
DATA MO/1,a, ,,7,11, 16, 22/ 

KAME· 'G1..aBAL KASS· 
IF (F't'lASS,EQ.ll 1HDI 

INITIAl.IZE THE OIAGONAl. MASS ,,"TRIX 
IZMDHS·IZ 
I'Z.·IZ • NOOF·l 
CAu.. SKYLIN(O,l,!-mOP,IBUG,TI'!'LE,NZ(I2MDI'IS), 

6,NZ(IZLJI!) ,Z,(!Z1CE) ,!'ID,N.I.Jo!E:) 

INPUT THE M.\SS DATA 
IZM[)AT·IZ 
IZ·IZ • INMASS~12 

um·NZ( I 2.MDHS·HDOP) 
IZHASS·U 

CALL HFQIUoIll,INMA.SS,NHASS,Z(IZKASS) ,NZ(IZHIlMS) ,i'!D,NDOF, IMD, 
NNODB, MAJ(NOD, BUG, IBOO, NZ (IZID) ,NZ (I ZIDOF) , 
Z (IZCNSTl ,NZ (I'Z.JCOS), Z(IZMDAT), Z (IZ) ,NZ (I'Z."21] , 
Z(IZ·2"1) ,Z(IZ' (3) ,'Z.lIZ" 9!l11 ,TITLE) 

REL.EASE UNlJsm MASS DA.TA STORAGE 
IZ·IZ (INMASS·~SS)·U 

C-···-· -.... -- -.-~ ... -.. -. ~.-... -- .... ---.--
C~ I1C[)IFY MASS MATRIX FOR CONDENSATION ••• 

C··--···--·-··-··-···--······-··--· .. ···-··-
C THE CONDENSATION PROCESS MAY EXPAND THE HASS KATRIX' S 
C SJ('f1..INE. THE MA.UMlnI SKYLINE OF BOTH THE MASS AND 
C THE STIFFNESS MATRIX IS USED 

c 
c-

c 
c--

'" 

IF (MCCIND .AND. NCQND,GT,O)THDI 
00 :no I·O,NDOF 

NHT·NZ(IZHD.I"ll ·N'Z.(IZKD""I) 
NSTIFF·I,l·NH'l'·1 
N'Z. (I ZMDMS, I) ·MIN( NZ(IZl'lDMS"I) ,NSTIFP) 

I!NDI' 

DE'TERf'lINE THE MASS MATRIX SKYLINE 
au.. SICYLINIO,l,NDOP, IBUG,TITl.E,m,(IZKDI'IS), 

ti,NZ(IZlJ1) ,Z(IZJJ!l,MD,raKB) 

GENEUTE THB H)JlS MATRIX 
I2.MABS·rz 
IZ·IZ • m(IZHDMB"NDOF) 
DO foOO I·I~S,lZ 

Z(I)·O. 
IW·I'Z 
IZ1CE-IW 
IZUI-IW·Zl 

CALL M:PaRJoIll,INJIIASS,~SS,Z(IZJoIASS) ,N'Z.(IZMDI1S) ,MIl,NDOF, IMD, 
NJIIC)DE,!'IJ..XHOD,BUG, IBOO,NZ (IZID), NZ(IZIDOP), 
'Z.(I'Z.CNST) ,NZ(nJCOS) ,Z(IZHIlAT), Z(IW) ,HZ (IW·21), 
Z(IW-27) ,Z(lW" 153) ,Z(IW" 951) ,TITLE) 

IF (BOO) THEN 
IMIl-NZ (I'Z.KDMS"NDQP) 
CALL lJoIATaK (Z(I'ZlQ.BS), NZ(IZHDMS) ,NDOF, IMIl,NAME) 

ElmIP 
I!NDI' 

HASSOO"lO 
MAssooeo 
MASS0090 
MASSOIOO 
HASSOIIO 
I1ASSOllO 
HASS0130 
,,"550140 
I'lASSOlS0 
MAS60160 
,,"S90170 
MASSOlBO 
MASSOI90 
MA.:!ISO;ZOO 
MAssono 
!'1ASSO~ 20 
~SS0230 

MASSOJilO 
MASSO.50 
MA5S02150 
HASS02"10 
MASSO:ilBO 
HASS0290 
MASSOJOO 
MASS0310 
MASSOJZO 
MASS0330 
MASSOHO 
MAS50lS0 
,,"SSOJ60 
MASSOJ70 
MASSOlBO 
MA9S0390 
!'QSS0400 
MASSO.IO 
MAS50430 
MASS04.JO 
MASS0440 
KASS04S0 
MASS0460 
MASS04.70 
KASS04BO 
MASS0490 
MASSOSOO 
!1ASSC510 
!1ASSOS:ilO 
HAS60S30 
MASSOS'O 
!'U.SSOSSO 
M.\SSOSI50 
HASSOS"IO 
HASSOSI!O 
HASSOS90 
HASS0600 
KASSOl!ilO 
KASS06:10 
I'Uo.SS06l0 
HASSOUO 
,,"SS0650 
I"!ASSOo!io!iO 
rotASS06'1'0 
MASS06BO 
HASS01590 
I'\AS60700 
HASSO'1',lO 
MASSO"l:lO 

RETURN HASSO"l30 
END ,,"550"140 

C CXSTOOIO 
C •• ~- •• ~ •••• - ••••• -- •••••••••••• -- - •••• -. - ••• - - •• ~ •••• -- - ••• -- - •• - •• -. ··cxSTOO 20 

SUBROUTINE CXS'TOR (ITEMP, Iii) CKSTOO 30 
$!NCUJDE:' ZCQo(N' CKST0040 
C CKSTOOSO 
C ••• -- ••• -- ••• ~.--- •••• - ••• - ••• - ClI:ST0060 
C· CHEex STcs.AGE REQUI~S ••• CKSTCO'1'O 
C •• -.- ••• -- ••••• - ••••• -.-- ••• -.- CJ:STOOBO 

c 
c-

N.HAX (I Z, IW) .ITEMP CKST0090 
Ii' (N,L.E.MAXZ) RETlIRN CK:n'OloO 

WRITE(101,IO) N,I'IAIZ 
10 FCII.MA'T (/I/IX, '9t··') / 

" •••• AVAlLo\BLE STORAGE IS EXCEEDED' ,T4B, ...... / 
•• u REQURIED ST(lU.GE ~',IIO ,T411,' •••• / 
••• " AVAlLo\BLE STORAGE ~',II0 ,T4B,' .... ·/ 
• .... EXEctn'IOH IS TERMINATED,' ,T41,' •••• / 
, •• , II.ECQGIIl.E PRCGiI.»I WITH INCREASED I'IEHCRY',T41, ••••• / 

IX, 4S1('··J ) 

CKS'l'OllO 
ClCST0120 
CKS'l'0130 
CKS'T0140 
CXS'I'0150 
CXST01150 
CXS"!'Ol '1'0 
CKS"!'01S0 
CXST01S10 
CXST0200 

.. A!I~T RUN ClCS'T021 0 
STOP 'REQU1llED I'IM1iY ) AVloIl..ABLB !'IDIIlR'l ClCSTO:l:lO 
ilETUllN CXS'T0230 
END CXS'TO:l4.0 

C HPCROO 10 
c •••••• -••••• ---•••• -~ ••••• --- ••••• - ••• -.- ••• ---- •••• -····-·····---···-·HPClR0020 

SUBROUTINE JIlPC&lo! (IOPT, INMAB8,NMASB,MASS,KOM, MIl ,HOOP, II'ID, HPOROOlO 
" NNODE,MAXNOD,BUG, 1800, ID, IDOP ,CCIlST, MPOR0040 
" JTCOS,DATA, SMASS,UoI,A, S,SAT,TITl2) HPClROOSO 

DIMENSION tD(MAJlNCID) ,JTCOS(MAXNODI, lOOP (I'IAXNClD,6) Mf'CltO 0 o!iO 
DltmNSION A(6,45), S (6,6), SAT(6,15) ,MDt! !NDOF·l) ,MIl ("1 ) MPClR0010 
DIIo[ENSION DATA(l., INMASSI ,SMASS(:ll) , [JoI(6) ,CONSTIMAXNClD,6) Mf'Cll.OOIO 
REAl. !'lASB(IMIl) Mf'OROOSIO 
CIU.RAC'i'ER.lJO E~ Mf'OROIOO 
CKARAC'TER..(") TITLE(.) HPOROl10 
L.aiICAL BUG MFal0120 

i'RINT HEADER AND INPlTl' I'IASS DATA 
IF (IO",EO,I) THDl 
WRITE(lOB,~) TITl.E(lJ,TITt.E(2) 

5 FaRHAT ('1 STRUCTURE ..... ·,A,I· SOLllrION ... , ',1..,11 
• L.UHi'ED NODE MASSES 'I' ···-·_···_···_~·····'/(4)1,·NODE', 
SK, '11X' ,lOX, ·MY·,lOX, 'M'Z.' ,SIX, 'IXX', 9X,' lY.'l', 9X,' IZ'Z.', 
9X,'IX'l', 9X,'IYZ', 51K,'IYZ',5X,' IGEN INC') 

~SS·1 
C INPUT: NCDE. PX,PY.,i'Z, RX,RY,RZ, II.XY,RXZ,RY'Z., IGEN, INC 

15 RB.AD(lOS,·) (DATAtl,M'lASS),I·I,la) 
NClDE - DATAl I,MotASS) 
IGEN· DATAtll,NHASS) 
INC • DATAII2:,~SS) 
IF (NCtlE.CiT. 0) THEN 

WiUTE (101,",) NODE, (DATA (I, NMA,8S) , t· ~, 10) , IGEN, INC 
IF (NHASS.LT.INMASS) THDI 

NMASS-NHASS"l 
GO TO 6 

END I , 
ELSE 

NH1\.SS·NH),SS·l 
ENDI' 

'1' FaRMAT (2lC,I6,1i',9Gl:1.4,216) 
ENOl. 

DO 100 IMASS·l,NI'lASS 
NODE·DATA( I,IHASS) 
PX ·DATA! 2,IHASS) 
P'l 'DATAl J,IMA.S5) 
P'Z. 'DATAl 4,IMASS) 
RX ·OATA( 5,IKASS) 
RY 'DUA( 6,II'IASS) 
RZ 'DATA( ""IHASS) 
RXY ·DATA( I,IMASS) 
RXZ, ·DATA ( 9, II'\ASS) 
RYZ ·DA1A(l0,IMASS) 
IGBN·DATA( 11, lHASS) 
INC -DATA 0 J, IHASs) 

9 JOINT-!QUICX(NODE,ID,NNOOE) 

KFOf\0130 
KFcmOl40 
HPOROlS0 
HPOR0160 
HPORCl170 
MFOROIBO 
MPOR0190 
MPOR0200 
MPClR0210 
MPORO:ii:olO 
HPOR02JO 
MPOROHO 
MPORO .. 50 
Jo!FORO~6C 

MFORO~70 
HFClRo:l80 
MPOROZSlO 
MPClROJOO 
MPOROJI0 
MPOR03Z0 
MPOR0310 
t1POR0J40 
MPOROJSO 
MPOROJ60 
l'lPOROJ'1'O 
MPOROJBO 
MPOROJ90 
MFOR0400 
MFOR041Cl 
MFOR0420 
MFOR04JO 
MFOR0440 
MFOR04S0 
I1PClR0460 
MPOR04",0 
MPQRO 11.9 0 
MPORO 49 0 
HF'OROSOO 
MFct(0510 
I'!:POROS20 
MFOJIOSJO 
MPOROS40 



c 

IF (JOIN"!'.l.E.O) THEN 
WlI:ITEII08,') 'NCDE I',MJDE, 

00 TO SlO 

<NOIF 

, WAS NOT POUND, CHEer INPl1t', MASS rs CIoII1'TED ' 

ICOS ·ncos (JOINT) 

MFClROS50 
MFOROS60 
MFaR0510 
KFOROSaO 
Hl"CllI.OS90 
MFOR0600 
I'IPOR0610 
KFOR06~O 

KFClR0630 
C· - _.) SET UP NOOE MASS MATIl!! IN XY'Z. COORDINATE SYSTEM HFaR0640 

MPClR06S0 
HPOR0660 

C- SET UP TRANSFOlUU,TI~ I'IATllIX, A • (CaNST) 

c 
c· 

c 
c. 

c. 

c 
c. 

DO 10 1-1,6 
DO 10 .1·1,6 

10 AII,.J)-O 
DO 30 [-1,6 

20 A(I,I)-l 
AU,:iI) ·CONS'!'(JOIN!',l) 
A(4, J) -CONST (JOINT, 2. ) 
A(5, U·CONST(JOIN!',3) 
;"15,)) -CaNST (JOIN!' ,4) 
-'(6,1) -CQloIST (Joan ,5) 
AI6,:iI) ·CONST (JOINT ,15) 

SET UP NODE MASS KATU X 
DO )0 1-1,6 
DO 10 J-I+l, 6 

S(I,J) ·0 

S(l, 1)· PX 
S(2,2)· PY 
S(3,J)- PZ 
S(4, ,)- RX 
S (5, 5)· ~Y 
S(6,6)· RZ 
5(4,5)· ·RXY 
5(4,6)· ·il.xz. 
S(S,6)- ·RYZ. 

DO 40 1-1,6 
DO '0 J·I+l,15 

40 S(J, I)·S(I ,J) 

50 

60 

TRANSPORM toI.US MATRIX TO ACCOON"l' Palil CONSTRAINTS 
00 50 1·1,6 
DO 50 J·l,6 

SATII ,J)·O 
DO 50 K·l,15 

SAT(I,J)-SAT(I,J) , S(I,X)*A(J,K) 

DO 60 1·1,6 
DO 60 J·l,6 

S(I,.J)-O 
DO 60 K·l,6 

S(I,J)·S(I,J) • A(I,X)'SAT(K,J) 

TRANSPER H..\SS HA.nUX TO ItALY STORAGE I'Ia:lE 
IJ·O 
DO 70 J-l,6 
00 10 I·J,l,-l 

IJ·IJ·l 
SHASS\IJ)·S(I,J) 

INITIALIZE THE DUGCN.\L Ml.SS !'lATRIX 
DO eo 1·1,6 

U4(I) ·IDOP (JOINt', I) 

IP (IOP'T.EQ.l) THEN 

au. SKYLIN TO RESERVE SPACE F~ THIS NODE'S MASS 
IF (BUG) THEN 

IofRIT!(EUlO,91S) ~E, (lJII(1) , 1-1,15) 
C).ll. l1iATIUI(SMASS,MIl,6,~1,n.N0) 

ENOl. 

HYOR061 0 
I'lPOR06BO 
MFClR06g0 
I1FOR0100 
MFOR0110 
I'{POR01 ~O 
MFC!R01JO 
KFClR0140 
KPCll.01S0 
MFOR0160 
MP~0110 
MPOll01aO 
I'(PCll.OHO 
MPCll.0800 
I1?Cll.0810 
HFORono 
MPOR08JO 
IiFCll.OUO 
KFClR08SO 
KFCll.086 0 
I'£FClROS10 
KFCll.OBBO 
I1?OR0890 
MFaR0900 
KFCS0910 
KFCIII09~0 

MPCII09JO 
MPOll0940 
KFOR0950 
HFOR0960 
MPaR0910 
KPClR098 0 
KPOlI.0990 
KFCUUOOO 
MPClUOlO 
MPClR10lO 
KP<510JO 
HFORl 04 0 
KPClR10SO 
KPORI060 
KPCl£U010 
KFORI080 
!'{PaU090 
KPORIIOO 
KPCllI.1l10 
KPOR1l10 
KPOlUlJO 
KPORIUO 
KPORllSO 
KPaR1160 
KPORl110 
MPClR1IBO 
MPOR1l90 
MPCIIHOO 
!'{POR1110 
I'IPCltl ~ ilO 
MPCll.li1JO 
KFCll.1HO 
I1FORli1S0 
MPORH60 
KFOllil10 

CAl.L SKYL1N (0,2 ,NDOF I IBUG, TITIJ!: ,HIlM, 6; UoI, SHASS, MD, 'GLOBAl. MASS') !(feRl illO 

'" 

ELSE IF (IOPT.EQ.2) THEN 

ENDIF 

IF (BUG) THEN 
WiITZ(!~O,9IS) NClDE, (IJooIiI) , 1·1,6) 
FORMAT ('I'tASS AT NCDE .',115,' lJot:',6I6) 
C).ll. lJotATRX(S!1ASS,HD,6,:n,EUlO) 

"""P 
CA..LL POiU'!l.I!1ASS,Mr»f,NDOP,IHD,SHASS,Ii'tt),6,~I,lJII,l 0 ) 

90 cON'TlNU!. 

IP (IGEN.G'T. OJ THEN 
IGE)l·IGEN-l 
NCXlE·NQDP!·INC 
GO TO 9 

ENDIF 

100 Catn'INUE 

MPaRlil90 
MPOUlOO 
MPORlllO 
MPOIUliiO 
MPClRlJJO 
MPCRIJ&O 
MPCRUSO 
MPOlU360 
MPClUJ10 
MPClU310 
MPORIHO 
MPCIlUOO 
MPCIU410 
I'IPORl&ilO 
I'!PCltlUO 
MPCIUUO 
MPCIlUSO 
MPCIll&60 
MPCll.U10 
MPCIlUIO 
MPCIl1UO 

RE"J'ViN MPCIUSOO 
END MPCll.lSlO 

C.···················-·····················-· .. • .................... ··········------POllMOOIO 

c 
c· 
c 

c 
c 
c 
c· . 

SUBROUTIN! FCRJoILiK,MD,NDOF, IHO, XE ,1'fl)Jl! , I ELOOP , II"ItIItE, LH, PACfOR) FORMOOlO 
DIMENSION !o!DiNDOP·l) ,HIlJ:i(I.E!l..DOP·1) ,lII(IELDOFJ PODlOOJO 
REAl.. K(IHD) ,IC1UIHDQ) PODl0040 

FORMOOSO 
- - - -FOllJl10060 

MAT!UX STORAGE SCHEME: 
·THE STIFFNESS MATRIX (X) IS BANDED AND SYKME'TRIC. 
THUS ONU' THE SKYLINE ABOVB THE MAIN DIAGONAL NEEDS TO BE STORED, 
THE MATRn: x IS &'"TaRED IN A. LINEAR AlUI.-'Y BY COUJorNS. 
THE VALUE ON THE MAIN OIJ.GCINll IS EiI'CR.EO IN nlE L.INEAJI. AlUtAY FIR5'"r' 
RELo\TIVE ADDRESSES op THE LINBAI. .uu.y Et.EMEmS CONTAINING THE 
MAIN DIAGONAL TERMS AlB STCIIlED IN MIl. 
THUS: FCiI. )(I,J) 

IF I ~ J (UPP2R TltIANGU1.AR MATlIn) 

FORJI!0070 
FORMooao 
FORM0090 
FORM0100 
FOiMOllO 
FORJo!Oll0 
FOllJllOIlO 
POiJol0140 
POiJol01SO 
F0RP10160 IF I"iD(J) +.1·1 ( KI)(J+l) 

IJ·MO (.I) ·J-I 
K(I,J)·X(I.I) 

REL..\TlVE ADDRESS IF EL.EMENT (I,J) F0lUo10110 

K(I,J)·O ; (I,J) IS ABOVE THE SlCYLlNE 

EXAMPLE: I..ET B BB' '!'HE 5XS FUll. SYMiTRIC MAnn BELOII. 
. 1 : l: : . 1:01: 

PORMOIBO 
FORM0190 
PORMO:i!OO 
POIlM0110 
FORMOllO 
FOaM01l0 

: • : 5: : 11 
X- : : , : 7 : 10 

NClTB. K(I,3) ,11:11,4) AND J(l,4) MB' ZDO. pOiHOHO 
PORPIOilSO 

: SYMH. : 6 SI 
: , 

SA'!' IZMD·121,IZSTIP·200 
MD (1) -1 XC 1)·1 
MD (2) -2 IC( 2)·2 
MIlD)-4 X( 3)·) 
HI) (4)-6 XI 'I ~4 
HI) (5)-9 X( 5)·5 
MD(I5)·lJ X( 6)·6 

1( 1)·1 
IC( 8)-8 
X( 51)·9 
K( 10j·lO 
)(11)·11 
K(l~) ·12 

THOS, FOR IC(l,4j I·3, .1-' 

MD· 1, ii, " 6, 9, lJ 

IJ·MD(J)·J-I - MD(').'-J • 6"'3 ·1 
X(I,J)·X(IJ) - 11:(7) • "I OK 

THUS, FOR B(:iI,4) 1·2, J-' 
IJ·MD(J)'J I • MD(4) +,.~ . 6.'-2 ·8 
HIl(.]·l) ·MD(4.11·8 
SINCE IJ GE HD(J'll 
X(I,J)·O (I,J) IS ABOVE THE SKYLINE. 

f'ORJoIOil60 
PORMO.10 
PORJI!OHO 
FORMO~90 

P0Rl10JOO 
PORMOJI0 
FOJUoiOJilO 
PORMOJJO 
FORHOJolO 
PORMOJSO 
FORMOJ60 
FORJIIOJ10 
FORl'lOJ80 
FORHOJ90 
FORH0400 
FORHO&lO 
FORMOUO 
PORl'l04l0 
POiU'lOUO 
FORMO'50 
POR!o!06l50 
PORJo!O,10 
FORMO&BO 

-_. _. - _. - - - -FORl'lOf.90 

78 

c 
c 
c 
c 
c 

THE ELEMENT S'TIP?NESS IS STaRED IN A SIMIl..UI HANNER 
ICE IS THB LIN!,u AlUtAY CON'I'AININCi THE ELflo!IENT STIFFNESS 
HDO IS THE ARRAY CaNTAINING THE MAIN D1AGCINA.L ADDRESSES FOR XE 

C- ... !1.U' ELEMENT STIFFNESS INTO GLaa.u. S'TIPFNESS 

FORJol0500 
PORMOSIO 
FORJol05~0 
POIUol05)0 
FORJol,OSf.O 
PORM05S0 
PORJolOS60 
PORMOS10 
PORMOS80 
PORl'lOS90 
PORl'l.0600 
POJUol0610 
PORM0620 
PORM(6)0 
PORJoi0640 
FOR1'!06S0 
P0RJ10660 
FORM0610 
FORH06BO 
FOR"0690 
F0RJ10100 
F0RJ10110 
FORM01~0 

FORM01)0 
PORH0140 

C LI - Gt£IBAL DOl" ASSOCUTED WITH THE I'TH ROW' OF THE MEI1BEi STIFP. 
C W - GUJBAL DOl" ASSOC'UTED WITH THE I'TH ROW' OF THE M»mER. 5'"r'IFP 
C IJElJo( • ASSOUJ'TE AtIDRESS OF THE M»I!Ei STIFPNESS TERM (I,J) 
C I.JGLOB- ABSOu:rr! ADDRESS OF ntE GLC8Al. STIFFNESS TERM (LI,W) 
c 

c 
c· 
c 
c 

DO lO' I·l, IEUIOF 
LI·lJII(I) 
DO ~O J-I, IELDOp 

W"LM(J) 
IJEl.H ·MIlKEiJ)·J-I 
IF' (JC1!(IJEtM) .EO.o) GO TO ~o 
IF (LI.LE.WI THEN 

IJGLaB·I1D(LJ) .W·LI 
E!.SE 

IJGLCI!,·HD(LI) -LI-W 

""'IF 
II: (IJGLOB) .11: ( IJGLOB) .KE(IJElJII) 0 PACTOR 

20 camINO! 
JO CON"TItruE 

PORJol0150 
NCTI'2: LINES CCI'O'lEN'I'!D 0trJ' C* ARE POR ER RClR CHECXING, THE VAUJES FORM01l!i0 

IN !.l'I UE A.SS~ TO BE CClRUcr. - FOiU'l0?70 
PORM07BO 

RE'TUi.N PORM07Sl0 
.END PORM0800 

c--···-·--·-·-·--········-·······--·-···-··--···-··~·- .. -. ··-······-···-BHlD<JOI0 

c 
c. 

c 
c. 

c 
c. 

c 
c. 

c 
c. 

10 

StlBI.OUTlNE BMLOA(IEl..NO,PU,G, t..,REL,I'IA.X!Ul,NElJ),Nl..ClA.Il, EU'lLD0020 
" FEM,IELD,EUl) Bl'IlDOOJO 

REAL L BI1LOQO 4 0 
INTEGER REL BMLOO050 
LOOICAl. BO, B 1, B., B3, S, ,BS ,BTE5'"r', TEST, pu.G BHLOOO 150 
DIMENSION IEUH5,lUXELDl ,El.D(U,MAXELDl BHl.D0010 
DIM:E!NSION PEM(1:i,NLOAIl), FOR.CE(l:il) BMLOO080 
EQUIVAI..ENCI! (PCI\CE( 1),1'1 ), (FaRCE I :U,FiI ), (PaRCE( 3),PJ ) BHLOO090 
EQUIVALENCl! (POR.CE( II.),P' ),IPORCE( !)),PS ),(FORC2( 6),F6) BMLOOIOO 
EQUIVALENCE iPCII.CE( 7),P7 ),IPClRCEI B),P8 ),(FORCE( 9),P9) BMLOOIIO 
EQUIVALENCE (pcs.C!(lO) , Pl0), (PORCElli) ,PH), (FaRCE (13), Fl~) BHLOOI20 

PUG - . FALSE. 
BO-BTEST iR!L, 0) 
BI-BTB'S'T(REL,l) 
B~·BTE&'"T(REL,:iI) 
B3-B1'ES'T(RfL,l) 
B'·BTESM' (REL, f.) 
B5·STE&'"T(REL,5) 

IF (!<WIELD LE.O) RE'TUltN 

LOOP Fa!. E.1.CX L.CA..D INPl11" 
00 1000 H-1,NELD 

... DETERMINE !P M1!IGER IS IJ'PEC'TED BY THIS L.a.\D 
TEST· .PAJ..SE. 
IEL·IELD(iI,N) 
IG:E!N·IELD{l,H) 
INC·IELD(4,N) 
IP (lEI. EQ.IE.LtIO) TEST- TRUll. 
IP ((.NOT.TEST) .AND. IGEN.G1'.O . AND , INC.NS.O) THEN 

lJUoID·l'KJDiI~-IEL,INC) 

JGEN· (IELNO' IEL) /INC 
IF (IJUoID.EO.o .AND. JGEN.L.E.IGEN AND. JGEN.GE.O) 

TEST· .nu!. 
"""P 
IP (.NOT. TEST) GO TO 1000 

, .. ,' . ZD:O Fm4 
IP ( NOT. PI..AG) TH!N 

DO 10 r·l,U 
DO 10 J-l,NLOAD 

PE)o!(I,J) -0 
FUG-.TRlJE. 

END IF 

ZERO PaRCE 
DO 15 I·l,li! 

PCIICE(I) -0 

o E'TXll:MlNE LOUJ CODES. 
xCElE·reWIS,H) 
XDOp·I'IOD(KODE,100) 
XQ!: p. KeD!!: - KDOP 
LOAD·IELD(I,H) 

CCJNCENnlATXD LO.\tIING 
IP (KGlI:P EO.l00) THEN 

P·ELD(1,N) 
i-EUli.3.NJ 
IP (moP.EO.l) THEN 

F1-- (1·1I:)·P 
77--R.-P 

ELSB IF (JDOP.EQ .• ) THEN 
F6 ·-P-R.·L.(1·R) ua 
Pl:i1- P-il-lI:) -L· (R)"';I 
au. pEHREL(P6 ,PU:,B3 ,BO ,o,IELNO) 
P8-(-P6,Pl:il-p·a o L )/L 
P3··P-PB 

ELSE IF (XDOP.EQ.J) THEN 
F5 • P*R'L- (l'R) *. 2 
Fll--P" (l·R) -L· (R) r'a 
aLL PEr1REL(PS ,HI,B4 ,Bl ,O,IE~O) 
pg • (P5·F11,P·R"L) /L 
Fl • ·P·P9 

ELSE IP (mop EQ.4) THEN 
Ff. .-p. il R) 
FlO· ·P·R 
au. FEHREL(P4 ,PIO,BS ,S:iI ,1,IELNO) 

ELSE IF (KDOF. EO. 5) THEN 
F5 .-p- (l . 4*R • J·Ro*:iI) 
Pll· p* (:iI"R )*R·*:iI) 
CALL PElGEL(F5 ,Fll,B' ,B1 ,0,lELNO) 
1'9.( P5·Fll·P)/L 
Fl· '1'9 

ELSE IP (Jl)OP.P!'O.6) THEN 
F6 •. po (l . 4"11: • 3 oR- .~) 

Pl:i1- po (PR. loR·-:il) 
CALL FEl'lREL(F6 ,Fll,8) ,80 10,IEU-0) 
PI ·-(P6·Plil·P) /L 
P2 • -P8 

E>ID'P 

UNIFORM LQUlING 
EL.BE IP (XGRP.EO.~OO) THEN 

W·El..D(l,N) 
IF (XDOP EQ 1) THEN 

Pl·-W-L/2 
Pi· 'W"L/il 

EUS IF IJIDOF.EQ.:;l) THEN 
P6 ·-W-L*L/U 
Plil· W*LoL!l:iI 
CAU. PEMREL (F6 ,Pl., Bl ,BO 
PI·(·P6,PlaJ/L ·Itj'-L!J 
P:iI·-W-L-FB 

ELSE IP ()(II(lP.I!O J) THEN 
FS • W·L*L/n 
Pl1··W*L~L/l:i 
CALL FEMREL(PS ,PI1,B4 ,Bl 
P9 • (PS'Pll) /L W-L!:o 
FJ • -\Jj·L·P9 

ELSE IF (JIDOP.I!Q.4) THEN 

,0, I:E!UlO) 

,0,IEUlO) 

B!'!LOOIJO 
BMLOO 14 0 
Bl'lLOO1SO 
BMLOO160 
Bl"lLOO110 
Bl'lLOOlBO 
BMLOO190 
BMLOOilOO 
Sl'!LOO210 
8MLOOHO 
BMLOO2JO 
BHLOOUO 
BMLOO iI So 
BMLOOil60 
BMLOO~10 
8Ml.OO290 
BMLOO290 
BI"lLOOlOO 
BMLOOlIO 
Bl1LOOl~O 

BI"IL.OOlJO 
BHUXlHO 
BHLOOl50 
Bl"lLOOJ60 
BHLOOl'70 
BHLOOJ80 
8./1LOO390 
B.l"lLOOIlOO 
BMLOO410 
BMLOO'iiO 
BMLOO' )0 
SMLOO440 
Bl'lLOO4S0 
BMLOO460 
BHLOO' '70 
8MLOO480 
BMLOO490 
BMLOOSOO 
BMLOOS 10 
BHLOO5~0 
BHLOOSJO 
BMLOOSf.O 
SMLOOSSO 
mo1LOO560 
BMLOOS'70 
BMLOOS80 
BMLOOS90 
BHLOO600 
BHLOO610 
BfoILOO6;10 
BMLOO6JO 
BMLOOUO 
Bl"lLOO6S0 
BMLOO660 
8MLC06'70 
BMLOO680 
B!1LOO690 
BJ1LOO700 
BHLOO'710 
BMLOO7:i10 
8J1LOO7JO 
BMlD<J74 0 
BHLOO"l50 
BHl.D07L'50 
Bl"IlD<J77 0 
BHL.D0790 
BHLOOHO 
BHLOO800 
BHLOO810 
B.MLOOB20 
BMLOO8JO 
RM1.0084 0 
BHL.OO150 
BHLOO8 15 0 
BML.OO81 0 
BI1LD08BO 
BHi..OO890 
BHLOO900 
BHLOO910 
BHL.OO920 
Bl'ILO(9) 0 
BI"I'L.OO94 0 
BML.OO9S0 
BI'IL.OO96 0 
BMLOO910 
BI1LOO990 
BI11.00990 
BM1.OIOOO 
BI1LOIOIO 
8M1.0102.0 
81'11.01030 
BHL.OI040 
8111..01050 
Bl'l1..OI060 
aMLOI010 
BML.OIOaO 
81"lLOI090 
Bl'!LD1100 
BMLOllI0 
Bl'ILD1l20 
81'1LOllJO 
BML01l40 
Bl'lLOll so 



c 
c. 

c 
c. 

c 
c. 

400 

,co 

PI • '111'·1../:1 
PIO.·Wtl.!'l 
CALL FEXREL(P" ,PlO,BS ,SOl ,1, IE~O) 

ELSE 
WRI1"E(lOa,SlOO) IEl...NC,' tJNIP~ MY aR IJNIPoaH !'!IZ' 

ENDlP 

llSER INi'll'T pI1IlID END POliCE 
ELSE IP (J(GRP. EO."OO) niDi 

DO 400 1·1,12 
PeRCEll)· EUI(t,N) 

INVAl..ID LOAD GROUl' 
ELSE 

WRITE(106,900) IElJIIC,'INVllID LOAD GROUP' 
ENDIF 

'. TRANSFER BEAf'l 1..CADS 10 PIXED 'END PClRCiS 
DO aoo r·l,l:iiI 
pm-, (1 ,LOAD] .p~ l I, LOAD) -PORCE (l) 

Bl'lLOlll!iO 
B!1LOl110 
Sl'tt.ollBO 
RHL01l90 
BHLOU:OO 
Bl'IL01;nO 
BHLOH:oIO 
Bl'II..Ol4lJO 
BMI..OIHO 
BHl..Ol:a50 
Bl'lL01~l!iO 
BMLD1:a'70 
BI'lL01:aBO 
Bl'lLDl'l90 
EYo!LOll00 
BPlI..OlllO 
BHL01l20 
BHL013l0 
Bl'lLOlHO 
BHLDll50 

C BMl.OlJlSO 
C BMl.D13'70 

1000 CONTINUE BML01~eO 
c BI'IW1390 

900 PORMAT(' Ell','ROII: O .. LCOLATING FIlC'E:[) END PORCES PaR EUliEm' N', Bl'fLQUOO 
'" lIS,' ',A,' IS NOT AVAIl..ABU') BML01410 

RETURN BHLOl& ~O 
END BJ'ILOUlO 

C ROTXOOIO 
C ............................................................. •••• .. •••• .. ······ROTXOO:ilO 

C· .. 
c 
c 
c 
c 
c 
c 
c 
C- --
c 
c 
c 
c 
c 
c 
c 
c 

SUEROln'INE ROTX'lZ (¥X, VY., COSINE,CT ,E1I, E't, E'Z.,C"XYZ,GLOXYZ.,NB~) ROTXOOlO 
DIMENSION 'IX (l), VY(l) ,VZ (l), COSINE\l, II ,CT(l,~I, ROT1I00'0 

, X't'ZC!,l) ,C1'XVZ(3,l) ,CE(3,l),GLOXYZ (NROW,IS) ROT')10050 

T1U S SUEROlM'INE PREPCIU'IS SE'VDAL PONC"TIONS: 
1) C~ULATE LOC'A..l.. CCGR.DlNATE S'I'S COSINE MATRIX. 
41) CALCU~TE RO'l'ATION MATRIX Bn'WEn,! L..OCAL ANtI JOINT COORD (C'"t') 
1) CALCULATE '!'1U.NSPOR!'!ATICN PaR GLaBAL CONstRAINTS AND MEMBER 

END OEMH- STORE IN (C'TlCY'2.) 

- -ROT'1IOOIi0 
ROT1I0070 
Ronooeo 
ilon0090 
RonOl00 
R01'1I0110 
R01'X0130 
R01'XOllO 

INPUT VUIABL.!S- . - - - -R01'X0140 
coa IN! .. INPUT JOINT COORDINA'TB DIRECTION COSINE 
VX • INPUT X -DIit ECrI ON OP ELE2mN'I' COCIRDINATi! S'1'S 
vY • INPUT VECTOR IN TH! 'EUHEN'i' COORDINATE SYS X't PW-lE. 
GLOXYZ • GLOB.\L CQ-.ISTRAIN'r Tit.ANSPauQTION COIEPPICIENTS 
EX • MEl'lBER END ECC!N'!llICITY IN THE I.JXA.L 11 AXIS. 
EY • ~EI END ECC!N'nI.IC'ITY IN TH! I...OCAL. Y UIS. 
EZ .. MEMBER. END ECCENTRICITY IN THE I..,.OCAL 20 AJlIS 

ROTX0150 
R01'KOlISO 
ROTX01'70 
ROTX0180 
ROT1I0190 
ROTXo:aOo 
ROiX0210 
R01'1IOHo 

c- - - OU'rPllT VARIABLES' - -R01'XOZlO 
R01'X02&O 
R01'1I0250 
I\OT1I0<llS0 
1\01'1102'70 
ROTXO:OBO 
ROT1I0:a90 
RaT1I0JOO 
RonOllO 
R01X03<10 
RO'1'1I0130 
RO'1'X0340 
ROT1I0l50 
RO'I'X0160 
ROT1I0l'?0 
RanOHO 

C VX • UNIT VECTOR, lI,·DIRECTION OF ELEMENT COORDINATE SYS 
C vY • lTNI'T VECTOR, lI,·DIRECTION OP ELEMENT COORDINATE S'1'5 
C VZ ~ UNIT VECTaR, X -DIRECTION OF ELEMENT CooRDUIATE S'1'S 
C CT - ROTATED COORDINA.'l'E TlUNSPClRHATICIN 
C CT1C'1'Z· CONS'TRA.INT AND KEMBEl END DEPnt TR.UISPO:lU1ATION 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c· 
c 
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FX 
FY 
P> 

"" MZ 
HZ 

:. 
CT 

CiXYZ. : CT 

PX 
FY 

" 

CROSSI (A1, Bl, Cl, A:a, B 01, C2) .. Bl-CJ -B2·Cl 
CROSSJ (Al,Bl, Cl, )'a,B:I, c:a) ·Cl·A:iI . Ci"Al 
C1tOSSX (.Al, Bl ,Cl, Aa,BJ, COl ) ·Al "B~ -~:a ·Bl 
YA.Ll1E (Al,A<I ,A.l) ·SQRT (A.l·-a·A.:a··:a~A.l":al 
DOT ("'l,Bl,Cl, ,,~,B:iI,C:I) ·A1· ... 'l·BPB:a·Cl·CZ 

- - -I\OT1I0l90 
ROTXO,OO 
R01'1I0UO 
ROTXO .. :aO 
II:OT1I0410 
ROTl0440 
RQTX0450 
ROTXO,f,liO 

CHECK ANGt..!! BETW~ v:x AND VY R01'X047 0 
cl.vCOS(VX,YYI ROTX0480 
IP(ABS(Cl) .GT.999) WRI'l'E(108,.) 'VY. IS P.ARA.ELL TO V'X, REINPllT VY' ROTXono 

-- CHECX 1fY, IF iVY: .2Q.0 I 

AVY"YALU! CVY. (II, vY(a) ,11"1 (J)) 
IF (AVY..1!Q.O) THEN 

S2T VY. IN Gl..!lBA.L YZ PLANE. 

VZll) ·1.0 
V2.(2)" .0 
VZ{l)· .0 

ELSE 
OJ...Ct1LATE VZ, IF V'l WA.S COJUEcrLY INPtrr 

ENDIF 

VZ(1) ·CROSSI (VXU) ,v); l'l) ,VX\31, VY(l) ,VY (:I) ,VY(l 1) 
VZ( ~1·CROSSJ(V')[(l) ,VX(a) ,V')[ (l) ,VYIU ,VY(:a) ,VY(3)) 
VZ(3) "CROSSX(VX (11 ,VX(U ,VI (ll ,VY(!) ,VY(<I) ,VY(l)) 

RECA.~TE VY TO INSURE VX, vY AND VZ AltB IJRTHOOCINAL 
VY(ll~CROSSI (VZ(l) ,VZ(:I) ,vz(J) ,VX{l) ,VX(2)',VX(J)) 
vY(:I).oosSJ (V"Z.(l) ,YZ(:iI) ,VZ(l) ,VX{l} ,VX(:a) ,VX(l)) 
vYel) ·OOSSI(V'Zo(l) ,v'Z.(:a) ,V'l(3) ,V'X(l) ,VX(:a) ,VX(3)) 

ROTIOSOO 
ROTK0510 
ROTl05'lO 
ROT1I05JO 
ROT1I0540 
ROTX05S0 
ROTl'0560 
ROTXOS,O 
ROTXosao 
ROTXOS90 
ROTXOISOO 
ROTXOISIO 
ROTXOIiOiO 
1I.0T'll.OlSJO 
ROTXOIiIilO 
B.OTX0I550 
R01'X01560 
ROTX06,O 
R01'X0680 

CHECK ANGI...l! BETWEEN VX I.ND VY RO'rXono 
Cl.YCQS(VX,VY) ROT1I0'700 
!P(ABS(ClI.GT.999) WRI'rE(10I,·) 'VY IS PJJU..ELL TO VX, R!INPllT VY' ROTXOHO 

NORMALI Z 'E VX, VY , V"Z. 
AVlI .. Vi\LU! (VX (1), VX(:iI) ,VlI (3)) 
AVY·YALUE (vY ll), VY (2) ,vY. (l) I 
An·VALUB(VZ (1) ,VZ(:lI.n(l)) 
DO 10 I·l,l 

VX(II ·¥lI(I) /A.V1I 
V't(I) ·VV(I) IAvY. 
VZ(I) ·V"l.(]I/AV7.. 
CEll,I).VX(I) 
CEe:a, I) ·VY(I1 
CE(3, 1) .vZ(I) 

CALC THE DIRECTION COSIN! MAnTX 
DO lEo 1·1,3 
00 15 J·l, J 

c.-r(I,J) ·0 
00 lS X·l,3 

CT (l,J) ·CT(I ,J) +cosnlE(I, X) .C!(J ,Xl 

REMOVE THE FUZ'Z. Fatl'l 'l'HE COSINE MAnIX 
DO :ao 1·1,3 
DO 20 J·l,J 

R01''II0'7:010 
ROTlC01JO 
ROT1I0'7"0 
RonoHo 
RO'uo'HiO 
1I0TX0'770 
R01'X07 BO 
ROTX07g,0 
R01'XOIOO 
RO"!'XO 81 0 
ROT1I08:10 
ROTlt08JO 
ROTXoe.o 
ROTXO&50 
itOTXOB60 
Ro']'xoa70 
R07XOBeo 
R01'X0890 
ROTXO!llOO 
ROTX0910 
ROTX09:10 

:ao IP (ABS(C!(I ,J)) 1..T 0.0001) cr(1 ,J)·o 

ROT1C09JO 
ROT;t09.0 
ROTX09S0 
RO']'X0960 
ROT1I0970 
RO'I'XOSlaO 
RO']'1(09g,0 
ROTXIOOO 
ROTXIQ10 
ROTXIO:lO 
ROTl!lQJO 
ROTXI040 
ROTXIOSO 
il01111060 
R07XI070 
RO,],XIOBO 
R01XI090 
ROTXI100 
ROT1I1110 
ROTXll :10 
ROT1Ill10 
ROTX1140 
ROTX1l50 
ROTXlllSO 
ROTXl110 
ROTXl180 

SET UP THE GLOBAl. CONS1'R.AIN'T \1A'I'RIX 
X'l'Z( 1,1)· .0 
X'l'Z( 1,2) ·CL01IYZI1,l) 
KYZI1,J) ·GL01IY'1..(l,:<l) 
1IY'1..(2,1) ~Cl.DXYZ(l,J) 
XY'1..( 2,2)· .0 
)(Y'1..(2,J) ·GLOlCYZ(l,4) 
XYZ(l, 1) ·Gl.DXY'1..(l,S) 
XY'1..(3, 21 ·GLOX'I'Z\l,6) 
;o(yz. (J, J) ~ .0 

00 25 1·1,3 
DO ~5 J·l,l 

CTHZ(I,.J)·O 
DO 25 K·l,J 

CTXYZ(I,J)·crXYZ(I,J) .. 1I'tZ(I,K)·CT(X,J) 

SKIP '!'HE K!MB2R END ECCENTRICI"'!' MATRIX IP n"EY·EZ·O 
IP (F.X.EQ.o .AND. EY.EQ 0 .AND. EZ.EO.O) RETlJRN 

CALC THE I'IE:MBER rno ECCEl'J'I'RICI'!''1' ~TRn 
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XYZ(l,l)· .0 
XU( 1,:a) •. !Z 
1IYZ(l,l)· ey 
1IYZ( Z,l)· EZ 
XU(:iI,:;!)· .0 
XY'Z.(:a,3) ·-EX 
HZ(3,l)· ·iN 
XY'Z..(l,~)· EX 
XY2.(l,3)· .0 

CALC THE MEHBD END ECCEN'l"RI CITY HUll IX 
DO 30 I·l,l 

DO 30 J·l, J 
00 30 X~l,3 

cr1lVZ(I,JI·CTlCyz,(I,JI • 1:t'(l,X)·XYZ(X,J) 

RETUlUI 
END 

SUBRCUI'INl! PDGEL.(I'IA,!1B,RBLA,REUl, ITORQ, IEl,I.IO) 
REAL l'lA,KB 
LOGICAL RBLA,REUI 

IP (ITalQ.EQ.O) THEN 

ELSE 

ENDlP 

IP (RBLA .AND. REU) 
..... ·0 
... ·0 

ELSE IF (REU) THEl'oI 
MA ~ MA,'MB/2 
... ·0 

ELSE IF (RE1...A) THEN 
HB· i'IB-l'IA/<I 
..... ·0 

END IF 

IP (REU.AND nUl) THEN 
WRITE(10B,900) IEl..NO, 'TORSION WITH BOT'H 
..... ·0 
... ·0 

ELSE IP (REUI THEl'oI 
MA"H.A"HB 
",·0 

'El..SE IP (RELA) THEN 
HB·\'Q!"MA 
..... ·0 

ENDIF 

ENDS RELU,SED' 

ROi'K1l90 
ROTXl:iIOO 
ROTJt:U10 
RonU20 
ROTU<l30 
ROTXl:iI40 
RO'I'XUSO 
RO'I'X1Z60 
ROiX1270 
ROiXlao 
ROTX1290 
R01'XllOO 
ROTXlJ10 
RO"!')U1:il0 
1l0n13JO 
ROTXlJ40 
Ron1350 
RO'l'X1l60 
PEI'GCOIO 
PEI'GOOOlO 
PEl'IROOlO 
PEl'IR0040 
PEKROOSO 
PEMROOIiO 
PEI"IR0070 
PEMRooeo 
PEHR0090 
PEHl\OlOO 
FEHROIIO 
FEMRo120 
PEMR0130 
FEHROHO 
PEHJl01S0 
PEMR0160 
FEMlI.0170 
F~OlBO 

FEMR0190 
PEMlI.O:OOO 
PEMAO:ill0 
P!HROUO 
PE!1F.0:il30 
PEHROHO 
PE~02S0 
FEI";R0260 
FEHRO:l70 
FEHROaO 
PEMR0J90 
PE!1R0100 
PEMROlI0 
PEI'IR03iO 

5100 POlI.MA.T(' ER.', 'RC5: CALCOL.ATIOO PIXED END PORCES POll: ELDlEN'I' t' PEMR0330 
, lIS,' ',A,' IS NOT AVAIu.BL.2') PEMR0J40 

RETt1ll.N PEMRCJSO 
END PEMROllSO 

C ............................. ~ ....................... • ••• •• ..... •• .... ······U1AT0010 
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" so 

SlIBRWf'INE t.KA'liI.X (A,I'fD, IC, IMD,NAMB) l.XA.TOO:ilO 
DIMENSION HD(IC+ll, J.(II'ID) lJoU."!'OOJO 
C!i.UAC"TEit." (-I HAKE L.MATOOIllO 
CHARACTER-aO NUHB ,iOol (6) UiATOOSO 
L..IXlCAl. PT ,DMF [JIU.T0060 
IJI (I,J) .11D(J).J -I L.XA.T0070 

CALL G'E'TINT(NAKE,'DUMP·',IDUi1P,O, TlI:lIE.,.PALSE.) 
IF (ID[JH.P NE .0) THEN 

DMP· .TRIlI!:. 

l..MA'I'OOBO 
IJo1.A.1'0090 
I.JoI.ATOIOO 
LHATOllO 

ELSB I.1U,'l'01:il0 
DMP· .FAI...9B l.lU.TOllO 

:E'lG:IIP lJolATOlClO 
00 1 I.l,1i U'U.'I'OlSO 
ROW(I)~' , UUT0160 

IR.IC U'!AT017C 
1II1I:1TB(10Il,.) U"IATOlBO 
WIUTE(lOB,.) 'PRINTING I'\lTIl:IX: ',N.'JotB uu,T0190 
00 SO ICG.l,IC,1S UUT0200 

IP (ICG.GT.l) WIlITB(loa,") !.JU,TOZI0 
K.MIIII «ICG~5) ,IC) LKATOHO 
WRITE(10B,10) (J,J·ICG,X) 1..M.ATO~.lO 
00.0 I.l,Ii lJ'IAT0240 

L.O I.1U,TO~SO 

1'1''' .PALSE. l..MATO:a IS 0 
00 15 J·ICG, 11: LKA.TO~10 

IJ.IJI(I,J) LKA.'l'o:aeo 
IF (IJ.GE.MD(J+ll .OR I.G'T.J) THEN LKA.TO~90 

N1..MEI.' , l11A.TOlOO 
ELSE UUTOllO 

M. TRUE. U'UTOJ:aO 
WiITE(NtJom,llS) A(IJ) uu,TOl30 
IP (DI'!P.ANt).A(IJ) .NE.o.O) LJotAT0140 
WRITB(IDlMP,·) 1,J,A(IJ),NAME LJotATOlSO 

iNDIP l.J1AT0160 
L"Lol l.Jo!.A.TO l'1 0 
R!:M(l.).NllMB U1ATOlBO 

IF (FT) 'GITE(10B,10) I,(ROW(L),L·l,6) 1..l'lA.TOl90 
CCNf'INUE UtATO.OO 
RETURN UotAT0410 

10 Pc:aJ1A.T(TIO,I!i('i',i,· COLlIOI',IS,'· --'),':') uu,'l'01ll:a0 
16 PCIRJ'lA,T(G:aO .15) lJoIATO'JO 
10 FClRJ'tAT(' R~',I5,ISA~ l..1'I.A.T0440 

END LKA.T0450 
C ••••• ............................................... ~ ............................ ·'InoI.A.'l'00 10 

SUSROllTINl! \iKATiX (A., IR, IC , NAME) WHATOO <10 
DIHZNSION A(IR,IC) WMATOOlO 
CH.U.AC'TER.(o) NAl'I:E WMAT0040 
LCGICll OKP WMA'I'OOSO 

CALL ~E'TIN'I'(N)>m, 'DUMP·', IDUKiI, 0, .'liI.t1E., . PALSE.) 
IF (IDUHP NE. 0) THEN 

DMP· TRUE. 
ELSE 

DHP" . FALSE 
ENDl' 

WRITE(lOe,·) , , 
WTlI'TE(lOa,·) 'Pit.INTING KATRIX: ',NJ.ME 
00 50 ICG·l,IC,1i 

IF (ICG.GT.l) WRITE(lOB,·) 
J(·MIN ( (ICG" 5) , IC) 
""'ITE(108,10) (J,.J·ICG,X) 
DO :ao I·1, Ji. 

IP (I:foIpI THDI 
DO 15 J .. ICG,X 
IP (A(l,J) .HE.O) WRI7E(IDl14i,') 

ENDl' 
20 WltITB(101,10) I, (A.(I,J) ,J·ICG, X) 
50 CClNTINU"2 

RET,"", 
10 PCJRJoI),T(' COLlJiN',T17,I5,5(lSlI,IS) 
lO PORlO.'T(' ROioi',I4,ISG~0.6) 

END 

I ,J,A(I,J) ,NAME 

\llMAT0060 
WkJ"T0070 
Io"MATOOBO 
WM.AT0090 
\o/HATOlOO 
WHATO 1\ 0 
"""",,,'1'01'l0 
WMATOlJO 
\olMATO 14 0 
WMAT01S0 
WHJ.T0160 
Wlo!.AT0110 
WMAT0180 
Io/HAT0190 
fl'KAT0200 
WHATO 411 0 
WMATO:a;O 
WMA.T0210 
WMAT02lll0 
WI1AT02S0 
Wt1J.T0i60 
WMAT0270 
II!M.ATOZBO 
WMATC290 
Io/KA.TO) 00 



C· ........................................................................................................................ ""STROOO 1 0 

SUBROUTINE STROCT STRUD0;30 
DlME.NSIO~ B.INPtTT (100) ,GINPtJ't' 1100 I ,DUCT (J) ,EXCR. (J) STRUOOJ 0 
CHAltAcrEI"'SO NAKB,TIPE STRUOO.O 
'DIM::Ii:~SION Si (l00) STRUOOSO 
LOOICAL. FIIIST, P'T ,HEAD,'riBT,AJIAL,HEAD:3 ,BTEST STRU00i!50 

SINCUJDE. 'ZC~' STRUD010 
IoIRITE(lOB,5) TITI...E(l) ,TI'l'LI!(:3) STRUOOBO 

5 FORM.l.T ('1 STRUCTURJ!.. ',A,I srRU0090 
" 'SOLl1rION. ',""II STRUOI00 

WRITE(10a,15) STRUOIIO 
6 FORMAT I' ••• ~CCIlAJII' YEJoI ••• DOUBL.l! PRECISION VERSION'II)STRUOIOiO 

INPlIT "" OF NODES, "" OP SUP'TS, " OP CONST., ANtI SCJ..l....!! FACTOlI 
READ i 105,·) NNaDE,NCOS,NSUP'T ,NCOND,NCONST,SCJ..l....!! 
MAXNCD" NNI:D E 

NLOAD-l 
C··· .. ··· .. •· .... ··· .. • .. ·· .... .. 
C· INPtrr NODE' DATA ...... .. 

C··· .. •· ...... ·· .. ·· .... ···· .. ·· 
C NODE DATA STOlIAGE' 
C NZ(IZID ) • 10 NlJo4BER.S POR .EACH NODE 
C NZ(IZIDOP) • DEGREE OP FREEDOt1 POR EACH NCDE 
C Z(I2:CORD) GI..CQ3Al.. COCIRDINATE OP EACH NODE (X,:t,Z) 
C 'Z. (IZCNST) GLOBAl.. CONSTRAINT ""'TUX PaR. EACH NODE' 
C NZiIZWX) TE)(pCDUJt'f S'T'CJlAGE 
c 

I'Z.ID 
IZ 
IZIDOP • 
IZ 
I2.CORD • 
IZ 
I'Z.COS • 
IZ 
I'Z.CNST • 
rz 
I'2.JPLG • 
rz 
I'2.JCOS • 
IZ 
IZWlt 
awn . 

rz 
12.+MAJCNCI) 
IZ 
lZ·MA.J(NCEI·fi 
IZ 
1 Z + MAXNQD1I) 
rz 
IZ.MAXNOO-9 
IZ 
I Z oMAKNOO"'6 
rz 
I 'Z. oMAJ(NCD 
IZ 
lZ-MAJQHD 
IZ 

STRUOIJO 
STRUOUO 
STRUOISO 
STRUOli!iO 
STRU0110 
STRUOIBO 
srRUOl90 
STRUO:ilOO 
STRUO:illO 
STRUO:<l:ilO 
BTRUO:<lJO 
STtWOHO 
ST'RUO:ilSO 
STRUO:ilfiO 
BTRUO:il'70 
STRUO:ilSO 
STRU0:il90 
STRUOJOO 
STRUOJI0 
STRUOlOiO 
S1'RUOJJO 
STRUOHO 
STRUOlSO 
STRUOlfiO 
STllUOJ'?O 
STRUOJSO 
STRUOJ90 
STRUO.OO 
STiUOUO 
snuo.;zo 
STRUOII.JO 
STRUOUO 
S'T'RUO.SO 

CAW. NCDOOP INl>OP ,NCOND,NPREE ,NREBT,I'tAXNOD,NNClDE, NCOS,SCALE,NSUPT, ST.UO.150 
" NCONBT, NZ(IZID) ,m nZIDOP), Nt (IZVK:iI ), Z I I'Z.CORD), 'Z.(rz.COS) , STRU0II.70 

c 
c· 

'Z.(IZCNST) ,N'Z.itzJPLG) ,N'Z.1 IUCOS) ,BUST( IBUG, 0) ,NZ(I'Z.tfX) ) STRUOUO 
BTRUono 

SET UP TEMPORAli:Y .u:A.\V POll MAIN DIAGCINAl.. INDICIES. 
I'Z.MD ·IZ 
I'Z. ·IZ+NDQP+l 
cALL.. SlCYLUI(O, I,NOOP, IBUG,TITl.E,NZ(I'Z.I'IIl), 

IE LOOP ,N'Z.( IZlJot) , Z I I2.0) ,MD, 'GLOBAL S'TIFPKESS') 

c··· .. ··· .. ·· ...... · ...... · .... · .. · 
C· INPl1I' I'U.TERIAL DATA· 
c·· .... ·· .... ··· .. ••· ...... • .. ·· .. 

READ(10S,") NKAT 
... - MATERIAL DATA BTaR.AGE 

NZ(IZMAT ) .. 
NZ(I'Z.MAT· 1)" 
NZ(IZI'lATo 3)· 
N'Z.(IZMAio J). 

II 01 MATERIAL PORPERTIES (MO.T) 
ABSOLUTE ADDRESS OP I9.TL II 
ABSOLll'!'E ADDRESS OF MATL 1:01 
ABSOLLJ'I'E ADDRESS OP HATL IIJ 

STRUOSOO 
STRUOSIO 
STRvos;ao 
STRU05JO 
ST1.U05.0 
STRUOSSO 
STRUOSfiO 
STRUOS'70 
STRUOSSO 
BTRU0590 
STRUOfiOO 
STRUOfilO 
BTII.UOfi;ZO 
STROOfi30 
STRUOfi.O 
ST'RU0t5S0 
STRU015 15 0 
STII001570 
STR001580 

N'Z.(I'Z.HAToNHAT ) .. 
'Z.(N'Z.(I'Z.HAT.,.I») • 

ABSOLUTE ADDI.ESS PO HJ.TL I NMA.T STIIOOfi!ilO 
MATERIAL DATA FaR li-'T'DIAL n STiOO'100 

C·· .. 

ZUrz.iI2.MA.T+:iI) ) .• 

10PT"1 
I1&T "IZ 
I'Z. "IZ +NMAT+l 
N'Z. (I ZMAT) "NKAT 
PT" .TRrJ'!!. 
PIRST·. TRUI!. 
HEAD·.TRUE. 
MAT "0 
LS'TTYP"O 

MATER IA.L DATA FaR HJ.TE:RIAL 1:iI 

LOOP POR EACH HATD IAL 
110 HAT "MAT +1 

c 
c. 
c 
c 
c 
c 
c 
c. 
c 
c 

READ iIOS,"') TYPE 

IF (TES'T(TY'PE,'lD-BEAM', PALS!.») THEN 
MATTVP- I 

ELSE IF iTBSTiTIPE,'AXlJotOD' .PU.8B.») THEN 
MATTYP· 3 

iLSE IP (TEST(TYPE,'BEND1' ,.PALSE)) THEN 
MATTvp· J 

ELSE IP iTEST (TYPE, ' SHEARl' ,. PALSE ) THEN 
MATTYP· • 

ELSE 1F iTEST(TVPE,'RaGERG',.PA1..SB,)) THEN 
P1ATTvp· 5 

ELSE IP (TESTiT't'PE,'TAJ:EDA' ,.FALSE.) THEN 
MATTYP" 6 

ELSE IF ITESTiT'tPE,'E.!...SPU' ,.FAI.SE.)) THEN 
MATTYp· 1 

ELSE IF (TESTiTYP!,'BILINEAi',.PI\LSE.)) THEN 
MAnvp .. i 

ElSE IF (TEST(T'tPE,'BJ.ACB',.P.u.sB.) THEN 
MATTYP" B 

ELSB ~Tg;~T~TYP!"I..CN:i_c.JG".P.u.sE.) THEN 

ELSE IF (TEST(T'tPE,' IA HIUl', .PAI.SE.») THEN 
MATTYP" 10 -

ELSE IP (TEST (TVPE,' SHClIT_OtIJG' , .P.u.SE.» THEN 
MATTYP" 11 

ELSE IF (TEST (TYPB, 'STABILlTY',. PALS!.) THEN 
MATTYP" 1:01 

ELSE IP (TEST (TYPE, 'UXBn.', . PALSE.J) THEN 
KATTYP" 13 

EUE IP (TEST (TYPE, 'SH!.U;jI', . P.u.SE. J) THEN 
MATTYP" 14 

TO ADD ;a.oOITIONAL I'IATDIALB, COPY THE NEX'T TWO LINES 
ELSE IF (TEST(iYPE,'O)',.FALSE.») THEN 

I+1ATT'l'p· (G) 
CH}JIIGE THE FOLLClWING VA.LUES 
\ U YOUR MATERIAL NAME 
(2) !'tATERIAl. ID NUMBER· XlI 
ADD CALL MATH TO SUBP~Q(jRAM MATLIB 
'-DD SUBPR~ MATXX 

E[.SE IF (TEST (TYPE, 'END', PAI.S'B.)) THEN 
NM.l.T·MAT-i 
NZ (I'Z.~TI ·NKAT 
GO TO no 

EL..S~ITE(lOB,.) 'INVALID MA.TE:RIAL TYPE. 
GO TO 110 

ENDIF 

. RESERvE STORAGE 
NZ (Iz..M.AT+MAT ) "IZ 
IZWX"I'Z.'200 

HEAD 

.CALL M.A.TE:RIAL LIBRIIRY TO INITIALIZE KA.TD:IAL DATA. 

STllUO'?lO 
STiUO'?30 
STRU07JO 
STRUOHO 
STRU0750 
BTRU07150 
STRUO'17 0 
STRUOHO 
S'TRU01510 
ST'RU0800 
STllU0810 
STiU08:i10 
I:1I"R.OOeJo 
InRUOUO 
BTRU08S0 
STIlUOS150 
STllU0870 
STII.U0880 
STiU0890 
STIIU0900 
STRU0910 
STIIU09;j10 
6"t'iU05lJO 
ST'i.U09.0 
5Ti.U0950 
STi.U09fi0 
STi.UQi70 
STRoono 
STl.uono 
STRO'lOOO 
STRU1010 
STROIO:ilO 
STRUIOJO 
STRUIOGO 
STRUIOSO 
STRUI015C 
STRUI010 
STRUIOEO 
BTRUI05l0 
STRUliOO 
BTROllI0 
STRUll :il0 
STRVllJO 
BTRUIUO 
BTRUllSO 
BTRU11150 
BTRUU10 
STRUl180 
STRU115l0 
sn.OUOO 
STRUUIO 
STROl;j1;j10 
STRUUJO 
STROIHO 
STROUSO 
SiRUI260 
STRUI2?0 
S'TRU1280 
S'TRUU90 
STRU1.300 
S'TRUlJI0 
SiR01320 
STRUllJO 
STRUIJ40 
STRUllS0 
S1RU1360 
STRU1310 
STiUIJBO 
S,.RU1390 
S1RUUOO 
ST1I:UUIO 
STRUH20 
STRUU30 
STRt:llUO 
STRUUSO 
STRUUSO 

80 

c 
c. 

c 

BACKSPACE (105) 
CAll. MAn.IB i IOPT, L!n"T:tP, HEAD, EESE, BPSE, DUCT, EXCliI, 

P, PL,D,DL, '1,VL, L.l!.I..EM,LKAT ,HJ.T ,MATT'tP,SE, I ,DAMAGE) 

. ... RESERVE! STaRAGE 
1z. .. a+1.J+IAT-t 

IF iMAT 
1<30 CCNrIN1J! 

.LT ,~T) GO TO 110 

c····· .... · .. · .. ····· ............ · .. ··· .. ··· ...... · .. 
C· INPUT GE~TII.IC STIFYNESS DATA ... .. 
C·· .. •• ...... ~ ................. ~ ....................... .. 

c 
c 

Z(lZXGDT'O) • VERTICAL GROUND ACCELERATION 
NZ (IZXGDT·1) • TYPE OF AXIAL [.DAD I.lSED 

• 0, GEo-tETRIC 5'TTPPNESS IS NOT CON9IDERD> 
·1, LQAD" PIINPLn')"'(l.O • ACCEL) 
• 2, PREVIOUS 1..OAD STI:P'S UrAL LOAD IS USED 

NZ(IZKGDT·:iI) • TYPE OP ELEMZNT GECIotnRIC STIPPNESS TO BE USED 
0, GECMETRIC STIFPNESS IS NOT CONSIDERED 
1, LlJI!PED PORXt.1l..ATION 
2, CONSISTENT PORKUUTION 

NZ(UXGDToJ) PORJ+I OP SOLUTION 
C, GEO+I:ETi.IC STIFFNESS IS NOT CONSIDERZD 
1, KG IS SUBTRACTED FRet+!: ELXMENT STIFFNESS 
:ii, BEPERATE GLOBAL KG IS FCtO.MED 
LCGICJ..1. PUG, TRUE IF XG IS TO BE COND:£NSED 

I'Z.XGDT·rz 
IZ ·n '4 
READ(l05,·) (N'l.[I'Z.]{GDT+I),I·l,J) ,XGCOND 
I"I'Z.KGDT 
IP (NZ(I+l).EQ 0 .OR. NZ(Iol).EQ.O .OR. NZ(I+l).EQ.O) THEN 

NZ(I·l)·O 
N'Z.(I+:iI)"O 
N'Z.II .. J)·O .l.9. 
~ITE(IOS,150) TITLE(I),TITl.E(:iI) 
IF (NZiI+l) .EQ.1) WRITE(lOB,I150) 

'It:GOATAi1)· 1, LOAD· P(INPt11')-(l.OOoACCEL)', 
, F iINPl1I') IS POSITIVE IN CCMPKESSION', 

ACCEL IS POSITIVE GLOBAL 'Z-AlIIS ACCEl...EJlATION' 
IP (NZ(I"I).EO.;jI) WlllTEil0B,HiO) 

'II::GDATA(l)· ~, PJlEVIOUS LOAD !n'EP"'S UIAL LOAD IS USED' 

IP (N'Z.iI+<l) EO.l) WRITE (loa, UiO) 
'It:GDATA(:3)· I, I..IJM]IED PCRI"IULATION 

IP (NZil+;jI) EO.;jI) WRITE(lOB,Ii!50) 
'I[GDATA(;Z)· :3, CONSISTEYr FCRKULATIctl 

IP (NZil+J)_EO.l) WRITE(10e,160) 
'KGOA""(J)· I, KG IS SUBTRACTED PRCIot ELEMDn' STIPFNESS 

IP (NZ.iI+J).EO.;jI) WIUTE(lOB,l60) 
·XGOATA(J)· :3, SiPERATB GLCJ8.\L KG IS POlU1ED' 

iiRITE(108,IEO)' " 
IF i KGCONn) WRlTE(lOB,lISO) 

'. THE G~I~~T~~T~~F~~~J~~.:II 
IP (NOT.ICGCOND) WRITEII0E,llSo) 

END!F 

'. THE GEot!E'T1. IC STIPPNESS MAntIX IS NOT CCNI>ENSED '1/ 
'WITH THE S'Ti.uc-ruR..U.. STIFFNESS MJ.TRIX.' 

ISO P<lRXAT ('l.STRUCTtlR:E. ',10.,1 
, SOUJrIQN, .... : ',A,II 

SX,' GECM2TUC STIPPNESS DATA 'I 
" SX,,·· .................. • ...... •• .. •• .. • .. • .... 'I) 

lISO FallJQ.T(511,A) 

c·· .............. · ...... • ............ · .. · .... ·· .... ·· .. ·• ...... ••• .... • .. •· .... .. 
C· !In UP STORAGE PCllI. G~E'I1UC STIPFNESS DATA .... . 
C·· .. • .................................................................... ~ ... .. 
c ..• GL08AL STIP'FNESS STaRGE 
C NZ!IZHD_G) .. INDICIES OF THE MAIN DIAGONAL TERMS 
C Z(I'Z.J:G ) • GLCBAL GECJomTlUC S'TIP'PNESS MATRIX 

c 

IP (NZ(IZXGOTo.J).EO,;jI) THEN 
I'Z.MD]{G"IZ 
I'Z. "IZ -NDOP ~ 1 
CAlL SXYLIN(O, l,NDeP, IBoo, TITLE, HZ (1'2.MD1ro) , 

.. lCDOP,N"L(I'ZJJoIlG),Z(IZIEIG),MD,'GLCBAL GEOI+IE'TB.IC STIFPNESS') 
ELS' 

DtMofY lDCATIa-I PC&. KG TO AVOID ADDRESSING ~CEP1'IONS 
KG DATA IS NOT STatED IN THESE LCCATIa-IS. 

I 'Z.MDKG"I Z_GM 
I'Z.IG ·IUGDT 

ENDI' 

c·· ............ ·• .. •• ........ • ........ • 
C .. INPt1l' EL.E:I'IENT DA.TA .. .. 
C"·"·" ........ ~ ....................... .. 

:aUD(loS,") NEIJ+IT 
. EI..EKEN'TS'T~E 

NZiIZE!l.B ) .. 
N'Z.i1ZBl..!+ 1) .. 

NZiIZElJ!+ 2)" 
NZiIZE!I..B' J)" 

II OP I'tATERIAL POllP'DTIES (NEIJoJT) 
ABSOun'l! ADDRESS OP El...Etlmn" III 
ABSOU1TE ADD.R.BSS OF EU!21ENT jj;Z 
ABSOUJ'l'E ADDRESS OF Et.El+l:ENT 113 

snU1410 
S'!''RU14.BO 
51RU14.90 
STRUl'sOO 
STRUlSIO 
STRUlS:ilO 
ST1W1SJO 
STilUIS40 
S'TRU1SSO 
STiUIS60 
STRU1S10 
S'rRU1SSO 
STRU15510 
STRU1600 
S'TRU1610' 
STilU1620 
STRU16l0 
STRUl640 
STRU1SS0 
STRU1S60 
S'Tl1:U161 0 
S111:U1680 
STRU1690 
STRU1?OO 
STRU1? 10 
5TRU11';10 
STRU1?JO 
STRUl?40 
STRU1?50 
STRlll?60 
5T:RU1 "0 
STRU1? BO 
ST'RUI190 
S'TRU1800 
STRUB 10 
STRUIB20 
STRUlBlO 
ST'RUlB40 
ST'RU1B50 
S1RU1BfiO 
STRUlBiO 
STRUlsao 
ST~UlB90 
51RU1900 
STRUlSl10 
STRU19 ~O 
STRUISlJO 
5Til.U1SiGO 
STRUlS1S0 
5TRU15l60 
5TRlJl5IiO 
ST'RU1980 
STRUI990 
STRU2,OOO 
STRU201c 
STRU2020 
STRfJ20JO 
STRU20GO 
STRU:ilOSO 
STRlJ201S0 
STRU20?C 
S'I'RlJ:iloeo 
STRU:ilOSIC 
STRonoo 
STR03110 
ST'RUll.O 
S1RU21l0 
STRU3UO 
STRU21S0 
ST:RU;ZUiO 
ST~fJ21 ?O 
STRU21 BO 
ST~U21510 

STRunoo 
S111:U'2210 
5T1I:U2220 
STRU2230 
ST'RU2240 
STRU:il250 
STRU32fiO 
STRll2ZiO 
STRU:Il:il80 
STRUH90 
STRU2JOO 
STRU2JIO 
STRfJ;jIJ20 
STRU:IlJJO 
STRU:oIJ40 
S'TRIJ3J50 
STRU2JfiO 
STRU:ilJ10 
S'TRIJ2JBO 
S"TllU:olJ90 
STRU:oI400 
STRu:alO 
SiRU34jj.0 
S,.RU;jI430 
S'!'RU2440 
STRU;jIc..SO 
STRU:il460 
STRU:il4iO 
STRU4!UO 

N'Z.I I 'Z.KAT'NZlJot'T) • 
'Z.(NZ (lZ,EU·I))" 

ABSOLl1TE ADDRESS POR EtD! iI NEl.11T S'I'RU2490 
!1ATERIAL DAT", POR. ELE'MENT n STRU2S00 

5TRU2510 

ZIN'Z.(I'Z.EI...E+2) ) .. 

IOPT·1 
I'Z.ELE .12. 
I'Z. ·I'Z. ~NElJoIT+l 
N'Z.(I'Z.BI..J!) "N'BU+fT 
fIRST" .TRll!. 
HEAD·. TRUB. 
IGEN·O 
IELNo-O 
LSTTYp·O 

c· . - - - LOOP FOR EACH ELEl'lENT -
210 IE~O"IELNO+I 

If (IGEN.LE.O) THEN 
READ(10S,·) TYPE 

MA'TERIAL DATA FOR ELf}iXNT n 

IF' (TESTiTYPE,·lD·BEIoM', PALSE.)) 'l'HtN' 
NINPUT" 10 
NIN'Z. .. GJi 
NELTYP" 1 

ELSE IP i'l''ESTIT'tPE,'SPRING', PALSE.)) THEN 
NINPUT" 10 
NINZ .. l.n 
NELTYp· 2 

ELSE IF ~TESTi1VPE,'SHEAR WALL', ,PALSE») THEN 
NINPUT· 51 
Nlm ·1159 
NELTYP" l 

ELSE IP (1'EST(TVPE,'BAACE', PA.J..SE.)) THEN 
NINPI.lT· 10 
NINZ • III 
NELTYP" B 

S'TP.U2S20 
STRU4!SJO 
STRU2SII.0 
STRlJ2550 
STRU:il560 
STRU;ZS'70 
51RU2S80 
S1RU2590 
STRU21500 
STRU21S10 
STRU:il15;;c 
STR036l0 
STRU21SGO 
STRU21SS0 
STRU21!i 15 a 
STIW21!i70 
STRU21SEO 
STRU21!i90 
STR02?OO 
STRU2?l0 
STRU2720 
STRlJ27JO 
STRU2740 
STRU2?SO 
STRU2?60 
S1RU2?10 
STRU2HO 
STRU2?SlO 
STRU2BOO 
STRU2810 
STRU2820 
STRU2BlO 
STRUZB40 
STRU2B50 
STRU2860 
S'TRU28?O 
S'TRU2BBO 
STRfJ2B90 
STRU2900 
STRU;Z910 
STRfJ2920 



ELSE IF [TEST(TY'PE,·IE3DJ:!EAM',.P'ALSE.~~ "l'WEN 
NINPUT· H. 
Nlm ·614 
NBLt"lP· !i 

ELSE IF ('l"EST(1'YPE,·9'TABIUTY',.FJJ.SB.~~ THEN 
NINPtn· B 
NINZ • 618 
NELTYp· 1 a 

ELSE IP lTEST(TiPE,'BHEAll OPEN', .PAl.BE.)~ THE:N 
NINPU'I'· 9 -
NINZ • 7"15 
NEl.TYp· H 

C. TO ADD ~DITIONAL EL~T9, COP'1 THE NEXT FOUR. LINES 
ELSE IP l'I'EST(T'1PE,'ll)·,.PALSE.~) THEN 

NINPUT· (iI) 
NINZ • (J ~ 

NEL'l'YP· 14~ 
e CI-IANGE THE POUDlli'IHG VALUES 
C. (1) 'tOUR El.2!1ENT NAME. 
C. (2) ~ OF V-'lJJES TO BE INPtrr 
C (3) • OP S'rORA.GE l..OCATIC!-IS REIXl FOR EU!HEN1' 
C (4) Eu:Hl!N1' 10 NlJ'MllD • JI); 
C ADO CALI.. EL:E!X:K TO SUBPROBRAH ELE_LIB 
C ADD SUIlPlto::::R»! ELEXX 
e .. 

ELSE IP lTES"l'(TYPE,'ENI)',.FA.UE.») THEN 
NElXI'·UUoIO·l 
NZ(IZELE) ·NElXI' 
GO TO lOO 

ELSE 
QI'rE(10B,·) ·INVA.l.ID EI..!HEN"!' TYPE, • ,Hv..D 
GO TO :no 

"""IF 
SACXSPA.CE (105 J 
REAtlI105,') TYPE ,N»'lE , ( RINPLn'(l) ,I·l,NINPUT) ,IGDl 
IF IIGI!:N,G'l',o~ RUDlI05,") (GINPUTIIl,l·l,NINPU'T') 

ELSE 
IGEN·IGEN·l 
N»I1!. 'GENERATED' 
DO :il20 I·l,NINPUT 

HO RINP1JI'(I)·RINPtJ'TII) +GINPLn' (I) 

"""IF 
C. . .RESERVE STCR..AGE 

N"l.IIZ!U·IElNO) ·IZ 
IC·IZ 
IZWX·n 

.S'l'CIRE El..2H.EN1' TYPE 
NZ lIe) ·NEL1'YP 

e 
C. .. CALL E~N'I' LIBRJ..I\Y TO DETERMINE THE STORAGE POR HATL DATA 

IOPT-9 
HEAD2· .FALSB 
t.,S'ITP2·0 
CAI...L BUll! 

" (roP"!', LSnp:iI, ,P.u..sE ,III.EL, Hv.DOI,NAME, EESE, EPSE,OAMJ.GI!:,DUCFAG, 
IELNO ,IELDOp, KGOOP, PGECJ1,RINPl1T ,.\XIA.L, ItDISP, :i:ZLQAD,MS"l'OR) 

e 
e. . .. RESERVE STORAGB 

e 

IZ,·IZ"NINZ+MSTCS 
Izwx·n 

C. . . .DU !'Ii' EL£M:an' DA.TA I P DEBU GING 
IP-\llTBS'l'IIBUG,Bl) THEN -
Wlt.ITE(lOB,"l 'IZI.H:·,IZLM,' IZXB:',IZ1CE 
JJ. ·1 
DO ?l00 I·IC, (IZWK·l· IllEL) 
JJ·JJ·l 

7100 _ IP (NZII) .NE.O) WRITB(lOB,1010) IELNO,JJ I,NZIl) ,ZII) 

"""IF e 
C. . CALL ELEKENT LIBlUJlY TO UoIITIAUZE E"1...EMZNT OA.TA J.ND RETURN 
C . . INFO ON El.EMEN1' DO? 

e 

IOPT·1 
CALL ELELIE 

, (IOPT, l.STT'tP, . '!'RUB ., Ill!L, HE.t.D, NA.MB, EES!, EPSE, DAMAGB,DUCFAG, 
II!I.B:) ,II!LOOP ,KGDOP,PGECM,llINPtrr,AJltA.L, IZ,DISP ,IZLaA.D,KSTOliI) 

'. ,RELEASE UNUSED S'l'ORAGE 
n·n·IBEL 

C. " .DU MP BUMEHT DA.TA IP DEBU GING 

e 

IP-(B'I'ESTI IBUG, B) I THEN -
WllIT'B (10B,"1 'IZt..H:·, IZUoI,' IZ,XZ:' ,IZKE 
JJ··l 
00 iOOO I·IC, (IZWK-l'IREL) 
JJ·JJ+l 

iOOO IP (NZ(I) .NE.O) WRITP!(l09,1010) IELNO,JJ,I,NZ(I) ,Z(I) 
i010 FORMAT I' IELNO:',Il,' "",16,' Z,(·,16,·):·,IIO,lP,Gl8.B) 

"""IF 
c- RESDve SPA.CE HI iHE SKYLINE POR THE STIFnil!SS 

JPLAG"O 
IPi TEST ('Ii'PH, 'STABIl.ITY·, PALSB.)) JPLAG .. 1 
CAl.L SKYLIN(J~G, OI,NDOF, IlIOO,'I'lTU,Nz'(UMD), 

IELDOP,NZ(ItLK), t(t"l.J:E) ,MD,' GLClU.L STIYPNESS')' 
e 
C· - RESERVE SPACH IN THE S.II:YUNP! FOR THB GBClG'rRIC S'rIPf'NESS 

e 

IP (mlIZ.KGDT+3) .EQ.l .AND. AJ.IAL) 'I'HEN 
eA.U. SJCYLIN(o,~,NDOP, IBUG,TI1'l..2,N'Z(Iz.HD), 

" lCGDOP,NZ(I'Z.l1"iKG),Z(IZKEXG),MD,·GLC8Al. GEOME"IltIC S'I'IPFNESS') 
BLSE IF (NZII'Z.KGO'I'ol) .BO iI .1tJID. AXIAL) THEN 

C.ll.L SXYLIN (0,2., NDQP, 1.BUO,TITt.:B,NZ IIZMDKG), 
r. J(GDQP,N"l.(IZUoIKG) ,ZII'Z.Ja!XG) ,MD, 'GLOBAL GBOKB"l'RIC STIFPNESS') 

I!NDIF 

IF (!ELNO.t.T.NEI..HT) GO TO 0110 
lOO CONTINUE 

c··············· .. ··· .. ··········· .. ····················· .... 
e· MODIF't GECJo!ETRIC STIPFNESS MATRU POll: CONDENSATION ••• 

c·· .. ·· .. •··•······ .. •············ .. ··· .. •·· .. · .. ··•·· .. •··••· ..•• 
C THE CONDENSATION PROCESS !iA.Y EXPAND THE GECMETlHC STIFFNBSS MA,TlI.IX·S 
C SKYLINE. THE MAXII1UN SXYUNB OP BOTH THB GEQUTUC STIFFNESS AND 
C THE STIP'P'NESS MAn.n IS USED. 

C 

IF (NZIIZXGOT·3) .EO.:iI .AND. rocOND .AND NCOND.G'T.O)THEN 
00 310 I·O,NDOP 

J·I+l 
HDXG1·NZ, CI'ZMDlG' I) 
NZIIZMDKG+I) • !'lAX ( m(IZMDI(G+I) ,N'Z.(IZMD·ll 
NZ (IZMDXG+I) ·MIN I N'Z. (IZMDI(G· I) ,N"l.(IZMOoI) 

J10 eCN'l'lNUE 
mIll? 

C··A .................................. . 
c· SE"!' UP GLOBAl.. STIFFNESS STORAGE •• 
c· .•••••••••.•.•••••••••••••••••••••• 

N'Z.IIZHD) • INlJICIES OP THE MAIN D1AGONAL TBiU1S 
Z(1ZSTIF) • GLOBAL S'TIPPNESS !'lA.TRIl< 

CALL SKYLIN [O,J, ~P, IBUG, TITLE, NZ(IZH!»), 
" IBLDOP ,NZ (IZI1i) ,'Z. (IZXE) ,MD, • GLOBAl. STl FP'NESS' ) 

IZSTIP"rz 
IZ • IZ+NZ(IZMDoNDOF) 01 

e 
C· .. ········-··· .. •••••••••• ......................... . 
c· SET Ui' STORAGE FOR GEa-!'ElRIC S'TIFPNESS DATA ••• 

C········ .. ··· .. ············ .. ······················· 
C NZ(IZMDXO) • INDICIES OF THB MAIN Du'GONAt. TERMS 
e Z (IZJr.:G ) • Gl...OBAl. GECME'l"RIC STIFFNESS I1A.TlUX 

IP (NZ(IZ)(GDT+J) .EQ 2) THEN 
CALL SKYL IN I 0, J, NDOP, IBUCi, TITLE, NZ I IZl1DKGl • 
XGDOP' ,NZ( nLMKG), Z(ItXl!k.G) ,MD, 'GLOBAL GEOMETRIC STIFFNESS') 

5"1.029JO 
s-rRU~940 

STRU~950 
SiRU~960 

STRU0I970 
S1'RU:il9BO 
S'1'11:02990 
S'TilU.:JOOO 
STRU3010 
STRUJ020 
STRU30JO 
S'T'RUl040 
S'TRUlOSO 
S"1'RU1060 
S'TRUJ070 
S'rRUJOBO 
ST1HJ3090 
STRu;noo 
S'T'RUJI10 
S'TllUJUO 
9TRU31JO 
STRUl140 
5TRU315o 
STRUl160 
5TRU3170 
S'TRU3lBO 
ST'Rm190 
STII.U3~00 

S"TII.UJ:a10 
S"TRUl:a~O 

STRUH30 
SiRU1~40 

STRUl~50 
STRU3Z6 0 
STRUJ0I70 
&-rRU3:iilBO 
&"rRU1:ol90 
S"TRUJlOO 
STRU3l10 
STRU13:aO 
STRUlJJO 
ST'RU3Jf,0 
SiRU3l50 
STRUlHiO 
STRU3110 
STRUlJBO 
!>t'RU3J90 
STRUl400 
S'tRU341 0 
STRU.:J4:ao 
S1'RU34JO 
STRU34.40 
S"l''IlUJ4S0 
STRUJ450 
S1'RIJ34'1O 
STRUJUO 
S'TRU3490 
STRU3S00 
STRUl510 
S"RUl5~o 
STRUl5)o 
S"l'RU)S40 
STRU3SS0 
STilmS60 
STllUJ570 
S'TJW3SI0 
STRU)S90 
STRUJoSOO 
STRU3610 
S'TRUJ620 
STRU36l0 
S'i'itUJ640 
S'TJlU3550 
STRUJ660 
51'II.U31570 
STRUl6BO 
BTRU1Ei90 
STi.U3iOO 
S1RUl710 
6"'!'RUl7aO 
8"l'RU31JO 
~U37&0 

ST1U3750 
STRU3HiO 
STRU37 "I 0 
STRUli60 
In'i.Ul790 
S"TRUJBOO 
STIlU3110 
STlIU31:1:0 
S'n,UlB30 
STRUJUO 
STRUJBSO 
STRU3UO 
8"TilUlBiO 
STRU3BBO 
S'!'RUlB90 
STilU3900 
STRUJ910 
STitU39:ii10 
S"'!'RU39JO 
ST'RU3!i10 
STRUJ9S0 
STRUl9150 
STRUlSliO 
STJlUlSlBO 
STRUl990 
STRUGOOO 
5T1lUG010 
Sii.U4020 
STi.UtOJO 
STRUt040 
STRU40S0 
STRUd,(l60 
STRU4070 
STRUGOIO 
STRU4090 
STllU4100 
STRUUIO 
STRUf.l~C 

STRU4.1JO 
STRU4140 
STRUU50 
STRU4160 
S"'l'RU4170 
STRU41BO 
STRU41Sl0 
STRU4:a00 
S'TRU4~10 
S1'JltJII.2Z0 
STRU4i!,l0 
STRtJ4:u.0 
S"!'RU41.SO 
STRUG260 
STRU4nO 
STRU4260 
STRU&290 
STRU4300 
STRU4JIO 
STRU4HO 
STRU4.:J.:J0 
STRU4340 
STRU4JSO 
STRU43 IS 0 
5TRU&JiO 
STRU4JBO 

81 

e 
e 

I'Z.kG 
IZ 

ENOl? 

-IZ 
·12 .. N1.(IZKDXG+NDQP) 

C···· .. ··· .. ·········· .. ··. 
C· tNPlTI' KASS MATRIJI ••• 
c······················. 
C NMASS· Nt.ME! Ell OF NODAL MASSES TO BE INPUT 
C IPK.\SS • 0, NO MA.SS MATRIX 
e I, M.l.SS "",nIX DUE TO NODB MASSBS ONLY 
e I'!CQNtI .. LCCIc:.u. FLAG, nue IP mBS IS '1'0 BE CONDENSED. 
e 

." 
e 

CAll. MASSINI IM1ASs, IFKA.SS,I'COND, BUG, IJ:!UG,TITl.!,I1AX'Z, 
'" MAXNOO,NNOOB, It, [W, IZID, '20, NZ, I 7MDHS , I~SS, 
" IZLM, IUB, IZMDAT ,NDOF ,NoIASS, IZIDOF, Iz'~ST, 
" IZJeOS,NCCND,IZHDl 

IF (INHASS.GT.O) THEN 
VRIT!(l0!,160) , , 
IF (MeCHl) THEN 

WRIUI109,160) THE MASS MAoTUX IS 'II 
'CCINDENSED WITH "l'l-II! STRUC'TlIRAL S'l'IFPNESS MATRIX. 

ELSE 
i6:ITE(10B,11!j0) '- THE ,,"SS MATRIX IS NO'l' 'II 
'CONDENSED WITH THB STRUCTURAl. STIFFNESS MA'I'RU. 

ENDIP 
!LSE 

WRITE (lOe ,499) 
FOlUU.Tl//SX,· ZERO MASS MATRIX '/ . 

ENDlP 
5X,·· •• •• ••• •• •• _·· ••• ') 

C······· .. ······· .... ······· 
C· INPl1I' DAMPING DATA. ••• 

C······ .. ········· .. ·· .. ···· 
C NDAHI'· NUHBBlt OP Na:lAL DAMPING eOIEP TO BE INFLn' ·0 
e 

e 

ND.,t,Mp·o 
FDA,HP·l 
IZD.\MP" I Z 
IZ .. rz + :iI 
RUD(l05,*) ALPHA,BBTA 
Z(Iz.DAXPl • .u.Ptu. 
ZIIZDAKP+IJ ·BnA 
WRITEflOB,500) ALPiU.,!E'TA 

500 FORMA!(//5X,' P1I:OPORTICIi.lL DAJ'GIIHG eOIEPICIENTS'/ 
, 5X, ...................................... '/, 
" SX, 'A.!.PI-\A..' , lP, 013,5,' BETA·' ,G13 .sf) 

C·················· .. ··· .. ·· .. ·· .... · 
C· ZERO 1.OAD AND CISPt. INDICIES ••• 

C··· .. ···· .. ···•···••···• .. ·· ... ··· ... ·· 
I ZLOJ,D .. o 
IZDISp·O 
I'l.VBL ·0 
Iuce ·0 
I2DLQA .. o 
IUlDSP·O 
I ZDVEL· 0 
IWACC·O 

S'rRU4HO 
5TiUJUOO 
9TROU10 
8'1'RI)44 :ao 
STRU44.JO 
S'I''RU4&GO 
STRU44SO 
S'TllUU6C 
STRUU.iO 
STi.UUBO 
S'TRU&490 
STRU4500 
STRU4510 
S"!'RU4520 
STRU4SJO 
STRU&S40 
STRU4550 
5TRU451S0 
9'1'11.0'4510 
STRU4SBO 
STRUGS90 
S1'RU4600 
5TRUG610 
STRU41S2,0 
STRU46l0 
S'T'RU4640 
ST"RU46So 
S'rRU4660 
STRU4570 
S'rRU46BO 
STF!.U41S90 
STRU4iOo 
STRU'i to 
STRU4120 
STRU47JO 
STRUG'i40 
STRll4"1S0 
S'I'RU4'760 
STRU4?"10 
STRU4"IB0 
sr'RU4i90 
STRUUOO 
S"RU4BI0 
5TRU4B 2.0 
STRU4910 
STRUU40 
ST'RU4BSO 
S'TRU4B60 
S'TRU4B70 
S'TRlJU6C 
STRUU90 
5"1'1I.U1I.900 
S'TitU4910 
5TRU4920 
STllU49JO 
Sn,U4S1i1.0 
S1'RU495c 
STRU4960 
S'rRU49'70 
STRU49110 
S'TRU4990 
STJlJ5000 
S'I'IlUSOIO 

RE"I'UllN S'TiUSO:il0 
END S'i'RUSOJO 

C MAnOOlO 

C··· .. •• .. ••••••• .. •••• .. •••••••••••••••••••••• .. ••••••• .. ••• .. ················MATIOO.O 
C M.A.TIOOJO 

SUBROUTINE MATll (IOPT,FIR9'T ,MAT I S!,P, FL,D,DL, LELmi, LMAT, MATI0040 
SKAT, fESE, nSE, DOC'T, EXCR ,DAMAGB) MATI0050 

e 
e· 

e 
C' .-

~ICAL FIRS'T 
OII'mNSION SE (lOO), SKAT (5) ,DUCT (J) ,EXc:a (IS) 
CHAllACTD. • II 0 T't P E 

'. RESERVE S'i'ClU.G! POR EU2C!ln' 
UU,.DI"31 
IF 110PT.E'Q.0) II!TUUI 

C VARIABLES: 
e· 
C· - - _. GLCBAL YAK IABUS 
C 10FT • 1, UUU,\LIZB MATERIAL 
c • 01, INnIALIz.E STIPFNESS 
e • J, GET STIPFNXSS TERM 
C • 4, GET DlEJlGIES, ~UCTILITY .\NIl EJICURSION 
C • S, CALCUl.A.TB D»L\GE I~Ell 

C RINPtn' • INPtrr DAn 
C SMA'! • IN'l'ERNA.L STCRAGB 
C SE • CX1I'PtJ'T STIi'YNiSS 
e· 

GO TO 1100,:iiIOO,lOO,400,500) 10FT 

10C CCN"!'INUE 
e 
C· .. _. Im'ERPE'l.TA.TE INPUT OATA 
C HA. • SHAT~ 1) 
C VA. • 5!'Q'I'1 01) 
C RATIO,· SHA.'T ( J) 
C OIJCl'l.\X· SHAT( 41) 
C BDIJ1· SMATI 5) 
e 

S"TRA.Dl HARTEN una TO ElASTIC STIFFNESS 
FAIUlRE DUCTILITY 
BATA PAB.AMP!'r!R 

RE.t.DIIOS,*) T'tPE ,(SHAT(I),l·l,l), DUOtAX, BDAM 

l.HA'T·5 
SHA.T!4) ·DlJOtAJI 
SMAT IS) • SOAP! 

IP (PUST) WRIT1!IICB,191~ 
WRITB [10 H, 1S101) MA", I SM-'T IK), X·l, J) ,OOCMAX,BDAM 

I1A.T1001S0 
JotA.TIOO1Q 
,,"T100BO 
IiA.TlOOSlO 
,,"TlOIOO 
MATlOllO 
M),rlOl~O 
HATIOIJC 
MATI0140 

- - ·Hl.Tl01SO 
MA'1'10160 

--tu."I'lCI10 
""'TI0190 
\iA.TI0190 
MA'l'100l00 
MA.TIOUO 
I"IA.T100l0l0 
MATlO:l3C 
MATIO:l40 
MATIOilSO 
HATI0260 

. - .. -HAT102iO 
I'QTI0UO 
MA'T100l90 
MAT10lCO 
!'!ATIOnO 
!'\A.T1030l0 
KATI0330 
MATIOHO 
,,"T10350 
I'tA.T10l60 
I1-'TI0l"l0 
~TI03BO 

MATlOHO 
HATl0400 
MATlOUO 
MATI0420 
MATI04JO 
MA.TlOUO 
MAT104S0 
MAT10460 
MATI0470 

191 PaRMAT 111/' PINO·SUARBZ TC*ER SHORT OIR. HYST MaDEL PA.!U.METERS'/MATl0480 
" ' ············ .. ··· .. ·································'11,' M1\T. ·,~TI0490 
, JX, ' IU.' ,6)[,' VA.' ,5)[,' RATIO' ,6'1(,'MAX DOC', ISJ:,' BETA' ~ MAT10sOO 

Hi! FORMAT (lX/I3,~X,I5Gl:il.61l MA1l0510 
C MA.Tl0S~0 

RE'Tt1RN MAT10S10 
C !Q"!'l0540 
C···· .. •• .. •••• .. •• .... •••••••• INITIALIZE S"rIPFNESS TBRl'lB ••••••••••••••••• .. IQT10SSO 

200 cONTINUE I'U.Tl0550 
PINO·9UAJ!E2. 'fClWER SHaRT GIRDER MODEL DATA STORAGB FOR MEMBER MATI0510 

SEC 1)· STIP MDmER HQHENT·RO'l'A.'TION STIFFNESS MA.TIOSBO 
SB( 01)· DP LaAIl INCREl'lZNT MAT105S10 
SE( 3)· OX DISPu"CEMENT INCREMENT MA110600 
SE1 G)· RV INDeX POR TOP OR BOTTCJ11!NV"ELOPE MATlOISIO 

SEI S)· Rtn.! 
SE( 6)· PTOP 
SEC 1~· OTOP 
SEC B)· PBar 
SEt 9)" DBOT 
SEllO)· KEQ 
9EIll)" DUC'T III 
5B(l2)· 0UC'l'(2) 
SE(lJl· DUCT(3) 
9£(14)· 'EXCR (1) 
SE(15)" BXCRC.) 
SB(16)· exo.(::l) 
SIl(li)· E1CCR Ie) 
SEllB)· EXCR IS) 
SE(19)· EXO(6) 
SE(20)· DELY 
SB(H)· EESE(H 
SB(.OI)· EESE(1.)' 

RV·o THEl-I HIGH· ,TRUE. 11A.T106010 
RV·l THEN HIGH· FALSE. ~Tl06JO 

R01.J!: N\l'a!ER MA.'rl 064 0 
MATl015S0 
M.ATI0660 
M.ATl DIS 1 0 
MA1106BO 

UNtJ)ADING EQUIVALENT S'TIFF'NESS 

YIEUlING OISP~CEl'IEN1' 

MATl0690 
MA'l'10'700 
MATlIJ"IlO 
MATl()'72,O 
MA.TIO"lJO 
I<IAT1.0"140 
MATl01S0 
MATI0760 
MATl0"110 
MA.'l'107BO 
MA.Tl 079 0 
MATlOSOO 
MATloa 10 



SE(;j13)~ EESE(a) IIlATI0820 
S!(:iillI.)~ EPSE HATl0830 
SE(2S)'~ PSEOlZl HATlOUO 
SE(a6) ~ CSE HATI0850 
SE(27)~ 0MAJt UL.TIJ9.12 DISPL-'CEMEtn' HATlO8EiO 
SEca8)· D_M.l.X !o{).JIIMtJII 2LEME.N'l' DISPLACEMENT POll. DAM.lGi INDEX I'I.ATIQ8')0 
SE(:il9) ~ P!'QX E'l..EM!m' I...Q.IJ) CCRRE9PONDING TO D H.A.I MATlQ8BO 
SE(jO)~ o'OO.x CURllENT IUlIMLH UIAL DISPLACEMXNT FOR DUCTILITIES HATI0890 

C SE(31)~ INITIAL STIPFNESS HATI0900 
C .~....................... •••• •••• ..................................... I'tATI0910 

00 210 I·l,ll I"IATlOgaO 
210 SE (1)·0 I'tAT10930 

9E(0l0) ·SK1oT(l) MATI0940 
SE(S)·1 HATI0950 
l1OP'T·IOPT HATI0960 
CALL. H'l'STll(MOPT,SE(l),O.,O.,O.,O ,SE(3),SE('l,SE(5),sE(6),SE(7), HATI09,)O 

&. SEeS) ,SE(9) ,5"'-'T(1) ,5MAT(:il) ,5HAT(J) ,9E(11) ,SE(JO) ,SMAT(U) MAT109~0 
SE(26)·sE(iilO)·SMA1C~)/2 MATI0990 
SE(:iI')·SMAT(1)-SHA.T(4) MATllOOO 
SE(2Q)·0 HATIlOI0· 
SE(~9)·0 I'IATIlO:ilO 
SE(ll)·SE(11 HAT11030 

R£TURN 
I"IATllO'O 
I'IATllOSO 

C·· .. • .. •• .. ••••••••••• ...... •• .. GET S'TIPPNESS TERMS ~·"""···············"""·"I"IATII060 

c 

)00 CONTINUE 
SE':iI) ·P·PL 
SE!l) ·O·DL 

. CALL HYS'Tll TO CALC NEW STIFFNESS STIP 
MOPT·IOPT 
CA.l.l. H1'STll(MOPT,SE(1) ,P,D,PL.,DL,SE(3) ,9E(fo) ,8E(S) ,SE(6) ,SE(7), 

" SE (e), SE (9), SMAT (1), SKAT (:2), Sl'tAT(3) , SEDl) ,SE(JO), SKAT('») 

S1'ORE HAJ!IMUM DI SPUCEKEN1' AND CORRESPONDING ~ 
IP(AB8(D) .GT. ABS(SE(:I.9)) THEN 

SE(2B) ·0 
5E(iil9) .. p 

ENDIF 

C·· .. GET ENERGIES, DUCTILITY" AND EXCURSION POR BOTH rOPT·J AND 4 •••• 
400 CONTINUE 

410 

'nUNSFD ENERGIES FOR BOTH 10PT·J AND "'. 
EESB'·8E(:ill) 
EPSE·SE(H) 

TItANSi'D DUCTILITIES AND EXCURSION u:rros FOR BOTH IOPT"J .u/D 4 
00 410 I·l,l 

DUCT(I) ·SE(10+1) 
E.IICR (I+l) "SE (13 ~I' 3) 
EXCR(I) ·SEOJ.I) 

RETURN 
C· ...... •••••••••••• .. DAMAGE INDEX ....... ~ .... ~ ............................... ~ .. 

500 CONTINUE 
C .. DAXAGE INDI!X IS n:rr AVAlI..o\EIl..E 

D..t.KA.GE·O 

PINO·SUAREZ, TCWER SHORT OIRECTION GIRDER MCMENT·ROTA.TION 
HYS'!'E:R.ESIS I'la:JEL. BASED ON HYSTE:RE.SIS L.OOP OP TlA GIRDER 

S08RcurlNE HYSTl1 (MOP'!' I STIP, P, X, pu., XU, OX ,RV, ROl..E, PTOP, mop, 
" PEar ,DBOT", ItA, VA, RATIO,DOC,DEMAX, DlJOolAX) 

DII'lENSION DUC (J) 
L.OOlCAL HIGH 

MATllO,) 0 
I'IATll080 
KATl1090 
MATl1100 
KATI 11 III 
MATllUO 
I1.\Tl1130 
MATllUO 
MATlllSO 
MAT11160 
KATIU?O 
KATl1190 
HATl1190 
HA"%'llaOo 
I'IATIIUO 
H.\T1 12 iii 0 
MAT1U,3C 
HATllHO 
JolAT11ii1S0 
HATl1ii160 
JotAT112"JO 
HAT11280 
""'Tllao 
MATl1300 
I'VoT11310 
MATllHO 
I'IATllJJO 
KATllHO 
I'tATllJSO 
"",Tl1360 
KATlIJ'O 
I'tATIIJ80 
""'''%'l1l90 
HAT11400 
I'lATllUO 
HATll,aO 
101'1'&-1'0010 
HYSTOQ;lO 
HY"STOOJO 
HYST0040 
HV&-I'OOSO 
HVSTOOEiO 
HYSTOO,)O 
HYSTIl080 
HYSTo090 

C ................................................. ~ .............................. HYSTOIOO 
C DUC EL.EMENT OUCTIL.ITY UTE H,{STOllO 
C EXCR ELEMENT EXCURSION UTE HYSTOlaO 
C ESE EL.~ EI...ASTIC STRAIN UTE HYSTOIJO 
C PSE ELEMENT PI...ASTIC S't'lI..AIN UT! HYST0140 
C PSEOLD ... EL.EKENT PLASTIC &'"rUIN UTE AT LAST ZElIO CROSSING HVSTolSO 
C CSE .... ELBKE:NT CONST).N'I' STltAIN ENERGY HVST0160 
C RA1'IO S'TRAIN HARTEN RATIO TO ELA.~IC STIFFNESS H1'5101'0 
C S'TIF EL.EMENT STIFPNESS HVur0190 
C P CURRENT EL.EKENT INTO.NAL PaRC! HY oro 190 
C X . CURRENT EL.EKEN1' IN"t"EII.NA.L OISPL.ACm"IENT Hi'S'TOaDO 
C pu. PREVIOUS El...EHENT IN'l'ERN.U. PaRCE HYSTO:1:10 
C Xu. . PRE'VIOUS EU'MENT IN'l'ZRNAL DISPLACEHEN'! HYSTOaaO 
C Op .... El...EKENT INTERNAL FaRCE INCREMEln' HY 5"T0:i13 0 
C OX EL.EMENT [NTERNAL OISPI...AC»IEm' I~EMENT HYSTOHO 
C HIGH ...• LOGICAL INDEX, IF P .GT. 0 '!'HEN HIGH".TRUB. HYS"TOaSO 
C ROLf • RULE NUMBER HVSToa60 
C PTOP .... R~SED LClAtlING POINT AT TOP ~LDPB HYS"I'Oa'O 
C OTOP ••. RBVnSED OISP. POINT AT TOP filV"E!L.OPI! Hi'STOHO 
C PBOT ..•• REVDSID L.aJ.DING POINT AT BO"I"TOOI INVELOPE H1'SToao 
C DBOT .•.• REVERSED OISP. POINT AT BOTTQot ENVELOPE HYS'TOJOO 
C ItA ,VA .. FIRST BOCXLING POlm AT TOP ENVELOPE HYS'TOJI0 
C DO~···· PAIL.U:RE DUCTILITY HYBTOHO 
C .GE. 1 PAIumE DUCTILITY CCJoISIDERED HVIn'C3JO 
C .L.T. 1 PAIUlB.E OUCTILITY" NOT C~SIOERED HYS'T0J40 
C .......................................... _ ............ - ......................... HYS'T03S0 
C HYSTOJ60 
C ~.................................. HYBTOl10 
C • CHECK FAIL.URE OtJC'TILITY •• HYSTOJ80 
C ................................... HYSTOl90 

IP( OUC'(l) .GE DLJOotAJI .AND. DOCMAJI .GE. 1 ) THEN HYSTO,OO 
P·O HYSTOUO 
STIp·o .001 HYSTO':il:O 
RETURN HYSTO&lO 

ENDIP HYSTOUO 

c 

IP( RV ,EQ. 1 ) HIQI· .FALSE:. 
IP( f\V ,EQ 0 ) HIQI· .~lli!. 

C ........................................... . 
C • DEFINE ENVELOPE CONnOL. POIVl'S • 

C· .... • .... •• .. •••••••• .. ••••••• .. ••• .. •••• 

c 

[P( Mon .Eg. 2 ) T1-IEN 
PTOp·VA 
PBar· ·VA 
Drop·1tA 
.oBOT· . ItA 

ENDIP 
IP( P .GT. 0 ) HIGH- ,TRUE. 
IP( P .LT. 0 ) HIGH· .FALSi!. 
IF( HIGH) RV·O 
H( ,NOT HIGH) ltV·l 

C·· .. ••• .. ••••••••• .. •• .... •••• 
C • DEPlNE 'DlVELDPE SL.OPE • 
C················· .. ·· .... · .... 

SLOPl·VA/RA. 
SLOPZ·il.ATIO"SL.QPl 

C ........................... .. 
C • HYSTERESIS LOOP RU!...ES • 
C ................................ . 
C· ·RULE l' 

IP( lIllU .EQ. 1 ) THEN 
IP(P .GE. PTOP .Oll, P 

RULE·:iil 
STIP"SLOP2 

LE. PBOT ) THEN 

•• - UNBALANCED PaRCE ~." 
IF ( P .GE. PTOP ) THEN 

llPl·P·PTOP 
OO·UPl/sL.OPl 
OP:iI··UO-SLOP2 
p.p. (t.1PI-UPOl) 

EL.SE IF( P l...E. PBO'!' ) THEN 
UP1·P·PBOT 

HVSTO'~O 
H1'ST0460 
HYSTO&10 
HVST0490 
H1'S'TOd.SlO 
HYS"T0500 
HYS'TO~lO 

HYSTOS:ilO 
HYSTOSJO 
HYS"T05&0 
HYSTO~~O 

HYST0560 
HYSTOS70 
HY8T0580 
HYSTOS90 
HYS'TOEOO 
HYSTIl6l0 
HYST06010 
HYS'T0630 
HYS"'!'06",0 
HVS1'0650 
HYST0660 
HYST01510 
HYST0680 
HYS'T0690 
HYSTO')00 
HY5T0110 
HY5T01 ~O 
HY5TO')30 
HY5T0740 
H1'STO')SO 
H1'ST0')60 
H1'ST0110 
HVSTO') 90 
HYS'T0?90 
HYST0800 
HYST0810 
HVST0620 
H1'ST08JO 
HYSTOUO 
HYST08S0 
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""'IF 

ELSE 

OO·UPl/SL.OP1 
llPa··uotsLDPa 
p.p. (UPl·upa) 

RUl..E"l 
STIp·SLOPl 

ENDIP 
IF( DDWC ,LT. AllS(X) 

DEMAII·ABS(X) 
DOCCl) ·DI!HA.X/HA 

ENDIF 
END I? 

•• RUt..:!!! 2: 
IP( RtJ"I..E EQ. ~ ) THEN 

) THEN 

IP( HIGH . AND , OX GT. 0 ) THEN 
RULE·~ 
STlp·SLOP:il 

El..SE IP( ,NOT. HIGH ,AND. OX .LT. 0 ) THEN 
ROLE·a 
STIP·SLOpa 

ELSE If( HIGH AND . .oX LE. 0 J THEN 
PTOp·PU. 
DTOp·XU. 
ROL.E~ l 
STIP'SLDPI 
PBOT·PTOP 2·VA 
DBOT·OT'OP (PTOp·FBOT) ISLOP1 
•• - UNB~ED PCltC!! t t" 
UO·X·DTOP 
UP·UD~SLOPl 

P·PTOp·\JP 
El..SE tPI NOT. HIGH ,AND. OX .GiL 0 ) THEN 

PBOT·PL.\ 
.oBOT·XL.\ 
ROLE·l 
9TIP·SLDPl 
PTOP·PBOT • iiI·VA 
DTOP·OBOT • (PTOp·P1IOT)/SLOPl 
••• l.lNBA.l..ANCED PORCE t •• 

UO·X·DBOT 
UP·LID-SLOPl 
P"PBOT'U'P 

END IF 
IF( DEMAX .LT. A.BSIX) I THEN 

DEMAX"ABS (XI 
OUC' (l) ·OEMAll/ItA 

ENDIP 
END I? 

HYSTOU:O 
HyS"'!'oe')o 
H'l'STOnO 
HYSTOB90 
H1'ST0900 
HYST0910 
H1'ST0920 
HYS1'09JO 
HY510940 
HYS'T09S0 
HY510960 
HV51'09')0 
HVS'T0geO 
HYST0990 
HYSTIOOO 
HYSTICIO 
HYS'T10;a0 
H'iSTIOlO 
HYSTI040 
HYS'TIOSO 
HYSTI060 
HYSTI070 
HYST10BO 
H'1STI090 
HYSTIIOO 
HYST11IO 
HYSTllaO 
HYSTlIJO 
HYSTl140 
HYSTl150 
HYST1160 
H1'ST1110 
HYSTIUO 
HYSTl190 
HY8T1200 
HYSTl:iI:IO 
HYST12Z0 
HYSTlalO 
H,{STl:il40 
HYST1:ilSO 
HYSTl:iIlSO 
H1'S'Tl;;70 
HYSTIHO 
H'1Sil:i190 
HYST1300 
HYST13l0 
H1'S'l'l) 010 
HYS'TIJJO 
HYS1'I340 
HYSTlJ50 
HYST1360 
HYSTlJ10 

RE'TUllN HY"STlJ90 
END HY STll90 

C MATIOOIO 
C •• •• ........................ ~ .................................................... ~"KA Tl 00 010 

c 
c· 

c 
C·· . 

8TJBROln'IN! MATl) (IOPT, PliST, HAT, SE, P, PL., D, DL., LELEM,~T, MATIOOJO 
, SHAT,EBSE,EPSE, DOCT, EXC:R,O..t..MAGE) KAil0040 

L.OOICAL FIRST 
DIMENSIO~ SE (100), SMAT(B) ,OOCT (3) ,2Xo.(6) 
C1L\R.ACTER-90 TYPE 

.. RESERVE STORAGE F~ B1..EMENr 
LELDI·J9 
IP 110M. EO. 0) RimJRN 

HA1'100S0 
I'lATl0060 
HAT100')0 
KATI0080 
KATI0090 
HATI0100 
I'tATlOllO 
KATIOlaO 
I'tATIOllO 

... ·KATI0140 
C VARIABLES: I'lATIOlSO 
C· .............. . ..... ·KATlOUO 

KATlOl')O 
MATlOl BO 
KATI0190 
I'lATl 0 2:Q0 
HATI0210 
MATl0220 

C· ......... GLOBAL VARIABLES 
C IOPT • 1, INITIALIZE I'U.TERIAL 
C • a, GE'T STIFFNE9S 
C RImtn' • INP11I' DATA 
C SMAT • INTERNAL STORAGE 
C SE • otn'F(11' S'l'IFP'N:ESS 
c· 

c 
c· 
c 
c 
c 
c 
c 
c 
c 
c 
c 

GO TO (100,~00,300,"'OO,SOOj 10PT 

100 CCNTINt1B 

UrrEi.PERT.l.TE INP!1T DATA 
E SMAT( t) 
A SKAT ( iii) 
i SKAT~ l) 

YS SMAT~ 41 
PY SMAT ( 5) 
CC SMAT~ 6) 

................•............ ·MATIO:il:30 
KATIOa40 
MATI02S0 
I'IAT10a60 
MAT102'0 
MATI0:il:80 
MATl0290 
HATI0JOO 
MATlOJ 10 
MATlOJ20 
MATI03JO 
"",TI03'0 

DKU: SIO.T( 7) 
BDAM ~T( 8) 

ULTIMATE DI SPLACEMENt' • DOCKAX"DELV 
BATA PUAMETER 

"'-'TI03S0 
I'lATIOJ60 
MATIOJ')C 
MATI03S0 
KAT10390 

iE.\tlClOS,·) TYPE ,(SMAT(I),I·l,"'1, Dt.ICl4Al , BDAM 

!..MAT • I 
PI·), U1S9a6 
SKAT (SI·SKAT (a) "SHAT (U 
SMAT (6) ·SCiT (~,. PI"Pt"SMAT (1) I90.T(4) ) 
SMAT (') ·DUQ(,\J 
SMAT(B)·BO»I 

IP (PIRST) 'dlTi(l09,1911 
WJl.ITE (l 0 8,19:1:) HAT, (SMAT O() I X·l, fo) I DlIOlAX, BOM1 
PORKAT ClII' OOEL HYSTERESIS MODEL POll BOX L.OCAL BUC'nING'1 

&. ' ....................................................... ' II 
'MAT.',JX,· 8',6X,' A',ISX,' iI',6X,' YS', 

'" 6X, '!'tAX DOC', 6X,' BETA') 

MATI0400 
MATlOUO 
I'lATI0420 
I1.\TI000 
I'IATIOUO 
KAT10"'SO 
KATI0460 
MATI04iO 
totA.TI04eO 
MA110490 
MAT10500 
HATlOSIO 
HATlOS20 

192 PORJoIAT (lX,lS,6G12,6/l M.\TlO~JO 
KATI0540 c 

RETURN HA110550 
C HATIOS60 
C ....... ~ .. ••••••••••• .. • .. ••• .. INITIALIZE S1'IPFNESS TFRMS •• .. ······~ .. ·······M.\TI0570 

200 CON't'INt"-E l"lATl 05i 0 
.... OOE1. HYSTERESIS MODEL DATA STORAGE POR Mm1:BER 11.\110590 

SEC 1)· STIFMD1BER. AXIAl. STIPFNESS I'lATl0600 
SEt 2)· K"l EFPECT SLENDER COEPPICIEHT 1"IATI0610 
SEC J). N<XY NO OF CYCl..E MA'TlOC!i:ilO 
SEI "'). NllULE llllU NlHIIZR HA1'106JO 
SE( 5)" EL MEMBElI. LENGTH (TR,UlSFEilED FROf'I !LEOS) HA11 064 0 
SEC 6)· IllV O:REVltSC·.PALS!!. l;REVl\SC·.TRUB I'tATl06S0 
SEC '). IDllC 0; HC··l:iI 1; HC . loT. ·12 MATI0660 
SE( &). PBOT !U.TI06'0 
SE( 9)· OBOT MA'l'10Ei80 
SE(lO)· PTOP KATI0690 
SE(ll)· OTOP KA'l'l0700 
SE(H)· XEQ UNLOADING EQUIVAl..ENT S'l'lFPNESS !'tA110710 
SE(lJ)· OUCT(t) MATlO'20 
SI!(I4). DlICT(2) rotATl07l0 
SEllS). DUCT(J) M1\Tl07i1.0 
SE(16)" E.IICRO) MATl01S0 
SEll'))· EXCR(Z) MATI0760 
SE(l9). ElIeRCJ) ~Tl0710 
52[19). ElICR(4) totATl0790 
SEl~OI. EXCR(S) toQ.Tl079 0 
SH(21). ElICR(6j MATl0900 
5E(22)· .oELY YIEUlING OIS'PU.C:E'MDlT """110810 
S'E(1l3)· EESE(t) """TI0820 
SE(H). EESE(2) MATl08l0 
SE(2S). EESE(Z) """TI0840 
SE(H)" EPSE !'IATlO&50 
SEen). PSEOlZl MATI091S0 
SE(2B). CSE MATlonO 
SE(:il:9)· DKAX OLTtHATE DISPUCEMEN'J' MATlOBBO 
SE(JO).D_!o'.AX MAXIMUM E~}lT' DISPUCEMEN'I' FOIl D.aJo\AGE INDEX MATlOB90 
SE(ll). P MAX EUMENT L.OAO COlUI.ESPONDING TO 0 MAX MATl0900 
SEDil). Hi COR.REN1' CClN'Ti:OL. POINT HA - MATl09l0 
SE(JJ). VA COR.RENT CONTROL POINT VA. MATl0920 



SiIH)· HC CtIUEln' CC:tm.OL. POINT HC JolATI09JO 
ElE(lS)· VC CURi.Em' CONTiOL POINT VC H.\TI0940 
Si()Ei)· iBN CUlUlENT iESLCOAl. S'1'1.AIN VJ.LUE HATI09S0 
SE(l7)- DElQI CURRENT HAllIMaol UIAL DIS'PU.CEI'!ENT POFI DUC"l'ILITIES KATl09EiC 
SE(19) - REGIN CtJU.RN'l' FlEGlNB' ZON! truHBER HATUl970 

C SE(l9)- nEG IN PJlEVIotrr aEGIN tomI NlJo!lIEi. MA"%'109BO 
C ----------------- •••••••••••• --.-------------------- ...... --- .. --- KA"%'10990 

SEll) -1 I"IATllOOO 
SEn!)·l KATl1010 
SE(l) -I l"IATllOOIO 
SE(4) -1 MATllOJO 
DO no 1-6,011 l'lA"%'llOCO 

SE (I) -0 MATllOSO 
SE(17)-O JolATll060 
SE(3B)-1 MATI 10"l 0 
SE(H)-l l'lATllOBO 
CALL H't'ST13(C ,0 .• 0.,o.,SE(5),5i!(0I),SHAT(1l.5MATiZ),SMAT(ll, KATlI090 

" SMA! (4), SMAT (5), SMAT US), 5E (3), 5E (11.), SE (1 1, SE (6), SiP), MATlllOC 
SE Il~) ,SE{l3), 5E (34) ,SE(lS), SEi3Ei I ,SE (37 I, SE (.39) ,S2(39), MATI 11 10 
SE(B) ,SE(9), SE(lO) ,S£(l1), SE (H) ,SEOl), SEillS) ,SE(~J) I MATllUO 

" SE(0l3),sEraEiI,SE(2"l),SE(JB)) MATl1l30 
SE(2B)-SEIJ<I) "SM).T(5) 12 l'lATlIUO 
SE(JSl)-SE(J<I) "SMA1'(?) IO.Tlll SO 
SE(30)-0 MATlllEiO 
SE(3l)-0 JolATl 1l"l ° 

KATlllBO 
1i:E't"t1lrn KATl119C 

C--"·--·---··-···-·-···--· GET S'TIPPNESS TERMS -·········-····--·--·····MATl1<10C 
300 CONTINUE HATll<110 

C MATllHO 
C·· CALL HYSTlJ TO c.u..c NEW STIFFNESS STIP KATIU:JO 

c 

c..uJ.. HYSTlJ (P, PL,D,DL, SE IS), SE I~), SMAT II), S2'lAT (<I), 5H.AT (3), KATll:UC 
... ~T (G.) I SI'lAT'(S) , SKAT lEi), 5E IJ), 5E (4), SEn 1, SE (6), Ell! P), KA"%'11:1:50 

SiI3.) ,SE(33) ,SE(311.) ,SE(3S),5EIJEi) ,SE(3?) ,SE(le) ,SE(39), MAT1l260 
SiIS) ,SE(9) ,SEIIO) ,SEill ),SE(1:I:) ,SE(13) ,SEIlti) ,SE1221, I1AT1l2"l0 
SEI.3) ,SE(OlEi) ,SE(27) ,SE(0I8) ) KATlIHO 

STOll. E MAXIMUM D15PLACEI'!l!!NT AND COlUI.ESPGNDINC LOAD 
IFIA.BS~D) .ClT'. A.BS(5E(lO))) THEN 

SE ~J 0) -0 
S!!(J1) .p 

I!NDIF 

KATl1:1:90 
MATllJOO 
HATlIJI0 
I'tATIIJaC 
HATl1330 
MATllHO 

C~·· GET ENERClIES, DUCT'IUTY AND EXCUR5IctI PaR BOTH IOP"%'-3 .um II. •••• 
400 CONTINUE 

MATllJ50 
I1.\T11J60 
I'lATllJiO 

.10 

TR.ANSP5l ENXRCllES POJl BOTH rOPT·3 AND , 
EESE" BE (:ill) 
EPSE·SE(:i6) 

TRANSPER DUCTILITIES AND EXCURSION RATIOS FOR BOTH IOPT·J AND 4. 
DO 410 I-1,J 

DlJCT(rl·SE(I~.I) 

'EXca.II+J)-SE{l5·I"J) 
EXc:R (I) -52(15 4 II 

RETURN 

MATI 1390 
HAT11390 
""'T114 00 
""'Tll11.10 
l1ATll' ~O 
MAT1HlO 
HATllUO 
MATI 1450 
I'lATIH60 
""'TIU70 
I'lATU4 ao 
!'LlTl1490 

C··--~··"·-·----·- DAMAGE INDEX ••• - -- -. --. ---.-.-.-.- -- •• ----. - •• ~ -. HAT11S00 
SOD CONTINUE 

EESE-sE~aJ) 

EPS!-SEI:ilIS) 
D11AJ(·SE(29) 
D-SE(lO) 
P-SE (31) 
P't'·SI'lA1(5) 
BDAM·SHAT(S) 
DAHAClE·A.BS(D)/DHAI • BDAM I 

RFTt1I!N 
END 

(PY"DM.U:) * EPSE 

GOEL TRUSS HYS'TEJl.ESI S I'I)DEL FOR SIMULATED I..OCAL BUCltLING 
OP BOX SECTION 
NOTE: IT IS AS5\JMEI1 THU ovn.J.LL BUCn.INO WI u.. NOT OCCUkRED 

5lIBRor.1TINB HYS"I'13 (P, PtA, DE,DEl..A, fL, 5LX,EH,ARiA,RAOG, YS,PY, 
" CC,CYCU,RUl..E,STIP, IR.V, IDUC,HA,V;l,HC,VC,RSN,DEl1AJ(, 
" REO IN, PREOIN, PBOT, DBOT, PrOP, D'I'OP, !XI ,DIJC, 
" nCR,DIIl.Y, ESE, PSE,PSEOUl,CSE) 

DIMENSION DIJC(l), EXc:R(IS) , ESE(l) 
LOGICAL REV'R.SC 
REA.I."" IRV, IDOC 

MATI1SIO 
MATllS:iO 
MATI15JO 
MAT11540 
MATll5S0 
MAT1l560 
MATllS70 
MATllSBO 
MATllS90 
MATlll!iOO 
MATIHilo 
MAT1l6:iO 
HYS'TOOIO 
HYS'TOO;jlO 
HYS'TOOJO 
HYS'TOC&O 
HYS'TOOSO 
H'tBTOOEiO 
H'1S'T0070 
H'J:S'TOOBO 
HYS'T0090 
HY5'10100 
H't'5'101IO 
HYS'T01<lO 
HYS'r0130 

IF( IRV .EQ. 0 ) RE'V1:SC- FALSE. HYS'10140 
IP( U ..... EO. I.) RJr.nSC·.TRUE. H't'S'T01SO 
PI-J .111.159016 HYSTOUiO 
ES .. .u.U"EH/EL HYs-I'0170 
DELY.PYlEs HYs-I'OlBO 
D!L.DE/DELY HYBTOlSlO 
PL.P/PY H't'STOOIOO 
ESR·SLX·EL/l!:AOO HYS'rO;jl10 
I:lLOP7-S'TIP/!S HYS't"O;jl;jlO 
DA-ABS(D!) H't BTO:il3 0 
DP-P-PLA HYS'TO:UO 
ODE--OE'OELA HYS'TO.SO 
DDEI..ODE/DiLY HYSTO:ilISO 

.--- CALCTJUTE ElCUR5ICN' RATE AT E'VDY ZERO CROSBING .------~ ......... HYS'TO:il?O 
H't'S'TO:il&O 

IF (p"PLA.LE.o.) CALL DNE(O,DUC, EXCI,DELY,DA, ESE,PSE,PSEOLD,CSE) HYS'TO:il90 
C HYSTOJOO 
C ... ---·--·----········---------·----········---------· ........... ------- HYSTOJlO 
C OUC _ ... EL.E:HDn' DUC"1'ILITY RATE HYSTOJ:ilO 
C EXCR - _. - ELflmorT' EXCURSI~ iATE HY S'rOJJ 0 
C DELY ELEMENT 't'IELl>ING DISPI..ACEHENT H't'ST03CO 
C ESE . - - - ELEMENT ELASTIC STRAIN ENEllGY HYSTOJSO 
C psE _ .. ELEMENT PLASTIC STUIN ENERGY HYSTOJISO 
C PSEOLD - EL.EMENT PLASTIC STUIN ENERGY AT lAST :z.D.0 CROSSING HYS'TOJ"lO 
C CSE . - _. ELi!%'!ENT CONSTANl' 9TJ..UN :E:N'ERGY HYSTDl SO 
C KYSTOJ90 
C DP _. - ELEMENT AlU.L LQlI) INCItEMENT (JtIPS) HYS'TO"OO 
C E5'S1 -_.- EPPECTIVE BL2NDBR RATIO (JI..!iI) HYSTO"IO 
e 't'S . YIELDING snBSS HYSTo"aO 
C AREA . _ .• CROSS SECTION AREA (A) HYST'0430 
C 'EM .. - - ELASTIC I'9ODtJUJS IE) HYSTOUO 
C OP ... - ELEMENT AXIAL LQlI) INCREMENT (nps) HYSTO&SO 
C P . - - Ct1RJIENT AXIAL l..CAIl (KIPS) HYST0460 
C PL P PY RATIO IP/PY) HYST0470 
C PLA. U.ST AXIAL LCAP HY 61'04 BO 
C DDEL . - - DISPu.,CEMENr INatEMENT (IN) H't'STOUO 
C DE . - - CUUENT .uIAL DIBPI..A.CEMENT (IN) HYS'T0500 
C DEHAX ---MAXIMUl'I,uIALDI!lPLA.CDIENT (IN) HYS'T0510 
C DA .. _- C1JRJO.ENT ABSOI..U1'E AJI'UJ .. DISPLACEMENT lIN) H't'ST05~O 
C DELA U.ST AXIAL DISPLACmiENT H't'STOSlO 
C DOE ELEMENT DISPLAC~Nr INCREMENT H't'STOS40 
C DEL . - DEL·DE/DELY HYE!TOSSO 
C DELY 1'1EUHNG DISPLACEMENT HYSTOSo5O 
C V CURRENT VELOCIT't' H'15T0570 
C \I1..JI. L.J,.ST VELOCITY H'tSToseo 

is iLEX!NT EUSTlC STIFFNESS H'tST05510 
EXI UNLQlI)INC EQUIYALENr STIFPNESS FaR CAl..CUUTING EESE H'1STOlSaO 
i'Y TENSION 'tIELDING LOAD H"!!STOISIO 
EL ELEMENT LENGTH (HI) H't'STQEi20 
CC e SUB. C CONST-'NT H'tSTOISJO 
PMJJ( ._. BUCXHIG LOAD (KIPS) H't'ST015"O 
DELHAX _ ... BUCXING DISPLACEMENT 111'0) H't'STOEiSO 
HA,HB, .,HCl,HDl .. ,HP PIP"!! - DE/DEL't PLOT'S DE/DELY CoortDlNATE H't'STOEi50 
VA,VB, .,VCl,VDl .. ,VF .. -. P/PY DE/DELY PLOT'S P/PY COORDINATE HYSTOEi70 
R5N _. - RESIDUAL ST1U.IN HYSTOlS60 
RUI...E _. - - RULE Nt.1MBER H't'9iOnO 
C't'CLE NO. OP CYCLE HYSTO"lOO 
srIF . __ . ELEI'1I:NT STIFFNESS HYST0710 
REVltSC . _ .. LOGICAL INDEX POR REVERSING CUi.VE OCCURRED HYSTD7 ~O 
IDOC l: He LESS THAN U, 0 HC·1:i HYSTO"lJO 
RaGIN .. - - JlEClIN L' DE) HA HYSTO"l40 

~: DE - IHH, HAl HYSTO"lSO 
J: DE - IHB, HH) HYS'TOi60 
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". DE ~ IHC, HBI HYS'T0770 
PREGIN·- PREVIOUS STZP REGIN ID m.mER HYST0790 

C···-·-·········· .. •• .. ••••••••• .. ···- .. ••• .. ····-···--···--.---.----.-- •• -- HYST0790 
C . H"(STOBOO 
C INI'TIJ.I. BUCXLlNG I.ClA.D H'I'STOBIO 
C H't'ST08JO 

IPI ESR LT. CC AND. CYCLE .EQ I) THEN HYS"OIiil30 
PMAX-·'1s"uu. HYSTOUO 

EI.J3E IF( EEIR .GE. CC .AND. CYCLE .EQ I ) THEN HY5'1'0850 
PMAX-· P I ·PI *AREA"EM/ (EBR- -a) HYS'T08EiO 

DID IF HYS,.OB70 
c 
C RESIDUA..L E.t..OGATICIN FACTO:FI FlFAC 
C 

ltPA.C·l.4 
c 
C GENERA'!'E CCINTilOL POINTS COCRDINATE 
C 
C (1) FOHn A 
c 

c 

IP( CYCLE .EQ. I ) THEN 
VA·PMAX/PY 
HA·PI'IAX/IES--DELY) 

EI-9i! IPI CYCLE EQ. <II THEN 
IF( ESiI LE. "0 ) THEN 

PMAX-'O _;jI·PV 
ELSB IP ( EEIR .GT. 40 ) THEN 

J'KlX--O .:iI"py 
EHDIP 

ELSE IP~ CYCLE .~. J) THEN 
IP( ESJ. . LE. 40 ) 'THEN 

PMAX--O .2""P'1 
EUlE IPI ES]l .GT. '0 ) THEN 

PHJ.X- -0. 2~PY 
END IF 

END" 

C (2) POINT B 
C 

c 

HB·-5. 
IFf ESR .I..JL &0 ) THEN 

VB-·O.IS 
EI.J3E IP( ESi. .GT. co ) THEN 

\lB--0 .IS 
END" 

IJ) POINT C 

IP( IDUC .EQ. 0_) THEN 
HC-·1;jI 

IFI 115R .LE. 40 ) TH:E:N' 
VC-' 0.1 

ELSE IF( ESlI. GT. "0 ) THEN 
\lC-' 0.1 

END!' 
END!' 

HE·l.4 (RSN*EL/DELY) 

"'-1 
(S) POINT 01 

SLOPE- (Vi-VC) / !HE 'HC ~ 
HDI- ! SLOPi-HC -VC) /1 SLOPE· 0 . l679d 9) 
\/'01- ·0.:il67919'1'HDI 

(IS) POINT' 0 

IFI ES'R .LB. "0 ) THEN 
tID-HDl"3l./40 
VO·VDI-Jl.I"O 

ELSE IF( ESlI .GT. dO ) THEN 

tID-HDl·~0./40 

'10-'101""20 .1'0 
IOID!' 

C DEFINE ENVELOP! sLOPB 
C 

c 

SI.DP1-1. 
SI.DP.- IVB-VA) I(HB 'HA) 
SI.DPJ· IVC-VB) I (HC' HB) 
S1.OP" - IIID-Ve) I (HD· HC) 
S1.OP5· ~VB-VD) I (H E· HIl) 
SLDP6·0.COOl 

C DEFINE DlIfELOPE INT'nMlDUTi POnns 
c 
C (1) .POINT H 
C 

V'H- (\lB+SLDP;jI- ("\I'D·tID-IIB)) I (I. 'SLQPa) 
HH-VH·VO·HtI 

(:iI) POINT Cl 

VCI·O • 
. HCI·HC- (~/SLDP') 

Il) PO 1m (PREP,DID) 

IG.) POINT (HJ.EP,VREF) CAI..C1.Jt.ATE IN RULE NO. 5 

. - DEPINE CUUENT REClIN tCMi NtMBfi 
PilEGIN .. REGIN 
IP' DEL .GE. HA) JtEGIN-l 
IP ( on. .GE. liH . AND . DEL. L.T. 
IF( DEL ClE. HB .AND. DEL .LT. 
IF! DEL .G!. HC AND. DEL .LT. 

HA ) REGIN-:iI 
HH ) REGIN .. l 
HB J REClIN-1i. 

GaEL'S HyorOIi:ESIS LOOP ROUS 

~1) RULE 1 

IP( RUlJ! .EQ. 1.) THEN 
IP( P. OE. PMA1l .AND. P .LT. PY) THEN 

STIP"SLOPI-ES 
Ell·SLOPI-ES 
IPI DEMAJ .L". 0 . AND. DE .1.JI. DEHAX ) THEloi 

RSN· I (0.SS"A.BS~DE)/40)·0 .0002·A1lS(DE) "2) "Ii:FAC 
END!' 

ELSE IP ~ P. GE PY) THEN 
STlp·SLOP6 
RUl..!-6 
EXI-SLOPPE5 

Et...SE IF( P. LT. PI'IAX) THEN 
KA·DEL 

ENDIP 

VA·PL 
SLOP2- (v:8' VA) I I HB - HA) 
STIp·SLOpa·ES 
RUI..E-Z 
IP I DEKUI LT. 0 AND. DE I....E DEJoLOi) THEN 

REIN· ( 10 5S -ABS IDE) 140) 00 .000 2 ""ABS (DE) "" J I "RPAC 
END!' 
EKI-SLOP1·ES 

CAU. STRE~(ESE, PSE,PSEOLD, P, PLA, DE,DEtA, EKII 
CAl.L DNE(l, Due, EXor., DELV, DA., ESE, PSE, PSEOLl> , eSE ) 

RFTt1I!N 
END!' 

HYSTOaaO 
H't'S'TOe90 
HYSTOSIOO 
H't'S'T0910 
HYSTOSl:iO 
H't'ST09JO 
H't'ST0940 
H't'ST0950 
H't'STOSl150 
HYST09?O 
HYST09BO 
H't'ST0990 
H't'S1'lOCO 
HYSTI01D 
HYST10OIO 
H't'S1'lOJO 
H't'ST1040 
H't'ST1050 
H't'STlOiSO 
HYSTIOiO 
HYSTlC80 
HYSTl05l0 
HYSTllOO 
HYSTlll.O 
HYST11.0 
HYSTIlJO 
H't'S"IUO 
H't'ST1150 
HYSTl1EiO 
H't'ST1l70 
HYS1'llSO 
H't'S'11190 
H't'S"rI~OO 

H't'STI0I10 
HYSTU~O 

H't'STl:ilJO 
HYS'T124C 
HYSTHSO 
HYSTI0l60 
HY~12"lO 
HYSTl2S0 
HYST1290 
HYSTlJOO 
HYST'lJ10 
KYSTlJ20 
HYS'TlllO 
KYST1J40 
HYSTIJ50 
HY5TlJ60 
HYS'TIJ70 
HYSTIJBO 
HYS'T1390 
HYSTl&OO 
H't'S'I'l&lO 
HYSTUJO 
HYSTl&JO 
HYSTIUO 
H't'STUSO 
HYS1U50 
HYS'TUiO 
HYSTlUO 
HYSTUSlO 
H't'5Tl500 
H't'STlSlO 
HYSTlS20 
H'I'ST1530 
H'tST1540 
HYS'T1550 
HYSTISEiO 
HYST1S70 
H't'STlSSO 
HYS'T1S90 
H't'S'T1600 
HYS'T1610 
HYS'TH5:iO 
HYS'I'16l0 
HYSTHi40 
HyST16S0 
HYST1660 
H't'ST1670 
H't'ST1Eiao 
H't'&'"1'1690 
H't'STI700 
H't'611110 
HYSTI720 
HYS'117l0 
H't'STIHO 
H'1S'117S0 
HYS'T17i50 
HYSTl170 
HYSTl?BO 
H't'STI79 0 
HYS1'lBOO 
HYSTlelO 
H't'ST18~O 
HYSTUJO 
H't'STU40 
H't'STlB50 
H't'STlSEiO 
HYSTU"lO 
H't'STISSO 
H't'ST1890 
HYST1900 
HYST1910 
HYSTl920 
HYS1'19JO 
HYS'T1940 
HYS'T1950 
HYST1960 
HYST1970 
HYST19S0 
HYST1990 
HYSTJOOO 
HYST:iOl0 
HYST<l020 
HYS1'20l0 
HYST:i040 
HYSTJ050 
HYSTJOEiO 
HYSTJ070 
HYSTJ090 
HYSTJOSlO 
HYSTnoO 
HY5'1'HIO 
HYSTH:iO 
HI' ST~ 130 
H'tsn140 
HYST2150 
HYST21EiO 
HVSTH70 
HYST21S0 
H'15'121510 
HYST2200 
HYS'l'2JI0 
H't'ST~J20 



If 1 lI:UU!: EO ~ . 1 THEN 
IPf DEL .GE, HH) THEN 

IF( DDE .L2. O. 1 TH~ 
IFfPllEGIN ,NE. REGlN ) REVRSC- FALSE. 
S'l'IP-SLCP~"ES 

IFf DEMAJI: LT. 0 . .uID. DE U. DmQ.X , THEN 
IIISN- ( fO. ~5 "A.ElS (DE) 140) ·0 . 000 ~ "ABS (DE) U ~) 'aPA." 

ELSE IF( Dmq.J .GT. 0, ) 'i'HEN 
RSN- ( (0. 5~ ·.\as (DE) 1401 ·0 .000 ;at.ABS (DEl "~Ol) "RFAC 

ENDIF 

I'P( .loIar. REVISC )THEN 
EXI·m.oPl"ES 

ELSE H( .ll:BVRSC )THEN 
En-Est ((ProP'PL) I (DTOP 'DEL)) 

ENDtF 

ELSE IF( DOE ,<n'o 0 )1HEN 
IPf.NOT RE'VRSC )THEN 

Rt1LE-? 
STI'P-SLlIPl·ES 
PLA·PL· Sl..OP2:~DD'EL 
OLA'DEL ODEL 
DBO'T·Dl..A 
.PBOT-PLA 
PL·PU-Sl.OP1"ODEL 
p-PL"PY 
PTOP·VE- (SLOPS' (PSCT·VE· SLOP 1 "DBCT 

+51.OP l'HE) I f sLOPS· SLoP1) ) 
D1'OP- (PBCT VE+SLOPS'HE-SLOP1"DBO'T) 

I (SLOPS·SL.DPll 
EXI'ES"SLOPl 

!H..9E IF ( REVlI.SC 1 THEN 
Rl1!..E-lil 
DBar'DEL 
PBar·p/n 
SLOP? • (nop· PBar) I (OTOP ·DBarl 
STIP' SLOP? *ES 
EXI 'ES- SLOP7 

END IF 
<NIlIF 

ELSE IF1DEL .LT. HH .AM). DEI. .GE. HB ) THEN 
lP( DOE ,l.J!, O. ) THEN 

STIF·SLOP~rES 

IF{ DEHAX .LT. 0 .AND. DE ,LE DI!XAJC) "rHEN 
RSN- «(0. SS'US(DB) 140) - o. OOO:PAElS1DE) '''a) ·jU'Ae 

ELSE IP( DEMAlI ,GT. 0 ) THEN 
RSN- ( (0. SS ".\118 (DE)/4 0) 00 . 000 ~ "AEls (DE) ". 3) 'RF,",e 

ENDIF 

IFf ,NOT, RE'VRSe )THEN 
EXt'SLOFl'ES 

ELSE IF( lUVRSC )THEN 
EU' ES" ( (PTOP' FL) I iDTOP ·DELl ) 

'ENDIF 

ELSE IFf DOE .G'!'. O. )THEN 
IF( . NO'!' . RE'VRSC ) THEN 

RU't..E:-S 
STIP-SLOPl~ES 
pl...\"PL,sLOpa~DDEL 

OU-DEL·DDEI. 
DBcrr·Dl..\ 
PBOT-Pu.. 
PL-FLA· SLOpI' DDEL 
P'PL'PY 
PTOP'VO" i SLOP4" fPBCJT· VO' SLOP 1 ~DBOT 

oSLOPl ~HD) I (SLOP" SLOPl) ) 
DTOP" (PBO'T'IID oSLOP,,*HO' SLOPl"DHOT) 

I (SLOp4 'SLOPl) 
En-Es-sLOPl 

EI..SE IF ( RE\li:5C ) THEN 
R!.I't.Z-ll 
'DBm'DEL 
PBOT .. P/P'i 
PTOP-IID 
DT'OP-HD 
SLDP?' (PTOP PBar) I (DTOP 'DBOT) 
STIP·Sl.OP?"ES 
EXI-ES"SLOP? 

ENDI'P 
ENDIF 

ELSE IP( DEL .LT. HB) THEN 

ENDIF 

IP(PREGIloI .NE. REGIN ) RE'VRSC' .P.ll...SB. 
RULEt-l 
EXI-ES*SLDPl 

IP( R.EVi.8C ) IR .... ·1 
IP ( ,NOT, RE'\Ii.Sel IRv·o 
CAll. STRENG (ESB, PSB, PS!OU!, P,PLA,DI!, DEIA,!XI) 

IF( ABS(DEMAX) ,LT. ABSID.El ) "Mum 

RETVRN 
ENDIF 

(3) Rf.JL! J 

CAl.L DHE(I, DOC, EXCR t DELY, DA, ESE, P9E, paEOW, eBE 1 
DEMAI-DE 

ENDIP 

IF( RULE EO. J.) THEN 
IF( DEL GT. HC) THEN 

IFf ODE LE. O. ) THEN 
IF(PREGIN .NE. REGIloI ) REVRSC- PJ.L.SE. 
STIP'SLDP3"ES 

IP( DE~ .LT. 0 .ANtI. DE .LE. DEKU ) THEN 
RSN- { (0 SS")J!S (DE) 14 0) ~ 0 .000 a"ABS (DE) "" a I "RPAe 

ELSE IP( DEMU .GT. 0 I THEN 
RSN- «(0. SS '.\liS (tiE) 140) ~o. oOO~"AJ!ISWB) ''':I) "RPAe 

END IF 

I P (.NOT. RIMtSC ) THEN 
EXI-sLOF1~ES 

ELSE IF ( REVllSC ) THEN 
En-ES" «(PTOP' pL) I (DroP'DELl) 

EWDIF 

ELSE IF{ DDB .GT. O. )THEN 
IPf DEL .G"I'. ·la. I THEN 

IF( . NOr . aewsc )THEN 
IlI.Jt.E-g 
STIP-SLOP1'Es 
Pl..A-PL·SLopa"ODEL 
DU·OlL·DDEL 
DBO'T·Dl...\ 
PBO'T'PU 
PL' pu.. SLOPlrDDEL 
P'PL" PY 
P'TOP·vt:> .. (SLOP" (paOT' vt:>. Sl.Opl"DBQT 

+SLOP1"HD) I (SLOP" 'SLO"Pl») 
D'TOP- (PBOT VO+SLOP4"HD'SLOPl"DBO'T) 

I (SLOP"'SLOP11 
EXI-ES*SLOPl 

ELSE IF ( REVRSe ) 'THEN 
RULE-I0 
DBaT'DEL 
PBCT't"P/PY 
Sl.OP? - (PTOp· PBCT) I (DTOP 'OBar) 
ST1F- SLOp7 'ES 
EXI'ES"SLOP' 

END IF 
ELSE IP 1 DEL .LE:. '1:' I THEN 

REVRSC" FA.LSE. 
RU1.E-4 
STIP'SLOP,,'ES 
EXI"ES"SLOP' 

OOlIF 

HYS'T~230 

HYS'T~HO 
HYS'T2<lSO 
HY S'1'ZHi 0 
HYS"I'ili.?O 
HYSTil2ll0 
HY&"fH90 
H'lSn.JOO 
H'lST.310 
H'l8T2l:/:0 
HYST2130 
HY8T0lJ40 
HYS'T<lHO 
HYST:l160 
HYS'T2310 
HY S'Til 38 0 
HY S'T~JSlO 
HYS'l'Z400 
HYS'TZUO 
H'lS"r:l420 
H'lST2:t.JO 
H'lSTZUO 
HYSTZ4S0 
HYST2460 
H'tST0l470 
HYS"I'OlUO 
H'iST<lnO 
H'iSTZSOO 
H'iS"I'2S10 
HYST2S~0 
HYST2SJO 
HYsras.o 
HYS'TZSSO 
HYST.S60 
H'lST'2S?O 
H'lSTO!SBO 
H'lST:l.S90 
H'lSTil600 
HYST2610 
HYS'TOl6aO 
H'iST21530 
HYS'l'~UO 

HYS'T:l.6S0 
HYS'T~ISISO 
HYST'2IS?O 
HYST:l.lSeO 
HYSi"26!i10 
Hyor:l?OO 
H'lST:I.?lO 
H'lS'T3720 
HYST:iI?30 
HY8T2740 
HYS'T~7 SO 
H'iS'Ta?60 
HYSTiI'7?O 
H'IS'T.iI?BO 
KYS1'a?SlO 
HYS12BOO 
HYST2elO 
HYST26~0 

HVST~630 

HYST2840 
HYST:nSO 
HYSn860 
HYST:;1870 
HYS"i';ueO 
HY'S'T2890 
HYS12900 
KY'S"T::!910 
HYS'THl20 
HYS'T:I.!ilJO 
HYS'TZUO 
HYS'T:l.9S0 
HYSTa960 
HY'ST.9?O 
HYS"T2geO 
H'I'ST2'}90 
HYSTJOOO 
HYS"TJOIO 
HYS'TJ02:0 
H'iS"T3030 
HY'STJ040 
HYST30S0 
H'iS'T30fiO 
HYS'TJO?O 
HYST10eO 
HYST1090 
H'lln'llOO 
HYSTlllQ 
HYST3laO 
H'tS"TJlJO 
H'tS"TJUO 
HYS"TJlSO 
K'I'S"TJlISO 
HYST3170 
H'tS'T31eO 
HYS'T3190 
HYST3.00 
HYSTl210 
HYS"T1HO 
HYSTl2:JO 
HYS'TJaO 
H~S'T3ZS0 
HYSTJ2:60 
HYS71il?O 
HYST.JilEIO 
HYST30l5l0 
HYS'T'lJOO 
HY8T3JlO 
HYS"'['lJ.O 
HYST1J.J0 
HYST1HO 
HI'S'T31S0 
HYSTJ160 
HYSTJ3'70 
H'tS"T.JJBO 
H'tS'TJJ90 
HYS'!'HOO 
HY9T3UC 
HYST34:l0 
HYSTJ4JO 
HYSTJUO 
HYSTJ4S0 
HYS"TJUO 
HYS'i'J'?O 
H'tSTJ&80 
HY'STJ490 
HYS'T3S00 
HYSTlSIO 
HYST1S:ilO 
HYST3S30 
HYS"TJS40 
HYSTlSSO 
HYST1S60 
HYSTJS10 
H'iSiJSBO 
HYSTJS90 
HYSiJ600 
HY'STJfilO 
HYS"1'36 ~ 0 
HYSTllSJO 
H'iS'TJ640 
HYST.J6S0 
HYSTJI!i60 
HYS1'J6?0 
HYSTJ680 

84 

<NIlIF 
ELSE IF! DEL !...E. He 1 THEN 

IF ( DOE . LT 0) THEN 
Rl11..E-l 
He'DEL 
ve·pL 
ID!JC-1 
STU- 'SLOP6~ES 

EXI-ES* ( (YO ·ve) I (HD' HC) I 
IF( DEMU ,LT, 0 .AND. DE .LE D~) THEN 

HYS'TJ690 
HYSTJ?OO 
H'lOT1? 10 
HYST3?2:0 
H'lOTJ1l0 
H'lSTJ'7'O 
HYS'TJ?SO 
HYS'T3760 
HYSTl??O 

RSN- ( (0. SSt.us (DE) IESR) .0.0002 "ABS (DEI ~ "~) ~RP,",C 
ELSE IP( DE'JIWC .G1', 0 I 1'HEN 

H'fST1?BO 
H'fS'!'3?S10 
HY6"T3EOO 
HYSTHlO 
HYS'l'18.0 

RSN' {(O. SS.US(DE) 129).0. ooo~1IABs (DE) u:ill "RPAC 
ENDIF 

2L.9E IF 1 DDE GT 0 ) 'THEN 
RUl.J!-4 
S'TIp'SLOP4"ES 
EKI'ES"SLOP' 

<NIl IF 
ENDIF 

IF( RE'VRSC 1 IRV-I. 
IF ( NOT. REVRSC) IRV-O 
CJ.I.I.. STRENG (ESE, pSE, PSEOLD, P, PLA ,DE, DEI...\, EXI ) 

IF( I\BSiDEMAJI) .LT. ABSroE) 1 THEN 

HY S'l'18.J 0 
HY Si.J 840 
H'I'ST1850 
HYS"\'H60 
HYS'TJe?O 
HYST3B80 
HYS'T3890 
HYST3Sl00 
HYST3910 
HYS'ilSl20 

CALL DNE!l, DUC, EXCR, DEL'l, CA, ESE, PSE, PSEOLD, eSE 1 
DEHAJ!-DE 

HYS"!'19JO 
H ... S'T'l940 
HYST1SlSO 
HYSTlSl60 
HYSTl9?0 

ENOIP 

(4) RULE? 

IP( Rtn.E EQ, ?,) TllEN 
IP( DEL G't', DBO'T ,.um. DEL LT. DTOP AND. P .OT PM.UI 

STIP'SLOpl"ES 
EXI"ES"SLOPl 

ELSE IF(Dl!l.. .LT, DBO'T OR. P L.E. PHAlI) THEN 
IF( P u. PMAX ) THEN 

REVRse· P.u.sB. 
PTOP-o 
01Op-0 
PBOT'PL 
DBO'T-OEl. 
HA·O'EL 
VA'PL 
SLOPE.- (VB'VA) I (HB ·HAI 

ENDIF 
STIP-SLDP.*ES 
RUU'~ 
PL·pBOT' (DHar'DEL) "SLOP2 
P-PL"PY 
EXI-ES' ( (PTOP' pL)1 (DTOP' DEL) 1 

ELSl! IP (DEL.GT OTOP . AND . "PI. . L.T. VE) TllEN 
S'TIP-SLOPS*ES 
RUU-S 
EJ:I"ES~SLCPl 

ELSE IFf DEL ,G!. D'TOP I.NIl PL GE. VE) THOI 
STIF'SLOP6"es 
RUL2-6 
EXI·e.S'SLOpl 

ENDIF 
IP( REVRSC ) IRV-l. 
IF ( .NOT. REVRSC) IRV-O. 
C.A.lJ.. S'l'J.ENCi( ESE, PSE, PSBOLD, P, PLA, DE,DELA,EXI) 
RlmJRN 
ENDIF 

(5) RULE 6 

IFi RULE .EQ, e,) THEN 
I P ( DEL . ar, DBOT J.ND. DEL . L1 CTOP) THEN 

STIP-SLOPl"ES 
EKI'ES"SLOPl 

El..9E IP(DEL .LT. DBOT ) THEN 
STIP-SLDP.*e.S 
RULR':iI 
pL'PBOT' (DaOT·DEL) "SLOP:! 
P'PL*PY 
En'ES' «(PTOP-PL) I (CTOP 'DEL») 

ELSE IF(OB.L .GT. MOP) THEN 
STIP-SLOP4 "ES 
RUI..E:-4 
EKI'ES"SlOPl 

ENDIF 
1Ft REVRSC ) IRV-I. 
IF ( .NOT. RE'VRse) IRV-O 
CALL STRENCl(ESE, PSE, PSEOU),P, Pl..A,DE,OE'U, EKI) 
RETVRN 
ENDIF 

(6J RUt.! 9 

IP( RULE .EO, g.) THEN 
IP( DEL .G'!'. DBoT .AlID DEL .LT. D1"OP ) THDI 

S'TIP'SLOP1"ES 
'E:kI-ES"Sl.OPl 

XLSE IP (DEL ,LT. DBO'T ) THEN 
STIP-SLOP)"!S 
RULE-J 
PL-PBOT' (Deer'DEL)*SLOPJ 
P-PL"PY 
EXI-ES" ( (PTOP' PL) I (DTOp· DEL) ) 

ELSE I P (DEL .!;T. CTOP ) THEN 
S1'IF-SLOPt 'ES 
RUl.E-4 
.l!n-Es"sLDPl 

ENDIP 
IP( REVl'I.SC I I1W-l. 
IF ( .NOT, REVRse) IRV·O. 
CAU.. STRENG (ESE, pSE, PSEOLD, P, pu.., DE, DEUr., EXI ) 
RImJRN 
ENDIF 

HYSTJ9S0 
HYS'T3990 
HYST4000 
Hl'ST4010 

THEN HY S"!'4 0 2:0 
H'iST40JO 
HYS'i'40'O 
HYS'T40S0 
HYSi40!50 
HYS'T40?O 
HYS'T40BO 
HYST4090 
HYS'TcLlOO 
HV8T41l0 
HYS"TU2:0 
HYS1'41.JO 
H'iS'T4140 
HYSTUSO 
HYST4160 
HYs-t'41?O 
HYS"rUBO 
HYSTcLl90 
H'lST4200 
H'lST4Z10 
HY 8'14 2 ~Q 
HYS'T4~JO 

HYS'T"HO 
HYS'i'4~SO 
HYS14~60 

HY'S'i'4:i1?O 
HY S"I'428 0 
HYST4:i190 
HY9T4JOO 
HYST4l 10 
HYST43Z0 
HY9T4330 
H'iST4.J'0 
HYS'T43S0 
HYST4J1S0 
HYST4J?O 
HYST4JBO 
HYST4J90 
HYSTUOO 
HYST4.410 
HY9TU ~O 
H'lSTUJO 
H'lSTU40 
HYSTUSO 
HYS'TU60 
HY S"TU? 0 
HYS"!'UBO 
H'iSTU90 
HYST4S00 
HYS'T4S10 
HYST4SilO 
HYS1'SJO 
HYST4S40 
HYST4SS0 
HYST4S60 
HYST4S?O 
HYST4seO 
H'lST'S90 
H'lSU600 
HVS'i'4610 
HVS'T46:1:0 
HYS'T4ISJO 
HYST4640 
HYST46S0 
HYSTUISO 
HYS'T46?O 
HYST4680 
HYST4690 
HYST'?OO 
HYST4? 10 
H'fST47 ZO 
H'fST4?JO 
HYSTf,HO 
HYST4?SO 
HYS'T4HO 
HYST4??O 
HYS'T4?BO 
HYST4?90 
HYSTIlBOO 
H'fSTUI0 

I?l RULE 4 HYSTUZO 
HYSTU.JO 

IP( RULE EO, 4.) THEN H'iS'T4B40 
IP (DEL .GE. HCl .AND. DEL .LT HD I THEN HYST4850 

IF1DDE .GE. O. ) THEN HYS'TU50 
STIF.8LOP4~ES HY'ST4B10 
EJ:I~ES.SLOPI HyS'UseO 

ELSE IP ( ODE ,LT O. ) THEN HYST4890 
PREP-IID- (SLOP'" (VB -W' SLDP1"HB HY 51'900 

·SWpl"tlD) I f SLOP" ·SLOP1» HYST4910 
DRU, (W·IID.SLDP4"HO· SLOP1"HB) I (S'[.DP4 SLOPl) HYST,9::!O 
IF( DEL .LT. DRE!'l Tl-IDl HYST4910 

pTOP,p/PY HYST49I:LO 
DTOP-DEL HYST49S0 
DBO'T' iSl.OPJ "HB ·VB. pTOP' SLOPl'" DELl I (SLOPJ . SLOPl) HY ST4960 
PBOT-VB .. SlLDP3" (DSOT· HB) HY ST45170 
STIP'SLOP1"ES HYST4S1eO 
RULE.9 H'IS,,4S190 
RE'VR8C' ,TRlJ"2 HYS,,5000 
EIU-ES~SLOPl HYSTSOI0 

ELS'E IP1 DEL .GE. OREPI THEN HYSTS020 
PTOP'P/PY HYSTS030 
DTOP-DEL HYSTS040 
DBO'T- (SLOP~ "HA. 'VA-PTOp, SLOPl ~DELI I (SL.OP~ SLOP 1) HY S"TSOSO 
PBOT-VAoSLOP~" (DBO'T·HA) HYSTS060 
STIP'SLOPl"eS H'iS'TS0'70 
RULE.a HYSTSOBO 
RE'VRse· .nU'E. HYSTSOSIO 
EKI'ES'SLOPI HYSTSIOO 

ENIlIP HYSTSllO 
ENDIF HYSTS120 

ELSE IFi DEL .GT. HD .AND. DDE Gr, O. ) THEN HYSTS1JO 
STlp'S!..OPS*ES HYST5140 



aut.E .. ~ 
EXI-I!S"SLOPI 

H'tST5150 

ELSE IP ( DEL . LT. Hel .1o.ND. DEL . GB. HC ) TH:Di 
REVRSC- . p.u.sl!. 

H't'S'TS160 
HYST51?0 
HYS'!'51BO 

RUl.2-11. 
STIP-Sl.OU*ES 
n:I·eS·SLOP4 

ELSE IP( DEL .LT. HC ) t'H'!N 
REVB.SC~ . PALS!. 
RULE-) 
HC·DEL 
VC·PL 
IDUC-l. 
STIP· 'SLOPfi*ES 
E1CI "ES" «(lID ·Vel I (liD -HCl) 

ENOIF 
IP ( REV1I.SC ) rRV-l. 
IF ( .NOT RE'VRSC) IRV·o. 
CJ..L.l. STIl.ENG (ESE, PSE, PSEOLD,P, PLA ,DI!!,DELA, EXI 1 

IF( ,U!6(DEMAJ(1 ,LT. A.SS(DE) ) THEN 
CALL DNE(l, DOC, EXCR, DELY, DA, ESE, 
DDIAJI·DE 

ENDIP 

HYSTS190 
HYSTSaO 
HY9'I"SHO 
HYSTS;110 
HYST5:i1JO 
HY8TSHO 
HYSTSil.50 
HY8TSil.60 
HY S"i5 01'10 
H'tS'15:il90 
HYS'TS;;)90 
HYST5JOO 
HYS'TSJ10 
HY S'153 ~ 0 
HY5'TS3JO 
HYS't'SJ40 

PSE, PSEOUl, CSE ) HY8T5350 
HYot'5360 
H'!'S'TS3 '1 0 
H't'S'T5JBO 
H'tS'TSJ90 
H'tS'TS,oO 
HYS'T5UO 
HY S"iS 4 010 

(a) RULE 5 

IP( RULE 

I' 
.EO. 5.) t'HEN HYS'15430 
(DEl. LT. HI! ) '!"HEN HYS'TSUO 

!P(DDE .OE. O. ) TH~ HY8TS'SO 
STlp·SLOPS-ES HYSTS'60 
tXI·ES-SLOPl H'Y STS4 '1 ° 

ELSE IP( DOE .LT 0. ) THEN HYSTS&80 
BREp·YA-SLDP1"I{A HYB'T5490 
HREp· ~ YD- SLOPS·HD 'YEP) I (Sl£)Pl - SLOPS) HY ST5S 00 
IP( DEL .GE. iG.Ei' ) CYC'l.E·CYCU-l HYS'TSS10 
P'TOp .. p/py H'tSTS5:ilO 
DT'OP"DEL HYSTSSlO 
DBOT- (Sl.OP:iI·HA,·VA+PTOP 'SLOP1"DEL) I (SLOP;;)- SWPllHYS'TSS40 
FBOT-VA- SWPOI" (DBOT' HA) HYSTSS 50 
STlP-SLOP1"ES HYS"I'S51S0 
Rut:E .. ? HYS'TSS?O 
REVRSC" . nUl. HYS'TS5EO 
EXI·ES"SLOP1 HYSTSS90 

ENDIP HYSTS60C 
ELSE IP! DEL .GE. HE .\NO. DD! .GT, O. ) THEN 

5TIP-SWP6 
HYST5610 
HYST56:i10 
HYSTS630 
H't8TS6 .. 0 
H'tS'T5650 

RULE·6 
EXI -ES- SLOP1 

ENOl' 
IF( RF.."J'RSC ) !RV·I. 
IP ( NOT REVllsC) IRY·O. 
CALl. STRENG (ESE, PSE, PSEOLD, P, Ft...\,DE, Dl!lA, EXI) 

IF( 1U!S(Dli2'lAll) .LT ABS~DE) ) THEN 
CALL ONEIl, DOC, EXCR, DELY, DA, ESE, 
DDU.X·DE 

ENDIP 

(9) RULB 6 

IP( Rt.n2 .EQ. 5 ) THEJ,! 
IP~DDE .G:E. 0.) THEN 

S'TIp·SLOP6 
EJ:I·E9-SLOPl 

ELSE IF~DDE .[,,'r. 0.) THEN 
STIP-SLOP1-ES 

ENJ)IP 

RtJl....E-1 
CYC1..E·CYCl.J!:+l. 
REVRSC- .Pu,sE. 
E)(1·ES" SLOP1 

IP( REVRSC ) I:iV·1. 
IP ( .NOT. RE'VRSC) ny·o. 
CAU. S'I'RENG(ESE, PSE, PSroLD, P ,PLA,DE, D'!l.A, UI) 

IFf A.B6(DDIAl) .LT. JoBS (DE) 1 THEN 
CALL DNE(l, DUC, DC:IiI:, Di!LY, 0.\, ESE, 
DEKAlI·DE .,.1IP 

RET""" 
IOIIlI' 

(10) RUU! 10 

IP( 'RULE .EO to.) THEN 

HYS'!'5660 
HYST56?O 
H'tS'1S6ao 
HYS"!'S690 

PSE, PSEOI....D, CSE ) HYST5'100 
HYS't'S'110 
HY5T5iil.O 
H'tSTS130 
H'tST5HO 
H'tS'TS'1SO 
HYS'l'5?60 
HYS'rS'" '1 0 
H't S'l'SH 0 
Hy:rrS,,/90 
HYS'TS800 
HYSTSBlO 
HYSl'Sa:ilO 
HYSTS8JO 
HYST5UO 
HY8T51S0 
HYST5BEiO 
HYSTS8'10 
HYS'TSUO 
HYSTsa90 
HYST5900 
H't'S'I'S91O 
HY9T59iO 

PSi', FSEOUl, CSB ) HYS'T59l0 
HYSTS940 
HY8T59S0 
HYS'T5960 
H'tB'T59?0 
HYS'TS!lBO 
H'tST5990 
HYST6000 

IF( OEL .GT. DBOT .AND. DEL .LT. DTOP ) THEN 
STIP·SLOP? ·ES 

HYBT6010 
HY8T50:ilO 
HYST6030 

EU·'ES"SWpj 
ELSE IP (DSL . [,,'T. DBOT ) THEN 

STIP-SLOP3·S6 
RULE·] 
REV'i.SC· .P.ll..SE. 
PTOP-O 

• DTOP-O 
PBOT-O 
DBaT-O 
EICI ·ES - ~ (PTOP - PL) I (DTOP ·OEL) ) 

I!LSE IP(DEL .G"T. DroP) THEN 
STIF-SLOP4 -is 
IWU-4 
EKI-SS"SLOPI 

ENDI' 
IF( REVR5C ) IRY·l 
IF ! .NOT. REVlSC) IlV-O. 
o.u.. STIlEN(;(ESS, PSS, PS20LD, P, PL.A.,DE,DEUt.,B.~I) 
Ri!TUlW 

"'"IF 
(ll) RUU II 

IF( R!J1....E .EO. 11 1 THEN 
IF( DEL .GT. DBOT . .AND. DEL .LT. DTOP ) THEN 

STIP-SLOP'7°Xe 
EXI·I!S*SUlY' 

ELSE IF (DlL . [,,1' OBOT 1 THEN 
6ilp·SLOpa*ss 
RUt..a-:iI 
REVR.SC· . PALSB. 
PTOp·O 
DTOP"O 
PBCT·O 
DBar·o 
EXI·ES" ((VD-PL) I (HD-DEL) 

ELSE IF(DEL .G'r. DTO., ) THin< 
S'TIP~SLOPIl'ES 

RUU·" 
EJ<!·ES"SLOPl 

ENDI' 
IP~ RE'VRSC ) IR ... ·1. 
IP ! .NOT. REVRSC) IRv·o. 
CAl..l.. STRENG (ESE, PSE, PSEOr...o, P, PLA ,DE, DEI...A, EXI ) 
R..,UIUl 
END I , 

(12) RULE 12 

IF~ Rtn...E .EQ. 1~.) TH2N 
IPI DEL GT. DBOT .AND 

STIP"SLOP? "ES 
I!XI·E6·SUJP? 

ELSE 1P I DEL . L'l" DBOT) 
S·UF·SLOP2"iS 
RULE'2 
REVRSC· .PAl..9E. 

DEL LT. DTOP ) THm 

THEN 

HYST6040 
H't8T6050 
HYBT6060 
HYST60iO 
HYST60BO 
HYST6090 
HYS'T6100 
H't 01'611 0 
Hvne1010 
HYS'T6l30 
HYSNUO 
HYBT61S0 
HYaT15160 
HYST61iO 
HYST51BO 
HYST5190 
HYST6:i100 
H't S'T6:i1l 0 
HY&'"I'6;;).il0 
HVS'l'601JO 
HY9T6HO 
HYST601S0 
HY9"T6i1.60 
HYST6:i1iO 
H~S'l'5i1.BO 

HY9T6:i190 
H~ST6)CO 

HY &'"I'631 0 
HY!n'63:i0 
HY8T6330 
HYST6301.0 
H'tS'T6350 
HY9T6360 
HYST53'10 
HYST5lBO 
H'tS1'6390 
HYS']'611000 
HYS1'6"10 
HYST!54.a0 
Hyor6430 
HYST5UO 
HYST64S0 
HYST5'60 
HY5'1'15410 
HYS'T6"SO 
H'tS1'1511.90 
HYST6S00 
HYS't'6S10 
HYBT6S:il0 
HYST6530 
HYSTI!iS"0 
HYST6SS0 
HYST15560 
HYST65?0 
HYS1'65ao 
HYS'l'6S5I0 
HYST6500 

85 

P'TOP~O H'tS'T6610 
OTOP-O HYS'T66 ~ 0 
PBar-o HVS'I'66JO 
OBC11'''O HYS'T6611.0 
EXI ·BS" ( (PTOP - Pl.) I (DTOP-DEL) ) HVS"t'6650 

ELSE IP(DEL .aT. DroP) THtN HYS'T6660 
S"I'IF·SLOPS"!S HYST66iO 
RUU·5 HY ST66 90 
EXI·ES"SWPl H'iS'T6690 

~f n~" 
ENDIF HYS"%'6'1l0 
IF ( REVIlSC ) IRV·1. HY 91'151:i0 
IF ( .NOT RElJRSCl IRV~O. I1'YS']'6?30 
C.AL.L STRENG(ESE,PSE,PSEOI....D,P,PL.A.,DI!,DEUt.,ilCl) H'tS'TI5?o,O 
RETUUl HYST6750 
DID HYST6'11!i0 

c· .... - ... ~ .. -- .. -- ........ ---.- .. _ ....... _ ....... _-_.- .. _ .............. __ .. _. ·_ .. ·• .. SOLOOO 10 

SUBROU'I'INE S01.01 SOLA0020 
$INCLUDI!:·2.CCJ1}.I' &01.00030 
C SOUlOOollO 

READ ~los, -) NLQAD,I'UJ<ELD SOI..OOOSO 
WRI'TI!(l08,ll "I'ITLE(l),TITLE(iI.),Nl...Q.U) 80[,,00060 

1 FaRM1r.T('l STRUCTURE .... : ',A,I' 501..l1l'ION.... ',1.,11 S01.00010 
lX,' SOLUTION Ill, STATIC El..ASTIC MALYSIS 'I SOLoooao 
IX, '·· .. •• __ .. ····- .... ·_-- .... _····· .. ·······--··_·11 5OL0005l0 
lX,' NUHBER OP LOAD CASES ',IS) SOL00100 

IP (N'l.(UXGDT·J) .EO.i) WRlTE(10E,:1,) 
2 FCWol.\T~lX,· G'EOIIETiIC STTFFNESS IS NOT INCUJDED, " 

" • USE KGDA'TA(3)·1 TO INC:LUOE GEC!fi!'l'RIC 9TIFFNESS.') 

INITI),LI2.i STOIlAGE PaR STIFPNiZ5S, LCl.AD AND DISPI. . 
ELSTIC· nUl!. 

INITIALIZE 5T01U.GE PCII. STIFPNESS, !..CAD .uID DISPL 
Z(I'2.S'TIP) - ~Tlo:.l OP THE STIPFNESS M.A.TRIX 
Z(IZLOAD) - I..ClQ.TIeJoI OP '!"HE LOAD MATRIX 
Z~nLOAD) • 1...DCATION OP T'ME DTSP[J.CEMEN'I' MATRIX 

IF (I2.LOAl).'I!O.O) THEN 
J2,LO.\D·12. 
12. - 12._HDOF"NLQAD 
END I , 

IP (IWISP.EO.O) THEN 
12.DIS'P • tZ 
I2. • I2."NDQF"NLOAD 

END" 
IF (IZY'EL .EO.O) 'THEN 

I2.VEL • 12. 
I2. - I2.·NDOP 
ENOl' 
DO 3 I·I,NDOP 
Z(I"I2.vEL -1) '0. 

IP (I'Z.DVEL. EO.O) THEN 
I'lDVl!L .. I2. 
12. - IZ .. NOOF 
ENDI' 
DO 01. I·l,NDOP 
2(I·nOVEL-l) ·0 

IP (IUUB .EO 0) THEN 
I2.PUB • I2. 
12. • n'NDQF 
DO 5 I·1,NDOP 
Z~I+IlPUB 1) ·0. 
ENOl' 

-. SET uP CONS'TAN'l'S -
Ll-1 
U-NCCND "NP'JE.E 
U·NCCINO +NFII.E.B"1 
LA ·Nt!OP 
IF lHUELD.GT.O) '!"HEN 

I2.IEI..l) .. I2. 
I2.-I'Z.. .. MAXEI,l)"S 
I2..IHJ:l·U 
12.·12. .. H).X!LD"l:i 

ENOIf 
Iw-n.+1 
IHD"N2.(I 'Z.I..H+1..4) 
c.uJ... BOLoa 

(L1, L:I, W,LA., IMD,NLOAlI,KAXELD,NELtI,NNODi ,NCaS ,NEtJon' , 
IZD IS'll, rzLOl.D, IBOO,KUNCI), TITt..E:, STiPID, ESE, 
2. (I2.B'rIP), 2.(I2U».Dl, 'Z.(I'Z.IlISP1,m(I2.IEUl), 2.(I'ZJ!LD ), 
'Z.(IW ) ,N'Z.(I'ZJIID ) ,N'Z.(I2.IO 1 ,N'Z(IZIDOP), Z(IZ,CNEiI'i'), 

N'l.(IZJ'PLG) , Z~IZCClU)), 2.(I'Z.COS ) ,Noz,(tZJCOS), Sm1l'tCTl 

80LOOI10 
SO["00120 
S01.001JO 
SOLOOlollO 
SOLDO 150 
SOL00160 
SOL00170 
SOL00180 
SOL00190 
601.00200 
S01..00:i10 
SOLooaao 
SOLOO'Z.)O 
SO["00240 
SOLOO0l50 
scL002150 
5OL002iO 
SOlA02BO 
6OLOO:il90 
90L00300 
SOLDO] 10 
SO[,,003~0 

SOL003JO 
ooL00340 
5OL00350 
SOL00)60 
SOLA0310 
SOLoOJaO 
90L00390 
sOLOO"OO 
SOL00410 
SOL004 ~o 
S01.00,,)0 
50L00440 
SOLOOII.50 
SOLOOO,60 
50LOOo,;O 
50LOOll80 
SOLOO"90 
90L00500 
SO["00S10 
SOL005:10 
SOLOOS:'O 
SOLOOHO 
SOL00550 
SOLOOS60 
50[,,005'10 
SOL.OOSBO 
SOLOOS90 
50L00600 
50L00510 
SOL00620 
SOL006]0 
S01.00640 
5OL00650 
SOL00660 
5OL006iO 
50L006BO 
501..00690 

RETUlUI SOL00'100 
END 501.00i10 

C 50[.00010 

C .. - .. -- ... --.--.-- .... - ...... --- .. ~---.-.-- ... ------------·-··_··· .. _·· .. ········50L00020 
C 90LOOOJO 

c 

SUBROUTINE SOL01A 
" (Ll, L.a, W,LA, IMD,NLOAD,HAlELII,NELD,NNcDE,NCOS,NEr.xI', 

IZD ISP, I'Z.LOAD, 1800, l'LUlIal, T I'TLE, STEPID, ESE, 
BTIP , LOI.I) , DISP , IEI..D ,~ , 

" WOll:X ,MD ,ID ,IDOl', CONaT, 
" JTFIJJ, COOJ.D,COSINE, JTCOS, S\lG.CT) 

CHU.ACTD" (") TIn..B(OI) ,STEPID 
1.DGlCAL Pl.IN'T,DSPFI..O, HEAD ,AXIAL,BTEST ,BUG,BUGJ 
CHU.ACTEi." ao NAME 
lEAl. UW> 
DlKENSION R.INPUT(100) ,StJlllR.cr(6) 
DIH!:NSION BTIF(IMD), ~ (LA,NLOAD) ,DISP (LA ,Nuw) 
DIMENSION lEW (MAJ'ELD, 5) ,ELD (MlJ:ELD, la),WORIC (1) ,MD (L4+1) 
DIMENSION COCIiD (MAJOoICD, J) , ID (MAJlNCD) ,J'TPLG (I'tAXNOD) ,JTCOS (l'LUNOD) , 

" lOOP (MAXNOD,6) ,COSlNE(3,],NCOS) ,CClNS"'l' (MAXNOD,6) 
BUG-BTES1' (Il!JOO, 5) 
BOG.l"BTEST (tBUG, J) 

C- .... _·· ...... -_ .. ··_ .. •• .. -_ .. • 
C· U!Pt1T LCWlING DATA _ .. c-·_· .. ··- .. -_·_ .. __ ·· .. • __ .. 
c 
C ZERO LA\D lIND DlSPl..\CEKEN'!' MATRIX 

DO 6 I-l,LA 
00 6 J-l,NLCAII 

LOAD(I,J) ·0 
DISP(I,J}·O 

- - •. IMPtn' JOnrr IAADS 
JOINT LOADS ANtI SUPPOil.T DISPLACEl'mNTS ARE STOItED IN THE 
DISPt...A.Cmomrr MATRIX 

CALL JOIl.L)A (BOOJ ,HAJlNaD, LA, NNCDE, NLOAD, L2, ID, looF, CONS'T, DI9P, 
DSPPl..G, JTPLG, TITLE, . PALS E ) 

INPl1l' E!....EMnn' LOAOS 
ELEHEN"I' LOADS UE STOlI.ED IN THE t.o.\D MATRU 

IP (MAXEl.J).GT.O) THEN 
CJ..LL 'BLE~ (BUGJ,Ll ,N'EU4T ,M.U:i!LD,NE:LD, LII.,NLOAD, 

LOAD, IELO, 'BID, I'Z.DISP, 1 'Z.t...O.\tI,w..Mi!,TI"t'l.Z , .Pi\1..SE ) 

ADO Et..EMXNT !..ClADS ON FR EE JOIN'T S "1'0 THE Joan' LOADS em FREE 
JOINTS, S'l'ORB IN THE DISPLACEMENT MATRU 
SAVE I!LEl'tENT LOADS ON AU. JOINTS IN I...OA.D MATRIX, USED LATER 

... FOR CA.Lct.TUTING THE REACTIONS. 
DO to I-L1, L:i 
DO 10 J-l,NLOAD 

DISP(I,J) -DISP ~I, J) +LQAD (I ,J) 

... SWAP THE SIGN OP THE PEF AT REACTIONS 
DO 15 I"U., LA 
DO 15 J·l,NLCAD 

15 LQAIl(I,J)··LOAD(I,Jl 

"">If 

SOLOOO"o 
SOLOOOSO 
SOLO0060 
SOLO 00'1 0 
5OLOooao 
SOLO0090 
50[,,00100 
50LOOll0 
SOL00120 
SOUlOlJO 
SOLOO1&O 
5OLO0150 
50L00160 
SOL001'10 
5OL00180 
SO["00190 
SOLD0200 
5OL00210 
SOL00220 
SOLQ02JO 
50Looao 
SOL00250 
so["00a60 
SOL00210 
S01.00290 
50L00290 
SOLOO)OO 
SOLOOJlO 
SOLOOJ20 
SOLoOJ)O 
90LOO311.0 
50L00350 
50L00360 
SOLOOJ10 
SOLOO)80 
SOL00390 
50["004.00 
SO["OO4.l0 
SOLOOIIN 
SOL00II.30 
50LOOUO 
90L00450 
SOt-00,,50 
SOLOO~ 10 
SOLo04BO 
60LOOllo90 
SOLOOSOO 
50L0051.0 
SOLO 05 ~o 
SOL005.30 
501.00540 
50L00550 
SOLOOS60 
50LOOS10 
90L00580 
501..00590 



c· FaRl"!UU.TE STIFPNESS •••• 

c····· .. ···············,,···· 
all PORM! 1) 

e 
c·······,,········,,·················· .. ,,········· 
c· MODIFY LCAOS FOR RE~INT DISPLACEMENTS ••• 
C· ................................................. . 

e 

IF !OSPPLG) THEN 
10PT·l 
CAI...l.. RUC'TN (IOPT,BUG,NNCID'B ,Ll, U,Ll, L.4 ,tlISP,DISP, 

HtI, STIP, rMD, u. ,N1..OAtI, 1,0, 
\'lA.XNOD, 1001' ,COORD, ID,TITLE,~EPID, FALSE., 

" NCOS,COSINE,JTCOS,JTVUl,SUMRCTl 
END IF 

C· .. • .. ••••••• .. ••••••• .... ••••••• c· SOLVE POR PREE DISPL ...... 

C··· .. ························ 
e 

IP !BTEST!IBOO,S» THEN 
C.u.L U1AnJI(STIP,I"ID,L.4,II"ID,·Gl..OBAL STIFFNESS DUMP·7') 
CALL WIiA'MO( (DISP,L4,NLOAD, 'l"Q,U) I1ATRIX DUMp·j') 

ENDIF 

DO U 10pT·1,),2 
CALL MSOl.L( IOpT ,BTEST (IBUG, 6), L2, IMD, L.4 ,NLOAD, Ll,LJ ,HD, S'l'Ip, 

... DISP,WClRX,.FAl..'3E ,WOU::,WQRK,lA, .FALSE.,WORX,WClRK,L41 
1<1 CONTINUE 
e 

IF (BTEST(IBOO,S» 
" CALL \oIMATRx(DISP,LA,Nl...OA.D,'DISPLAC~EN'I' D~P·7') 

c·· .. •··•••·••··•••··•·•··• 
C· SOLVE FOR REACTIONS ••• 

c·· .. ········ .. ·····• .... ····· 
IOPT·2 
CAlL REAc-rN (IOpT ,BUG ,NNODE, L1, 1..2 ,1.3, LA, LQ,\[), DISP, 

... MD,STIF,IMD,iA,Nl.A\.D,1.0, 
MAJlNQO, IDOl' ,COORD ,ID,TITLE, ~EPID, FAl..'3I!. 

" NCOS,COSINE,JTCOS,JTFLG, StJomCT) 
11' (BTEST(IBUG,Sl) 

.. CAt.L WKATRX!LOAD,U"NLQAD, 'PINAL LOADS AND REACTIONS') 
e 
c·· .. •····· .. •• .. ····· .. •••·····••• .. · 
C· PRINT Ol.OBAL DISPU.CE2'mtnS ••• 

c····· .... · .. ······ .. ······ .. ········· 
CALL JOIOSp( 1 ,MAXNCI),U, , NNCJ:)E,NL~, U, 10, IOOP,CONST ,DISF, 

" TITLE, 'DISPUCE!iDtTS',STEPID,.TJl.t1E" 
NCOS ,COSINE,JTCOS) 

c········,,······ .. · .. ···· ...... · .. · 
e .. PRINT GLOBAL REACTIONS ••• 
e· ....................... " ..... . 

e 

IOFT-3 
CAll REACTN(IOP'T, .11I.l.J'E ,NNCGJE,L1,Wl,LJ,L-4,LQAD,DISP, 

" MO,STIp,IHD,LA,NLOAD,l.O, 
" MAXNOD, 1001', COORD, 10, -rITL..E, STiPID,. TRUE, 

NCOS ,COSINE, JTCOS,JTFLG, StMRC'T) 

c·· .... ••··••• .. ••·••••••·····•••·•·•·•·•·• 
C· CALCU'1..ATE AND PRIm' HDiElER FORCES ••• 

C··········· .. ········ .. ···· .. ············· 

e 

10FT·' 
LSTT'1p·O 
PRINT· TRUE. 
HEAD •. TRUE 
DO JOO IE~·I,NElMT 

300 CALL EUl.IS 
... (IOPT, LSTTYP, PRINT, IREL, HEAD, NAME, EESE, EPSE, DA!1AGE ,DIJCPAG, 
... IEl..nO, IEU>oF ,XGDaP, P<lE()o!,RINPUT ,AXIAL-, IZDISP, I Zl..OAIl , MS'TORJ 

c········ .. ··· .. ·············· .. · .. ······· .... ······· 
C" ADD UST LOAD CASE TO TOTAL MDmEa LOADS •• -

c·· .... ····••·····••····•• .. •······•• .. • .. ···· .. ••··· 
e THIS SETS THE TOTAL LQ1o.D IN THE El»fEN'T SUBROI.1t'INP! EQUAL TO THE 
e SlIM OP THE TOTAL LOAD AND THE L.AST L.CIA.D CASE 
C TWO MAJIOR BENIPIT9 ARE DERIVED FRCI1 THIS: 
C 1) TOTAL EUIiZN'l' LOA.IlS ARE USED AS INITIAl. V.\LUES PO! BUcn.rNG .\Nt) 

C D'!"NAl1IC LOADINGS. 
C ;;!) TOTAL ELEKENT t.aADS ARE US'ED IN NCNI.INBAi. ANAL'1S1 S 
e 

lon·s 
LSn'Y~·o 
PRINT· .pAl-SB. 
HEAD ·.FAl...SE. 
DO 310 IEu.o·l,NELMT 

310 CALL El..EUB 
" (101'1', LSTTYP, PRINT, IREl.., HEAD, N1o.XE, E..ESE, EPSE,DAM).GE ,DUCpAG, 
" IELNO,IELDOP, ICGDOF, PClE:CI1,RINPI1t ,AXIAL, IWISP, ULOAD,MSTaR) 

C· .. •••• .. • .. ••••••••••••••••••• .. ••••• 
C· OBTAIN TOTAL STRAIN ENERGY 
c··········· .. ······· .... ······· .. ····· 

e 

EBB·O 
DO 13141 IE~o-l,NEI.Hi 

CAw.. ELELIlI 
" (10, L..S'M"iP, . PAUE. , IRBL, . 1'Al..9E., HAKE! , EESE, EPSE, DAKAGE, DIlCPAQ, 
" IELNO, I Et.DOF , xaoOP,PGECJ1,RINPtn',AXIJ.L, IZDISP, ItLCIAD,I'lSTOB) 

1312 ESE:·ESE'EESE 
ESE·ESE/" 

ItIRITE!lOIl,lJlJ) ESE 
1JIJ PCJRM1o.T(UI,/,llC,'THE S"!'ATICS STRAIN ENERGY OP SYSTEM ·',Gn.II/) 

WRITE(lOe,') '." ................................................ ' 

11' (NLllAD. E'1.1) RE'TlJRN 

c· .. •••••• .. •••••••• .. ••••·• .. •••••• .. •• 
WRITE1l08,1000) TITLE(l) ,TITl.E(~) 

1000 FaRMAT('l STRUCTURE. ',A,I· SOLt1I'ION.. ',A,/I 
U , ' I'IAJ(IMUN VALUES p~ AI..L. LOAD CASES '/ 
llC,·· .. •••••••• .. ••• ........ •••••• .. •••••••• .. ·') 

e 
c··· .. ······· .. ····· .. ··········· .... ·· 
c· GET AND FRINT MAJ:Il"fUH DISpL ••• 

c············ .... · .. ·········· .. ······ 
e 

DO 1010 1"1, LA. 
WORK (I ) ·DIsP(I, 1) 
DO 1010 J·iI,NLQAI) 
IF (ABS(DISP(I,J») .GT,.ABS!WORIt:{I))) WORX(I )·DISP(I ,J) 

1010 CaN'TINU'E 
CAll. JOIDSP! :l,MAXNC1:l, L4, NNaDE, I, lol, ID, IDOF,ec..lS']' ,NaRX, 

" TITL..E, ',,"XII'M1 DISpUCIMENTS' ,S't'EFID, pALSE., 
" NCOS, COSIN'E,JTCOS) 

e 
C··· .. ·· .. ··· .... ············ .. ·········· .. · 
c· GE:'T AND PRINT MAXIHrJM REACTIONS .... . 
c··· .. ······ .. ········ ...... ·· .... ··· ........ . 
C 

e 

WRITE{lOS,lOQO) TITLE!l) ,TITLE(21 
DO 1020 1·1',1,,,4 

100Rk!I I .l..OA.D(I, 1) 
DO 1020 )·2,NLOAD 
IF (ABS(LOA[)(I,J) GT,ABS(WQRX!I») WORX(I)·LOAD(I,J) 

1020 CONTINUE 
DO 1030 1·1,6 

1030 SlIMRC't'(H·O 
CALL RB.A.CI'N(II., TRUE.,NNODE,L1,U,W,lA,IOQRX,DISP, 

... MD,STIF,IHD,LII.,l ,1.0, 
MAXNOD, 1001', COORD, 10, TITLE, STEPID, . FALSE. 
NCOS, COSIN'E, JTCOS, J1pl..G, Sl.It'J{('T) 

C· ..................................... . 
e· FRINT M}.}(IHUN E1...E'MEN'!' POReES .". C····· .. ······ ...................... . 
e 

SOl.()0600 
SOl.()0610 
SOL006~0 

3Ot.o06JO 
SOL006&0 
50L.o0650 
SOLo0660 
SOL00670 
SOLo06S0 
SOL006S10 
80LOO'1OO 
SOL00710 
80L007=0 
SOLQ0730 
SCLOOHO 
SOLoo'/SO 
SOl.C0'/60 
SOI...c0'/70 
501..007BO 
SOL00790 
SOLOoaoo 
SOl..00810 
501..008=0 
SOl.C0910 
SOLOouO 
S01.008S0 
SOLoOB60 
501..00870 
5OL008BO 
SOL00890 
SOL00900 
S01.00910 
SOU!09=0 
SOL.cOSl30 
SOL.c09f.O 
SOl.C09S0 
9Ol.C0960 
SOl.C09'/0 
SO'L.00geo 
SOl..00990 
S01.01000 
SOLCI1010 
5OL010'lO 
SOLOlOlO 
SOLCI10&0 
SOL010!oO 
SOL.oI060 
SOL.01070 
SOLOlOBO 
SOUllOSlO 
SOl..O 11 00 
SOLo 11 10 
SOLO 11 010 
SOL01130 
SOLolUO 
SOLOllS0 
SCLO 1 liS 0 
SOLCll70 
SCLCll BO 
50L01190 
SOl.,01200 
SOt-OlliO 
SOL01HO 
SOLOIBO 
SOL01;ao 
SOL-OUSO 
5OLOI0l60 
SOL01270 
5OLOU80 
SOLOU90 
SOLOIJOO 
SOL013lO 
SOL013010 
SOl.OlJJO 
SOLOIHO 
SOLOl3S0 
SO'L.01360 
SOL013'/0 
SOLClJSO 
SOLClno 
SOlA 14 00 
501.01410 
SOLQ14ao 
SOLOUlO 
SOL01UO 
501.014S0 
SOL01l60 
SOLO 1&'/0 
SOL01UO 
SOLOIUO 
SOLOlS00 
SOL01SlO 
SOLO IS 010 
501.01530 
001.015"0 
S01.015S0 
SOLCI1560 
SOL01570 
SOL01SBO 
SOL01590 
SOL01600 
SOLQ16 10 
SOL016Z0 
SOL01630 
50LOIUO 
SOL01650 
001..01660 
SOL01l57 0 
SOLCll!iBO 
5OLQU90 
5OLOI'/00 
SOLOl'/10 
SCLCI1720 
SOLOl'lJO 
SOLO 11 "0 
SOUl17S0 
SOL-01760 
SOL01'/70 
SOL017BO 
SOLO 179 0 
SOL.01800 
SOLo1810 
SOLO 18 20 
SOLote30 
001.018110 
SOLo1850 
SOL01860 
SOL01SjO 
SOLOlB BO 
SOLO lB 90 
SOL-01900 
SOL-Ol910 
SOL01920 
SOL019l0 
SOL019 110 
5OLOI51S0 
SOLOl51150 
301..01970 
SOLOl910 
501.01990 
SOL02000 
SOLOOlOI0 
501..OOIoao 
5OL02030 
SOL02011.0 
SOLO.OSO 

86 

WRITE(10!,1000) TITLECll,'!'ITU(:l) 
!..S'n''iP''O 
PRINT· 1'RUE 
HEAD· PAl..'3E. 
DO 1310 IELNo-LNE~T 

13 10 CAlJ.. EULIB 

'" ,eo 

... (12, LS'M'YP, PlI.IN'!', IRn, H!.AD I NAHE, EESE, EPSE, DAMAGE, DUCFAG, 
IE~, IEL.OOp, ICGDOF, PGECJo1,RINPtn' ,AXIAL, IZDISP, tZLOAD,I1STCRl 

FOil'tAT(SX, IS,lP,6G15 .6) 
FORMA't'('l GLOBAL ',A,', t.OADING .',15//4X,'NODE',7X,'DX", 

IJX, '0'1", IlX, 'DZ',13X, 'RX', lJlC, 'FlY' ,13X, 'RZ'/) 

501.03060 
SOLrJao'/o 
SOLO:lIOBO 
SOLO:ll090 
SOLO Oll 00 
SOLO'1l10 
501.02120 
SOL021l0 
SOLo .. HO 
SOL031!'oO 
SOLO:iill60 
SOLOn 70 
SOLaHBO 

RE'TURN SOLO 01 19 0 
END S01..03200 

C JOIL0010 

c·········· .. ·· .. ············· .. · .... ······· .. ··· .. ······ .. ·········· .. ····· ... ··JOIL-0020 
C JOl1..0030 

StmROUTlNE JOILOA (BUG,KA.XNOIl, NDOP, NNOOE, NUlA.D ,N'F, LD, IDOl', CQNST, JOI LQO 10 
" pORCE,DSPPLG,JTpLG,TITt..E,HE.\l) JOILOOSO 

CHARACTER'" (-) TITU(2) JOlL0060 
CHARAC"I'!i. DIR'''',SUPT·as,001'·u JOILQ070 
CHARAC'TiR"'l CX(fiJ JOIt.ooeo 
eKARAC"l'Ei."'U F(6) JOIL0090 
LOCiICAL DSPFLG,FIRS'T,BUG,HEAD,STEST JOILO]00 
DIMENSION IDOl' (MJ"XNOD, 6),Calgj (HAXNOD,6), FORC'EOlOOp, NLC.\Dl JOILOI10 
DIMENSION ID(IiA.KNCLll ,JTPLG(M.AXNOD) JOIL01'l0 

FIRST ., TR!J1! . 
oSF1'LG· . PALSE. 

S PORMAT('l STRUC"TlJRE .. , ',A,/' SOLln'ION ',A,/) 
6pClRl'lAT(' .vPLIED JOINT LOADS',/' ........................ ',/) 

e 
c·· .... ····· .. • ...... ····• .... • .. 
C· tNPtn' LOADING DATA •• 
C···· .. ···· .. ·· .. ········· .. 

LO READ(105,"J I..OAIl,JOINT,JTGEN,JTINC,OIR,VALUE 
IF (INDEX(DIi,'END') ,NE,O~ GO TO 100 

lS DOp·· , 
IF (FIRST) THEN 

IF (HEAD) \lfRITE(lOB,!'o) TITLE (1) ,TITI..E:(2) 
WRITE(108,6 ) 
FIRST· PAJ..S!. 

<NO" 
e 
C······· CHECI. Fell: A VJJ..IO JOINT NUMBER. ... 

e 
e· 

IF (JOINT.L.T 100) OR JOINT,GT.ID(NNODE) 
W1HTE!lOB,21) LO.\D 
GO To 10 

""'IF 
J·IQl1ICJC(JOINT,ID,NNCXlE) 
SUPT·' , 

C······· PUT A LOAD aN A JOINT 

) THEN 

C NOTiS: IX, 1'1, 1'1., !'IX, HY AND '1. ARE THE DOl' THAT THE LQ1.OS ARE 
C APPLIED TO 
C . THE MOHENTS RESULTING PRCJoI I'll., F'1 AND F'Z. ARE DUE TO 

JOIL0130 
JOIL011I.0 
JOlLOl50 
JOIL0160 
JOIL0170 
JOILOlBO 
JOIL0190 
JOIL0200 
JOIL0210 
JOIL0220 
JOILO~30 
JOIL-OHO 
JOIL-OaSO 
JOIL0;!60 
JOIL0270 
JOIL0280 
JOlt.o290 
JOILOHO 
JOILQJ10 
JOILOJ20 
JOIL0330 
JOILOHO 
JOIL0J50 
JOIL0360 
JOILO)70 
JOU.OJ80 
JOIL0J90 

.. 'JOIL0400 
JOIL.OIIO 
JOI1.0420 
JOILC,f,30 

C CONSTRAINTS. IF A NOOE !S NO']' cONSTRl.lNID, THEN THE VAl...lTE 
JOILOUO 
JOILO'!'oO 
JOlL0460 C OF CCIIIS1' IS ZERO. 

C LOADS AP~LIED TO RESTRAINED DOP ME INTERPE:RATED AS 
C SUPPCRT DISPLACEHENTS IE: SUPPORT SETT'ElJoIENT OR 
C DI5PUCEKEN'I' Cctn'ROll. ... 
e-

IF (INOEX(DIR, 'FX') .NII.O) THEN 
IX·IDOp(J,l) 
FORCE (IX, !.OAD) • FORCE (lJ(, LQAD) -VALUE 
IF ~ BTEST(JTPLG(J) ,12) I THEN 

Ml'·IOOP(J,5) 
FQlICE(M'1 ,LOAD) ·FaRC!("" ,UW)) .VALIJE"'CClNS'!'(J ,J) 
H:2.·IOOP(J,6) 
FCRCE (MZ,LOAD) ·PCll:CE(tn, LOAD) .VALU!!~CONS't' jJ ,S) 
WRI1'E(DOF,3S) IX,MY,HZ 

ELSE 
..... ruTE(DOP,3S) u 

ENOIp 
IF (U.G'T.NF) THEN 

tlSPPLG· . TRtlE 
SUPT·' . JOIN'!' DISPI..AC~. 

ENOI1' 
ELSE IF (UIDElI(tlIR,'PY') .NE,OJ THEN 

n·IDOP(J ,01) 
F~C'E (1'1, L.aJ.D) ·pORCE(IY, Lo.t.D) "VALUE 
IP (BTE8'T(JTPLG(J),131) THEN 

MX·lOOF(J,") 
FaRCE (I'!X, LOAD) ·PatCE (M):, LOAD) _VALIJl!"'CaNST (J , 1) 
HZ· lOOP (J,6) 
PatCl!! (MZ, LOAD) ·pCRCE (101'1., LOA.D) • VAlJJE"'Cal6"I' (J ,6) 
QIT'E(DOP,lS) IY,MX,H'Z. 

El.Sl! 
WU'r"E(DOl',3S) I'( 

ENDIP 
I I' (IY GT NP) TIiZN 

DSPYUl" . nUB, 
SUPT··' .. ,JOlin" DISPLlC"EMENT. 

ENDIF 
ELSE II' (INDD(OIll.,'p'Z,·),NE,o) THEN 

JZ·IOop(J ,J) 
FORCE (JZ, lOAD) ·FORCE (JZ, LOAD) ~VALUE 
IF (BTEST(JTFLG(J),U») THEN 

JoIX·IOOF(J,4) 
FORCE (I'!X, LOAD) • FaRCE (!'DI,WAD) ,VAlJJE*CONST(J, 21 
MY·IOOF(J,S) 
FORCE (MY ,LOAD) ·PQRCE (MY, LOAD) ·VWJE*CaNST(J ,4) 
WRITE(DOF,l5) JZ,MX,HY 

ELSE 
W'RITE(DOF,l5) JZ 

ENDI1' 
11' (J'Z.,G'T.NPl THEN 

DSFPL.G" . TRUE. 
SUPT·'. JOINt' DISFt.ACEMENT 

ENDIF 
ELSE IF (INDEX(DIR, 'KX") ,N!: 0) THEN 

MX"IDOp(J,U 
PORC! (!'DC, LO.\D) ·FOllCE (HX, LOAD) "VALUE 
WRIT'E!(OOF,JS) KX 
IP (MX.GT .NP) THEN 

DSPPLCi· ,TI!:!.'!. 
SUPT·' .JOINT DISFLACEKPllT. 

ENDIp 
ELSE IP (INDEX(DIR, 'MY') .m.o) THEN 

M't·IDOF(J,S) 
FORCE (MY, 1...OlII)·PORCE(MY, t.CAD) ·V;u.UE 
WRI'TE(DOp,l5) MY 
II' !MY.GTNF) THEN 

DSFPL<l" . TRUE 
SUPT·' ... JOIN'!' DISPUCEMZNT 

ENDIF 
ELSE IF (INDEX!OIR,'HZ'1 NE 0) THEN 

I'1Z·IDOp(J ,6) 
PORCE !MZ, LOAD ~ ·FORCE (HZ, LQAD) +VALUE 
WilITE(DOF,JS) HZ 
II' (MZ GT ,NF) THEN 

DSPFLG· TRUE. 
SUPT·· ... JOItn DISPLACE~. 

ENlHF 
ELSE 

WRITE(lOB,~O) JOINT,DIR,VJ.LlJE 
ENDIF 
WRITE(10B ,.30) LOAD, JOIN'!' ,DlR,DOP ,VALUE, SUPT 
IF (JTGEN.GT.O) T'HEN 

JTGEN·JTGI!!N·1 
JOINT·JOItn·JTINC 
GO TO 1S 

END" 

JOIL0470 
JOILOIIBO 
JOlLAUO 

·JOILOSOO 
JOILOS10 
JOIL05:ii10 
JOILOS30 
JOlLOS40 
JOll.OSSO 
JOILOS60 
JOILOS70 
JOlLOSBO 
JOILOS5IO 
JOIL0600 
JOlLOEl(l 
JOIL.05 ~O 
JOIL06JO 
JOIL06110 
JOILOtSSO 
JOIL.OtStSO 
JOlLAtS'/O 
JOl1.06S0 
JOIL0690 
JOlt.0100 
JOIL0110 
JOIL0720 
JOIUl7JO 
JOIU1j40 
JOILOjSO 
JOILOj60 
JOIUJ770 
JOILCI?BO 
JOIL07S10 
JOILOIIOO 
JOILOB10 
JOlLOII20 
JOIL0830 
JOILOUO 
JOILA8S0 
JOILOe60 
JOIUlB70 
JOIL0B80 
JOILo890 
JOIL0900 
JOIL0910 
JOIL0920 
JOIL0930 
JOIL0940 
JOIL05lS0 
J'OIL05I60 
JOIL-0970 
JOIL-09BO 
JOIL0990 
JOIL1000 
JOILI010 
JOILlO20 
JOIL1030 
JOIL1011.0 
JOILlOSO 
JOILI060 
JOIL1070 
JOIL10BO 
JOILI090 
JOILllOO 
JOILlilO 
JOIL1120 
JOILl1l0 
JOILl140 
JOILllSO 
JOIL1l60 
JOIL1l70 
JOIL1UO 
JOlLi190 
JOILl200 
JOIL1210 
JOIL1220 
JOIL1230 
JOILl240 
JOIL12S0 
JOIL12tSo 
JOIL1270 
JOILl2BO 
JOILl290 
JOILl300 
JOILlJ 10 



GO TO 10 

:01:0 PCQU1AT (' INVALID JOINT L.aAD. ',I6,U,A,.X,IP,G14 6, 
" '- - LOAD IS SXIPPED') 

H PauotA'r (. 1NVAI..ID LOAD C1.SE ',16,' l..CIM) IS SKIPPED') 
30 PClRloLlT C' LOAD CASE:',IJ,' JOINT. ',Hi,' OIREC'T'TaN ',A, 

" • DaF(S) ',A,' MAGNITUDE:' ,IP,GU .6, 2X,A~ 
~s FORMAT (15,',',',15,:,',',15) 

c 
C· . RETtJRN IF NO JOINT LOAtlS WEll! [NPtn' 

c· 

100 IP (FIRST~ RE'TtIilN 

IP (.NO'!' BUG) RETURN 
PRIm JOINT l.a.t.DS aN EACH DOf 

N5·NDOF+S 
00 1.0 L.·l,NL.aAD 

If (IiEAD~ ItI'RIT!(10B,S I TI1't.E(1),TITL2(Z) 
WRlTE(10a, L30) L. 
oa 120 I·l,NS,5 
IS·HUH (1.4) ,NDOF) 
DO 110 J·l,15 

X·J· 1+1 
CX(X)·' , 

110 IP (J.G'I'.NP) CX(J:)·' 
WRITE (lOB, 14.0) (J ,POltCE (J ,L) ,CX (J. I+l~ ,J·l, 15) 

120 CamlNUl! 

130 PORMAT (' ~PPLIED J01m L..OAD8, LOADING .',I5,lOX, 
" ' Nan:· O£NOTES SUPPORT OISPUCDtEN"'r" I 

' •....••......•••...... 'II 
'- SX,S (' oop' ,'7X, 'I...QM) ')/l 

111.0 PORMAT (SX,5{OP,15,lP,G14.6,A) ) 

'10 

DO 2:a0 L·l,Nt..a.t.D 
IF (HEAD) WRITE(loa,5 ) TITLE(l),TI1'LE(z) 
WRlTE(10B,ZOO) L 
oa ~4!0 l"l,NNeDE 
DO 210 J"1,6 

CX(J)·' , 
IF (BTESTCJ'I'F1.G(I) ,J+11» TH~ 

F{J)·' , 
ELS. 

X·IOOPCI,J) 
WRITE(F(Jl,:UO) FORCE(K,L) 
IF (K.c;r.NP) CX(J)·'*' 

ENDIP 
CONTINUE 
lIIRITE (lOa, 130) 10( I) , IP CJ) ,CX (J) ,J-1 (6) 

220 CONTI.NU! 

200 PORMAT (' APPLIE!> JOINT L.OADS, l.O.lDING 1f',IS,10X, 
.. • NOTE. * OENOt'E9 SUPpORT OISPLACEMENT'I 

........... " ................. '116X, 'NCOE', '7X, 'PX', 
" L3l1, 'PY' ,13X, 'P'Z' ,13X, 'to1X' ,13X, 'MY', 13X, 'HZ' /) 

230 PORMAoT (5X,15,1:aA ) 
240 FO~T (lP,G14,6) 

JO!L13:i10 
JOIL1.330 
JOIL1HO 
JOILllSO 
JO!L1l60 
JOIL13'70 
JOIL1310 
JOILIJ!i10 
JOILUOO 
JOIl.IUO 
JOIL14.0 
JOIL1430 
JOIL.IUO 
JOIU&50 
JOIL1460 
JOIL1("O 
JOIL1UO 
JOILH90 
JOIL1500 
JOILlSIO 
JOIL15Z0 
JOlt.1530 
JO!L15&0 
JOIL1550 
JOIL15150 
JOILISHI 
JOIL.lS&O 
JOIL1590 
JOIL1600 
JOIL.1610 
JOIL16010 
JOIL16)0 
JOILl640 
JOIL1650 
JOIL1660 
JOIU6'70 
JOILl610 
JOILl1590 
JOIL.l'70Q 
JOIL1'710 
JOILl'7.0 
JOIL.l'730 
JOIL.IHO 
JOIL.1'750 
JOIL1'760 
JOILl.,.,O 
JOIL1HO 
JOILl'790 
JOIL1aOO 
JOILlal0 
JOIL..lII ZO 
JOIL1II30 
JOILIUO 
JOILlIISO 
JOIL.1II60 
JOIl.1II'70 
JOIl.IUO 

REiU1lN JOILlE90 
END JOIL1900 

C JOI00010 
C ............................................................................. ••• .... •• .......... •• .. •• .. JOI000.0 
C m~H 

SUBROI..lr'INE JOIOSP (lOP'!' ,KAXNOO,NDOP ,NNClDE,NLO).O,NP, ID, lOOP, JOID0040 
" CONST ,01 SP, TITU, NAl'!!, S'TEPIO, HFAO, NC'OB, COSINE, J'l'COS) JOIOOOSO 
CHAR~c-rER* (*), TITLE! (2), STEPIO,NAME JOI00060 
CHARACTER*15 0)(6) ,EQUAL'60 JOID00'70 
1...OO1CAL HEAD JOIOOOIiO 
OIMENSION IDOP(MAXNOD,6) ,~ST(kAXNOD,6) JOID0090 
DIMENSION 01 SP (NDOP, NI..Q.\D) , 10 (MA.XNa:l) JOIOOI00 
DIMENSION D (6) ,G (6), COSlNE(l, 3 ,NCOS) ,JTCOS(MAXNOD) JOIDOII0 
DATA !Qll.\L JOIOOl.0 

" I' .................. - ............................ - ............................... """.". '/JOID013C1 

c 

NLEN"MIN (LEN (NAME) -I ,60) 

NC·' 
C··· .... •••· .. ·••• .. · .. •••·· .... ••• .... • 
C· LOOP FOB. EACH LOAD C1.SE ••• 

c· .. •·· .. ·••· .. ·•• .. • ...... ••••· .. ••••· c 

c 

00, 300 L·1,Nl.DAI) 
NDSPLS·O 
IP f,Nar.CNCOs.'2Q.l .AND. COSlNECl,1,ll.EQ.l .AND. 

COSUrE(2, :a,1) .EQ, 1 AND. COSINE(3,3,l) .EQ.1 ) 
.AND. IOPT.2O,2 ) GO TO :alO 

c·· ...... •· .. · .. •• .... · .... ••· .... •• ............ ·• 
C" PRINT GLC6AL 01 SPUCEMENl'9 .... . 
C .... ••• .. •• .......... •• .... •••• .. •••••• .. • .. • 
C NOTE:OISP HAY CON'I'AIN OISPUCiMENTS, VEL.O::ITIES, ACCELE1L\.T'IQNS CIR 
C EIGENVAl..UEB .. _ 
C Au.. OP WHICH DE PRINTED alIT AT EACH NODE. 
C 

c 
c. 

c 
c 
c. 

c 
c. 

c 

lO 

JO , 

IP (HEAD) IIrlRIT!(10a,l10) TITL.E\l) ,TITLE(Z) 
IP (IOPT,NE.OI) IIfRITE(loe,31S) NAI1E,L,BTEPIO,EOUAI..~l:Nl..E:oI) 
IF (IOPT EQ.Z) W1U1E[10B,415) NAME, EQUAJ..\l:NLEIU 
DO 100 I"l,~DE 

~6FER OI9PL TO LOCAl. V'ECTCIR 
DO .0 J·l,ti 

IJ·IDQP ~I, J) 
O[J~·OISP[IJ,L) 

ADD R01'A't'IaNS 1'0 OISPL p(2 CONSTRAINTS 
IF U'NCONS'1iAlNEO, CONS'T(I,J)·O 

0(1) ·0(1) '0(5)*CCN6'T~I,J) • 0[6) "CClNS1'(1,5) 
0(2) .. 0(01) • 0(4)·C~S'T(I,U • D(6) 'CONS"!' (I ,6) 
DC:» • 0(3) • DU)*CONS'T(l,:I) + 0(5~·caNST'(I,&) 

~SPER 1'0 GL.aI!IAI., OIBPUCEM2N'l'S 
JCQS ·J11:09 (I) 
DO ZS 11·1,3 

U-Il"3 
0(11),,0 
G(U) .. 0 
DO 25 J1·1,3 

J;jI·J1·3 
GIIl)·G (II) +COSINE(Jl. I l,JCOS) *O(Jl) 
G(I:I)·G (U) ·COSINE(.1l, 11, JCOS) *D[J:iI) 

WRITE DISPL 
DO 30 J·l,6 
'oiRITECCOIJ) ,9) GIJ) 
PORMAT(lP,GU IS,' 'J 
WRI1'E(LOB,Z20) 10(1), (0)(X),X·l,6) 

NDSPLS·NDSPLS -1 
100 CONTINUE 

IF INCaS EQ.L . ANtI , COSINEI1,1,1i.EQ.l AND. COSINE(2,Z,lJ EO 1 
.. AND, COSlNE(3,3,1) EQ 1 ) GO TO 300 

C· .................................... . 
C· PRINT JOINT OISP1...\cEHENTS ~ •• 
C·· .. •••• .... •• .. ••••••• ...... ••• .. •• .... • 

JOIOOUO 
JOID0150 
JOIOOUiO 
JOI001'70 
JOI00180 
JOI00190 
JOIOO.OO 
JOIOOnO 
JOIDOilZO 
JOIDOnO 
.1OIOa:J&O 
.10100250 
JOIOO.60 
JOI001'70 
JOI00:il80 
JOI00190 
JO[D0300 
JOID01I0 
JOID0310 
JOI00110 
JOI003&0 
JOIDolSO 
JOI00360 
JOI00)'70 
JOID0310 
JOI00390 
JOI00400 
JOIDO&10 
JOID04:i10 
JOI00&30 
J0100&40 
JOI00450 
JOI00460 
JOI004'70 
JOIOO4BO 
JOI00490 
JOID0500 
JOI00510 
JOI005,N 
JOI00530 
JOI00540 
JOI00550 
JOID0560 
JOI005'70 
JOIDOSBO 
JOIOOS90 
JOI00600 
JOI00610 
JOIl:l06:i10 
JOI00630 
JOI001540 
JOID01550 
JOID06tiO 
JOID06"10 
JOI00690 
JOI00690 
JOIOO.,OO 
J01D0'710 
JOIOO'7 ZO 
JOItl0730 
JOID0'7i1.0 
JOID0'7S0 
J01DO'7iSO 

C NOTE:DISP MAY CONTAIN DISPUCEl1ENTS, V'ELcCnIE.S, ACCELERATIONS OR JOID0'7'70 
C EIGENVALUES. 
C ALL OP II'HICH ARE PRINi'ED OUT AT EACH NODE .. 
C 

c 
c. 

no IF IHEAD.AND NDSPl..S.GT 20) WRITE(10Il,3l0) TITLE\l) ,TITLE(2) 
IF (lOPT.NE 2) WRITE(10B,3l15) NAME,L,STEPID,EQUAL(l:NLEN) 
IP ClOP! EQ.;:!) 'IlRITE(10e,41I5) NAME, EQUAL(l NLDO 
DO ~OO I"L,NNOOE 

TRANSFER GL.OBAL DISPl. TO LOCAL VECTOR 
DO Z19 J"1,6 

JOI00'78C 
J0100'790 
JOl00900 
JOI00810 
JOI008:a0 
JOIOOB30 
JOIOOBil.O 
JOIOOIISO 
JOI00860 
J01D08'70 
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c 
c 
c. 

c 
c. 

n. 
IJ·lOOF(I,J) 
O(J)·OISP( IJ ,L) 

. ADD RO'U.TIa.lS TO OISPL FOIl CONSTRAINTS 
IP UNC:ONSTlU INEO , eONS'TCI,J)·O 

OD) • OD) • D(S)·CaNS"T(I,l) • 0(6)'CQNS"r\I,S) 
0(2) • O(2) + D(4)*CONST(I,l) .. 0(ti)'CONSi(I,6) 
0(1) .. 0(1) .. 0(d)·CONS'T(I,2) ~ D(5)'CONS'T(I,1I.) 

!tIRITE DISPL 
00 Ol30 J·l,6 

WRITE(CD(J) ,9) D(J) 
IJ·lDOP(I,J) 

'30 IP (IJ.G'T.NP) CD(J) (15'15) .. '·' 
WRIT!(lO a, 01:11) ID (I) , (0) (X), K·l,6), J'I'COS (1) 

200 CONTINUE 
WRI'I'ECI09,320) 

)00 CatI!'lNUE 

10 FORMAT 
:1010 PCIIIJolAT 
<1011 POJUolAT 
310 FCIIU'lAT 
315 P'aRMA'I' 

(lP,G15.'7 ) 
CSX,15,I5A) 
(SX,IS,tiA,IlO) 
('I STIHlCTUilE ... : ',A,I' SOUl'I'IDN. 
Ula, 'Ges ',A,', LOADING N',15,SX,A, / 

, ,A) 

lX,' ........ ' ,AIII5)(, 'NODE', .,X, 'OX', l)){, '0'1", 13K, 'OZ', 
" llX,'RX',13){,'RY',llll,'RZ'/I 

3L5 FORMAT (l/a, 'JCS ',A,', l.O.\DING .',I5,5X,A, 11X,'·····',A 
116X, 'NODI!', '7x, 'ox', 13l1, 'D'i' ,13l1, 'OZ', 13)(, 'RX', 

" 13X,'RY',l3X,'RZ',lSlI,' COSINE .'/) 
415 PC::RM.A.T 111'1.X, 'GCS ',A/lX,·"""·"',~/zsx, 

" 'NOTE: HlJeIMlM ... .\Ll1'ES HAY NOT OCCUlI: SIH'ULTANEOUSL'f'116X, 
" 'N<DE', '7X, 'DX', 13X, 'OY', 13X, 'OZ' ,13X, 'RX', 13X, 'RY', 13X, 'R'Z' I) 

416 POlUU.T (11:ilX, 'JCS • ,A/IX, ••••••• ,A/4I5X, 
'" 'NOTE: HlJeIMtl"l V.ALt1E'S HAY NOT OCCUlI: SIHl..n..TANEOUSL.Y'/I6K, 

'NC[)E' ,'7X, 'OX' ,13X, 'OY' ,1)lI, 'oz', 13X, 'RX' ,13X, 'RY' ,13J{, 'RZ', 
" I5X,' COSIN! If'l) 

3010 PClllMAT I'X, 'NOTE * OENOTES A REST'P..\INED DEGREE OF PREE!>CJot') 

JOID08ll0 
JOI00B90 
JOI00900 
JOI00910 
JOI009010 
JOI009.30 
J01D09i1.0 
JOID0950 
JOID09tiO 
JOI009'70 
JOIOOHO 
JOI00990 
JOI01000 
JOIOI010 
JOID1HO 
JOI01010 
J01Dl040 
JOI01050 
JOI01060 
JOIOI0'70 
JOI010BO 
JOID1090 
JOI01100 
JOlO1110 
JOID1120 
JOIDlllO 
JOI01lil.O 
JOID1150 
JOID1l60 
JOID11'70 
JOIOllaO 
JOI01190 
JOID1200 
JOI012 10 
JOIOl220 
JOI01230 
JOID1240 
JOI01250 
JOlO1il60 

RETURN JOI012'70 
.END JOIOl2BO 

C EL.ELOOI0 
C •• • ............ • .. • ..... • ........ • ...... •••• .... •••••• ...... ••• .. • .... •• .. •• .. ••••••• .. ••• .. •• .... ELELOOZO 
C ELELOOJO 

SUBROUTINE EULOA (BUG,NP ,NElJoI'T,MAXEUl,NELD,NDOP ,NI...QAI), FORCE, ELEL0040 
" IELD,ElJ),IOISP,ILOAD ,NAME,TI"rLE,HZAIn ELEL.0050 

C ELEL0060 
e NOTE ON ARGUMXNl'S: THE LOAD I1A.TllIX FaRCE IS PASSED PR()04 THE CA.U.ING ELfLO 0" 0 

ROUTINE. Pcs.C'E 19 EQUIVALENCED TO THE Z toSATRIX BY THE CA.L.LING ROUTlNELELOoao 
I! Z(ILOAD)·PORCE(l,l), WHDE I1..ClAD IS THE OFfSET IN THE Z HA.TRIX. ELEL0090 
a01'H THE CAI.J..ING ROVTINE AND SUBROUTINE ELE LIB USE THE 2. HATRU EL.EL0100 

- ELEL.OI10 
l..OOICA.L PIRST,HEAD,FAl..SE,AJiIAL,BUG 
CHARAcrEiI.'(*) TITU!I'1.),NAHE 
CH.U.~CTEiI.*:iI0 TYPE,0IRI,DIR*40 
CH.UAC'TEll*l CX(6) 
DIMENSION FoaC:E(NDOP ,NLOAD) , lEU) (5,HA>:ELD), ELD(l '1.,MAXELD) 
DIl'IZNSION RINPtn' (100) 

PIRS'T· . TRUE. 
5 P~T ('1 SlTlH}C'TURE. ',A,/' SDU.JTION. ',A,/) 
6 PCi!.MA.T (I' ElJ!MElfr LQ.tJ)S ',I' ....................... .. 

" lX,' LOAD EI...EH aEN INC GROUP" DIRECTION VALUES. 
',II 

'II 
c·· .. ·· .. · .. •· .. · .. •••··· .... •• 
C" INPt1'I' LQ.\DING DATA •• 
c· ...... ~ ........................ . 

c 

N·, 
lO N .. N·l 

IP (N,GT.MAX!!I..D) 00 TO 100 
~O READ(10S,*) (aU!{I,~),I .. l,4),TY-pE,DIRI,ELD(l,N) 

OIB."Tl"PE/{tlIRI 
IP (INDEX(OIa,'END').NE,O) GO TO 100 
NEU>·N 
IP (PIltST) THEN 

ENDIF 

IP (HEAD) It7R.ITE(lOB,5) TITLE{l) ,'TITLE('1.) 
WRITE{L08,6) 
FIRST~. PAL9E 

c .. PlIOCE S8 ~ GJ.OUPB AND READ AIlDITIONAL INFO 

c 

IP (INDEX(OIR, 'CCN:') .NE.O) THDI 
J(CI:lE"100 ,., 
BACXSPAC'E (lOS) 
READ(l05, *) (IELD (l,N), I"l, iI.) ,TYPE,DIRI, (n.D(I, N) ,1·l,J) 
OIR·TYPE//DIR! 
CAll. C)(]tNG{EL.D(:iI,Nl,O"l, , 'DISTANCE') 

ELSE IP (INDE1C(DIR, 'UlIlIP') .:.IE.O) THEN ,., 
X(I)E·ZOO 

El..SE IF (INDE!);{OIi., -VAJQl') NE,O) THEN 
XOOE·300 ,., 
BA.C)(SPACl! (105) 
READ ( lOS, *) (I!IJ) (I, N), 1"1,4) ,TYPE,OUI, (EW( I,N) ,1·1,.1) 
OU·T1PEI fI)Ilt I 
CJ.Ll. CXRNG(~(3,N), 0, ,1U.D(4, N), 'DISTANCE') 
CAU.. CJlJUfG(EUI (",N), EWD ,N), 1., 'tlISTANCE' l 

ELSE IP (INDEX(OIR, 'Pal') .NiI.O) THEN 
XCI)E .. &aO 
J·l1 
B~CJ{SPA.CE(lOS) 
READ ( 105, '] (IELD (I,N), 1-1,.) ,TYPE,OIRI, ! EUl (I ,N) ,1·1, J) 
o IR·TYPEI {])IRI 

ELSE 
W1I:ITE(10a,30) 'INVlllO LOAD TYPE', 

GO t"O ~O 

ENDI. 

(IELD(I, N), I "1,4) ,OrR, EU>(l.,N) 

IP (INDEX{OIR, 'PlI') ,NE.O) THEN 
XODE·XOOE+l 

ELSE IF (INDEX(OIR,'PY').NI!.O) THEN 
XODE·XODE·2 

ELSE IF (INCE);(OIR,'P'Z') HE,D) THEN 
XODI!·XCllE+3 

ELSE IP (IWE>:{Or:R,'MX') .m.O) THEN 
KOOE·XOOE·& 

ELSE If (INDEl({OIR,-I'IY') .NE.O) THEN 
K<DE·KeDE 'S 

ELSE IP (INDEX(DIR, 'HZ-'J .NE.O) THEN 
KCOE .. KOOE·6 

ELSE IF (XODE.NE,&OO) THEN 
IJrRITB(101l,30) 'INVALID 1.O.\D DIRECTION', 

GO TO 010 
ENDIF 
IEt.rl(S,N)·XOOE 

(lEU! ~I, N), 1·1, 4) ,DIR, IELO(l ,N) ,1"1, J) 

WRITE(l08, 40) (IEt.rl(l,N), 1·1, 4), blR, IELD I I,N) ,1·1, J~ 
GO TO 10 

30 PORMAT I' ',A,' LOAD IS sXIPPED'1 
" lX,4IS,lX,A~O,IP,6G14.6, .IC42l1,ISG14 6) 

il.0' PQRJO.T (lX,415,lX,A;t0,lP,I5G14.6, 114~)C,6G14.5) 

C· . . REiI'URN IF NO ELEMENT LQADS WERE I NPlJi' 

c 
c· 

LOO If (PIRST) RETlJl'tN 

- LOOP TO GENEIlATE JltDmER L.al.DS PaR EACH EL&lENT 
10PT"15 
00 101 IE~·l,NEIHt' 

PALSE· .PALSE 
101 C_U.L ELEL1B 

" (10FT, LST'TVP, F~!, IREL, F~I...SE, NAME ,EESE,EPSE,D.t.MAGE,OUCFAG, 
I EUIO ,IELDOP, XGDOf, POECI1,RINPUT, AXIAL, 10ISP, lLOA.D,M.STCllI.) 

FRINT LOADS AT EACH OaF 

ELELOI ~Q 
EL.EL0130 
EL.EL0140 
ELEL.0150 
ELEL0160 
E:LEL01"0 
ELELOl ao 
ELEL0190 
ELELOZOO 
ELELO:illO 
ELELO:il4!0 
ELEL0230 
ELELAHO 
ELELOOl50 
EL.ELO.60 
ELELOOl'/O 
ELEL.o:aeo 
ELEL04190 
EL!L0300 
ELEL0310 
ELEL.03"i!0 
ELEL0330 
EULOl40 
ELEL0350 
ELEL0360 
ELEl.03'70 
ELEL0310 
ELELA390 
ELEL.Oil.OO 
ELEL.OI!.lO 
ELEL04.0 
EL.ELO"30 
ELELO" "0 
ELEL0450 
ELELO&60 
ELEL04'/0 
ELEL04S0 
ELEL0490 
ELEL0500 
EL.EL0510 
ELEL05:;!.0 
ELEL05:>0 
!LEl.OS40 
ELELOS50 
EULOS60 
EL.E1.05'70 
EL.El.0510 
ELEL.0590 
ELEL.0600 
ELEL0610 
ELEL06.0 
ELELC630 
El.EL0640 
ELEL0650 
ELEL0660 
ELEL06'70 
EL.EL06BO 
EL.EL0690 
ELEL.0'700 
ELEL0'710 
EL.ELO'7 ~O 
EL2LO"l30 
ELEl.O'7dO 
ELEL.0'75o 
ELEL.0"60 
EL.ELo'/70 
ELELO" 80 
ELEL0'790 
ELELOBOO 
ELELOB10 
EL.ELOII~O 
ELEL0830 
ELELOUO 
ELELOB50 
ELEL.0860 
ELEL08'/O 
ELEL.OI90 
E:LEL.0890 
E:LELO')00 
EL.EL0910 
ELEL0920 
ELEL09)0 
ELEL0940 
EL.EL0950 
ELEL0960 
ELEL.09'70 
EL.EL.09BO 
ELEl.0990 
EL£1..1000 
ELELI0LO 
ELELI020 
ELEL10;3.0 
£L.EL1040 
ELELIOSO 
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IF (BOG) THEN 
N5·NDOF·S 

"""IF 

00 UO L"I,~ 
IF (HEAD) WRnE(10B,5) TIT1...E(1) ,TITLE(:l) 
WRITE (108, 13e) l. 
DO 1:l0 1·1,N5,5 
IS·MIN( (I.4) ,NDOP) 
DO l10 J·t,IS 

K·J ·1·1 
CXiX)·' , 
IF iJ.GT.NJ'J 0(10·'-' 
WRITEII0B,140) (J,P'~CE(J,LJ,CX(J I~I),J·I,I5) 

CONTINUE 

ELELI0150 
ELELIO'lO 
ELE1..1080 
ELEl.I090 
El..El.l100 
ELELlII0 
ELELH20 
ELELI1JO 
ELEL11dD 
El.ELJ.1SO 
ELELH60 
ELEL1170 
ELELHBO 
ELELIUO 

130 FORMAT (. GLOBAL JOINT FaRCES DOR TO ELEHZNT l..OAD5 ',3X, 
ELEL1200 
ELELl210 
I!LELl220 
El.ELI2JO 
El.E..Ll 2 11.0 
ELEL1250 
El.EU;360 
El.El..12'lO 

. LOADING .',15,10X, 
, HerrE' - DENm'ES SUPPORT DIS;>U.CEMnrT' / ............................................ // 
5X,S(' OOP',7X,'LOAD 'I/) 

FORMAT (5X,SIOP,I5,lP,GlII..6,A) ) 

RE"TURN El.El.12 8 0 
£NIl EI..EL1290 

C C!al.N0010 

C··················· .. ··· ...... ········· .. · .. ························· .. ·····CJIl\N0020 
C Cx:RNOOJO 

5lmRotTl'INE Cn..NG(V,A,B,NAI1E) C:K:RNOOII.O 
CHARACTER- (") NAME CJCIU.!OOSO 
IP (A 1..T.V .AND. V.LT.B) RETl.IR.N CJIl!.N00150 
WRITEOOB,10) NAME,A,V,B CXlUoI0010 

10 PORMAT(' •••• )',"',' IS OUT OP RAJroE, SE'T ',lP,G13 5,' LE INPtn'··, CXlWOOBO 
" G13.S,· LE ',G13.S~ CXl\N0090 

V·MIN(V,B) C1ClUI0IOO 
V·'HAX(V,A) CQN0110 
RE"I'U1I.N ClClUlOl.0 
END ClClUl013 0 

C··· .. •••••••••• .. • •• ••••••••• •••• ••••• •• •• •• •• •• ••••• .... ··················50LOOOI0 
5llEROlTI'INE 50l.0:O: 50UlOO.0 
~ICAL Sl.1'IA5S,TESi',BTEST,LlNBAL 50L00030 
CHARACTER IN'l'EG-20 SOUl0040 

$INCUJDE" ZCCIofN' 501..00050 
C 501.A006O 
e SOLOOO'lO 
C···············"·· 9OL/J0090 
C· PRINT HEADE''R ••• SOLO0090 
C········· .. • .. •••••• 501..00100 

WRITE(lOB,lOl TIn.E(l) ,'t'ITLE(2) SOL00110 
10 PORJolAT ('1 STRUCTURE. ',A.,!' SOUJrIaN. ',A,/) SOLO0120 

c 
C················· .... ·· .... 
e· INPLn' LOADING DATA •• 

C······················ .. 

c 
c· 

c 

I' 

READ(105,"1 INTEG,THJrrA, ELSTIC,tlNBl.L 
Ru.Il(lOS,-) IPRNT,IWRI1'E,KAXACC,SL.MA5S 
RRAD(10S,·) rO,DT,TP,CiltAV 
IPRNT·~l1 (IPRNT, 1) 

IF (TE5T(Hn'EG,'LINEAR' ,.FALSE ~J THEN 
INTEGO·l 
WRITE(10B,11) 'LIND.R ACCEL..!R.ATION HETHOD', 

"- ........................... ' 
Et..SE IF (TE5T (INTEG, • AVERAGE' , . FALSE.) THEN 

INTEOO·:il 
WRITE(109,l1) 'AVERAGE ACCELERATION METHOD', 

"- ............................. ' 
ELSE IP (TE5T(INTI!G,'WILSON' ,.PALSE.)) THEN 

INTEGO·3 
WRITE(109,11) 'WILSON THETA METHOD· ....... ••• .. ········' 
WRITE(108,1:ill THE'TA 

ELSE IF (TEST(INTEG, 'WILSON' ,.PALSE.I) TH~ 
WRITE( lOB,") 'INVALID INTEGRATION METHOD' 
1oIRITE(109,11) INTEG,····· .. •••••• .. •• .. ·····' 
RETURN 

. CHECK PaR INVALID I:N'l'BGRATION WITH P1!:OPCilTIIJN.U. DAMPING 
IF ((INTEGO. EQ.l.aR INTi:GO.EQ 2) . .A.lIID. FDAMP.NE.l) THEN 

WltITE DOB, 19) 
FORMAT (SX,' INTEGRATION ME'THOD IS ClNLY VI.UD FOR " 

'PROPORTIONAL DAHPING'/I,5X,'SOLN IS ABcmTED') 
RETURN 

END IF 

WITE(108,13) T'O,DT,TP,GUV,IPRNT 
IP (ELSTIC) WRI'l'E(loB,lII.l 

11 FORMAT(lX,' 50U1TIClN l:il, ',A,' OP NU!1ERlc.u. INTI!GRATIClN' / 
" lX,'··· ............ • .. ····,,\, '·"·····"········"""·"""·"·'1) 

12 PORMAT(lX,' THET,\ ',lP,GIS .6) 
13 PORMAT(UI,' INITIAL TIME .' ,lP,GI5 .6/ 

"- l)I.,·TIMESi'EP ·,lP,G1S.6/ 
lX,' PINAL TIME ',lP,G15 .6/ 
IX,' ACCELEII ...... rIat-I DUE TO GaJ,VITY ',lP,G1S.6/ 

" lX,' 5"!'EP INTERVAL POR PRINTING ._ .... ',OP,I5) 
14 PORKAT(lX,' THE S'T'RUC1'URE IS ASSOMED TO BEHAVE ELASTICA..LLY') 

C············ .... ·· .. ················· .. 
C· SET GEOMETRIC STIFFNESS PLAGS .... 
C···· .... ···· .. · .. ················· .... ··· 

KG1..OAD·N2 (I2.XGDT·l) 
XG'l'1! PE·N'l.. (IZXGtlT·2) 
XGFORJo\·NZ (!'Z.KGDT'J) 
NEWXa.·. TRUE. 

SOLOOllO 
SOLO0140 
SOLOOlS0 
501..00160 
SOL00170 
SOLoo190 
501...00190 
501...00200 
501...00210 
SOL00220 
SOL00230 
50LOOHO 
SOL00250 
50L002150 
50L002'70 
50Ul02BO 
50L00;390 
SOl.00300 
S01.00310 
501.00]20 
501..00330 
50L00340 
5OL00350 
SOL0031!i0 
50l..O0310 
50L00390 
501..00390 
SOL00400 
SOLO0410 
SOL004.0 
SOLo0430 
SOL00440 
SOLO0450 
SOL00460 
SOLO04'lO 
9OL00480 
SOLO 0490 
SOL00500 
SOLQ0510 
SOL005:10 
oo1..005JO 
501..00540 
001..00550 
S01.A0560 
SOLOOS10 
SOLOosao 
SO[.00590 
501...00600 
50[.00610 
50L00620 
5OL001530 
SOLO01540 
SOL001550 
501..0015150 
501..001510 

IF (XGLOAD.EQ a .OR. JCGTYPE.EQ.O .OR KGPaRM.EQ.O) NEWl<G·.PI.LSE. 501..0015BO 

SET UP CON5TANTS 
W·NCOND"1 
U·NCQNtI .. NPREE 

INITIAt..12E 5TORAaB PCB LOAD, DISPL, VELCC', ACC'EL 
Z(lZLCAD) LCCA1'Ia:.t OP 1'HE TO't'AL WAC HATRII 
Z(1ZDI5P) • LCCATICIN 0' THE TerrAL OI5PL.AC!'MENT MATRIX 
Z (IZVEL ) • l.OC.lTlCIN OF THE TOTAL VELOCITY MATRIX 
Z (!ZAce 1 • LOCATION OP THE 1"OT ... L ACCEl..ZRATIaN !"lAna 
Z(.!ZDLOA.) • LCCATICl)I OF THE INCli.IKENTAL I..llJ.D MATRIX 
Z(IZDDSP) • t..a:A.TlaN OP THE llOIMENTAL DISPu..CEKENT MATRIX 
Z (HDVEL) • LOCATION OF THE INCiIMENTAL vn.ocITY I'QTRr:x 
Z(IZDAeCl • LCCATIaN OP '!'HE INCllIMENTAL ACCELERATION MATR1J( 

IP (IZLOAD.EQ.O) THEN 
I2.LOAD • IZ 
IZ • IZ.NDQP 
CALL CXSiOR (0,0 ) 
DO 1 I·l,NDOP 
Z(l+H.LQAD-l) ·0 

END IF 

IF (IZDISP.EQ.O) 'THEN 
I'Z.DISP • IZ 
IZ • rz~NDOP 

CALL CKSTOR 1<1,0) 
DO 2 r·l,NDOF 
ZII -IZDISP'l) ·0 

END IF 

IP IIZVEL . EQ 0) THEN 
lZVEL • IZ 
IZ • IZ·NDOP 
CALL CK5jOR (0,0 l 
DO .3 r·1,NDOP 
'Z.(I·IZVEL .1) ·0 

ENOIF 

IF (IUCC EQ.O) 'THEN 
rZACC • IZ 

501..001590 
501..00'100 
5OL00110 
50L001.0 
60L00130 
SOLDOHe 
50L00150 
5OLo07l50 
5OL00170 
50L00760 
50LOO'l90 
5OL00800 
501...00810 
5OL008i10 
SOL00830 
SOL00840 
50L00850 
SOL00860 
S01..008'l0 
SOLOOUO 
50t..00S90 
SOL00900 
SOL00910 
50L00920 
50L00930 
50L009ilO 
SOt..00950 
50L009150 
SOL00970 
50L00980 
SOL00990 
50LOI000 
50LOI010 
50L01020 
SOL01030 
SOLOI040 
SOLOI050 
SOLOI060 
SOLOIO'lO 
50LOI090 
SOI..OI090 
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c 

IZ • I'Z."NDOP 
CALL CXSTOR 10(0) 

00 4 l·l,NDOF 
ZII-I1..ACC·I) "0 

mIl IF 

(IWLOA EQ.O) THEN 
IZDLOA • IZ 
lZ • IZ·NDQP 

CALt.. CX5TOR(O,O) 
00 S I·l,NDOF 
ZII·IZDLOA·l) ·0. 

£NIlIF 
IF (I'Z.DDSP.EQ 0) THEN 

IZDD9P • IZ 
IZ • IZ.NDQF 

CALL CX5TORIO,O) 
DO 6 I·l,NDOF 
Z(I.IZDtl5P·1) ·0 

ENDIF 
IF (IZDVEL EQ.O) THEN 

IZDVEL • IZ 
rz • IZ.NDQF 

CALL eI(9TOR(O,O) 
DO 7 I·l,NDOP 
2( r.IZDVE1.·l) ·0. 

ENDI' 
IP iU.DAee.EQ.O) THEN 

IZD"ee • IZ 
IZ • 12.~F 

CALL CX5"!'aR [0,0) 
00 B I·1,NDOF 
Z(I.IZDACC·l) ·0 

END IF 
IP (UFO'S EQ.O) THEN 

IZFUB • IZ. 
12. • IZ"NDOP 

£NIlIF 

CALL CXSi~ (0,0) 
00 9 I·I,NDOP 
Z(I .IZPLlB·l) ·0. 

IW·IZ·l 

C- PORM l'lASS MA.TRIJI 
C 

c 

IMDMS ·NZ (IZMDMS"NI>OP) 
00 400 [·I,IMDMS 

400 ZiI·l'l..11ASS·lI·0_ 
CALl. HPORM (ii, INMASS, loIU.SS, Z (l'lJllA5S) ,N'Z. (I ZHDI'!S) ,1'!Il ,NIlOF, I!'4IlKS, 

NNODE,M.UNOD,BTE9'T( IBOO, 5), IBoo, NZ [IZID) ,NZ (IUOOP), 
Z(IZCNST) ,NZ(IZJCOS) J z(Iz.MD"T), Z (IW) ,HZ tIW.:U), Z (IW.27), 
Z(I'oIi· 6J), Z(IW· 99) ,TITLE) 

e- FORM SPECIAL MASS IQTRIX 
C 

c 

I P (SIJolA,9S) THEN 
READ (l05,·J INHAS9,IPMl.SS 
CALL ~8SIN (INMAS9, IPMASS,. F.ll.SE. ,BOO, IBOO, TITLE,MA.XZ, 

M-'XNCID, NN<DE, 12, IW, IZID, Z,NZ, I ZSl11!l , I'1.9~5, 
IZLM, IZlCE, I 2JomTJ , NDOP ,NMA5S, I'1.IOOP, IZOlST, 
IZJC09,NCOND,I'1.KD) 

nmHSL·NZ (I ZSlJI!D'NDOF) 
nsE 

IZSLMB·O 
IZ5lJo1D·0 
II'!DHSL·l 

ENDI' 
IMDHS ·N'1.(IZMDMS·NDOP) 

C' .• _. SET UP STORAGE paR MAIN DIAGONAL ADDRESS OP DYNAHIC STIPPNESS 

c 

I2JomS· IZ 
t2 • 1'1. " NPRE! ·1 
CAl.J., CXSTOR(O,IW) 

C-' - - _. - DEVELOP SKYLINE OP t1YN»IIC STIFFNESS (5) 
CA..LL SKY~2(NDOP,l...J, [A, 

NZ (12.HDS) ,N2. ( I'Z.KD) ,NZ ~ I 2.HD!1S) ,N"Z. (IZMDXG) ,JtGPORM) 
c 
C···· DE"!'!RMINE THE L..2NG't"H OP THE DYNMIC STIP'FNESS !9.ntIX 

lMIlS·HZ(IZHDS .. NPilE!) NZ(IZMD5).1 

DE'l'E1LMINE THE A.DtlKESS OF TH.E D'iN»tIC STIFFNESS MATRIX 
I2S • I'Z. 
1'1. • IZ·N2.(I'Z.MDS.N?lIEE) 

c 
C· - - DEPINE Si'0RAa.! IlEQD POR ~~ICAI. INTEGRATION 
C AND INI1Il.IZ! VALUE5 

IUN • IZ 
IZ • IZ+NFREE 
I'2.RN ·IZ 
I'Z • IZ·NFREE 
IZPBAR • IZ 
IZ • IZ~NPREE 

c 
C· SAVE STORAGE Pat DYNJ.HIe GROUND A..CCEl..ER1r.TI~S 

IZAGTX·IZ 
IZ ·IZ·KAXAC'C 
IZAGTY .. rz 
IZ ·rz.MAXACC 
!ZAG'I'Z·IZ 
IZ ·rz.Hlt.XACC 
IZAINP·rz 
NAlNP .M.A.J[ (NDOP, KUACC) 
IZ ·rz'NAINP 
12.HCOS·rz 
IZ ·IZ·NIlOP"3 

c 
C- - SAVE STORAGE POR ENERGY CALCtll...ATIONS 

c 

Izzno·rz 
IZ ·I'1._NDOP 
IZDH ·IZ 
IZ ·IZ.N!lOP 
T'1.VM ·IZ 
1'1. ·I'z,.NDOP 
IZDBIJI.·IZ 
1'1. ·I2.NDOP 
I2 ·I'l.. .. NDOP 
lZDL02·IZ 
12 ·IZ"NDOP 
IZTPD ·rz 
1'1. ·12.NDOP 
IZD?D ·IZ 
IZ ·IZ+NDOP 
IZf'G .. IZ 
IZ ·I'Z."tIDOP 
IZDPG ·IZ 
IZ ·a·NDO? 

DO 25 I·O,NDOF-l 
Z(IZPG .1)·0 
Z(lz,oPG ·0·0. 
Z(IZZERO·Il·O 
Z(IZDH ·1)·0 
Z(IZVH "0·0 
Z(IWBAJI·I)·O 
Z(IZDL02·I) ·0 
Z(IZjPD -1)·0. 

25 Z(IZOFD ·Il·O 

c·············· .. ······················ 
IZDMAX·I Z 
I'Z. ·n.NOOP 
IZVHAX·IZ 
IZ ·IZ-NOOP 
IZAMAX .. n 
12 ·n·NDOP 

SOL..01100 
SOLO 11 10 
5OL01120 
SOt..Ol1JO 
SOL01140 
501...01150 
SOL01160 
SOt..011'lO 
S01...01190 
SOLA1190 
501...01200 
SOL01210 
SOL01220 
50L01230 
SOLOIUO 
SOI..012S0 
SOL01260 
SOL012iO 
50[.01290 
50[,01290 
SOLODOO 
50LOl310 
SOLaD 20 
SOLOD30 
501..01311.0 
5OUl13S0 
5OL..OD60 
50[..01370 
SOLeDIiO 
5OL01390 
SOLOUOO 
S01.01410 
SOL01420 
50L014JO 
SOLOIUO 
501.01450 
SOLD 14 150 
SOI..0147 0 
SOL014BO 
5OL01490 
5OL01500 
SOLO 1510 
501..OlS~0 
5OLo1530 
501...01540 
50L01550 
SOL01560 
80[..01570 
SOLOlS 80 
SOL01590 
SOI..Ol15eo 
SOt.011510 
501...01620 
SOLOl1530 
SOLOll5'O 
SOL011550 
SOL01660 
50[..01670 
50LOI6110 
501..01690 
50L01700 
501..01110 
50L017JO 
50L01730 
S01.01HO 
50L011S0 
50L017150 
ooL01770 
50LOl180 
SOL01790 
SOL01BOO 
SOLOlBI0 
50LOlB 20 
SOLOlB30 
SOL01840 
50L01B50 
50L018 150 
5OL.Q1870 
501..0111110 
50L01890 
SOL01900 
501..015110 
501...01920 
501...01930 
50Ul l!ilf. 0 
SOL01950 
50L019150 
S01.015170 
SOLO 19H 0 
SOLO 1990 
5OLO:lOOO 
8OLOil010 
SOLO:il020 
901.02030 
8OL02040 
SOLO:ilOSO 
ooL0206O 
SOLO:lO'lO 
5OI..02080 
SOL02090 
SO[,0;3100 
SOL02110 
SOLO:il120 
SOL02110 
SOLon40 
SOL02150 
SOLOil160 
50L02170 
SOLon BO· 
50LOH90 
S01.02JOO 
50L02210 
50L02J20 
50LO~.JO 
50L02240 
50Lon50 
50L02260 
50LO.2"10 
SOL02.290 
8OLoil290 
50L02300 
50L02310 
5OL02J20 
50L£l2J30 
5OL02340 
SOL02JSO 
SOL02JEO 
SOL.023"10 
SOL.02J80 
SOL02390 
SOL02400 
SOL02410 
SOL02420 
SOL02430 
SO[.02440 
50[.02450 
50L02460 
SOI..OH70 
SOL02480 
SOLOH90 
50L02500 
50L02510 
50L02520 
50L02530 
50L02511.0 
SOl.02550 



c 

IZRM.U:· IZ. 
I'Z. .UoNDOP +6 
DO 2B I·O,NIlOF 

Z I IZDMAX'I)·O 
ZIIZVMAX·I)·O 
ZIIZAMAX+IJ·O 

2B Z (IZ.RMA..X> 1)·0 
DO 29 1·1,6 

~9 ZIIZRlolA.X-1+NDOP+II·0_ 
DO 30 1·1,6 

30 Sill'IliC1' (II·O 

C····································· 

SOLO<l560 
SOLO~5iO 

SOLO~5&O 
SOL02:590 
SOLOZ600 
SOL02:610 
SOL026Z0 
SOL026JO 
SOL02:640 
SOLOZ6S0 
SOLOZ660 
SOLOZ6iO 
SOL026S0 
SOLOZ690 
SOLO <Ii 00 
SOLO.!710 
SOLO~i120 

SOL02'JO 
SOLO<l140 
SOLO.'SO 
SOLO.?60 
SOLOniO 
SOLO:;"BO 
SOLOn90 
SOL02800 
SOL02910 
SOLOaOlO 
SOL02:8l0 
SOL02UO 
SOL02850 
SOL02860 
SOL02810 
SOL0:2890 
SOL021190 
SOLO<l900 
SOLOHlO 

C'IN'PUT FILE OU'T'PUT CON"!'ROU.. DATA ••• 
C· •••••••••••••••••••••••••••••••••••• 

c 

IF (IWRrTE aT 0) THEN 
!OPT'l 
CA.LL DHPOAT I lOP';, IWRITE, 1'0, OT) 

£NIl" 

SET I.JP WORX STORAGE AREA 
rOIl' • IZ - 1 

C- - - - CHECK STORAGE REQU!.RMENTS 

c· 

c· 

CALL CXSTOR (NDOF, tW) 

DETERMINE THE L.ENG'TH OF THE STIFFNESS I'tAHIX 
IMD·NZ(12JolD·NDOP) N'Z(IZMIl)-1 

DE"I'ERMIN'E ':'H! LENGTH OP THE MASS ~TRI X 
IMDHS·N'Z.(lZI"IDI1S_NDOF) N'Z[IZJomMS)·1 

DETERMINE THE LENGTH OF THE GE~ETRIC STIFFNESS MATRU' 
IF [NZOZKGDT .. J) .EQ.2) THEN 

lMOKG ·lnnZMOKGoNDOF) N'Z.IIZKDKG) 0 1 
ELSE 

IMIlXG ·1 
£NIl IF 

SOL02920 
- - - - - CAU. SOL2A "1'0 CALC DATA _ SOLOH30 

CALL SOL02AIIMD,IMDMS ,Il'IDKG ,IMDS ,IMOMSL SOL02940 
NNOOE! NCOS NEIJoI'l', IBUG ,I'tA.JICNClD SOL02950 
TITLE snPIO NAINP ,NDOP , NPRZE SOLOZ9150 

"lCGFORM lCGLOAD lCGlYPE, NCONO ,INTEGO SOL029iO 
"NEWXG MCOND KGCOND, UNBAL ,NEWK SOL029&0 

THETA E1.5TIC IPRNT ,IWRITE ,GilOUND{U, SOLOZ990 
MAXACC SLMA.SS TO ,'D1 , TP ,GROUND(4),SOLOJOOO 

"GllAV ,roAMP ,IZD'DSP ,IZ'OLCA. ,GROUND I?) , SOLOJOIO 
" ZIIZDISPI, Z(IZVEL J, ZIIZACC I, Z(IZLQAD), Z(I2..A.N I,Z(IZDKU),SOLOJ020 
" Z(IZDDSPI, Z(IZDVEL), Z(IZDACC), Z(IZDLOA), Z(I'Z.BN ) ,Z(IZ"w'MAX),SOLOJOJO 
" Z(IZSTIFI, Z(I2.MASS), Z(IZSUOlSJ, Z(IZXG ), Z(IZS I,Z(IZAMAX),SOLOJ040 
"NZIIZMD I ,NZ(IZHDHS),NZIIZSl.MDI,NZIIZMDXGl,NZ(IZMDS , ,Z(IZRMAX),SOLOJ050 
" Z(IZDA.MPI, Z(IZPBAJI), ZIIZ,I"ICOS1, Z(IZAGTX1, Z(IZDL02),SOLOJ060 
" ZIIZAC'TYI, ,,(IZAGTZ), ZIIZAINPI, Z(IZFUB 1, Z(IW ), SUMRC"I' ,SOLOJOiO 
"NZIIZID ),NZ(UIDOP), 21IZOIST1,NZ(IZJPLG), ZIIZCORD),ZIIZDFD ),SOLOJOBO 
" Z(IZCOS ),NZ(IZJCOS), ZIIZTFD ),EI£,ESE,PSE,EKE,ED'O, SOLel090 
" ZIIZ2ERO), Z(UFGl Z[IZDPG)) SOLOlI00 

SOLOlliO 
RE"I'LlRN SOL031Z0 
END SOLOJ1JO 

C "VEA0010 
C······················· ••• a •••• a ••••••••••••••••••••••••••••••••••••••• "VEAOOZO 

c 
c· 
c 
c 

c 
c· 
c 
c 

'" 

SUBROUTINE "VEACC 110PT ,DT, TH E"I'A , NEWX01' ,U, LJ, LA, AVEAOOJO 
" Il"IDMAS, IMD, IMDS, IMDKG,NDOP, NF'RiE, )CGLOAD, KGFOlU'I, "VEA0040 

A ,V ,DA ,DV ,DD ,OP "VEAOOSO 

~RK ::i~ :~SS:~AMP :~~FF;;o ;R ,PBAR, ~~~~~~~ 
F'DAMP ,"LPHA ,BETA) "V£AOOBO 

INTEGER FtlAMP 
REAL MASS,KG 
~I CAL NEWJa>y 
OIt'lENSION A(NDOP) ,V(NDOFI,DA[NDOF) ,DV(NDOF) ,DD(NDOP) 
DIMENSION DP (NDOP) ,WCil.X( Z"'NDOF), XGl IMOXG~ ,~XG(NDOP~ \) 
DIMENSION PBAl!: ILJ:LA) ,Q(L3: L4) ,R (Ll.LA) ,HD(NDOP·l) , STIPP (IMO) 
DIMENSION MDMA.SS INDOP.l) ,KASS(IMnfIUI.S) ,MDS(NDOP.l), S (IMDS) ,DAMP (3) 

AVEA,0090 
AVEAOIOO 
AVEAOliO 
AVE.\OlOlO 
AVEA01JO 
AVE.\Ol&O 
AV£A0150 
AVEA0160 
AVEAOl '70· 

- AVEA01BO 
DE!'TERMINE THE RESPONSE AT TIME DT*2: 

'NClDT·DT·0I.0 
THETA·Z.O 
CA.lJ., LINACC I 10PT ,'IWODT,'THETA,NEWXDY, L2, LJ ,lA, 

IMDMA8, IHO, lMOS, IMD KG , NDOF ,NYREE,KGt.oAD,XGPaRM, 
A. ,v ,DA ,DV ,tiD ,DP 
WORlC ,MA.SS ,MIlf9.SS,DAKP ,STIFF ,HI) 

lCG ,MDKG ,ACC ,S ,MOS, Q ;. 
FDAMP,ALPHA,BETA) 

IF IIOPT.NE.2) RE"I'UiI:N 

,PBAR , 

- - DETERMINE ACCELERATION, IIELOCITY Alm OISPUCEMZN'I' AT TIM!! D1 
DA • INCRIHDI'TAL A.CCEt..ZR.ATICN BE"!'WEEN TIMES T AND T'DT 
DV • INa IMENTA.L VELOCT1't Bln'WEEN TIM£S T AND T.O'T 
DO • IN'CRlMENTAL 'OISPLAotEN"!' Bi'tYEEN TIMES T AND ToDT 

DO 210 I·U, LA 
DSP2DT ·00 [I) 
VEI..2DT·DV(I) 
ACC2D'l'·DA(Il 
DA I I)· ACCZDT/Z. 00 
OVll)· 14-A.II) .. ACC2DT) "OT/4. 
OD(I)·VII)*DT ° (6_00"A[I) .. A.CCZDTl"DT-DTjlL 

AVE.\OUO 
AV!Ao;aoO 
AVEA0210 
AVEAO~;;O 

AVEA02:30 
AVEAOHO 
AVEAO~50 

"VEAO<l60 
AVEAO:iliO 
",vEAO<leO 
"VEAo;a90 
"VEA-OJOO 
AVO-OJlO 
AVEA03:20 
",V:&AOUO 
AVEAOJ40 
AVEA0350 
AVEAOJfiO 
AVEA03iO 
AV&AOHO 
AV&AOJ90 
",V£A0400 
A.VEA0410 
A.VEA042:0 
A.VEAOf.JO 
AVEAOUO 

RETlJRN AVEA0450 
Elm AVEAOa.60 

C WILS0010 
C ••••••••••••••••••• •••• •••••••••• ••••••••••••• •••• ·.···················100'11.50020 

c 

SUBROUTINE WI1.50N(IOPT,DT,1HETA,JCG ,MDJ:G,ACC, WIL.SOOlO 
" L2, L3, L4, IMDMAS, IMD, tKOS, ltoIDJ::G, NDOP ,HFRl!!B, WI !.S004.0 

KGLCAIl,XGPORM,A ,II ,0 ,P WIU0050 
DA ,DV ,DO ,'OS' ,wallC WI!.S0060 
I1ASS ,I'IDKASS,DAMP ,S'TIP'F ,1'10 , WI1.500'70 
S ,MOS ,Q ,R ,PBAJI., WI1.50080 
PDAMl',ALPfIA,B!'TA) WI1.50090 

INTEGER FDAM? 
REAl. MA.SS,KO 
DIMENSION A.INDOF) ,V (ND::IP) ,O(NDOP) ,DA INDOP) ,DViNDoPl, DD(NDOF) 
DIMENSION P INDOP} ,DP (HOOF) ,DtMiY (1), IDutO«(ll ,WOlU:(Z"NDOF) 
DIKENSION l'IDMASS lNDOp·ll,MASS(Il'IDMJ.S) ,SIIHDS) ,STIFl'IIMD) 
DIHENSIOl'ol HDKG (NDOP· 1) ,XG(IHDXG) ,I'!DS (NDOp·\) ,Me (NDOP+l) 
DIMENSION PBAR(LJ: L6) ,QIU _LU ,a (LJ, LAl ,'O.\I1P (3) 

GO TO 000,200,JOO) IOPT 

WI1..S0100 

c······················· 

WI!.S0110 
WILSOUO 
WIl.S0130 
WI1.50140 
W(1.50150 
WILSOHiO 
WIL.S01'0 
WIl..SOIBO 
WILS0190 
WI!.S0200 
WILSOZI0 
WILS0220 
WIl..SOZlO 
\1/1 LSO 240 
\l/I(.S0250 
\l/ILS0260 
\l/1:L50210 
WILS02BO 
WIL.50290 
wtL.SOJOO 
WIL.SOJ10 
WILSOJ20 
wILS0330 
WILS0J40 
WI1..90350 
1<iIl..50JI50 
WIL.S0310 
WILSOJeO 
WILSOJ90 
WI1..50400 
W11.50410 
Wl1..S 042 0 

C· INITIALIZE VALUES··· 

C···········-··········· 

c 
c· 
c 
c 
c. 
c 

CONTINUE 
Cl·6 !lTHE7A-OT' '·2 
C2·J _/ITHE'l'A-DT) 
C)·6./ITHETA"'OTl 
ell'THETA'OT!2 
CS'OT!Z 
C6·DT'''2 /2 
C?·OTo'2 /6 
ALPHA·DAMP II ) 
BETA ·DAMP (2) 
CI0·1+SETA.·C2 
Cl1·Cl+ALPHA-CZ 

- 'DEVELOP SKYLINE OF DYNAMIC STIFFNESS S 
LSTIFF • ~ OF STIFFNESS TERMS IN' COLIJMN J 
LM.ASS • OF MASS TERMS IN COLUMN J 
t..KG •• OF KG tERMS IN COLUKN J 

RETURN 

89 

C WI1-S04JO 
C························· •••••••••••••••••• ••••• ....................... 'oIILS0440 
C· SOLVE POR INCRIHEN'T.\L DISPUCmolENTS, VELOClnES AND ACCELERArIONS •• WILS0450 
C··· .. ••••••••••••••••••••••••••••••••••••••••••••••••• ••••••••••••••••• WILS0460 

200 CCINTlNU'E WILS04?0 
C WILSOHO 
C- PORM DYNIJIIIC STIFFNESS WILS0490 

IF IFDAMP_EQ 1) THEN WI1..S0500 
C WILSOSI0 
C- SCME LCCAl. VARIABLES WI1.505Z0 
C J • COLUMN NTJM:BEll POl': HASS A.ND STIPP WIl..S05l0 
C I • ROW NT.MBER FOR MASS AND STIPF WILS0540 
C Jl • COLUMN NTJM:BER POR S WILS0550 
C 11 • ROW NT.I'IBER POll. S WII..SOS60 
C IJS'l'IF • ADDRESS OF EU!HENT I,J IN MATRIX S1'IFF WILS0510 
C IJ'MASS • ADDRESS OF EI.EMDn' I, J IN MA.TRIJ< MASS WI LS05 BO 
C IJXG • ADDRESS OF ELEMENT I,J IN GE<METRIC STIFFNESS M.ATXIX WIL.S0590· 
C IJS • ADDRESS OP ELEMENT Il,J1 IN MAT1I:IX S VII..S0600 
C 1.5TtpP • ROW • Catn'ArNING THE FIRST NONZERO TERJoI HI CO~ J OP STIFF WILS0610 
C LMASS • RCIoI • CONTAINING THE FIRST NONZERO TERM IN COI..,UMN' J OF MASS WILS0620 
C LKG • RCM • CON"I'A WING THE FIRST NONZERO 'l'EJU1 IN COUIMN J OF KG WILS06JO 
C 13 • RCii • CON'l'AINING THE PUST ~ZERO T'ERJof IN COLUMN J OP S WILS0640 
C WI1.506S0 
C DETERMINE THE PACTOR FOR KG WILS0660 

c 
c. 
c. 
c 
c 

c 
c 
c· 

c 
c· 
c. 
c 
c 

c 

21' 

'" 

IP (KGLOAl) EO_1) THEN WI1.50610 
ClOKG·ClO-Il·ACC) Wl1.50UO 

ELSE IF (JCGI..CAO,EQ.~) THll-I WILS0690 
CIOKG·Cl0 WILS0700 

END" 
DO 2.<15 J·Ll,L.4. 

Jl·J -1..3,,1 
l..5TIFp·J· HiD (.].1) -HO(J) -11 
LS ·Jl-(MDS(Jl+1) -~S(Jll-1)·L2 
L·H,kX(LS,r..s'TIFP) 
00 ;no I·'],t..,-l 

B·I -1.1,1 
IJS· (I'IDS[J11.Jl) - 11 
IJSTIP·(MD(J) • .1) I 
S(IJS) ~S"!'IPPlIJSTIP) -ClO 

IF iL.S.L't'.LSTlFP) THEN 
DO -US r·L.·l,LS,-1 

IJS·(MDS(Jl) -Jl) -II' 
S(IJS) ·0 

END IF 

IJolA.SS·J-(I'!tt'IASS(J·l)-~SIJ)·l) 

L·I'!,,\X(LS,UQ,SS) 
DO ZZO I·J,L,-1 

I1·I-LJ·l 
I.1S' (!'IDS(Jl)+Jll -11 
IJHASS· (!'mKASS (.1) .oJ I - I 
S(IJS)·MASS(IJMASS)-Cll + S{IJS) 

IF (XGPORJol_EQ.ZI THEN 

WI1..90'110 
WILSO'1JO 
WILSO'7JO 
WI1.501 .. 0 
WILS0'150 
WILSOi50 
WIl.SOiiO 
1011.501&0 
WILS0?90 
WILSOBCO 
W1LSOBI0 
WI LSO~ ~O 
WILSoe30 
WIl.S0840 
WILSOB50 
WI1..90B60 
Wlt.SOB'O 
WI 1..S0 880 
WILSOB90 
WI[.;0900 
WILS0910 
WILS0920 
IIIILS09JO 
110'11.5094.0 
WILS09S0 
WILS0960 
WILS09'0 
WILS09BO 
110'11.50990 

NOTE: THE GECI'Il!!'!'RIC STIFFNESS WAS DERIVED WITH Ca-lPR£SSION WI1.51000 
SEING POSITIVE, lCG HAS POSITIVE TERMS ON THE MAIN DU.GIONAL ""11.51010 
REPRESZNTIN'G CQ1J)1I. ESSI ON , THOS XG IS SUBTRACTED FR<>! S WI1.5I020 
CXG IS .\N INCREASE FOR VEilT ACC£L WI1.51030 

CXG-l 00 Wlt.Sl040 
7"''711?"I '0111.5]050 

K(SA.R) • I{(BU) - C1:G·GtClm'RIC STIPFNESS 
UG·J - I~XG(J. 11 -MDKG(J) -1) 
L·MA.:<ILS,LXG) 
00 22:Z I·J ,L,-1 

11·1 -LJol 
I.1S·IMDSI.1l) ·Jl)-II 
I.1KG·(MDXG(J) _J)-1 
SIIJ8)·S(IJS) KG(IJ)(G)-C'KG 

END" 

\11'11.510150 

225 CONTINUE 
""'IF 

- - - CALCULATi! Q A.ND R VECT~S 
__ . 01 IS TmotPRaAlI:LY s-fcmED IN 'OA 

Qil) AND Rill ARE MULTIPLIl!!D BUY THE ))BOPElI: COIEPICIENTS FOR 
PROPORTIONAL DAMP ING 

DO <lJO·I·W,U. 
Ql· Cl-VUI + J·A(I) 
iI· JwViI) • C4 wA [I) 
DA(l)· 01 
O(I)· QI - A.LPHA*RI 
RiI)· BETA-RI 

C· - - - - - FORM DYNAMIC UlA.D 

'0111.51070 
wIunoeo 
WIL.SIO!lO 
100'11.51100 
WIL.51110 
WI 1.511;; 0 
WI L.Sll JO 
WILS1l40 
WILS11S0 
WILSll150 
WI1.511io 
WILSllBO 
.. 11..91190 
WILSlilOO 
WILSl2:10 
WILSl2:2:0 
WILS12JO 
WILSl2:40 
WILS1Z50 
Wn.91Z60 
WILSl<1iO 
WILS1HO 
WILSl:l90 
WIL.S1300 
'0111..51310 
WILSIJ:ilO 
WIL.SlJ30 
WIL.SLJ40 
WILS1J50 
WIL.SLJ60 
WIl.SIJiO 
WILSIJBO 
WILSIJ90 
WILS1400 
WILSUIO 
WI.L.514 ~O 
WILS14JO 
WILSl440 
WILS1450 
WIL.S1460 
'oI1L.SU70 
WILS14BO 
WI1.5IUO 
IIo'ILS1500 
"'11.51510 
WI1.515:l0 
WILS15JO 
WIU1540 
WIL.SlS50 
WI1.51560 
Wll.S1510 
WIl.S15BO 
WI1.51S90 
WI1.51600 
IoIIl.S1610 
10111.516:10 
WIl..S16JO 
..... !l.S1640 
WIL51650 
\II11..S1660 
'oIILS16iO 
'0111.51680 
WILS1690 
WILS1100 

c 
c. 

c 
c. 

c 
c. 

c 
c· 
c 
c 
c 
c 

c 
c 
c· 
c 
c 
c 
c 
c 

.. INITILIZE PB.\R·OP*TH£'TA. 
DO ao 1'1.1,1.6 

240 PBAR(I)· OPII)*'l'HE'TA 

2" 

'" 

265 

IF IFDA.MP_EQ.1) THEN 

PBJ.,R·PBAR +MASS-O 
DO <150 .1·LJ, l.A 

JoII)J·MDKASSIJ )+J 
I'I.J- IMDl'IASS(J+l) -HDtolASSIJ) )+1 
M·MAX (H, LJ) 
DO 250 1·1'1,.1 

PB.ARII)·PBAR(I)+ KASS(MDJ'-I)'OIJ) 
CONl'INUE 

DO 255 I·LJ'l,LA 
HIlI·JoIDMASS(I) +1 
H·I - (HDHASS{I·ll -I«lHASSiI)) +1 
M·!'tA.X(I'I, U) 
DO 255 J·M, r'l 

P8All(ll·PBAR(I)+ MASS(MDI-J)-Q(J) 
CONTINUE 

PBAR·SBA.R -S'TIFP-R 
DO 260 J·LJ,L6 

MD.1 .. l1DiJ) oJ 
M·J- (MD(J"l) ·r1OIJI)-1 
M·MAXIM,W) 
DO 260 1·1'1,.] 

FBAlUI)·n,U(I)· S"I'IPF(MDJ'-I)-R(J) 
CONTINlTE 

00 .65 I·Ll"I,U 
MDI'MD[1 )+1 
1'1·1- (JIm(I·l) -MDlI))"1 
M·MAX(M,LJ) 
DO 265 J'M,I-l 

PBARIIj·PBA.J(1)" S'l'IPP[MDI JI-R(J) 
COl'll'INUE! 

SOLVE FOR OISPU,CEHENT AT TIME THETA-DT 
NOTE' - WORK IS US£!) FOR TEMPOR..U:'t \l/ORK SFACE 

PBA.R CON'I'AINS 'THE INCRIMENrAI.. DISPLACMENT BE'TWEEN 
TIMES rAND T'THETA.-Or A2TE:R THE SECOND CA.I.:.. TO MSOU. 

CAll. MSOLL(l, FALSE ,NFREE, lKOS, N'FREE, 1, 1, NPREE, HOS, S, PBAR, WORX, 
.. FALSE. ,D~Y, IOt1HK'i , 1, _ FA.l.SE. ,DUHK'i, IDUMMY, 1) 

CALL MSOLl. Il, PAL.SE., NFREE, lHOS, NFREE, 1,1, NPREE, MOS, S, P8»', WORK, 
" .PALSE. ,DUHMY, ID1.lI"IMY, 1,. PA.LSE. ,OllMHY, IDUMMY, 1) 

_. - DETERMINE! ACCElD.ATION, VELOCITY AND OISPLACEME:l'n' AT TIME OT 
_ REc:ALL THA.T 01 WAS TEMPORARLY STORED IN OA.II) 

Dol • INCiIMnI'l'AL ACCELERATION B'ETWEfN TIMES T »ID ToDT 
OV • INCRII'IXNTAL VI:LOC'TIY BETWEEN TIMES T A1ID T.OT 
'0'0 • INCRlMENTAL DISPU,Qo!EN"!' BETWEEN TIMES T AND T-DT 

WILS1110 
WI1..S11 ao 
WIU11 )0 
WILSl?40 
WILS1150 
Wll...51i60 
WILS1iiO 
WIL.S1180 
WI1.51190 
WI1.5IBOO 
WI1.5telO' 
WIL.SU20 
WIL.SIBJO 
'0111.51840 
WILSlB50 
WILS11i!50 
WILSH10 
Wl1.5U60 



00 ~70 I·Ll,U 
DA(I)·! Cl·PBAR!I) • DA(I) I/'T'HE'I'A 
DV(I)·A(I)·[)T - CS.OA(I) 

~?O DO(I)·v(I)·[)T· CIS" All) • C1*DA(I) 

c c····· ............................................................... .. 
C· CAl.C TOTAL DISPLACEMENTS, VELOCI'%'IES AND ACCELERATIONS •• 
C-·· .. ···•··••···•··••··• ............ • .... ·· ..... • .... ·· .. ··•····· .••... 

JOO CONTINUE 
DO )10 I·l,NDOP 

71.( II·DA(I) • .A(I) 
V( Il·DV(I) • VII) 
D{ I) ·0.0(1) • 0 (I) 
P( I) -DP(]) • P (I) 

310 DP (1)·0.00 

WIUl\B90 
'lil1...S1900 
WILS1910 
IoiILSl9UI 
WII...S19JO 
WILS1940 
.... ILS1950 
WILSl91S0 
WILS19?0 
1011 .. /31980 
WI1.519S10 
WII.S~OOO 

WiLS2010 
WII....S:lO:ilO 
'liILS~OJO 

WILS~Of,O 

WILS~050 

WII....S201S0 
ltE'I'lJllN WILS~O?O 
END WILB;JOSO 

C LINAoCIO 
C······"······ .................................................................. ····LINAoO:ilo 
C LlNA-COJO 

c 

SlJEROUTINE LlNAce (IOPT, 01, THE'TA, NEW1C!ly ,L~, 1...), LA, LINAOOf, 0 
" IHDtoIAS,IMD,IMDS,IHDXG,NDOF,NP'RE!, KGLOAD,KGFOR"', LINAOOSO 

A ,V ,OA ,DV ,DO ,OP LlNAOOISO 

~gRX :::~~ :~~SS:~AMP :~~,p:~ :11. ,PBll, t~:~~~~ 
FDAXP,AU'HA,BE'TA) UNA0090 

INTEGER FDAl'IP 
RD.!.. MASS,KG 
r.cx;1CA.L NEW1CDY 
DIMENSION A. (NDOF) ,V(NDOP) ,DA(NDOP) ,DV(NDOPI ,DD(NDOP) 
DIKENSION DP (HOOP) ,DtHofY (11, IDtJIo!!oIY (1) ,IoI'O:RX(2 *NDOF) 
DIMENSION PBA.R(Ll:1..4) ,Of U L4) ,R (1..3 _ LA) ,MIl (NCO!'+1) , STIFP lIHIl) 
D!MENSION IiDMASS rNDOp·l) ,MASS (TMDKAS) ,~KG(NDOP+l) ,)(GIIMD'XG) 
DIMENSION MDS(NDOPoI) ,S(IKeS) ,DAMP(l) 

GO TO (loO,~OO,lOO) IOPT 

C· ............................. .. 

LlNAOlOO 
LINAOllO 
LlNAO\:ilO 
L1NA01JO 
LlNAOUO 
LIN),01S0 
LlNAOl60 
LINA0170 
LINAOIBO 
LlNA0190 
LlNAoao 
LlNA0210 
LINAol2a 
LINAO:il30 
L:;:NAOHO 
LlNAO;JSO 
LINAOl60 
LINAO:il70 
LINAe:UO 
LINAoao 
LINAO)00 
LINAe) 10 
LINAOJ20 
LINAOJJO 
LlNA0)40 
LINAOJSO 
LlNAOJ60 
LINAOJ?O 

C· INITIALIZE V1.LUES ... . 

C······ .. ······ .. ···· .... ·· .. 

c 
c· 
c 
c 
c. 
c. 
c 
c. 
C. 
c. 
C. 

100 CONTINUE 
ALPHA·DAMP(1) 
BETA ·D,I,.HJI(~) 

ca·J ·ALPHA/DT + 6_/(DT'""'21 
cl"l.o/( 1·3 ."BE'I'A/OT) 
CJ·CD·Cl 
CJ ·AW'HA - CJ ·BE'l'A 
e4·fi . lOT 
eS·DT/2. 
C6·0 
clo·J_/DT 
Cl1·6./(D,%,·-~) 

.. DEVELOP SKYLINE OF D'tNAMIC S'I'IFFN!SS (5) LIW,o)80 
MDSlI) • ADDRESS OP DYNAMIC STIPP. KAIN DIAGONAL TERM ROW r LINAOHO 
MD(I) • .t.DDRESS OP STIFFNESS PUIN DIAGONAL '%'ERH ROW I LINA0400 
MDMAS(I) • ADDRESS OP MASS MAIN OIAGONA.L TZRJ1 ROW I LINA0410 

.. _ !'IDXG(II .. ADDRESS OP GEOMETRIC STIFP. mIN DIAGONAL TZPJ1 ROW ILI:ta.Of,;JO 

LSTUP .. " OF STIPFNESS TERMS IN COLUMN .I 
LMA.SS • II OF MASS TERMS IN COUJlOi .I 
LXG • OF KG TERl'IS IN eOLUI1N J 
L II OP S TE:RHS IN cOLUMN J 

UNA04JO 
LlNAOUO 
LINA04S0 
LINA0460 
L1NAo,,0 
LlNA04BO 

CHECK FOR PROPCRTION.U. DAl'IPINO UNA0490 
IF (PDAMP NE, 1) THDI UNAOS 00 

WRITEII09,·) ' ................................... *** ••••••• ' LINA0510 
WRITE l lOB,·) '. PROPaRTIONAL DAMPING WAS NOT SPECIFIED *' LlNA05Z0 
WRITErlOB,·) '. SOLUTION IS ABORTED_ LlNAOSlO 
Wll.ITE(10B,·) ' ............... * ••• * ••• * ........................ ' LINAOS'O 
STOP UNAOSSO 

ENDIP LINAOS60 
RETURN LINAOS70 

C LINAOS80 
C· .. • .. •• .. • .. •• .. ··········_ .. •••••• .... • .. • .. • .. •• .. •••••••••••• ....................... UNA0590 
c· SOLVE PCIR !NCRIHEm'AL DISPUCEMnrI'S, VELOCITIES AND ACCEu:RATION9 - .. UNA0600 
C ........................... - ................................................................. LlNA0610 

200 CONTINUE LINA0630 
C LlNA06JO 
C- PORM D't'NAMIC S'I'tFna:SS UNAOUO 
C. Sao!E l..OCAL vA.RIABLBS LlNA06S0 
C J • COLLIiN NT.JoIEIER POR ~SS AND STIFF LINA0660 
e I • RCW ~EIl FaR MASS AND S'TIFP LlNA0670 
C Jl .. COLlJIo!N NtI'lEIER paa 51 LIN.l0690 
C Il • RCW NlMBER FOR S LINA0690 
C IJSTIP • ADDRESS OF ELE20IENT I,J HI !'1AT1UX STIPP LlNA0700 
C I.J'MA.SS • ADDRESS OF ELEM!N'T 1,.1 IN MA"nlIX I'U.SS LlNA0710 
C IJXG • ADDaBSS OF ELEMENT I,J IN GEaotETRIC S'TIFYNESEI !'lATRIX LlNA0720 
C IJS • ADDRESS OF ~ Il,Jl IN MATRIX S LINAO?30 
C UlTIPF • RCW II CaNTUNING THE PUS'r NON'Z.EllO t'DM IN COI..lJZlll.l J OF S'TIPP UNAOHO 
C ~SS • RCW " CaNTAINING THE PIRST NCtlZ.ERO TERM IN COt.tnOl J OF MJ.SS LlNA0?50 
C UCG • ROJI II CClNTAUHNG THE PIRS"!' NONZERO TERM IN COLt1!Ol J OF J{G LlNAO?60 
C LS • 11.0l0I II CON'%'AININQ THE FIRST NON'Z.ERO TERM IN COI..Ll!'O.J J OF S LINA0'170 
C LlNA01ao 
c- FORM DYNAMIC STlrPN!!SS IF NEWJa:lY IS TRUI' -------LINA0'790 

c 
c· 

c 
c. 
c. 
c. 

no 

215 

IP (NEWXD't) niDi LlNAOBOO 

DETERMINE '%'HE FACTOR FOR KG 
IF (KGLOAD EQ.1) THEN 

CKG· (1 +ACC) 
EUE IF (KGLaAO_EQ.2) THEN 

CKG· 1.00 
END!P 

K(BAR) • S'rIPFNESS 
DO 2~S J·L3, ~ 

Jl·J-U·1 
!'IDJP·MD(Jol) 
MDJ .1'10(.1) 
LSTIFp·J - (HD (J+l) -MO (J) - 1 I 
MDSJ1P"MDS (Jl·l) 
MDSJl "!'IDS (J1) 
LS "JI-(MDS(Jl-l)-I1OS(Jl)-l)+U 
L·KAX(LS,LS'TIFP) 
DO ~IO I·J,L,·1 

I1-I-I..3.1 
IJS"fMDS(J1) oJ1)-11 
rJSTIP" (MD(J) oJ) . I 
S (IJS) ·S7IPP( IJS'TIF) 

If (LS.Li UlTIPF) TH:2N 
DO ~IS I·L-l,!...S,-1 

WIHF 

US· (MDS(JlI +J11 -II 
S( IJS)·O 

)(BAR) • K(BAR) - CZ·MASS 
LMASS-J- ItoIDMASSlJ'l) -HIll'tASSlJl-l) 
L·MAX(LS, LMASS) 
DO 220 I"J, L,-1 

Il·r-W+1 
IJS· l!'IDS(Jl)+JU'-II 
IJMASS·(MDMASS(J) "JI-I 
SltJSI.MASS(IJMASSJ.·C;;! + SIIJS) 

IF (KGPORM _ EQ, 2) THEN 

'LlNAOBlO 
LINAOB:ilO 
'LINA01l30 
LlNAOUO 
LINAOBSO 
'LINA0B60 
LINAOB70 
LINAOBBO 
LINAOB90 
LlNAOSlOO 
LlNAOSllO 
LINAOSl;;!O 
LlAA0930 
LINAOHO 
LINA05l50 
LINAOSl60 
LlNA0970 
LINA.0980 
LINA.OSlSlO 
UHA1000 
UNAI010 
LlNAlO;;!O 
LINAIOJO 
LINAI040 
LINAIOSO 
LINAI05D 
LINAIO?O 
LlNA1D8e 
I.INAI090 
t.INAllOO 
LINAlllO 
LU~1120 

LINAl130 
LINA1l40 
LlNAllS0 
LlNA1160 
LINAll?O 
LINA1180 
LlNAU90 
LINAUOO 
LINAUIO 

NOTE THE GEctiEiRIC STIPFNESS IoI'AS DERIVED WlTH CCJoIPRESSION LlNAU;;!O 
BEING POSITIVE, KG KJ.S POSITIVE '%'ERM5 aN THE MAIN DIAGIONAL LINAll30 
REPRESfN'!'ING CCMPRESSION, THUS KG IS SUBTRACTED FRCJ"I S LINAU40 
CKG IS AN INCREASE FOR VERT ACCEL LlNAU50 

LINA1~60 

90 

K (BAR) • K (BAR I - CKG' G'ECME'TllIC STIPFNESS 
UI:G·J- (HIl~(;(b1) -MDKG(J) '1) 
L·!1AX(LS,L~Gl 

DO ~22 1·.1,1.,-1 
n· I- U+l 
IJS" (MOS (.11) +Jll 11 
IJKG·(MDKG(J)·J) I 
S(IJS)·S(lJS) KGlIJXG).CXG 

ENDlF 

225 COm'INO'E 
l:NllfF 

c 
C- - - - - - - CALCULATE ° A.ND R VECTOlIS 

DO 2JO I·W,lA 
O( I)· ell.·V(I) + 3*A(I) 

2JO .R( I)· 3"V(I) • CS-A(I) 
c 
C· 
C 
C 
C 
C 

c 
c 
c· . 
c. 
c 
c 

- PORIoI D'tW.l1Ie LOAD 

INITTLIZE PBll· Dp·THETA 
THE'n"l FC& LINEA..R ACCEI..!RAiION 
THE·U.·~ WHEN LlNACC IS CAll..E:D B't AIfERAGE ACCEL£RATION 

DO 240 I·U,U. 
PBAR(I)· DP(I)"THETA 

IF I FDAMP. EQ 1) 'l"HEN 

PBAR·PBAR .. HA.SS·( Q(I) ° 0-11.(1) ) 
DO 2S0 J·W,LA 

MDJ·MOHA.SSIJ)+.1 
!'l.J- (HDHASS(J+I) -I'£IM.ASS(JII +l 
H·H.\Xr"',Ll) 
DO IISO I·H,J 

PBAR(I)·PBARU)· MASSIMDJ-IJ·( 
COm'INO'E 

00 ~SS I·W .. I,U 
I'mI·~SSIII·1 
H·I- (I'IDHASS (I +l) -I'lDKASS(I) )·1 
"'''/'IAX(H, Ll) 
DO lS5 J·H,I-l 

END!F 

PBAR(I)·PBAR(I) 0 MASS(MOI-J)·( 
CONTINUE 

Q(J) oCl"'R(J) ) 

Q(J) ·C.J*R(J) ) 

SOLve FOR INCJIMENTAL DISPLACD4EN"I' OV'ER TIME INTERVAL OT 
_ NOTE .. WCRJ( IS USED FaR TEMPOIUlI:'t WORK SPACE 

IF NXWJ(tIY". PALSE. iHE DYNAl'IIC STIPFNESS HAS .ALREADY 
BEEN REDUCED TO UPPER TRIANGU~ PORI'! 

LINAU'70 
LINAIHO 
LINAl;;!SlO 
LINA1JOO 
LlNAU10 
LINAlJ OlD 
LINAlJJO 
LINAIJ40 
LlNAlJSO 
LlNA13 IS 0 
UNAU70 
LINAIHO 
UNAUSID 
LINAUOO 
LlNAI410 
LlNAUN 
LINA14JO 
LINAll4e 
LINAUSO 
LlNA141S0 
LlNAU?O 
LINAUSO 
LINA149 0 
LINAlSOO 
LlNA1510 
LlNAlS20 
LINA15JO 
LlNA1S40 
LINAlSSO 
LlNA1S60 
LINAlS?O 
LlNA1560 
LINA1590 
LlNA1600 
LlNA1610 
LINUIS.O 
LINAlfiJO 
LlNA1640 
LlNA16S0 
LlNAI660 
LINA.l610 
LlNA16~O 
LlNA1690 
LINA.l?OO 
LINA.1710 
LlNA1?lO 
LlNAl? 30 
LlNAlHO 
LINA1?SO 
LINA1760 

IF (NnnCDYI TH:2N LINA1'710 
CALL HSOLL! 1, .PALSE. ,NPREE, IMDS,NFREE, I, l,NFREE,MDS, S, PBAR, LINA17 BO 

" WORX, . FALSE ,0fJ'f+ri,IDUMHY,1, FALSE. ,DUMHY,IDIJIoIIof't,I) LINU'790 
ELSE LlNA1BOO 

CAL!.. "'SOLLI ~, . P.u..sE _ ,NPREE, IMDS, NF:REE, I, I, NFREE, MOS, S, PBAR, LINAI II 10 . 
ENDIF 

WORX, . FALSE _ ,DlIMM't, IDtJoIJoIY, 1, FALSE. ,DUMMY, IDUHHY, 1) LlNAlB:1:0 

c 

NOTE PBAlI: CONTAINS THE INCUMENTAL OISPLAeMENT BE"'TWEEN 
TIMES T AND T·Di AFTER THE SI!COND CALL fO HSOU. 

c.u..L HSOU(J, _ FALSE _ ,Nl'I.!E, nmS,NPREE, 1, 1,NPi:EE, !'IDS, S, PBAR, 
, WORK, .P.\.UE. ,Dl11HY, 10iJl'olllfi, I, PALSE. ,DUMMY, IDUMHY, 1) 

C- - - - - - - DETERHIN:! AeCZURATION, VELCCITY AND OISPU,CEMENT AT TlHE Df 
e DA • INCRIMENTAL ACCELERA.TION BE"!'WEEN TIMES T AND T_DT 

DV • ltD IMENTAL VEI.DC"!'lY BE1"WEEN T1I'IE9 T AND T+DT 
DD • INCl.lMENTAL DISPI..AOIDIT BETWEEN TIMES T AND T'OT 

00 ~?o I·U,LA 
DDlI) .. el·( PBAlI.(I) • BI!"TA·R(I) ) 
DVII)·Clo·DDrI) R([) 
DA lIl·Cll~DD(I) Q(I) 
cONTINl.J:E 

RITURN 
c 
c······ .. ············· __ ............. ··· .. · .. ···················.-..... . 
C· CALC TOTAL DISPLACEMl!:JolrS, VELOCITIES AN!I ACCEl.EllATI~S •• 
C········· .. ·· .. · .. ·· .. ·· .. ···· .. ········ .. · .. · __ .. ·· ........ ·· .. ·· .......... . 

lOO cONTINUE 

LINA18.JO 
LINAlB4.0 
LINA1BSO 
LINAlB60 
LlNAlB70 
LlNAlBBO 
LINAlB90 
LINA1900 
LINA1910 
LINA19;JO 
LlNA19JO 
LINU940 
LlNAI950 
LlNAl91S0 
LlNA1970 
LINA19BO 
LlNA1990 
LINA.;JOOO 
LINA;lOlO 
LINAZo~O 

LINA.:;aOJO 
LlNA.;;!040 
LINA20S0 
LINAZ060 
LINA.;;!O?O 

RET1.1ltN LINA.;;!OBO 
2ND LINA.0I090 

C ENEROOI0 
C· .. • ........ • .. • .. •• .. ••• .. ••••••••••••••• ...... • .. • .. •• .... • .. • .. ················"·····"ENDoo:1:0 
C ENERGY BJ.WiC! ENER0030 
C· ............................................................................................ ·!NERoo40 

Sl.IBRCX1l"INE ENDGY(Ll,U,U,L4,LIS,l"ol.INCD,NCOB,PT:1:, tNEROOSO 
!MIlMS, MOMS ,DYN, WI TO, IO.SS, BIE, ESE, PSE. EKE, mD, !!NEJl0060 
ALPHA, BETA, J(GFaRM,NHlJoIT,NN~E,DT, St..truB, SUMRC, ENfROO?O 
DSU1llC, oSaiIFD, Dst.MFD, FOI\I'!P, OFDAl'IP, GA, (;.J, GO, GAT, £NfROO 90 
GIIT,GDT,WORX,W~X;J, PG, OPO,DACC ,DVEL,DOISP, ACC, EN00090 
IJ"EL,DISP, L~, OUlAD, IDOF,JTFLG,eOSIN'E, JTCOS) !!NERO 1 DO 

c 

CCH'I~ /I5PEC/ISP1,SGD(500,:1:) ,llEACP(IS) 
R£A.L tQ8 S ,l.£I.\D 
CHARA.crD·SO HAMi 
I....CX:OICAL BT!ST,PT:1:,AJrI.AL,D'tN,IIIiIITO 
DIMENSIO}.l IDOP (HAXNOO, 6 I ,COSINE (l,J ,NCaS) ,J'l'PLG (MAJCl«D) 
DIMENSION KA.6S(IHDHS) ,1'£I!'lS(L6"U ,JTCOS(!U.JCNOD) 
DII'IENSION RINPUT (100:0, FDAMP (1..6), DPDAKP lUi), PG(6) ,DFG (6) 
DlHEloISION SlNC(IS) ,DS~C(6) ,SUMFD(I5) ,DSUMP'D(IS) ,SlI!UB(6) 
DIMENSION GDIJ), GII(J), G.\(3) ,GOT(3) ,GVT(J) ,GAT(l) 
DIMENSION DDISP (Ui), OYn (US) ,DACC (LIS I 
DIMENSION DISP(L6), VEL(I.6) , .ACC(LIS) 
DIKENS ION WORX (1.61 ,WORK;!: (u;: I ,La.\D (LIS ) ,DLaAO (US I 

C· - - - - - - - - - - - - - NOMENCLATURE: .-
C DACC INCRlMENTAl. RELATIVE ACeEU!RATION 
COVEL INCJUH:Zm'.u. RELATIVE VELOCITY 
C DDISP INClUKEN'rAl. RElATIVE DISPL.\eEMEm" 
C Aec PREVIOliS ST!P'S REL.\TIVE ACCEURATION 

VEL PREVIOUS STEP' S RELATIVE VELOCITY 
DISP PREVIOUS STlP' S RELATIVE DISPL.\CEMENT 
Dt.OAD INClUKENTAl. APPLIED LOAD, NO'%' M·AG 
I...aA.D PREVIOUS ST!F 'S APPLIED LOAD, NOT H·AG 
DPDAKP INCRIMEN'l'AL DAMPING FOltCE 
P'DAMP PREVIOUS STEP'S DAMPING F~CE 

GO INClUI'IENTAL Gi:OUND DISPLACDIENI' 
GIl IHCltIMENTAI.. GJOUND VELOCITY 
GA. INatlKEN'rAI. G:ROUND ACCEI..ER.A.TICIN 
GOi TOTA.L. GROUND DISPLACEMENT 
c;.rr TOTAL GROUND VELOCI1'I' 
GAT TOTAL GROr.mo ACC1HD.ATICIN 
loI'aRK TEl1l' FORCE VEC"TOR 
WORIC' TEMP DISPL OR VELocIT't VEct'OR 

!!NERO 1 10 
ENEROllO 
ENEROllO 
ENEROUO 
ENEROISO 
ENERo160 
ENER.O 1'7 0 
DlEROlBO 
END-0190 
ENERO:i1:00 
ENERO~lO 

ENER02~0 

ENEl!.OZ30 
DlER0:il40 

CDlEROZSO 
CENERO:1:50 
eENERo:;a70 
CENEROOIBO 
eENEROZ90 
CEND-O)OO 
CENEROJI0 
CENEROl20 
el!!NEROJJO 
CENER0340 
eENEROJ50 
CENEROl60 
e:ENEROl10 
CENEROJ BO 
CENDOJ!ilO 
eDlER0400 
CENER0410 
eENER04 ~o 
CENER0430 
CE:»EROUO 

- - - - - - - - - -CENERo450 

L41·1..4+1 
c 
C·············· .... · .. ·················-_·· 
C· .. • INTEGRATE GROUND ACCELERATION ••• 

C······ .. ···· .. · .. · .. ················ .. ···-·· 
IP (D'{}Jl THEN 
DO 10 I-l,l 

GA(I) ·GA(I) 
GV(II·(3·GAi(I)·GA(I)) ·D1' I~ 
GD(II·GIrr(I)"OT + (J-G.A.TII)+GAII)) -DT·DT 16 
GATlI )·GA(I) oGA.'%'{I) 
G\rT(l) ·GV(I) ·GVT(I) 
GDT (I) ·GO (]). GOT (I) 

END!F 
IF {P'T~) THEN 
IF (DYN) THEN 

WRITE IIOE, 2Z) {I, ACC (I), VELlI) , DI SP (I) ,LOAD I I I, 1·1, LA) 

ENER0450 
DlER04?0 
£NERo480 
E:NEROCl90 
E:NEROSOO 
ENER0510 
ENERo5,0 
!NERD5Je 
ENER054D 
ENEROS5e 
c:NDl:OS50 
ENEROS?O 
ENEROS80 
ENEROS90 
ENER0600 
ENER0610 
ENER0620 
ENE:R06JO 



· " 

ELSE 

WRITE (lOB, 2J) 
l'IlUTE(lOe ,24) 

WRITE (lOS ,22) 
ItfRlTE(109,'ill 
W1UTE(lOS,24) 

DlDrF 

(I ,DACC (I) ,DVEL( I) ,DDISF (I), DLOA.D (I), 1·1 ,l..4) ENER0640 
(I, FG{ I I ,DfG( I) ,PDAMP II) ,DPD.t.HP (I,', 1-1, 1..6) ENER06S0 

tNER0660 
(I,ACC(:) ,VEL(I) ,;lISP(I) ,LOAD II) ,I·l,l..6) ENERc610 
(I,DACC(I) ,DV'ELII) ,DDISP(l) ,DLOADI! 1,1-1,1..6) DlER06BO 
(I, FG (I) ,DFG(I) ,FDAMP (I I ,DFDAMP (I), I-l,!..ii) ~:EROli90 

PORMAT (/1'10, 'TOTAL REl..ATIVE RESPONSE FOR PREVIOUS TIME STEP' / 
(TI0,'DOF:',~6,' ACC ',IP,GIJ 5,' VEL.",GIJ.S, 

ENER0100 
ENER01I0 
ENER0120 

, !)SP:' ,GIJ 5, 'LOAD.' ,G13 5)) 
FORMAT (/110, 'no.I!'tEN'TAL REUTI'n RESPONSE' / 

(TI0,'DOF ',Hi,' ACC:',lP,GIJ.5,' VEL.',GIJ 5, 
'eSP.',G13 5,'LOAD:',GIJ 5») 

F!JR1'lATI~T~~:~:;i;~, ~aR~~'~ ,lbi~' ~~P~~:.:n,: ,~~~ 

ENER01JO 
ENER0111.0 
ENER0150 
ENER0160 

IP,GlJ .5, ENER0110 
S)) ENEROHO 

ENER0190 
END:O&OO 

C' •••••••• _ ••••• a •••••••••••••• a •••••••••••• ENEltOBIO 
ENEROS:20 
ENEROSJO 
ENDOUO 

c··· CALCULATE INPUT EARTHQIJAlCE ENERGY··· 
C······· a •••••••••••• a •••• a ••••••••••••••••• 
C 

c 
c. 

· .. 

DEIE·o 

CALClILA'i'E THE INClI INPl!t' ~GY DUE TO GRND MOTION 
IF (DYN) THEN 

IF (PT2) THEN 
WRITE(lOB, I) 
WRITE(108, ·1 
WRITE (lOB, .) 
WRITE(10B,') 
WRITE!(IOB,' ) 

ENDlF 
DO dB ~·1,3 

SUMRC', SUMRC 
'DSUHRC' ,DSUMRC 

SUMFD', SlIMFD 
'DSUMPD' ,DSUMFD 
, SUMUB', SUMUB 

FORCEI· SUKRCII)' O,S"DSUHRC(I) • SUMFD{IJ .0,5·DSUMPDII) 
• S~{I)' REACFII) 

ENER' GD I! ) * PORCEI 
IF IPT2) Io'RITE(lOB,*) I, 'PaRCEl ',FaRCEI, 

, GO',GO(I),' £NER',END. 

.. CALCUl.ATE THE INCR. INPLn ENERGY DUl: TO APPLIED LOADS 
NZ·L6 

· so 

51 

" 

IF IDl'N) N2-l.A 
DO SO I·U,Nil 

paRCEl· LOAD ( I ) - OUlAD II ) /2 
ENER· PORCEI-DDISP (II 
IF (P'T2) WRITE (lOB, .) I, 

• FORCEI ',paRCEl, ' DDISP',DDISP(I),' ENER',nrER 
DEIE·DEIE • ENER 

CALCULATE THE ENERGY DLI'E TO GEQo!FTRIC STIPFNESS 
IF IKGFORM,EQ.2 ) TH.EN 

GET THE INCRIMnn'AL DISPL. AND STORE IN 'nCTaR WORK2 
SAVE INCRIMXNTAL IN VEcrOR WORK2 
DO 51 I·LJ,l..4 

WORK!!) ·DDISPII) 
ADD GROUND RESPONSE IN JOINT CORRDINAt'ES TO REl.A.TIVE RESP 

MULTIPL.Y GROUND DISPL. • DIRECTION COSINE 
Cl'!IT ALL. DOF THAT ARE CONSTRAINED TO A MASTER DOF 

IF IGDlll.NE.O .OR. GD(2) .Nl!.0 ,OR GDD) NE.O) THEN 
DO 52 NODE~l,NNODE 

Icos·ncos INODE) 
DO 5:2 K-1,3 
IF (NOT BT'EST(JTFLGINODE),)('ll)) "HEN 

II· lOOF (NODE,X) 
IF (II u!.L4 .AND. II GE.!..l) 
WORX(II) ·WORX( I I) + GO( 1) 'COSINE (I, K, tCOS) 

• GDI~)*COSlNEI2,K,ICOS) 'GD(3)'COSlNE(J,K,ICOS) 
ENDIP 
CON'!'INUE 

END IF 

CALCf.T1..J.TE THE INClI. IHENTAL INPUT ENERGY CUE TO J:G. 
DIXG·O 

DO SJ I·L.J,l..4 
ENER· (PG(I) 'DFGII) lil) *WORK( I) 

ElfD09S0 
ENEROeCiC 
ENER0810 
ENER08S0 
ENER0990 
ENER0900 
ENER0910 
ENER0920 
ENER09JO 
ENER0940 
ENER09S0 
ENER.09liO 
ENER0910 
ENER09BO 
DlER0990 
£NERIOOO 
ENERI010 
ENElH020 
ENERlOJO 
ENERI01l.0 
ENERI050 
ENOIOSO 
ENERI010 
ENERI080 
ENElH090 
ENElU100 
ENElUI10 
ENElUlilO 
ENElUlJO 
ENElU]40 
END11S0 
ENER11 Ii 0 
ENER11,O 
ENER1180 
ENERl190 
ENER-lilOO 
ENER1210 
ENER1220 
ENER12JO 
ENERIHO 
ENER12S0 
ENER1260 
ENERl~'O 
ENERlno 
ENERl'i90 
ENER1300 
ENE:RIJIO 
ENERIJa 
ENEillJJO 
ENElUJ40 
ENElUJSO 
ENEIlIJ60 
ENER13'10 
END1HO 
ENERlJ9D 
ENDl400 
ENER.l410 · IF IP"Ol) WlIITE (lOS,') I, 

'FG,DPG' ,FG(I) ,DFG(I),' 
DIKG·DIKG+ENER 

tlEIE·DEIE+DIKG 

DDISP',WORK(I),' ENER',ENER ENERl420 

c· 

c. 
C 
c 

c· 
c 

c 

" 

61 

" 

" 

END" 

IF ( 15Pl EO, 1 ) THEloi 
DO 61 I·LJ, L4 

WORK{I) ·DDISPII) 
ADD GROUND RESPONSE IN JOINT CORRDINATES TO RElATIVE RESP 

!'!Ul.TIPLY GROUND DISPL • DIREc-rION COSINE 
ct11 T ALL DOP THAT ARE CONS"'!'UINED TO A. MASTER DOF 

IF (GDIl) .NE.O ,OR. GD(2) .NE.O ,OR GD(l) .NE.o) THEN 
DO 62 NODE· 1 ,NNODE 

ICOS·JTCOS(NODE) 
DO 62 X·I,3 
IF I NOT. BTEST(JTFL.GINCDE) ,X.11)) THEN 

II· mOFiNODE,K) 
IF (II.U:.L4 .AND. t1.GE !..l) 
WORK(II).WORK(II) + GO(l)'COSlNEII,X,ICOS) 
o GD(2)'COSINEI0l,K,ICOS) • GD(31'COSlNEIJ,K,ICOS) 

ENDIF 
CONTINUE 

ENDIF 
DElHi'O 

DO 51 I·l.l,U. 

END" 

ENEIl.· SGD(I,l)*WQilK(Il 
DE rNT·DEINT-ENER 
DE IE·DEIE.o.DEINT 

CALCULATE THE TO'fAL INPU'T ENERGY 
EIE·EIE .. DElE 

C~··········· ~ ......................... ~. 
C··· CALCULATE TOTAl. STIl.AlN ENnGY 
C· ••••••••••••••••• ~ •• ' •• ' ••••••••••••••• 

c 
c. 

CALC~TE THE TOTAL S1'lU.IN ENERGY 
DESE·ESE 
DPSE·PSE 
ESE·O 
PSE'O 

. GET EUS'TIC AND PlASTIC STRAIN ENERGY FOR EACH ELEMEN'T 
l..Snyp·o 
DO 60 IEUOO·l,NEIHr 

CAt..l. EU::LIE 
" (lO,LSTTYP, FAUlE. ,IREL., .FA..L.;E.,N.A1iE,EESE,EPSE,DAMA.GE,DUCFAG, 

IELNO ,:EUlOF, KGDOP, PGEaoI,RINPU1', UIAL, IZDISP, IZLOAD, MSTOR) 
IF (P1'2) WRITE(lOB,55l IEWO,EESE,EPSE 
FORMAT(' ELEMEN'U',I5,' ELASTIC SE·',lP,GlJ,4, 

PLASTIC SE·',lP,GlJ.4) 
ESE· ESE ' EESE 
PSE • PSE • EPSE 

CALC1Jl...ATE THE INCRII'lENT~ STRAIN END.GY 
DESE·ESE ·DESE 
DPSE·PSE-DPSE 

C •••••••••••••••••• a ••••••••••••••• 

C··· CALClJl..i\"E KINETIC ENERGY .a. 

c·································· 
IF IDYN) THEN 

GET 'THE A.ESOLlJ1'E VELOCITY T>.ND STORE IN VECTOR WORK2. 
SAVE RELATIVE RESPONSE IN VECTOR WORK2 
DO 15 1'1, LA 

WORK21I I'VEL(I) 'DVEL(I) 
ADD GROUND RESPONSE IN JOIN'T CORRDINATES TO RElATIVE RESP 

MULTIPLY GROUND VELOCITY' DIREC'I'ION COSINE 

ENERl4JO 
£NDl440 
EN'ERl4S0 
DlEJllll. Ii 0 
ENERI,,"0 
ENERUBO 
ENERU90 
ENEIUSOO 
ENERlS10 
ENER15;i10 
ENEll.lSJO 
ENERIS'O 
ENERISSO 
ENEIUS60 
ENElU510 
ENEitlSIO 
ENEitlS90 
ENERl1S00 
ENERIISIO 
ENER1620 
ENER Iii J 0 
ENElU6CO 
EN:ERHiSO 
EN'ER16liO 
ENER16,O 
ENER16sa 
ENER1690 
ENER1100 
ENER1110 
DlER11~a 
ENERl1l0 
END114.0 
ENER11S0 
ENERl1lSD 
ElIER1'I10 
ENER11BO 
ENER1190 
ENDI800 
ENERUIO 
ENDH:iiO 
ENERUJO 
.ENERIUO 
ENERU50 
END1860 
EN'ER 18 "I 0 
ENERU90 
ENERIB90 
ENER1900 
ENER1910 
ENEIU920 
ENER19JO 
ENERl940 
ENElU9S0 
END1960 
ENER1910 
ENERI5180 
ENER1990 
ENER2000 
ENER2010 
ENER20:il0 
ENER2030 
ENER2040 
EN'ER20S0 
EN~2060 
E1U~R2010 

ENER20ao 
ENER2090 

91 

c 
c. 

c 

CHIT ALL DOF THAT ME CaNSTllINED 'TO A MAS1'ER DOF 
IF (GVT(U.NE.O .OR. GVTO).NE,O .OR. <WT'(ll NE.o) THEN 

DO 20 HooE· 1, NNODE 
ICOS·JTCOS(NODE) 
DO 20 X·I,3 
IF (,NOT. BTtST(JTPLG(NODE) ,Ko11)) THEN 

U·lDOF{NClDE,K) 
IF ITI.LE L4) 
WORK:l(II)·WORK2III) • GVT(1)'COSlNE(l,J:,ICOS) 
• G\IT(2)'COSINE(~,K,ICOS) - GVT(3)~C09INEiJ,K,ICOS) 

ENDIP 
CONrINUE 

ENDIP 

CAL,CU1.A.TE THE TOT~L K:E! 
DEXE·EKE 
CALL ETMPL.Y (:P1'2,Ll, L2, U, L4, L41, L4, 

IMDMS, MDMS, M1\.SS, WORK, WORK2, WORX2, EleE) 
EKE·En/il 0 

CALCUl.ATE THE INCRIMEN1AL K:E! 
DEG·En DEJCE 

'LS' 

ZERO XE FOR STATIC CASE 
DEXE·O 
EKE -0 

END" 

C. ~ .a···.· .................... ~ .~ ... . 
C··· CAl.C!Jl.AT'E DAMPINED ENERGY 
C ............. ~ •••••••••••• a •••••••••• 

c 
c . 

c 
c. 

c 

Ii' (DYN) THEN 

.. aL.Ct1t-'TE THE INCRIHENTAL DAMPING ~GI' 
DEDD ·0 

. 
" 

IF IALPHA,NE.O OR. BETA,NE.O) .THEN 
00 85 I·l..J,L.4 

ENDI. 

PORCEI· PDIJ1P(I)oDPDAl'!:PII)/2 
Vl11 • VEl.(I). DVEL.(II/4 
ENER·PORCEI*vto1I 
IP (FT:il) WRITE(10a,*) r, 

'FORCEI',FORCEI,' YM.',VHI,· ENER',ENE.R 
DEDD·DEDD - ENER 
DEDD·DEOD-DT 

CALCUl..ATE THE TOT-'L OAMPINED ENERGY 
EOD·EDO+DEDD 

'LS' 

ZERO DE POR ST-'TIC CAS!!. 
EDD·O 
DEDO·O 

ENDI. 

C ••• a .. ·· ...... ~ .. ·······a .~ .. . 
C··· CHECK !NERGY 8AU.NCE ••• 
C ................ ~ •••••••••• a •• a 

c 

DIFP·EIE . ESE· EJCE· PSE - EnD 
IF (EIE NE.O) THEN 

RE·OIPF/EIE • LOO 
ELSE 

RE·I00 .00 
ENDI. 

C ...... a·.· .......... . 
C·,· PRINT DATA. ••• 
C· •••••••• ~ ••••••••• 

c 

IP iWRITO) WRITE(lOB,lOO) DEIE,EIE.,DESE, ESE,OEJCZ,EXE', 
" DPSE,PSE,DEDD,EDD,RE 

100 FORMAT (/,1'10,' ENERGY 8AJ.jJojCE'/TIO, ' •••••••••• ' ••••• ', 
" T40, • INCR IMENTA.L , ,TS8, 'TOT-'L.·/ 
"TI5,'INPt!l' ENERGY' ,T40,lP,Olil.S,TSS,GU,S/ 
" TIS, 'EUS"TIC STRAIN ENERGY' ,T40,lP,GU.S,TSS,Gl':il.51 
"TlS,'XINlM'lC ENERGY , ,T40,lP,012.S,TSS,Gl~.SI 
"T15,'FI..I.STIC STRAIN ENE'RGY' ,TG.O,l.P,G12.S,TS5,Glil.S/ 
"-TlS,'DAMPING ENERGY' ,T40,lP,Gl.2.S,T5S,GlJ.5/ 
,,-1'IS,'RELATIVE ER','RaR.· , 1'SS,GI2.5,"') 

IF (DYN.J.ND.WRITO) WRITE(lOB,llO) I GD(Il, GV(I), GAIE),I·l,3), 
"- (GD'T(Il ,GVT(IJ ,GAT II) ,1·1,3) 

110 FOlU'I.AT (/ ,110,' GROUND RESPONSE' Ino, ••••••••••• ~ •••••• , I 
TlO, 'INCIU~AL VALUES',TII.6, 'DISPlACEK£NT', 
T6J, 'VELOCITY',T7I5, 'ACCEl..ElI.ATION'/ 
Tl5,'OLCBAL K UIS TR.ANSLATICN ... ',T4S,IP,lG1S.5,/ 
T15,'GLOBAL I' UIS 'T'R..ANSUTION ',T4S,lP,JG1S.5,/ 
ns, 'GLOBAL Z AllIS 'I'RANSLATICN. ',T4S, IP,JG15 .S,/ 
11 0, ''TOTAL VALUES'/ 
T15, ·GLClB1r.L X AXIS TJlANSlATICN .. ' ,T45, IP, lOIS S, / 
TlS,'GLClE!AL I' AJlIS 'I'lIANSLATION ... ·,T4S,lP,3GlS.5./ 
TIS, ·Gt.ClBJ.L Z .uIS TRANSLlTIDN ... • ,T45, IP, JGl5 5) 

C···· .. ~ ......... ~ ...................... ~ .. 
C·a. Dtx"rIUTIE9 AND EXCURSION RATIOS ••• 
C~.~ •• ~ •••••••••••••••••••••••••••••••••• a 

1.STT'tp·O 
00 ~OO IE.I.J*:>·l,NI!l.M'I' 

~OO CAll. ELELIB 
" (11, L.S'n'YP, ,FAUlE., IREL, . FALSE "N.\ME., EESE, EPS!!,DAMAG'E, DOCP'AG, 
" tELNO, IELDOP ,KGOOF, PGE~,RI:NPtn', AXIAL, Iz.tIISP,IZLOAXl, MSTOR) 

ENER;iIlOO 
~ER2110 

EN'ER~l ;ZO 
ENER2110 
ENER;auo 
ENER:il150 
DlEIl:il160 
ENER2110 
ENEI~18D 

DoIER219 0 
ENER;iI~OO 
ENER.:ilHO 
DlER2~;il0 

ENElI.:l230 
ENER:lHO 
ENEB:2250 
ENElU;aiSO 
ENERil~"IO 
EN'ER:il~ eo 
ENER;il290 
EN'ER:il300 
ENEl2310 
ENEl2J:il0 
ENEJl:2JJO 
EN'ER;ilJ40 
ENER2J50 
ENER;ilJ60 
ENER23,O 
ENEl2lBO 
ENEl2l90 
ENERil40a 
ENER2410 
ENER~4 20 
ENER,HJO 
ENER2440 
ENER:il450 
EN ERilG. 60 
DlER0l410 
ENER~4BO 

ENER211.90 
ENER~500 

ENERil510 
ENER25N 
ENER2S30 
ENER2S40 
ENER:il55 0 
ENER2StiO 
ElfEiUS,O 
E:NER2590 
ENE1U590 
ENER~600 
ENER~610 

ENER;a620 
ENER~6JO 

ENE1U6&D 
ENERillSSO 
ENER21S IS 0 
ENER21S?0 
ENER21Seo 
EN!R215S10 
ENER:il100 
ENER2110 
ENERil1ilO 
ENEFI 2'13 0 
ENERil'l40 
ENERil?SO 
f1,lEi;1:760 
EN:ER.:l??O 
ENER:iI?80 
ENER:iI?90 
ENER2900 
ENER2UO 
ENER;ilB20 
EN'ER.28JO 
ENER~UO 
ENER2950 
ENER2960 
ENER2B?O 
ENER~B 90 
XNER2!90 
ENERil900 
ENER~9IO 

ENER~920 
ENER<l9l0 
ENERJ940 
DlER2950 
ENEIU960 
DlER:il910 
D/ER:il980 
ENEROISl90 
ENERJOOO 
E:NEKlOl0 
ENERl020 
nlEll3030 
ENERJD'O 
ENERlOSO 
ENERJOISO 
ENEIUO"lD 
ENERJOaO 
ENElUa~O 

ENElUIOO 
RE'T1Jlrn ENERl 11 0 
END ENDJ1:il0 

C SXYLOO LO 
C .................................................. " •••• ' ••• ~ •••••••••• "~ SlCYI.,OOilO 

c 
c 
c· 
c. 
c 
c. 
c. 
c 
c. 
c. 
c. 
c 
c 

SUBROUTINE SJCYUi:il (NDOP, L.3, l..4 ,MDS,HD,HDMASS,MDKO, KGPORM) SKYL0030 
DIMENSION HOMASS (NDOF"U ,KO(fIDQP+l), HDS (NDOP .. II ,Jot!!)KG INDOP'I) SKYL0040 

SXYLOOSO 
SKYL0060 

DEVELOP SK"I'LIm OF DYAA!1IC STIPFNESS IS) SKYL0010 
HDS(I) • .\DORESS OF DYNAI1IC STIPf'. I'IA.IN tlIAGONAL. TER!'! ROW I SKYL0090 
HOII) • ADDRESS OF STIPFNESS !'lAIN OIAGCIN.U. 'TDJ1 ROW I S)(yL0090 
MOMA.S(I) • ADDRESS OF H.l..SS MAIN DIAGONAl. TElU1 Rew I S)(yLOI00 
HDKGII) • ADDRESS OF GEOHE'TRIC STIFP !1A.IN DIAGONAL TERM ROiot ISKYLOIIO 

LSTIFP •• OF STIFFNESS TE:RMS IN COUl'KN J 
uu.SS •• OF MASS TERl19 IN COl,LlolN J 

.. LXG • OF XG TE:R!t!S IN COLUMN J 
. L • OP a 'TaMS IN COL~ J 

NFREE·lA·l..J+l 
~9ilJ·I 
LXG·O 
DO 110 JI·2,NFREE .. 1 

J·Jl+LJ ·1 
l....5TIPP·MD (J) .!'!D (J-l) 
IJoIASS ·MDMASS(J) 'MDMASS(J 1) 
IF (KGFORM.EQ.2) LKG· MOKO(J)-MJ)KG(J·l) 
L·MIN I Jl ·1, MAX I LSTI FF, lJoIASS, LXG) I 
MDS~ JlI·\'IIlS(Jl-l)·L 

SKY'[.0120 
SKI'UllJO 
SKYLOIIiO 
SXi'LOlSO 
SXYUlliSO 
SXYLOI 'I 0 
SXYLOlSO 
SXYLOI90 
SXYLO:ilOO 
SKYL.Dill0 
SXYL020l0 
SKYLOnO 
SKYL0240 
SKYLO;JSO 
S)(I'L0260 
SXYL0210 
SKYL0290 

RETlJ'RN SKYL0290 
DID SKYLOJOO 

C SMAJ(OO 10 
c •••••• a •••••••••• a ••••••••• a ••••••••• ~ •••••••• a ••••• ~ ~ ••••••• ~. a ••••• •• SHAXO 0 2 0 
C·· - SUBROt!l'INE SMAX, FINDS THE M.UI!'!UN AND MINIMUN VALU'ES SM.AJ(OO)O 
C (AFTER LANI.) SKAX0040 

SUBROlJTINE SKAX (N, DT ,A, YMJI', YMN, Tl ,Til, NUN,AVE, STDf'V, RMS) SKAX0050 
DIMENSION A(NLEN) SMAX0060 

AIlE· 0 SMA,X0010 
STtlEV.O SMA}! 00 BO 
RMS.O SMAl(OOSlO 
Y11X.~II) 5HAJl0100 
YMNaAll) SMAXOII0 
T.tlT SH.U"0120 
n'DT 5MA:(DlJO 



T~·OT SHAX0140 
IF IN LE 1) IlETURN SM.J.);015C 

SIJMX·A( U SMAXC16c 
ADBL-A( if SMAXC170 
SlIMXSO·ADBL·· ~ SM.UC 1 ao 

DO ~O I·2,N SMAX0190 
..\DB L·A (I) SMAXO 2 00 
5lJo1X • SlJMX - ADBL SMAXOZIO 
5UHX5Q • 5t.noD(SO • ADBV' 2 SKAXO Z 20 

IF' ('1I'1X LT.AU)) THEN SMAX0210 
't')"IX'A(I) 5M.AX024.0 
Tl·T SKAX0250 

ELSE !P ('E11N.GT.A(I)) THEN SKAX0260 
YMN·A(l1 SHAX02'70 
n·T SM.\X02BO 

ENIlIF Sl1AX0290 
T·T-OT SM.\X0300 
COI'olTINUE SM.\.X0310 

AVE' SUMX/N 5MA}(OJ 20 
IF' «N·SlJIolXSQ·SUMJ(··ZI .GT.O ) SM.AX033 0 

" STIlEV.SQRT(IN-SUMX5Q·SlIMX··2)/OJrIN I))) SM.UOJGO 
RMS' SQRT ISIJMXSO/NI SMAXOJ50 
RETURN SHAX03 E 0 
END SHA):O) '7 0 

C···.··· •• •• ......... •• ....................................... • •••••••••••••• 001...00010 
SUBH)lJrINE SOL02AIIHD ,nm!'!s ,IHDKG,IMDS,IMDHSL, 50LOOO~0 

"IDlODE NCOS NEll'IT IBUG , MAXNOD SOlAOO)O 
"TI112 STEPID NAINP ,NDOF , NPREE 501...00040 
"KGFOtu1 XGLaAD KGTYPE, NCOND ,IN'I'EGO SOL00050 
"NEWXG MCON[) KGCOND I U'NBAL ,NEWX 501...00060 
i. 'rHE'T", ELSTIC IPRNT ,IWRIT£ ,GAT SOlAOO?O' 
i. MAXACC SIJo1A.SS TO , OT , TP GVT SOlA0090 
i. GRAV PDA.MP IWDS"" , I'ZDLCA ,GOT SOL00090 
i. OISF VEL ",CC , LOAD , AN DSPMAX, SOLOOI00 

DDISP DVEL DACC ,DLOAD ,BN V'ELHAX, SOLOOII0 
STIFF MASS MASSSL, XG , SBAR ACCMAX, SOL00120 

i. !'!D MOMS !'!DMSSL, MDKG , MIl9 RC'l'I'IIJ(, 5OL00130 
"D.&.MP PBA.i. MCOS AGTX , DL0A02 SO["o0140 
"AGTY AGT'Z AINP , FOE I WORK 9lJ1'lRC, SOL00150 
" ID lDOF CN5T ,JTF'LG ,COORD 'I'FD.a.MP, 50L00160 
"COSINE JTCOS DFDAMP ,EIE,ESE,PSE,EXE,EDD, SOL001'70 

'ZERO PG DPG ) 50L00180 

CQo!HON II SPEc/I SPI, SCiD (5 00, 2:) ,RE.ACP (6) 
CCMMON I IDSTEPI IS'!'EP 
CHARACTER·(-) 'TITLE(.),STEPID 
CHARAC'1'ER NAME· B 0 
LOOICAL PRINT, HEAD, REPEAT, SLMASS, AlIIAL, NEW)(D't ,ETEST 
I..DJICAL NP:WXG,NEWX, eUTIC,HCONO, KGCOND,l!NBAL,MCND:I, KGCNDZ,W]I ITO 
LOOlCAL BUGS,BUG6,BUG11,DUCLOO 
REAL LOAD,MASS,MA5S9L,XG,MC05 
INTEGER FDAHP 
DIMENSION 'ZElI:O(NDOF) ,DLOAD2 (NDOP) ,PG (NDOP) ,DFG (NDOF) ,KG( IMDKG) 
DII'I:ENSION Sl.1HJlC (6) ,DSU'MRC (6) , sUMl'tH 6) ,DSUMP'D (6) , 5lJM!JE (6) 
DIHENSION TFDAMP (NDOP) , DFDAMP INDOI') , RINPlJ!' (100I,I'lA.SSSL(IHDM5L) 
DIH..ENSION DSPMAX (NDOF) ,VElMAX (NOOF) , ",COLU (NDOF) ,RCTMAX (NDOP+6) 
DIIiENSION GO (1 I, GII(J J ,GA(l), GOT(J) ,GVT (3) ,GAT (3) ,"SUM 16) 
DII'I:ENSION STIPP(IMD) ,I'IAS5(IMDKS) ,SBU(IKDS),MDI'!.SSLINDOF+l) 
DII'I:ENSION !'!D (NDOF.l) ,HPM5 CNDOF.ll ,MDXGINDQP· 1) ,MOB INDOI" 1) 
DII'I:ENSioN LOAD (NOOP) ,DISP(NDOP) ,V!L(NDOp) ,ACC(NDOP) ,AN(NOOF) 
DIMENSION OLaAD(NDOF) ,DDISP(NDOFI,DV'EL(NDOF) ,D.ACC(NDOP) ,BN(NDOp) 
DIMENSION PUB (NDOF) , FB"u (WOF) ,MCOS (NDOP ,3), DAMP (3), WORX(2'rmOF) 
DIMENSION AGTJI lMAXACC) ,AG'TY (!1AXACC),AGT'Z (~ACC) ,AINP (NAHIF) 
DII'!ENSION COORD (MAXNClD, 3 I, ID (MAXNOO) ,JiFLCIMAXNClD) ,JTCOS (MAXNOD) , 

" 1001' (MAXNDO,6) ,C05INE (3, 3 ,NCOS) ,CNS'j(MAXNOD,6 ) 
DO 5 1·1,5 

SUMOE (1)·0. 
SUM1ClR·o 
SUMMO"I·O 
Sl.H1FO·O 
SUMl'!I'rO .. O 
DUCLOO· I'ALSE. 
DlICFAG. ·1 

Ll'l 
U'NCONIl 
1..3'1.2'1 
L4"NCOND ·NPiEE 
L.,5·L4.-1 
L6·NDOP c··········· ......... · .. · ............ ·· ........ ···. 

SO[..00190 
S01.00~OO 

SOLOO~ 10 
SO[..OO •• O 
50LOO.JO 
ooL00:040 
5OlAO.50 
5OL00260 
SOLOO~?O 
SOLooaac 
SOLOC:l90 
SOl..00300 
SOLOOllO 
SOL001:1.0 
50LOO)10 
50L00340 
SO[..OOHO 
50[..00160 
SOLOOJ'70 
SOL00380 
5OLOOJ90 
SOLOOIiOO 
50[..00"10 
SOL004~0 

SOLOOOO 
50[..00440 
So[..Oo"so 
SOL00460 
5OlA04 "I 0 
SOLOO4&O 
5OL00490 
SOLOOSOO 
50L00510 
SOL005~0 

5OL00530 
SOUl0540 
SOL00550 
ooUl0560 
SOI..OOS'70 
5OL005BO 
901..00590 
5OL00600 
501..00610 
50[..006010 
5OL00610 
ooL00640 
5OL00650 
SOL00660 
SOL006 "I 0 
SOL006BO 
SOL0015510 
SOLOO"lOO 
SOL00710 
5OL007~0 

SOL007JO 
SOLO 074 0 
SOLO a? 50 
SOLOO?60 

·SO[..OO'7?O 
SOI..OO?BO 
501..00?510 
501..00900 
50L00810 
50L00820 
50[..00910 
SOLOOIU.O 
50L00850 
SOL008150 
SOL00870 
SOLOOBBO 
SOLOOB5IO 
50LOO;00 
90L00910 
ooL009~0 

SOL00930 
50L00940 
SOL00950 
SOL00960 
SOL009'70 
901...00990 
50Lo0990 
SOL01000 
SOLOI010 
50L01020 
50LOI0)0 
90LOI040 
SOL01050 
SOL01060 
50L010'70 
SOLOI0BO 
50LOI090 
50LOI100 
50L01110 
SOLOl1~O 

SOLOllJO 
SOL01140 
90L01150 
50L01160 
SOL011?O 
SOL01190 
501..01190 
50LoIZOO 
SOL01210 
50LOlno 

BUGS 'BTE5T(IBOO, 5) 
B0G6 'BTEST(IBUG, 6) 
BOOll·BTEST (IBUG, 11) 

C··········· ... ·.······· ..... ·· .. ····· .... ········. 
IF (BUGS) CAu.. LMATRX(MASS,KDI1S,NDOF,IMDMS, '!'!A.SS !'lATRIX D~·'7 ') 

c 
C······ .. ···· ... ·········· ...... ······· ...... ·······. 
C· INITIALIZE GROOND ACCEL.E1U.TICN CQNSTANTS ••• 
C ••••• •••••• ......................... • •••••••••••• 

c 

00 91 1'1,1 
GO(I) .. o 
GV!I) ·0 
GA(I) ·0 
GDT(II·O 
GVT(II·O 

91 GAT(I)·O 
ACCOLD·O 
X(A.t.cc·o 
Y~CC'O 
Z(A.t.CC·O 

C······ .... ···············.······· .. · 
C. lNITIALIZE ENERGY CONSTANTS ••• 

C······················.·· .. ······· 

" c 

PSE'o 
EXE'O 
EIlD'O 
EIEl1 '0 
ESDof '0 
PSa-!' '0 
E~ '0 
EDOM ·0 
00 9'2 I'1,6 

SUMFD[I) '0 

c···········.· .. ······· ....... ······. 
C- SET GEOME"I'RIC STIFFNESS PlAGS ". 
c ..... ••••••• .......... ••• ........ •••••• 

NE\ifXG·. TRUE 
IF IKGLOAD EQ.O .CIR KGT:iPE.EQ.O 

c 
C······ .. ··············· .... 
C· SET STIFFNESS PUGS ••• 
c··········· ... ········ ... 

N'EWK' TRIJE 
KSAME' 0 

OR. KGPClRM.EQ.O) NEWXG· FA~E 

WPlTI' INITIAl. VALUES FOR DISt'l., VELOC, 1o,CCEI.. 

c 

CALL INTOVA(NDOF,MAXNOD,NNODE,T!TLE, IDOl", 
rD,J~FLG,DISP ,VEL ,ACC ,LOAD I 

11'( ISPI ,eQ. 1 ) THEN 
EIE'ESE 

ELSE IFI ISPl EQ 0 I THEN 
ESE-O 
EIE·o 
DO 96 1'1,6 

96 ReACP (1)'0 
END" 

C· nHTILI'ZE TIME TO CALC INITIAL GROUND ACCELERATION 
'l'·TO 
TL-T·DT 

c 
C· READ AND INITILIZE DYNAMIC GROUND ACCE12RA.TlaNS 

92 

c 
c-

c 
c-

IF I Sl&S5) THDI 
CAW. D'tLQA (1, !'!AXACC, NDOF, NAINP, T, 'rL, 

ACCEL2., 'rOACC, DTACC, GRAV, 
MAXNOD, NNOOE,COBINE, lOOP ,JT'FLG,JTCOS,NC09, 
AeTX ,AGTY ,AGT2. ,!i},sSSL, I1DJltSSL, IMDHSL, , 

ELSE 
AINP ,/'IC05 ,DLOAD ,GA ,GAT J 

CALL D'tLOA (1,MAXACC,NDOP,NAINP ,T ,TL, 
ACCEL.Z, TCACC, DTACC, G!lAV, 
MAXNCD,NNOOE,COSINE, lOOP ,JTFLG, JTCOS, NCOS, 
AG'TX ,AG'fY ,AG"TZ, ,MASS ,MOM9 ,IMDMS, , 

END" 
AIl'JP ,MCOS ,DL.OAD ,GA ,GAT ) 

, 

GET INITIAL DYNAMIC LOAD 
IF (5LMASSI THEN 

CALL DYLOA (2:, I1AXACC, NOOI', NAINP, T, TL, 
ACCELZ, TOACC, D"ACC, GRAV, 
11AXl'a>, NNODE, COSINE, IDOF, JTFI.G, J"COS, NCOS, 
AGTX ,AG1'Y ,AGTZ ,MA59SL, MDI'I5SL ,IMD!'!SL, · ELSE 
AINP ,HeOS ,LQA.D ,GA ,GAT ) 

, 

CALJ.. DYLOA(2 ,H.A.XACC,NDOF,NAINP ,T, TL, 
ACCEL1., TOACC ,DTACC, GRAV, 
MAXNOD, NNeDE, COSINE, lOOP, JTFI.G, J'I'COS, NCOS, 
AGTX ,AG'l'Y ,AGTZ ,MASS ,MOMS ,IMDI'!S, 
AINP ,MCOS , LOAD ,GA ,GAT ) 

ENDlF 

!NUILIZE INTEGJl.A'TION RomINES 

SOLOl~30 

SOlAIHO 
5Ol..Cl:1.50 
SOLOl ~60 
SOLOI2?0 
SOLD1HO 
SOLO l:1.9 0 
SOLDUOO 
50LOl310 
50[.013 20 
SOL01))0 
50[..01311.0 
SOL01350 
50LoIJ60 
SOLO 13'70 
SOLOl3BO 
SOLOIHO 
501...01400 
50L01410 
SOLC1420 
SOL01430 
5OLOU40 
SOLOUSO 
50[..01460 
SOL01470 
5OLOIUO 
SOL01490 
SOL01500 
SOlA1510 
SOL0152:0 
SOLo15JO 

IF IINTEGO.EQ.lJ THEN SOl..01540 
CALL LINACC(l,DT,l.00,NEWXD't,L2,L3,LA, SOL01550 

IKDMS, IMD, IHOS, IMDXG,NDOP, NFREE, KGLaAD, KGFORl1, SOL01560 
Ace ,V!L ,DAce ,DVEL ,ODISP ,DLOAIl2 , SOL015?0 
WORK ,MASS ,11D!'!s ,DAMP ,STIPP ,MD SOl.01590 
XG ,MDKG ,F'Z ,SBAR ,HOS ,AN ,BN ,PBAJI., 501..01590 

i. FDAMP,At.PKA,BETA) 50L01600 
ELSE IF (IN'TEGO EQ.2) 'THEN SOL01610 

au. AVEAce(l,DT,TH!'1A,NEWJIII'f,l...2,L3,L4, 50L01620 
IMDMS, IMD, IMI>S, IMDlCG, NDOF,fo.IFREE, KGLOAD, XGFORM, 5O["o16JO 
ACC ,VEL ,DACC ,OVEL, DDISP , DLDAD2, 50LOHi40 

~:i"X ::i~ :~B :~~ ;:i:~PP: ~ : BN ,PBAlt, ;gt~i:~~ 
" FDAMP,ALPHA,BnAI 50L016'70 

ELSE IF (IN't'EGO.EQ J) THEN SOL016eo 
eAu.. WILSOfo.lll,DT,THETA,XG,MDXG, PZ, 5OL01690 

L2, U, L4, IMDHS, IMD, IMOS, IHDXG,NDOF ,twRn, SaLOl? 00 
lCGL.O.\D,KGF~,ACC, VEL ,DISP ,LQA.D , 50Lo1710 
DAce ,DVEL DDISP, DLa.\II:1.,waRX, SO[.017.0 
MASS ,MDHS ,DAMP ,5'"TIFF ,MD, SOL01'710 
SBAR ,MOS ,AN ,BN ,P'BAR ,FDAMP, 5OL01'740 

".I..[.PHA,BETA) SOL01'750 
E:NDI'P 50LOl'7150 

C 50LOl'7'70 
C··········· .. ••••••••••• .. • .. ··········... 50L01'7BO 
C'WlI:lTE INITIAL DATA "0 OU'TPUT PILE .... SOLO 1'?51 0 
C· ......................................... SOL01BOO 

11' (IWRITE GT.O) CALL DHPDAT(:2,IWIUTE,TO,DT) SOLOU10 
C SOLOU.O 
C··················· .. •• .... -.·········· .... ••••••••• ••• ••••••• .. • ..... ·······.SOLOIBJO 
C· LOOF FOR EACH TIM! STEP, ISTEp·CURRENT STEP,. ······················SOLClBi110 
C·········· '." ................. """.' •• '."' •• ".' ......... "' •• ' •••••• "SOLO IB50 
C .. NSTEP • Nl.IHBER OF TIHE S1EPS SOLO 1860 
C !STEP' TIKI S'TEP NUl'iBER 501.018'70 

1 .. CllltRENl' TIME SOl..Oueo 
C ... TL • TIME A" PREVIOUS 11K! STEP 9OlA1B90 
C 'TO • INITIAL TIME SOL01900 
C. . DT • 11K! IN:RIMEll'I' 90L01910 
C 'TL • FINAL TIHE SOL019~0 

C ro~uu 

" c 

MaID2 • MCOND 
NS"I'EP • (TP'TO) IDT 
DO 500 ISTEP'1,NS1EP 

T 'TO .. I S"TEP-DT 
TL'T . OT 
WllJ'r!ISTiPltl,90) IS1EP," 
FORMAT I 'ST'EP : ' ,16, ' , TIME:' ,1 P, Gl J .5) 

C········· .. ········· .. ·· .. ····· 

SOL01940 
SOl..01950 
SOL01960 
SOL019'70 
SOL01990 
SOL01990 
5OLO:lOOO 
SOLO.OI0 
SOLO.0:1.0 
SOl..020JO 
SOLO;ji04.0 
SOL02050 
9OLO.060 
ooL020'70 
SOLO;oOBO 
SOLO~090 
SOLCHOO 
SOL02110 
5OL021.0 
SOLO. 1J 0 
5OLo.110 
5OLO.150 
5O["o~1150 

SOLOH '7 0 
SOLCHIO 
SOl..C:I190 
SOLO 22 01:1 
5OLOjUI0 

C· CALC INCRIMEmAL LOADS •• 

C············ .. ··············· 

c 
c
c 

'95 

C,,·· 
C·,· 
C"· 
C •• r 
C~· • 

n·:a 
CALI.. DYLQA(2,I'IAXACC,NDOF,NAINP,T,TL, 

" ACC!t.'Z,TaACC,DTACC,GRAV, 

· · PZ 

HAXNCD,NNIXIE, COSiNE, IDOl', JTFLG, JTC09 ,NCaS, 
AGTII ,AGTY ,AGT'Z ,HAS9 ,MOMS ,II'IDt'IS, 
AINP ,HCOS ,DLCAD,~ ,GAT ) 

·Ae<:ELt 

ADD llNBAu.NCED LOAD' 5 1'0 T'HE L.OAD VECTOR. . .. ) STORE .11.9 DLOA.D~ 
STORE OLD tlNB.\LANCED LQo\DS AT REACTIONS IN OLClMl 
II' (UNBAL) THEN 

DO 195 I·Ll,U 
DLOAD:a II) ·OUlAD (I) • FUB (I) 
FUB(I)·O.O 

DO 196 I"I...S,Ui 
DlDAD2 II) ·-FllB (I) 

""IT t.INB.\lANC'ED LOAD YIICJo! REACTIONS. SOLOOilHO 
l.mBA.LANCE:D 1..Oo\DS ADDED 10 THE FRAME ARE RESISTED BY 90LO:il2l0 
11 INDTIAL PORCES 90L02HO 
2:) DAMPING PaRCES 501..02:150 
1) MEMBER PaRCES SOL02260 
SUB'!1!.AClING LlNBAl...IINCEO PORCES PRCI'l REACTIONS DUE TO MEMBER PaRCESSOLOn'70 

C~H NEGLEC'TS THE REACTIONS DLrE TO INERTIAL .\I'm DAMPING PORCES SOI..OHBO 

'" FllB(II'O.O 
E,-,E 

DO 1517 I'L1,L6 
'07 o LOAD 2: (I) ·DLQAD I I) 

END" c 
C················ .. ········· 
C' FORMULATE 5TIFFNESS "" 
C·· .... ••••••• .. •••••••••••••• 
C FORMULATE 'THE STIFFNESS IF "HE PlAG NEWK IS TRUE, THIS PUG IS 
C INITIALIZED ABOVE, AND SET WHEN THE Eu:MENT PORCES ARE c..u.C, 
C 'THE STIFFNESS 15 ALSO FCSJ'ItJl..A.TED IP XG IS "0 BE CALCl.1l..\TED 
C AND CONDENSATION I S TO BE PREFORMED, (THE STIFFNESS IS NEEDED 

FOR THi CONDENSATI aN PliOCBDUi.E. ) 
REPEAT' .TRUE. 
KS»fE·O 

100 IF (NEWX) TKEN 
11·1 
CALL FORM { Il) 
IP (BUGS) CAU. I..J'IlATRX , 

END" 
(STIFP,MD,NDOF, iMD, 'GLOBAL SlIPP'N'ESS DUMP''7' I 

501...0:3290 
5OLOUOO 
5OL02310 
50LC<!)20 
SOLO.))O 
SOL02Jli0 
SOLO;)350 
SOL02J50 
50L02l'70 
SOLO~JBO 

SOL02390 
SOL02:400 
SOLO:1.410 
SOL02420 
5OLO~430 

5OL02440 
SOLOU50 
SOLO:a60 
SOUl24'70 
SOL02UO 
50L024.90 
SOL02S00 
SOL02510 
SOLO.s20 

c- •••••••• ~-"'" •••• _ -_....... SOLO<lsJO 
C' FOR!'! GECI'I:E'l'RIC STIFFNESS ••• SOL02540 
C •• ~ •••••••••• ~................ SOLO~550 

C FORMlJUTE THE GECMETRIC STIFFNESS IF THE pu.G NEW]( IS TRU'E, THIS SOLO;)550 
FLAG INITr.u.IZED ABOVE 50L025'70 
IF KGDATA(l)'l, THE GECMETRIC STIFFNES5 15 PORMED ONCE, AND SOLO~5BO 

MULTIPLIED BY A SC.\l.ER TO ACCOUN'I' FOR CHANGES SOL02S90 
IN THE TOTAl. VERTICAL I.DAD. "HUS THE GEOo{Et'RIC SOL02600 
STIFFNESS ONLY NEEDS TO BE FaRMXD ONCE SOL02:1510 

IF XGtlATA(1)'<!, THE GECMET1UC STIPFNESS IS BASED ON "HE AXIAl. 50L02:620 
FORCE IN THE EUl1EN'TS, AND IS RECALCl.IlJ.TEtI EACH SOL021530 
TIIiE THE UIAL FCJlI:CE CHANGES. 5OL02640 

IP lCGDATA.(31·1, "HE GECJoIET'RIC STIFFNESS IS FORMED WITH THE 50L02650 
STIP7NESS, THUS A 5EPEJtATE CALL TO FORM IS SOL021560 
NOT NErnED SOL02670 

IP XGDATA() 1'11, A SEPEM'l'E GEOMETItIC STIFFNESS MA'T'RIX IS F'ORKEtJ 90L026 BO 



PORMUU.1'E SUEUTE GEOMETRIC STIFFNESS MATRIX 
IP (KOFORl'l.EQ iI) THEN 

FZ ·0 
12· ~ 
CAl..L FORM(I ~l 
KCCND:oI· XGCOND 
IF (BUGS) CAll. I.Jot.J.TU 

(XG,MDXG,NDQF,IHDKG, ''lCG MATRIX DUMP·i·) 
ELSE 

XCCND .. • . PAL5E. 
END!P 

SOL,O;U5510 
SOLO;a100 
SOUln10 
SOL.On~O 

SOL01'Jl0 
SOL.021 ,0 
SOL0.2'750 
50L02'760 
SOLO~1'70 

SOLO~180 

50LO~790 

501..02800 
50L02610 
50L02~ .20 

DIDIF SOL02.B30 
C SOL02.B40 
C···························· SOL02.BSO 
C· CONDENSE OUT FREE DISPL··· SOL02860 
c·························... 501.02870 
C IF MeON[) 15 Tl'ilUE l'HE MASS MATRIX IS ALSO REDUCED B'i' GUYAN JlEDUCTIQNSOL.029B0 
C. IP XC0ID2 IS nun 1'HEN xc IS Al...50 REDUCED SOLO;U90 

IF (NCOND.CT 0 AND. NEWX ) THEN SOL02900 
CAll M50LLl1 ,BUGS. 1..4, IMD,NDOP, 1, Ll,l,,2,MD, S,],IPP ,DLOAD2,WORX, SOL02910 

MOIIl:a ,MASS,MDMS, IMDHS, KGCND2, KG,KDKG, IMIlKG) SOL.O:29~O 

MCND2 • PALSE SOL.Oi!DO 
KGCND2· FALSE. SOLO:ol5l&0 

ELSE IF (NCOND.GT.Of 'rHEN SOL025150 
RrnUCE THE DYN.ioHIC LOAD M},:nlIX IF OLD S,],IPFNESS IS USED. SOLO:ol5l60 
CAll MSOL.l.(2 ,BUGS, L4, HID,NnOF, 1, Ll,L.2 ,MD,STIFF ,DLO.t.D2 ,1ol0RK, SOL029'70 

" MCND2 ,~5S,MDJI\S, IMDH5 ,XGCND2, XG,MIlKG, IMDKG) 50L.02.9 BO 
END[F 5OL02990 

C SOL.OlOOO 
C· •••• ........................................................... 501..0l010 
C· DETERl'tlNE. IF A NEW DYNA.HIC STIFFNESS NEEDS 1'0 BE CA1C ••• SOL.01020 
C· ............................................................... 901..01030 

IF (NEWX .DR. NEWXG OR. P::Gt.o..\D .EO.1 .A.ND. ",CCELZ.EQ.ACCOLD) )THENSOUll040 
NEW1crl'i· TRUE. SOLOJOSO 
ACCOLJ)·'\CC'ELZ SOLOJ060 

EI..S£ SOL.01010 
NE'Wl<DY· FALSE. SOL.QJOBO 

E':NOIP SOUlJ090 
SOl..O Jl 00 

c··············· ..... ··· .. ·· ... ·.···· .... ·· .. ···· .... ·· SOLOJ110 
C· 501..V"E DYNAMIC EQUATION FOR INCRIHEN'l'AL DISPL •• 501..03120 
c··············· ..... ······ .. ······· ... ········ ... ·· SOL03110 

u·;a SOL03140 
IF I INl'EGO. EO 1) THEN SOL.OJ 1 SO 

CALL LINACC(IZ,DT,1.00,NE"Io'XD'l,LZ,W,1..4., SOL03160 
IMDMS, IMO, lMOS, IHIl'ICG,NDOP, NP'REE,XGLOAD, XOPORH, SOL031 '70 
A.CC ,VEL ,DACC ,DVEL ,DDISP, DLCAD2, SOL03lBO 

~~K ::~~ :~S : ~": :~;PF: ~ : BN ,PBAR, ~~~i~g 
" FDAHP,ALPH.J.,BE'l'A) 5OL03HO 

ELSE IF III-tT'EGO. EQ 2.) THEN SOL032 .. 0 
CALL AVUCC (I .. , DT, THETA ,NXWiO;lY , l.2, L.3, l..4, SOLOl230 

IHOMS, IMD, lHOS, lMOKG,NDOF ,NPltEE, KGLOAD, KGFORM, 501..03:0140 
ACC ,VEL ,DACC DV'EL, DDISP , Dl..CADz, SOL03i1S0 
WORK ,MASS ,MOMS ,DA.XP ,STIP'F, I'lD 80L03260 
XC; ,MDKC ,PZ ,SSAR ,MOS ,J.N ,BN ,PBU, SOL03i110 

" ?DAMP ,ALJ>IQ., BE"u') OOLOJHO 
ELSE IF (lNTECO.EQ.3) THEN SOLOJ290 

CALL WIL..5ON(12,DT,'rHE'l'A,KG ,MOXC, PZ , SOt.OJ300 
1..2, U ,Ld, IMDI"IS, IMD, IHDS, IMDKG,NDOF,NFREE, SOLOll10 
KGLOAD,XG1'ORH,ACC, VEL ,DISP ,LOAD , SOL03JilO 
DACC ,DVEL DDISl" Dl..OAD2,ItrfCIRX, SOL03330 

" :~ ::5 : ~p : ~~IFP :~BAR ,rOAMP, :~i~:~ 
"A.l.PHA,BETA) SOLOJJEiO 

ENDIF SOLOJ)'70 
C 5OL03JBO 
C···············a ...................... aa.............. 5OLOJ190 
C· BACK SOBS'l'IUTION TO SOLVE. FOR NClN·DYN»!IC DOP .... 5OL03.00 
c·· .. •• .. ••• •••• •••• ..... ..... ..... •••• ......... •••••••••• SOLOJ.10 
C DIS}! C • l' " DISi' P SOLOl4i10 
C DISP-C· INVIK CCl • (·x CF)"DISP(l") 501..03430 
C SUBJlTN REA. cnr (Ion·ll - SOLOJUO 
C PREPORMS THE MULTIPIr:A't'ICN DISP C· (. K CF) ·DISP F SOL03450 
C SUBRTH MSOLL (IOPT·J): - - - 5OLOJ460 
C ~REFORM.S THE BACK SUBSTITtn'ION TO EQO'ILIvnlr 1'0 SOL034"l0 
C DIS~ C·INV(K CC) -DISP C 9OLOJUO 
C - - - 501..03490 

0NE .. 1 00 5OLOJ500 
IF (NCOND.GT.Of THEN SOLOJS10 

I3.J SOLOJ$ilO 
Il·l SOL03510 

"" ... Dr sl"Uo.CBMEms SOL03S'0 
IF (BUG5f WRITE(10B,") CALCDISPL' SOL.03550 
CAU. RUCTH (11 ,BUGS, NNCElE, 1..1, L2, 1..3, LA, 001 SP, DDISP, SOL03560 

MD ,sTIPF ,MD(N!)QP),NDOP,1,CiNE, SOL.D35 '7 0 
MAXNOD,IDOP,COCIRD ,ID,TITLE,STDID, . FAl...SE. , 501..03510 
NCOS, COSINE, JTCOS, JTFLG, DSlJoOtC) SOL03S90 

CAl...L MSOLL(Il ,BOOS, L..4, IHO ,NDOF', 11 ,Ll, L.2,I'!D, &"TIFF, DOISP, SOL031500 
WORX, . FALSE. ,MASS, MDMs, 1 , .FAJ..SE.,KG,HDKC;,1~ 501.031510 

VELOCITIBS SOL0315 iI 0 
IF (BUGS) WRITE(109,") '.... CllC VEL..O:' oo1..036.!0 

CALL REACTN (II, BOOS ,NNODE, Ll,L.2, LJ, L4,DVEL,DVE.L, SOL036.0 
Ml:) ,STIPP ,MO(NDOP) ,tIDOF,l,ONE, SOL0lil5S0 
MA.XNOD,IDOP,cOCRD ,ID,TITL.E,STEPID, PALSE., SOUl JEi Ei 0 
NCOS, COSINE, JTCOS, J']'PLG, D:!I!N.C) 50L03Ei"l0 

CA..LL MSOLL(Il, BUG5,L4, 1!'m,NDOP, 11, U, L2,KD, S'TIPF ,DVEL, SOL016BO 
WOllX, . FAUE. ,tQ.5S,HDMS, 1, . PALSB., KG,MIlKG, 1) SOLOll5iO 

c- " ... ACCE1.2RATION ooL01700 
IF (BOOS) 'tIiRITEOOB,") ' •...• CALC Acca' SOL.OJ110 
CALL REACTN( t 1, BUC5,NNODE,L1, L2,L.J, lA ,DACC, DACC, SOl..OJ110 

MD ,STIYF ,MO(NDOF) ,NDOP,l,aNE, 501..03110 
HAXNQ[l, IDOF ,COORD, ID,TtT1.E,:n'EPltI, PALSE., 501..03740 
NCaa, COSINE, J1'C05, .JTPt,G, OS\JMiC) SOL03'7 SO 

CALL !1ooL1..( 13 ,BUGS, 1..4, IMD,NDOF, 11, U, L;j!,~, STIPF', DA.CC, 501..03'760 
" WORK, F).LSE.,MASS,MtIMS,l, .FAJ..SE.,XG,MDKG,I) SOL03'7 '7 0 

E':NOIP SOL037BO 
C SOLOJ790 
c···~~· .. •••••••••••••••••••• .. • .. ··a.............. 501..03BOO 
C· CA.l.Cuu.TE INCRIMDn'AL l'1'EME1ElI. PORCES .... SOL03B 10 
C· ••••••••••••••• ~ •••••••• ................... 90LOl620 
C El...ELIB CALLS THE INDIVIDUAL El...EMENT LIBFlJJtIE5, EACH OF WHICH OE'TDMINSS01..01830 

1) DID THE STIPFNESS CHANGE? IP so; NEWK· TRt1E. SOLOlB40 
~1 SHOULD THE INCRIKDiTAL DI5PUCEHEN'1' BE a!CALCUl...A"I'ED'7 50LOJ8S0 

IF SO, IE:SAME·KSA.I'1l!. (A VAUJE DEPENDING aN .EI...!MENT TYPE) 501..01860 

c 

L.Sn"fp·O 
PRINT· P~E 
HEAD • P ALBE . 
NEWK·. FALSE 
NEl1'IT·mu.rr 
00 150 1El1oIO·1,NEl.M't' 

150 CA'LL EULIB 
.. {4,U3T'iYP ,PRINT ,IREL,HUD,NAME,EESE,EPSE,DAMJ.CE,DUCFAO, 
" IEl..J>.IO, IEl.DOF, XCDOF, PGECI"1, RINPUT, A.JUAL, IZDDSP, I ZDLOA, f1STOR 1 

C· ••••••••••••••••••••••••••••• - •••••••• "' •••• 
C· ZERO STIFFNESS CHAl'ICE Ft..AGS IF EUSTIC ••• 

C············································ 

c 

IF (ELS71C) 'THZN 
NE.'WK· . FALSE . 
XSAME·o 

ENDI. 

c································· .............. . 
C· DETEJllo11NE IF 'KG IS TO BE UPDA.1'ED BASED ON ••• 
C· CH)JIlOING £u:MEN'l' AXIAL 1'0JlCE 
C· ............................................... . 

IF (KGLOA.D EQ 2.) 1'HEN 
NE'loIKG·. TRO'E 
IP (NCOND.O'T.O) NE'WK·.TRUE. 

ELSE 
NE'WKG· P.u..sE 

5OLOJB'10 
ooLOJBBO 
SOL.OJ890 
SOL03900 
501..03910 
SOLOJ920 
50L0J9JO 
SOL03911.0 
501..03950 
50l"Ol9150 
SOL03970 
SOL03geo 
SOLO)5l90 
501..04000 
SOL04010 
SOL040:010 
SO'[.0'030 
501..04040 
SOLOII.050 
501..011060 
SOl..Od070 
50L.OtOBO 
SOL04090 
SOL04100 
SOL04110 
501..041,0 
501..04130 
SOl"O'ldO 
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tNDIF SOL04.l50 
C SOL04.l6 0 
C············· .. •••••••••••••• 501..0111.110 
C· REPEAT STEP IP NESSAR.Y ••• SOL.OU BO 

C·· .. • .. •••••••••••••••• .. •••••• SOLO. 190 
C IP ~ EI...EM!m STIPPNESS CH.ANCE DICTATED THAT THE STEP BE REANALI'Z.ED, SOL.Ot200 
C REPORXUI...ATE THE STIPPN'ESS AmI REANA.LIZE SOL04:010 
C THE V,J,RIABLE REPEAT IS SET UP TO SUPRESS THE REAN.U.IZING 01' .\ STEP50L.04:o120 
C CURENTL'!', EACH STEP MAY CItlLy BE REAl'olALI'Z.ED ONCE, THIS PREVENTS 5OL.04i130 
C AN ENDLESS LOOP. SOLQ4.240 
C 5OLOII.~SO 

lF (XSAME.NE.O AND. REPEAT) THEN SOL04il60 
REPEA.T· FALSE. SOUlHiO 
GO "1'0 100 SOLO'UO 

E:mlIF SOL.OIIo290 
c 
C······················ .. ·· 
C· 50LVE PaR RUCTIONS .... 

c· .. ·•••••••••••• .. •••••• •.• 
C RfACTIaNS AllE DUE TO IN'l'lirnAL M1!KBE:R FORCES 
C 

c 
c-

c 
c-

c 

!P (BUGS) WRIT'!~lol,·)'··' CALC REACT·K·X' 
CALL REAC"TN(2,BUG5,NNCDE,Ll,lA,L5,Ui,DLOAD ,DOISI' 

" HI) ,STIFF ,!1D(NDOP),NDOP,1,1.0, 
" MA.X}IICD,IDOP,COORD ,ID,TITLE,S1'EPID,.PALSE. 

NCOS, COSINE, JTCOS, JTFL.ll, DSUoGC) 

GET SUMMA.TICIN OP ltEAC"l'IClNS 
CAl.J... REACTN(3,BUGS,NNaDE,i...l,lA,LS,L6,DLOAD ,DDISP, 

" I'(DKG ,KG ,HDXG(NDOP),NDOP,l,l.O, 
" MAXNOD,ID01',COQlID ,ID,rI'l'l...E,STEPID, .PAl....SE 
" NCOS, COSINE, JTCOS, JTPUl, DStlMRCl 

GET Suov.TI aN OP REAC"l'IONS DUE TO UNBAl...ANCED LOAD 
IP I. NOT EUTIC) 

" CA.LI.. REAC'I'N(J,BUGS,NNCDE,Ll,lA,l...S,L6,DLCAD ,DDIS"P, 
MOxa ,KG ,I'(DJCCINDOP),NDOP,1,1.0, 
MAXNCO,IDOP,CCXJRD ,ID,1'I1'LE,STEPID, PALSE., 
NCOS ,COSINE, JTCOS,JTF1..G, SlJoruB) 

C·· ............ ~ •••• ~ ............................................ . 
C· SOLVE fOR INCRIHE:NTAL cECKETIUC STIFFNESS FORCE, DPG ... .. 

c··············· .. ··· .. ·········· .. ····· .. ·········· .. ····· .... . c 
c-

c 

INCRIK£N1'AL GECHETRIC STIPP'N'ESS PaRCE 
IF (KGf'ORM.EQ.2) nlEN 

IP (BOOS) WRl'l'E(lOB,"f '". INO,IMENTAL POilCE DIJ'E TO KG 
CA..U... TMPL'i'(BUGS, .TRUE ,IMD,L4,W,L4,L3,lA, 

MOXG, KG,DFG, DDISP) 
SCAL.E PaBCE TO tNLCUDE GROUND ACCEI.D..\TION 
DO ISS! [·W,LIII. 

159 DFc(If· !l+PZ) rDPO( I) 
ENDIF 

c· ..................................... ~ •••••••••••• 
C .. SOLVE Pes. lNO.lMEN'l".u. DAMPING PCRCi!. DPDAMP ••• C·············· .. · .. ...... ~ .......................... . 
c 

c-
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IF (BE'l'A.NE.O) THEN 
INCRlHE:NTAL DAKPING PaRCE DUi' TO STIPFNESS 

IF (BOOS) WRI'l'E(lOB,") 
, •. DAMPING PClRCE/REACl" DUI! TO S"T'II'FNESS' 
CALL TMPLY (BUGS, . TRt1E., Ii'ID, l..6, L3, 1..4., W, L4, 

MD, STIPF, DPDAI1P, DV'ELl 
CAI..L '['MP1..Y(BUGS, TRUE.,Il"ItI,l..6,L5,Lli,Ll,U, 

MD, STIFF ,DPDAKP,DV'ELl 

lNOIKEN"!'AI.. DAMPING 'PaRCE DU'E TO lCG 
IF (]CGP02!1'. EQ. 2) THEN 

IF (B005) WRITE(loe, oj 
. DAMPING PORCE/REACT DUE TO XC; 

cJJ.J... TMPL.Y!BUG5, .'T'RUE. , IMIl,Lfi ,L.J,l.4,L3,lA , 
MDKG, XG,WORX,DVEL) 

c.u..L. 'l'1'fi'LY(BUGS, .TRUE.,IMD,Ui,LS,Ui,Ll,lA, 
!'mKG, KG,WORX,DVEL) 

DO 15& I·W,L.6 
DPDAJ1P(I)·DFOA!1P(I) ·WCRX(I) 

ENDIF 

'. CALC SLJot OF STIPFNXSS PROPCl!:TIONAl.. DAMPING aUCTIct.lS 
CAU.. RE.AcrN i 3 ,BUGS, NNCOE, L1, L..4 , 1..5, us , OPDAMP, DVEI.. , 

, MDMS ,!'tASS ,HDM5(NDOF) ,NDOP,l,l 00, 
MAnIOD, IDOF ,COORD ,ID, 1'ITLE, STEPID, . P1J...SE., 
NCOS, COSINE, JTCOS, JTPLG,DSlW'D) 

SOLOdJOO 
SOL04J10 
SOL.OIIoJZO 
SOLOIIoJlO 
SOL04J'0 
SOL.OIII.JSO 
SOLO III. 3 IS 0 
5OL043'70 
50L04JSO 
SOL04390 
SOl,,04400 
SOLQU10 
SOUlU ilO 
S01..0U30 
SOLOUdO 
501..044150 
60LOU60 
SOLOU"lO 
SOLOUEO 
601..041190 
501..04500 
601..0 liS 10 
SOLOliS20 
SOLOli530 
SOLOIII.5 III. 0 
SOl....O&S50 
SOL.OIIo560 
SOLOII.510 
SOLO.SBO 
SOLUS90 
SOLOIII.EiOO 
SOL.O.Ei10 
SOL.046:010 
5OL04630 
SOL0415.0 
501..041550 
501..041560 
5OL046"l0 
60l,,04690 
SOLOli690 
501.0111.100 
SOLO,110 
SOLO,i 20 
5OLOd1l0 
501..0010'711.0 
SOI..Od'750 
SOLOIil. '76 0 
SOl.04'7 '7 0 
SOL04'7BO 
SOL047510 
SOL04BOO 
SOI..04810 
SOL04e~0 

SOL04B30 
5OLOIII.UO 
SOL04&50 
50L04BIS0 
SOLOIII.B'70 
50L04UO 
5OL.OU90 
SOL.04900 
SOL04910 
SOL049i10 
5OL04930 
901..049010 
S01..04950 
001..04960 
SOl,,04910 
801..04980 
50LQ4.990 

' ..... I1Ul:fIPLY BY BETA 8OLQSOOO 

c-

c 

I" 
101 

DO 160 1·1,6 SOL05010 
DSlXPD~I)·DSlJlo!P'D(ll·BETA SOL050Z0 
IP (BUG.S) WRITE (lOB,") 'I, DSUMl'D(I) ,BETA', I ,DS1l!o!PD(I) ,BE"t'A SOLOSOlO 

DO 161 I·U,lA SOLOSO'O 
OPDAHP(I)·DP'DAMPII)"BE'TA SOLOS050 

<NIlIF SOLD5060 

IF !Io.U'HA.NE.of THEN 
INOlIHEN'l'AL DAMPING PCI!.C'E DU'E TO MASS ... 

IF !BOGS) Wi.ITE(10B,") ' •... DAMPING FORCE DOE ']'0 ,"",5151 
DO 1n t·Ll,Ui 

WQRX(I)·o .00 
ClJ..L 'I'MPLY(SUGS, . PALS!., IMO, U, U, 1..4, U ,lA, 

l'IDMS,MAS8,WORX,D'iJ'EL) 

•••.•• CJ..I..C SUM OF PD 
CllL REAC"I'N(l,BUG5,NNODE,Ll,L2,W,L.',~alt,DVE.L , 

HDHS ,HASS ,MDMS(NDOP~,NDOF,1,1 00, 
MAXNCID,IDOF,CCORD ,ID,TI"rLE,ST'EPID, 1'1oJ..SE., 
NCOS, COSINE, JTCOS, JTFLG, TStJ'H.) 

.... MULTIPLY BY AlJIHA ADD TO PREVIOUS SlkI 
IF (DE'l'A NE.O) THEN 

SOLOS0'70 
SOL050BO 
6OL05090 
50[.05100 
SOL05110 
SOLQS120 
SOLO 513 0 
SOLD 5 140 
6OL051S0 
501..05160 
SOLOS170 
SOL05UO 
SOL051S10 
601..05200 
SOLOSHO 
501..05220 
SOLOSZlO 
SOL05HO 
SOLOS~50 
SOLOSZlSo 
SOL05~70 

50L.05~ BO 
S01..05i190 
5OLOS300 
501..05310 
501..05320 
SOL05J30 
S01..05340 
SOLOSJSO 
SOL05360 
SOU!5l10 
SOL053BO 
SOl..05390 

'" 
167 

'" 
'" 

DO lEiS I·U,L4 
DP'tlAMP l I) ·DPDJJIIP(If .ALPHA·WClil.:/( I) 

DO lEi'7 1·1,5 
DSUMFD(I~·OStlKFD(I~ ·TSlJM(I) "ALPHA 

'LS' 
DO UB I·W,L4 

DFOAKPi I) ·ALPHA"WQRJ( (I) 
DO lEiEi 1·1,15 

08tl'MPD( I)· '1'Stl'I (1) rALPHA 
<NIl IF 
IF (BUGS) IofRITE(10B,-) 'DSUMFD' ',DS~ 

ENDIF 
IF ('BtlcJ5) TitEN 

DO 169 I·U,LEi 
WRITE IIOB,') • I', I, 'DYOAMP' ,DPDAMP (I) , 'PDAMP' ,TP'tlAHP (I) 

ENDIF 
501..0501000 

c················· .. ····················· .. SOL05d10 
S01..05~ 20 
501..0511.10 
SOLOSHO 
50L0511.50 
SOLOS 110 60 
501..0501010 
SOL054BO 
50L05111.90 
SOL05S00 
SOLOS510 
SOL0552.0 
501..05530 
SOL05540 
S01..055S0 
SOL05560 
5101..05510 
SOLOS5E10 
SOLDSS90 
SOLOS1500 

C· CALC AND ENEROIES A.ND DOC"!'lLI'l'IES ••• 
C· •• •••••• ~ .............................. . 

c
c 

c
c 

WRITO· I9JD(ISTEP,IPRNI') .EO.O 
HEAD • WR.ITO 

IF IHB.ADf WRI'l'E(10B,250) TITl..E(1),TITU(2),' ',IS'I'EP,STEPID 
IF I SU1ASS) THEN 

ENERGY PORHULA"!'ION WITH SPECIAL LCA.DING MASS 
BASED ON APPLIED LOADING 

CALL ENERGY (1..1, U,L3, lA, l..6,KAXNOO,NCOS, BUG1I, 

. 
ELSE 

IHDMS , MDJofS , TlUlE. ,WRITO ,MASS, EIE, ESE,PSE, EKE, EDD, 
ALPHA,BETA, X01'ORM,NElX!', NNQDE,D1', SUMUB, Su-mC, 
DSUHRC, SUOIJI'O, DSUMFD, TFDIoMP, DF'DAMP, ZoEllO, GIl, GO, ZERO, 
G>n ,GOT ,waRK,WORK(LIS·ll ,FG, DFG, 'DACC ,DVEL,DDISP, ACC, 
VEL, DISP, LOAD, DLaAD, lOOP, JTPLG, COSINE, JTCOS) 

ENnGY FCJUoIULATION WITH/O SPECIAL LOADlNC MASS 
BA.SED ON GR01.1ND MOTION 

CALL ENERGY 11..1,1..2, Ll, L..4, Lli,MAXl'oIOO, NCOS, BOOll, 



c 

· 
IMDI'lS,I'ItIMS, .TRUE ,W'RITO,~S5,eIE,E52,P5E,EXE,2DD, 
ALPHA, BETA, KG'FCRJoI, NEUIT, NNODE, 01', SUHUB ,SlJoIRC, 
DS~C, 9~FD,DSUM:FD,TYDAMP, DPDAMP,GA,GV, GO, GAT, 

· I!NI)IP 

GVT, GOT, WOi.J:, WOiX (1..6 ·11, PG, DPG, D.A..CC, ova, DDI 5P, ACC , 
VE1..,DISP, ZERO, z..ERO, IOOF ,JTFLG, C05INE,JTCC5) 

EIEH ·AMA.Xl (SNGLU!IE) ,EIDt ) 
ESEH ·AHAX1 (SNGL(BSE) ,ESI!21 ) 
P5D4 ·AJoI.JJCl(SNGL(PSE),PSEH. I 
£Kll1 ·AXA.)(1(SNOL(BJa!:),EltEl'l ) 
EDDM ·AMAXl(SNGL(EDDf,EDDM ) 

c·· .. ·· .. ········•··· ........ ·· .. ·······················.·· 
C· GET TOTAl. ~UJBA.L LOAD, DISPL, VEUX: ~ "eCEL ••• 

C·· .. ··············" .... ••••••••••••••••••••••••••••••• 

)G, 

c 

DO 3io r·l,NOOP 
ACCII) • DACe(I) ACC(l) 
VEL(!) • DvtLII) VELIl) 
DISP(I) • DOISPII) 'DISPII) 
LOAD(I) • DLOADII) 'LClA.DII) 
TFDAMP(I)· DPDAMP(I)' , TFDAl'G'(I) 
FG(I) • DPG(I) • PGI I) 
IF (ABSI ..... cCIII) GT.J.8SIACOi.U(I)I) 
IF (ABSI VEL(I)).GT.A.liS(VElJ!1AX(I))) 
IF (ABS[OI5P(II) GT.ABSIOSPMAX(I))) 
IP IAB5(LDAD(I)).GT.ABS(RCT11AX(I)I) 
DACC(I )·0.00 
DVEL(I)·o 00 
DOISPII)·O.OO 
DPDAMPII)·O.OO 
DLaAD(l) ·0 00 

00 )09 1·1,6 
SUMRCII) • DS\.lIOCII) • SUMRCII) 
51.lMPD(I) • DSUHPD(I) • Sl!MFD(I) 

ACo-t.U(I)· ACCIII 
vtI..l"Wl (I)· VEL(I) 
DSPMA>: II I·DISP I II 
RCTMAJ! (I)·UlA.D II I 

SUMF'OlI:· SQRT (SUMRC (1) '·2 ·SUMRC (2) .. 2 "SUMRC ()) •• .,) 
SlIMMC'JoI·SQRTI SUMRC (4.) •• ., 'SUMRC(5)"''' 'SUMRC(6) ·.2) 
Sl.!MMPO·HAJ( 15UMPCIR, SlM'IFO) 
S1JIo\IIIMO·MAX 15l.1Hl'1CM, 51JMMlo1O) 

c····· .. ·· .. · .... ···· .... ··· .. ······························· ........... . 
C· PRINT TOTAl. GUJBAL OISPt.ACEMEN'I'5, vELOCI1IES, ACCELERATIONS ••• 

c····················································· ........... . 

c 

IF (WRITO) THEN 

· · £NDIF 

CALL JOIDSP (1 ,MAXNOD,NDOF ,NNODE, 1, tAo, 10, lOOP ,OIsT,DISP, 
TITLE, 'DISPt.ACEImtl'S', STEPID,. TRUE , 
NCoa, COSINE, JTCOS) 

CALL JOIOSP 11 ,MAXNOD,NDOF,NNODE, 1 ,L4, 10, lOOP, ~ST, VEL, 
TITLE, 'VELDCITIES' , 5TEP 10, . TRUE . , 
NCOS,COSIN'E ,JTCOS) 

CALL JOIDSP (1 ,MAXNOD ,NDOF,NNaDE , I, ["4, 10, IOOP,OIlST ,ACC, 
TITLE, 'ACCELZRATICINS' , STEPID, . TRUE. , 
NCOS,COSINE ,JTeOSI 

c·············· ...... · ................. . 
C· PRINT TOTAl. GLClBAL REACTIONS ••• 
C················· ................ . 

c 

CAI.J... REACTN(),WRITO,NNODE,["l,LA,L.S,["6,LOA.D,.A..CC , 
" JoIIlloIS ,!iA.SS ,MOMS INDOPI,NDOP, 1,aNE, 

KAXNOD, IDOF ,COORD , 10, T ITI..E, STEPItl, . TRUE., 
" NCOS, COSlNE,JTCOS, JTFLG, SUMRC) 
IF (WRITO) IofRITE(108,313) SIJM]i'CIR,Sr.JIoIMO'I 

313 FOllHA1' (In, 'RESULTANT OP REACTIONS, PORC.E··,lP,G1~.4, 
" ' HQ1ENT·',G124) 

DO Jll 1·1,6 
J·NDOF+l 
IF (ABS(SUMRC(I)) .G'1'.A8S(RC'!MAX(J))) RC"I'M..A..X(J)·SUHRC(I) 
CONTINtTE 

c············································· 
C· CALCULATE AND PRINT TOTAL MEMBER PORCES ••• 

C·············· .. ·· .. ··························· 
I..S1LYp·o 
IP (IIffiITO) TH~ 

PRINT·. '!'RUE. 
HEAD·. n.\.JE 

EUlE 
PRIm· FALSE. 
HEAD ".FAl..SE. 

1!NI)1P 
DO 300 IEUfO"l,~E1JofI' 

300 CALL ELELlB 
" (5, L.STTYP, PRINT, lREL,HEAD,NAME,iEsE, EPSE,DAMAGE,OUCF.A..G, 
" l ELNO ,IEUIOF, KGDOP, PGEQII ,RINPtrr, AlII.lL, IZODSP, lZOLQA, MSTOR) 

c 
c············· .. ····························· 
C· CALC'U1.ATE A.ND PRINT SYSTEM DOCTIUTY BA~nl: 

c·········· .. ································ c. 
c 

H20 

S'fSTEH OucrILITY IS BASED ON THAT THE PIRS'T ELEMENT REACH TO 
ITS CRITIC.A..L LOAD 
lP ( .NOT. ELSrIC) TH~ 

L..ST'rYP·O 
IF ( . NOT. DUCLOO) THEN 

P'R INT· FALSE. 
HEAD • PALSE. 
00 3140 IEL..NO·1,NELMT 

DUCP.\G·O 
C.A..l.L 2l.ELIB 
(11, LSnyp ,PRINT ,IREL, HEAD, NAME, BESE, EPSE, DAMAGE ,DlICFAG, 
IElJ«) , IELDOP, Jt:GDOF, PGEO'I, RINPUT, AlIIAl.., IZDDSF, I 'ZDLOA, MSTOR) 

IF( DUCPAG GE. 1 ) THEN 
WRITE(10B,3140) ULNa 
CA.!...[" JOIDSP (1 ,I'lAXHOD,NDOP ,NNODE, l,L4, ID, lOOP ,CNS1' ,DISP, 

Ttl'l.E,·DISPUCEMEm'S',STEFID,.F~E , 
NCoa, COSINE, JTC05) 

DUCLOO· .TRUE. 
GO TO 3130 

£NDlP 
CONTINUE 

ENDlP 
ENDlP 

501..05610 
50["05620 
50["(56)0 
50["05640 
SO["05650 
00["05660 
50["05610 
501.05680 
SO["05690 
50[,,05100 
50["05110 
50r..05120 
50[,,05130 
SOL05140 
5OL05150 
SOL05160 
5OL05110 
5OL05180 
50L05190 
50L05800 
SOL05810 
SOL058 ~O 
SOL058l0 
SOLOSB40 
SOLOS850 
SOLOs960 
SOL05810 
SOLOS8BO 
SO["05890 
SO["05900 
50L05910 
SOlA 551 ~o 
SO["OS9)0 
501..05940 
50L05950 
50LOs960 
SO["05910 
90[,,05980 
SOLOs990 
SO["06000 
SOUl6010 
5OUl60;t0 
SOL06030 
8OL060.0 
SOL06050 
SOL06060 
SOL06010 
501.060Bo 
5OL060510 
5OL06100 
SOL06110 
SOL06UO 
501..06130 
SOL06140 
501..06150 
50L06150 
50L06110 
50L06180 
50L06190 
50L06~00 

50L06~10 

50["062;t0 
SOL06~30 
SOL062'0 
50L06250' 
SOL06:il50 
SOL06210 
SOL06;tBO 
SO["06;t90 
501..06300 
501..06310 
50["o6);t0 
50["06330 
50["06340 
SOL06350 
50["06)60 
50[,,06310 
SO["063BO 
SOL06JS10 
50["06'00 
5OLOIS410 
SOLOu;ao 
SOL06UO 
SOL064d.0 
SOL064s0 
SOl.06460 
SOL06410 
SOLOUBO 
SOL06490 
SOL06500 
50[,,06510 
SOl.065~0 
501.(65)0 
5OL0654.0 
SOL06550 
50[,,06560 
SCLOI!S 5'7 0 
SOL..065BO 
5OL06s90 
5OL06600 
SOLOI!S610 
SOL06620 
SOl.06630 
SO["0664 0 
50[,,06650 
SO["06660 
50L06610 
50L066BO 
50L.06690 
SOL06100 
SOL06110 
SO["06120 

l140 PClRM.A.T (' SYSTEM OI5PL..A.CEJoIDIT ( PIRS1' EL..EMENr REACH TO OITlCAL',SO["061l0 
["OAD'/ SO["05140 
••••••••••••••••••••••••••••••••••••••••••••••••••••• ' ,50r..061SO 

' •••••• / 00[,,06160 
•• ELEtmn' ',IS,' PIR9T REACH TO CtITIC.A..L l...OAD '.') 50["06110 

c 
c 
c· .. •• .. ••• .... ••••• .. •·•···•••· .. •••••••••••••••••••••••• .. · .•• 
C· CA.LClll..AT'E AND PRIm' DUCTIl..ITY AND EXCURSION RATI05 ••• 

c····················································· ... 

312 

LSn'fP·O 
IF (WRITO) THEN 

PRINT·. TlUJE 
HEAD· TRUE 
DO )12 IELNO·I.,NElliT 

CALL ELELIB 
(11, LST1'YP, PRIm, !REL, HEAD, NAME, EESE, EPSE, DI\I'lA.GE, DUCFAG, 

& IELNO ,IEl.I)OP, KGDOP, PGE01, RINPUT, AXIAL, I WDSP, I 1.DLO~, HSTOR) 
£ND1P 

c····················· ........... . 
C· WRITE D.\1'A 'r0 OUTPUT FILES ••• 

C································· 
IF (IWRITE GT O.AND !1aD(IS'TEP,Ift'RITEI.EQ.O) CAl..J... 

DI1PDAT(2,IWRI'l'E,TO,DT) 

DO HO I·1,tmoP 
IP( ABSIDISP(IIJ .LE. 300 ) GOTO 390 
IoJRITE(108,') , DISP{',I, 'I GREATER THAN )00. PROGRAl't STOP' 
GO 1'0 5000 

390 CQN'l'IN1JE 

500 CQN'l'INUi 

5OL061 BO 
SOL06190 
SOL06aoo 
SO["06S10 
SCL06820 
SOL05930 
50L06UO 
50[,,05850 
50L06B60 
SOL015810 
80["05890 
SOL06no 
50L05900 
50[,,015910 
SOL06920 
50[..05930 
SOL06940 
SOL06950 
50L06960 
SO["069'70 
5OL06980 
SOL06990 
SOL01000 
SOL01010 
50[..01020 
50[,,01030 
50["01040 
50L.01050 
SOL01060 

94 

c·························· .. ••••••••••••• 50L070'70 
C' PRINT I'IAXIl1tRo! Gu::&\L DISPL..A.CEMENTS ••• SOL.0'7080 

C········································ SOL01090 
5000 S1'EPID·' , SOLO'7100 

I5TEP • 0 50[,,07110 
OIRlTE(lOB,2511 iITt..E(l) ,TnLE(~) SOL07UO 

251 PORMAT 1'1 STROCTUlI.E .... ',A,I' SOLUTIOI'll. ',"",1/ 50LOH30 
" MJJI'IHUN VAUTES POll. ALL STEPS 'I SOL01140 
" ................................ ) SOL071S0 

CALL JOIDSP (2,KAXNOD,NDOF ,NNODE, 1, L4, ID, lOOP ,CNST ,DSPHA.X, SOL01160 
'- TIl'LE,'H.UIMlJM DISPu..CD'lEN'TS',S'I'EPID, FALSE., SOL07110 
"NC05,eOSHrE,JTCOS) SOL071BO 

WRIT2(10B,251) l'ITl..E(1)·,TITLEI2) SOL0'1190 
CALL JOIDSP ( Z ,MAXNOD, NDOP, NNODE, 1, LA, 10, lOOP, OIST, VEU9.JC, SOLO'1 ~ 00 

" iITLE, 'H.\XIMlIM VELCCITIES', STEPID, PA.LSE , SOLQ'1HO 
"NCOS,COSINE,JTCOS) SO[..0'12:1.0 

WRI12(10B,2SI) TI't'LE(1),'rITLEI2) SOLOH30 
CALL JOIDSP (2,MAXNOD,NDOF,NNODE, l,L4, 10, IDOP ,CNST ,ACCliAX, SOUl1HO 

" TITLE, '1'L\XIMt.1M ACCELERATIONS' ,STEPm, PAt..SE., 50LO'12SC 
NCOS ,COSINE, JTCOS) SOUl'1260 

e SOL.0'?;i10 
C············· .... ····················· SOL072.BO 
C· PRINT MAXIHtl'I Gl...CIRAL REACTIONS ••• SOLon90 
C················ .... ·················· SOL01JOO 

WRITE(lOB,2S1) TIT1...E(l),TITLE(~) SOLO'7JIO 
DO 5100 1·1,6 SOI...01320 

SUHRC( II ·RC"'!'M.\X [I·NDQP) SOlA1330 
5100 COm'INUE SOL01340 

CALL REACf'N (', .1'1HlE . ,NNC1DB, Ll, 1..4, L.5, L6, Rcn-t.AX, DSPt1.A..X, SO["013 5 0 
MDH5 ,!iA.SS ,MDKS(HDOF),NDOP,l,ONE, S01..01360 
MA.);NCXl, lOOP ,COORD ,ID,'l'ITl..E,STEPID, .PALSE., 90[,,01310 

" NCOS,COSlNE,JTCOS,JTFLG,Sl..ItOC) SOL01JSO 
WRITE(lOB,5111) SlMIPO,S!.JII1o!O 90LQ1390 

5111 POllMA'l' (/U, 'MAlIIMtJoI RESI.J1..TANr OP REACTIONS, PORCE··,lP,G12.4, SO["01400 
" • MCMENT·' ,G12 .41 50[,,01410 

C SOL01420 

c·· .. •••••· .. •••·•·••••••··••·····•· SOL014JO c· PRINT MAJLIM~ MEMBER PORCES ••• SOL01440 
c································· SOL01450 

LSTTYp·O SOL01460 
PRINT· TRUE. SOUl1410 
HEAD •. PALSE. SOLOH 80 
WRITE(106,2S1) ·TITI..E(l),TITLE(4) SOLO"510 
00 5100 IELNO·l,NELMT SO["01500 

5300 CALL EULlB 50Ul1S10 
" (12,LS'ti'YP ,PRINT,IR!L ,HE.A.D,NAI1E,EESE,EPSE,DAMA.GE,DUCFAG, S01..01S20 
" IE~ ,IELDOP,1':~OP,POECI1,RINPl1l',.AJ(IAL,IZDDSP,lz.I)l..QA,MS1'OR) SOUl1Sl0 

C SOL01540 

c··············· .. ········ .. ··············· .. ·· SOL01550 
C· MEMBER DrJCTILITY AND EXCURSION RATIOS ••• S01..01560 
C································· ........... SOUJ1S"0 

5)10 

c 

IP ( NOT. ELSnC) THEN SOLO'7SBO 

· £NDlP 

LSTTYp· 0 SOLO'7S 90 
PRINT·. TItUE. 901..0'7600 
HUD •. PALSE. S01..0'7610 
WRITE(108,2Sl) TITLE(l) ,TrTLE!;t1 SOUl1620 
DO 5310 IEUlO·1,NELHT SOUl'7630 

C.\L.L ELELIB SOLO'7640 
(11,["S'T'fYP,PRIm,IREL ,HEAD,NAME ,EESE,EPSE,DAKAGE,DUCPAG, 5OL..O'16S0 
IEUW ,IELDOP, XGDOF, POECI'I ,9 INPtrr , AlIIAL, IZDDSP, lZOLQA, KSTORJ 5OLA'7660 

SOLO'7610 
SCL0'76BO 

C·············· .. ··· .. ······ .. ·· SOL0'7690 
5OL0'7"00 
SO LA '7" 10 
SOLO'71 ~O 
SOLO'7"lO 
SOL01"f.0 
SOL01"50 
5OLO"'60 
50L0'7110 
SOUl'71&0 
SOLO'7190 
SOL.01BOO 
50L01810 
5OL01820 
5OL018)0 
5OL01840 
SOLO"8S0 
SOL01B60 
SOL.018'70 
5OL018 BO 
5OUJ7B90 
5OLQ7900 
SOL07910 
SOL079~0 
SOL079l0 
SOL01940 
501..07950 
5OL07960 
SOL07910 
S01..07910 
SOL07990 
5OL08000 
501..08010 
9OL080;t0 
SOL08030 

C· PRIm DAHAGB INDICIE8 ••• 

c···························· 

c 

· · 5320 

IP (.NOT. ELSTIC) THEN 
L.STT'fP·O 
HUD •. P.AI..SB. 
PRINT·. TItUX 
W1UTE(10B,2S1) TITLE(1) ,TITLEI~f 
OAI'tA.GE·O 
DO 5l:l0 IEu.o-l,NEl.JoJ'l' 

CAl.J... .E!l.ELIB 
(14,LS'I"TYP,PlIUrr,IREL ,HEAD,NAl'IE ,EESE,EPSE,EDAM,DUCPAG, 
I EIB:I, I ELDOP , 1':I2>OF, PGEQo!, RINPtn', AXIAL, ItDDSP, I ZDLa.\,HS"J'OR ) 
DAMAGE·D.AMAGE· EDAM 

IF( (ESIl'PSE) .EQ. 0 ) RE'l'UR.N 
DAMAGE·DAMAGEI (ESE· PSE) 
WRITE(lOB,5l30) DAJIlAG'I! 

S3l0 PORHAT 1!10X,'5ntOCTURE DAMAGE INDEX·',IP,G15 5) 
ENDlP 

C···························· 
C· PRIm PEAX ENERGY INFO .... 

C······················· .. ···· 
WRlTE(10B,251) TITt...E(1) ,TITLE(:l) 
WRITE (lOB, SHO) EI'EM, E5nt, PSEI'I, EltPl<!, EDDM 

S34.0 FORMAT (' PEA.X ENERGY VAU.lES ' lIP, 
HAJI INPUT ENERGY.. . .. ·,Ola.5/ 
MAX ELASTIC STRAlN ENn.G'f .... ·,GIJ.S/ 

", M.\JI pI...\STle S'l'RAlN ENZRaY .... ·,GI:l.S/ 
" MAJI lClNETIC ENERGY. . .. ' ,G12 .5/ 
'" !'tAX DAMPING ENElIG'f .. ' ,G12 .5/) 

250 f'ORXAT r' 1 STRUCTURE..... " A, /. SOU1'l'lCN. . ,',11 
" 2X,A.,·,·, LCADlNG iI',IS,sX,A) 

R~ SOLOBOf.O 
END SOLOBOSO 

C JOIDOOIO 

C····,,·· .. •••••• .. ••••••••• .. •••••••••• .. ••••••• .. • .. • .. ·······················JOIDOO;ao 
C JOID0030 

c 

S~OUTINE JOIDSPI IOP1,M.\XNOD,NDOP, NNClDE,NLOAO, NF, 10, IDOl', JOlO0040 
" CaNST, Dl SP, TITLE, NAl'IE, STEPID, HEAD,NC05, COSINE, J'TCOS) JOlDOOSO 
CHARACTER~ (.) TITI..E (2) ,STEPID,w..KE: JOI00060 
CHAll.A.CTEllo1S al(6) ,EQUAL'60 JOID0010 
LCGICAL HEAD JOIDOO 90 
DIMENSION IDOP(!U.XNOD,6) ,COlIS1(KAXNOO,6) JOID0090 
DtMENSlON DISP(NOOP,Nl.CA.D) ,ID!MA.XNClD) JOIDOIOO 
DIMENSION 0 (6J ,G (6) ,COSINE (),) ,NeOS) ,JTCOS (M.A.XNOD) JOIDO II 0 
DATA EQUAl. JOIDOI;tO 

" /' ••• "" ......................................................... ' /JOIDOIJO 

m..DI·HIN (LEN (NAME)·1 ,60) 
NC·l 

JOID0140 
JOIDOl50 
JOIDOl60 
JOIDOl10 

C··················· .. ·········· JOID0!90 
JOID0190 
JOID0200 
JOID0210 
JOID02:l0 
JOI002l0 
JOIDOUO 
JOID0250 
JOIDO.,60 
JOlD0210 
JOlOO2.BO 
JOIOO~90 

JOIDOlOO 
JOIDO)lO 
JOID0320 
JOID0330 
JOIDOHO 
JOIDOlSO 
JOIDOJ60 
JOIDOl'70 
JOID03BO 
JOID0390 
JOI0040C 
JOI00410 
JOID04Z0 
JOID(4)0 
JOI00440 
JOID04s0 
JOID0460 
JOID0410 

C· LOOP POll. EACH LOAD CASE ••• 

C······························ 
C 

DO 300 L·l,NI..QAD 
NDSPI..S·O 
IP (.NOT.(NCaS.EQ.l .AND. COSlNE(l,I,l) EO.1 .J.ND. 

COSINE(2,;t,l).EQ 1 AND. COSINEIl,J,l).EQ.l) 
A:ND. IOPT.£O.2. ) GO 10 310 

C································ 
C' PRINT GLOBAL D1SPt.\CEMEN'l'5 ••• 

c································ 
C NOTE:DISP MAY CONTAIN DISPL...ACEMENTS, VELOCI1'IES, ACCELERATIONS OR 

EICrnvAUJES 

c 
c. 
c. 

A.l..J... OF WHICH Al'l:E PRINTED OVT A.T EACH NODE 

IP (HEAD) WRITE(10H,J10) TITLE(lI,TITLE(2) 
IP (IOPT.NE 21 WRITE(10B,31S) NAME,L,STEPID,EQUAL(l:N1...EN) 
IP (IOPT.EQ 21 WRIT1!(lOB,IllS) NAME, EQUAL(I NI..EN) 
DO 100 I·l,NNODE 

nANSFD DISPL ro l...DCAL VECTOR 
DO 20 J'l,6 

U·lDOF(I,J) 
DIJ) ·DISP(IJ,L) 

ADD ROTATIONS TO D1SPL POR CONSTlU.IN1'S 
IF UNCONSTIt.AINED, CONS'I'II,J)·O 

0(1) • D~ll • D(S)'CONSTII,)) • D(6)'eONST(I,5) 



c 
c. 

c 

" 

0(2) ·0(2) • O{&)*CONS'T(I,l) .0(6)·CONS'T'(I,6) 
0(31 • D(J) • 0(4)·CONST(I,2) • 0(5) "CONS'T(I,Il) 

Tll.UISFER 1'0 GLClBll DISPLACEMENTS 
JCOS·JTCOS (I) 
DO 25 Il·I,J 

I<I·Ilq 
G( III ~O 
C(I2) ·0 
DO 25 Jl·I,J 

J2·.1l"3 
G(Il)·c(Ili 'COSINE(J1, Il,JC05)-'O(JI) 
G! I 21·G (12) 'COSINE (J1, I I,JCOS) 'D (J2) 

IiRt'r'E DISPL 
DO 30 J·l,6 
IoI'RI"I'EICD(J) ,9) G(J) 
FORMAT(lP,G14.6, I 'J 
IiRITE(lOB,2201 l'D(I),ICD(X),K·I,6) 

ND5PLS·NDSPLS-l 
100 CONTINUE 

IP INCOS.EO.l .AND. COSlNE(l,l,l) EO.l JJom. COSlNEI2,2,1l EQ.l 
" AND. COSlNE(J,J,l) EO 1 ) GO TO 300 

C ••• _0. _ •• ~ o. ••••••••••••• 0 ••• _ ••• 

Co PRINI' JOINT DISPLACEHXNTS .~. 
Co 0 0 ••••••• _ •• ~ o. __ ••••••••••••• 

C NOTE OISP MAY CClNTAIN 01 SPU.CEHEm'S , VELOCITIES, ACCELERATIONS OR 
C EIGENVALUES. 
C Au.. OF WHICH ARE PRINTED 0IJt' A.'T EACH NODE. 
C 

210 

c 

IF (HEAD).NIl. NDSPLS GT.20) WRITE(108,JlO) TITL...E(I),TITLE(2) 
IF (IOPT.NE.2) WRITE(108,316) NJ.ME,L,STEPIO,EQUAL(I:NLEN) 
IF (tOPT.EO 'lJ WRITE(109,416) t-QHE, EQUAL(I:NLEN) 
DO 2.00 1-1,NNeO! 

c .. TRANSFER GLOBAL OISPL TO L.DCAL VECTOR 
DO 219- .1 ~1,6 

c 
c. 
c. 

". 

'" 

IJ·IOOF(I, .1) 
O(J)·OISP(IJ,L) 

ADD RO'!'ATIONS TO DISPL FOR CONSTRAINTS 
IF UNCCNS"T'lL\UIED, CONST( I,JI ~O 

D(l) - 0(1) • D(5l-CONST(I,l) _ 0(61-CONS"!'(I,S) 
0(2) • 0(2) • O(4l-CONST(I, II .. 0(6) -CONST(I,6) 
Oil) • D(J) - 0(4)-CCNS'T(I,2) _ O(S)'CONST!I,41 

DO 2.30 J·l,6 
';(RIT!!(CO(J) ,9) D(J) 
IJ-IDOF(I,J) 
IP (IJ.GT.NF) CO(J) (l5:15)·'~· 

I'/IUTE 1108, 2Z1l 10(1), (CD (X), )(-1, 6) ,JTCOS (I) 

200 CONTINUE 
WRITE(10B,120) 

0300 CONTINUi: 

10 FORMAT 
2<10 FCR.MA.T 
2<11 FORMAT 
310 FORMAT 
lIS FORMAT , 

(IF,G15.7) 
(S", IS,6A) 
(5X,IS,6A,IIO) 
1'1 STROCTURE .... : ',A,/' SOUJTICJN. .: ',A) 
(//2X, 'GCS ',A,', LOADING .·,15,SX,A, / 
IX, ' ••••• ', ,,//6X, 'NODE', '1X, • 'OX', 13X, '0'1", 13X, 'OZ I 

" 13X, 'RX', 1.3)1, 'RY' ,Ill:, 'RZ'/) 
316 PClRHAT (/12X, 'JCS ',A,', LOADING .·,IS,SX,A, /lX,··-~···,A 

//6X, • NODE , ,7X, • OX', IJX, ''0'1'', I.3X, 'Oz.', Ill, 'R)I', 
50 13X, 'RY',lJX,'RZ',15X,' COSINE .'/1 

US FORMAT (//2r., 'GCS ',A/IX,·······,A/2SX, 
" • NOTE: MAXlMUH VALUES MA..Y NC1I' OCClJil. SIKULTA.m:OUSL'I' '//15)(, 
" 'NODE' , i X, • DX' , 13X, 'OY • , 13 X, • OZ' ,13X, • RX' , IJX, • RY' ,1.3 X, 'RZ ' /1 

4.16 POlU1.A.T I/O.x, 'JCS ·,A!lX,·······,A/25'X, 
" 'NO'1'E: MAXIMUM VALUES I'LlY NC7I' OCCUR SIIiUL't';uJEOUSLY·//6'1., 

'NODE' ,"X, 'OX', IJI, 'OY' ,13X, 'OZ', 11X, 'RX' ,131, 'R't', 13X, 'RZ', 
" 6X, - COSINE.' Il 

)20 POiU1AT 14X, 'N<n'E: • DENOTES A RES'I'RAINm DEGREE OF FREtDCl".I·) 

J0100UO 
.10100490 
.10100500 
J0100510 
J0100520 
.10I00Sl0 
.10100540 
JOIt)05SO 
JOI00560 
JOI00570 
.10100S90 
.10IOOS90 
.10I00600 
.10100610 
.101006<10 
JOI006l0 
.101'00640 
JOI00650 
JOI00660 
JOID0670 
JOl'006BO 
JOI00690 
JOI00100 
JOI00110 
J0100".0 
JOI00130 
JOIOOHO 
JOIOO"50 
JOIOOHO 
.101'00";0 
.10100; 80 
JOI00790 
JOI00900 
JOI00810 
JOIOOB'lO 
JOIOOBlO 
JOlO08ol0 
JOI'OOBO 
JOI'00860 
JOID0870 
JOIOOBBO 
.10100 no 
JOI00900 
JOIo0910 
JOlO0920 
JOID09l0 
JOI'00940 
.101'00950 
JOI'00960 
JOI00970 
J0100990 
.101'00990 
.1010.1000 
JOI'01010 
JOIOI020 
.10IDI030 
.10101040 
.10101050 
.101'01060 
JOIDI070 
JOI'OI0BO 
JOI'OI090 
JOI01100 
JOI'01110 
JOI'011.0 
JOI'01130 
JOI01140 
.101'01150 
.10101160 
JOI01170 
JOID1180 
JOI01190 
JOIDHOO 
JOIOHI0 
JOIDHiiO 
JOIDH30 
JOIDlaO 
JOIOHSO 
.10101260 

RETl!lrn JOIOH"O 
END JOIDHBO 

C ~F~OIO 

C··.···.··· •• •• ••••• • ••• •••••••••••• •• ••••••••••••• ••• ··················~FtA020 
C TRIANGt..t.R ~:I'TUX MULTIPLICATION ~P~030 
C I'!.AnlX A IS AN UPPER 'TRIANGU1...o\lI. I1ATRIX, VITH MAIN OI",GONAL ADDRESS ~PLOO&O 
C MATRIX MD. X IS A VC:CTCIR. p • .\}[ 'n'IFtAOSO 
C THE MULTIPLICATION IS' CAR1UED OUT FR~ ROW t:Rl TO IR2 AND FROM ~PLo060 
C COLUolN JCI TO JCiI. 'TMPL0070 
C························· •••••••••••••••••••••••••••••••••••••••••••• ··TMPLOO 80 

c 

SUBRotrrINE TI!'IPLY (P~ I NT' ,ZERO, IMD, N, IR I, IRa, JCl, JC2 ,HD, A, P, X) TMP[.0090 
DIMENSION "iIMO) ,X(N) ,P(NI ,MD(N .. II TMPLOIOO 
LCGICAL PRINT,ZEJl.O TMPLOI10 

IJII I,J) ·MDIJ)"J·! 
IF (PRIN'T) THEN 

WRITE (109 ,500) ·TRIANGtn..A.B l'fULTIPLACATIClN', 111:1 ,IR2,JCl, JC2,N 
CALL t...MA.TRX(A,I'ID,N,I'ID(N+l) , 'MATRIX A') 

!NIl1? 
ZERO P •. 

IP (ZERO) THEN 
DO J<lO J·IU,Iltii 

320 P (J) ~O 
!NIl1? 

C· . _ ... _. MULT IPL'I' TERMS .\BOllE AND INCLUDING THE I'lAIN DIAGONAL 

TMP[..Ol:lO 
THPLOUO 
T'I'IPLD1CO 
'n"IPLOlSO 
'T'MPL0160 
'I'I'IPLOl"O 
'T'MPL0180 
THPUl190 
TMPLOilOO 
nlPLOillO 
lMPLOil20 
'!'MPLOillO 
TMPL0240 
TMPLOilSO 
TMPLOao 
THPLA270 
TMPLA:UO 
~PL0290 

TMPl..0300 
T1'IPLOlI0 
THPLOnO 
TMPLA330 
TMPLOl40 
TMPLOJ50 c 

c-

DO 20 J -JCl, .1C2 
IRC·J ·MIl(J-l) +MD(J).1 
MDJ·HD (.1) .J 
U·MA,)I(IRC,IR1) 
r;o·!'IIN(J,IR2) 
IF 112 GE.Il) THEN 

DO 10 I·Il, Iii 
P (I)oP(I) -A(!1DJ I) -x IJ) 

!!NDIF 
20 CONTINUE 

f"IULTIPLY TERMS B!lDI nfE MAIN DUGClNll TH.PL0Jl50 
DO 30 I -IR1, IR2 ')'MPLOJ70 

lRC·I 'HO(Iol) -HO( 1)-1 TI1PLOJ80 
MDI·MO(l).1 TMPLOJ90 
Jl·MAX(IRC,JCl) TMPLO&OO 
J2·HIN(I·1,JC2) 'l'MPL0410 
IF (.12 GIl . .!1) THIlN TMPL04<l0 

DO 40 J·Jl,H TMPL04JO 
40 P(I)·P(I) ~A(l'IDt-J) ·X(J) TMPL044 0 

ElIDIF 1'MPL04S0 
30 CON1'INUE 1'MPL046C 

sao FORMAT (/2X,A/,<lX,' rRI ',IS,' IR2. ,IS, 'l"MPL0410 
Ii. 'JCl:',lS,' JC2 ,IS,' N ',IS) TMPL04BO 
IF (PRINT) THEN 'l'HPL0490 

DO 515 I·nU,IR2 'rMPLOSOO 
515 WiHTE(lOS,S20) I,X(II,P(II TMPLOSI0 

Oi'RITE(lOs,-) . , TMPLOS20 
520 FORMAT (2X,'00F ',16,' X(DOF1',lP,G14.S,· A-X·P(DOF):·,G14.SJ Tl1PLOSlO 

ENDIF TMPL0540 
RETURN 'IMPLOS50 
END n4PLOS60 

C 0 E'I'HPOOIO 
C ••••••••••••• o. _. _. _ ••• _ •••••••••• ·_·· •••• 0 •••• __ .~._ ~ ~ •••••• ~_·o - •• ~ ~. ETI"IPOO::lO 
C CALC THE ENE:RaY (E) POR U('J'R.A}ISP) - P • U!"I'R.\1IlSP) - A. ' )( ETMPOOJO 
C ETMP0040 
C . MATRIX A IS AN UPPER '!"RIANGUl...AR AAiRIlC, WITH KAIN 'OIAGONAL ADDRESS ETKFOOSO 

MATRIX M!l ETMP0060 
.oaF 1.,1 TO L2 HAVE BEEN CONDENSCl) otn' ETMPOO"O 
DOF L3 TO L4 HJ.V1! BEEN MODIPIED POll. THE CONDENSATION OF' 1.,1 TO L2 E'I'MPOOSO 
DOF LS TO L.6 HJ.VE NOT BEEN MODIFIED E"I'1'IP0090 

95 

C . X IS A VECTOR. ETMPOIOO 
C . P IS A DUMMY INPUT VECTaR. ETHPOltO 
C·· •••• ~ •••••• 0 ••••••••••••••••••• _ ......... ~ •••••••••••• - ••• _ ••••••••••• E,-l'HPO 1 20 

c 
c· 

c 
c-

c 
c· 

SUBROl1I'INE En<PLY (PRINT, Ll, L:i,U, L4, l..S, 1.,6, IMO,zom,A,P, X,U, E) ETMPOIJO 
DIME!NSION "(IHD),XIL6),P(t.6),!1D(t.6+1),U(t.6) ETI!'IPO 14 0 
LOGICAL PRINT,T,F nl'lP0150 
rJI (1,.1) ·MIHJ)·J-I E'THP0160 

IP (PRIN'T) THEN 
W1HTE(10B,SOOI 'CALC ENERGY POR PARTIA.ll..Y REDUCED A MATRIX', 

Ll, L2, L3,LA,~, 1..6 
CALL l.Jo1A.TRX(A,HD,l,,6,IHO,·I'\ATRIX A '1 
DO 515 I·U,U 

S1S WRITE(lDB,5'l0) l.)I.(I),U(I) 

END" 
CALC PP" • KFP"'XI 

CALL 'TI!'IPLV(P, T, IMD, L6, LJ, U, U,L4 ,MO,A, P ,X) 

- - .. c.u..c EI • )IF' " PF" 

DO 10 L~U,L' 
10 E: 0 E ~ U(L)·P(L) 

El·E 

CA..LC PP 0 KPR "XR. 
CALl. 1'MP1.Y (P, T, IMD,L6,Ll ,lA, LS,L6,HD,A, P,){) 

ETHP01;0 
ETI!'IPOl BO 
E"T1'IP0190 

c 
c· - OJ..C PP • KPR "KR 

ETMP0200 
ETMP0210 
ETHP0220 
ETMP0230 
ETMP0:il40 
ETMP02S0 
ETMP0260 
B'TI'!P0a70 
ETMP02BO 
E"r1iP0290 
E'TJoIPOlOO 
E'I'MP01I0 
E'TI1POJilO 
ETI<POJJO 
ETMPOHO 
E"TMPOlSO 
E"I'MP0J60 
ETMP0370 
E'I'MPOJBO 
ETKF039 0 
E'I'MP0400 
ETKF0410 
I!1'MP0420 
E'THP04.30 
E'T\'IP044 0 
ETMP0450 
ETI!'IP046 0 
ETHP04;0 
E"TMP0480 
ETMP0490 
ETMPOSOO 

c 
c· 

c 

CALl. T'MPLY (F, '!', Hm, L.6,1..S, US, Ll, L6,MD,A, P, X) 

- - - CALC Eil - El " E4 ~ XF • PP _ I(JI. " FR 
DO 2.0 L·Ll,L6 

20 E· E 0 U(1.) ·P(L) 

C"-·· .-._-- PRIN'T ANSIin .. 
IF (PRINT) WRITE(10B,S10l E,!!1 

500 PORMAT (/2X,A,/::IX,'Ll:',15,' 1.,2:',15,' L3:',t5,' L4.',15, E'T\'IPOSIO 
" '1..5:' ,IS,' US", 15) E"T}I!l)OS'lO 

510 PClRKAT (/U,' TOTA.l. ENn.GY:·,lP,G13.S,· El··,Gll.5) ETHP0530 
520 PCJIUtlA.T (2.X,'OOP:',16,· X(DOF)·,IP,G14.5,· U(ooPI··,G14.51 E'TKP0540 

U'Tl1RN E'TMP0.550 
END E'T1"IP0560 

C IN'TDOOlO 
C- ~ •••••••••• - _. ~. ~ •••••••••• - -.-~ •• ~ ••••••••••• _ •• _ ••••••••••••••• _ •••• tN'!'DO 0 20 
C INTtlOOJO 

SllBROUTINE Im"DVA(NDOP,I1A.XNOD,NNOD2,TITL!!, IN'l"D0040 
" ! IOoP, 10,JTPLG,OISP, VEL,ACC , FOlICE ) IN'rDOOSO 

CCH'ION / ISPEC/l S PI, SGO (500,2) ,REACP (6) 
OIME.NSION DISP(NDOP) ,VEL (NDOFl ,ACC(I'mQP) ,A(61 ,FORCE (NDOP 1 
DIMENSION 10 (M1JtNOD) ,JTPLG(HAXNOD), tDOP(MAXNCD, 6 J 
CHARACTER- (-l TITU( 2) 
CH.o\RAC'I'ER·"O OP'!'IaN 
LOOICAl. HEAD,TES'1',FUG,BTEST 

C •• ~. 0 ••••••••••••••••••••• a ................ . 

C· INPUT INITIAL DISPL, V'EUX AND ACCEL ••• 
C·····~······· ............................. .. 
c 

HEAD· .TRUE. 
C· CONSIOER EXTERJ,IAL DEl'CIR"'-'TIClN DUE TO STATICS CASE, ISP1-l ~ •• 
C NOTE: 'RELEASE' SHOULD NOT USZO AFTElI. 'SOLOl' 
C· NEGU:C'T EXTERNAL DEPORMATION DOE TO STATICS CASE, 15FI-O ••• 
C NOTE: 'RELEASE' SHOULD USED AF'TElt 'SOLeI' 

RD.D (lOS,") ISP1 

c· 

WRIT!(lOB,*) 
IF (ISPI .EQ. 0 1 THEN 

WRITE(108,") • NCYt' INCLUDE STA..TICS CASE EXTEiUlAL DE'FORMATIONS 
II/R ITJ! ( 108, 'J • - •• ~ ••••••••• - •••••••••••••••• - •••••••• - •••• ~ •• , 

EUE 
WRITE(108,') • STATICS CASE EXTERNAL DEFORMATIONS ARE INCLUDED' 
WliI ITJ! ( lOB, ") • • •••••••••••• - ••••••• _ •••• - _ .... _ •••••••••••• ~ •• ' 
00 451 I·l,NCO? 

DISP (II·SGO(I ,::I) 
VEL(I) ·0 
ACC(I) ~O 
PORCE (1)·0 

CONrINUE 
!NOIP 

C' - - INPUT: NODE, IGEN, INC,OPTION,OX,DY ,OZ, R~,R'l,R'l. 

c 
C· 

c 
c-

IP( ISPI .NE. 1 ) THEN 
10 RUD (105,·) NCl)B,IGEN, INC,OPTION, (A (1),1·1,6) 

IP (NOOE.LE 0) 00 TO SOO 
IF (HEAD) THEN 

HEAD· .FALSE. 
JlRITB (108, 5) TITLE (1) ,TITLE ( ~ 1 

ENDI? 
WRITE!lOB," l NOD!, IGEN, INC, OPTION, ("(1),1·1, IS) 

S FORMAT ('1 STRUcrtliB... ',A,/' SOU1TI~. ',,1.,// 
INITIA.l. Ao:::'EU:R. ... TIONS, VELOCITIES OISPU,CatEN'I'S 

'AND LOA.DS '/ 

:.:::: :::::7ii ;;~7;';; 7~;; ~:i~;7~;;~7 i~7 ~~;~ 7;~;~NT' , 
" '!'4', 'TX', lOX,' TY', 10l, 'TZ', lOJ:, 'RX' ,lOX, 'RY', lOX, ·R'l.·) 

., FCRMAT (.X, 316, lX, A, lP, 6G1i1. 'l 

. DETERHlNE IP OISPUO"II!NT, V!.LOCITY, "CCE'LfRA'TION OR LOAD 
10PT·O 
IF (TES'T(OP'TlaN, 'DISPL', .PALSE.» THEN 

10P'T·IBSE'T(IOPT,1l 
ELSE IF (TES'T(OPTION,·VEL·,.FAJ..S!!.) THEN 

10PT·IBSEi (IOPT, iI) 
ELS!! IF ITEST(OPTION,·ACC·,.PA.LSE.I) THEN 

Ion· IBS2'T (tOPT, II 
ELS!! IP (TEST(OPTION,·!..OA', FAUlE.I) THEN 

I OP"I'.nSE'T (IOPT, Go) 
ELSE IF (TEST(OPTIaN, 'POR', FA..I..SE.)) THEN 

10PT-IBSn (IOn ,4) 
ELSE IF (TE.ST(OPTICJN,·END·, n.LSE.») THEN 

GO TO 500 
ELSE 

'oIiRITE(l08, ") 'INVAUD OPTtON:' ,OPTION 
GO TO 10 

!NOIF 

. - OE"I'DMlNE INTElWAL JOlm' NUl'lBER 
20 JOINT· IQUICX (NCiDE, 10, NNOOEl 

IF (JOINT.U:.O) THEN 
WRITE( lOB, ,) 'NOD!! .·,NOD!, 

• IoiAS NOT FOI.Jlo<I), CHECX INPUT, 
GO TO 10 

INITIAL VALUE IS O!'lI'M'ED 

ENOl? 

PIJI' INITIAL VALUES 1N PROPER ARR.A'I'S 
DO JO 1·1,6 

IP 1."(1) .EQ.OI GO TO ]0 
II·IDOF(.1OIN'I',Il 
IF (BTEST(JTFLG(JOINT),I~lll) THEN 

WRITE(10B,·) 'CQNSTR.-'INED DOF 1i',I,' 
EUE IF (BTEST(IOPT,l) THEN 

DISP(IIl·A( I) 
EUE IP (ETEST(IOPT,2)1 TH~ 

V!.L(II)·A(I) 
BUB IP (BTEST (IOPT,]) TH~ 

ACC(II) ·A(I) 
ELSE IP ('8T2ST(IOPT, 4)') THEN 

PORCE(II)~A(Il 

ENDIF 
30 CONI'INUE 

COMPONEST IS SKIPED' 

INTtl0060 
IN'rDOO '1 0 
IN'rD0080 
IN'rD0090 
1N'I'DOI00 
INTD01I0 
IN'1'D0120 
INTDOllO 
U1TD0140 
INTDOl50 
INTD0160 
IN'rn0170 
INTOOIBO 
IN'TD0190 
UlT00200 
INTOO~10 

tNTD0220 
INTD02JO 
INTOoao 
INT002S0 
INTOO'l60 
INTDO 2" 0 
IN'TD02aO 
INT00290 
IN'TOOJOO 
!NTD0310 
rNTDOl'lO 
INTD03l0 
INTDOJ40 
INTOOlSO 
INTDOl60 
INTt>OJ"O 
INTDOJ80 
INTOOJ90 
IN1'D0400 
INTD0410 
IN'TD0420 
IN'I'D0430 
IN'i"tlOUO 
INitl0450 
IN'I'D0460 
INTtl0470 
INTD04BO 
INTD04g0 
INTD0500 
INTDOSIO 
INTDOS20 
INT00530 
INTD0540 
INTD0550 
11'01100560 
INTD05'J0 
INTD05BO 
INTD0590 
INi'D0600 
INTD0610 
INTD0620 
INTD0610 
IN'!'D0640 
[NTD06S0 
~NTD0660 

INT'D06'10 
INT'D0680 
INTD06S10 
INTD0700 
IN'rD0"10 
IN'rD0'1.0 
INTDO.,JO 
INTD0?40 
INTDO.,50 
INTDO.,60 
IHTDO""O 
IHTDO; 80 
INT'OOHO 
INTD0900 
WTDOBlO 
INTOOB20 
INTD08JO 
INTD0840 
INT00850 
INTDOB60 
INTOOBiO 
INTOOB BO 
INTOo890 
INTD0900 
INTD0910 
INTD09'l0 
IN'T'D09JO 
INTD0940 
INTDQ9S0 
INTD0960 
tNTD0970 
INTDOSIBO 
lNTD0990 



c 
C- GENERATE VALUES AT OTHER NODES 

c 

IF (tGEN C>T.D) 'rHDI 
IGEN-IGEN-l 
NODE-NODE·n«= 
GO TO :30 

"""IF 
c-· _. - - - LOOP TO READ ADDITIONAl... V"-LfJES 

GO TO 10 
ENIlIF 

500 CONTIN1.IE 
. C ISPI-O 

C 
c· _ .. _. - PRIlIT' O\JT NON ZD:O INnI.\t.. VA-UTES 

PLAG- TRUE' 
DO 520 r-l,NDOP 

IF (DISP(I) NE,O ,DR. VEL(I).NE,Q OR. ACe(l) N'E.o OR. 
PORCE! I) NE 0 ) THEN 

IF (FLA.G) WRITE (108,510) 
~ITE(lOa,530) I,PORCElI) ,DISP(I) ,VEL(I) ,ACe(l) 
FLAG- . F.usE . 

ENDlP 
520 CONTINlJE 

510 FORMAT(I/SX, 'INITIAL, NON ZERO V,u.UES'!1X,'OOP·, 
, 1I(,'PORCE',lOl!,'OISP',11X,'VEL ,11K, 'Ace 'j 

530 FORMAT lIlO,d.G15 6) 

INnncao 
INTDIOIO 
INTDIC.O 
INTDlalo 
INTDI041) 
INTDIC50 
IN'rInOl!ic 
INTDI010 
INTDIOeD 
IN'1'DI090 
INTO 11 00 
INTDlllC 
INTDll ~o 
INTDl130 
INTD1l40 
INTDl15a 
INTDU60 
UITOlliC 
INTDll eo 
INTD1190 
INTDHOO 
INTDl2.10 
INTOlaao 
INTD1'l30 
INTDl::UO 
INTDIHO 
INT01260 
INTDlnO 
INTD12 90 
INTDl2.90 

RETURl'O !NTDUOO 
END HI'IDl)lO 

C D'I'l.OOOlO c-·· -- -.. -......... -.. -- ... -.oOoO-···-··· •• -.•••• _ •• woO.· __ ••• _ ••• _ ......... • D't LOOO ~O 
C D'tLOOO:lO 

SUE!ROLn'INE D'tLOA (IOPT, N, NDOF, m.IN, T, TL, ACCfLZ, TO, DT, CORA\I' , D't 1..000 a.o 
" I'IAXNOD, NNODE, COSINE, looF, JTFLG,JTCOS, NCOS, D'tLOO050 

TX, T't, TZ,MASS,MIl, IMD,A,MC, P, GA,GA.T) D'tU)0060 

!.,D::;ICAL FMT, ECHO,PRlm, REWIND,BTEST 
CHARACTER· BO POJU4;\T ( 2 I ,ATITLE (,,) 
REAL MASS (IMD) ,MC(NDOP, 1) 
DIMENSION COSINE IJ ,3, NCOS I, looF lMAXNOD,6) ,JTCOS (MA»lOOI 
DIMENSION TX (N), T't (N), TZ (NI, A(NA-IN), P (NDOF) , JTFLG (KAXNOD) 
DIMENSION VI (31, VOl (J), Vl (31 ,MD(NDOF+l) ,GA.(l) ,Q.T (31 

ACCELZ·O 
GO TO (100,200) IOPT 

C· •• -- •• -- •• - .............. . 

'0'11..000"10 
D'tLOO080 
OYLOO090 
OYl.OOl00 
0'1 l..OO 1 10 
D'tl..OO120 
OYLOO130 
DYLOO140 
DYLOO150 
D'tLOO160 
D't1,OO1 "I 0 
DYLOOIBO 
DYLOO190 
DYLOO200 
DYLOO210 
DYLOOHO 
DYLOO230 
OYLOO:UO 
'OYLOO~SO 
'OYLOO260 
DYLOOnO 
D'tLOOHO 
D'tLOOao 
DY~100 

DY~110 

D'tLOOHO 
0'tLOOJ30 
D't LOO14 0 
D'tLOO:I50 
D'tLOOl60 
D't 1..D03"1 0 
DVLOO31ii10 
DYLOO390 
DYLOO400 
0'1 LOO III 0 
DYLOO4::10 
OY L004J 0 
OYl..OOUO 
OYL.00450 
DYLOOUiO 
0'11.004"10 
OYLOO480 
DY1.,OO490 
OYLOOSOO 
OYLQOSIO 
DYLOOS20 
DYLOOSJO 
DYLOOS40 
DYL.OOSSO 
DYLOOS60 
'OYl.OOS"IO 
'OYl.OOS80 
'OYl.OOS90 
'OYLOO600 
'OYLOO610 
OYLOO6~O 

DYLOO610 
'0'1 L0064 0 
DYLOO6S0 
'OYLOO660 
'0'1' L006"1 0 
D'tLOO6BO 
DYLOO690 
DY1.OO"IOO 
D'tLOO"II0 
DYLOO"I~O 

D'tLOO"I30 
D't l..OOH 0 
O'tLOO"ISO 
OYLOO"I60 
'OY1..OO11 0 
DY1..OO"IBO 
DYl..OO19 0 
DYlD01300 
'OY1..00 B10 
OYLOO8010 
DYLOOB30 
DYLOOBoiO 
'OYLOOBSO 
DYlDOB60 
DYLOOeiO 
D'tLOOUO 

C· INPUT ACCELERATIONS ... . 
C···-···-···-··-··-··--.. -

c 
c-

c 
c-

c 

100 CONTINlJE 
ZERO GLOBAl. 'SASE ACCELERATIONS 

DO 101 I-I,N 
TX {I)·o 
TY (1)-0 

101 n(I)·o 

INPrJT NUMBER OF ACCEL, AMP FAt'"I'OR SC:aJ...E, AND TIME INCREMENT 
READ(lOS,"1 NA,ASCJ..LE,TO,DT,PRlttr 

INP(]'I' OIR2C'!'ION VECTORS VI AND V~ 
READ (lOS,"1 Vl,V2 

C··· - _ .. CALCULATE VJ • VI )( V2 
CALL CIIOSS(V3,Vl,V:I, 0) 

c 
c· 

c 
c· 

c-

10 , 

Z5 

... CALCULATE V2 • VJ It \1'1, AND NORMALIZE ALL V'ECTClRS. 
CALL. CROSS(V2,V3,Vl,1) 

INPUT INDIVIDUAL ACCEIDo::RAMS 
00 30 I-I,NA 

RE.A.D(lOS,·) IH,NPTS,IDIR,FMT,ECHO ,REWIND 
NP,.S·HIN(NP'TS,N) 
IF IRE'WIND.AND.IN.NE.IOS) REWIND (IN) 

IF (FMT) THEN 
READ(lOS,91) FORMAT (1) ,FORMA.T(2) 
READ (IN, FORMAT (1)) ATITLE (1) ,"TITLE (2) 

'LS' REAlH IN, 91) ATITLE 11 I ,ATI'l'LE (~) 
ENDIP 

IF (IOIR.GE.I .AND. IDIR.LE.l) THEN 
WRITE (108,10) I, IN, A'l'ITLED) ,ATITLE (2), NPTS ,TO, DT 
FORMAT (/SK,' GROUND ACCELEllTIm.l RECORD 'I 

5X,'·------·---·---·---· ... ·-----,// 
sx, 'INPUTING TRANSLATIONAL ACCEI...XRATION RECORD II', 
12,', PR01 UNIT:',I4,/,SX,A/,5X,A/ 
SK I 'THE R!!CORD CONTAINS ',16,' POINTS, " 

'BEGINING AT tII'IE:',IP,GHi.6, 
'WITH" TII'IE INCREMENT OP:',lP,GI5.6) 

ELSE 
WRITEll09,") 'INVALID DIRECTIaN:,',IDIR,' SET 0 (IOIR (4' 
GO TO 30 

ENDIP 

IF (IDIR EO 1) THEN 
ex-vI (1) 
CY-Vl (2) 
CZ-VI (ll 
WRITE(10B,5I-~) Vl 

ELSE IF (IDIR EQ.~) 

CX·V2(1 I 
CY-V2 (2) 
CZ·\I'2Il) 
WRITE(10B,92) V:3 

ELSE IF IIDIR.EQ.l) 
O:·VJ (1) 
('Y·V3 (2) 
eZ"VJ (l) 

IoffiITE(108,512) Vl 
ENDIP 

IF (FMT) THEN 

TH'" 

TH'" 

RE.A..D (IN, FORMAT (::I) ,END-2 S) (A [J) ,J·1 ,NPTS) 

'LS' READ (IN,", ENIl"J5) (A(J), J·I ,NnS) 
ENDIP 

GO TO 27 
END OP FILE WAS ENCOUNTERED BEFORE .u.L INPUT W;\S READ 

NPTS-J 

DYLOQ190 
DYLOO900 
'OYLOO9IO 
'0'1[..00920 

WRITE(IOB,261 J OY1.OO9l0 

" FORMAT 15:0., 'ONLY', !6, 0'1'1..00940 
, POINTS WERE READ BEFORE om OF FILE W;\S ENCOUNTERED'I DYLOO950 

IF IECHOI WRITEIIOB,941 (A(J),J-l,NP'!'SI 
WRITE(lOB,S!2BO) 
CALL SMAX (NP'!'S, DT, A, 'I'M>:, YMN, TI, '!' 2 ,NPTS, AVE, STDE'V ,RMS) 
T!·T}-TO 
T2·"2-TO 
'NRITEllo~,9290) 'INPUT ACCELElU.TION " 

YMX,Tl, YMN,T2 ,AVE, somE'\' ,RMS 

DO 20 J-l,NP'TS 
ACC·A(J) "ASCALE 
T)( IJI·n (J) • ;\CC·C:O. 
TY(J)·TY(JI • ACC-CY 
TZ(J) ·TZ(J) + ACC"CZ 

CONTINUE 

D'11.00~60 

30 CONTINUE! 

DYLDQ970 
OYl..OO5I80 
'0'11..009510 
0'1'1.01000 
0't1.01 0 10 
OYLOIO~O 
'OY1..01030 
DYLOI040 
DYLOI050 
DY1..01060 
DY1..01010 
0'1'1..01080 
'0'1'1..01090 
'0'1''[.01100 
'OYLOlll0 
OYl..Dl120 
0'1'1.01110 
'O'tL01l40 

IF (PRINT) THEN 
WRITE(10B,3l) 'X' 

96 

c 
c
c. 

c 
c_ 

c 
c. 
c 

c 

Jl 

so 

10 

Ioi'RITE(10B,93) ITX(Jl,J·l,N) 
WRITE(10B,lll ''1' 
WRITE(IOB,51J) (TY(JI,J-l,N) 
WRITE(lOB,ll) '20' 
WRITE(108,9J) ITZIJ),J·l,N) 
PORMAT(//5X,'GLCEAL BAse ACCELERATION IN THE , 

ENDIF 
, OIREc.-t'ION (9'-'-,) 'I 

',A, 

D'I'LOl150 
D'I'L01l60 
o 'I'LOll 7 0 
DYLOllBO 
D'I'L01UO 
DYLOIZOO 
'OYLOHIO 
D'I'LOH20 
DYL012l0 

WRITE (10 B ,9:il1ii1 0) DYLOIHO 
au.. SMA:!! (N,DT,"X,YI4X,YtoIN,T1,T2,N,AIfE,STDEV,RI'!S) 'OYLOHSO 
1'1·T1"TO OYLOH60 
T2-T2+TO DYL01:;:,,/0 
WRIT'E(IOB,92510) 'X-AXIS ACC'El..EJUTICIN ',YMlI,Tl,Yl'iN,T2,AIfE,STD'EV,RHSDYL01'il80 
CALL SMAX (N,DT,T'Y,YMX,YHN,Tl,T~,N,AVE,STDEV,RHSI DY1.012510 
Tl-TI .. TO DYLOlJOO 
T2-T2"TO 0'11.01310 
WRI'l'E(IOB,9.!OOI 'Y-;\)(IS ACCEI...ERATION ',YMlI,Tl,Y'HN,T2,AVE,STDE"I,RMSDY1..OlJ:30 
CAll SMAX (N,DT,TZ,YMX,YMN,TI,1'2,N,AIfE,STDEV,RJolSI D't1.OUJO 
TI-Tl·TO DY1.OlJ40 
T2-12"TO D't1..01J50 
WRIT'E(IOB,9:;:!OO) 'Z'AUS "CCEL.ERJ.TIClN ',Yt4JI,Tl,I"MN,T2,AV'E,S"I'tlEV,RHSDY1.01360 

CAI..CfJUTE /'lASS· COSINE MATRIX FOR EACH DOP. 
l..DOP POR DIRECTION JDIR 

00 90 JDlR-l,3 

ZERO MC !'lATRIX AND 'fa1P COSINE! 
DO 40 1-1,NDOP 

MC'(I,JDIR) -0 
10(1)-0 

!4ATRIX FOR JDIR 

CON!mtUC'l' COSINE ~TUX Faa J'OIR 
O1IT ALL OOF TKAT ARE C~STItAINED TO A MASTER DOF 

Do 50 NODE-l,NNClDE 
leas -JTCOS (NODE) 
00 50 K·I,l 

IF (.NOT. BTEST(JTFLGINODE) ,K-ll)) THEN 
rr-l00F(NO'OE, XI 
A ( II) ·A (II) "'COSINE (JDIR, X, leas) 

END IF 
CONTINU'E 

MULTIPLY MASS" COSINE MA.TRIX POR JIlIlt 
STORE IN Me ( ,JDIl!: I 

DO 60 J·l,NDOP -
I'!l).]"MD(J) .J 
M .J- (HD(J+II'MD(J) )'1 
DO 60 I"M,J 

J1C(I,J"DIR)-J1C(I,JDIRI .. MAS9(MDJ-I) 0 A(J) 
DO "10 I-2,NDOP 

HOI·MD(I) +[ 
M ·I-(HDlI+II-MD(I))-l 
DO "10 J·M,I·1 

MC(I,JDIRI·MC(I,JDIR) ~ MA.SS(KDI-J) ° A(J) 

DY1.013 "I 0 
DY1.OIHO 
DY101390 
'OYL01400 
DYL01410 
'OYL014 .0 
OYLOI430 
'OY'L01440 
DYL01450 
'0'1'101460 
o 'I'L0147 0 
0'l''L014 BO 
'OYL01490 
'OYL01SOO 
'OYl..DlSlO 
'OYL01520 
OYL01530 
OYLOlS40 
DYLOISSO 
D'I'L015S0 
O'l'1..01S "I 0 
O'l'1.01S&0 
0't1..015510 
D't1..01600 
D'tL01610 
DYLOl6 ~O 
D"I'L016JO 
DYL01640 
'OYLOl6S0 
'O'I'L01660 
'OYL01610 
DY'L016BO 
'OY'L01690 
DYL01700 

90 ca-M'INlJE OY'L01710 
'OYL01."I20 
DYL01"l30 91 PORl'tAT IAI 

901 FORM..It.T(5X, 'DIRECTION OF ACC2L..ERATION. , 
" 4X,SS,F9.S,' I',SP,F5I 5,' J',P9.5,' K ',SS) 

93 PaRl1.A'l' (lX,IP,lOGH 41 . 
94 PClRl'tA'T l/S:!!, 'IMPtn' ACCELERATION.', 
k' (go"II) '/(lX,IP,lOGH.4) 

D'1'LOI "14 0 
D'I'L01"lSO 
0'1 1.011fi 0 
0'11.01"170 
'O'tL01"l80 
DYI.D1790 

C··--······-----· .... •• .. ··--··-··-· .... •• D't LOlB 00 
'OY1OUI0 
D't1.OlBOiO 
O'tL018JO 
D'tL01B40 
OYLOlBSO 
0'tL01860 
DY1..01810 
OYL018 BO 
0,(l..01B90 
D't1..01900 
D'tLD1910 
0'1'1.019 ~O 
D'tL019l0 
DYL01940 
'OYLDl950 
DYL01960 
OYL019"10 
OY1..019BO 
OYL01990 
DYLO:3000 
OY1..O:3010 
DYL02020 
'OYLO:3030 
DYLO:3040 
DYLO:30S0 
OYLO.060 
'OYL0410"l0 

C· INITIA.I... GROUND ACC!UJU.TION .-. c·----······----·--· .... ···--·-··· ...... ·· 

c 

IP (T.uE.TO .AND T.U.N"OT I THEN 

'l.SE 

ENOIF 

I· ('I"TO) (OT ·1 
J-I+l 
R·U-OT·TO·T)/DT 
GAT(l)-'!'X(I) oR 
GAT(iil)-T'Y(I)-1I. 
GAT(l).'rZ(I)011. 
IF (J.LII.N .AND. R.NE.I I THEN 

GAT(1) -GAT (1) (l'R) "TX(J) 
GAT(:3) -GAT (~) (I·R) ·TY(J) 
Q.TIJ) .. GAT (J) + (l R) "T'Z.(J) 

ENDIF 

GA'T(l) .. 0 
GA'l'(:iI)·O 
GATCH·O 

Q.TIlI- GAT(l)oGR.\1I 
GATI~I- GAT(.)~aRAlI 
GAT(J)- G.lt.T(J)~GR.\V 

.ETUlUI 

C--- .. ••• .. -·--·----· .. -· .. ·--·-·-·-··- .. ·····-
CoO D!"I'EJUIIIN INCRIMENTAL ACCEl...U.ATICINS •• -

e .. ·- .. ·--·--·-·· .... ···-··---·--.... • .. ·-··--·--
200 CClNTINUE 

C- _. - - - OBTZil"IINE THE 
DO :301. l-l,J 

INCRIK'ENTA.I... ACCELERATION BETW'B'EN TIME T AND TL 
'OYL0410BO 
OYLO:3090 
DYL02100 

c 
c_ 

c 
c-

c 

201 GA.(I)-O 
T-T 
D1'·OT 

. COlUI.ENT ACCELERATION 
IP (T.uB.TO .AND. T.LE.N°OT 

I· (T-TO) (OT +1 
J·I .. I 
R· (I"O'I'+'TO-TI/OT 
GA(l) ·TXII)"R 
GA(~)·tyII) .1\ 

) THEN 

GA(J) -1'1.(1) oR 
IF (J.LE.N .AND 

GAlli-GAll) 
GAnll·G.\(2J 
GAOI·GA(l) 

R.NE.l ) THEN 
(l-R) °TX (J) 

.. ! I·R) °TY (J) 
.. Il·R) "TZ (J) 

ENDIF 

"""lP 
TXI·TX( I) 

TJCJ·TX(J) 

. PREVIOUS ACCELERATIaI 
IP (TL.GE.TO .AND. TL.U.N'I'DT ) THEN 

I·(TL·TO) /tiT +1 

END IF 

J·I+I 
R· (I°D'l'·TO-TL)/rn 
GA(lI-GA(I) ·TX(I) 011. 
G.\(~)"GA(2) ·TY! I) oR 
GA (3) ·GA(3) -TZ( I) oR 
IF (J.L.E N .AND R.NE.I ) THEN 

GAllI·GA(l) (1'R)"TX(J) 
Q.(2)·GA.(2) (l·R)oTY(J) 
CA(JI·GA(l) (I·RI·TZ(J) 

ENDlF 
TXI·TX(I) 
TXJ·TX(JI 

-. MULTIPLY B BY c:B.AV 
00 H5 X·l,3 

215 GA(K)· GA()O"GR.\V 

C- .- CALC. ACCtLEJU.TION VEc1'OR • ·MASS 0 COSINE 
DO 2~0 I·l,NDOP 
DO 220 X-1,J 

P(I)-PU) - MC(t,K)oGA(J() 
C 

92BO POIU1AT(/JX, 20)(,' 
'" HINlMUN AT 
"'-' RMS ') 

DYLO::IlI0 
OYL02120 
D'tLOOIllO 
O'tLO~ld.O 

DYL02150 
DYLO:Il60 
DYLOOI.l"lO 
DYLO:3180 
OYLD21510 
OYLD2;<00 
0'11.020110 
OYl..O:I~ 20 
0'tLD2;<.30 
DYL020140 
DYl..O":3S0 
DYLD'H60 
0'1'1.022"10 
'OYL022BO 
DYL02290 
OYLO:3JOO 
'0'1'10::1310 
'OYL041J ~O 
OYL02J10 
O't LO::IH 0 
OYLO.1SO 
'O'I'L.02360 
0'1' 1..D.37 0 
D'1 L02lB 0 
D'tL.O~l90 

OY1..02Il00 
'OY 1..D241 0 
'OYL02420 
DYL02430 
0'1L02UO 
DYL02450 
DYL02460 
DYL02470 
D'J!l..024BO 
0'tLD24510 
DYLD2500 
DYLD2S10 
DYL02.S20 

• GROUND ACCEt..ERATIONDY1..02S30 
DYL02540 
'OYL02.SS0 
'O'I'L02S60 
'OY1..D25'0 

',IX, DYL02S80 
S'fANDAlUl DEY ',l'X,OYL02S90 

0'l'L02600 



51Z90 FORM.\T (3X,,,,lP,7G1S,S~ 
o 

OYLOOl1510 
OVL.D'I5~O 

RETURN OYL.O~630 
~ OYLO:Hi40 

C·· .. ••• .. • .......... • .. • .. • .......... • .......... • .. ••• ...... ••• .. • .. ••• .. •• .... • .. .... ••••••• .. ••• .. • .. • .. SOL00010 
5UB~Ot1TINB 50LOl S'OLOOOllO 
LO::HCAl. BUST SOLOOO)O 

SINCLUDE' 'ZCCMN' SOL00040 
C SOL00050 
C SET IJP CONSTANTS SOL000150 

C 
C· 
o 

Ll"1 501.00070 
L2"NCOND SOL00060 
W·U-1 5OL00090 
U·NCOND ~NP~EE 50LOOI00 
[..5·L4·1 5OLOOII0 
Ui·NDOP 50LOOl,0 
ELSTIe· TRUE. 50L00130 

INITIALIZE S'TORAGE 
Z{IZE'VAL) I...O::ATION OF THE EIGE.!NALlJES 
Z (IZE'VEC I • LOCATION OF THE EIGENV'ECTORS 
Z(lZA I· LOCATION OF THE SYMM:nlI.IC STIPFNESS 
Z{ IZB I· LOCATION OF THE 5YM'!E'TRIC MASS OR ICG 

I'l.EVAL • 
n 
I'l.EVEC 
n 

I' 
IZ 'NFREE 

I' IZ'NFREE-NYREE 
lZA 

I' I" I' 
IZTMP 

I' 
IZTMPOl 

I' 
IW 

" n·Nl'JlEE*NFREE 

I' 
• IZ -NFREE"'NFREE 

· I' 
• IZ"NFREE 
·n 
- IZ·NDQF 

· I' 
CA.U. CKSTQR {NDOP, lWj 

I~ ·NZ (IZHD "NI)OF) 
IMDMS"NZ (I'l.MDI'!S.NDQF) 
IMDKG·NZ (I'ZJ1DKG.NDOP) 

PORM MASS MATR IX 

00 400 I"I,IMDMS 
400 ZII.IZMAS9·1)"0. 

CALl... H:FORM (2 ,INMASS, NMASS, Z I I'ZMASS) ,NZ (I Zl'IDf1S) ,!'!O, NeOF, I MOMS, 
.. NNODE, MAXNOO, BTEST {IBUG, 5 ~ , IBOG, NZ I I ZI 0) ,NZ (IZIDOPI, 

ZIIZCNST) ,NZ{IZJCOS), Z (lZMDAT) ,Z(IW) ,NZ(IW'21~ ,:::IIW·2"1), 
'1.011/· 63),'l.(IW- 99~,TITL.I!) 

C;a.u. SOLOJA 
.. (Ll ,L;;t, L.J, 1..4, Ui, LS, IMD, lHOMS, IMDKG, 
" )(GCQND ,MCOND ',Z{IZKGDT),NZ(I2.J::GDT.3), 
"NDOP ,NCOND ,NFREE ,TITLE ,STEPID , 
" Z(IZSTIPJ, Z(IZHA99~, Z(IZKG ), Z(IZA ), Z(I'Z.B ), 
.. NZIIZKD ) ,NZ(IZHDHS) ,NZIIZMDXG) , Z(IW I, Z(IZTMF I, 
"NNOOE ,NCOS ,HAXNOD ,IBOO , Z(IZn1F2), 
.. NZIIZID i,NZ(IZIDOP), Z(IZ~STI,NZ(IZJFLG), Z(IZCORD), 
, Z(IZCOS I,NZ(IZJCOS', Z(IZE'VAL), Z(IZEVEC) ) 

50L00140 
5OLOOlS0 
50L00160 
SOL00170 
SOL00190 
SOLQOlS10 
SOLO0200 
SOLoono 
SOLoono 
SOLOOJ30 
SOLOOHO 
50LOOl50 
SOLooao 
SOLoano 
50L00280 
SOLOO2.510 
501.00300 
80L00310 
50L003.0 
50L00330 
50L.00J40 
SOL003S0 
80L00360 
SOL00310 
SOL00390 
SOLO 0390 
5OLOO'00 
501..00410 
SOL004~0 
50L00430 
ooLOOUO 
5OLOOII.SO 
SOL004l50 
SOLOOII.10 
SOL00480 
SOL004510 
SOL00500 
50L00510 
501.00520 
SOLOOS30 
SOLOOS40 
ooL00550 
501.00560 
SOL00510 
SOL005ao 
501..005510 
SOL00600 

Rl'TUlI.N SOL001510 
~ SOLQ0I52.0 

C JOIOOOI0 
c .............. ••• ............ •• ........... ••• .......... ••• .. • ......... • .... • ....... ••••• .... ·······JOIOOO:olO 
C JOIDOO)O 

SUBRDVrlNE JOIOSP (IOP'I',MAXNOO,NDOP ,NNODE,NLOAD,NP, IO, lOOP, JOI00040 
" COl'ST ,DI SP, TITLE ,NAME, STEPIO, HEAD,NCOS, cOSINE, JTcOS) JOI00050 

CHARACTER*(") TITLl!(;Z),STEFIO,NAHE JOI000150 
CHARAC"iER"15 c:l (15), EQUAL"ISO .1OIDOO"lO 
LOGICAL HUD JOID0080 
DIMENSION lOOP (!'!AJO.IOO, 15) ,CONST(MAXNQD,I5) JOI00090 
DIMENSION OISP(NDOP,NLQAD) ,ID(fiA,XNOD) JOIDOI00 
DIMENSION 0 (6) ,G (6), COSlNE(J ,3,NCOS) ,.1TCOS (MAXNOD) JOIOOII0 
OA.TA EQUAL JOID01<1.0 

" I' ................................................................................... '/.10I001JO 

o 

NLEN·MIN (I...E:N (NAHE~ +1, 60) 
NC-l 

C· .. •• .. • .... • .... ••••• .... • .... • .. • .... _· .. .. 
C .. LOOF POR UCH LOAD CASE ... . 
C ...... • ........ ••• ...... • ...... • .. •••• .......... .. 
o 

o 

00 300 1.. .. 1,NLOAD 
NDSFLS"O 
IP (.NOT.(NCOS.EQ.l .AND. COSINB!1,l,l}.EQ.1 .AND. 

COSINEliI,4,l) .EQ.1 .AND. eoslNEO,3,l) .EQ.l ) 
AND. IOPT.EQ.~ ) 00 TO 210 

C·· .. • .... •• .. ••••• .. • .... •••••••• .... ••• .. 
C· PJllNT GLOBAL DISPU,CEMENTS .. .. 
C .. • .. • .... •••••••• .. ••• ........ • .............. •• 
C NOTE:DISP MAY CaN'I'AIN DISPI.-\Cm-IENTS, VELOCITIES, ACCEI...ERATIaNS OR 
C EIG[NVALllES. 
C Au.. OF WHICH J.RB FRINTm C(1f' AT EACH NODE, .. 
o 

o. 
o .. 

o 
C. 

o 
o. 

JO , 

IF (HEAD) WRITE(109,310~ TITLE(I),TIT'L.EIOl) 
IF (IOPT NiL;G) WRIi'E(108,315) w.HE,L,STEJI'ID,EQUAL(l.NLENl 
IF (IOPT.EQ.2) WRI'l'E(l08,1ll5) NAME, EQUAL(l NLEN) 
DO lOO I·l,NNODE 

TRANSFER DISPL TO LOCAL VEC"TOR 
DO <10 J"l,6 

IJ·looP(I,J) 
D(J) ·OISP(IJ,L) 

ADD ROTATIaNS TO OISPL PCI' CONSTJlAINTS 
IP lJNCONSTR.AI~, CONS"rII,J)·O 

O(H - 00) • D(5)-CCINSTII,3) + D(5)'CCQIlST(I,5) 
O(2) • Ol~) • D(4)·CQNST(I,l) • D(5)·CONST(I,6) 
!)(3) • 'O(J) • 0(4)"CaNS"r(I,2) • D(5)-CaNS'T(I,oI) 

TRANSFD TO Gl.OBAl. 'OISFL.-'CEXEN'T9 
JCOS ·JTCOS (11 
00 25 Il"l,3 

12·11·3 
G!Il) ·0 
e(U) ·0 
00 25 Jl·l,3 

J2·Jl·3 
G( I 1)·G (11) ·COSHm U1, I I, JCOS) "D(Jl) 
G(I2) ·G(I2) 'COSINl!(Jl, Il,JCOS) 'O(J2) 

WRI7E D!SPL 
DO 30 J·l,6 
'-'RITE (CD (J), 9) G (J) 
FOFlMATIIP,G14 .5,' .) 
-I'IRITE{10B(220) ID(I),(CDIK),X·l,6) 

NOS" LS·NDSPLS-l 
100 CONTINt}E 

IF (NCOS.EQ.l .AND COSlNEIl,I,l) .EQ 1 AND. COSI:NE(2,2,1) EO.l 
" .ANO. eOSINE(3,),l) .EQ 1) GO TO JOO 

o c·· .... · ................................ . 
C· FRIN'l' JOINT DISPLACEMENTS •••. 
C· ..................................... . 
C NOTE:OISP MAY COtrrAIN DISPU.CEMEN'I'9, VELOCITIES, ACCEl...ERATI0NS ~ 
C EIGENVALUES 

A.LL OF WHICH JJlE PRINTED OV'I' Ai EACH NODE 

.10100140 

.10100150 
JOI00160 
JOI001"10 
JOI00180 
JOID0190 
JOIDO,OO 
JOIDO;Z10 
JOIOO;Z;ZO 
JOIOO~lO 

JOIOO:ol&O 
JOID00l50 
JOIDOnO 
JOIDO:ol"lO 
JOID0:ol80 
JOIDo;aSlO 
JOI00300 
JOID0310 
JOID03~0 

JOID0330 
..10100340 
JOID03S0 
JOI00360 
..101003"10 
JOIOOJaO 
JOI00390 
JOI00400 
JOIOO4.l0 
JOI00420 
JOI004l0 
JOIOOUO 
JOID0450 
JOID04fiO 
JOID0470 
JOID04BO 
JOI00490 
JOIDOSOO 
JOlD0510 
JOI00520 
JOI00530 
JOID05'0 
JOI00550 
JOIOOS60 
JOID05"10 
JOI00580 
JOI00590 
JOIDOfiOO 
JOID0610 
JOID0520 
JOID0530 
JOI00I5.0 
JOID0650 
JOm05150 
JOI006"10 
JOID06BO 
JOID0690 
JOIDO"lOO 
JOIDO"110 
J0100"20 
JOIOO"lO 
JOIOO.,40 
JOIDO"l50 
JOIDO"l50 
JOIDO"l"lO 
JOIDO"l90 
JOIDO"l5l0 
JOID0900 

97 

o 
o. 

210 

'" 

,,0 

IP IHEAD A.ND NDSPl.'>,GT 20) WRIT'E(109,JlO) TITLl!(1) ,TITLE(Ol) 
IP IIOP1',NE.~) WllITE(lOB,315) NAME,I..,STEPIO,EQUA.l..(l:NLENI 
IP OOPT.EO.:Ol ~1T'E(l09,oIl5) NAME: , EQUAl.11 :NLEN) 
DO 200 1·1,NNODE 

TRANSFER GLOBAl. DI9PL TO LOCAl. VECTOR 
00 H9 J·1,5 

IJ·IooP (I, J~ 
O(J)·OISP(IJ,L) 

ADD ROTATIaNS TO OISP1. POR CONSTJlAINTS 
IP UNCONS'nAINED, CO:NSi(I,J)·O 

DO) .. 0(1) • O(S~ ·CClNSi (1,3) • D(6) ·CaNS'T(I,5) 
'O(Ol~ .. D'U) • D(4)"CONST(I,l) • D(I5I'CO}.lST(I,I5) 
D(3) • 0(3~ • D(4)'CCIIlST(I,<ll • D(5)-CONST(I,oI) 

WRITE DISFI.. 
DO ,30 J·1,6 

IIlRITBICO(J) ,SI) DIJ) 
IJ· lOOP(I,J) 
IP IIJ QT,NFI eD(.1) 05'15)"'-' 

WRITE (10 8, 2:n I IO( II, (CD (X~, X·l, 15),JTeOS (I) 

;;tOO CONTINUE 
IiRITB(109,HO) 

JOO cONTINUE 

10 PORMAT (lP,G1S.1) 
2010 FOJIloU.T (5X,I5,6A) 
ZIll PaRMAT (5X,IS,5}',llO) 
310 PORMAT ('1 S'I'1U.lCTTJRE .... ',A,I' SOLUTION. . ',A) 
315 'PCRMAT (/I~x, 'OCS ',A,', LOADING 1II',15,5X,A, / 

lX,' ...... ' ,AI15X, 'NODE', 1l1, 'OX', 13X, 'OY', 13X, 'DZ', 
" 13X,'RX',13X,'RY',13X,'RZ'/) 

Jl6 FORMAT <l12x, 'JCS ',A,', LCA.DING .',IS,5X,A, IU,··"···',A 
" 116X, 'NODE', "1)(, ''OX', 13X, ''OY' ,13X, 'DZ',13X, 'RX', 
" l3X,'RY',13X,'RZ',I5X,' COSINE "'/) 

US PORH.\T (f/,x, 'GCS ',A/lJI,···· .. ·',AI25X, 
" 'NOTE: I'lAXlHU'I VALIJES HAY NOT OCCUR SIMUI.TANEOOSLY·116X, 
" 'NODE', "IX, 'OX' ,13X, ''OY', llX, 'DZ', 13K, 'RX', 13X, '~Y', 1lX, ·RZ ./) 

4115 FORMAT (f/2K, 'JCS ',A/1K,·"""".',A/25X, 
" 'NOTE: HAXIHIlH VALUES KAY NOT OCCUR SIHlTLTANE!oUSI..Y'116K, 

'NODE', "IX, 'DX',lJX, 'OY' ,13X, 'OZ' ,13X, 'RX' ,1.3X, 'RY' ,13X, 'RZ', 
"- EiX,' COSINE .'1) 

J~O FCIRKAT (IlX, 'NOTE: - DENOTES ... RES"l'R.AlNED 'OEGREE OF nEEDCIOI') 

JOID0910 
JOI00920 
JOIDOBlO 
JOID0840 
JOIDOB50 
JOIDOBfiO 
JOID0870 
JOIDOsao 
JOID08S10 
JOID0900 
JOID0910 
JOiD09~0 
JOID0930 
JOID0940 
JOl'00950 
JOI00960 
JOI'009"10 
JOl'009BO 
JOI00990 
JOID1000 
JOI01010 
JOI010ilO 
JOID1030 
JOI'010010 
JOIDI050 
JOID1060 
JOI010"l0 
JOI010~0 

JOID1090 
JOIOI100 
JOIOl110 
JOIDll~O 

JOI01130 
Jonn140 
JOIOllSO 
JOIDll150 
JOIDll "10 
JOIDllBO 
JOI01190 
JOIDlao 
JOID1210 
JOIOIHO 
JOI01230 
JOI010140 
JOI01<1S0 
JOIOl<lfiO 

RETtJRN JOIDl:ol70 
!NO JOIDl<lBO 

C .. ••••• .. • .. ••••••• .... ••• .. ••••• .... • .. ••••••• .. • ........ •• .. ••• .... • .... • .. ••• ...... • .. ······001..00010 
SUBROUTINE SOL03A SOLOOO ~O 

(L1,L2,L.J,LII.,LS,LS, nm,IHDH9,ll'lDltG, SOLO0030 

,,~~~ :~~ ~~~A ;K;i~ ; STEPIO ;~t~~~:~ 
"STIFP f MASS XG , }, , B SOL00060 
" MO , MOMS MOKG , WORK , niP 50LOOO"0 
.. NNClDE ,NCOS MAXNOD, IBUG , 'I'MP2 SOL00080 
, ID , lOOP OolST ,JTFLG ,COORD SOLO 0090 
"COSINE ,JTCOS ,E'VA.L , EVEC ) SOLOOIOO 

LOGICAL. TEST, BTESi ,I'ICOND, XGCCND, !CONn 1 , KCOND I, PR INS SOLCO 110 
R:&.U.. HASS, XG, XGDATi\ SOLOOI0l0 
CKJ..R,}'C'TEJI" 11.0 OPTICIN SOLOO 130 
CKAllACTEJI'I' ~ TITLE(;!) ,STEPIO SOLO0140 
DIMENSION STIFf ( Il'ID) ,HASS (IHDMS) ,XG (I!«lKG) t G (6) , 0 (6) SOLO0150 
DIMENSION A.(NFREE,NFREE) ,E INFREE,NFaE'E), OlST IMA.XNCD. 5) SOLOOl150 
DIHl!NSION I'ID (L6'1) ,MOMS CU!i·l) ,!«lKG(Ui.l1 ,WQRKIL6) ,'t"MF ILS) sal..OOI "10 
DIHI!}lSIO}l EVAl.(N:FREE~, EVEC INFREE,NYIlEE~, S~CT (6) ,'n'(P2 (NFJiEB) SOLoorao 
OIMENSION eOOJl.D (I9.XNOD,3 ~ , 10 (HAXNCID) ,lOOP (Mi\XNCO, 6) , 501..00190 

" COSINE 1.3,l ,NCOS1,JTPLG IHAXNOD) ,J'TCOS IHAXNOD) 501..00400 
o SOLOO;!10 

C·· .... • .. •• .. •• .... ••• SOI..OOOl.O 
SOLOOll)O 
SOLOO<lolO 

C· INPf.1l' DATA .... 
C ...... ••• .. • .. ••• .. •• .. 

C 

RBAD(10S,") OPTION,IPRT,IPRT2 
PRINS .. BUST (IBOO, 5 1 

IP ITBST (OPTION, '?REO', ,PALSE.1) THEN 
10PT"1 
OPTION" 'NATURAL PlEQtl'ENC'IES' 

Eun: IP (T'EST(OPTION,'BUCX·,.PALSE.») THEN 
roPT" ~ 
OPTION" 'ELASTIC BOCltLING L.OAD' 

ELSE 
WllI"!'E(108,·) 'SOL-Ol IWA.LIO OPTIaN: ',OPTION 
aETUJlN 

I!NDIP 

IF (IPRT,LE..o) IPRT·NPREE 
IPn·KIN (NFRE'E, IPRn 
IPRT:ol·I'IIN(IPRT4,IPli:T) 

WRITE(10B,10) "!'ITl.J!1 1) ,Tt'rI..P!(2) ,OPTIaN,IPRT 
10 PClRX.\T ('1 STRUCTURE, .... ',A,I' oourrIaN ... ,. ',A,II 

.. lX,' SOUJTIaN .3, OETEJIlIIINB ElGENVA.LUES A!ID BIGENVEC'!'CBtS ',/ 
lX, ........................................................................ ' II 
LX,' OPTION: .... , ............• ,A/ 
l.X,' Ntl"IBER OF I!IGENVALU'i!S: .....• ,IS) 

C····· .. · .... ·· .. ·· .... · .... ·· .. ·· .. .. 
C" FORMULATE STIPYNESS ..... . 
C .... ••••• .... • ...... ••••• .... • .... ••• 

o 

11"1 
c.u.L PORH(II ~ 

IP (PUNS) CA.LL 1.MATlI:X(9TIPP,MD,NDOP ,IMO, 
·GL.OSAL STIPPN!S9 /'lATRIX') 

C·· .... ••• ...... ••••••••• .. •••• .. • ...... • 
C· PaRI'! GIICMETlI:IC STIPFNi!SS ••• 
C· .. ••••••••• .. • .. • ...... ••••• .... • .. ••• 
o 
o FORMUlA'!'!! SEFElUTE GECMETRIC STIFFNESS KATRIJI 

IP (IOPT .EQ. 2) THEN 

. 
'LSE 

XOPO[Uol·2 
KGOAn."O 
U·2 
CALI.. PORM(I2) 

IP IPJlINS~ CJ..l...L 1.MA.TRl!IKG,HDXG,NDOF,IHDXG, 
• GLOBAL GECMETTUC STIfFNESS !'lATRIX') 

SOl..00250 
50L002150 
SOLOono 
SOLoono 
SOL002S10 
SOl..00300 
SOL00310 
SOLOOJJO 
SOLOO.3JO 
SOLO 0301 0 
S01..00350 
90L00360 
SOL003"10 
SOL00380 
S01..O 039 0 
SOL00400 
SOL00410 
SOL004:10 
SOL00430 
50L00440 
5OL00450 
SOL00460 
SOL004?O 
ooLOO4BO 
SOLOono 
SOL00500 
SOL00510 
SOLOOS:olO 
SOL005JO 
SOL00540 
SOl..00550 
90L00560 
901..005"10 
SOL00580 
SOL00590 
5OL00600 
SOL00610 
SOL005<10 
5OL00630 
SOL00611.0 
SOL00650 
50L00650 
50L00I5"10 
SOL001590 
SOL00690 
SOLOO"OO 

If (PRINS) CALL l..MA'l'RXIMASS,MDMS,NDOP,IMDI'G, SOLOO"l10 
" • GI.CBAl. MASS I1ATRIX') 50LOO"l20 
~If SOL(J0"l30 

c SOLO 0"1 010 C............................................ SOL00750 
C· CONDENSE OUT NO:N·FREE OOP .... SOLOO/60 
C................................... 50LOO"l"0 
C. IP MCCND IS '!'R.UE THE MASS fiA,TUX IS U.SO REDUCED 'BY OIJYAN REDUC"!"IONSOLOO"lBO 
C IP J(GCOND IS TRUE THE:N KG IS ALSO REDUCED SOLOO"lSiO 

IF (NCQND,G'I'.OI THEN SOLOOBOO 
Il.l SOLOOBI0 
IP (IOPT.EQ H THEN SOLQOB:olO 

MCONDl •. PAI...SE. 50[.00930 
XCOND1 ·XGCQND SO['OOBII.O 

ELSE IF (IOPT,EQ.l) THEN SOL008S0 
XC()J'I(D1 ".PA...L.SE. SOLOOB150 
MCOND1 ·MCOND SOLooe "10 

omIF SOL00880 
C SET TJF DUMMY 2.ERO !..CAD VECTOIl SOL00890 

" 
C 

DO 29 I.1,NDOF SOL00900 
TMP(I~.O SOL00910 

CJo.LL MSOu.. (I,BTEST I IBfJG, 5) ,u., IHD, NDOF, 1, Ll, L2, MD, ST IFP ,niF', 901..009,0 . 
I!NDlP 

WORX, HCClND1, IiASS, I'IDMS, IMDHS, XCOND1, XG, !«lItG, IHDXG)' SOL00930 
SOL00940 
SOL00950 

C······· .. ··· .. ··· ...... ·· .... ····· .. ······ .. · .. · .. · SOLOOSl60 
C· TRANSFER STIPP'NESS INTO A MA'I'1UX ••• C····· ........................................ . 

SOL009"10 
SOL009BO 



C 

NOT!!. I!IISL ROUTINE GVC5P IS llSED TO SOLVE FaR 2 ICENV.u.IJES , 
THIS iOlM'INE I1SIS A 'PUll. 5YMJ'O(E'T'RIC HATRU' . 

NOTE' THE 1:lT000GE Mc-rHOD OSED FOR STIP'PNiSS, MASS AND 
GECJIIETRIC STIFFNESS All:!! DIPPEi.ENT 

00 600 J'U,L4,'l 
DO 600 r-J,U,-l 

IJ'toID ~ J) +J-l 
IP(IJ .LT. ~(J.1) .AX>. IJ .GE. MO(J) ) THEN 

AI I -U- l,J-l..l'l)'STH'P I 1:J) 
A(J-U'l, I ,U'l) 'AI I'W ·l,J-l.l·lI 

2l..SE IF( IJ .GE. MDIJ+l) ) THEN 
A(I·l..l·l,J·U-l)'O 
AIJ'U'l,I'W-l)'O 

ENDlP 

IF IPRINS) WRIT2(108,:29) I,J,A(I,J) 
~9 FORMAT 1'1:',15,' J ',IS,' "(I,J)',lP,GIS 5) 

C- • CHECX POR ZERO'S ON MAIN DI.Io.GON.l.L 

C 

IP (I.EO.J .AND. A(I·W·I,J-Ll·l) .LE.O ) THEN 
WRIT2110B,n) I,AII'W'l,J-Ll'l) 
STOP 

ENDIF 

600 CONTINUE 
.3:<l FORMAT (SX,'DOP .',15,' IS.LE 0 IN THE STIPFNESSKA.TRU. 

:'K,'K(I,I)",IP,G12 110,' 501...'1 IS ABORTED') 

C •• •••••• •• •••••• •• • ••• • ••• -···.···.··.··.·.·.········ ••••• 
C, TRANSFER 1"lA5S OR GEa-m'TRIC S'TIPFNESS INTO B MATRIX ••• 

c···························· .. ························ ..... 

c 

IF (IOPT EQ I) THEN 
00 "100 J·W,L..4,-l 

00 "100 r'J,W,'1 
IJ·toIDMS (J) .J·I 
IP(IJ LT. IiDI'IS(J'I) . AND , IJ .GE. !'ml'fS(J) ) THEN 

B (I -Ll' I, J ·l..l·l) 'MASS {t J) 
B~J -l.l'l,I·U-l) 'B( I'W 'I,J-U'l) 

EUiE IP( IJ GE. MDHS(J'l) ) THEN 
Bn 'W'I,J-W'l )·0 
B(J-U'l,I-L.l+1)·0 

£NOIP 
IP (PRINS) WRITE ( 10B,J9) I,J,B(I,J) 

19 FORMAT (' 1:',15,' J:',I5,' B(I,J) " IP,GIS.S) 

C' CHECK PCllI. Z~O' S ON K'IN DIAGOt-lAl.. 

c 

IF (I EO J .AND. B(I-U+l,J·Ll.l) .LE.o ) THEN 
WRITE(IO~,II.~) I,B(I-l..3'l,J-LJ'l) 
STOP 

ENDIF 

700 CONTINUE 
42 FORMAT (SX,'DOP "',15,' IS.LE 0 IN THE !'lASS MATRIX 

" SX,'M(I,I~"',lP,G12.4,' SOu-! IS ABORTED') 

ELSE 
DO 900 J-LJ,L4, .. l 

DO BOO t·J ,I..3, '1 
IJ'MDKG IJ~ +J. I 
IP(IJ ,LT. MDKG(J'll .urn. IJ .GE. HDXG(J~ ) THEN 

B (I 'U+1,J' Ll'1) 'XG (IJ) 
B(J ·!..Jot, I ·I..3·II'B(I ·l..3-1,J -1.3+1) 

ELSE IP( IJ ,GE. !'1DXGIJ'l) ) THEN 
B(I·LJ·l,J·U·lj·O 
B(J-W'l,I'l-)'ll'O 

END IF 
IF (PRINS) WRITEIl09,49) !,J,B(I,J) 

49 PORMAT (' I ',H,' J:',IS,' B(I,J~:', 1P,G1s.5) 

C· CHECX PaR tERO'S ON HAIN DIAGONAL 

c 

IP (t.EQ J ,AN!), B(I-U'l,J-Ll'l) .L.E.O) THEN 
WRIT'E(108,G.2) I,B(I·l....3+1,J·U.I) 
STOP 

ENDIF 

800 CONTINUE 
52 PClRKAT (SlI, 'OOP 11',15, 

" ' IS L.E. 0 IN THE GEa-mTRIC STIFFNESS KA.'TRIX .. 
SX, 'KG(I,!)·' ,H,GH ,4,' SOLN IS AIH1R'rFD') 

C·······················-····· .. ·············· 
C· SOLVE. POR EIGENVAl.IJES AND EIGJ!N"\/"EC'TClRS ••• 

C··· .. ·•••···········•·•• .... ······· .. •••••······ 
C' IJotSL SU BROLM'IN!. GVCSP 
C EIG!NVALl1ES AND-EIGENV'EC'l'CRS OF A'X·LAHBD.VB*X·O 
CA' ST IFPNESS REAL, FlILL 5YMM!'Ti IC HA.TRIX 
C B • ~SS Oll. GECME"l'lI.IC S'TIPFNESS REAL, POLL SD!MJiTRIC MATlI.I:X 
C N ·N1.JIo1BEROFDOFOPA.ANDB 
C EVAL' EIGENVALUES (l.AHBDA), }II BY 1 
C EYEC' 2 ICE:NV'ECTORS , N 8'1 N 
C- - -- - _ .. - - - .. -
c 
c 

CAU. Gvesp (NFREE,A,B,EVAL, EV'EC',watJl:, "rMP:II,T'MP) 

C·············································· 
C, NClRHALI'Z.E !'IaoE SHAPE TO I1.U VALt1! OF CINE ••• 

C·························· .. ··········· .. ······· 
C 
C NOTE: THE EIGENVEC'TOR IN IHSL GVCSP HAS BEEN NOJUOJ.,IZED 
C C········· ................................. . 
C· PRIm" EIGENVAl.llES AND EIGENVECTORS ••• 

c················ .. ············ .. ·········· 
IS'I' '1 

100 IEND'MIN (IS'T+6, U'RT) 

WRITE(10B,lle) (I,I'IIn',IEND) 
IF (10M, EQ 2) THEN 

WRITE(10~,l:110~ (EVAL{I) ,1'IST,IDm) 
El..SE IP (IOPT.EO.l) THEN 

DO 125 I·lST, lEND 
US 2VAL(I) 'SQRT( ~J.L(I) ) 

WRITEIlOB,l:lll5) (!VAL(I) ,I'lsr,IEND) 
DO 121 I'IST, lEND 

121 EVAL(I)' EVAL(I) 16.29J]8S.3 
WRITc:nOB,l:lll) (E'VAL(II,I'IIn',IEND) 
DO 1:<l9 l'IST, lEND 

IF (EVAL(I) ,EQ 0) B'VAL(I)'1,E'15 
EVJU.(I)· 1 00 / EVAL(l1 

WRITE(IOB,IJO) (E'VAL(I) ,I'IST,IEND) 
ENDIP 
fiRITE(lOB, US] 

110 FORMATI' MODE ',7IIlO,5XI) 
1~0 FaRHAT I , EIGENVALL"E ',lP,7(G14 S,lX) 
1~6 FORMAT(' n.EQ (RAD/SECI ',lP,"(GI4 S,n!) 
129 FORMAT(' FRE~CY (HZ.) ',IP,7(G14.S,UI) 
130 FORMAT(' PERIOD (SECI ',li',"(GH.S,lX) 
135 FORMAT(' EIGENVECTORS: ') 

EIGENVECTORS 
DO 1110 I·l,NFl!.EE 

II'I-NCOND 
140 WRITE(10B,lS0] II, (E'VEC(I,J) ,J'IST,IrnD) 
ISO PORHAT(' DOF(',I6, ') ',lP,"I(GH,S,lK) ) 

IF (leND LT. IPR'f ) THEN 
\Io'RITE (lOB, 10) TITLE (1) ,TITLE ( 21, OPTION, IPRT 
IST'IEND-l 
GO TO 100 

ENDIF 

SOUl0990 
SOLOIOOO 
SOLOI010 
SOL010'l0 
SOL010JO 
SOLOl040 
SOL010sO 
SOLOI060 
SOLOI070 
SOLOleBO 
SOLOI090 
SOLa 11 00 
SOLOll10 
SOLO 11:20 
SOLOllJO 
SOLO 1140 
SOL01l50 
SOL011150 
SOLOll "10 
SOLOllBO 
SOLOl190 
SOL01200 
SOL01210 
SOLOl:<l;aO 
SOL01'lJO 
SOLQl;;l40 
SOLO 1:1150 
SOL01:1160 
5OL0121 0 
SOL012BO 
SOL01290 
SOLOlJOO 
SOLOBIO 
SOLOIl20 
SOLQ1.3.30 
SOLOl340 
SOt..OllSO 
SOLOIJ60 
SOLOIJ"lO 
SOUllJBO 
SOL.Oll90 
SOLOHOO 
SOL01410 
SOL01420 
SOLOUlO 
SOLOIUO 
SOLO 14 SO 
SOL014I!iO 
SOLCU?O 
SOL014BO 
SOL01490 
SOLOlSOO 
SOL01510 
SOLOlS:<lO 
SOLOlS.30 
SOL01540 
SOLOlSS0 
SOL01560 
SOL01570 
SOL01S90 
SOL01S90 
SOLOl600 
SOLOl610 
SOL01620 . 
SOLOl630 
SOL01640 
SOL01650 
SOL011!i60 
SOLO 1 I!i"l 0 
SOLOll!iBO 
SOL01690 
SlOL01"lOO 
SOL01"l10 
SOL01"l20 
SOL01"l) 0 
SOLO 1"111.0 
SOL01'/SO 
SOLOl"I60 
OOLOI"l"lO 
SOLOl"lBO 
SOLO l?!il 0 
501..01800 
SOLOUIO 
501..018:10 
SOLOlB.30 
50LOlB40 
SOLOlBSO 
SOLOlBl!iO 
9OLOlB"l0 
SOL01BBO 
SOLQl990 
ool.01900 
SOLOl910 
SOl.Ol9:110 

- -. SOL019JO 
SOLOl940 
SOLO 1950 
SOL01960 
SOL019"10 
SOLOl9BO 
SOL01990 
SOLQ:ilOOO 
SOL02010 
SOLO:llO.:ilO 
SOLe:ilOJO 
901.02040 
SOL020S0 
SOLOjlOISO 
SOL020"lO 
SOL02080 
501..0:1.0510 
SOLO:nOO 
SOLO:llllO 
SOL0:2120 
SOLO:lllJO 
5Ot..02140 
SOLO:IIlS0 
SOLO:il160 
SOLOH"lO 
SOLO:illBO 
SOLOn90 
SOLO:iI:ileo 
SOL0:il210 
SOLon:zO 
SOL02:i1JO 
SOL02HO 
SOL02:<lsO 
SOL022150 
SOL02:010 
SOL02:<lBO 
SOLO~290 

SOL02JOO 
SOL02l10 
SOL0:2J20 
SOLO:<lJJI!I 
SOL02340 
SOt..O:ilJSO 
SOL02J60 
SOLO:ll.3"10 
SOLO~J 90 
SOLO:ll90 
SOL02400 
SOL02410 
SOLO:llII.:IIO 
S01.0aJO 
SOL02440 

98 

C· CALC EIGEN VXC'T0II.5 FOR NCNDYNAHIC DOF ••• 

C······································· .... 
C 
C··_-·· Tii:ANSPER EIGENVEcrCil.S TO TEMP S"T'ORAGE 

00 500 IFREQ-l,IPRT2 
c 
C - . _. TU,NSFER E IGENV'EC'T0ll5 TO Tlil'fP S"T'Cil.AG2 

DO 200 J'Ll,L:iI 
200 WClR.X(J)·O 

DO l10 J'U,LA 
210 WClRK(J)'EVEC(J'L2,IFREQ) 

DO 2:110 J'l..5,L6 
2:<l0 WORX(J)'O 

c 
C' .• CALC EIGENVEc-iClRS FC5I CONDENSED OUT DOF 

c 

C.l.LL REAc:rN( 11 ,BU~S'T (IBUG, 6) ,NNODE,1.1, t.2, 1..), L..4, 'rMP,WCRX, MD, 
STIPP I IMD ,WOP, I, 1 , ,MAXNOD, roop, C1XlR0, 10, Tl TLE, 
STEP ID, . PA.L.SB. ,NCOS, COSINE, .1TCOS, JTPLG, SllMRCT) 

C.l.LL I'ISOL.L(l, BTEST( rBUG, 6), L4, IMD. NOOP, [l, Ll, L2, !1Il,STIFP, 'I'l'!P, 
WORK, F)..LSE.,MASS,I'IDI'IS r 1, .PALSE, ,XG ,MOXG,l) 

C' - - - - - - NORMALIZE I'IC!lE SH-'PE TO MAX V.ll..UE OP ONE 
»IIN'O 

C 

-'MAX· 0 
DO :IIlO I'l,L6 

.vtIN·I'IIN (AI'IIN, WORJI: (I) ) 
2.30 AH.U'Kll(AMAlI,Iti'ORK(l)) 

IP (·AMIN.GT »tAX) A.HAJC'.ll'IIN 

DO 240 1'1,L6 
240 WCRX(I) 'WaRK(I)/JWJ. 

PUNT EIGENVALIJE AT EACH NCD2 
IP (IOPT.EQ.jI) W!UTE(S",!"EPID,2S0) IFRBQ,EVAL(IPREQ) 

IP (EVALIIPREQ) EQ,O) 2VA-L(IPREQ)'l B-15 
FREQ'I. OO/C:VAL( IFREQ) 
IP (Ion EQ.I) ~ITE(STEP!D,2150) IFREO,FREO 

CALL JOIDSP ~l ,MAXNOD,NOOF,NNODE, I, LII., ID, lOOP ,CNIn' ,WORX, 
TITLE, "EIGENVECTORS', S'I'EPID, . TRUE., NCOS, 

" COSINE,JTCOS) 
0150 FORMAT ('!'tODi "',IJ,' EIGEN'iAU]E:',lP,G1s.6) 
2150 FOlIKAT ('I'IJDE .',Il,' PR!QUENC'Y:',lP,GlS.iS) 

C' . - - - _. PRIm" EIGENVALlTE TO DISX POR FLOTTING 
C 

IF (BTE9't' (lBUG, 2) I THEN 
DO 9JO l'l,NNClDE 

C. T"RA!lSF~ BIGENV'E!CTOR TO LCC.\L VECTOR 
00 9<10 J'l,1!i 

IJ-IooF{I, J) 
920 DIJ)'WQRX(IJ) 

c 
C, ADD ROTATION EIGENVEC'TORS TO DISt'L FaR CONSTRAINTS 
C. . .. IP tJNCON5"I'lU.1NED, QJST(I ,J)·O 

c 

0(1) • 0(1) • D(S)'CNS'T(I,J) • D(6)'"CNST(I,S) 
0(2) • O(;i!) 'D(4)*CNST(I,1) • D(6)"01ST(I,6) 
D(J) - D(J) • 0(4)*CNSTII,:I) - D(S)·CNST(L4) 

1'R.ANSPEll TO GLCI8AL DISPUCEHEm'S 
JCOS·JTCOS (I) 
DO !lOIS Il'l,J 

IOI:' 11 +J 
G (Il)'O 
G(12) ·0 
00 9:115 J1'I,l 

J:iI'Jbl 
G(Il)'G (11) .. COSUlE (J1, Il,JCOS) '"Il (J11 

9:115 G (l2)·G (IOI:) • COSIN! (.11,11, JCOS) '"0 (.I;;! J 

C. WRITE or SPL 
WRITE(10+IPllEQ,926) I, (G(K) ,K'1,6) 

916 PClRMAT (n,lF,6Cll,4) 
910 CONTINUE 

ENDIP 

500 ccwrnnJE 

RETURN 
END 

c 
C ... 
c 

SUBROUTINE C;VCSP IN,A,a ,D, x ,DL, CI,C.:!.) 
DIMENSION A(N, N) ,a (N,N) ,D (N),"; (N,N) ,DL (Nl ,Cl (N) ,C:II IN) 
CALL REDOCI (N,A,B, DL, FA-ILl 
00 20 I''l,N 
DO :10 .1'1,1'1 

:110 A(J,I) ·A(I ,J) 
CAu., J.lCQBI (N,A,D r X,Cl ,C:II1 
CAI..L RfBACl(N,B,DL,lI) 
00 200 l'I,N 

IP1·lol 
<-I 
P'D(I) 
IF (:N,GT.I~ THEN 

00 1:110 J'IP1,N 
IF (D(J).GE.PI OOTO 12.0 
<-J 
P'O(J) 

12.0 CClm'INUE! 
ENDIP 
IP ~X.EQ.I) GOTO :200 
o,c.:.) 'D{t) 
0(1) .p 
DO ltO J'l ,N 

'P'X(J,I) 
X!J, II ·X(J,I() 
X(J,XI'P 

CCHTlNUE 
CONTINt.TE 
RETUllN 
END 

SlIBROUTlNE REDOC1(N,A,B,OL,FAIL) 
DII1ZNSICN A(N,N) ,8 (N,NI ,OL(N~ 
DO 110 r'l,!'it 
DO 110 J'I,N 

X'B!I,J) 
Il'1 ·1 
IF (II) 120,120,130 

1JO Do 1010 X'I,1l 
140 X·X·B (I ,K) '"8 (J,X) 
120 IF I I .J ~ 150, 160, ISO 
160 FUL'X 

IF IX) 400,400,170 
1"10 OL(I)'SQRT[X] 

GO'l'O 110 
150 B IJ, I) 'X/OLII I 
110 COm'INl1E 
200 DO no I'l,N 

DO 210 J'I,N 
K'A(I,J) 
11·1'1 
IF (Ill 220,2:110,:<l30 

230 DO 240 K'I,Il 
240 X'X'B{l,lC)-A{J,K) 
2:10 A(J,I) 'X/DL!I) 
ZIO CONTINUE 
JOO 00 HO J'l,!'it 

00 310 I'J,N 
!oI'A(I,JI 
11·1'1 

SOLO:ll4~0 

SOLoa60 
SOLO~1l10 

5OL00I4BO 
SOLO:l490 
SOL02SCO 
SOL02s10 
SOLojl520 
5O['o25l0 
SOLO:<lSII.O 
SOL.O:lsSO 
SOL02S150 
SOL02S"l0 
SOL02SBO 
SOLO~S5IO 
SOL02i500 
SOt.o2iSlO 
SOL02i520 
SOl.02630 
SOL02640 
501.021550 
SOL021560 
SOL026"10 
50L02680 
SOLO 2690 
SOL027 00 
SOLO:il"l10 
SOLO:<l720 
SOUl:<l7JO 
SOL02140 
SOL02"sO 
SOL02760 
SOL027"10 
SOL02790 
SOL02790 
SOLO:<l~OO 

SOL02alO 
SOt..OH20 
SOL02BJO 
SOLO:lB40 
SOLOJBSO 
SOL02B60 
SOLO:ll II "I 0 
SOLO:II9BO 
SOL02B90 
SOl.O 251 00 
SOL02!110 
501.02920 
SOL029.30 
SOL0:2940 
SOL029S0 
SOLO:l960 
SOL02970 
SOL029ao 
SOLO:<l990 
SOLOlOOO 
SOLOlOI0 
SOLOl020 
SOL030l0 
SOL03040 
SOL03050 
SOUlJOiSO 
SOLOJO?O 
SOLO.30110 
SOL0.30Sl0 
SOLOJ100 
SOLO.3110 
SOL.OJ1;;!0 
SOL0.31JO 
SOLOJ140 
SOLOJISO 
SOLOJl150 
SOLO.31 "10 
SOt..031BO 
50[.03190 
SOLOJ:iIOO 
SOLOJ:iIlO 
SOL03:i1:<l0 
SOLOJ:IIJO 
SOLOJ211.0 
SOL.OJ:ilSO 
GVCSloolO 
GVCSOO:110 
GVC500JO 
GVCS0040 
GIICSOOSO 
GVCS0060 
GVCSOO?O 
GVcsooao 
GVCS0090 
GVCSOIOO 
GVCSOl10 
GVCS0120 
GVCSOIJO 
GVCS0l40 
GVCSOISO 
GVCS0160 
GVCSOl"10 
GVCSO 1 ~O 
GVCS0190 
GVCSO:ilOO 
GVCSO:illO 
GVCS0220 
GVCSO:<lJO 
GVCS0:il40 
GVCSOiise 
GVC50~60 
GVCS02"10 
GVCBO:ilEO 
GVCSO:il90 
GVCS0.300 
GVCSOJ10 
GVCSOJ20 
GVCsoJJO 
RBDOOOIO 
RED00020 
RBD000.30 
RED00040 
RED00050 
RED00060 
REDU0070 
REDUOOBO 
REDU0090 
REDll0100 
REDll0110 
REDU0120 
REDllOllO 
REDl10140 
REDU0150 
REOU0ll50 
REDU0170 
REDUOIBO 
lI.EDU01S10 
REDrJ0200 
R£D110210 
REOUO:il'lO 
REDU00l30 
REDOOHO 
'REDOO~sO 
RED00260 
RED00270 
RED00:<.90 
RED00290 
REDllOJOO 
REDll0110 
REDUOJ20 



IP (Il'J) 320,3l0,330 
DO DO 340 :<~J, II 
HO X-X'''(K,J)-B(I,K) 
3Ja Jl·J·l 

IP (Jl) 350,350,360 
360 DO 370 lC·l,J1 
370 X·X·"(J,X)-S(I,JO 
350 A.(I,J).X/DL(I) 
310 CONTINUE 
400 RETURN 

011) 

SU'BROUT'INE REBAC1(N,B,DL,Z) 
DIMENSION B(N,N) ,DL(N) ,Z(N,NJ 
DO 100 J·I,N 

P·l,E·15 
DO 60 r·N, 1,'1 

]1-2.( I,J) 
11·1-1 
IF' ((Il·N) ,GT 0) OOTO 50 
DO to K·n,N 

40 ]I-X'B(K,I)-Z(K,J) 
50 z(l,J) ·x/DLn) 

1F' (ABS(Z{I,J)) .m,p) P·ABB(Z(I,J)) 
CONTINUE 
DO 90 I-1,N 

90 '2.(I,J) ·lo( I,J) /P 
100 COm' mOE 

RE.TURN 
om 

c 

SUBROUTINE JACOBI(N,A,D,IJ,B,lo) 
DIMEN5Icm A(H,N) ,0 (N), V (}-I,N) ,B W), ZeN) 

20 DO 21 1·1,1'01 
DO 2l J-l,N 

23 V(I,J)·O.o 
:2l V!I, 1)-1-

DO lO K·l,N 
O(K) ·A{K,K) 
B (K)·O (K) 
Z(K)·OO 

30 CONTINlJE 
DO 40 1-1,500 
SM·O.O 
N1-N'1 
DO SO Ip·l,N1 
IP1-IP"'1 
DO 50 IQ-IP1,N 

50 SM·SM~ABS (A. (IP, IQ) ) 
IF (SM) 60,70,60 

60 IF II· Il) BO,90 ,90 
TIl E5H· a . a" SM/PLOAT (N) "";! 
ooTO 100 
't'RESH·O .0 
DO 110 Ip·l,NI 
IP1-[P·1 
DO 110 IQ·IFl,N 
G·100, O·ABS(A(li',IQ)) 
IP IG,LE.l.E-;!O) G·O.O 
IF II III 120,1:00,130 

'130 IF IABS(D(IPI]"'G-ABSID(IP))) U:0,140,120 
140 IP IABS(DIIQI].G-ABS(D{IQI)) 1010,150,1010 
150 "I IF, IQ) ~o. a 

GOTO 110 
120 IP lAES(A(IP,IQH ·nESH) 110,110,160 

H·D(IQI 'O!IP) 
IP (ABS(H)-G-ABSIH1) 170,180,1"10 

HO T·"UP,IQ) /H 
ooTO 190 

170 THB'TA·0.5"H/A(IP,IO) 
T·SIGN (1.0, THETA) / (ABS (THE't'A.) • SORT (1. +THETA."THETA) ) 

190 e·1./5QRTIl.O"'''-Tl 
S·T"C 
TAU~S/Il ~C) 
H·T"A(IP,IQ)' 
z[IP) -'l(IP)'H 
Z(IQ) ·'loIIQ)_H 
O(IP) ·DiIP)·1i 
D[IQ)·D(IQ)_H 
A(IP,IO)·o .0 

0100 IPa·Ip·l 
IF (1512) no,;;nO,~Ol 

:;01 DO 20S X·1, IPOi 
G·A(X,IP) 
H·A(X,IO) 
A(K, 151) ·G·S- (H~G-TAU) 
A I 1(, 10) ·1i"'S- IG-H-TAU) 

205 CONTINUE 
no I01·IQ-l 

IF (IP1'IQl) .:iIll,:iil1,:;ao 
211 DO 215 K·IP1,I01 

G·A(IF,X) 
H .. A.(X,IQ) 
A [IP, Xl ·G· S- I H ... a"TAU) 
Ar K, 10) ·H ... S- (G ·H-TAU) 

215 CONTINU'E 
220 IQ1-IO"'1 

IF UQ1-N) 221,221,alO 
DO 225 K·IQl,N 
G·A(IF,K) 
H-A.( IQ,K) 
A(IP,K)-G,S"(H'G"T'AU) 
AIIQ,K) ·H-S· (Q-ii·TAU) 

ns CONTINUE 
230 DO 01.35 K·l,N 

G·VIK, IFI 
H·vrX,IQ) 
v (K, IP j ·G· S" (H ·Go-TAU) 
V (X, lQ) -H· S· (G' H-TAU) 

2J5 CON'TINU'!! 
110 CONTINUE 

00 240 K-l,N 
BiX)·S (X) 'Z(K) 
DIX)·B II) 
ZIK)·O,O 
COm'INUE 

40 COm'INUE 
70 RETUJUol 

om 
SUBROUl'INE SOL04 
I...03IeAI. Bt'EST r UNBAL 

~INel.UDE' ' ZCCffi'Il' 
C c····· ...................... _ .... -_. 
C· SET GEOMFrRIC STIPPNESS FLAGS ••• 
C································ __ · 

c 

Z(IZXGDT)·o,oO 
KGLDA!l·N'lo IIZKGDT+I) 
XG'[''{ P!·NZ (I 'loKGOT +2) 
KGPORM-NZ I I Z KGOT"'3) 

C······························· 
C· READ INPO AND SET OPTIONS··· 
C· •• - ...... ~. ~ •••••••• - _ ••••••••• 

c 

R.E:AD 1105, -j MAXEt.D, IPRNr, IWRITE, UNBAL 
>'LOAD-j 
IPRNT·~X(IPRm,l) 

C·················· 
e- PRIm HEADER ••• 
C············ __ ···· 

REDlJOJ) 0 
REDUOlll.O 
REDUOJSO 
Ri!'DllO)ISO 
REDUOl70 
REDU0J90 
REDU0l90 
REDU0400 
REDU0410 
REDU04:il0 
REDU04)O 
REBAOolO 
REBAOO:ilO 
REBAOO)O 
REBA0040 
REBA0050 
REBA0060 
REBAOO"lO 
REBA0090 
REBA009l0 
REBA0100 
REEAOll0 
REBAOlao 
REBAOllO 
REBAOlllO 
REBA01S0 
REBA0160 
REBA0170 
REBAOlBO 
REEAo19l0 
REBA0300 
REBAO;!10 
JACOOOI0 
JACOO020 
JACooOlO 
JACoo040 
JACOO050 
JACoo060 
JACoo070 
JACQ0090 
J,It,COO090 
JACOO100 
JACOOII0 
JACOOIZ0 
J,It,Cooll0 
JACOO140 
J,It,COO1S0 
JACOO160 
J,It,Coo170 
JACoo190 
JACoo190 
JACooZOO 
JAC00210 
JACooZZO 
JACOOBO 
JACoo240 
JACOO:ii50 
JACOOa60 
JAC00270 
JACOOHO 
JACoo:ii90 
J"CooJOO 
J,It,COO310 
J"C00320 
J,It,COOlJO 
J,It,Coo.34 0 
J,It,COQl50 
JAC00360 
JAC00370 
JAC00390 
J"C00390 
JAC00400 
JAe00410 
JACOO420 
JAe004l0 
JAC00440 
JAC004S0 
JACOO460 
JACOO4"10 
JACOO4BO 
JACOO490 
JACOO500 
JACOO510 
JACOO520 
JAC00530 
JACOOS40, 
JACOOS50 
JACOO560 
JAC00570 
JA.C0Cl5BO 
JACooS90 
JAC00600 
J"COO610 
J"COO620 
JACOO6l0 
J,It,COO640 
JAC00650 
JACOO660 
JACQ06"10 
JACOO6BO 
JAC00690 
JACOO700 
JAC00710 
JACoo"l20 
JACQ01JO 
JACQ0140 
JACOO750 
JAC00760 
JA.C00770 
JACOO790 
JACOO790 
JACOO900 
JAe00910 
JACOO820 
JACOOBJO 
JAeOOBilO 
JACooB50 
JACOOUiO 
JACOO9"10 
JACOO890 
JACOOB90 
JAC00900 
JACOMIO 
JAeOO5l20 
SOLOOOI0 
SOl.00020 
SOLOOOJO 
SOL00040 
SOL00050 
SOL00060 
SOl.00070 
SOI.OOO~O 

SOl.00090 
SOl.00100 
SOl.00110 
SOLO 01 20 
SOLOODO 
501.00140 
SOLOOISO 
501.00160 
SOLOOI"lO 
SOLOOleO 
SOl.00190 
SOl.ooZOO 
SOUl0210 
SOL00220 

99 

WRITE IIoe, 101) TITLE (ll, TITLE ( 2) ,IPRNT, IWRITE 
101 FORMAT 1'1 STROC'TURE ',A,/' SOUlrION. ',A,/ 

lX,' SOLtn'ION /114, errATIC NCNLIN!AlI SOLU"l'ION '/ 
lX, , ••••••••••••••••••••••• ~ •••••••• .; ......... , ( 
lX,' INTERVAL POR PRINTING DATA.. ,',15/ 
lX, I INTERVAL POR WRITING DATA TO FILE. ..', IS/) 

If' (KGPORM.EQ.2) ~ITEII09,1l) 

11 PORMA,., [U,' GEO~IC STIPPNESS IS NOT INCLUDED, , 
USE KGDA'l'A(3)~1 TO INCLUDE GEct!ETRIC S'l'IFFNES5. ') 

IP I llNBA.1) WIUTl!:(lOS,13) 'ME' 
IP ( NOT ,UNBA.1) WRI't"l!:(loe, III 'ARE NOT ' 

1:1 PORMAT(' lINBA.1..ANC':ED JOINT FClRCES',A,'AllD:ED TO THE NBXT CYCLE') 
c 
C··.····· .. ·· .... ···.····· .. ··· .. · .. · .... · 
C·INPUT FlU: Ol1T'PU'T CO!'mOLL DA.TA .~. C········· .................... ~ ~ ._ ... _. 

c 

IP IIWRI1'E.G1'.O) l'HEN 
IOPT·1 
'['0·0 
OT·O 
CALl" DMPDAT'(IOP1',IW1UTE,TO,D"I') 

Et<>" 
C······ ............ -.. ~ ......................... . 
C~ INIrILIZE STCRAGE REQ'D PaR THIS SOUl ••• 

C··········································· 
e 'l(IZLOA.D)· LOCATION' OF t'HE TOTAL LOAD HATRIX 
C ZIIZDISP)· LOCATION OF THE TOT"L DISPLACEKENT MATRIX 

Z(IZVEL ) • I.,.O:';ATION OF t'HE TOTAL VEt.cCI1'Y KATlI.IX 

c 

ZiIZDLO.t.) • 1..CCA.TION' OF THE INCRII'IENTAL LOAD MATRIX 
Z(IZDDSP) • LOCATION OP THE INOII'IEN1'AL DISPLACEMENT MATRIX 
Z(IZDVEL) • LOCATION OF THE INOIMENTAL Vl:LOCITY MATRIX 
Z II ZQ ). LOCATION OP THE JOIN! LDAllS 
Z(IZlI. ). LOCATION OF THE ELEMENT t.oADS 

IF I I'lLClAD ,EO, a I THEN 
I'lLClAD • IZ 
IZ • IZ.NDQF 
DO 1 I·I,NDOF 
'l( l·I'lLClAD·I) ~O 

Et<>" 
IF (IWISP EQ,O) THEN 

IWISP • IZ 
I'Z. ~ lZqo/DOP 
00 2 I·I,l'4>OP 
Z(I-IZDISP-l) ·0 

Et<>" 
IF (IZVEL .EO,O) THEN 

1ZVEL .. IZ 
lz • IZ'NDOF 
DO J I·l,NDOP 
Z{l·tz.VEL 'I) -0 

Et<>" 
IF (IWLOA.EQ 0) THF:N 

IZDl.OA • I'lo 
IZ • IZ·NDQP 
DO 5 I·l,NDOF 
ZII-IZDLOA·l) -0 

Et<>" 
IP (IU)DSP.EQ 0) THEN 

IWDSP • I'l 
I'Z, • a·HOOF 
DO 6 I·l,NDeP 
Z I I >I ZDD 5P '1) -0 
E:NDIP 

IF (IZDVEL.EQ.O) THEN 
IWVEL • IZ 
IZ • IZ'NDOP 
DO "I I·l,NDOP 
Z(I'IZDVEL'I) ·0 
END" 

IZO • I'l 
IZ • lZ'NDQF 
DO 9 I·l,NDOF 
Z(I+IZQ-l) -0 

IZR • IZ 
IZ • 1'lo·NDQP 
DO 9 I·l,NDOF 
Z(I"'IZlI'l) ·0 

IP (IZPUB EQ.o) THEN 
IZPUB • IZ 
IZ • IZ+NOOP 
ENDIP 
DO 10 I·l,NDOP 

10 ZiI"I'lP'Ul!-ll' -0 

IZl1l!LD • IZ 
IZ • IZ·NDOF 
IzUBDP .. IZ 
I'l • IZ'NDOF 
00 12 I-l,NDOF 
Z(I"'IZUBLD-l) ·0 

13 zer"'IZUBDP'l)' ·0 

IW·I'l·l 

DE1'EiU'JINE THE LENGTH OF THE S"'I'IFPNESS I'\ATRrX 
IMD·NZ(IZKD+NDOFI NZ(IZKD)·1 

SET UP CONSTANTS 
L1-l 
La·NCOND 
U-1.2·1 
U.·NCOND -NFlI.E.E 
1.S·L4+1 
U;·NDQP 

I'LQAD-, 
EUTIC· PAI..9E'. 

IP (M.UELD .GT 0) THEN 
IzIELD·I'l 
rz·rz • MAJt:El.D-S 
IZEt.D·rz 
!Z·IZ ' MA1CELD"l:ol 

END" 
C····· ........ ~ .. ~ ...... ~ ............ . 

IZPG • IZ 
IZ I'Z'NOQF 
IZDPG • IZ 
IZ 1Z·NDOF 
I'Z.DHA.lI- 1Z 
IZ rz·NDQF 
IZRMAJ(· tz 
IZ IZ'NDOF 
IZDRLO· IZ 
IZ rz·NDOF 
IZBLOA· IZ 
IZ • IZ·NDQP 
DO 27 1·0,NDOP-1 

'l( IZPG ·1)·0 
'lo( IZDPG ·1)·0 
ZIIZDI'tAlI+I)·O 
Z(Ii..RH.U'·I)·O 
Z( IZRLOA·I)·O 

SOLOOBO 
501.00240 
SOL00250 
SOLO0360 
501.00370 
SOL002BO 
5OLOO:ol90 
50LOolOO 
SOL00310 
501.00)20 
SOUlO)lO 
SOUlOl40 
5OLOOl50 
SOLOol60 
501.00)"10 
SOL001BO 
301.00390 
SOl.00400 
SOUl0410 
SOl.00420 
SOL00430 
SOLQOUO 
SOUl04S0 
SOLOO4.60 
SOL004'0 
SOL00490 
090100490 
SOLOOSOO 
SOLOOSIO 
SOLOOS20 
50LOOSJO 
SOl.00540 
SOLOOSSO 
501.00560 
S01.005"10 
SOLOOS80 
SOLOOS90 
SOL00600 
SOL00610 
501..00620 
SOLe06JO 
SOL0064.0 
SOL00650 
SOl.00660 
SOL006"10 
001.00690 
SOUl0690 
SOL00700 
001.,00110 
501.001010 
S01.007)0 
S01.,00140 
SOUl07S0 
50LOQ"/50 
001..00770 
501.00780 
501.00"190 
501.00BOO 
SOLOO~ 10 
SOI.OO~.O 

501.00830 
SOLO0B40 
SOLOO~50 

501.00&60 
SOI.OOI"lO 
S01..006BO 
SOl.00690 
SOL00900 
SOL00910 
SOL009.:ii0 
SOLOOS130 
SOL00940 
501.00950 
5OL00960 
SOL009"10 
SOl.009lBO 
SOL00990 
501.01000 
SOL01010 
301.O10;!0 
SOLOI030 
501.01040 
SOLOIOSO 
SOLOI060 
SOLOI070 
SOLOI090 
501.01090 
501.01100 
501.01110 
SOLOll;!O 
5OL011)0 
SOL0111l0 
SOL01150 
SOLD1l60 
SOL01l70 
SOL01190 
S01.01190 
5OL01;!00 
50L01:ill0 
SOL012:;0 
SOL010iJ0 
SOLOlOi&O 
SOUll:iiSO 
50L01260 
SOUlU70 
SOL01HO 
50UlU90 
SOLODOO 
SOLOIJ10 
SOL013:010 
SOL01310 
SOLOl340 
SOL013S0 
SOLOlJ60 
SOL01J"I0 
S01.01380 
501.01]90 
SOLO 1& 00 
SOLO 14 10 
5OL014.0 
SOI.01&30 
SOUllUO 
SOL01450 
SOL01460 
50L014 "I a 
SOl.014S0 
501.01490 
501.01500 
SOL01510 
S01.01S~0 

50L015.30 
50L01540 
50L01550 
50L01560 
SOLolS"IO 
501.01SS0 
501.01590 
SOL01600 
501.01610 
801.016010 
601.01630 
SOl.01640 
SOL016S0 
SOL01660 
SOL016"10 
SOL01680 



Z (IZIlRLO.I)·O 
c 
C······· .. ····························· 
C 
C·-·--· CH2CX ~RY 

c 
c-

c 

CALL CXSTOR (NDQP, IW) 

SET UP CONSTAN'!'S 
IHD ·NZ (12MO .NDQP) 
[MOMS ·HZ (IZMDHS"NDQP) 
U1DXG ·NZ(IZMD~G·Nl)OP') 

IMDMSL·l 
lMOS • L 

c·······················. 
C· ZERO GROUND MOTIaN ••• 
c· .•...•...............•• 

DO 18 1·1,6 
18 SUMRC'I'(I)·O 

c 
C· ••••••••••••••••••••••• 
C· ZERO GROrJNl) MOTION ••• 
C····················· ... 

00 19 1-1,9 
19 GROUND(I)·O. 

c 
C························ 
C· CALC PRINTING INFO ••• 

C························ 
IPDISp·6 ·NNeDE 
IPRCTN·1 
DO ~O l·l,NNODE 

00 15 J·O, S 
IF (!TEST(NZ(IZJPLG-l.l) ,J») THEN 

IPltCTN-IPRCTN'1 
GO TO 2.0 

ENDIP 
15 CONTINUE 
2.0 CONTINUE 

IP'EL~·NElJofI' 

LSTI'YP·O 
DO 26 I·1,NEIJfI' 

J·NZ!tZEL.E·I) 
IF (NZ(J) NE.LSM'YP) IPELEM·IPELl!M·4 

<l6 Ujnyp·NZP) 
111 FQRl1AT (OP,' 'ZMATRX(' ,16, ') ',I1S,lP,G:<I0 .10) 

CAl..L SOL04A (1..1,1..2, U, LA, Ui, 1..6, IMD, IMDMS, IMDXG, 
"HAXEUJ IPRl'tI' IWRITE, UNBAL 
"NLOAD mIOD! NCOS , NEIJfI' 
"IZD05P IZDLOA IBlIG ,MAXNOD, 
"TITLE STEPIO NDOP Z (IZllLOA.) , 
"KGl"ORM XGLClAD KGT'1i'E Z (tZDRLD), 

NEWXG NEWK StJIomcr, 
IPOISP ,IPRCTN ,IPELEH ,Z rIZDMA:O, 
Z(IZDISP), Z(IZVEL), Z(IZLOAD), Z(IZQ ), 

" Z(IZDOSP), :2.(IZJ)VEL), Z(IZDLOA), Z(IZlt ), 
" Z(IZSTIF), Z.(IZHASS), ZIIZXG ), Z(IZ.ELD), 
"NZ(IZMIl ) ,N'Z.(I 'l.MDM5),NZIIZMDXG),NZ(IZIELD), 
"NZ(I1,ID ) ,NZfIZIDQP) , ZIIZCNS'l'),NZ(IZJPLG), 
" Z(IZCOS ),NZ(IZJCOS), EIE,£SE,PSE,EXE,EDO , 
.. Z(IZPG ), Z(IZDPG )) 

Z (IZRMAX) , 
Z( IZPUB ), 
Z( IW ), 
ZI lZOBLD) , 
Z( IZUBDP), 
Z(IZCORD) , 

SOL01690 
501..01100 
501...01110 
SOLO 11 ~O 
SOLO 17 10 
SOL01'740 
SOL01'150 
SOL01760 
SOLO 11 '1 0 
SOL017BO 
SOLOI190 
SOL01900 
SOLOI810 
801...01820 
SOL011110 
sOLOIUO 
S01.011150 
sOLOlll60 
501...01970 
SOLO 111 110 
501..011190 
S01.01900 
501..01910 
sOL019010 
SOL01Sl30 
SOLOL940 
SOL01950 
SOL01960 
SOL019'10 
SOLO lSll!l 0 
SOL01990 
501.02000 
501.0:<1010 
SOLOOl020 
SOLOlOJO 
50L02040 
501..001050 
5OLOOl060 
501..02070 
SOLO:<l080 
501..001090 
SOLOalOO 
5OLO;U 10 
5OL021<1O 
501..O<!lJO 
5OLQ'jIUO 
501...02150 
501...02160 
501...02170 
SOL.02lHO 
001...02190 
SOL02200 
501..0010110 
SOL02220 
SOL02a30 
SOLO il:H 0 
SOLO:il:2S0 
SOL02260 
SOLCl:il:0I70 
SOL02HO 
501...0010190 
SOLO:il:300 
SOLOOIJI0 

RnURN SOL02JOIO 
END SOLOOlJ30 

C JOILOOIO 
C JOIUlOOIO 
C······.······· •• ••••••••••• ••••••• • ••• •• •• •• •• •• •• •••••••••••••••••• .. • .. JOlLOOJO 

c 

. JOIL0040 
SUI:lROll'I'INE JOlLOA (SUG,I'U.XNOD ,NDOP ,NNODE,NLOA.D,tIP, 10, lOOP ,CONST, JOILOOSO 

" PORCE,DSPPLG,JTPLG,TITU,H2AD) JOIL0060 
CHARACTER·(") TITl..E(OI) JOIL0010 
CHARACTER DIR·4,SUPT-:il:S,OOP-lB JOILDOBO 
CKARACTER·l C:II (6) JOIL0090 
CHARACTEiI:'l11. P(6) JOl1.OI00 
LOGICAL DSPPLG, PIRST ,BUG, HEAD,BTEBT JOI1.Oll0 
DIMENSION IDOP (HAXNOD,6) ,CONS'l'(MAXNOD,6),FOlI.CE (NDOP, NLCAD) JOIL0120 
DIMENSION 1'0 (MAlI.Na» ,JTPl.G(MAXNOD) JOILOl).O 

FIRST·. TRUE. 
DSPPLG·. PALSB. 

S POJ.JotAT(' 1 S'I'lHx:TURE ... : ',1.,1' SOUrI'ION ',A, I) 
6 PaRXAT(' .\PPLIED JOINT LO~s',I' O'··O'·····O'·O'·O'O'····O' .. ',1l 

JOlL0140 
JOILOlSO 
JOlLOI60 
JOIL0170 
JOIL0180 
JOlL0190 

C······················· JOlL0200 
JOlL0210 
JOlL0210 
JOlLOaJO 
JOlL00I40 
JOILC:il:SO 
JOILC260 
JOlL0370 
JOlL02BO 
JOlL0390 
JOl1.0300 
JOl1.0110 
JOIUll:il:O 
JOIL0130 
JOl1.0140 
JOIUl150 
JOlL01fiO 
JOlL0170 
JOlLOJIIO 
JOIL0390 
JOH.oII.OO 

C· INPtn' LOADING DA.TA •• 

c······ .. ···· .. ··········· 

c 
c- -

c 
c-

10 READ(105,-) L..OAD,JOINT,JT'GEN,JTINC,DIR,VALUE 
IF (INtI"EX(OIR, 'END') .m.o) GO TO 100 

15 ooP·' , 
IF (PIRST) THEN 

I!NDIP 

IF (HEAD) W"RlTE(lOB,S) TITLE(l) ,TITLE(:iI) 
WRITE(J.08,6) 
PIRST·. FALSE. 

CHECK FOR A "'lU.IO JOINT NUI1BEi.. 
IP (JOINT LT.IO(1) .ai. JOINT GT.ID(NNCDE) I THEN 

W"RIT£(108,H) LOAD 
GO TO 10 

I!NDl' 

J. lQUICK [JOIN'J', ID, NNa:lE) 
SUPT·' , 

C' .. PU'I' A [.,QA.l) ON A JOINT 
C NOTES: IX, IY, IZ, MX, MY AND 1.. ARE THE DOF THAT THE LClADS ARE 

APPLIED TO. 
- THE MOMENTS iE6l1LTING PR.04 FX, FY ..um PZ AJ.E DUE TO 

- - JOILO'IO 

C 
C 
C 
C 
C 

CONSTRAINTS. IF It NeDB I!l NOT CONSTRAINED, THEN THE VALUE 

JOILOcl.0I0 
JOI LOc1.3 0 
JOILOcl.lO 
JOILO,"50 
J01LOIlS0 
J01LOl70 
JOl1.0480 
JOlLOUO 
JOIL0500 

OF CONST IS ZERO. 
LOADS APPLIED TO RESTIlA1NEO OOF UE IN'TEllPERA'TED AS 
SUPPQR" OlgPlACEMi?NTS IE: SUPPORT SETTEll'!EN'l" OR 
DISPLACD'lENT CONTROLL. 

c 
c 
c- ... -. -. - - .. -. - - -J01L0510 

IF (INDEX(DIR,'P:II').NE.O) THEN 
IX·IOOF(J,l) 
FORCE (I:K, LOAD) ·PORC! (a, LaA.D) +VJ..LUl!! 
IF , B'I'EST(JTPLG(J) ,101) ) THEN 

HY·lOOF'J,5) 
FORCE (MY, LOAD) .. FClRCEiH't, LOAD) .v.u.t1E-CCNS'T(J, J) 
MZ·IDOP(J,6) 
FORCE (M'l., LOAD) O'PORCE (MZ,LOAIJ) • VA.l..JJE·CQNST(J ,S) 
IoIRI"!'E(DOP,3S) U,!i'f,M2 

ELSE 
'ftRITErDOF,lS) U 

r;:NDrF 
IP (IX G".NF) THEN 

PSFPI...G· TRUE 
SUPT·' JOINT OISPLACEI'IENr 

ENDIF 
ELSE IF (INDE:II(OIR,'FY') NE.O) THEN 

n·rOOF(J ,2) 
FORCE (IY , LOAD) ·PORCE (IY, LOAD) "VJ..LlJE 
IF (B'rEST(JTFLG(J) ,131) THEN 

MX·IDOF(J,4) 

~~~i~6~~J~~) ·PORCE{.MX, LOAD) .VALlJl:'CONS"I' (J, 1) 

FORCE (HZ, LOAD) • PaRCE (l'1Z, LOAD) .. VALUE 'CONST (J ,6) 
ItIRI'I'E(DOP,J5) IY,MX,MZ 

ELSE 
Wl<ITE(DOF,lS) IY 

ENtlIF 
IF (IY GT .NF) THEN 

DSPFLG·. TRUE. 

JOlLOS.N 
J011...OS30 
J01LOS,"0 
JOIL0550 
JOlL0560 
JOTLOS70 
JOIL05BO 
JOIL0590 
JOl1.0600 
JOIL0610 
JOIL0620 
JOIL0630 
JOIL0640 
JOIL0650 
JOIL0660 
JOIl.0610 
JOIL0680 
JOILo690 
JOIL0'100 
JOIL0710 
JOIL0730 
JOIL0730 
JOIL0740 
JOIUl1S0 
JOIL0760 
JOIL0110 
JOIL07BO 
JOIL0790 
JOIL0800 
JOIl..0810 

c 

SUPT·' .JOINT OISPUCEIiENT. 
ENIHP 

EUE IF IINDl!X(DIi.,'FZ') NE.O) THEN 
JZ·IDOF(J,l) 
PORCE (J'Z, t..OAD)·FORCE(JZ,LOAD) ~VALUE 
IF (B'!'EST(JTFLG[J) ,14)) THEN 

MX·lOOF (J,4) 
FORCE (M:II, LOAD) • FORCE (MX, LOAD) .... .u.uE·CONS'T (J, 3) 
MY"IDOP !J,S) 
PORCE(MY, LOAD) • PORCE (MY LOAD) ·VW1!ilCONS'T (J ,4) 
IorIRITE(DOP,H) JZ,MX,MY 

ELSE 
wlUTE(DOP,lS) JZ 

ENDIP 
IF (JZ.G'T .NF) THEN 

DSPPLG· .TIlUE 
SUPT·' JOINT DISPLACEMENT 

ENDIF 
ELSE IP (INDEX(DIR,'MX') m.O) THEN 

I'IX·[OOF(J ,4) 
PORCE (MJI, !.ClAD). PORCE (MX, LOAD) -VALUE 
WRITE(OOP,JS) HX 
IP (MlI:.GT . tIP) THEN 

DSFFLG· TRUE. 
SUFT .. ' JOINT DISPUCEMENT. 

ENDIP 
ELSa' IF (INDEX(DIR, 'HY ') NE 0) THEN 

MY·IOOP(J ,S) 
PaRCE (HY, LOAD) ·PORCE(HY ,LOAD) .VALUE 
iiilTE (OOf ,35) !'fY 
IF (HY.GT .NF) THEN 

DSPPl..G· .TRUE. 
SUPT·'. JOINT DISPLACEHEm'. 

ENDIP 
ELSE IF (INDEX(DIR, 'MZ') NE.O) THEN 

MZ·IDOP(J,6) 
pCll:eE (I"IZ, LaAD) ·PORCE I !'!1.., LCAXl) .VALUE 
WRITE(OOP,lS) HZ 
IF IMZ.GT N'P) THEN 

OSPPUl· TRUE. 
SUPT·' . JOINT DISPlACEMENT 

ENOIP 
ELSE 

WlUT! (lOB, 010) JOINT ,D IR, VAUI'E 
ENClF 
WRI"E[ loe, 30) LOAD,JOINT ,DIR,DOP ,"'ALUE, SUP'! 
IP (JTGnI.GT.O) THDI 

JTGfN·JTGEN-I 
JOIN'I"·JOINT·JTINC 
GO TO IS 

ENCl. 
GO TO 10 

~O FORMAT (. INVALIO JOINT LQ.Io.D. ',16,2.X,A,2X,IP,G14 6, . 
21 'FORMAT 
30 PaRMAT . 
35 FORMAT 

, '--LOADISSXIPPEO') 
(' UNALID LQAO CASE ',16,' LOAC IS Sl.IPPED') 
(' LO~ CUE:',11,' JOINT:',I6,' DIRECTION: ',A, 
'DOP(S)',A,' HAGNI1"tlDE:',IP,G14.6,~:II,A) 

(15,:,',',15, ,',',IS) 

C··· - .. - RETURN IP NO JOINT LOADS WEirE INl'l.1T 
100 IF (PI:RST) Rf'TtJRN 

110 

IF !.NOT .BOO) REn.rR.N 
PRIN'J' JOINT La.t.DS aN EAO! DOP 

NS·NOOP·S 
00 130 L·l,N~ 

IP (HEAD) IGITE(10B,S ) TITLEfl),TITLE(2) 
'4ITE(10B,llO) L 
DO 120 l·l,NS,S 
Is·HIN( (1'4) ,NDOP) 
00 110 J.[ ,15 

X·J· I-I 
CX(X)·' , 
IF (J.GT.NP) CX(K)·'·' 
IorIRI'TE(108,140) (J, FORCE(J,L) ,e:ll (J- Iq) ,J.I, IS) 

120 CCNI'INUE 

lJO PCIlMAT (' APPLIED JOINT LOADS, LOADING 1I',IS,10X, 
, NO'iE!:' OENOTBS SUPPORT DISPUCD!Dn"/ 
,---------------------- 'II 

" S:II,5 i' [)oP' ,'1X, '[.CJ.D ') I) 
140 PORMAT (SI,5(OP,IS,lP,GU.5,A) ) 

210 

DO 220 L·l,NI..OAD 
IF (HEAD) WRlTE(108,5 ) TITLE(l),TIT'LE(2) 
WRITE! 108,300) L 
00 01:<10 1·1,NNODB 
00 OliO J·1,6 

CX(J)·' , 
IP (BTES'T(J'Tf"U;(I) ,Joll)) THBN 

P{J)·' • 
ELSE 

X·lDOP (I,J) 
WlI:IT!(P(J) ,~&O) PORCB(X,L) 
IF (X.GT.NP) CX(J)·'·· 

ENCl. 
C<lHTlNUE 
WRITE(10B,llO) 10(1), (P(J) ,CX'J) ,J·l,6) 

2010' Can'INUE 

200 FORMAT (' APPLIED JOINT LOADS, LOADING.', IS, 10:11, 
" ' NOTB: • DENOT'ES SUPPORT OISpu.cEtlENT"1 

, •••••••••••••••••••••• '//6X,'NOD2',7X,'PlI:', 
" 13:11, 'FY', 11X, 'PZ', IJX, '!'i:ll', 13X, 'MY', 1):11, 'MZ' I) 

230 FORJolAT (SlI, 15, 121.. ) 
~IO FORl'lAT (IP,G14 .6) 

JOIL08;zO 
JOlLOB30 
JOlLOUO 
JOlLA850 
JOILCB60 
J01LOB70 
JOIl..oBBO 
JOIUl990 
JOlL0900 
JOIUl910 
JOIUl920 
JOIUl910 
JOlLA940 
JOlL09S0 
JOIL0960 
JOIL0910 
JOILCl990 
JOIL0990 
JOIL1000 
JOIL1010 
JOI1.1020 
JOILl030 
JOILI040 
JOILIOSO 
JOIL1060 
JOIL10'10 
JOIL10ao 
JOILlO90 
JOILlI00 
JOIL1110 
JOIL1120 
JOILll)O 
JOIL1l40 
JOILl150 
JOI1.l160 
JOIL1170 
JOIL11BO 
JOILl190 
JOILl200 
JOIL1:<I10 
JOIL1:<120 
JOIL1OI30 
JOILUtO 
JOlt-U50 
JOIL12i50 
JOIL1270 
JOIL1"S0 
JOIL1290 
JOIL1JOO 
JOIL1310 
JOIL13010 
JOIL13JO 
JOILlJ40 
JOILIJSO 
JOILIJ60 
JOIL13'10 
JOILI380 
JOILI390 
JOIL1400 
JOILUIO 
JOIL14 ~O 
JOIL1430 
JOIL1440 
JOILI4S0 
JOIL1460 
JOIL1470 
JOILI4BO 
JOIL1490 
JOILI500 
JOIL1510 
JOIL1S:il:.0 
JOILIS10 
JOILls40 
J01LI550 
JOIL1S60 
JOILlS10 
JOILlS80 
JOIL1S90 
JOIL1600 
JOIL1610 
JOILI620 
JOIL16JO 
JOIL1640 
JOtL1650 
JOILI660 
JOILI670 
JOILl690 
JOILl690 
JOILl100 
JOIL1710 
JOILli20 
JOIL11JO 
JOIL1740 
JOILI7S0 
JOILI760 
JOIL1770 
JOIL1180 
JOILI7!t0 
JOIL1S00 
JOILlIII0 
JOIL1B20 
JO[L1830 
JOILl840 
JOIL1II50 
JOILlB60 
JOILlB'10 
JOIL1880 
JOIL1890 

RE'TUlI.N .1OILlSIOO 
END JOILl910 

C JOID0010 
C ........................ •••• ............... ·······························JOI00020 
C JOID0030 

c 

SUBROUTINE JOTDSP I IOPT,MAXNOD,NDOF,NNClDE ,NLOAD,NF, [0, 1DOF, JOID0040 
" CONST ,DISP,TITL.E,NAME, STEPID, HUD,NCOS,COSINE,JTCOS) JOID0050 

CHARAC'Tn' (,) TITLE (2), STEPID,NAH! JOID0060 
CH.UAC"'I'O-IS CO(fS) , EQf».l.-60 JOIDOO"lO 
LCGlCA.L HEAD JOlnoo BO 
DIMENSION lOOP (HAXNOD,6) ,CClNST(I'!.AXNOD,6) JOI'O0090 
DIMENSION DI SP (NDOP', NLQ.\D) , 10 (I'tAXNC%I) JOIDOI00 
DlJoIENSION t)(6) ,0(6) ,COSlNE(1,3,NCOS) ,JTeOS(MAXNCD) JOIDOI10 
DATA EQUAL JOID0120 

" I' ................................................................ 'IJOID0130 

NLEN·MIN(L.EN(NAHE) '1,60) 
NC-l 

JOID0140 

C········· .................... . 

.10100150 
JOI001l50 
.10100170 
JO[D0180 
JO[00190 
JOID02.00 
.10100410 
JOIDOnO 
JOID02JO 
JOID0240 
JOI002S0 
JOID0260 
JOID0270 
JOI00280 
JOI00:il:90 
JOID0300 
JOlOOJ10 
JorOOJ~O 

JOIOO.l30 
JOID0340 
J0100350 
JOIDOJ60 

CoO LOOP POR EACH LOAD CASE ••• 

c······························ 
c 

DO 300 l.·l,NLC.\O 
NIl SPl..S· 0 
IF (.NOT (OC05 £Q 1 .um COSlNEil,l,l) EQ.l AND. 

C05INE(~,~,II.EQ I .i\NO. COSlNE(),),l) EQ.I ) 
AW. IOPT.EQ.2 ) GO TO 2.l0 

C················ .. ··············· 
C· PRINT GLOBAL DIspu.,cEMEms ••• 

c················· .. ·············· 
C NOTE:DISP l'!.AY CONTAIN DISPU.CEMEm'S, VELOCITIES, ACCELERATIONS OR 
C EIGEN\IAlJ.lES 
C AL.L OF WH 101 ARE PIHNTED OUT AT EACH NODE 
C 

IF (HEAD) WRI'TE(IOB,110) TITLE(I) ,TITLE(2) 
IF (lOPT.NE.OI) WlI:ITE!108,315) N.\ME,L,STEPID,EQUAL(I:tlLEN) 

100 



c 

[P {IOPT EQ,21 W1UT1!{lOS,415) NAME, 
DO 100 1·1,NNODE 

EQUA..L( I .NLEN) 

C. TRAlIlSFER OIS'FL 'TO LOCJ...L VECTOR 

c 
c, 

c 
c, 

c 

DO 20 J·l,15 
IJ·rOOP(I, J) 

,0 OIJ)·OISP{IJ,1.) 

" , 

ADD RaUTIONB TO DISPL PaR CONSTRAINTS 
IF UNCONS"rRAINED, CONST(I,J)·O 

D(l) • Dill .. 0(5)"CONST(I,3) - D(6)~CaNS1'(I,5) 

O(~) ·012) .. D(&)·CCNS'I'(I,l) - D(6)-CONS'T(I,6) 
D(3) - OIJ) .. O(a.)"CCIlIISTII,~l • 0{S)-CONS"(I,4) 

TRANSFER 10 GL.OBAL OISPU,CEHENrS 
JCOS ·J1COS (I J 
:JO 25 11·1, l 

r2 -Il' 3 
Gill] -0 
G(12)·0 
DO 25 Jl-1,3 

J2·Jl·3 
G( II)·G (11) .. cosnJI (J1, Il,JCOS) *0 (Jl) 
G(I 2)·G (U) 'COSINE (Jl, I 1,JCOSI *0 (J2) 

WRITE OISPL 
DO )0 J·l,iS 
WRITE(c:!l(J) ,9) G(J) 
FORMATOP,G1a..I5,' 'J 
WRITE (109,220) ID I I) , (CD 00, K·l, 6) 

NDSPLS"NDSPLS'1 
100 CON'l' nIDE 

IF (NCOS ,E!;" 1 .AND. COSlNE(l, 1,l) .EO, 1 AND, COSlNE(~,2, 1) .EQ 1 
" .Al'ID. COSINE(3,3,1).EQ,1 ). GO TO lOO 

C·······"····· ...................... . 
C· PRINT Jonr. OISPLACEM2N'TS ••• 

c·· .. ••·••···········•···•·· .... ··· 
C NOTE DIS? IUY CONTAIN DISPUCEMEN'I'S, VELCCITIES, .i\CCEI...:ERATIONS OR 
C EIGON.i\LUES 
C AU. OF WHICH ARE PRIN'TE:D 0lTI' AT EACH NIXIE. 
C 

c 
c, 

c, 
c, 

c 
c, 

210 

21' 

'" 

IF (HEAD,AN[) NDSPLS GT.20) WRITI!IIOe,JI0) 'tTTLE(l),TITLE(2) 
IF (lOPT,NE 2) \ll:ll.ITE(109,316) NAJIIE,L,STEPID,EQl.1.i\L(l.NLEN) 
IF (lOPT,EQ 2) WRITE(108,416) NAME, EQUAL(l:NLEN) 
DO ~OO ["I,NNeOE 

TR~SFER GLDBAL DlSPt. TO LOCAL VECTOR 
DO 219 J·1,6 

IJ-IDOF(I,J) 
DIJ)"DISPIIJ,L) 

ADD RO'rATIONS 10 OISPL FOR CONSTRAIN'TS 
IF LlNCClNSTRA.INED, CONST(I,J)·O 

DO) .. 0(1) .. OIS)'CONST(I,J) ·0(6)*CCNST{I,5) 
0(2) .. 0(2) • D(4)*CONST(I,l) • D(6)*CONST(I,6) 
DO) ·0(3) • D(4)~CONSTII,2) • D(5)'CONST(I,4) 

WRITE DISPL 
DO 2JO J·1,6 

WRITE(CD(J) ,9) D(J) 
IJ·looF (I,J) 
IF (IJ.<IT NP) CD(J) (1S 15)·'" 

WRITE(lO B, n 1) ID (I), (0) (X), 1("1, 6) ,JTCOS (I) 

200 CaN'TINUE 
WRITE(109,J20) 

JOO Cam'INUE 

10 FaRMAT 
~:oo FORMAT 
2:i1l FORMAT 
310 FQIUotAT 
315 FORMAT 

11P,GIS.7 ) 
15:11,I5,6A) 
15:11, IS,6A, no) 
('1 STRUCTURE,... ',A,I' SOLt1I'ION. .. ',A) 
Iflax, 'GCS ',A,', LOADING "',I5,SX,A, I 
IX, ' ....... ,Af f6X, 'NODE', 1X, 'DX', 13X, 'OY' ,13K, 'OZ', 

" 13lC, 'I\X' ,13X, 'RY' ,13X, 'RZ'j) 
316 FCRl'tAT (fI2X, 'JCS ',A,', LOADING "',I5,5X,A, 11X,'·····',A 

" f16K, 'NODE',1X, 'DX', 13)(, 'Dr' ,13K, 'OZ' ,1lX, 'RX', 
" 13l1:,'Rr',lJX,'R'Z.',6X,' COSINE .'1) 

415 FaRHAT (fla, 'GCS ',A/lX,'··· .... ·,A/25X, 
" 'NOTE, H.Io.XIM!.M VALLIES MAr NOT OCCUR SIMULTANEOUSLY'fI6X, 
" 'NODE', 7J:, 'OJ:', 13X, 'Dr', lJX, 'DZ', 13)(, • RX', 13X, 'Rr', 13X, 'R2.' /) 

416 FQR!oU.T Ifl?x, 'JCS ',A/U,····· .. ·,A/?5X, 
" 'NOTE. l1AXIHtJIoI VA.LLlES I'1Ar NOT OCCUlI: SIMULTANEOUSLY'fI6X, 

'NODE', 7X, 'OX' ,IJX, 'DY', 13)(, ·D2.·, 13:.1, 'RX', 131':, 'Rr', 1lX, ·R2.·, 
" 6X,' COSINE .'/) 

l?O FORHAT 14X, 'NOTE: • DENOTES A RESTRAINC:O DEGREE OF FREED""') 

JOI00.310 
JOIOO.l90 
JOI00390 
JOI00400 
JOID0410 
JOID04 ~o 
JOI004JO 
JOIOOUO 
J01004S0 
JOI00460 
JOI00470 
JO[00480 
';0100490 
JOID0500 
JOID0510 
';0100520 
JOIo0530 
JOl'00540 
JOID0550 
JOlO0560 
JOID05io 
JOlO0580 
JOI00590 
J0100600 
JOIOOC510 
JOI00620 
JOI00630 
J0100640 
JOI00650 
JOI00660 
JOI006iO 
JOI00680 
J0100690 
JOIDOiOo 
JOI007 lO 
JOI00120 
JOID07JO 
JOI00140 
JOI00750 
JOI00760 
JOI00770 
JOI00790 
JOIOOnO 
JOI00800 
JO[00810 
JOI00820 
JOIOOeJo 
JOIOOUO 
JOI009S0 
JOIOOSfiO 
JOlO0970 
JOIOOeeO 
JOI00890 
JOI00900 
JOI00910 
JOID0920 
JOID0930 
JOI009410 
JOI009S0 
JOI00960 
JOI00970 
JOI00990 
JOI00990 
JOIOI000 
JOIOI010 
JOI01020 
JOIDI030 
JOIOI040 
JOIOI050 
JOI01060 
JOI01070 
JOIOI080 
JOIDI090 
JOI01100 
JOI01110 
JOID1120 
JOIOllJO 
JOID1140 
JOI01150 
JOI01160 
JOID1170 
JOIOI180 
JOI01190 
JOIOlaO 
JOIDHI0 
JOIDl:i120 
JOID1230 
JOIDI240 
JOIOlaSO 
JOID1260 

RETURN JOI01270 
rnD JOIOI380 

C EL21.0010 c···· .. ·········· .. · .................................................................... I!LEL0020 
C ELELOOlO 

St18ROln'INE EUWA (BUG,NP ,NBI.KT ,I'O.XELD,NELP,NDOP,NUlAD, PORCE, £LELOOGO 
IELD,EU>,IOISP,n.oJ.D ,NAME,TITLE,HEAD) EJ.EL0050 

C ELE1.OOISO 
C NOTE ON ARGUMENTS. 'THE LOAD MATRIX FORCE IS PASSEtI FR"" THE CAll.INCl ELEt.o070 

ROUTINE. FORCE IS EQUIVAUNCED TO THE Z MATRIX Br THE CAl..LING ROfJI'INEULOoeo 
IE. Z(Il...a.U))"PORCEll,l), WHERE lLaA.D 15 TI-l.l!! OPFSET IN THE Z !'tATRIX. ELEL0090 
BOTH 'THE C.\LLING ROUTHIE Jo.ND SUl!ROUTlNE ELE LIB USE THE Z MAT1UX £LE1.01 00 

- ELE1.0110 
LOOI C.i\L FIRST, HEAD, FALSE, AJlIAL, BUG 
CHARACTER" [.) 'TITLE(2) ,NAME 
CHARAC'l'ER"20 TYPE,DIRI,DIR'400 
CKARACTER*l CX(6) 
DIMENSION PORC! (NDOF ,NLOAD) , lEW 15,MAXEUJ), ELD(l2,MAXEW) 
D[MENSION UNPtlT I 100) 

FIRST· . TRUE. 
5 FORMAT 1'1 STRUCTURE,. ',A,f' SOLU'1'ION ',A,f) 
6 FORMAT (I' EL..!MENT LOADS • ,f' ~ ...................... . 

" H,' WAD ELEH GEN [NC GROUP" DIRECTION VALUES 
,(/ 

'/1 

ELELOl20 
ELEL013 0 
ELEL0140 
ELELOlS0 
ELELOI 15 0 
ELEL0170 
ELEL0180 

C········· .............. . 

E!LEt.0190 
E!LELO.aO 
ELELOJI0 
ELELO:il:ilo 
ELELO:i!JO 

C· INPUT LOADING DATA .. . 

c······················· 

c 
c' 

N·O 
10 N·No} 

IP (N <iT ,MA.XELD) GO TO 100 
20 READ 1105,'J (IELD( I, N), 1·1 ,4) ,TYPE,DIRI, ELD (1 ,N) 

DIR·TYPElfOlRI 
IF (lNDEX(DIR,'END') ,NE,O) GO TO 100 
NELD·N 
11" I FIRST) THEN 

ENDIF 

IF (HEAD) WRITE(l<JB 51 T~TLE(ll ,TITLE(2) 
WRITE(l08,6) 
FIFST· FALSE. 

~ROCESS LOAD GP.OU~S AND READ ADOI'l'IONA.L INFO 
IF IINDEX(DIR,'COOC·).NE.O) THEN 

KOOE·IOO ' J., 
BACKSPACE (105) 
READ 1105, ~) (IELD (I ,N), 1·1,4) ,'TYPE,DIRI, (ELD(I,N) ,I~l ,J) 
OrR·TYPEI fDIR! 
CAl..L C}(lI.:NG{ELD 12, H) ,0.,1., 'OISTANCE' ) 

ELSE IF (INDEX(OIR, 'UNIP') NE 0) 'THEN J., 
KODE"200 

ELSE IF IlNDEXIOU,'V.aJ/.R·) ,NE 0) THEN 
KODE·300 
J., 
BACKSPACE (105) 
READ (105, .) (lEW (1,1'01),1·1,4) ,TrPE,DIRI, (EUl (I ,NI ,1-1, J) 

ELEL0240 
ELELO:ilSO 
El.&L00I60 
ELELOa70 
ELEL02BO 
ELELO:iI90 
ELEL0300 
ELELOJlo 
ELEL0320 
ELEL0330 
ELELOJ40 
ELELo350 
ELELo360 
ELELOJ70 
ELELOJ80 
ELEL0390 
ELEL0400 
I!LEl.0410 
ELEL04Z0 
ELEL0430 
ELELOUO 
ELEL04S0 
ELEL0460 
El.EL04iO 
ELEL0480 
ELEL0490 
ELELOSOO 
ELEL0510 
ELEL0520 
ELEL0530 
ELEL0540 

c 

::lIRaTYPE/(tlI1U 
CALI. CnNG(ELD(.l,N) ,0. ,ELD(4,N)', 'DISTANCE') 
CALL CJOU,IG(ELD (4, N), ELD (3 ,N) ,1., • DISTANCE') 

El.SE lP IrWEX(Dn:,'P!M') ,NE,O) THEN 
)(ooE·400 
J·12 
BACKSPACE(105) 
READ ( 105,·) (IE1.O(I,N), 1"1,4) ,TYPE,OIRI, (EtD(I,N), 1·1 ,J) 
o IR·TYPEf /DIRI 

ELSE 
IiRITE(108,lO) 'UNALID LOAD TrPE', 

GO TO ~o 

ENDrF 

(IELD (I, H), 1·1,4) ,0IR, EUJ(l,N) 

IF (lNDEX(DIR, 'PJI'~ N"E 0) THEN 
X.OOE·XODE·l 

ELSE IP (INDI!!X(DIR,'PY') HE,O) THEN 
KODE·KOOE·2 

ELSE IF (IND.E:t:IOIR,'FZ') NE,O) THEN 
KanE· KOOE·) 

ELSE IF (INDEX!DIR,'JoOC') NE,O) THEN 
K.OOE·X.ooE.II 

ELSE IF (INDElCiDIR, 'KY') .NE, 0) THEN 
KODE·XCltlE'S 

ELSE IP (IJlIDEX(OIR,'HZ') .HE,O) THEN 
XODE·XClDE·6 

ELSE IP (Kool!.NE.400) THEN 
'oIllI'TEI108,)0) 'INVALID LOAD DIRECTION', 

GO TO <10 
ENDrF 
IEL.DiS,N) ·ICOOE 

(IELD(I,N) ,1"1,4) ,DIR, (El..D(l,N), 1·1,J) 

WRITE(108,40) IIELD(I,H) ,1·1,4) ,DIll., (EUl{I,N) ,I·l,J) 
GO TO 10 

3C FORH.\T (' ',A,' l..OAD IS SKIPPED'f 
" 11l,415,lX,A;oO,lF,6G14.6, :/(42X,6GH.6) 

40 FORMAT (1lI,4IS,lX,A20,lP,6G14.IS, :/(42X,6GU.6) 

C· •.• - RZT'URN IF NO ELEMENT I..OADS' WERE INPtrr 

c 

100 IF IPIRST) RETURN 

- - - LOOP TO GENERATE KEMBER LOADS FOR EACH E'l.D(ENT 
IOP'T·6 
00 101 I.ELNO·l,NELHT 

FALSE· PAI..SE. 
101 CAll. EL.EUB 

" (10PT, LSTTYP, PALSE, IRE'L, P-,LSE, NAKE, EESE, EPSE, DAKA.GE,DUCPAG, 
" IELNO ,IELDOF,KGIlOF,PGECJo!,RINPtTI',AXIAL,IOISP, 1I.£lA.D,MSTCIR) 

C·· _. _. - PRINT I..OADS AT EACH OOF 
IBOO) THEN 

110 

!>!OrF 

NS·NDQp·5 
00 120 1..·1, H't..OAD 

IF (HI!.AD) WRITE(108,5) TITL2(1),1ITL.E(2) 
!o7JIITE (l08, 130) L 
~O 120 I·l,NS,5 
IS·MIN( II.'), NDOP) 
DO 110 J·I,I5 

K·J -1'1 
CX(XJ·' , 
IF (J GT,NF) CX(J:) .. ··' 
WRITEfl09,140) (J,PORCE(J,L) ,CX (J·I·l) ,J·I, 15) 

CONTINUE 

130 FaRHAT (. Gl.OBAL JOINT PORCES Du:e TO ELEMENT LOADS ',3X, 
• 1.£lA.DING.' ,IS, lOX, 
• NOTE .• DENOTES SUPPORT DISPUCD4ENT' / 
, .......................................... '// 

" 5X,5(' DOF',7lC, 'LOAD ')f) 
140 POIU1AT (5X,5(OP,I5,IP,GU,6,A) ) 

ELE1.OSSO 
ELELOS60 
ELELOS70 
eLEL05~0 

ELEL0590 
ELn.D600 
ELELOiSl0 
El.EL06:ii0 
ELEI.0630 
eLELOlSoIO 
ELEL0650 
ELELCIS150 
ELBLOiS70 
ELEL0690 
ELELOIS90 
EL.EL0700 
ELEL0710 
ELEL0720 
ELEL0730 
ELEL0740 
ELEL0750 
ELEL0760 
ELEL0770 
ELEL0780 
ELEL0790 
ELEL0800 
ELEL0810 
ELEL08 ~O 
ELEL08l0 
ELEL0B40 
ELEL0850 
ELEL0860 
ELEL0870 
2LEL0880 
ELEL089C 
ELEL090C 
ELEL0910 
ELEL092C 
ELEL093C 
EL.EL09010 
ELEl.0950 
ELEL0960 
ELEL09?0 
ELEL098C 
ELEl.0990 
ELELlOOO 
EL.ELI0I0 
EL.ELl020 
ELELlOJO 
ELE1.10olO 
ELEL1050 
ELELI060 
ELEL1070 
ELEL1090 
ELELI090 
ELEL1I00 
ELELl110 
ELEL1120 
ELELlllO 
EUL1140 
EL!L1150 
EUL1l60 
EULl170 
EL.!!L1110 
ELELl190 
ELEL1.i:00 
ELEL1.i:l0 
!LZL1220 
!LEL12JO 
ELELI240 
ELEL1250 
I!LEL1:i160 
ELEU?70 

Ri!"1'UR}I ELEL1280 
E:ND ELELl?90 

C CXlWOOIO 
C ........................................ • .. •••••• .. • .. •• .... • .. • .... •••••• .. ··············C)(]UoI"OO.i:O 
C CKRN0030 

SUBRO£JTlNE CJIlLNG(V,A,B,NAME) C1QW001I0 
CKAiAcrO"(") NAKE CJC]U.I0050 
IP (A LT.V .AND. V.LT.B) RE"I'U'RN CKRN0060 
WRITECI08,10) NAME,A,V,S CKRNOO?O 

10 PORMAT!· .. • .. ·)·,A,· IS 011T OP RANGE, S!T ',lP,Gl3.5,· L! INP11T··, CKRNOoeo 
" G13.S,· LE ',GI3 5) CIlQl0090 

V."'INCV,B) CXlWOI00 
V~I1AX(V,AJ CKRN0110 
RETURN CJCR].I01:00 
~ C)(JUI013 0 

C ENER0010 

C .. • .. ••• .. •• .. •• .. •• .... •••••••••• .. •••• .... ••• .. ••••••••• .. •• .. •• • .... • .. • .. • .. ••••••• .. ·ENEilOO:iiO 
C DlDOY BA.J.ANCE ENEli:0030 
C ..................................................................................... ·ENER004 0 

SUBRotn'INE ENERGr (L1, U, I..J, L4 ,1.6 ,11AXNa>, NCOSl, P'T?, ENEROOSO 
IMDHSI, KOMS, OYN, OITO ,MASS, EIE, ESE, PSE, I!:)(]!, EnD, ENEROOiS 0 
A..LPHA, SETA, K.GPORM', NELJotT ,NNaoE, Dr, StJon.iB, SUlRC, END0070 
DSllI'IRC, SUH.'PD,OSlI{P'D,PDAMP,DFDAHP,Gol,GII ,GD, GA", ENEROOBO 
GIlT, GOT, WOlIX, WCRKl, FG, DPO, DolCC, DVEL, DOISP,.\CC, ENF30090 
VEL,OISP, LOAD, DLOAD, IDOF,JTPLG,COSllNE, JTCOS) ENEi:OlOO 

REAL ,"",SS,WAD 
CKARAc."TER-SO NAKE 
t.OOIC\L BTEST,PT:O,AXIAL,DYN,WRITO 

ENEIlOll 0 
E:NEROl:iiO 
ENER0130 
ENER0140 

DII'mNSION lOaF (MAXNOO,I5) ,COSINE! (J,J ,NCOS) ,JTPLG (I1AXNal) 
DIMENSION MA.SSIII'IDMSJ ,MDMS(L6·1) ,JTCOS(I'!JJo:l.IOO) 

ENEROlS0 
ENEROHiO 
ENER0170 
ENEROlS0 
ENER0190 

tlU'IENSION :RINPtTI' (100) ,PDAHP (LiS), DPDAMP (L6), PG(6) ,DFG(6) 
DIMENSION SUMRC (6) ,DSUMRC (6) ,SUMFD (6) ,0SUI1?D (6) ,SmtUE (6) 
DIMENSION GOIJ), (:.t(J) , GA.{)),GDTI.3),GVT(J) ,CiA.T(3) 
OIl'IENSION ODISP(1.6) ,DVELILIS) ,DACC(L6) ENEIlO:ilOO 

!NEROnO 
EN!R02:ii0 
ENERO:030 

DIMENSION OISP(1.6I, VELIU'i), ACC(1.6) 
DIMENSION WORJ( (LiS) ,WORK.i: I LIS) ,LQA.D (1.6) ,OLOI.D (Ui) 

c 
C· - .. - NOPt:E:NCU,TURE 
C DACC INClUKENTU UUTIVE ACCEUlU.TION 
COVEL INOIMENT.i\L RElATIVE VELOCITY 
C DDISP INCRIMENl'AL REI..A.TIVE DISPlACEMENT 
C ACC PREVIOUS STEP'S REL.i\TIV"E ACCEI2RATIClN 
C V'EL PREVIOUS STEP'S RELATIV! VElOCITY 
C OISP PREVIOUS STEP'S RELATIVE D1SPLACEHXNT 
C OW.\D INCR.lMENl'AL APPLIED LOAD, NOT /II-AG 
C LOAD PREVIOUS STEP'S APPLIED LOAD, NOT M"AG 
C DPDAMP INO.lHENTAL DAMPING FORCE 
C FDAMP PREVIOUS STEP' S OAMPINO PORCE 
c 
C 
c 
c 
c 
c 

GIl INCRlMENrAL. GROUND DISPLACEMENT 
(;II INCltlMEm'AL. G'ROUND VELOCITY 
GA INCRIMENTA.L GROUND ACCELERATION 
GO'T Tar.u. GROUND OISPUCEMENT 
G'IT TOTAL iJROUNtl VELOCITY 

C GAT 'TOTAL GROUND ACCEL..E:R.ATION 
C WORJ: TEMP FORCE VECTOR 
C WORK:iI TDIP DISPL OR V'ELOCIT'l VECTD!( 
c-
C 

c 
C .. •••••• .. • ................ ~ .................... . 
C··" nrrEGR.ATE GROUND ACCEUliIATION ••• 
C ...... • .... • .... • .. • .. ••••• .. •••••••••••• ........ • .... • 

101 

IP IDYN) THEN 
DO 10 I·l,l 

GA(I) .GA.( I) 
GV(I)·(2·Gj\T(I)~CJAII1) ~DT I? 
GD(I) ·GVT(I)·Dr • IJ·GATiI)·GA{l) 
G-'T(I)·GA (1) ·Q.T( IJ 
GVTil)·GII(I)~GV'T(I) 

GDT(Il .. GtI{l) ·GOT(I) 

. - - - - - - _. - -CENEROHO 
CENER0250 
CENER O:ii is 0 
CENER0270 
CENER02S0 
CENER0290 
CENE:ROJOO 
CENER0310 
CENEli.Ol20 
CDIEROJJO 
CENEli0340 
CENER03S0 
CENER036<J 
CEND037C 
CENER0380 
CENEROJ90 
CENER0400 
CENER0410 
C!NER0420 
CENEil04JO 

- -CENEROUO 
EJ,IER0450 
ENER0460 
ENER0470 
ENER0490 
ENER0490 
ENER0500 
EN'EllOSI0 
ENEROS20 
ENER05JO 
ENER0540 
END-OSSO 
ENER0560 
E:NER0570 
ENEROS80 



c 

ENDl. 
tP IPT2) THEN 

IP (DYN) THEN 

ELSE 

ENDl. 

WRITE 11011 221 II,Acelt) ,VEL1Il ,!HSP(IJ ,LOiUl(I), r~l,L4) 
WRITE (lOll 2ll (I,DACeo) I DVEL(I) ,DDISPII) ,DLDAn(I), I-l,L4) 
WRITE (lOB, ,,4) II, PGil I ,:'POII) .FDAJ1Pnl ,DFDAHP (II, r-L,!.,.6) 

WRITE (loa, 22) (1, "ee( Il, VELU I ,DISP (I J, LOAD (I J ,1-1,L6) 
',oI'RITE (1011,231 I r, DAce (1) I DVEL(I) J DDISP III ,DLOiUl (r), 1"1, 1..6) 
W1HTE (1011,241 II I PGII i,DPGII1, FDAJ1PU1,DFD.IJ1P (II, r-l, [.6) 

22 FORmTt/TIO, 'TOTAL REU.TIVE RESFONSE FOR PBEVlOUS 'rIME STEP'/ 
ITI0,'~p:·,r6.' "ce.',IP/GlJ,S,· VEL:',GIJ 5, 

" ' DSF ',GlJ,S,'1..,.OAO ',G13.5)1 
23 FOlU'lAT(/TlO,'INCRIMENI'AL REI..\TIVE RESP~SE'I 

(TI0 / 'ooP ',I6,' ACC,',!P,GIJ.S,· V'EL:',G13 5, 
" 'DSF ·,G13.S/'LeAD ',G13,5)) 

24 FORMA.T(/TIO,'SPECIA.l. FORCES '/(TlO,'OOP:',I6,' PO ',IF/Gl) 5, 
, DFtl:',GU 5,· FDA..MF,',GU.S,' DF'DAMP,',G13,S)) 

ENDlF 

c························ .. ············· .. ···· 
c··· CAl..CUl..A.'!'E !NPIJ1' EARTHQUAKE ENERGY··· 

c· .. ·• .. •·• ...... •••·••••·•···•···•·······•···••· 
C 

c 
C. CALCl1U.TE THE INCR. INPI.1I' ENERGY DUE TO GRND MOTION 

c 
c. 

c" 
C 

c 

IF (DYN) TH2N 
IF [pn) THEN 
WRITE(lOa, -) SLlMRC' , SUotRC 
IolRITE(1 09, -) 'DSI..lMRC' ,DS~C 
WRITE(l08,-) , SlWD', StMPD 
IolRITE(10B,-) 'DS~D',DSUMPD 

WRITE(l08,*) , SUKUE', SlM11E 
ENDl. 

DO 4B 1·1, 1 
FORCEI· SUHRC(I)+ 0 5-0SUMJlC(I) + SUHf'D(Il • 0.5-0S[JM?tHI) 

• SLMUB~I) 

END-·GO(I) -PORCEI 
IF (PT2) WRITEOOB,") I,'FORCEI',FORCEI, 

" ' GIl',GD(I),' ENER',ENDI 
4B DElE· DElE • ENER 

, 
so 

51 

ENDl. 

CALCUIJ..TE THE INCR. INPLn" ENZRGY DUE TO APPLIED LOADS 
N2·L6 
IP (DYN) NZ·1..4 
DO 50 I·LJ,N2 

FORCEI·LOAD(I) -OLOAD( Il/2 
ENER·PORCEI·DDISP (1) 
IF (P'T2] WRITEI10B, 'l I, 

'FORCEI',PORCEI,' DDISP',DDISP(I),' ENER',ENER 
DEIE·DEIE _ ENER 

CALCUUTE THE ENERGY DUE TO GEO"IE'TRIC STIFFNESS 
IP IXGFORH.EQ.Z ) THEN 

GET THE INCRlMENTJ..l. DISPL AND STORE IN VECTOR WOll.K2 
SAVE INC'RIMDlTAL IN VECTOR WORK2 
DO 51 I·LJ,L4 

~ORK(I) ·DDI SP(IJ 
ADD GRot/Ntl RESPClNSE IN JOINT COUDlNA-TES TO RBLATIVE RESP 

I'IULTIPLY GROUND DISPL " DIRBCTION COSINE 
CIoIIT ALL OOF THAT ARE CONSTUINED TO ,I, MASTER IlOP 

IF (00(1) .tlE,O .OR GD~2) ,m,o OR. GO!:!) ,NE,O) THEN 
00 52 Ncoe·l,NNODE 

IC05·JTCOS (NODE) 
DO sa X·1,3 
IF I.NO'!'. 8TEST(JTFLG (NODE) ,K+11» THEN 

II·IDOF(NCtlE,IO 
IP III.Ll U AND. II.GE.U) 
-.roRX(II) ·WORX(I 1) + GOO) "COSINE (1, IC, IeoS) 

• GD(2) "COSINE(Z,X,ICOS) • GD(J)-COSINE(J,K,ICOS) 
END IF 

5jj, CONTINUE 
ENtlIF 

C ..... CAl..CIJL.\TE THE INCl:IHEN'TAL INPU'T ENElIC>i DUE TO XG. 

c· 

DIXG·O 
DO 53 I·W,L4 

END· ~PG~I)"DFQ(I)/2) -WOR:t~I) 

IF (PTa) WTU'TE(108,') I, 
" 'FG,DFG',PGil),DFG(I),' DDISP',WOR1C(I),' ENER',ENER 

53 DIXG·DIKG~ENER. 

OEIE·OEIE~DI:tG 

ENDl. 

C. .. CALCtJU.TE THE TO'I'AL INPtn' ENERGY 
EIe·EIE • DElE 

C C················· .~ ... ~ ................ . c··· CALCtJ1..ATE 'TOTAL STR.\IN ENERQY C-············ ~~ ..... ~~ .. ~ ~~ ........... ~. 
C. CALCUUTE THE TOTAL STUIN ENERGY 

DES,2·ESE 

c 

OPSE·PSE 
ESE·O 
PSE~O 

.•. Glrr ELASTIC AND PU,STIC STRAIN EN'iRGY FOR EACH ELEl'IENT 
LS'TTYP·O 
00 ISO IEl.1Kl·l,NELXI' 

CALL ELELIB 
" 110, LST1'YP, . FALSE ,IREL,. FALSE. ,NAI'm, EESE, EPSE, DAMAGE, OOCFAG, 

I EUOO ,IELOOP, XCDOP, PGECM, RINPtn', AXIAL, IZDISP, I Zl.OAD , !'tSTORl 
IF (PT2) IofRITEI10S,55) IEUlO,EESE,EPSE 

55 FORMAT (' E.I..:EI'IENT.' , IS, ' E.US1'1C SE··,lP,Gll 4, 

ESE • ESE • EESE 
PSE • PSE - EPSB 

, PUSTIC SE·', IP,Gll.4) 

. CALCut.ATE THE lfoIOlMENTAL STRAIN Em:RGY 
DESE·eSE·DEsE 
DPSE·PSE·DPSE 

C·······-························ .. · c··· CALCULATE KINnIC ENDGY .. .. c············· .................... . 
IP ~OYN) THEN 

C GET THE ABSOLllt'1! onUXITY AND STORE IN VEcrCIR WCRX2. 
C. SAVE REUr.TIVE RESPONSE IN VECTCIi WOllX2 

DO 15 I·l,LA 
WORKZ (I) ·VEL(I) -OVEt.(I) 

ADD GROUND RESPONSE IN JOINT COlUI.DlNATES TO RElATIVE RESP 
HVLT!PL'f GROUND IfELOC:::TY • DIRECTION COSINE 
QoIl1' ALL DOF THAT A.RE CONSTRAINED TO A MAS'T2R 001". 

IF IGVT(l) N'E.O Oil. G'n'IZi.NE 0 OR GV1'(3) NE 0) THEN 
DO 20 NODE-l, NNOOE 

ICOS·JTCOS (NODE) 
DO 20 X·l,3 
IF (,NOT, BTEST(JTFl..GINODE),K+111) THEN 

II-IDOF{NODE,K) 
IF (U,W;.L4) 
WORK2(II)· ... ORK2(II) + GV'T111-COSINE(1,X,ICOS) 
, GVT(2)"COSnrEl~,K,ICOS) • G'n'1J)-COSINEIl,K,ICOS) 

ENDIF 
~O CONTINUE 

ENDIF 

CALCI.,'l.ATE THE 'TOTAL XE 
DEICE·EKE 
CALJ... En-IPLYIPT2,L1,L2,W,U"lA1,1..4, 

II'IDMS, MOMS, MASS, WORK, WORX2 ,WORKZ, EICl:I 
EKE·EJ<E(2 0 

CALCt1I..A.TE THE INCR IHnlTAL Ja: 

ENER05~0 

ENElI0600 
ENER0610 
ENER060iO 
END0630 
ENER0640 
ENERo650 
ENER0660 
ENER0610 
ENER0690 
ENER0690 
ENER0100 
ENER0110 
ENER0120 
ENER0130 
ENER014 0 
ENER0150 
ENER0160 
ENER0110 
ENER01S0 
END01~0 

ENERoaoo 
ENEROS10 
ENElIOS20 
ENEROS30 
ENER0840 
ENEROS50 
ENER0860 
ENEROB10 
ENEROSSO 
ENER0890 
ENER0900 
ENER0910 
ENER09jj,0 
ENER09JO 
ENER09f.0 
EN:ER0950 
ENER0960 
ENER09,O 
ENER0980 
ENER0990 
ENER1000 
ENZiUOI0 
ENElI.10~0 

ENERIOJO 
ENERI040 
ENZR1050 
ElOZR1060 
ENZlU010 
ENZR1080 
ENZR1090 
ENERllOO 
ENERlllO 
ENER1UO 
ENZR1l30 
ENER1140 
ENZRllS0 
ENER1l60 
ENER1l10 
ENER1l80 
ENER1l90 
ENERUOO 
ENER1210 
ENER12ao 
ENEll.la30 
ENElU2f.0 
END-USa 
ENEil260 
ENEIU~"I0 
ENZR1HO 
ENERljj,~O 

END1300 
ENZRI310 
END13Z0 
ENElt1330 
ENERIHO 
ENERI3S0 
'ENEll136 0 
ENZi1310 
END1380 
ENERl390 
ENERUOO 
ENERUIO 
:ENERU~O 
EN!i:U30 
ENER1HO 
fNDUSO 
fNER1UiO 
ENERU10 
ENDueo 
ENDU90 
ENERlSOO 
ENERlSIO 
ENERlS 20 
!NEIl15JO 
ENDUS40 
fNERlSS0 
ENEIUSISO 
fNDlS10 
ENElllS80 
ENERlS~O 

ENZRl1S00 
ENEltllSlO 
ENER16~O 
ENER16:!O 
ENEIHIS40 
ENElHIS50 
fNE1HISISO 
ENERllS10 
ENZRUilO 
ENERllS~O 
!NDI100 
ENERl110 
ENE1U 1 ~O 
END1130 
ENER 114 0 
ENDI1S0 
ENER1160 
ENZlU"I "I 0 
ENEil"leo 
ENElU19 0 
ENDUOO 
ENZIUBlO 
ENDH ~o 
ENDU30 
ENERlS40 
ENElue50 
ENERlBlSO 
ENDH10 
ENDueBO 
ENERIS90 
ENERl900 
ENERl910 
ENDHS20 
ENDl19lo 
ENZR1940 
ENERI9S0 
ENER1960 
ENER19"10 
ENER19BO 
£NER19S0 
ENERZOOO 
ENERZOI0 
ENERzoao 
EN"ER2030 
ENER2040 

c 
C. 

c 

ZERO KE POR STATIC CASE. 
D2XE·0 
EXE -a 

£NIll. 

C···· .... ·· .. ···· .. ··· .. ·················· 
C··· C.ucUUjE DAMPINED ENERGY 

C···································· 

c 
c. 

c 
c. 

c 

, 
" 

IF (DYN) THEN 

CALCUUT2 TH2 INCRII'mlTAL DAHP'!NG ENERGY 
DEDO ·0 
IF (ALPHA N:E, 0 OR BETA. NE, 0) THEN 

DO 95 I·U,L4 
FORCEI· F'OAMP(I).OFOA.JoIP(I)/2 
VMI - VEL(I). DVEL(IJ/Z 
ENER·PClRCEIoVHI 
IF IPT2) irlRITEllOS, I) I, 

'paRCEl', FORCEI,' ~'\lMI,' ENER', ENEII: 
DEOD·DEDO + ENEk 
DEDD·OEDO"DT 

ENDl' 

CALCULATE THE TOUL DAMPINED ENERG't 
EDD·EDD·DEDD 

ELSE 

ZERO DE FOR ST,I,TIC CASE. 
EDD·O 
DEDD·O 

ENDl. 

C········_····· .. ···· .. ········ .. · 
C··· OIECX ENERGY BJ..U.bICE ... . C············· ................ . 

c 

DIPF ·EIE· ESE· EX!· PSE· EDD 
IF (ElE.NE.O) THEN 

RE·DIFP/EIE • 100 
ELSE 

RE·100.00 
£NIll. 

c· •• •••••••• •••• ••• .. C··· PRINT DATA··· 
C······· .. ··········· 

c 

IF (WRITO) IoJRITE(l08,100) DEIE,EIE,DESE,ESE,DEXE,EKE, 
" DP5E, PSE,DEDO, EDO,RE 

100 POllMA.T (/,TlO,' ENERGY 8ALANCE'/TIO, ' •••• ~ ••• ~ ••••••• ', 
" T40, 'INCRIMENT,I,L', T58,' TOTAL' / 
" T15, 'INPl1I' ENERGY' ,T40,lP,G12.5,'T55,GH 5/ 

,T40,lP,G12 .5,'T5S,GI2 .5/ 
,'r40,lP,G12o ,5,'T55,GH 5/ 
,T40,lP,Gl2. 5,T55,G12.5/ 
,T40,lP,GU ,S,TS5,G12 .S/ 

" T15, 'EUSTIC STRAIN ENERGY' 
" T15, 'KINETIC ENERGY' 
"T1S,'PLASTIC STRAIN ENERG't' 
" TIS, 'DAMPING ENERGY' 
"T15,'REUTIVli EII','ROR' , T55,G12 .5, 'III') 

(GDU), GV(I), GA(I),I·1,l), 
IGDT U) ,GIn (I), GAT (I), I·1,l) 

IF (DYN.AND WRITO) WRITE (6,110) , 
110 P01UU.T (/,TlO,' GROUND RESPONSE' Ino,··················,/ 

TI0, 'INOUJoIENTAl. VALU'ES',T46, 'DISPt.ACEI1ZN'T', 
T63, 'VELCCITY' ,1'115, ',I,CCEI.ERATION'/ 
T15,'GLOBAL x AXIS 1'it.UISLATION .. ',T45,IP,3G15.S,( 
Tl5,'G1..CBAL't AXIS TRANSLATION .. ',T45,IP,3G1S.S,1 
115,'GUJ8AL z. AXIS 'Ti..UISLATION, .. ','U5,lP,JG15.5,/ 
TI0, ''TOTAL VALUES'/ 
115,'GI..CBAL X AXIS T1i.ANSl-'TION ... ',T45,lP,JG15.S,/ 
T15, 'GLaRAL 't AXIS 'rRANSUTIClN. ',T4~,lP,3G15.S,/ 
'T1S, 'Gl..OBAL z. AXIS ~Sl-'TION .. ' ,T45,lP,3G15 .5) 

C········································· 
C··· DUCTILITIES AND EXCt1RSION RATIOS ••• 
C· .......... ~ .......... ~ •••••••••• ~ ........ .. 

LSTT'1p·o 
DO aoo IEI.B:I~l,NE:IMr 

zoo CALJ.. ELELIB 
" (11, LS'n'YP, ,FALSE:. , IiEL, . PALSE , ,NAME, EESE, EPSE, DAMAGE, DUCFI\G, 
" I ELm , IELDOF, K~OF, PGEaoI,RINPtrr,AXIAL, IZ.DI5P, IZLOAD, MSTOR) 

ENEROi050 
ENER~060 

ENERa010 
ENERJ080 
ENERJ090 
D1ERHOO 
ENER2110 
EN"'ER:il10iO 
ENER21J0 
ENER2140 
ENERa150 
ENER2160 
ENER2110 
ENER2190 
ENEII:il190 
ElIlER:il200 
ENER:ilalO 
ENER22Z0 
ENER2a30 
ENER.2HO 
ENER:il250 
ENZR 2.l6 a 
ENER2210 
ENZRZ2BO 
ENER2UO 
ENER2JOO 
ENER2310 
ENE1UJ20 
ENER2.330 
EN EJU 34 0 
END23S0 
END2HO 
E:NE:il.231 a 
ENEU380 
ElH::R.2J90 
ENER20400 
ENER2410 
ENER2420 
ENZR jj,4J 0 
END2UO 
ENERZ450 
ENER:ilf.60 
ENER241 0 
ENER2f.SO 
END2f.90 
ENERjj,SOO 
EN'ERaSl0 
EN"ZRjj,S20 
ENER2530 
ENER2540 
ENER.2S50 
ENZR2560 
ENER:il510 
EN"ER2590 
END2590 
EN EICil600 
ElIlER0i610 
ENER2620 
ENER26JO 
ENER2640 
ENER2650 
ENER266'0 
ENER261 0 
ENER.UO 
ENER'i690 
ENER27 00 
ENER.110 
ENER.0i1Z0 
ENER21)0 
ENER:il140 
ENZR2150 
ENZR Z"I 60 
ENE:Ra11 0 
ENER:il1 BO 
ENEIU.1510 
ENERa800 
fNER2lil0 
ENER28~O 

ENER283 0 
ENER~UO 

RE'I'URN ENER28S0 
!NO ENEltH60 

C ETHPOOI0 
C·································· .. ············a ............. a .............. ETMPOO~O 
C CALC THE ENERG't (B) POll. U(T'R.AJIlSP) • P • U(TR.WSP) • A • X E"l'MPOOJO 
C ETHP0040 
C . KATllIX A. IS AN UPPER TRIANGUI..\R MATRIX, WITH MAIN DIAQCNAL ADDRl!SS ETMF0050 
C MATRIX MD. ETHP0060 
COOP Ll 'TO U HAVE BEEN COWENSED OUT ETHP0070 
C DOP W 'TO LA HAVE BaN ~DIPIED PaR. THB CaNDENSATICIIl OP Ll TO U E"l'MP0080 
C DOP L5 'TO L6 HAVE NO'!' BEEN MODIPIED ETKPOOSIO 
C X IS A VECTaR. ~OlOO 

C P IS A DI.MKY INPUT VECTOR ETHPOI10 
C· ........................................................................................ ETHP0120 

c 
c· 

c 
c-

c 
c· 

SUBROUTINE !'lMPl.'t (PRINT, LI, L2, U ,L4, 1.5, L6, IJIID,HD,A, P, )I,U, E) ETl'(P0130 
DIMENSION A( IHD) ,x (L6') ,P (1.6),HI) (1.6 .. U, U! 1.6) ETl'IP0140 
LOGTCA.l. PlIINT,T, P ETMPOlSO 
IJI(I,J) ·HD(J).J·I ETMP0160 

T" ,TR.UE . 
p ... PALS! . 

IP (PlIINTl THEN 
WRITE~10B,500) 'CALC ENDGY FOR PARTIALLY REDUCED ,I, MATRIX', 

L1, U,L:!,lA, LS, 1..6 
CALL lJolATRX(A.,MD,L6,IHD, 'MAntIX A ') 
DO 515 I·L1,L6 

515 WRITEHoB,5.0) I,XlI) ,Un) 
ENDl. 

CALC PF" • KFF"~Xl 

CALL 'n'fiIL't lP, T, IHD,L6,U, 1..4, U, U ,MD,A, P,X) 

CAl..C E1 • XP' " PF" E·, 
00 10 L·LJ,L4 

10 E· E • U(L)"P IL) 
E1·E 

c.u..c PF • KPR "JCR 
CAI.L TMPLY IF ,T, IHD, L6, L1,LA, l.5,L6 ,HD,A, P,X) 

CALC PP • KPR - XR 
CAll. TMPLY IF ,T, IHD, L6, U, 1..6, L1, L6 ,HD,,I,, P,X) 

CAI..C E20 + 'EJ + E4 .. ICP " PP , XR " PR 
DO ~o L-L1,L6 

20 E· E ' U(L)"P(U 

PRINT ANSWER 
IF ~PRINT) WRITE(lOB,SlO) E,El 

ETHP01 "I 0 
ETXPOlBO 
E.""rMP01SlO 
ETMPO~OO 

E'THPO~10 
ETHP02~0 

ETMPO~30 
ETMPOHO 
ETHPO~50 

ETHPO~ISO 

ETHPO.70 
E'TI'IP02BO 
ETHP0290 
ETMFOJOO 
ETHPOJI0 
ETHPOJ ~O 
ETMPOJJO 
E'TMPOHO 
E'THPO:!SO 
ETMPOJ60 
ETMPO:! "I 0 
ETMPO:!SO 
ETMPOHO 
ETHP0400 
ETHP0410 
ETHP04Z0 
E.TMP0430 
ETl'IPOUO 
ET!"[P04S0 
ETHP04!SO 
ETMP0410 
ETHP04S0 
ETHP0490 
ETl'I.POSOO 

500 FORMAT (/2)('A.,/2)(,'l.1;',15,' L2o·',IS,· L3",I5,' L4 ',IS, ETMPOS10 
" 'U·',IS,' 1..6:',15) ETHP0520 

510 FORMAT </2K,' TO'I'J..L ENERG't:',lP,GIJ.5,' E1:',G13.5) E'TI'!F05JO 
5Z0 FO:RHAT (2)(,'ooF",16,' X(DOFI',lP,Ol45,' U(DOF):',G14 5~ ETI'!F0540 

RETURN ETHP05S0 
END ETMP05!S0 

C iHPL0010 
c ................................................... ~ •••••••••••••••••• ··1"MPLOO OlD 

C TRIANGLAR MATRIJI: MU't.TIPLICATION .... TMPl.OO:!O 
C ,,"nIX A. IS A..'i UPPER TRIANGT.i'LJ.Jl MATRIX, WITH !-UIN DIAGOllAL ADDRESS TMPLO040 
C !'lATRIX MD. X 18 ,I, VECTOR p.AJ( TMPl.0050 
C THE MULTIPLICATION IS CAlI.XU:O DOT F'RCJ1 ROW IR1 TO IR2 AND PROM TMPl.OO IS 0 
C COLllHN JC1 TO JC2. iHPl.OO"lO 
C ••••••••••••• .................... ~ •••••••••••••••••••••••••• ~ •••••••••• ··iHPLOO B 0 
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c 
c-

c 
c· 

508ROUTINl!: 't'MPLY [PRINT, z..ER0, IMD ,N, lRl, IR2, JCl, JC2, MO, A, P, X ~ 
DIMENSION "nMD~ ,X(N),P(N) ,MD(N·lj 
LOOlCAL PRINT, ZERO 

IJI(I,J) ~HD(JJ .J-I 
IF (PRINT) THEN 

WRITE (108,500) 'TRIANGOL..\Jt H'llLTIPUCATIOl>l', IRl, IRZ,JCl ,JC2 ,N 
CALL LKATRX(A,IiD,H,I'IIl(N-l) , 'MATRIX A') 

END'P 
ZERO P 

IF (ZEROI THEN 
DO 320 J·UI,IR2 

P(J) ·0 
£NI)IP 

~TIPLY TERMS ABOVl! AND 
DO 20 J·JCl,JC2 

IRe-J -MD (J'l) .MD(J~ q 
MDJ-!1D(J) .J 
r L·M,AX (IJl.C, IJl.l) 
I2·MIN(J,IR2) 
IP (I2.GE.Jl) THE.N 

DO 10 1·11,12 

INCUJDING THE MAIN DIAGQNAl. 

P (II·PII) "A(KDJ"I) ·X(J) 
ENDIF 

20 CON'l'WtJE 

'n'I:Pl.009a 
'l'MPL0100 
T!"fPLOIIO 
Tl1P t..o 12 0 
'noIPLO 13 0 
n1PLOUO 
1"MPL0150 
TMPL0160 
'n1PUll'70 
n4PL0180 
n1PL0190 
,""PL02ao 
TMPL0210 
'T'MPL0220 
'I'MPL0230 
TMPL.O:H.O 
TMPLo250 
TM'PL02EiO 
ntPL02'70 
TMPL0280 
TMPL0290 
TMPLOJOO 
'!'MPLOJIO 
ntPLOJ20 
TMPLOJJO 
'TMPt..0340 
TMPUlJ50 

MUL'TIPL'l' TERMS eELat' THE MAIN DIAGONAl.. '!'MPt.oHiO 
DO lO I·un,IR2 THPLOJ'70 

IRC·I MOII'l)-MOiI).l TMPLOJBO 
MDI·MD(I)"I TMPLOHO 
Jl·MAX (IRC,JCl) TMPLQ400 
JZ·MINII'l,JC2) THPLUlo 
IF (J2.GE.Jl) THEN THPL0420 

DO 40 J·Jl,J2 TMPLOclJO 
PII)·PII)"A(HDI'J)-XIJ) '!'MPLOcI40 

ENDIP 1'MFLOciSO 
30 CONTINUE TMPLOcll!iO 

500 PORMAT (/2X,A/,2X,' IRI ',IS,' IR2:',IS, TMPLOci '7 0 
" 'JC1',IS,'JC2.',IS,'N:',IS) TMPLOcl80 

IP (PRINT) THEN T'MPL..04S10 
DO 515 I·IR1,IR2 TMPLOSOO 

SIS WRIT'E(10B,S20) I,X(I) ,P(I) 'l'MPLOSIO 
WRIT'E(lOB, -) , , TMPLOS20 

520 FORMAT 12lI,'DOP:',!6,' X(DOP)',lP,Gld.S,' A-X·P(DOP):',GU_S] TMPt..OS30 
ZNDIP 1'MPLa5,"o 
RE'TURN THPL05S0 
END TMPL0560 C····················· ...................................................... "·SOLOOO 10 
SUBROU1'lNE SOL04A SOL00020 

.. 1L.I,L2,l..J,L4,L.S,1.6,IMD,IMDMS,IMD]{G, SOLOOOlO 
MAXELD nRN'!' l'oIRITE, U'NBAl.. SOLaoociO 
NLOAD foolNODE NCOS , NEll'I'T SOt..OOOSO 

"IZDOSP IZDLa.\ IBUG , MJ..XNOD SOL00060 
TITLE STEPIO NDOP , Rt.OAD SOL000'70 
KGPORH XGLOAD KGTYPE, DIUDA 501.000 BO 

~ ~:~P ~~ ~~~: DS~X , RCTMAX ~t~~~~~ 
"DISP VEL LOAD, Q Fl.m SOLOOIIO 
"DDISF DViL Dl.OA.D, R WORJt: SOl.OOUO 
.. STIFF MASS KG , ELl) UBLCAD S01.O0130 
~ MDI'!S MDKG ,IEiD UBI;IISP SOl.OOUO 
10 lOOF CNS'l' ,JTFLD , COORD SOLOOlSO 
COSIN! JTCOS EIE,ESE,PSE,EKE,EDD, SOL00l60 

" FG OPG SOLOOl'70 
SOLQ0180 

CCJ!IMQN IIDSTEP/ISTEP SOLOOlSlO 
J....CCICAL PRINT, OSPFlA, HEAD ,REPEAT, AJlIAL, TE!n', BTEST, Nl:WFAC SOLOO.OO 
LCGICAL NE'WlCG, NEWX, UNSJ.L, WRITO, BOO], BUGS, BOO6 ,BUGll SOL00210 
CHARACTER·I") TITU!2d,STEPID SOLOa.20 
CHARACTER NAKE-SO,STEP-IO,S1EP4I-IO SOLOO:iiJO 
REAL LOAD,I'!ASS,XG S01.00240 
INTEGZR FDAMP SOL002S0 
DIMENSION SIJloGC(6) ,D5UMRC(61 , SUHFD(6) ,DSUMFD (6), SUHR01(6), Sl.JHTJB (6) SOL004l60 
DIMENSION OSPMU (1.6) ,RC'I'HAlI (Ui) , DR LOA (1.6) ,Rl.OAD (Ui) SOLOO:ii?O 
DIMENSION RINPIJ'T (lelO) ,WORX(2 r Ul ,10 (HAXNCD1, GA1(J) ,GVTll) ,GOT(]) SOLOOHO 
DIMENSION STIFP (HID) ,MASS(IMDHS), KG (IM[)(G) SOLOO:ii5l0 
DIMENSION MO(U .. l) ,HDI'!S(L6"1 ) ,MDKG(L6"1 ) SOLOOJOO 
DIMENSION LOAD(lA) , DISP(U;), VEL(l.6), Q(1.6),PO(Ui)·,OFGII...6) S01.00310 
DIMENSION DLOAD(Ui) ,DDI5PI1.6) ,DVBL(L6), R(1.6) SOl.OOJ~O 

DIMENSION POl! (L6), l.lBWAD(L6) ,UBDISP (1.61 S01.003JO 
DIMENSION IELD(l) ,EU(1) ,GA(J) ,GV(3) ,GD{l) SOLOOHO 
DIMENSION COCIRD (M.UNCEl, J) ,JTPlG (MAXNOD) ,JTCOS (HAXNCXl) , 501.00350 

" IDOP (MAXNOD, IS) , COSINE (l, J, NCOa) ,CN&'"\' (MA."[NCD, 6) SOLO 03 6 0 

DO 5 I a l,6 
Sut1UB(I)·a. 
SUKPCIIl"O 
SlIHMQoI·O 
SllI1H.PO·O 
SUMHHO-O 

80L003'70 
SOL003S0 
SOLQOJ5IO 
SOLQO .. OO 
SOLOOcilO 
S01.00 .. :ii0 

C· ...................................... . 
SOUlOcl30 
SCll..C 0 .... a 
601..00 .. 50 
S01..00cl60 
SOUl 0 .. ? 0 

BlIGJ ·BTEST (IBUG, 3 ) 
BUGS ·E1'EST(IBOO, 5) 
BUG6 ·B'TES'!' (IBlIG, 6) 
BUGll·BTES'!' ( IBUG, 11) 

C······· ...... ········· ...... •· .... · ...... · .. · 
c c········· .. ··· ................... . 
C· INITIAl.I'l.E ENERGY CONSTANTS ••• 

c································ .. 

c 

ElE·O 
ESE·O 
PSE·O 
EKE·O 
EDO·o 

C· ......................................... . 

C· sn GE~IC STIPFNESS Fl...A.GS ••• 
C· .......... ~ ......................... . 

NEWXG". TRl.lB. 

501.00 .. SO 
SOLQono 
SOLO OS 00 
SOLOOSIO 
SOLOOS:iiO 
901.00530 
SOLQOS .. O 
SOL00550 
8OL00560 
SOL005?a 
SOL005BO 
S01.00590 
SOL00600 
SOL00610 
SOL00620 
S01.00630 

IF [KGWAD EQ.O .OR. KGT'tPE.EO.O CR. XGPORM EQ.O) NE'WXG~.PALSE SOt..00640 
c 
e ... • .... ·_ .. •• a • a ............. . 

C· sn STIFFNESS FU,GS ... . 

C························ .. 

c 

NEW}( • • TRUE. 
KSI\ME· a 

C······· ...... · .. · .. · .... ·· .... · .. 
e· INPt.rl' LOADING DATA •• 

e······ .. · .. ··· .. ···~· .. ·· .. 
e- -_ .. MArRICIES Q AND R ARE ZEROED IN THE CALLING PC'" 
C 
C 
C 

INPIJ'T JOINT l.OADS 
JOINT l.OADS AND SUPPORT DISPU.CD'CENTS ARE STORED IN Q 

CAu.. JOlLOA(BlIGJ ,M.A>lNOD, HOOF ,NNODE,Nl...CAD, 1..4, 
'" In, I DOP, CNST, 0, DSPPLa, JTFLG, TITLE, . FALSE. ) 

INFl1T ELEMENT !..ClA.DS 
n.,EMENT LClADS ARE STaRED IN R 

IF (MA.)(ELD.GT.O) CALL ELELClAIBUGJ,L.S,NELMT,MAJlELD,NELD,I'JDOP, 
" NLOAD, R, lEW, EiD, tWISP, IZLOAD,NAME, TITL.E, _FALSE.) 

SOL006S0 
SOL0061S0 
SO!...0061a 
SOL006BO 
SOLOa690 
SOL00'700 
SOLO 01 10 
SOLOa7aO 
SOLOO'7JO 
5OLO0'740 
SOL007S0 
SOL00760 
SOL007'70 
SOL007 BO 
SOt..00790 
SOLOOBOO 
SOt..OOBIO 
SOLOOBZO 
SOLOOBlO 
SOLOOUO 
SOt..OOBSO 
SOLOOB60 

C· .................. ~ ••• ~............... SOLOOB'70 
C·WRITE INlTIAl. DATA. TO OUTPIJ'T FIl.E •• - SOLOOBBO 
C······ .. _··· __ ····· .... ········· ......... SOl.008S10 

IF (IWllITE.GT.O) THEN SOl.oOSIao 
10FT·Z SOl.OOSllO· 
CALL. DMPDAT(IOP1', l'o1RITE,TO,OT) SOl.009;j10 

ENOIP SOL00930 
C SOLOOUO c········· ........... -.......................... ~ ................ ··········SOl.OOSlSO 
C· LOOP FOR EACH TIME STEP, ISTEp·CORR.ENT STEP ~ ······················SOL00960 
C- .. • .. • ............. ~ ............................................... oO •••• -. _ ..... SOl.OOSI '7 0 
C. ISTEp· STEP NUMBE:R SOLOOSIBO 

c 

PACTOR· C[J]IJlENT TAP.GET [.CAD • FACTCIR- l INPUT LOAD) 
FA.CTL • PREVIOUS TRAGE'I' LQAD 
PAC'r.! • NEXT TRAGET LeAl) 
OF • LOAD STEP 
DPL • PREVIOUS !...Q.U) S'TEF 
DFN • NEXT LOAD STEP 
PMAX • M.AXIMUN AI..J..Oo/AEI...E INC'RlMENTA!. LOAD / STEP 
DMAX • I1AXnonlN AI..I..OWA.BLE lOCi! lMENrU, 01 SPUCMDn' / STEP 

ISTEP"O -
PAC'rl.·O' 
Dp·O 
READ (105,") STEP2, FAC'l'2, ~2,DHA.X:ii, NU1B2 

1000 STEP ·STEPZ 
If (TES'l'IS'TEP,'END', FALSE.) GO TO 5000 
FACTOR.·PAC'r2 
PMAX ·PI'I.UZ 
DMAJi ·DHAJlZ 
NUMB • NLIMB 2 
NUMBDF·NU!1B:Z 
READ (105, " I END·lOlO) STEPOl, PAC'!;a ,PMAlC2 ,DMAJl2, Nl..I!1B;jI 
GO TO 1020 

1010 Si'E.P:OI. '2ND' 
PACT2·PACTaR 

L020 IF (TEST (STEP, 'END', .PALSE ) 1 GO TO 5000 
IF (FAC"!'C1lLEO.P.ACTL) GO TO 1000 

ISTEP" ISTE.P~ 1 
WlIITE(STEPID,90) STEP,ISTEP,PACTOR 
IP (BUGJ.OJl. BUGS OR.BUG6.0R.BUGll) THEN 

WRITE (10 8,91) STEP, I STEP, FACTOR 
WRITE(IOB,-) 'NEWl:. ',NEIIX,' NEWXG: ',NEWXG 

ENDIF 
SlO FORMAT IA,' STEP:',IS," P,I.,C'TOR:',lP,Gll.cI) 
Sll FORMAT ('1 ',A,' STEP:',ls,' PACTOR:",lP,GlllI.) 

C······· .. ·················· .. · 
C· t:A.LC INCRIHEN'l'AL LOADS •• 

C···························· 
C 1) .ADD ELEHENT L.QADS, ANtI JOINT l..OA.DS ON FREE JOINTS 
C SAVE IN DUlA. FOR CJ..LCUI..to.TING ONBAUoNCED PORCES POR THE NEXT STEP, 
C 2) PUT JOINT DISPLACEKENTS IN DDISP POR RESTRAINED JOINTS. 
C l] PUT THE NEGATIVE ELEl'fENT lA\D IN DUlA. POR RES'I'RAIm:D JOIN"l'S, THIS 
CIS USED TO CAI..CI.1U.TE RE.ACTICINS. 
Clio) ZDO THE IJlaALANC'ED !...OAD V'ECTOR 
CIS USED '1'0 CAI..CI.1U.T1! REACTIONS. 

c 

DPL·DP 
OP ·PACTOR-PACTL 
DnI·P,I.,C'T2 'PAC'rOR 
IP (PHAX.EQ_O AND.DI'!AX.EQ.O AND NUt1B.GT.OI DP·DF!NLMB 
IP IDP.EO 01 00 TO 1000 

DO 106 I·Ll,lA 
106 DI...QAD(I)·IQ(I),·R (I) I -DP 

. SW.lP THE SIGN OF THE FEP AT REAC"!'IONS 
DO 110 I·L5,L6 

OLOA.D(I)·-R[IJ-DP 
110 ODISP(I)" O[I~~DF 

C··········· .. ·· .. ········ .... · 
C· FORI'fUI..ATE STIPPNESS .~ •• 

C························· .. 
C PORH1.1l.ATE THE STIPfNESS II' THE FUG NEWlt IS '!"RUE, THIS Ft.A.O lSI 
C INITIALIZED ABOVE, AND SET WHEN THE EL:EJoiENT FORCES ARE CALC. 
C THE STIPFNESS IS A~O PORHUI..to.TED IP KG IS TO BE FORK2D 

c 

R1!PEAT·. rRUE.. 
XSAME"o 

1'00 IF (NEW]LCII..NEWKG) THEN 
n .. 1. 
CALL FORMII1)' 
IP (KGLOAD.EQ.1) NEWXG·.PAl..SE. 

IO<I)IP 

c· .... • .. •••• .. • .. •••••••••••••••••••• .... • .... ••• .. •• .... • 
e· HCOIFY lA\DS FOR RBSTRAINT DISPUCEMRN'TS ... .. 

C·· ...... •• .. •••••••••••••••••••••••••• .. •••• .. • .. •••• 

c 

IP IDSPPL..G) THEN 
ZERO INaLIJIIENT.AL REACTION LOAD VEC'TOB 

DO 11J I"Ll,L4 
113 DRLOA(t)·O 

CALL. REACTN!l, 8IJG.J,NNODE,Ll, 1..4, I..5, L6,DRUlA.,DDISP, 
MD, STIfF, IHO,HOOP, 1,1. a, 
I1A.XNCD, lOOP, COOII.D, 10, TITt.:E, S"I'EPID, FALSE., 
NCOS, COSINE, JTCOS, J'l'FLCl, SUHRC) 

.\DO INCRIMENT).L REACTION LOADS TO O't'Hm LClADS 
DO 11c1 I·Ll,l.4 

114 OL.OAIl(II • DLOAD(IJ " DRLQA,II) 
"""IF 

SAVE IN LOAIIS IN DDSP FaR CA.LCUUTINO FREE DISPL Fat THIS !l''T'EP. 
DO 115 I·L1,LeI 

115 DOISP!I]· Dl.OADlH 

C················ ...... · .... · .. ·· .... 
e .. SOLVZ PC& FRE'E OISPl. ••••• 
C···~· .-...................... .. 

c 

IP (BUGS) THEN 
IF (NE'IIX .CR. N!'WltO) --. 
CALL LKATRJ (STIPP ,MD, NDOP, U1D, 'GLCEAL 5'l'IFFNESa DlHP .. 7') 
CALL WHATRXfDI...OAD,NDOF',NLOAD, 'LA\D ""'TUX DUMP·' 'J 

IO<I)IP 

IF INEWX .011.. NEWI(G) THEN 
t:A.LL MSOU.(I, FALSE. ,1..4, I/'ttJ,NDOP ,NLOAD,LI, 1.4 ,MD, S"l'IPP,DDISP, 

WORK, . P.AU>E. , MAS S, MDMS, 1 , . PALSE. ,KG, !'tDltG, 1) 
ELSE 

CALL MSOU.(~, FA.I..SE.,I..4,n1D,NOOP,Nl..CAD,LI,l.4,11D,S'TIPP, 
DDISP,WORX, . FJJ...SE. ,MASS, MOMS, 1, . FALSE. ,KG,I1DI(G, 1) 

ENDIF 
CALL MSOl.l. (3, FALSE., LeI, IMD, NDOF, NLClAD, Ll, 1A, MO, STIFF, DDl SP, 

WORK, .PAl...SE.,MASS,MDM5,l, .,pALSE ,XG,I1DKG,l) 

IF (BOOS) CALL ~TRX(DDISP,NDOF,Nl..DAD, 'DISFUCEI'!ENT DUMP·7 ') 

C·················· .. · .. · .. ···· .. ···················· 
C· SCALP! SOLN SUCH TH.lT PI'l 1..2 P!1A.JI, OM 1..2 DHAX ... 
C·· .......... ••••• .... ~·· ....................... ~ •••••••••••• 
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Df!-O 

""-0 
00 130 I"U,lA 

PI1·HAX(DL~(I), -DI..CAD(I) ,PfoI) 
130 DI'!·KAX(DDISP(I) , -ODISP(II,D"') 

IF l IDH.GT.DMAJI . .AND DI9..X NIl.O) .CR. 
lPM.GT.PMAX AND PI'IAX.NE.O) ) TH.EN 

Pl·O 
P2·0 
IF (DKAJI NE.O) Fl·DI'I/DMAX 
IF (PMAX.NE 01 F2·PM/pi"IAJI 
P·HAJt:(FI,P2) 
Dp·DF/P 
NEWFAC· FALSE 
DO lela I"Ll,L6 

DRW ... I I) ·DRLOA (I) /F 
D!...OADII) ·DLOADl [) /F 
DDISP(Il ·DDISP ([) IF 
OFDFN·l 

ELSE IP lPMAX.EQ.o AND. DtQX.EQ.O .Al'4>. NUoC3.G1'.I) THEN 
NEW'PAC·.PAU2. 
Nmm·NU!1B-l 

ELSE 
NEWFAC· TRUE 
DPDPN·DP-DPN 

£NI)IP 

SOL00911a 
SOlAIOOO 
SOL01alO 
SOUl1020 
SOL010JO 
SOlA10,"0 
SOL.01050 
SOL01060 
SOL010'70 
SOL010S0 
SOL010Sl0 
SOLO 11 00 
5OUl1110 
SOUl 1 I ao 
SOLOllJO 
SOL01l40 
SOLOllSO 
SOUl1l60 
SOUl II 70 
SOLO 1 I 80 
SOUlllSlO 
SOLOHOO 
SOl.012LO 
SOLOUZO 
SOLOHJO 
SOLOIHO 
SOLOUSO 
SOLOIHiO 
SOl.OU70 
SOL012BO 
SOLOU90 
SOLOlJOO 
SOUllJ 10 
SOLOIHO 
SOl.OlJlO 
SOt..01JelO 
SOL01JSO 
SOLOll6a 
SOLOU70 
SOLOll BO 
SOLollSlO 
SOL01.400 
SOLOlII.10 
SOLOU;jIO 
501.OU30 
SOLOIUO 
S01.OUSO 
SOl.OUISO 
SOLO lcI '7 a 
SOLO lei &0 
S01.OlcISlO 
501..01500 
SOLOlSla 
SOLOl520 
S01.OISJO 
SOL01540 
SOL01550 
S01.01560 
S01.OIS70 
SOL015BO 
S01.01S90 
SOL01600 
SOL01610 
SOL01620 
SOL016JO 
501..016 .. 0 
SOUlUiSO 
SOLO 1660 
SOL01670 
SOL016BO 
SOL01690 
SOl.Ol'700 
SOLO 1'7l 0 
SOl.Ol'7:iiO 
S01.01'730 
S01.Ol"/clO 
SOLOL'50 
SOl.al?60 
SOl.OI??O 
SOLOI7S0 
SOl.Ol'790 
SOLOlBOa 
S01.OIUO 
SOUllS :010 
SOLQ18JO 
SOl.OU40 
SOLOIBSO 
SOl.01860 
SOLOU?O 
SOLQ18S0 
SOLO 1890 
S01.01900 
SOLOl910 
SOL019;j10 
901.OlSl30 
SOL01940 
901..01950 
SOL01960 
501..01970 
SOL019BO 
SOL01990 
sOLoaooo 
SOLQZOIO 
SOLOZ020 
SOl.aa030 
SOL02040 
SOL03.050 
SOL02060 
SOL020'0 
SOLOa080 
SOLOa090 
SOLonoo 
SOLOZIIO 
SOLOH30 
SOL03.ll0 
SOLOHclO 
SOl.O 3.l So 
SOLOZ160 
SOL03.l70 
SOLO.180 
SOL021S10 
SOL02200 
SOL02210 
SOL02HO 
SOLOHlO 
SOL022c10 
SOL022S0 
SOL02260 
SOL00l210 
SOL02.2BO 
SOL02290 
SOL02l00 
SOL02110 
SOLO;jl320 
SOL02ll0 
SOL.O:OlJ40 
SOL02lS0 
SOLO;jIJ60 
SOt..02.J'O 
SOt..O~3BO 
SOt..0.l90 
SOLO;jl400 
SOt..04lcll0 
SOLOa20 
SOL0211.J0 
SOt..02440 



c •• •• •• •• •• • •••••• • •• •• ••••••••••• .............. 50LO;O'SO 
501..0;0460 
SOLOa10 
SO[.02UO 
50L02UO 
SO[.O~SOO 

SOLO~S10 
SOLO~S20 

SOLOaSJO 
SOLO;!S"'O 
SO[.Oa550 
60L02560 
60L02570 
60L025S0 
SOL02590 
8OLO~1500 

601..0a610 
601..0a620 
601..0:a630 
8OL02640 
8OL026S0 
SOLOa660 
SOL021570 
50LO:<l690 
5OI..O:06!ll0 
SOLO 21 00 
SOLO~710 
501..027;;10 
501..O;;I7JO 
5OLO~HO 
60L02750 
501..02760 

c· SOLI/'E FOR. DISPL DUE 1'0 UNlU.l..A»:XO FCll.C.I!:9 ••• 
c·············· ... ····· ..... ···· ..... ·.·· ..... . 
c 

10' 

lOS 

'. USE FUS"!' STIFFNESS TO t:ALCUl.ATE trnB.u...uK:ED FORCES. 
IF THE STEP IS REPUTED, DO NOT USE THE NP:!iI STIP'PNESS. 

IP (llNBAL AND REPEAT) 'THEN 
DO 104 I·Ll,LA 

UBLOAD!tl· FUB(I) 
UBDISP[I) • 'PUB(I) 

DO l05 I·1..S,Ui 
UBLOAD(I) • 'PUB{l) 
It'"SDISP(I) • 0.00 

IF (8UGS) CAU WMA'l1UIUBDISP,NDOF,NLQAO, 'UNl!IA.l.ANCEO L.OAIl ,,"TRU') 
o.U !'I50LL (2, . PALSE., u., IMD,NDOF,NLOAD, L1, L4 ,MD, S"I'IFP, UBDISP, 

WORIt, PA1..SE. ,~SS,HDHS, 1, .FAl..SE, ,XG,MDKC, 1) 
eAU HSOLL (3, . PAl..SE ,L"', IMD,NDOF,NUlAD, Ll, 1.4 ,MIl,STIFP, UBDISP, 

WORK, P.u.sE. ,~SS,KDMS, 1, . PAlaSE., KG,MDKG, 1) 
IP (BUGS) 

'- CAll. WMATRl!(UBDISP,NDOF,m...oAD, 'UNBA.l...\NCED OISPLA.CE:MENT') 
lOO)IP 

'" ADD UNE!Al..A.NCED FORC~S AND DISPL TO STRUCTUP..AL LOAD AND DISPL. 

107 

109 

IF (UNBALl 'rHEN 
DO 101 I·Ll,LA 
DDISPO)~DDI5P(lf' UBDISP(I) 
CONTINUE 

DO 109 I·LS, L.6 
DLOAD~I)·DLaAD<I)· UBLOAD(IJ 
camINUE 

£NDIF 

CA.l..CI.1l.A.TH THE NOlU1' OF THE UNBALANCED PaRCES 501..02170 
5\.J11·0 50L021S0 
DO 108 I·l.l,L6 50LOZ790 

5UM·SUM·PUB (I) ··2 501..02800 
108 FUB(I)·O.OO S01.OZ810 

PNClJI.1I! • SQ:RT(S~/Lt5) SOLO;;U~O 

C 5OL04830 
C·· •••• -... •••••••• ••••••• SOLO;;I 840 
C· CALC PSrJDQ-I/'El.OCIT'I' ••• SOLO:il8S0 

C .. •• .. ••••••••••••••••••••• 5OLO;oB60 
IP (I6THP.EO.l) THEN S01..O.670 

DO HO I·Ll,L6 50LCJ2BBO 
VEL(I) ·0(1) ·R(I) SOLO:l890 
DVEL(I)·Q(II·Q(I) 501..02900 

P5WEL-2 S01..O~910 
DVELl ·1 SOLO~920 

EL.SE IF (FACTOR.EO.AFAC'T .AND. 601..Oa930 
'- NOT «(FAC'TL.LT.PAC'TClR.AND PACTCR.L'f.FAC'T2) .OR. 9OL02901.0 
" (FAC'l''L.GT.Fi\C"TOR .AND rACTOR.Gi.PACT2»)) THEN 8OL02950 

PStJV':EL··P5WE'L SOUl2960 
DO 121 1·1..1,L6 SOUlZ970 

DVELII)· PSUVEL· (Q(ll·R(I» SOUlZ990 
OVELl ·1 501..001990 

E!..Sf IP IDVEL1.NE.0) THEN SOL03000 
DO 1221·1..1,1..6 SOL03010 

122 OVELII)·O SOL03020 
oVEL1 ·0 501..03030 

tNDIF SOL.03040 
C SO[.030S0 
C···························· .. •••••••••••• 50L.03060 
C· CALCULATE INCRIMENTAL MEl'lBER FORCES ••• S01..03070 
C················ .. ••••••• .. •••••••• .. ••••••• 50L030BO 
C E12_L18 CA.Ll..S THE INOIVIo~ ELEMENT LIBRARIES, EACH OP iofHICH DETERMINSOL03090 
C 1) DID THE STIFFNESs CHANGE? IF SOl NEWX·.nU!. SOL03100 

2) SHOULD THE I NCR I MENTAL DISPU.Cm-JEN! BE RECAl.CULATED? SOLOl110 
IP 50; XSAME·XSAK2'" (A VALUE DEPENDING ON £LEMEN')' TYPE) 60LOl120 

l) THE I NCR lXENTAL ELEl-IENT FORC ES SOLOll 3 0 
') THE TOTAL ELEMENT PORCI!S - S'l'ClR.fil IN PUB SOL03140 

SOLOllSO 
LSTrYp·O SOLOll150 
PUN"T· . FALSE SOLOH 10 
HEAD •. FA1..SE. SOL03180 
NEWJ(·.PALSE. $OL03190 
00 150 IELNO·l,NElM'l' SOl-OHOO 

10PT·, SOl-03~10 

CAU. EI..ELIB $OLoJ220 
" (IOPT, LS'it'YP, PRINT, IR2L, HEAD, HAKE, EE6E, EPSI!, DAl'IAOI! ,DOCPAG, SOL.o32l0 
" IEln:! ,TELDOF,I(GDOP,PGEC»!,RINPt.rr,AJlIAL,I'Z.DDSP,IWLQA,MS'TOR) $OLo3ao 

IOPT· IOPT SOL03:a SO 
150 CONTlNUl! SOL03:il60 

C SOLOl:il70 
C .. ••••••••• ....... • .. ••••• ...... ••• SOL.ol.BO 
C· RiPEA"T STEP IP NESS,uy ••• SOl.034190 
C···· ...... ••••••••••• .. • .. ·····.... SOL..03300 
C Ii' AN EJ..PloIENT STIPFNESS CHANGE DIC."U.TEO THAT THE S'TEP 'BE REANALI'Z.fil, SOL03HO 
C REPORJolULATE THE STIPFNESS AND REANiU.I'Z.E SOL033.0 
C THE VAlUABI..E REPEAT IS SET UP TO SUPRE5S TNE RF.ANAL.I'ZING OF A STEPSOL03330 
C CUREln'L.Y, EACH STEP "",'I' ONLY BE R.E.UlALIZED ONCI!, THIS PREVDlTS SOL..c3HO 
C AN ENDLEss LOOP. SOLOl3SC 
C SOLOl360 

IF !KSAi'lE.NE.O .AND. REPEAT) THEN 50'[.03310 
REPEAT· .PAl..SE. 50L.03l80 
GO TO 100 501..03390 

E:NDIP SOL03il.OO 
c 
c············· .. ··········· 
e .. SOLVE FOR REACTION5 .... 
c········· .. ·········· ... ·.· 

10PT·2 
CA.LL REA~ (2, BUG3,~E,L1, LA IU, L6 ,OLOJ.D, oDISP, 

" MD,STIPP,II'ID,tmoP,1,1.0, 
" MAXNOD, lOOP ,CcaR.D, ID,TITLE, S1'XPID, .PALSE 

»C05, COS lNE, JTCOS, JTFLG, StJ!m.C I 

C··· .. ········ ... ······· ... ·•····· ... ······ ...... ····· ..••. · ..... . 
C· SOLVE FOR INCRlMENTAL GECMETRIC STIf'7NESS FCIlCE, DPO ... . 
c···.·········.······· .. ······ ... ······ ...... ····· ..... · .... . 
c 
c· INCRII'iENTA.L QE~TfIIC S'TIPPNI!SB PaRCH 

IP lKGFORM.EQ.2) THEN 
IP IBUGS) WRITE(l09,') ,~... INCRIMENTAL PORCE: DUE TO kG 

SOLOHI0 
SOLOJ",;aO 
SOL03'lO 
SOLQ3"0 
SOL03&SO 
SOLoJUiO 
50L03&10 
501..034 eo 
SOUl3490 
SOL03S00 
SOL03S 10 
SOL03S20 
501..03530 
sot.o lS "'0 
501..Ol5S0 
3OLOlS60 
$OL.03S10 
5OL.03SBO 
50LOJS90 
SOLQl600 
501..03610 
50L03620 
S01.03630 
SOLQ36&0 
SOL03650 
SOL036150 
SOL03fi10 
50LOl680 
5OLOl690 
50LOl100 
SOt,03110 
50L.03' 20 
50LQ3'lO 
50L03"0 
SOLOl1S0 

c 

CALL rHPL'I'(BUGS, .TRI.1E ,II'1D,LA,U,LA,L3,LA, 
MDKG, 1I:G, DPG, DOISF) 

SCAl.E PORCE TO INLCUDE GRotlNIl AceELDlATIoN 
lOO)IF 

C············· ........ . 
C· PRINT STEP SIz.!! .... .. 
C· ....................... . 

IS1Ep·ISTEP 
IPRlolT·IPR.N1' 
WRITO· (HOD (I S1'EP , IPRNT) .EQ.O) 
IF (WRITO) THn.I 

\l7RITE (108,2451 TITLE I 1), TI'r12( 2), 5TEPID, FACTOR ,-'FACT, OF, P",CTL, 

c 

. 
'" 

FMAJI ,DM},X, FNORM 
PORMAT ('1 STRUCTURE. " A, I' SOl.UTION. 

LINE·6 
ENDIF 

11,2X,A(' TAB-GET PACTOR ... ',lP,GU.', 
'FACTOR ··,1P,G124,' INC FACTOR 

PREVo FAC'I'OR. ',G12 ~I 
?MAJI .. :',lP,C12."',' DI1AX 

NORM OP UNBI.l..ANCED FORCE ',Gl:;J.4) 

C···························· .. ······ .... ··· 
C· CALC AND ENERGIES AND DUCTILITIES ••• 

c········· .. ·········· .. ·················· c 

c· 
IP (WRITe) LINE·LINE+9 

PULL JonIT DISPL FORCES OUT OF LQA.D MAT:Rll! 
IP (DSPFLG) THEN 

DO 1)1 I·Ll,L4 
LOAD(I) • LOAD (I) . RLOAD!I) 
DleAD(l) • DLOADII) DRLOA[I) 

,A, 

',G12."" 

',G12.4, 501..03150 
SOL03?iO 
SOLOJiSO 
601..03190 
SOLOHOO 
SOL03810 
S01..03820 
SOl.03830 
SOL03840 
SOL.oJBSO 
SOL03960 
SOL.03B"70 
50L03660 
501..0)1190 
501..03900 

£NDIF 

CAl.L ENERGY [L.1, Lz, U ,lA, US, MAXNOD, OCOS ,BOO11 , 
'- IHDHS, I'1D!1S, PALSE. ,WRITO,totASS, EIE, ESE, PSE, En, EnD, 

ALPHA, BETA, XGFORM, N'EIJIIT, NNClDE, DT, SlJ1t1B, SlIGC, 
DSr..MRC I SlI!"I.FO, DSUHFD, FtlIJlGl, DPOAHP, GA,GV, GO, GAT, 
(;'IT, GOT, "Oll:lC, WORK (LtS"'l) , ZERO, ZERO, DACC, DVEL, DDI6P, Ace, 
VEL, 01 SP, L..aAD, DI...C.Ul, loOF, JTFLG, COSINE, JTCOS) 

C····· ................................................... . 
C· G£T 'rOTll GLOBAL LOADS AND DISPL 
e···························· ... ···· .. ··_ ...... ···· ......... . 

DO 2j!; I·Ll,L4 
LOADII)·LOA.D(I)·DLOAD(I) - RLOAD(I) 
ilLOADll1 • RLOADII) • DRLOAII) 
DISP (I )·OJ SP (I )·DDI5P (I) 
PO(I) ·PG(I) -oFGn) 

239 CONTINUE 
00 240 I·U>,Lti 

LDAD(I) • LOAD (I) ... DLOAD( I) 
DISP(I) ·DI SP (I) +DDISP( I) 
PO(I) ·PG(I) +DFG(I) 

2"'0 COmUHJE 

GET r9.Ul'lUN UJADS AND DI5PL 
00 100i I·LI,t.6 

1001 
C 

IF (AllS(DISP[II) .Gi.AlIS(DSPMAX(I))) DSPHAl!(I)·DI5P(I) 
IF (ABS(L.OAD(IfJ ,G"t'.ABS(RC'I'MAX(I))) RC'TMAl!(I)·t.OAD(l) 
CONTINUE 

C··········· ... ······ ..... ···· ..... ···· 
C· PRINT TO't'AL OLOB.u. DISPLACEM:Em'S ••• 
C·········· ..... ······· ...... ····· ...... ···· 

c 

IP (WRITO) THEN 
IF (IPoISP' L.INE u!. 60 ) THEN 

LINE· IPDISp·LIN! 
El.5'E 

LINE·IPDISp·, 
WRITE(108,~SO) TITLE(l) ,TITl.E(41) , 

"'"IF 
ISTEP,STEPID 

250 FCR.Jo(AT ('1 STRUCT1..mE. ',.1..,1' SOU1rICN. ',.1..,11 
2l!, " I.£lADING.', IS,5J1',A) 

CAIJ.. JOIDSP (1 ,MAXNOD, NDOP, NNCDE, 1,1.6,10, IDOP,CNS"T, DISP, 
tITLE, 'oISPLA.CEMENTS', STEPID, . FALSE , 

'- NCOS,COSINE,JTC09) 
OOlIF 

C·· .. •••••••••••••••••• ........ •••••• .. •• 
C· PRINT TO'rAL GLOB.u. REACTIONS .... 

C··· .. ·················•·• .. ·······• .. 
IF (WRITOl THEN 

IP (IPRc-m·LINE.l..E 60 1 THEN 
LINE· IPRC'TN. L.INi~4 

ELSE 
LINE·IPRCTN~S 

WRITE(lOS,2SQ) TITLE(l) ,TITUI.), 
DlDIF 

lOO)IF 

IS'TEP,STEPID 

CA1J.., REACTN( 3,\JI'iI:I"!'0,NNODE, L1 ,u., LS, L6,LOAD,OISP, 
HD, S1IFP, IMD,NDOP, 1,.1. 0, 
f'tA}Q.fCl), IooF, COORD, Io,TITL.E, snPID, . PAl..SE 
NC09, COSINE, JTCOS, JiPLG, SlIHJI.C) 

Sl1MPOR· SQR T (S[Jl(RC (1) •• z· SUMRC (2) ··2+ SUHRC I J) •• 2) 
6UMofCto1· SQR T (SlJH]I.C ("') or ~. StmRC (s) •••• SUHRC (6) ~. a) 
SUHMPO·HAJ( (StJol.FOR, SlH'tFO) 
SUH!1MO·1i1J( (StJolHClll, S1.M'D1O) 

IF (WRITO) W'RI"rE(101l,311) SfJKPOR,S~ 
l13 PClMAT I/U, 'itESt1LTAN'T OF REAcrlaNS, PORCE··,lP,GH.', 

, MCl"IENl'.' ,GlOil 4) 

00 1006 1·1,6 
IP (ABS(SUMRC(I) GT.A.BSISUlG.CI'I(I))) S~CM\I)·SlJomC(I) 

1008 CONTINUE 
C 

C··········· .. ······· .. ··············· .. ········· 
C· c.u..CUI...A.TE AND PRIm TOTAL HDomER PORCES ••• 

C· .. •••••• .. ••••••••• .. ••••••• .. • •• •••• .. •••••••••• 

c 

10PT·S 
LSTTYP·O 
HEAD •. PA.l.SE. 
IF (1II1UTO) THEN 

PRINT". TRUE 

ELSE 

IF (IPEL.m1"LIl-IE .L.I!.150 ) THEN 
LINE· IPEI..EM ... LINE 

ELSE 
UNE·IPEUM"'4 
WRITE(109,OIS0) TITLE (1) ,TI'TU("), IST'EP,STEPI1:l 

ENDIF 

PRIm· .FAl..SE. 
lOO)IF 
DO 300 IEUI)·l,NEIJoIT 

300 au. ELELIB 
" (IOPT, LS'M''tP. PR tNt', IR!L, HEAD,NAKE, EESE, EPSE, DAMAGE, DlICPAG, 
'-- IElNO, IEU>OF ,XGDOP ,PGECM,RINPUT ,AXIAL., ItDDSP, I'ZIll..OA.,MSTOR) 

C······ .. · .. ······ .. ······· .. ······· ........ ···· .... ····.··· 
C· PRINT "iMlii. DUCTILITY AND 2':CUR.SION RATIOS .... 

c··· .... ····· .. ··· .... ··· .. ········· .... · .. ······ .. ······ .. ·· 

c 

IOPT"ll 
l..STT'l'p·o 
HEAD •. P.\l..SE. 
IF IWRITO) THEN 

PRINT·. t1I.UE. 

ELSE 

'If (IPEL.DI+LlNE.l.J!.60) THEN 
l..W.I!:·IPELEM ... LINE 

ELSE 
LINE· tP2U!M' , 
frRITBll06,.SO) TITLED) ,TITLE(.), ISTEP,STEPID 

ENDIF 

PRINT". PALSE. 
lOO)IF 
DO 310 I~·l,NEU1T 

.) lO CALL EULIB 
" (IOPT, LST"!''I'P, PRINT, tREL, HEAD,NAME, EE5E, EPSE,DA..!Q.GE,DIJCPAG, 
" fEUID, IELOOF I XGOOF, FGECI1, RINPtn', .u:IAL, IZ,DDSP, I 'Z.DlA\ , MS"TOi) 

C······ .. ······ .... ·•······ .... ······· .. 
C· WRITE DATA TO Otn'PUT FlUS .... 

C······ .. ······· .. ·················· 
IF (IWRITE.GT 0 AND MOO(ISTEP,IWRITE) .EQ,O) THEN 

IOPT·2 
CA.l.L DMPDAT(IOPT,I"lRITE,TO,DT) 

ENDIF 

C··············· .. ························ .... ··········· ............ . 
C· EITHER GET AN NEW PACTOR, OR KEEP Wat:l:XING ON THE ClJRRENT ONE •• 

C·············· .... ······························ .. ······ ........... . 

c 

FACTL·PACTL·DF 
IP (NE'W"P",C) GO TO lOOO 
GO TO 1100 

C····························· .. ···· c· PlUNT MAl!IMUH DISPLACEHEN'I'S··· c················· ... " ...... ~ ..... . 

c 

5000 LINE·IPDISP·, 
WRITE(10B,OISO) TITLE(1) ,TI1'LE(a) ,0, '!1.UIMl1t1 DISPLACEHEN"I'S' 
CALL JOIDSP 12,MAXNOD,NDOF,NNODE, 1, L15, ID, lOOP ,CNST,OSP\'lAl!, 

TITL2,'0ISPLACm1EN"fS','MAXI21lJo! VA.U1!S', PAL,.gE., 
NC'OS, COS 1m, JTCOS) 

C········ .. ······· .. ··················· 
c~ PRINT MAXIHUM GLOBAL REACTIONS ••• 

104 

SOL03910 
SOL.039:i10 
SOLQ3930 
30[..039&0 
SOLOHSO 
501..03960 
SOLOH70 
SO[..0331BO 
501..0l990 
SOLO"'OOO 
5OL04010 
SOL040~0 

SOL04030 
SOL040"'0 
SO[..04050 
SOL04060 
501..001.010 
SOLO,080 
SOLU090 
SOLOUOO 
501..001.110 
SOL04120 
50L041l0 
SOLOU40 
SOLOUSO 
SOL04160 
001.04170 
SOLou~o 
SOl.04190 
50LO'200 
SOL04:110 
5OLO"'2~0 

SOl.O'~30 
301.0'340 
50LO"'2S0 
50[..0"'260 
50LO"'210 
SOLO&~BO 

SCL04290 
80[..O4l00 
SCL04J1.0 
80L043:00 
SOL04330 
501..043&0 
SOl.04J50 
SOL043fiO 
SOLO'JiO 
SOL04380 
SOLO",390 
90'[.04400 
SCLOUIO 
SOl.OUZO 
S(H.O",4.JO 
80LO"'UO 
501..0","50 
SOLOU6D 
50L04",70 
SOLOUBO 
501..0401.90 
501..04500 
601..0'510 
SOUl ",5 30 
SOLO"'S30 
SOLO ,S& 0 
SOLO'SSO 
SOL04S60 
SOLO,S70 
50LO"'SBO 
S01.04S90 
501..04600 
50[..04610 
SOLOol.Ei20 
SOL046l0 
501.0"'6,0 
SOLQ",6S0 
50LO",660 
SOLO",610 
ooLO",6110 
SOL041590 
50[..0"'700 
SO[..04il0 
50L04.7.0 
5OL04730 
5OLO&740 
9OL04i50 
501.04760 
SOL04770 
SOL04.7 BO 
scrLC",i90 
501..011.900 
9OLCIUIO 
SOLQUlO 
SOLOUJO 
SOLOU4.0 
SOLOUSO 
50[.049150 
SO[.04670 
SOL048SO 
SOLOU90 
SOLOnoo 
501..04910 
S01.049~0 

501..04930 
501..04940 
SOL049S0 
SOLO"'960 
SOLO"'910 
50LO'990 
SOLOiI.990 
SOLOSOOO 
501..05010 
501..05020 
SOL050l0 
50[.050,0 
SOLOSOSO 
SOLOS060 
SOLOS070 
SOLOS-oso 
501.05090 
SOLOSI00 
SOLOSII0 
SOLOSl~O 

SOLOS130 
SO'[.OSHO 
501..05150 
SOLOS160 
SOLOSI10 
50L.05190 
50L.05190 
SOL05200 
SO[.05210 
501..05220 
50LOS230 
501..052"'0 
SOLOS~50 
80LOS2150 
501..05210 
SOLOs,a80 
501..05290 
501..05300 
SOLOSlIO 
50L.OS320 
SOLQ5l30 
SOL05311.0 
80L053S0 
SOLOSHO 



c······················ .......... ···· 
WR tTE IIOB, ;Z50) TITLJ! (ll,T!'['U(.1 ,0, 'MAlIIl'fUH REAC"TION5' 
CALL 11: EAC"TN 14, ,nUE, ,NNClDE, L.l, lA, L..S, t..6 ,Rcrxu:, DS:PMAJ(, 

HIl, STIPF, IKD, NrlOP, 1,1 .0, 
I1AXNOD, IDOP,COOR.D, ID, TI1'LE, 'H.)JCIMlJIIf VWJ!S', . PALSE 
NCOS, CaSINB, JTCOS, J"I'Pl.G, SUHRC111 

IiffiITE(108,5111) S~,5tM01O 
5111 FORMAT 1/4X, 'MAJllMUoI RESULTANT OF 'REACTIONS, FORCE·',IP,GIJ 4, 

" • HCME'Jn'.' ,Gl. 11.1 

c······················ ....... ···· 
C· PRIm MAXIMi.Jo1 MEMBER FORCRS ••• 

c································· 
LSTI'lp·O 
HEAD • P,l.LSE. 
PRINT· 'r'RlJE. 
IiiRIl'E110S.2501 TITUlll,T!TLE(21,0,'PEAX EU!1ENT FaRCES' 
00 5:300 IELNO·1,NElJ'lT 

5300 CALL EULIB 
.. (1:;:, LSTT,],P, PRINT, IREL, HEAD, NM'IE • EESE, EPSE ,DAMAGE, DIJCFAG, 
" [E~, IELDOF, KGDOP'. PGEC!'J,RINPOT,,,uUL, IZDDSP, IZOl..QA., M5TORI 

c······················ ..................... . 
C· PRINT DUCTILITIES AND EXCUR510N RATIOS ••• 

c······················ ...... ·········· .... ··· 

c 

L.STTYp·O 
HEAD •. FALSE 
PRINT·. TRUE. 
WRITE(108,:;:SO) TITLE(IJ,TITLE(J),O, 

" 'PEAJIt D1)CTILITIES AND EXCURSION R},TIO' '5' 
DO 5310 IEUJO·l,l"ELJ'1'r 

5310 CAll. ELELIB 
" (11, U1'TYP, PRINT, I1I:EL, HZAD, NAME, EE5E, EPSE, DAMAGE, DUCFAG, 
" I EllIO ,Il!LDOF, XGDOF, PGECM', RINPtn' I AXIAL, I ZOOSP, IZD!..OA, MS1'OR) 

c······················ .... ·· 
C· PIUNT DAMAGE INDICIES ••• 

c·· .. ··········•··•··•·• ••• ·•· 
LS'I"TY'p·O 
HEAD •. PA.LSE, 
PRINT· TRUE. 
WRITEOOB,250) TITl.E(H,TITLE(2),0,·DAHAGE INDEX 
DAHAGE·o 
DO 5:320 IElllO·l,NEIJoIT 

CALL ELELIE 
" (111., LSTT'lP, PRINT, IREL, HEAD ,NAME, EBSE, EPSE, EDAI'I, DUCF"G, 
" IELlro, IELDaF, KGDOP ,PGECM,RHlplll', .uIAL, I2.DOSP, I'Z.DLQA, HSTOR) 

5)20 DAMAGE·OAMAGE.EDAI'! 
IF( (ESE"PSE) .EO. 0 ) RE'TtJIl.N 
OAHAGE·DAMAGEI (ESe·PSEI 
WRITEIl08,5JJOI OAHA.GE 

5J30 PORMAi' (/10X,'STRUCTllRE DAMAGE INDEX·',lP,G15.5) 
c 

RET!JI(N 
END c········· ........ ~ ........................................... . 
SUBRcxn'INE S01.05 
LOGICAL BTEST, TES'!' 
CCHMQN IRSA/ IcOKN, RSAF(12) 
REAL ICOMN 
CHARAC"l'ER"20 ICOH 

S INCUlDE '2.CCI'lN' 
C 

c·· .. ············· 
C· PRUlr HEADJ1:R • 

c················ 

c 

OPEN (107, PILE· 'FEMSI ' ,PORM· , UNFORMATTED' ,S"I'ATUS· 'lJNXNCMN ' ) 
WRITE(lOS,lO) TITLE(l),TITLE!~) 

10 FORMAT!'l STItUCTURE. ',",1' SOLlll'rON. ',A,/) 
DO 555 1·1,20 

555 WRITE(108,·) 
WR1TE( 108, 557) 

557 fO~T (40K, '" RESPONSE SPECTR~ ANAL'lSIS ""', 1//40X, 
, NOTE: MODAL CCt1EnaTION APPROACH C»I BE' SRS5 ','OR CQC') 

C· ............... . 
C· INPUT DATA •• ~ 

c········· .. ······ 
READ (105, oJ 
READ! lOS, 0) 

ICOoI,NMODE,D~, NA,NoU',IPRT 
N5'I'EP,!'!EIG 

C NOTE NSTEp·l c.u.CUl..ATE EIGENPAIRS ,STOllE i!lGENPAIRS IN DISX 
C NSTEP ·a READ EIGENPAIR P'RCI'I DISK AND DO SPECTRUM .ulALVSIS 

CALCl11.ATE !IGENPA1RS AND PERFORM 9PECTRUM ANAL'lSIS, 
ElCiENPURS ARE NOT STOl!.ED IN DlSlC. 

C N5TEP .J 
C 

. 
WRITE(108,10) TITLE(11,TITLE(2) 
IF( TES"l'(ICOH,'SRSS' ,.FALSE.)' THEN 

ICCJo!N·l 

WRITE('lOB,ll) :~~~.'7:~~.:~~~::~.~~~:' 
ELSE IF( TEST(ICOoI,'CQC' , .FALSE.)) THEN 

ICaorn· .. 

WRITE(lOB, 11) :::-:.~~.:~!~:~~.~~~~:' . 
ELSE 

WRITE(108,') • INVALID MOD"L COMBINATION KETHOD' 
WRITE(10B,11) I COol , ••••••••••••••••••••• ' 
RET1JP.N 

IOIDI. 

WRITE(10B,12) NMaoE,D»IP,HA,NA.P 
11 FORKAT(lX, 'SOLU1'IaN 1(15, ',A,/IX, , ................. ,,1,.,/) 
12 FQJl.MAT(lX,' N1JM]l.ER OF MODES CCINSIDElI:ED . ..' ,OP. 14,/ 

" IX,' DAMPING RATIO FOR lll. HODES .' ,OP,Gl ... l,1 
IX,' NO. OF Sl!lSMIC CCMPONENTS CONSIDERED ',OP,14,/ 
IX,' NO OF INPl1I' palms FaR SPEC'l'Rl14 ...... ' ,OP, 14) 

IP(NSTEP EQ. 1 ) THEN 
WRITE(lOB,l)) NS'!'i:P,HlIIG 

13 FORMATOX,' NSTEP .',01',14,1 
" U,' EIGEN'SOLUTlaN 19 S"l'09:E IN DUX UNIT .',OP,14) 

EI..SE IF(NSTEP .EO .• ) THEN 
WRITE(10Il,l<l) NSTEP,I'!!!IG 

14 FORXAT(llt,' NSTEP ,0P,14.,/ 
" IX,' EIGEN'SOLUTICN IS READ FRCl'! DISX UNIT.' ,0P, 111.) 

ENDI' 
E.tsrIC·· TIH.JE. 

INITIALIZE STORAGE 
2. (12,EVAI..) • LOCATION OP THE :EIGENVi\l,UES 
Z(IZ,EV"EC) • LOC.\TICIN Of THE EIGENVECTORS 
2.(!U ) .. LOCATION OF THB SYl'IME'TiIC S'TIFFNESS 
Z(nB ) .. LOC.\TI~ OP THE SYHI'IE'TRIC MAS5 
1. (ItLOAIl) • LOC.\TIaN OP THE. TOTAL LOAD MATRIX 
Z(IZDlSP) ~ LCCJ.TION Of' THE TOTAL DISpu.c~m MATRIX 

12.EV.u. • IZ 
12. • I Z ~NF'R EE 
12.EVEC • IZ 
lZ IZ"NFREE~NFRE!! 
12.A ·11. 
IZ • 12..NFREE~NFREE 

IZB • 12. 
It • I2..NFREE"NFREE 
IF(IZLOAD EQ. 0 ) THEN 

IZLOAD·I Z 
IZ·1Z - NDOF 
CAl..L CXSTOR(O,o) 
DO 1 I·1,NDOP 
ZO-I2.LOAD·I) ·0 

ENDIF 

IFII'Z.DISP EQ. 0 I THEN 
IWISP·IZ 
IZ·IZ • NDOF 
CALL CKSTOR(O,O) 

501.05:370 
5Ot.o53BO 
501.OSJ90 
501.OS400 
501..05410 
SOL05'~0 
SOLOS430 
SOUl5440 
5OL05450 
5OL05460 
901..05410 
SOLOSII.BO 
50LOS490 
S01.OS:'00 
501.OS510 
SOLOS520 
50L05530 
50L05511.0 
SOL05550 
S01..05560 
SOL05570 
SOL05SBO 
SOL05590 
S01.05600 
SOL05610 
SOUl5150i0 
SOL05630 
SOUlS 15 01.0 
50LOS1550 
SOLOS 15 15 0 
SOL051570 
SOLeSISBO 
SOL051590 
SOUl5700 
SOL05710 
SOL057:010 
SOUlS7)0 
ooL05740 
SOUl5750 
SOLe5760 
001..05770 
501..051BO 
SOLOS190 
SOLOS800 
S01.OS810 
501.058 .. 0 
SOL05830 
5Ol..O5840 
50LQSBsO 
5OL05UO 
501.05B10 
SOLOS 9 80 
SOL05B90 
SOLOS900 
SOL05910 
501.00010 
901.00020 
501.00030 
501..00011.0 
SOL00050 
SOLOOOISO 
SOLO0070 
SOL00080 
S01..00090 
SOLOOI00 
SOUlOIlO 
SOL00120 
SOL00130 
S01..00140 
SOLeOlSO 
SOL00160 
501..00170 
SOLQOIBO 
SOL00190 
SOLQO"OO 
SOLQO.I0 
SOLA 02:i! 0 
501..00 .. 30 
SOLQ 0 2.4 0 
501..00 .. 50 
SOLOO'UO 
501..00 .. '70 
S01.00ao 
SOLooao 
501.00300 
501..00)10 
501.O0l20 
5Ot.003l0 
S01.00HO 
501..00350 
SOLOOllSO 
50LOOJ10 
S01.003BO 
901.00)90 
501.,0011.00 
SOLOOII.I0 
5OL..OOII.20 
501..0011.30 
5OLOOUO 
S01.OOII.50 
SOLOOUO 
9OLOOII.70 
SOLeOteo 
SOL00490 
SOLOOSOO 
90Ul0510 
SOL00520 
S01..00530 
S01..OO5f.O 
50L00550 
501.00560 
SOL00510 
S01..o05BO 
SOLOOS90 
SOL00600 
501..00610 
501.006.0 
501..006JO 
SOLOOUO 
501..001550 
SOLQOI5 15 0 
5OL001570 
SOLOOI5BO 
SOL006j10 
SOL00700 
S01..00710 
SOL00720 
90L00730 
901..00740 
50L00750 
501..00760 
SOLOo;;o 
sotoo; 90 
SOL00190 
SOL.OOBOO 
SOLOOBIO 
501.00920 
50I..OOB30 
SOLOOBolO 
SOLOOB50 
SOL00860 
SOL00870 
SOLO0680 
SOLOOB90 
501..00900 
SOLQ0910 

c-

c 

00 ~ I·l,NDOP 
Z(I. [ZDISP·ll·O 

ENDIF 

IFIIZPUB .EQ. 0 ) THEN 
I2.PUB·IZ, 
IZ·IZ .. HOOP 
CALL CKSTaR(O,O) 
DO l I·l,NDaP 
Z(I-I2.FUB·I)·O 

END IF 
If' IIZVE1...EO 0) THEN 

rzV'EL·tz. 
IZ • IZ"NDOP 
DO 5 I--1,NOOP 

Z (l-lZVEL·ll·O 
E!lIlIP 

IF (IZDVEL.EQ.O) THEN 
IZDV'EL"IZ 
12. ·IZ-NDOF 
DO 1 !·l,NDOP 

2. (I-IZDVEL'l) ·0 
ENDIF 
. ·DEFINE STClIlAGE FOR THE HODll CCMBINATlaN 

IZllA·I2. 
[Z • !Z'Nl1CD8"3 
1'Z.RD·rz 
lZ • IZ.NMCIDEoI") 
I'Z.PLU·I2. 
12. • IZ·NYRBE":3 
12.04C·IZ 
12. • I Z' NMC[)B *M1ODB 
12.~·12. 
12. • IZ-Nl«J[)1! 
I2.ELp·IZ 
IZ, • a·Nl1CEIE"3 
rz.CQC·I2. 
IZ .. rz. (NCOND -NFREE) ~N-!aoE 
IUl!..L'l·I2. 
IZ • I2.-I'mOF"NA 
IZELEp·n 
IZ • I2.+NELMT·U. (NMODE'NA) 
IZlICT·rz 
12. • 12..15' (NoICXlE .. N.\.) 
I'Z.NA.P"IZ 
12. • 12.+2 "NAP 
IZ1'MPJ·IZ 
I'Z. • I2.+NFREE 
rzEn·a 
I'Z. • IZ,.NFRO'N.\. 
IZCQ;Z·IZ , 
IZ ~ I'Z.·NFREE"NMODE 

IZTXP· 12. 
IZ. • I'Z.·NDQF 
Iii' ·rz 

CAl..J.. CXSTOR (NDOP, IW) 

II1D ·m (IZMD 'NCOP) 
II'IDMS·N2.(I~S+NDOP) 
IHDJl:G .. m (I'Z.KDXG+NDOP) 

C· .••.•.• " PORI'! I'lASB MAT1I: IX 
C 

DO 400 I·l,IMI:MB 
Z(I' IZMASS·l)·O 

CALL Kl'ORl'!(.3, INHASS,NMASS,2.( I~SSI ,N2. (1 V'IDMS) ,MD,NOOP, II1DM9, 
" NNCDE,I1AXNCD,BTEST (IBUG, 5), IEUG,N? (IZID) ,NZ( Iz.IOOP) , 

Z (IZCNST) ,NZ(Iz..rCOSj, Z (tZMD"T), 2. (IW1,N2.(IIi'·2l) ,Z (lW .. 27) , 
Z(]W· iSlj,2.IIW .. 9SI),TITLB) 

CALL SOL05A(IMD ,IMDMS ,IPiDXG 

R""URN 
END 

IWISP ,I'Z.I.aAD ,!"!CONn 
NDOP ,NCOND ,NFREE 
Z(l2.STIP) ,Z(IZMABSI ,Z(IZXG ) , 

N'Z.(IZKD ) ,N2(I2.MDKS) ,NZ(IZHDXG) , 
NA,NAP ,M'tODB ,D.uIP , 

N'Z,(IZID ) ,NZ(IZIDOP) ,NZ(I tJ'PLG) , 
Z(I'Z.cOS ) ,NZ(I2.l'COS),Z(IZEVll) 
Z,(!UD I ,Z(I2.FLU I ,2.(IZo«: I 
Z(IZELF ) ,2.(I'Z.LOAD) ,Z.(IZCQC I , 
Z(Iz.NAP ) ,Z(l2.'I'H'P.3) ,2.(lZEEP 1 , 

SllBlIourIN! IN'I'PO (PER IOD, RS'V, NAP, RSNP) 
DII'!!!N9ION aSlNP(Z,NAPI 

C· •••••••• ~ ..................................... . 
c •• INrERPORAT1~ OP RESPCfiSE SPEC"ntUH VAWE 

C··~ .. ••••••••••••••• .. ••••••• .. •••• .. •• .. • ••••••• 
C 

IP! PERIIJD .LT. RSNP(l,l) I "I'HEN 
R9Y·I\SNP ('" I) 
R!TU>N 

EL..9E IP( PERleI) ,CiT. RSNP(l,NIJ') 
RSV·RSNP(",lOJIl 

I·a 
3001·1·1 

J·t'l 

RET1JP.N 

) THEN 

NNODE 
NO!.'!T 
TITLE , 
Z(IU ), 
Z(HOI9P), 
IP1I:T , 
Z(IZ,CORD) , 
Z(IZEVECj, 
Z(lZQi ), 
Z(IZtlLD ), 
Z(IZCQa ), 

IF! PERIOD .GE. RSNP(l,I) .AW PERIOD .I.T RSNPll,Jj 
COEp·(RSNP1:01 ,J) ·RSNP (2,1)) I(RSNP (I,J) '~5NP(I,I)) 
RSV· (PERIOD'RSNP(I,I)) "COEF • RSNP(a, I) 

EU;E IP( PERliXl .GE. RSNP(l,J)) THEN 
GO TO JOO 

ENDIP 

NCC' 
OW!NOD 
STEPID , 
Z(IUI ), 
Z!HTMP ), 
NS"l'EP 
IBUG r 
Z(IUA ), 
z, (IZEI.2F), 
Z, (IUCT ), 
Z(IW » 

) THEN 

501..009:010 
501..00930 
501..00901.0 
S01.009S0 
SOL00960 
50[..00910 
SOL00990 
SOL00990 
SOL01000 
501..01010 
90LoI020 
SOUlI030 
SOtOl040 
SOLOI0S0 
501..01060 
90LOI070 
SOLOI090 
SOL01090 
SOLOI100 
50LOll10 
501..01120 
S01.01110 
SOLO 11 01.0 
501..01150 
50L01160 
501..01170 
ooL011BO 
501..01190 
501..01200 
SOL01210 
SOI..Ol:l:20 
SOLOl:l:)O 
50LOl2.40 
50l.01:ilSO 
5OL012150 
SOLOlOiiO 
50LOl4B0 
S01..Ol~ 90 
SOL01300 
SOl.OUIO 
SOLOlJ:i!O 
S01..Olll0 
SOLOlJ40 
SOLOU50 
501..01360 
SOLO 13 '7 0 
SOLOlJ BO 
501..01)90 
801..01400 
5OLOHI0 
501..0111..0 
S01..OU30 
SOLO 1<1 <10 
50L01<l50 
5OL,OU60 
SOLOU70 
SOLOUBO 
501..01490 
501..01500 
SOLOIS 10 
SOL..015<10 
SOLO]SJO 
50L01540 
90L01550 
SOL01560 
SOL01570 
SOLCI15BO 
SOL01590 
SOL01600 
50L011510 
SOL01620 
SOL016l0 
5OL01640 
SOL01650 
SOL016150 
SOL01670 
SOLo16BO 
50L01690 
SOL01700 
SOLO 17 10 
5OL01720 
S01..017JO 
901..01740 
901..01750 
SOL01760 
SOLOI1?O 
SOL01180 
901.01190 
IN1POOIO 
INTJlOO:l.O 
tNTPOO)O 
IN'l'P0040 
INiP0050 
INiP0060 
IN'rP0070 
INTPOOBO 
an-P0090 
INTPOIOO 
lNTPOl10 
INTP01.0 
INtt'OlJC 
INTPOUO 
INTP0150 
INTPOl150 
INTP0170 
INTP0180 
INTP0190 
INTPO:l.OO 
INTP0210 
INTPOHO 
INTpo230 
INTP02.40 
INTPO:l.SO 
INTP0260 
INTP02;0 

RETURN INTPOzgO 
END INTp0290 

C •••••••• ~ ................................ ••• ••••••• ·······················~SOLOOOI0 

105 

SUUOlll"INE SOL05A(lMtl ,II'IDMS ,IHDKG NNCDE, NCOS 501..00020 
" I'l.DISP I2.LOAD, I'CQND NEIl'IT, MAXNCD 501.000)0 
.. NDOP NC<JHI), NPREE nTLE STEPlD SOLO0040 

STIPF MASS ,KG " 8 501..00050 
~ MOMS, !o1DICG DISP ,TI"IP SOL000150 
w..,NAP lMJDE, DAMP IPRT ,NSTEP SOL00070 
ID looF JTFLG COORD, IBlIG SOLOOOBO 
COSINE JTCaS EVAL EV'EC ,R.A 501..00090 
RD , FLU CMC Q1 , ELEF 50LOOIOO 
EU' , I..CAD CQOI DI..QAD, RCT 50L00110 
RSNP , 'rHP;Z EEF CCCM~, WORK SOL..001.0 

CO'1MON/RSA/ICCM'l,RSAF (12) 
REA.l. ! COMN, LOAD, MASS, KG 
l.CGICAL TEST ,BTES1' ,MCOND, PIUNO, PRIN5,UIAL 
CKIoR"crER NAME*1,OPTION*0I0 
CKARACrER~(") TITLE(2),5TEPID 
DIMENSION STIFF( [I"!D) ,MASS I tl'lIlMSJ ,KG(IMDKGI ,RINPU'T(100) 
DIMENSION A(NFREE,NFREE) ,B (NFREB ,NTREE) , CQ:H (NCOND+NFREE,NMODE) 
DIMENSION I1D INDOP-lj ,I"IDt'IS (NOOF>!) ,~KG (NDOP"I) ,DISP Il4)OP) 
DIMnI'SION EVAL (NFREE) , EVEC (NF'l'l:EE, NFR E.E) I SLMRC'I' (6) ,'I'MP (NOOF) 
DIMENSION COORD (M.UNOO, 3) ,J'I'FLG (l'LUNao) , JTCOS (MAXNQD) 
DIMENSION IDOF(MAXNOD, 6) ,casHlE(), J, OCOS) 
DII'IENS ION 't'MP2 (NnEE) ,EEF (NP'REE, HA) ,CCCMO! (NF'REE, NMODE) 
DIKENSION VI (3 I, V2 (l) , Vl (J) ,RCT (6, NMODE'NA.~ , ilSNP (2 ,NAi) 
DIMENSION itA (N!'«JDE, J), LOAD INDOF) ,P.D (NI1ClOE, 3) ,DLDAD (NDOF ,NA) 
DIMENSION FL,U (tlFREE, ) I ,eMC (NMODE, NMODE) ,10 (MAXNOD) 
DIH:ENSION GIo!(NMODE), ELPINHODE,3) ,WORX(NCOND·N"FREEI 

50L00130 
SOL00140 
SOL00150 
SOL00160 
SOL00170 
SOLOOIBO 
901..00190 
SOLOO;ZOO 
SOUl0210 
501..002:010 
90Loaa)0 
501..00240 
50Lo0250 
5OL00260 
50L00270 
SOL00290 
50Loo290 



DIMENSION ELEF~NElHl', l~,NMOOEoNA) S01..00JOO 
SOLOOJ10 

S~ lIP CONSTANTS SOL00320 
L1·1 SOLOOJ30 
L:O·HCCIND SOLOOHoO 
1-3-L(!+1 SOL00350 
lA.-NCCIND .. NFREE SOL00J!50 
l..S·U+I SOLOOJ70 
L6·NDOF SOLOOJIIO 
PRIN5-BTE'S'T~IBUG,51 SOLOOHO C············- ... --........ SOLDO II. 00 

C· FORl'!tJI..Jo.TE STIFFNESS •••• SOLoono 
C··-·······-·- ............. SOL00420 

CAll. FORM (1) 5OLOOII.30 
IF(PRIN5) CAU. U"lATXX(STIPP,!1D.NOOP,IMD, ·GLOBAl. STIPFNESS !1A.t'ilU'·ISOLOOUO 

C SOL004S0 C··-·-···· .... ........ .......... SOL00460 
C· CCNDEl'ISE OUT NON· FlUE OOP _ •• 
C···.·.- ........ · .. ········.···. 

SOL00410 
SOL004110 

C IF' ~CONIl IS "!'RlIE THE MASS ~"!'RIX 

IP (NCOND,G"!' 0) THEN 
SET I.,'P 2ERO L.CA.O VEC"I'OR 
DO 28 r·l,NOOP 

IS ALSO REtlUeED B't' GUYAN' REIHJCTIQ}.ISOL00490 
SOLOOSOO 
5OL00510 
SOL00520 

2B iMP (I)·o 
CALL MSOLL( 1 ,BTEST( U!L1G, 6), lA, IMD,tmOP, 1, L1, L2, MIl, STIPP, 'I'MP, 

.. .....ORK, MCONIl,1'U.SS, J'oII)lIIS, IMDMS, . F.a..LSE, ,KG, MDKG, IMDXG) 
""IF 

c 
C············· .. ·························· 
C· TRANSFER S'l'IFFNESS INTO A It'lATXn: ••• 
C···-····························· ...... . 
C Na!'E: IHSL ROUTINE GIICSP IS USED TO SOLVE FOR EIGENVA.LUES, 
C THIS ROUTINE USES A ·PUll. SYMMETRIC KA.T1UX' 
C 

00 600 J·W, lA.,+1 
00 600 I·J,W,·1 

IJ·MD(J) oJ. I 
IF (IJ .LT. MD(J+U . AND , IJ GEL MOIJ) 

A (I ·W"l,J ·U·l) ·STIPF( IJ) 
A(J ·W+1, I ·l..J·1) ·A(I ·W+l,J ·W+ll 

E1..SE IP( IJ ,GE. MD(J-l) ) THnI 
A(I·U+l,J·U·ll·O 
A(J ·W+l, I· U-l)·O 

"'"IF 

) THnI 

IP (PRINS) WRITE:(l08,:09) !,J,A(1-U"1,J·L3"1) 

" PORI'IAT (' I ',IS,' J.',!5,' A(I·L3·I,J·U+l)',lP,GI5 5) 
c 
C· CHECK POR ZERO'S ON MAIN DIAGONAL 

c 

IF (I,EQ,J .AND. All ·U+l,J·L3·11 LE.O ) THEN 
iWRITE(10B,J2) r,A.(I·W-l,J·L3·l) 
STOP 

ENDIF 

6CO CONTINUE 
32 FORMAT (5)(, 'OOP .',15,' IS ,LE. 0 IN THE STIFFNESS MATlUX 

SX,·X(I,I)·',lP,GI2 ~,' SOl.N lEi ABORTED') 

C· •••••••••••••••••••••••••••••••• 
C· TRANSFER MASS HII'O B MATRIX ••• c········· ......... -............. _ 

c 

00 10C J·U,LA,·I 
DO 700 I·J,W,·1 

IJ·MDMS(J) ·.1·1 
IF (IJ .LT. MDI"IS(J-l) AND. IJ .GE. MDI"IS(J) ) THEN 

B (I ·W'l,J· W+l) ·MASS (IJ) 
B (J ·W-l, I· W""l)·B (I·W '1 ,J U-l) 

ELSE IP~ 1.1 .aE. HD!'!S(J+l) ) THEN 
S(I U"l,J 1-3+1)·0. 
S(J·U_l,I·U+U·O 

""IF 
IP (PRINS) IdIT.E(l08,)9) I,J,B(I·U+l,J·L.3-1) 

39 FORMAT [. I ',15,' J:',IS,' B(I·~3'1.,J·W-I):', IP,GlS.S) 

C· CHECK FOR ZERO'S ON HAIN DIAGONAL 
IF (I.EQ.J ,AND. B(I·U""l,J·L)ol) L,E,O J THEN 

\oiRITE(10B,42) I,B(1 1.3""I,J·L3-U 
STOP 

END IF 

100 cmtrINU'E 
4il FORMAT (5X,'00F .',15,' IS LE. 0 HI TH'E!'tI\SS I'V.TRIX. 

.. SX,·M(I,n"·,IP,G12.4,' SOLN IS ,\BOJlTED') 

c·· .. ·••••· .. ••··•·•·•·• .... ••••••••••••• .. ••• .. •• 
C· SOLVE POR EIGENV1I.LUES AND EIGENVECTORS ••• 

C···············-···························· 
C· SU BROUTIN'E GVCSP • 
C EIGENVALlI'ES AND EtGEN\"ECTCRS OP A*X·I.AKBDA-B·J!·O 
CA· STIPFNESS REAL, FTJt.J.. SYMME"!'R Ie !'!.ATRIX 
ca· MASS REAL, FUll. SYMHE't'RIC MATRIX 
eN· NUMBER OP DOP OP A AND B 
C E'VllL· EIGENVALUES , N BY 1 
C E'VEC· EIGnNEC'TaRS, N BY N 
c· ................. . .......................... . 
c 

IP (NS'T'!P.EQ.l.OR.NSTEP.EQ,J) THEN 
OPDI(l09,FII.E· 'P&lSO', FORM· • llNFCIRHJ.'I'TXO , ,STATUS·' UNXNOWN') 
WRITE(109) A,B 
CAll. GVC5P (NFREI!,A,s, EVll, EV'EC ,WOJlX, TMP:a,TMP) 
REWIND 109 
READ(109) A,B 
00 15 r·I,NF1U~.E 
00 15 J·I,t-lnEE 

15 A(I,J)·AII ,J)/SQRTIB(I ,II 'a(J,J) 
CLOSE \109) 

c C············· ................................ . 
c· NQRl'lU.I2E MOllE SHAPE TO MAX VALUE OF ~E ••• 

C··············· .... ·········· .. ·············· .. ··· 
C 
C NOTE THE EIGENVECTOR IN 1l'tSL DGVCSP HAS BEEN NOIU'lAJ..IZED 
C 
C···· ·WRITE EIGENVALUES 1t.NtI EIGENVEC'!'ORS TO DISK 

Ioo'RITE(107) (£VAL(l),I·lrIPRT) 

c 

....-RITE( 107 ) (It VEe (r ,J) ,J·I, IFiT) , 1·1 ,NPRE!) 

ELSE IP(NSTEP EQ. ~ ) THEN 
REWIND 10" 
READllO"1) (E'VAL(I) ,1·1 ,IPRT) 
READIIOi) (£VEC(I ,J) ,J·l, IPRT) ,I·l,NPREE) 

ENDIF 

c································· ...... . 
C· PRIm EIGENVALUES AND EIGENVEt:TORS ••• 
C· ••••••••••••••••• - ••••••••• _ - -. ~ - -.- - •• 

1ST ·1 
100 IOlD·MW(IST·5,IFRT) 

WRITE(l08.110] (I,I·IST,IEND) 
DO 125 I·rST,IENO 

ns EVAL(I]·SQRTI EVAL(1) ) 
WRlTE(lOB,1261 (EVAL(I),I·IST,IEND) 
00 121 I ·IST, IENtI 

EVALI!)· EVALIII /6 2831B53 
WRITE(108, 128) (:EVAL~I), I·IS'T,IEND) 
DO 129 r·IST,IEND 

IF (EVllII) ,LT.l E·10) E'VAl..(I)·1 
.:09 EV.\L(II· 100/ EVALD) 

WRITE(10B , 130) lEVU!!), I·IST, lEND) 

£·10 

WRITt(lOB,IH) 
11D FORMAT ( • MODE ',7(IlC,SX) 

FREQ (RW/SEC)· ',1P,1(G14.5,IX) 
FREQ~CY 1HZ) ',lP,7(G14.5,IX) 

FERIOD (SEC) ',lP,7(G14.5,lX) 
EIGENVECTORS· 'I 

126 FORMAT I' 
129 FORMATI' 
DO FORMA! [ • 
1)5 FORMAT [ • 

501..005JO 
SOLQOS40 
50L00550 
SOL00560 
5OL00510 
SOL00580 
5OL00590 
50L00600 
SOL00610 
SOL00620 
501..006.30 
SOLO0640 
501..00650 
5Ol.O0660 
SOL006?Q 
S01..00680 
SOL00690 
SOL00100 
SOLO 01 10 
SOUlO? ~O 
SOLOO?JO 
SOL00140 
50LOO?50 
SOL00160 
SOL00770 
SOl.00780 
SOL00790 
SOLOOeOO 
SOL00810 
SOLOO&20 
SOL008JO 
SOLOOUO 
SOL00850 
SOLOOe60 
SOL00670 
SOLOOe60 
SOLOOUO 
SOL00900 
SOLOO!HO 
SOL009.0 
50L00930 
SOL00940 
SOL00950 
50L00960 
50L00970 
SOL009&O 
SOL00990 
SOlAlOOO 
SOLOI01D 
50LOI020 
SOLOlo30 
SOLOICl40 
SOLOI050 
SOLOIC160 
SOLOICl?O 
SOLOI080 
001..010510 
SOLOllOO 
SOLO 11 10 
ooLOll:l0 
001..01130 
SOLOIHO 
SOL01150 
SOL01160 
SOL01170 
9OL011110 
SOLOll90 
SOLOHOO 
SOLOl:i110 
SOLOl:il~O 

SOLOl:130 
$OLOtHO 
SOLOI250 
SOLOl:il60 
SOL01<I70 
SOL0101110 
SOLOl:iI90 
S01.Oll00 
SOL01310 
5OL013010 
SOL01330 
SOLOI340 
SOL01350 
ooL01360 
SOL01370 
SOL013110 
SOL.OlJ90 
SOLOUOO 
50[,01410 
S01..01420 
SOLOU30 
SOL01440 
SOLO 14 SO 
50LQ 1Il 60 
SOL.Ol&70 
SOL-OIUO 
501..0111.90 
SOLOlSOO 
SOLClSIO 
SOL01520 
SOL015JO 
501..01540 
50L01550 
SOL01560 
50L01S70 
50L01580 
SOLOl590 
50L01600 
SOLOl610 
SOL01620 
SOL01630 
SOL01640 
SOL01650 
SOLOl660 
SOLo1670 
SOLOl6liO 
SOLOI6S10 
5OL01700 
SOLO 1710 
5OLOl720 
50L0173o 
SOLOIHo 
50'1..01750 

c 
c-

155 
ISO 
C 

EIGENVECTORS 
00 155 I·l,NFREE 
WRITE (10 e, 150) ! ""OCOND, (EVEC II ,.I) ,J. IS'T, IEND) 
FORMATI' OOP(',I6,') ',lP,7(G14.5,LX) ) 

IP (lEND LT. IPRT ) THEN 
IorRI'TE(lOB,lO) TITLE(l) ,1ITLE(il) 
IST·IEND+l 
GO TO 100 

ENDIF 
10 FOJUolAT('l STROC'l'UJlE ',A,!' SOLUTION. , ,A,!/) 

SOLC1760 
SOLOl??O 
SOLOl?BO 
SOLOI190 
SOLOUOO 
S01.OLBIO 
SOLO lB OlO 
SOLOUJO 
5OLOIUO 
SOLOlB50 
S01.OLB60 
SOLOIB70 
50'1..01880 

IF (NSTEP EQ. 1 ) 5'TOP SOL.OlSSlO 
C 901.01900 
C·· ···ZERO GLDEAL 'BASE ACCEu::JlATION AND DI5PUr.CEMENr SPECTRlt1 VALUES 501.01910 

DO 171 I·I,NMODE SOLO lSI 20 
DO 111 J·I,J SOLOl5130 

RAII,J)·O sOL01HO 
171 RO(I,J)·O SOL019S0 

C SOL01960 
C····················································· ................... SOLOI51"O 
C·· INPUT N1.J'Il3ER OP SEISHIC COKPONENl'S, SCALING 'FACTOR ,PRINT CCN'l'ROL • SOLOl9BO 
C········· ....... - ........................................................... SOL01990 
C SOLO~OOO 

READ (IC5,') ASCALE,OPTION, PRINO SOLO~OlO 

c 
C·····INFUT DIRK"'TION VECToRS Vl AND V:oI 

READIlC5,") Vl,V~ 

...... CALCUlATE V) • VI X VOl 
CALL OOSS(V3,Vl,V2,0) 

...... ·CAl.Ctll...\'T'i va • V) X VI, AND NOJlMA.LI2E AU.. VECTORS 
CALL CROSS (V:iI, V3 ,VI, 1) 

C····· .. · .. ···························· 
C·· INPUT RESPONSE SPEC'!1UJloI VALlJ'l!S •• 

C························ .... ·· .... ··· .. ·· 

107 

1070 

IdIT1!(10B,10) TITLE(ll,TITl..E(:I) 
00 30 I·l,NA 

READ ( 105, -) Ion 

IP (IOrR.CE.l . .\NO. IOIil.LE.)) THEN 
IF (TEST(OPTION,· ... cC',.FALSE. )) THEN 

WRITE(lOe ,10? J I 
FCIRJoU.T (//lX, .... A-CCEt..E:lU.TION SPECTRUM VA-WES 

'INPlITING nANsu"TIONA.L 111',12,/) 
ELSE IP(TEST(OPTION,'OISP', ,PALSE. )) THEN 

WRITE(10e ,1070) I 
FOP.MAT I//IX,"- DISPLACEMEm' SPECTRt1M VALUES 

'INPtn'ING TRANSL.A.TIClNAl. .',IOI,/) 
ENDIF 

ELSE 
W1UTE(l08,-) ·INV.u.IO DIRECTIClN:, ',IOIR,' S~ 0 ( IDIR (4' 
GO TO 30 

c 

'dO 
'07 

END IF 

IF lIOIR.EQ.I) 'THDI 
CX·Vl (1) 
CY·Vl (:I) 
("Z·V1IJ) 
WRI'l'E1108,9~) VI 

El..9E IP (IOlR.it;;! 2) 
cx·v:a 11) 
CY·VOl (:I) 
CZ·V2 (3) 
WJlITE(10B,S10l) VOl 

ELSE IP (IDIR.EQ.3) 
CX·VJ(l ) 
CY·V3(::I) 
CZ·V3(3) 
WRITE(lCII,51Ol) V) 

ENDIF 

THEN 

THEN 

READ ( 105, -) (RSNP (1, II) ,RSNP (2, II), II·1,NAP) 
'ofRITE(108,640] 
PQRH).T(JOK, 'PERIOD ',10)1, • SPECTRUM VALUE',/ 

30X,' ',IOX,' 'J 
WRITE(l01l,907) (RSNPI1,II),RSNPI0I,II) ,II·l,NAP) 
PCRH). r ()O X, G14. 6, lOX, GU .6) 

DO ;aD J·l,NMCDE 
CALL IlITPO(EVAL(J) ,'t'MP(J) ,NAP,RSN1») 
IP ITES"l'(OPTION, 'ACC', .PALSE, ) ) THEN 

ACC·Tl1J)(J) oASCAl.E 
OIS·TMP (J) oASCAI...:E1 ( (6 . Ol B.318SJ /EVAL(J)) .. -2) 

ELSE IP (TES'T(OPTION,·OISP·,.FAL.SE. ) J TH.EN 
OIS·Tl'I:P(J) -ASCAL2 
ACC.T11P (J) "ABCAL.E- ( (6 ... 831&53 /EVAL(J) ) "'01) 

!NDIF 
R.A (J, 1) *U(J, 1) 
R.A.(J,:i!)·U(J,a) 
R.A.(J,3)·UiJ,J) 
RD(J,ll·RD(J,I) 
RD(J,:I)·RD{J,3) 
RD(J,3)·RD(J,3) 

CCN'l'INUE 

+ Ace'CX 
+ ACC"CY 
_ ACC·C:z. 
• OIS-cX 
.. OIS-CY 
"" OIS-CZ 

30 CONTINUE 
If' (FRINO) THEN 

WRI'I'E(10B,31) 'X' 
WRITE(106,9l) IRA(J,!) ,J·l,NHOOE) 
WRITE(10e,)1) 'Y' 
WRITE(10a,93) IRAIJ,2) ,J-l,NMOOE) 
WiIITE(lOe, Jl) 'Z' 
WRITE(10B,9J) IIU.IJ,J) ,J·l,~DE) 

Jl FORMAT(/1Ji:,·GI.OB.U. BASE ACCE,·SPECnLlM VALUES IN THE 
• DIRECTION " /) 

WRITE(l08,)19) 'x' 
WRITE(lOB,9J) (R.O~J,l),J·l,NMODE) 

WRITE(10B,319) ''1' 
WRITE(10B,93) (RDIJ,2) ,J·I,NMOOE) 
WRITE(10B,)19) 'Z' 
WRITE(10e,9.3) (RD(J,J) ,J·I,NHODE) 

319 FORMA"!' (/1X, 'GLOBAL SASE DISP. ·SPEC11I.llM VALlIES IN THE . 
"""IF 

, DIRECTION' ,I) 

C···· .. ··· .. ···· .. •···· .. •··· ...... ··················· 
C·· CALCIJU.TE IUNPWDlCE COEPPICIENT VEcr0as .... 

C········ .. ······ .. ··· .. ···· .. ····················· 
00 440 I·l,NDaP 
DO 1140 J·l,3 

l1.li.0 E'LU(I,J)·O 

... CIoIIT AU. DOF THAT ARE CONST'lUIrlED TO A MASTER OOP. 
DO 554 NOOE·l,NNODE 

ICOS-JTCOS (NODE) 
00 650 JOIR·l, l 

IF (.NOT, BTES'!'(J'TPLGINOOE) ,JDIR'Il)) THEN 
II·IDOE' INCilE,JDIR) . NCOND 

, ,A, 

, ,A, 

IF (II OE.l,AND.II.L.E.NFREE) FLU(II,K)·COSINE(JDIR,K,ICOS) 

106 

ENDIP 
650 CONTINUE 
554 CONTINUE 
4S1 COHTII'nJE 

IP (PRINS) clU.L WKA.TR)lIPUJ,NFREE,3,·INFLUENCE COEP. 
SI2 FOJlM},T(IX,'DIRECTION OF COSlNE:·,4.X,SS,P9.5, 

o. • I' ,SP,P9 .5,' J', F9 .5,' X " S8,/) 
51) PCJlUoIAT (lX,lP,10G12 41 
94 FORJolAT (/1 J(, 'INPtn" RESPONSE SPECTIH.l!1 VALlIES. ' ,/) 

929 FQlUoL\T(lX,·DIRECTIm.I OF OISPLACEMEN'T.',4J1,SS,P9 5, 
o. • I' ,SP,F9 .5,' J', F9 5,' X ',S5) 

KAnn') 

SOLO~O~O 
SOL0<10JO 
SOLO~040 

50[.0<1050 
SOLO:il060 
SOL02070 
SOLO:;aOBO 
SO~0:;a090 

SOLO:ill0C 
SOLO:olllO 
SOL02120 
SOLO:lLJO 
SOLOOI140 
SOLOOllSO 
SOLO:ol160 
5Ot,02170 
SOLOOl180 
501.001190 
SOLOnoo 
SOLOHIO 
SOL020130 
SOLO:iI:iIJO 
SOLO:lHO 
SOLO 01 OISO 
SOLO 2 i!60 
SOL00l270 
SOL02280 
SOLO:il:il90 
50[,02300 
SOLO~.310 

SOLOOI.3~C 
SOLO 0133 0 
SO['C2HO 
SOLC:i!J50 
SOL00l360 
SOLC:iI.370 
SOLAOIJBO 
SOLO 01390 
SOLGaOO 
SOLO 014 10 
SOLA:I' 30 
SOL02430 
SOLO~440 

SOLO:USO 
SOL02460 
SOLO:ilno 
5OL024BO 
SOLO 0i490 
5OLC2S00 
SOLO;zS10 
SOLO 25 ~O 
SOL02S30 
SOLO 2540 
SOLOOISSO 
sOL02S60 
S01..O~S10 

5OLO;zS&O 
SOLO;z590 
SOL02600 
SOLO:il610 
SOL026;a0 
SOLO~630 

SOLO~640 

SOLO~6S0 

SOL02660 
SOLO~670 

SOLO~I5BO 
SOLO~690 

SOLQ0l700 
SOLOl710 
SOl.02.,ao 
SOL02730 
SOL00l740 
SOL027S0 
SOLO;z760 
SOLO~770 

SOL027!10 
soLongo 
SOL02800 
5OL02910 
SOLoaOiO 
SOLO:il830 
SOLO::IB40 
5OLO:il950 
SOL00l860 
SOLoa"o 
SO['O:ol8BO 
S01..O~BSlO 
50[,0<1900 
SOLO~910 
SOL029;zO 
S01..O~9)0 

SOL02940 
SOL02950 
501..02960 
5OL029iO 
SOL025lB0 
90LO<l990 
SOL03000 
50L03010 
SO[.OJOOiO 
SOL.O)OlO 
sOL03040 
sOLOJOSO 
SOLOJ060 
SOLOJ070 
50[.03090 
SOL-OJ090 
50[.0)100 
SOL03110 
SOL.Q3120 
SOLOJDO 
SOLOJ140 
501..03150 
50'1..03160 
SOl.OH70 
SO[.03180 
SOL03190 
SO['032DO 
50LOJ210 



c····· ........................................................ . 
c·· CA1..C'UI.-\TE CROSS'I1ODAL COEFFICIENTS PaR CQC AJlPRCACH •• 
C· ........................................ ____ •• _ ••• _ ... _ ......... . 

If' ( ICOHN .EQ 2.) '!'HE}! 
DO 809 I-l,NMOD! 

C1C( I, I)" 1-
DO 809 J·I·l,NMCDE 

WJI·EVAL (J) (EVU (Tl 
COEFl·9' m~p, '2)' (l .WJI)' (WJI "'1.5) 
COEP"·ll ·WJI'·2) '·2 - 4" IDN1.P"2) "WJI" (l_WJI) '''2 
O«:(I,J) ·COEFl/COEf'Z 
o-tC(J,I) ·000(!,J) 

CONTINUE 

WRITEII08,11l) TITUlll,TITLE(2) 
CALL WHATRX(O'IC,NI'IODE,NMClDE, ·CROSS·MODAL COF MATRIX') 

ENDIF c············· ................................... . 
C·· OLCUl-I.TE GENERALIZED MASS, QIl·E\I"EC··B'EVEC .. .. C·········· .. ··· .. ·· .. -.· ....... ___ . __ .. _._ ........... _ 

DO 450 I-l,I'lMODE 
Qo\(II·O. 

DO 460 II'l,NFREE 
DISP(II) '0 
DO 4.;a JJ"l,NFREE 

470 DISP(II)·DISP(II) _ B(II,JJ)'EV'EC(JJ,I) 
Q1 (I) 'G/11 I) .EVEC I I I, I) 'DISP (II) 

460 CONTINUE 
450 CONTINUE 

IF (PRIN5) eAl.L WMATRX(GM,NMODE,l, 'GENERrzED MASS MATRIX') 
c·· .. ·•••·•·•···•···••· .. •·•·•·•••···········•·•·•·· .•...•...•......... 
c·· CA.LCUl.ATE EFFECiIVE·LOAD FACiOR FOR EACH MODE, ELP·EVEC·'S-PLU •• 
C··· .. ······ .. ······ .. · .. ···· .... ········· .. ············ .. ··· .. ................ . 

DO 455 I'l,NMOOE 
DO 45; X·l, J 

ELP(I, k)·O. 
DO 465 II'I,Nl'REE 
DISP(IH·O 
DO 475 JJ'l,NFREE 

475 DISP(lil·DISP(lI)" B(II,JJ)'f'UJ(JJ,X) 
ELF (I, K) ·ELF( I ,10 +E'IIEC( 11, I) 'DISP (Il) 

11.65 CONTINUE 
11.50'7 CON1'INUE 
11.55 CONTINUE 

IF (PRINS) C.u.L WHATRX(ELP,NMODE,J,'EPFECiIVE'LDAD MATRIX') 
C······ ...... ·· .. ············· .. ······················· .. ·· ............ -.. . 
C· .. c.u.cUU,n EFFEC"I'IVE MASS FOR EACH MODE IN EACH INDIVIDUAL •• 
e SEISMIC TNI'tn' DIREC'TION 

c··· .. ···················· .. ··· .. ··················· .. ···· ......... . 
c 
e· ... READ EFf'I!CTIV'E /IlA.SS RATIO LIMIT IN X, V, Z DIRECION 
e NOTE: If' NO OP MOOE l3AS:E:O ON THE LIMIT IS LESS THAN NMODE:, 
C NO. Of' MODES BASED ON THIS LIMIT IS USED. 

RZA,D(105,·) XLIH,VLIH,ZLIH 

WRITE (109,10) TITt.E(1) , TITLE (2) 
WRITE(lOB,U'7) 

4B'? PORMAT(lX,'Ef'FECTIV'E MASS IN GCS" TRANSU,TIONAL DIRECTIONS',/ 
" IX,······· .. ········································,/) 

WRITE(lOB,SlB'7l 'X',II:LIM 
WRITE(109,SliI'7) 'Y',YLIH 
WRITE(l08,Sl9"1) 'Z',ZLIH 

.. CALCUlATE TOTAL STRUCTURAl.. TRANSU,T]ONJ.L KA.SS 
TOTX·O. 
TOTY·O. 
TOT,,·O. 
00 705 J'U,lA 

IJ·MDMS(J) 
00 '706 l·l,NNODE 

IF ( .NOT. BTEST(J'I'PLG(I) ,H) ) THEN 
NDOPX·IDOP(I, I) 
IF (J .EO. NDOFX) TOlK'TOTX + MA.SS(IJ) 

END I , 
If' ( .NOT. BTEST(J'I'PLG(I),ll) ) THEN 

NDOf'V·IDOF(I, ~J 
IF IJ .EO. NOOPY) Ton·TOTY • HASS(IJ) 

ENDI' 
If' ( .NOT. BTEST(J'I'FLG[I),ll) ) THEN 

NDOFZ"IDOF(I, J) 
IF IJ .EO NDOPZ) Ton·'I'OT'l. • MA.S9(IJ) 

ENr>1' 
; 06 CONTINUE 
;05 CONTINUE 

WRITE(108,)U) 'X',TOTX 
WRITE(l08,J88) 'V',TerrY 
WRITE(108,J89) 'Z·,TOTZ. 

J89 PORMAT(lX, 'NarE. TOTAL STROCTUlI.AL ,,"ss IN ',A,' DIRECTION IS 
" OP,GlS 6) 

WRITE(lOB,lB6) 
386 FORMAT ( lX, ' HODE " 'OCS )I·DIRECTION('! 

'OCS Y·DlIl.ECTION(') 
" 'OCS 'l.·DIRECTION(.) 

518'7 FaRMAT 11 X, 'EPFEC'rIVE MASS LIMIT IN GCS" • ,A, 
" ' DIREcrION IS • ,G15.6 ) 

nLIM·O. 
TVLIH·O 
TZLIH·O 
!1CJI)EX·O 
11ODE'i"0 
MODE"·O 
f'XME·O 
f''t'ME·0. 
PZME·o 
00 '701 I"l,NMCOE 

If' (TOTX .EQ. 0.) 00 10 707 
FXM:I!· (ELF(I, 1)" ~/~ (I l) /TOTX 
nLIM·TXLIM .. f'XMB 

,i 

IP (XLIM.NE.O o.AND.MODEX.eQ.o.AW.TX1.IH.GE.X1.IHl MODEX'I 
IF (Tan EO. 0.) 00 TO '708 

FYME· (ELP(I, Z)·· o2/Q1 II») (Tar V 
TYI.IM·TYLIM. ~ PVME 
If' (V1.IM NE.O.O.J.ND.HCDE't.EO.O.AND.T'tLIH.GE.Y1.IH) MODEY-! 

'709 IF (TOn .EQ. 0.) GO TO '?OSI 
Fz.z.m· (ELF(I, 3) ··:l/~ (I l) /TCffZ 
TZLIM·TZLIM • P2.HE 
IF (2.1.IH NE.O.O.AND.MCDEZ.EO.O.AND.TZ1.IM.GB.ZLIMl MODEZ·I 

'709 WRITE(109,H5I) I,f'XME,FYME,PZME 
39S1 FORMA.T(5X, IJ,5X,J(G15 4,6X) J 
'701 CaNT INlTE 

IHO·t9,X (HODEX,HODEY ,HODE,,) 
IF ( 11'10 .NE 0 .AND. IHO .LT. NMODE) THEN' 

HMODE·IMO 
WRI'!'E(108,') ,. BASED ON EFFECTIVE HASS 'LIMIT, FINAL NO OF " 

" 'MODES USED IS • ,MMODE,' ~-' 
ELSE 

1'D'o10DE-NMODE 
END I , 

e· ... - ......... - ............... ~ ....... ~ •.. ~ .... ~ .. . 
c·· eALCUI..ATE I'IA};lMUH: DISPlJ;.CEMEN'T RESPONSES •• 
e··············· .. ··· .. ··_·_····················· 
c 

DO 560 NN-l,NA 
DO 540 1'1,1..6 

540 ThU'11)·0. 
DO 541 1·1, NFREE 

541 t'MP2(I)·a 
DO 550 J'l,MI'!aDE 

DO 500 U·l,HPREE 
DLOAD (II, 1) 'EVEC (II ,J) 'ELf' IJ, NN) -RO(J ,NN) /GI'I(JJ 
IF (ICCMN EQ. 2.) THEN 

Ct;CM I rr~NC'OND,J) ·DLOAD(II, l) 

SOL03:il20 
6OLOJ2JO 
S01.0J~40 

8OL03250 
SOL03~60 

SOL03.70 
S01.0J290 
SOL03;agO 
801.OJJOO 
SOL03JI0 
001.,03320 
SOL03JJO 
SOLOJJ4.0 
SOLOJJ50 
SOLOJJt50 
SOL03J'70 
SOL03:!.90 
501.03JSlO 
SOLOJlloOO 
SOl.,03 II. 10 
S01.03&<lO 
SOLOJ4.JO 
SOLOJ 4. 4.0 
SOLOJ450 
5OL03460 
8OLOJa.'70 
SOLOJUO 
SOLOJ4510 
SOLOJ500 
SOLOJ510 
SOI.,OJ5:i.O 
SOl.,03SJO 
SOLOJ540 
SOl.,OJ550 
S01.03560 
SOLOH'70 
SOl.,OJ590 
SOl.,OJS90 
8OLOJUOO 
SOLOJ610 
SOLOJ6:i.0 
8OLOJ630 
SOLOJUO 
SOLOJ650 
SOl.,OJ660 
SOLOJ6'70 
SOLOJ690 
SOLOJ690 
SOLOJ'700 
SOL03'710 
SOLO 3'7 :i.0 
SOLaJ7,l0 
SOL.rO J'?4 0 
S01.03'750 
ooLOJ760 
SOL01'7;0 
001.03790 
SOL017S10 
SOL03800 
SOLOJ910 
SOL03820 
SOLOJ8JO 
SOLOJ9f.O 
SOLOJ950 
SOL03860 
SOLO lS '7 0 
SOLOlB80 
SOL0J990 
SOLOJ5IOO 
SOLOJ910 
5OLOJ920 
SOLOJ5IJO 
5OL035140 
SOL035150 
SOL03960 
SOL039'70 
SOLOJ5I&0 
5OL039510 
SOL04000 
6OL04.010 
SOL040.C 
S01.04030 
S01.04040 
501.04.050 
S01.04060 
SOL04.0'70 
SOL04.0&0 
SOL04.0Sl0 
801.04100 
SOL04110 
SOL04120 
6OLO'lJO 
SOL04UO 
SOL04150 
SOL04. lIS 0 
SOL04110 
SOLOUBO 
SOLO·USlO 
SOL04.00 
S01.04.10 
SOLo,.;ao 
SOL04.2JO 
SOL04:il40 
6OL04250 
SOL04~150 

SOL04270 
501.042110 
501.04;090 
501.,04300 
6OL04JI0 
S01.04J.O 
SOL04JJO 
SOL04JII.0 
601.04J50 
SOL04J150 
SOL04J'70 
ooL04J80 
801.043510 
501.,0"00' 
SOL04410 
S01.04420 
SOL044l0 
SOL04440 
SOL044S0 
S01.04460 
S01.04410 
SOLOU90 
S01.044S10 
SOL04500 
S01.04510 
SOL04520 
SOL04S)0 
501.,04511.0 
SOL04550 
SOL04560 
SOL045'70 
601.04590 
S01.045S10 
SOL04600 
SOL04610 
SOL041520 
50L0415JO 
501.,041540 
50LC4I550 
SOL041560 
SOL046'70 

c 

lUlE If' (IC~ .EQ 1 l THPl>l 
iI'(P{II·NCClND)·DLOAD(II,1)··2 .. TMP(II+OCOND) 

ENDIP 
500 CONTINIJi! 

IP (PUNS) THEN 
WRIT'E(loa,·) 'MODAL DISPLACEMENTS POll MODE ',J 
WRITE(108,·) I'DISP~',l, '). ',DUlAD(II,1),I·l,NPREE) 

ENDIP 

DO 501 L.L·Ll,L~ 
501 DISP(LLJ·o. 

DO 502 U·W,L4 
50~ DISP[Ll.I·DLaAD(Ll.·L2,l) 

C··········· .. ···· .. ······· .... ·· .. ··············· 
C~ .. CLACt1U.TE E:QOIVALEm EAlI:'I'HQUAXE FORCES •• 

C-····························· .. ········· ~~ .. 

c 

DO '7SJ I·L5,Ui 
DI5PII)·0. 

'753 LOAD(I)·o. 

DO 580 l·l,NFRE! 
LaA.D( I'NCClND)'O 
DO '7J5 JJ~l,NPRiE 

'7JS LaAO( I ·NCaND)·LA\D (t.NCOND)·A (I ,JJ) ·DISP IJJ"NCOND) 
IP (ICCJoCN .EQ 1 ) THEN 
THP~ (I) "i'MP0I (I) + LaA.D (I 'NCOND) '·2 

ELSE IF (learn ,EQ. ~.) THEN 
C~2(I,Jl ·LCM(I+OCQNDI 

ENDIF 
CONTINUE 

IP (PRIH5) THEN 
W1UTE(108,10) TITt..E(ll,TITl.E(2) 
WRI'rE(l09,1505) J,NN 

1505 PORJoIA.T(lX,·TOTA.L EOllIVA.l..ENT EART'HQUAXE PORCES FaR MODE ',13, 
• IN THE SEISMIC COMPONENT II " 12/l 

IIIlI.ITE(109,911) 
W1UTi (108, H2) II+NCOND, LOAD (I'NCOND), 1·1 ,m'REEl 

=>IP 

c···· .. ········· .. ······ .. ··· .. ······· .. ····_·· 
C·· CALC RESPONSE' FOR CaHDENSED OO'!' DOf' ... 

C········ .... ··· .. ······· .. ·· .. ········· .. ···· .. · 

c 

CALL RUCTN (1, BTEST (IBOO, 6) ,NNODE, 1.,1, 1.,2, L.l, 1.4,01 SI', DIS'?, I'm, 
STIPF, IMD, NDQP, 1,1 .Il, MAXNOD, IDOP, COClRtI, ID, TITLE, 
STEPID, FALSE. ,NCOS,COSlNE,JTCOS,J1'FLG,S~CT) 

CALl. HSOI..L(J,BTEST (IBUG,6) ,IA, IMD, NDOF, I,Ll, L.2 ,MD, STlf'P,DI9P, 
W~lt, .PA.LSE'. ,HASS,MDl'IS, 1, FAl.BE ,KG,MIlKG, 1) 

DO 6'75 I-Ll,L~ 
IF IICCMN .EQ. 1 ) THEN 
T'I1PII)·DISP(I)-·~ • THP(I) 

E:LSE If' (ICOMN EQ .•. ) THEN 
CQC:M(I,J'l·DISf'(I) 

ENDIP 
15'75 CONTINUE 

c····················· .. ·· .. ······ .. ·· .. ···· 
C· CALC1.11A TE H»mER FORCES .... 

c······································· 
LSTTYp·O 
DO 359 I ELNO· 1 ,NELHT 

DO l57 1·1,1:1 
J51 RSJ.PI 1)'0 . 

c 

CAW. EULIB 
(4, W;TTYP, PRIN5, IREL, . FALSE. ,NAK!, EESE, EPSE, tI»I.'GE, DUepAG, 
IELNO, IEL.DOP, J(GDQf', PGEQoI, RINPtn', AXIAL, lWISP, IZLOAD, M1n'CIR) 

DO 3551 1·1,12 
J59 El..EP(IEI.BO,I,J)·RSAF(1) 
J58 CONTINUE 

C······ .. ·· .. ··············· 
C .. SOLV'E FOR REACTIONS ... . 
C .... •••• .. •• .. • .. ••• .. •• .... •• .... .. 
C 

CAlJ.. REACTN (2, PRIN5, NNODE, 1.,1, L4., loS, Uj:, LOAD, DISP, MD, 
STIPF, IHO, NDOf', 1,1. O,MAXNOD, IDOP,COJRD, ID, TITLE, 
STEPID, . PALSE. ,NCOS, COSINE, JTCOS, JTP'LG, SlMRCTI 

C· .. •••• .. ••••••••• .. ••••••••••••• .. • 
C· SOLVE POR GLOBAL REAC"T'ICNS ••• 

C·· .. ••••• .. ••••••• ...... •••••• .. •• .. ••• 
C 
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tlO J66 1'1,6 
366 SUHRCT!I) ·0. 

CAU- REAC~(J ,PRIN5,NNClDE, Ll, 1.4,L5, L6 ,UlAD,DISP,~, 
STIFf', IMIl,NDOP, 1, 1.0,MAXNOD, IOOF, COORtI, ID,TI't'LE, 
S'rEPltI,. PALSE., NCOS,COSIN!,JTCOS, JTPLG, SlIKRCTl 

tlO J60 1-1,6 
360 iCT(I,J)·S1JGC'TII) 

550 

." ." 

." 
'" 
." 
'OJ 

'" ". 

03B 

'" 

". 
'" 

IF (PRINS) THEN 
IJIRIT'E(10&,101 TI'I'l..E(ll,TIT'LE (21 
WRITB(10a,60'7) J,NN 
FcmMAT(lX,'REAC'TION FaR MalE ',IJ,' IN SEISMIC Ca-IP iI ',12/) 
NlIITE(lOB,323) 6f..M\CT 

I!NDIP 

CONTINUE' 

IF (ICQo(N .EO. 1.) THEN 
DO 590 JJ·l,LA 

Tl'IP (J J) '5QRT (THP (JJl ) 
DO 547 JJ·l,I'JPREE 

TMP:t (JJ). SQRT (nIP 2 (JJ) ) 
DO 591 I·l,N'EtJon' 
DO 591 II·l,l" 
DO 592 J-l,MMODE 

ELEP (I, II,~(£IE~NHl ·Et..EF (I, I I ,I1l'IODE'NN) -ELEY (I, II,Jl "jI 
ELEP (I, II,I4"IOOB·NN) '~T (ELEF(I, II ,MMODE'NNI ) 

COtrrINUE 
DO 59J 1·1,6 
DO 594 J~l ,MMODE 

RCT'(I,f'V1ODE-NNl ·RCT (I,HHOOE'NN) 'ReT (I,J) ··2 
RCT (I, MI1CDE·NNl "SQRT (RCT (I, MHCIDE 'NNJ ) 

CONTINUE 

ELSE IP(ICCJO.I .EQ. ~.J THEN 
00 926 L·l,tA 

,""P{Ll ·0. 
DO 929 J'l,MI'IOOE 
DO 928 JJ·l,I+!CIOE 

1MP (I.,) ·TMP (L) ·CQCM[L,J) 'O!C (J ,JJ) 'COC'I(L,JJ) 
'f1!Ip (L) "SORT CABS (~P(L) ) 

CONTINUE 

DO BJ1 L·l,NFREE 
DO 9:!B J'l,MMODE 
DO 9)9 JJ·l,HMOOE 

TMP2 ILl ·THP2 (L) • Ct;CM2 (L, J l 'CMC (J ,JJI ·CQ:M2 (L, JJ) 
'f1!IP2 (L) 'SQRT(ABS (THP2 (L») 

CONTINUE 

DO 595 I·l,NElJoIT 
00 5S15 11'1,101 

SUK·O. 
DO 5S16 J·l,MMODE 
DO 5S16 JJ'1,HHODE 

SrJM·SlJlo1·ELEF( I, II, JJ "CMC (J ,JJ) 'EUF (I, II,JJ) 
SlJ'I·ABS(SlJ·1) 
EI..Ef' (I, II,MMODE'NN) -SQR,T (SlJ'I) 
eON'TIlroE 
DO 59'7 1·1,6 

SlJlo1·0 

SOL046BO 
SOL046S10 
SOL04'7aO 
SOL04'710 
SOL04.'720 
60L04'730 
SOL04.HO 
60L04'7S0 
SOL04.'760 
SOLO 11.'7 '7 0 
SOL04'7 BO 
SOL04'7510 
SOLO 48 00 
SOL04810 
S01.048:10 
501.048JO 
SOL04840 
SOUl4B50 
SOL04860 
6OL04B;0 
6OL04B BO 
501.04.9510 
SOL04900 
SOL045110 
SOL04920 
SOL04.9JO 
SOLOU40 
SOUJ45150 
50L045160 
SOL0451;0 
SOL049BO 
SOL04990 
SOL05000 
S01.05010 
SOL050~0 

SOL05030 
SOL05040 
SOL05050 
S01.OS060 
SOL050'70 
S01.0S080 
SOL05090 
SOUl5100 
001.,05110 
SOLOSI ~O 
SOL05130 
S01.OSUO 
SOL05150 
901.05160 
S01.051'70 
SOLOS180 
SOUJS190 
001.05200 
SOL05210 
SOL05220 
SOLOSUO 
SOL05HO 
SOL05250 
SOLOS260 
SOUJ5a10 
SOL052BO 
801.05290 
SOL05JOO 
SOUl5310 
SOL053:i0 
SOl.O 5JJ 0 
601.05340 
SOL05350 
601.,05360 
SOL05l'70 
SOL05390 
SOL053510 
SOL05400 
SOL05410 
SOLO 54 010 
SOL05430 
501.05440 
SOL05450 
S01.05460 
001.054'70 
SOL05480 
SOL054S10 
SOL05500 
SOLOSSlO 
SOL05520 
SOL05SJO 
SOL05540 
001.05550 
SOL05S150 
501.055'70 
SOLOS580 
SOL05590 
501.051500 
501.05610 
SOLOS6 ~O 
901.OS6JO 
oo1.c56110 
501.056SC 
901.051560 
SOL056'70 
601.051580 
901.05690 
SOLOS '?O 0 
SOL05110 
S01.057:;;]0 
SOL057JO 
SOLOS740 
5OL05'750 
SOL05'?60 
SOLOS770 
SOLOS790 
SOL057S10 
SOL05900 
SOL05BlO 
80L058:l:0 
801.OSUO 
SOL05UO 
SOL05B50 
SOL05960 
5OL059'70 
5OL05880 
SOL05990 
801.055100 
SOL05910 
S01.059:a0 
80L05930 
50L05S111.0 
SOL05S150 
SOL05960 
501.,05970 
SOLIl5980 
SOL059S10 
SOL06000 
S01.015010 
SOL06020 
SOL060JO 
SOL06040 
SOL06050 
SOL06060 
SOLOI50'70 
SOL060BO 
SOL06090 
80L06100 
801.,015110 
50L015l20 
SOL0I5110 



c 

DO 59S J-l,HHODI! 
DO 596 JJ"l,MMOD'E 

598 SOI"I·SUM·aCT 0:, Jf ·CMC(J ,JJJ ·RC'T II,JJ) 
SUM·A.BS{StH) 
RCT (I ,MHODE.NNJ .,sQR'T ISUH) 

S97 CaN'T INlTE 

IF (NA G'T 1) THEN 
WR!TE(lOS,lO) 'TI'!"U(.l),TIt'LB(:C) 
WRIt'I!(10B,~B9) NN 

4B9 FOR!'!A.T(!X, '!1AJCIMUH 9Ti.UCTllRA.L'RESpONSES , 
'DUE TO SBISI1IC COMPQN'ENT III ',11.,/ 

:X,'··················· .. ·········', 
'- -------- ---- ---- ---- ---- ----',/) 

WRI'T'E(10B,9lJ) 
9l.} FORMATD(' D O.F. D!SPL :'I,/) 

IiI]U'!"E (lOB, ~ l~) (I·NCClND, TKP (I·NCaND) ,1·1 ,NFREE) 

·CALCt.JUTE TOTAL ELEMENT FORCES 
WRITE(lOB,lOI 1'ITLE(l) ,1ITLE(2) 
WRITE!lOB,984) NN 

9B~ FOR!'!A.T(lX, '!'!A.XIMlJIoI ELEMENT FORCES DUE 10 SEISMIC COMPONDn' • " 
.. 12,fU(, ' ............................................... - ......... , 

" '''''-···''·''·',f) 
~n~o· TaUE. 
UTIyp·1"l 
DO 90S l-l,NEtJofT 

IEUIQ- I 
DO 959 n·l,H 

959 RSAP III) -ELEP (I, II ,MMotl'E -NN) 
CAl..L ELELIB 

IS, LSTTYP, PR n~o, IREL, . PALSE. ,NAME, EESE, EPSE, DAMAGI!,DUCFAG, 
" I ELNO, IEUlOP, KGDOF, FGEa-!, RUIPllT ,AXIAL,IWISP, IZLOAD,MSTOR) 

90S CONTINTJE 

C··· ·CALCULATE TOTAL EQUIVALENT EJJtTHQUAJtE FaRCES 
Io'RI1'E(lOB,10) TI"I'LE(1),TITU(2) 
WRITE(lOB,lB4) NlII 

c 

la4 PORM.\T (l X, '!'1AJ(II'ItH EQUIVALENT EARTHQtJ)J(E PaRCES 
'DUl! TO SEISMIC COMPONZN'1' III ',I:o,f 

IX,'·· .... • .. ••• .. • .. ••••••••••• .. •••• ...... • .... ·-- .. • .. ··, '-----------------------------',1) 
WRI'l'E(10B,91:O) 
WRITE [10 B, 212) (r·NCOND, 'niP0i (I), 1·1, Ni'REE) 

C· -C.u.cUt..ATE TOTAL 'REACTION AT GCS" ORIGIN 

c 

DO 696 1-1,6 
696 SllKRC'!'(I)·aCTiI,MHOOE-NNJ 

WRITE[10B,10) lITLE[I) ,TITl.E[2) 
WRITE(10B,2J2) N},I 

PO/lH}..T(ff' TOTAL REACTIONS AT GCS" ORICIN " 

:D~.::~.::~~::.:~~~ .~.~ :~~, ~ 
'-----------------------------',1 

l1X, 'FX', llX, 'FY' ,13X, 'P'Z', 13X, 'MX' ,lJ)(, '!'fY',lJX, 'M'l.', f) 
WRITE(lOB,l2J) SUMRCT 

ENDIF 

STORE RESPONSE TO DISP AR1U.~ 

DO 200 J·Ll, L4 
200 DLOAD(J,t-lN) ·TKP(J) 

DO 220 J·LS,Ui 
~20 DLGAD(J,NN)·O. 

C- STORE EQUIVALENT EARTHQUAXE PORCES W EBP AJI.AA'i: 

C 

DO 291 J-l,NFREE 
EEF (J,]IIN) ·'I'MP2 (J) 

560 cmrrlNTJE 

C"---CALCULATE TOTAL aESPClNSES 
00 237 J·Ll, US 

tlISP(J)·O 
DO 237 I·I,NA 

ZJ'? DISP(J)·DISP(J)·OLGAD(J,I) 
WRITE(IOB,10) TITLE(I),TITLE(2) 
WRITE(108,60Bf 

608 PQRMAT(lX, 'TOTAL MAJClMUM STRUCTlJR.\L RESPONSES' ,I 
" IX, .......................................... ,I) 

WRlTE(10B,9lJ) 
WRITE (lOB, 2121 ll'NCOND, DISP (I"'NCCND), I·l,NFREE) 

c 
C- - . CALCULATE TOTAL EQUIVALENT EARTHQUAKE FORCE 

c 

DO 20'2 J·l,NFREE 
Tt<!P2 (J)·O. 

DO a~ l·L,NA 
2001 '!'M.P:i![J)·TMPOI(J)·EEP(J,I) 

WRI1'E(10S,10) TITLE[l) ,TITLE (2) 
WRITE(108,67B) 

678 PORMAT[lK, 'TOTAL M)J(IHlI1 EQUIVALElft' E.ARTH{;!U.AKE FORCES',I 
" IX,' • .. •••••••••••••••••••••••••• .. ··············,/1 
WRITE(10B,91~1 

WRITE(10B,210l) (I"NCOND,TMP2(1) ,I-l,NnEE) 

C···· .. ·· .. ·· .. ················-··· 
C· PRIm' GUJEAL DISPL.AC:DoIENTS •• C··· .. ·· .. ······ ................. . 
C 
C- - - . CALCULATE TerrAL El.EHEm' FaRCES 

WRITE( lOB, 10)TITL.E (1), TITLE(.OI) 
WRITE( 10B,9BOl 

c 

PORMATllX, 'TOTAL MAXIHl.R"l EUMEN'T PORCES:',/ 
" 1)(,'······························,1) 

PRINO·. TRUE 
LS1'1'YP·O 
DO 509 1-1,NELHT 

IEWO·l 
DO 599 tr·l,H 

RSAP (tI) ·0. 
00 599 J-l,NA 

599 RSAP l II) .. RSAP (II) .ELEP (I, II, HMClDE'J) 
CALL EL.ELIB 

(5, LSTTYP, PRINO, IaEL, . FALSE. ,N»IE, EESE, EP SE, DAI"1AGE ,DlJCPAG, 
" I El.NO, I ELDOP , JlGDOF, PGECIoI, iINP~ ,AJIll, IWISP, IZLO.AD,MSTClR) 

509 CONTINlJE 

C·· - -CALCUlATE TOTAL a.E.\C'TICIN AT GCS" C&IGIN 
DO 699 1·1,6 

SlIMRCT(I) -0. 
DO 699 J-l,NA 

SUHRCT (I) ·SlII"Ill:CT [I) -aCT (I, MMODE·J) 
699 CONTINTJE 

WRITE(10B,10) TITLEll),TI1'u!(~) 

WRITE(10B,322) 
J~2 PORMAT (//. TOTAL REACTIONS AT GCS" OUGIN ',/ 

Ii. ••• - .............. -- ............. - •••• /17)(, 'PX , 
" 13K, 'PY', Il)(, 'P'l.' ,13)(, 'MX', 1JX, 'MY', 13)(, '11'1.' ,I) 

WRITE(10B,J2l) SUHRCT 
3i!.J FORMAT(' GeS SUMM.',6G15 1) 

C··· .... -·-··-·-······················ .. · ...... ···- .. ····· .. 
C·· CALCULATE M.UIMUM INERTIA EARTHQUAKE POl!.CES ... 
C····· .. ·· .... ·- .. ·--············ .. ···· .. ·· .... ······- .. ··· .... · 
C 

DO 201 NN·I,NA 
DO 203 I·l,NFREE 

20J 1'MF(1)·0. 
DO 204 J·l, MKODE 

DO 205 I1-1,NPREE 
WORX(III·O 
DO 206 JJ-l,NFREE 

206 ';IORX( II) ·WORX(II) .81 I I, JJ) "'EVEC (JJ ,J) 
DISP (II I ·IiIORX(II) .E:lJ' (J,IiN) "'RA(J, NN) fQo1(J) 

CONTINUE 

SOL06I4D 
SOL061S0 
SOL06160 
SOL06170 
SOL06180 
SOL061S10 
SOL06~00 

SOL06:1i110 
SOL06:1i120 
SOL062JO 
SOL06240 
SOL06250 
SOL06:1i160 
SOLOI5 01 7 0 
SOL06;aBO 
SOL06:1i190 
SOL06JOO 
SOL06J10 
SOL0ll5J20 
SOL06JJO 
SOL06JG,O 
SOL06J50 
SOl.06J60 
SOL06J70 
SOLD6)B0 
SOLD6)90 
SOLQ6400 
SOLlHi&10 
SOL06420 
SOL06d.JO 
SOL06d.'O 
SOL06450 
SOL06460 
SOLQ6470 
SCL06UO 
SOL06490 
SOL06500 
SOL06510 
SOLQ6520 
SOL06Sl0 
SOL06540 
SOL065S0 
SOL06560 
SOL.06570 
SOL06580 
SOL06590 
SOL066 00 
50t..06610 
SOL066010 
SOL066l0 
SOL06640 
SOL06650 
SOL06660 
SOL06610 
SOL06680 
SOL06690 
SOL06100 
501.06110 
SOL06720 
SOL06730 
SOl.06140 
S01..06150 
SOL06160 
SOl.06170 
SOL067BO 
SOL06790 
SOL06BOO 
SOL06810 
SOL06820 
501.,06830 
SOL068f,0 
SOl.06B50 
SOL06B60 
SOL06B70 
SOL06BBO 
SOL06B90 
SOL06900 
SOL06910 
SOL069010 
SOL069JO 
SOLA69CO 
SOLC69S0 
SOLC6960 
SOL069'10 
80L06980 
SOL06990 
SOL07000 
SOL07010 
SOLC1020 
SOU'?OJO 
5Ol.O1040 
SOLO'? 050 
SOL07060 
SOL070'lO 
SOL01060 
SOLC70Sl0 
SOL07100 
SOLC71l0 
SOLC71010 
SOLQ'? 13 0 
SOLC7lCO 
SOLO'Il50 
SOLC1160 
SOLC7170 
90L07IBO 
SOLO'll90 
90L07aO 
SOL07210 
SOL07~40 

SOL07~30 

SOLC72CO 
SOL01~50 

SOL070l60 
5OL072'10 
SOL072BO 
SOL012S10 
SOL01300 
5OL01J10 
SOLO'lJ20 
SOLO'lJ30 
SOLO'? 340 
SOLO'?JSO 
SOL01J60 
SOL013'10 
SOUl13S0 
SOL01J90 
SOL01400 
SOLOHlo 
SOL01420 
SOL0'?430 
SOLO'?440 
SOL07450 
SOL0'?460 
SOL0'?470 
SOLO'?4BO 
SOL0'?490 
SOL01500 
SOL01510 
SOL07520 
SOl.07530 
SOL07540 
SOL01S50 
SOLO'?S60 
SOL01S'I0 
SOL075BO 
801..01S90 

c 

DO 915 I·l,NPRE! 
IP (ICCHN EQ. :<'.1 TH~ 

CC01'(I,J) ·DISPlI) 
ELSE IF I rCCJo!:N . EQ l ) THEN 

TMP (I) ·TM]I (1) ~DI SP (I) *"il 
ENDIP 

915 CONTINU! 

I P (PRINS) THEN 
WRIT'E(IOB,·) 'MODAL PoaCE POll MCDE! ',J 
WRITElIOB,') (·DlSP(',I,·)· ',DISFIIJ,l·l,NFREE) 

"""IF 
204 CON1'INUE 

DO 926 L·l,N?REE 
IP IICcto!N .EQ. 1 ) THEN 
THP(L) ·SQRT (TMP IL)) 

ELSE IF (ICCMN EQ. :;: ) THEN 
SUM·O 
DO 9~B J-l,HHODE 
DO 92B JJ·l,MMODE 

9:1:B SLM· 5tJo1.CQCM (L, J) ·O'IC (J, JJ) ·C<;o11 L, JJ) 
SUH·ABS(SUM) 
TMP(L)·SQRT[StJoI) 

ENDIF 
9:1:6 CONTINUE 

IF I NA. GT 1 I THEN 
\I/Il:ITE(10B,10) TI1LEILJ ,TITl.E(2) 
IIlRlTE(lOB,4BB) NN 
FORMAT(lX,·~Il"I1.J1lNERTtA FORCES ','DUE TO SEISMIC COMPONENT', 

, .',IJ,/lX,'·················· .. ··-· .. ··-········ .. ····, '-------------',/1 
WRlTE(10B,91Z) 

912 PORMAT(J(' : D O.P FORCE :'),f) 
II(RITE(10B,212) (I-NCaND,'f1o!:P(I) ,I"I,NPREE) 

213 PORMAT(J(JX,16,lX,GlS.4)) 
END IF 

C. . S'I'ORE E:ARTHQt1AXE PORCES '1'0 LOAD AlUU.~ 

c 

DO 2Jl J·Ll,L2 
2J3 DLGAD (J, NN) -0 

00 2JII J·W,U 
234 DLClAD(J,NN')·iI'!P(J-L2) 

00 2JS J"L5,L.6 
2J5 DLOAD(J,NN)-O 
207 CCN'IINlJE 

C' . CALCULATE TOTAl.. POlICES 
DO 236 J·L1,L05 

1..OAD(J)·0 
DO 236 l·l,NA 

2J6 t.OA.D(J)·LOAD(Jj·DLOAD(J,lj 
WRITE(10B,10) TITl.E(l),TITL.E(~) 

WRITE(10B,6BB) 
686 FORM.AT(IK,'TOTAL I'lAXlMUH INERTIA PCGl:CE.9',/ 

1>' 

1<, 
'00 

'- IX, ' ................................. ' ,f) 
WRITE(10B,9121 
\llRITE (108,212) (I"'NCOND, LOAD (I'NCOND1, I ·l,NFltEE) 

.ETURN 
END 

StmROOTlNE GVCSP IN, A, B ,D, X ,DL, Cl,C2) 
DII'!XNSION A(N,I-I) ,B (N,N) ,O(N), K (N,~) ,0LlH), Cl (N), C2 (N) 
CALL R£I)UCI (N, A,B, DL,PAIL) 
DO 010 I-2,N 
DO 20 J-l,I-l 
A(J,I) .. A!I ,J) 
CALL JACOBI(N,A,O,X,C1,C2) 
C.Al.l. RmAC1(N,B,OL,X) 
DO 0100 I·I,N 
!P1·I·1 
X-I 
P·O[l) 
IP (N.en.I) THEN 

DO lOlO J"IP1,N 
IP (D!J) .GE.P) GOTO' 120 
<-J 
P·D(J) 

CONTINUE 
ENDIP 
IF (X.EQ.l) GOTO 200 
0(10"0(1) 
D(Il·p 
DO 140 J·1,N 

P"X(J, I) 
)(J, I) ·X(J,K) 
K(J, K)·P 

CONrINlJE 
COm'INUE 
RETUllN 
END 

SUB1i.OUTIN! R£I)UCl (N,A,B,OL, FA-IL) 
DIMENSION A(N,N) ,e (N,N) ,OLlN) 
DO 110 I-l,N 
DO 110 J·I,N 

X·B(I,J) 
11-1 '1 
IP (11) 120,120,1)0 

IJO DO 140 X"l, [1 

14.0 X"X·B (I,X) 'B(J,X) 
l20 IF !I .J) 150,160,150 
160 PAIL·X 

IP (x) 400,400,170 
110 01.(1) "SQRT(X) 

GOTO 110 
150 B(J,U"X/OL(I) 
110 CON"I'INUE 
200 DO 210 I·I,N 

DO 0110 J·I,N 
X·A(1,J) 
11·1'1 
IP (11) 220,2010,2JO 
DO 240 X·I,1l 

~40 X·X B (I,K) "'A(J',X) 
~20 A(J,I)"X/DL(I) 
210 COm'INfJE 

DO 310 J·l,N 
DO 310 I·J ,N 

K-Ai! ,J) 
11-1·1 
IP IIl·J) )20,330,330 

330 DO )40 )(-J,!l 
340 X-X'A(K,J)"B(I,K) 

Jl·J·l 
IF lJl) 350,J50,360 

)60 DO 310 K·l,Jl 
370 X·X·A(J,X) "B(I,K) 
350 A II,JI")(fDL(I) 
J10 CONTINUE 

108 

RETURN 
END 

StmRotlTINX REBACI (N,B, DL, Z) 
DIMENSION B(N,N),OLINJ,2.(N,N) 
DO 100 J·l,N 

SOLC1600 
90LQ1610 
SOLQ16.0 
5OLC16JO 
SOLA1640 
SOL01650 
SOLO'?660 
SOL01610 
SOLC16BO 
SOU'?690 
SOLO'?100 
SOLQ'?110 
SOL07'?1.0 
SOLQ'I1JO 
SOLO'?140 
SOL07150 
SOLO'?'?60 
SOL071'10 
SOL011 BO 
50LO'l790 
SOL07800 
SOLOH 10 
SOLOH 010 
90l.OH30 
SOLC1B40 
SOL01950 
SOUl1B60 
SOLOH'IO 
SOL07SEO 
SOLC7S90 
SOL07900 
SOL015110 
SOL01920 
5OL07930 
S01.07940 
5OL07950 
=:OL07960 
SOLQ19'10 
501.01980 
SOLO'?990 
SOLOaOOO 
SOLCBOIO 
SOLOBO;ZO 
SOLOBOJO 
SOLOBO'O 
SOl.(lB050 
SOLOB060 
SOLOBO'?O 
SOLOBOBO 
SOLOB090 
SOLOBIOO 
SOLOBllO 
SOLQ8120 
SOLOBlJO 
SOLOB140 
SOUlBlSO 
SOLOBl60 
SOLOBl10 
5OLOBlBO 
SOLO Bl 90 
SOLOB200 
501.OB210 
SOL08220 
SOLOB:1:30 
GVCSOOIO 
GVCS0020 
G\'CS0030 
GVCS0040 
GVCS0050 
GVCS0060 
GVCS0010 
avCSoCBO 
GVCS0090 
GVCSOIOO 
GVCSOIIO 
GVCso120 
o;vCSOlJO 
GVCS0140 
GVCSOISO 
GVC50160 
GVCSOl'lO 
GVCSOIBO 
GVCS0190 
GVCS0200 
GVcsono 
GVCSo~;oO 

GVCS0230 
GVCSI"lHO 
GVCSO.OlSO 
GVC80::l60 
GVCSO,,'10 
GVC802BO 
GVCS1"l290. 
GVCS0300 
GVCS0310 
GVCSOJ:OO 
GVCSOlJO 
REDt.J0010 
REDt.J0020 
REDU0030 
REOt.J0040 
REDt.J0050 
REDt.J0060 
REOUOO'lo 
REDUOOBO 
REDt.J0090 
REDU0100 
REDUOI10 
REOllOl20 
REDUOIJO 
REDU0140 
REOU01SO 
REOUOl60 
REDllOl'10 
REDt.JOIBO 
aEDt.J0190 
REOUO~OO 

REOUOOilO 
REOt.J0220 
REOU02JO 
REOU01.GO 
REDU0250 
REOt.J0260 
REDt.JOOl'lO 
REOUO~ B 0 
aEDUO~90 

aEDUOJOO 
REOU0310 
R.EDU0320 
REOll0330 
REDU0340 
REDUOJ50 
REDt.JOJ60 
REOUOJ70 
REDU03BO 
llEDrJOJ90 
REDt.J0400 
REDUOII 10 
REDU0420 
REOU0430 
REBA0010 
REBA0020 
REB.AOOJO 
RESA0040 
aEBA0050 
REBA0060 



" so 

50 

100 

" Zl 

50 

50 
00 

go 
100 

1)0 

140 
lSO 

120 
150 

180 

1" 

10' 

20' 

'" 
,os 
>1' 
211 

'" '" 
'" 

'" '" 

'" "' 

'" 40 

P-l.E·l5 
DO 60 I-N,l,-l 

X-Z(I,.1) 
H-I+l 
IF «Il·N)_GT.Ol GOT'O 50 
DO ~O K-Il,N 
JC"X-B IX, I) 'Z(J:,J) 
Z(I,J) -lI!DL(I) 
H' (1IBS('Z.(I,J)) . G"t'. P) P-ABS(Z(I,.1)) 

CONTINUE 
DO SO l-l,}II 
Z (I,J) -Z(I,.1)/P 

CONTINUE 
RETURN 
EN!) 

SIJ'EROUTINE JAC~I(N,A,O,V,B,Z,) 
OtHENSION "(N, N) ,0 (N), V(N, N) ,S (N), Z (N) 

DO :i!l I-I,N 
DO 22 J-l,N 
V(I,.1) -0_0 
VII, I)-I. 
DO )0 X-I,N 
D(X) -A(K,X) 
S(K) -0(10 
Z(X) -0_0 
CONTINUE 
DO 11.0 [-1,500 
SM-O a 
NI-N-l 
DO 50 IP-l,Nl 
IPI-IP.-l 
DO 50 IQ-IP1,~ 
SH-SM.-.a.BS(A(IP,IQ) ) 
IF (SM) 60,70,60 
IF (1-4) BO,90,9Q 
TREsH-a, 2 "SH/PLllAT (N)" "2 
GaTO laa 
TRESH-a 0 
DO 110 IP-I,NI 
IPI-IP'-l 
00 110 IQ-IPI, N' 
C-100. O-ABS(A(IP,IQ») 
IF (C,LE I.E.:.!a) C-O 0 
IF II -4) 120,120,130 
IF (A.E!S(O(IP».-G-U8(O(IP)) 1 .. 0,140,120 
IF (.\BS(D(IQ» "'G·J.ES(O(IQJ 1) 120,150,120 
AI IP, IQ) -0.0 
GOTO 110 
IP (ABS(A(IP,IQ)-1RESH) 110,110,160 
H-DIIQ) -01 IP) 
IF (ABSIH).-a-ABS(H)) 170,IBO,170 
T-A(lP,IQ) IH 
GaTO 190 
THETA-O. 5*H/AI IP, IQ) 
T - SIGN 11 0, THETA) / (ABS (THETA) .. SQRT (1_ .. 'I'HE"l' ... ·THFTA) ) 
C-l_/SQRT (l _a 'T'T) 
S-T"C 
TAll-S/ll 'C) 
H-T"A.I IP, IQ) 
Z( IP)-Z(IP)-H 
Z( IQ) -Z(lQ)-H 
O( IP) -O(IP)-I-I 
'O(IQ)-O(lQ)·H 
A( IP, IQ) -o.a 
IP2-IP-l 
IF (IP2) 210, :no, 01:01 
DO ,205 X-I,IP. 
G-A(K,IP) 
H-AIX,IQ) 
A (X, IP) -a -5" (H +a-TAU) 
AI x, IQ) -H+S" (a -H.TAU) 
CONTINUE 
IQI-IQ-l 
IF (IPl-IQIl 211,Hl,220 
DO ~15 J(-IP1,IQl 
G-A(IP,X) 
H-A()(,IQ) 
A (IP,X) -G- 5" (H·C·TAUJ 
A (X, IQ) -H·S" (G -H·TAU) 
CONTINUE 
lQ1-IQo1 
IF (IQI-N) J21,2:iIl,230 
DO 225 X-IQ1,N 
G-A(IP,K) 
H-AtIQ,X) 
A (IP, Xl -G- S" IH 'a"TAU) 
A (IQ, X) -H' 5" (a - H"TAU) 
CONTINUE 
DO 235 X-l,N 
G-V(X,IP) 
H-V(X,IQ) 
v (X, IP) -G- S- (H .. a"TAU) 
V(J(,IQ)-H_S" (Cl-H"'U.llj 
CONTINUE 
CONTINUE 
00 240 X-l,N 
B(J() -BOO 'Z(X) 
DIX) -B (X) 
Z(XI -0_0 
CON'I'INT.."E 
CON"I'IlIIfJE 
RETURN 
EN!) 

REBA0070 
RElU0090 
REBAO090 
RE:BAOIOO 
REBAOl10 
RE:5A0120 
RE:BA0130 
REBAOl40 
RE!BAOl.50 
R.E!BA0160 
RE!BA0170 
REBAOIBO 
REl!lA019a 
REl!lAOlOO 
REBAOOilIO 
J1.COOOla 
JACOO02a 
JACOOO)a 
J1.Coo040 
J1.CooOSO 
J1.Coo060 
JACao070 
JACoooeo 
JACOO09a 
J1.COOI00 
JACOOIIO 
JACOOI2.0 
JACOOI)O 
JACOO140 
JACOOl50 
JACOOl60 
JACool'10 
JACOOleo 
JACOOl90 
JAC00200 
JACOO210 
JACOO0l20 
JACoolJO 
JACOOHO 
JAC002S0 
JAC00260 
JACoo;l70 
JACoo290 
J1.C00290 
JACooJOO 
JACOOJIO 
JAC00320 
JACOO3JO 
JAC00340 
JAC003S0 
JACOOJ60 
JACOOJ '1 a 
JACOOJ BO 
.1ACOQJ90 
JACOO400 
JACoo~IO 

JACOO4~O 
.1"C(04) 0 
JAC00440 
.1ACOO~SO 

C- BEGIN COMMON .--------- --

JAC00460 
JAC004'10 
.1ACoo~80 

.1AC00490 
JACOO500 
JAC00510 
.1ACooSJO 
.1AC00530 
.1ACOOS~O 
JAC005S0 
.1AC00560 
.1AC00510 
.1ACOOS BO 
JAC00590 
JAC00600 
JACooi!S 10 
.1ACOOI!i;lO 
JAC00630 
.1ACOO6~0 
.1ACOO650 
JAC00660 
.1"C00670 
.1ACOO6BO 
JACOO690 
.1ACoo?OO 
J"COQ710 
J)"C00720 
.1ACOO7JO 
.1ACOOHO 
J.\C00750 
JACOO?60 
JACOO'l?O 
JACOO?BO 
JACOO?90 
.1"COOBOO 
.1ACOOBIO 
JACOOB;lO 
.1ACQOB)O 
.1ACOQBliO 
.1"C00850 
J"COOB60 
JACOO&70 
.1ACooB80 
.1ACooB90 
.1AC00900 
.1AC00910 
.1AC00920 
ZC(]oIOOIO 
ZCCti0020 
ZC(]oIOO)O 
ZC(]oIOO~O 

ZC(]oI0050 

SINCLl1DE: • ZCCMNl' 
SINCLUDE: • ZCCJ>!N4l' 
SINCumE: 'ZCao!NJ' 
C- END Co-tMON -
C- - -. BEGIN BLOCX ZC(lIVU - - - - - - - - - - - - - - - - - - - - - - --C ZCOoI0060 

ZCCJoi0010 
ZCCIo'IOOBO 

CHARACTER "112 T ITL.E! 12.) 
LOGICAl. BUG, MCOND, XGCCND, DOUBLB, NEW'XG 
INTEGER PMASS, FDAMP, CPlmEM, CPUELA 
Cao!MON /ZDATAP/ TITI..E ,BOO ,!iA.JEDF,I'ID(25) ,GRAV 
CCJoIMON /ZDATA/ I'Z. ,I'lJI.EL ,CPUR.EI'f,CPO'Bl..A, IT'LCPU, INCCPt.l, 

.. XSAl'lE ,NE.'WXa ,MCOND ,XGCONI>,DOUBLE,NCONtI ,NnEE , 

.. NREST ,I'folAT ,NElJIIT ,NMAS9 ,N80LN ,I2.ID ,IZIDOF,IZCORD, 

.. IZCOS, IZCNSl, IZJPLG, I ZJ'COS, I ZJ1AT ,alL! ,IZI!U>, 

.. IZEUI ,IZXE ,IZlJo! ,IZSTIP,IzJ!ID ,I'Z.XEl:O,IZIJo1KO,IZMASS, 
IZMDHS, lZMDAT, IZDAMP, IZXGDT, IZXG ,IZHIlXG, IZLOAD, IZDISP, 
IZVEL ,IUCC ,IZOLOA, IZDDSP, IZDVEL, I 'Zl)'ACC , I'Z.AGTX, I ZAGT'f , 

.. IZAGTZ,tZDLlMP,IZPUB ,IZ.AN ,IZAA ,FMA.SS ,FDAJoIP ,EIE , 
ESE ,PSE ,EXl! ,EOD ,EDUHM't,SUMRCT(6) ,GROUND (9) , 
IDUMMY (500) 

c 

ZCCIoI0090 
Z,CCJoIOI00 
ZC(JofOll0 
ZCCtfOl20 
Z,CCM01)0 
Z,C0101~0 

ZC010150 
Z,CCH0160 
Z,CCI10110 
ZCCI101BO 
ZC010190 
ZCCI'I0200 

C ZCCJo\0210 
C- - - - - - - - - - - - BEClIN BLOCK ZCa-m2 - - - - - -. - - -C Z,COIt00l20 

ZCCI'ID23 0 
ZCCH0240 
'Z.CCI'10250 
ZCCM0i!60 

c 

PARAMETER (l'tAJ(Z-10000,MAXDZ-MAXZ/z) 
COoIMON /DATA/ Z(O:MAJCZI 
Dll'1:ENSION HZ (0 .I1.AXZ) ,01.(0 :MAlIZ) 
EQUIVALENCE (Z(O) ,IIIZ(O) ,OZ(O» 

C - END BLOCX - ZCCIo!N2 
C - - - - - - - - - - - - BEGIN BLOCX ZCctlNJ 

CKAR"'CTER"40 S'rEi'ID 
LOOICAL NEWK,ELS'rIC 

CCMMON IZDAT1l.O/INC ,IBUG 
NDOF , NLOAD , MAXNClD 
I UNIT ,STEP 10 NEWX 

END COMMON BLOCX - ZCOHN -
BEGIN BLOClC ZCO(N4 

CHARACTE'R "112 TITLE (Oil) 
CHAR"'CTEQ"40 STEPID 

,MAJlELD 
,NNeDE 

, ELSTIC 

,NELD 
,NCOS 

C 'Z.C010270 
- - - - - - -C ZCCM0280 

ZC010~90 

ZC010JOO 
ZCCMOJ 10 
'Z.C(llfOJ2.0 
Z.CCJoIOJJO 
ZCCJoI0J40 

. - - - - - - - - - - - - - 'lCCJoIOl50 
ZC(lIoIOl60 
'lCCJoIOJ10 
ZCCJoIOJ80 

LCCICAL BUG, MCOND, KGCOND ,DOUBLE ,NE'IiX , NEWXG, ELSTIC,ASORT ZCQlt0390 

c 
c· 
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IN"n!GER F!'IASS,PDAMP,CPURE'I'I,CPUEl.A 
DOUBL..E PRECISION EIE,ESE,PSE,EKE,EDD,EDrnt'fI' 
CCH'!ON l'ZIJATAllI 'rITL! ,BOO ,IBt.lCl ,MA.XEIlP,MD(25) ,ST'EPID,GRAV 
CCHoION IWATA/ IZ ,IUEL ,CPllREM,CFt.l'EL-'.,ITLCPll,INCCPU, 

, NEWX ,KSAM! ,NEW)CG ,I'ICOND ,KGCaND,DOUBL.E,ELSTIC,ABORT' , 
.. NNClDE ,NDOF ,NCCND ,NFRE.!! ,NR.!!ST ,K.IlXNCD,NCOS ,NHAT , 
.. NElMl' ,NMASS ,NLCIAD ,NSO~ ,I'tA.XEI.D,NELD ,UID ,IZIDOP, 

IZCORD,IZCas ,IZOIST,Iz.JPLG,IZ.1COS,IZMAT ,IULE ,IZIELD, 
IZEUI ,IZXE ,IZ,IJoI ,IZSTIP,IZMD ,IZXEKG,IZ~KG,!'l..KASS, 

, IZMDMS , I ZMDAT' , IZDAXP, I l.XGDT , IZXG ,IZHDKa, IZLOAD, I'Z.DISP, 
" IZVEL ,IZACC ,IZJ)LOJ.,IZDDSP,IzDV"EL,IZDACC,luaTX,IUm'Y, 
.. IZAGTZ,IZDtJoIP,IZFUll ,IZAN ,IZAR ,F1'tASS ,FDAJoIP ,IUNIT , 
.. ErE ,ES'E ,PSE ,EX!: ,EIlD ,EDIJHHY,SUoIRc-!'(6) ,GliOUND(91 , 
.. INC ,IDUMI'IY(SOO) 

DID BLCCX - 2CCI'1N4 

ZC010400 
ZCCJoI0410 
Z,C(Jof04 ~O 
ZCCJoI0430 
ZCCJoI0440 
ZCCJoI0450 
ZCCJoI0460 
ZCCJoI0470 
ZCO'10490 
ZCCJoI0490 
ZC(loI0500 
ZCQof0510 
ZCOot0520 
ZCCJoI05)0 
ZCOot05~0 
ZCCti0550 





---,--------------,-=---- ._- -------,------------., 
REPORT DOCUMENTATION 11. REPORT MO. I:!. 1. Reclp'ent's Acces_ No. 

PAGE Structural Series 96:5 
,. Title and Subtille INRESB-3D-SUPII Program Listing for pc: General 5. Report O.-e 

Purpose Program for Inelastic Analysis of RC and Steel Building r--_A_u_g=:.u_s_t_1_9_9_6 _______ _ 
Systems for 3D Static and Dynamic Loads and Seismic Excitatibns ~ 

la. Perlonning Organization Repl. 'N~ -.. 
I Structural Series 

~------------------------------------------------------~~~~~~~~~~- -110. ProjectlTuk/WorIc Unit No_ 

7. Autholis' k Fran lin Y. Cheng, J.F. Ger, Dan Li and J.S. Yang 

9. Perlormlng Organization Name and Addres~ 
Department 
University 
Rolla, MO 

of Civil Engineering 
of Missouri-Rolla 
65409-0030 

i 

, (Cl 
NSF BCS 9001494 
NSF MSS 9214664 i 

~------------------------~:-:-~-----.--.- .-._--I 13. Typ<! of Report & Period Covered 12. Sponsoring Organization Name and Address 

National Science Foundation 
4201 Wilson Blvd. 
Arlington,'VA 22230 

Final 

>-1 ----------------

14. 

1---------------- -------------------------------------- - -
15. Supplementary Notes 

I 

! 
! , 

~------------------------------------------------------1 
16. Abstract (Limit: 200 words) INRESB-3D-SUPII (PC version) is written in FORTRAN and contains about I 
30,000 statements. While the PC and supercomputer versions have identical functions, the 

~ 
PC solution capacity is limited by its memory. INRESB-3D-SUPII is a general purpose i 
computer program for analyzing elastic and inelastic building systems subject to static 
loads, dynamic forces, multicomponent earthquake motion, and pseudo-static cyclic loads. f 

Also the program is capable of calculating inelastic post-buckling behavior of steel I 

members and systems, natural frequency, and free vibration. A joint-based system is used ! 
to define the geometry of a structure. structural members may be elastic 3D prismatic i 
beams, nonlinear RC shear walls, nonlinear springs, inelastic 3D-beam-column elements, I' 
finite-segment elements, and non-linear bracing elements. INRESB-3D-SUPII had five main 
functions. They are 1) elastic static analysis with multiple load cases based on control I' 

program SaLOl; 2) elastic or inelastic analysis of a structure subject to 3D ground 
acceleration based on SOL02; 3) calculation of either natural frequencies and mode shape I 
or buckling load and mode shape of an elastic structure based on SOL03; 4) calculation of I 
nonlinear static cyclic response of a given loading pattern which consists of joint loads, 
Lmposed displacements, or element loads based on SOL04; and S) calculation of maximum 
response of an elastic structure subject to pseudo-dynamic force obtained from the 
response spectrum based on SOLOS. INRESB-3D-SUPII pertains to analysis of building 
systems above ground level. Any connection with basements is treated as a boundary 

i condition fixed, hinged, or with a spring. ____________________ 1 
~17-.-0-0-cu-m-e-n-t-A-n-a-I~-i-~-a~.~o-es-c-ri-p~to~rs~3~D~-s-t-r-u-c-t~u--r-e~~--~------G~r-o-u-n-d~-a-c-celeration Post-buckling ! 

Buckling Inelastic analysis Reinforced concret~ 
Building system Mode shape Pseudo-dynamic i 
Dynamic analysis Multicomponent earthquake force j 

b_ Identifiers/Open-Ended Terms 

Finite-segment element motion Response spectrum : 
FORTRAN Natural frequency Shear wall I 

Nonlinear material I 

Personal computer I 
I 

~~c~-~C~O=SA~T~I~F~ie~ld:/~G~ro~u~p~--------------------------------------II~~--~~--~~~~~----~~~~~::~-----i,l 
18. A"ailability Statement 19. Security Class (ThiS Report) 21. No. of Pages 

(See ANSI-Z39.18J 

\---,U~n:::c::.:l=:a=.:s:::.:s:::.:~~· f~~::.:· e:::d=-::-----: ____ -1-:::-:1:-:1-:-:1--- ______ _ 
20. Security Cia 55 (T"i~ Pagel 22. Price 

Unclassified 
See Instructions on Reverse OPTIONAL FORM 272 (4-77) 

(Formerly NTIS-35) 
Department of Commerce 




