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Abstract
ANCHORAGE CHARACTERISTICS FOR REINFORCING BARS
SUBJECTED TO REVERSED CYCLIC LOADING

by Ing-Jaung Lin and Neil M. Hawkins

An analytical model is developed that predicts the load-slip
characteristics of reinforcing bars anchored within exterior beam-
column joints in reinforced concrete structures subject to earthquake
loading. The model is developed from knowledge of fundamental mechani-
cal characteristics for the reinforcing bar, for the interface between
that bar and the surrounding concrete, and from the requirements for
continuity of forces and displacements along the anchorage length for
the bar. The analytical results predicted by the model are compared
to experimental results for 22 specimens. Variables included in the
specimens were the loading history for the bar, the yield strength
for the bar, the size of the bar, the embedment length for the bar,
the strength of the concrete and the use of a straight bar or a bar
terminating with a standard 90 degree hook, Good agreement is obtained
between the measured results and those predicted by the model for both

monotonic and reversed cyeclic loading.
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PREFACE

This report forms part of an on-going study at the University of
Washington into the bond and anchorage characteristics of reinforcing bars
for seismic type loadings. That investigation has been sponsored by the
Natiocnal Science Foundation since 1974, first under Grant GI-43443 and
later under Grant ENV 76-15366. |

The long-range goals of the study are two-fold. First the development
of practical techniques and instrumentation permitting assessment of the
degree of deterioration of the bond between reinforcement and concrete in
a structure surviving an earthquake. Second, the development of design
recomnendations for predicting the effects of bond deterioration on the
strength and stiffness of reinforced concrete structures subjected to
earthquake motions.,

Initially, basic data were developed on bar force slip relationships
for beam bars embedded within simulated columns. A Ph.D. thesis on that
work was published as a Structures and Mechanics Report of the University
(P1), and two papers, one reporting the results of those tests (P2), and the
other a model for prediction of the results were published in the archival
press. Following some improvement in the form of the test specimen, addi-
tional tests were made in which the prime emphasis was examination of the
feasibility of using holographic and acoustic emissioné techniques to
determine bond deterioration. The initial phase of those investigations
was reported in detail in Reference P4 and published in the archival press
in References P11 and P12, The significance of the bar force-slip relation-
ships measured in those tests was evaluated in Reference P7. 1In a subse-
quent phase of that investigation, additional simulated beam-column specimens

were tested (PS5, P6), and additional acoustic emission data developed (P6, P7).

xvil



As a result of the foregoing investigations, it was decided that a
fundamental study should be made, experimentally and analytically, of the
feasibility of modeling the bond behavior of beam bars anchored within
columns as the sum of the responses for three Components: the reinforcing
steel; the concrete locally around the bar; and the compatibility relation-
ship for forces and displacements along the bar., Accordingly, one series
of tests were made to determine the stress-strain relationships for full
section reinforcing bars subject to inelastic reversed loads (P8); three
series of tests were made to determine bar force-local bond strength
relationships for bars bonded deep within a concrete block (P9, P10, P15,
P16), and studies made of possible compatibility models. This report
describes those studies and develops an analytical model that utilizes
those three components to predict load-slip characteristics measured in
the simulated beam-column tests.

This report is an adaptation of the Ph.D. thesis of Ing-Juang Lin.

That thesis was supervised by Professor Neil M. Hawkins.
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TABLE 3 - PROPERTIES OF TEST BARS
Type £ E 3 E € £ Nominal] Asperity Provided ASTM AGLS
of y s sh sh s4 5% plameted Slope, (in.) (in.)
d Side |S{de| Lug |Asperity; Max. Min.
Bar (ksi) (ksi) (ksi) (ksi) (in.)] 1 2 |Spacing| Height Lug | Asperity
Spacingl Height
#10 60 29600 0.006 715 0.185 95.9 1.27 44) 55| 0.82 | 0.085 {0.889 [0.064
Grade &0
#10 47 29600 0.0l0 556 0,215 79.5 1.27 | 44 S5§ 0.82 | 0.085 |0.889 10.064
Grade 40
é8 68 29000 0.0024 880 0.l64 122.5 1.0 451 631 0.67 | 0.065 30.7 0.05
Grade 60
6 63 29000 0.003 900 0.152 [12.5 0.75 35 441 0.5 0.048 |0.525 |0.038
Grade 60




90

TABLE 5 - COMPARISONS BETWEEN MORITA’S AND LIN’S

TABLE 6 -

71

COMPARISONS BETWEEN MORITA’S AND LIN'S CYCLIC BOND-SLIP MODELS

Mcdel Propesed kh o B fc
by (Kip/1n>) (psi)
Morita 0.9 4,300
and 1,442 0.18 for Sx < (0.002 in.
Kaku
0.9 - lI.ll(Sx - 0.002) 5,000
for 0.002 in. < Sx < 0.02 in,
Lin 3,000 0.15 0.9 3,000
for the loading direction for which
[t] has never been greater than T,
0.9 » 8 =0.9 - 15A8 2 0.75 4,500
for the loading direction for which
|t] has

been greater than T.

MONOTONIC BROND-SLIP MODELS

Sx - the slip value of the point from which

2 3 c
(Kip/1n3) (Kip/in3) {psi)

1
(x1p/1n3)

Model Proposed
by

(= o (=3 Q
[ o (=4 Q
A — O — LY
= wy L] ~r
[=}
-
Laal o
-~ ~—~ ~~
. Q 4
A b4 i =
2] ™ Lo A
— —
~
—~
3]
.... - U
- Uy
[ -}
r~ . al
o
—
-
3
-9 2 o
-] e
£ .

unloading is started
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TABLE 7 - DEVELOPMENT LENGTHS FOR SPECIMENS (CONTINUED)

€6

Z6

Specimen Concrete Type Development Lengths (in.) Displacement at
Maximum Load
Strength of
) Required by Displacement at
No. (psi) Rebar Provided ACI 318-77 Committee 352 Committee 408 First Yielding
5107 2,640 #10 24.0 29.2 38.4 41.8 2.8
Cyclic Grade 40
B101 2,630 #10 30° hook  90° hook 967 hook 30° hook
Cyclice Grade 60 + + + + 2.8
15.75 25,8 30.6 14.3
B102 3,050 #10 90° hook  90° hook  90% hook 90° hook
Cyclic Grade 60 + + + + 3.1
15.75 22.7 27.1 13.1
B103 2,980 #10 90% hook  90° hook  90° hook 90° hook
Cyclie Grade 60 + + + + 2.9
15.75 23.2 27.7 13.3
B104 4,110 #10 90° hook  90% hook  90° hook 90° hook
Cyclic Grade 60 + + + + 4.5
15.75 17.0 20.9 10.4
TABLE 7 - DEVELOPMENT LENGTHS FOR SPECIMENS
Specimen Concrete Type Development Lengths (in.) Displacement at
Maximum Load
Strength of
Displacement at
No. (psi) Rebar Provided ACI 318-77 Committee 352 Committee 408 TFirst Yielding
5101 2,890 #10 24.0 41.8 54.2 59.9 9.4
Monotonic Grade 60
5102 3,630 #10 254.0 37.3 48.6 53.4 3.0
Cyclice Grade 60
5103 4,100 #10 24.0 35.1 45.9 50.3 5.0
Cyclie Grade 60
5104 3,000 #10 24.0 41,0 53.3 58.7 1.9
Cyclie Grade 60 '
5105 3,120 #10 24.0 31.4 41.2 45.0 5.5
Cyclic Grade 60
S106 3,760 #10 24.0 36.6 47.8 52.5 4.4

Cyclic Grade 60
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TABLE 7 - DEVELOPMENT LENGTHS FOR SPECIMENS (CONTINUED)

Spacimen Concrete Type Development Lengths (in.) Displacement at
Maximum Load
Strength of
Required by Displacement at
No. (pat) Rebar  Provided ACI 318-77 Committee 352 Committee 408 First Yielding
S61 3,450 6 16.0 14.4 19.5 21.6 2.5
Cyclic Grade 60
S62 3,400 #6 16.0 14.5 19.6 21.6 6.3
Cyclic Grade 60
563 2,760 #6 16.0 16.1 21.6 25.6 2.4
Cyclie Grade 60
564 4,170 #6 24.90 14,4 19,5 21.6 4.1
Monotonic Grade 60
565 5,070 #e 26.Q l14.4 19.5 21.6 5.7
Cyclic Grade 60
566 3,880 #6 26.0 14.4 19.5 21.6 16.1
Cyclic Grade 60
TABLE 7 - DEVELOPMENT LENGTHS FOR SPECIMENS (CONTINUED)
Specimen Concrete Type Development lengths (in.) Displacement at
- Maximum Load
Strength of
Required by . Displacement at
No. {psi) Rebar Provided ACI 318-77 Committee 352 Committee 408  First Yielding
B81 3,280 18 902 hook  90° hook 90% hook 90% hook
Monotouic GCrade 60 + + + + 12.9
18.0 il.4 14.5 10.7
B82 3,760 #8 90° hook  90° hook 90° hook 90° hook
Cyclic Grade 60 + + + + 2.8
18.0 9.8 12.7 2.7
B83 3,080 #8 90° hook  90° hook 90° hook 90° hook
Cyclic Crade 60 + + + + 4.9
18.0 12,1 ) 15.3 11.1
0 (s] Q o
B84 2,780 #8 90" hook 90" hook 30" hook 90" hook
Cyclie Grade 60 + + + + 6.5
18.0 13.4 16.7 11.9
885 3,300 8 90° hook  90° hook 90° hook 90° hook
Cyclic Grade 60 + + + + 8.1

18.0 11.3 14.4 10.6

<6
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PROGRANM LINCINPUT,QUTPUT,TAPES=sINPUT, TAPEL=DOUTPUT)

REAL LsKKL1pKK2sKKI K1 K2, KIpKapKKKLsKRK2oLLoL s L2,L3,L4sKKKI, KKK

COMMON/ZLOD/FUKK1sKK2aKK3 9K o K2)K3sK4SIGMAY»DsA» AASPERIISPACESHEL
$2E2,L s TMAX,SOsSCrTCoLL»SIGEND,PYsL1l,L2,L3,L%>EPSILOYSEPSISH,TEND,T
S$TMAX»TTC,TL, TLL,UL L, UL2

FC < CONCRETE STRENGTH (PSI)

KK1ls KK2, KK3 = STIFFNESS ON LOCAL BOND STRESS =~ SLIP CURVE

THE UNIYT FOR KK1,KK2,KK3 IS KIP/INS+]

K1, K2, K34 ARE CONSTANTS USED IN DE

SIGMAY ~ YIELD STRESS OF STEEL (XSI)

D - NOMINAL DIAMETER OF BAR {IN.)

AA - NOMINAL AREA OF BAR (IN,*%2)

A = REQUCED AREA OF BAR (IN.%*%2)

PERY - EFFECTIVE PERIMETER OF BAR (IN,}

SPACE - LUG SPACING OF BAR (IN.)

H = HEIGHT OF LtUG (IN,}

€1 - MODULUS OF ELASTICITY BEFORE YIELDING OF BAR (KST)

E2 - MODULUS OF ELASTICITY AFTER YIELDING OF BAR (KSIY

LL -~ BONDED LENGTH (IN.)

L - EFFECTIVE BONDED LENGTH {INJ!}

ULl -~ DEPTH OF THE WEDGE AT THE ATTACK END

UL2 -~ LENGTH OF THE BAR CQUTSIDE THE CONCRETE

SIGEND - STEEL STRESS WHICH WILL DROP TO ZERO WITHIN ONE LUG

SPACING (K3I)

SIGENDL = DISTANCE WHERE CUTOFF IS MADE ,MEASURED FROM DEAD END

PENEL -~ DISTANCE FOR PENETRATION OF BOND STRESS, MEASURED FROM

ATTACK END (IN.)

TMAX ~ MAXIMUM LOCAL BOND STRESS (KSI)

SO =~ LOCAL SLIP CORRESPONDING TO TMAX [IN,)

TC = LOCAL BOND STRESS WHICH CAUSES DIAGONAL CRACKING (KSI)

SC = LOCAL SLIP CORRESPONDING TQ TC (IN)

P - APPLIED FORCE AT ATTACK END (KIPS)

PY = YIELD LOAD OF S8AR

EPSILOY - STRAIN AT YIELD STRESS OF BAR

READ(5s1)IFCoKKIp SIGMAYSELsE2,0,45 805 PERESHSLL)SPACESJEPSISHIULL,UL2
1 FORMAT(8F10,4)

oye

APPENDIX A

COMPUTER PROGRAM FOR PREDICTION OF THE MQNOTONIC

LOAD-DISPLACEMENT CURVE FOR SPECIMEN £101
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242

KEKL1e{KKL*PERL )}/ (AREL)
K1esSQRT(KKK1)}
KKK2s {KK2$PERL)}/ (APEL)
K2=SQRT{KKK2)
THAX=((FC-2300.)7300,)%20.,6666567
SOs1e0./FC
SCe{THAX-KKZ*50) /{KK1-KK2)
TC=KK1*SC
SIGEND=H®22, /14, *D*FC/A/1000.
TENDsS IGEND*A/SPACE/PER]
PY=SIGHAY®A
EPSILOY=SIGMAY/EL
TTMNAX=TMAX=0,03
TTCe7C~0.05
WRITE(6,55)
5 FORMAT(1IH1,4Xs%DATA FOR LOCAL BOND STRESS -~ SLIP CURVE OF SPECINEN
1 LS®,71)
WRITE(&,3)
3 FORMATI(L14X,2HFC» 10X, 3HKKL, 10Xy IHKK2, 10X»2HKY, 10X, 2HK2, 10X 4HTMAX,1
10X, 2HS O, 10X s 2ZHTC »10X»2HS5C, /)
WRITE(BE)2)FCKK1KK2,K1,K2, THAXsSO»TCsS5C
2 FORMATULLIOXs2(FLO,. 43X )T (FL10.5:2X)90171 1)
WRITE(6,106)
16 FORMAT(4X,#THE FOLLOWING ARE THEQORETICAL RESULTS FOR SPECIMEN L5#
1,7417)
Pub,
CALL CASELI(P)
CALL CASE2(P)
CALL CASE3(P)
CALL CASE3B(P)
CALL CASE3BL1(P)
CALL CASE3BA(P)
CALL CASE3A3(P)

aN3
d01s

17t



11

13

12

14

GQ 10 13
RETURN
END

L4 24

SUBROUTINE CASEL(P)

REAL LoKKI)KKZ,KKI»K1 K2, KIp Koy KKKL,KKH2,LLoblo 2283504, KKK, KKKA
COMMON/LO/FCKKLIpKK2oKK39K1pK2,K3,K4,SIGMAY»DsAsAA»PERISSPACE,H,EL
$ B2, L, THAX,SOsSCHTCHLL,SIGENDPY,L1s0L25L3,04,EPSILOY,EPSISH,TEND,T
STMAXSTTCHTL»TLLULLsUL2

COMMON T1{20),3T1(20),X(20]}

Tl -~ BOND STRESS IN SEGMENT 1 ST1L - STEEL STRESS IN SEGMENT 1
E=P/A

Alw .50 (SIGEND+TEND*PERI/A/KY)

Bl=,5¢ (SIGEND~-TEND*PERIZA/K])

Ris(E®%2)-4%41%81

RRI*{E+SQRT(RY)V)/2.7A1)

L1=ALOGI{RR1) /K1

Xt1)=0

N=10

MxN+1

00 12 I=lsM

TI(I)msA*K1/PERI*(AL®EXP(KLI*X(I)})-BL*EXP{=K1*X{(I))}
STLITI=AL*EXPIKI*X(L)I+BL*EXP{~-K1¥X{]))

X{I+1)=X{I}+LL1/N

CONTINUE

IF{TL{M).GT.TC)IGO TO 11

DELTA=TLI{M)/KKL+P/AJEL®ULL+P/AA/EL®YL2

PENEL=L1+UL1+SPACE

WRITELL,14)P ) DELTASPENEL AL, BLyLis(X(TI)}sImloMIn{(TI{I)>Em1,M)»{5T1¢
11),I=1,M}

FORMAT(4X,aH®®x%, 2 X, HFGRCE » ,F6.27

110X, ISHDISPLACEMENT = ,FH,4/
BIOX,BHPENEL = ,F5.2/
210X 5HAL = ,FB.4/

310X, 5HBl = ,FB.4/
410Xy L4HIONE LENGTH = ,F5.2/7
510X, 5HX1 = ,4X»11F8.3/
610X, IHT1{X1) = ,11F8,3/
TLOX,9HSTL(X1)=s ,11F8.3/)

PIP‘SQ

£z
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25

23

24

1

2
2
2

SUBROUTINE CAaSEZ(P)

REAL Lo KKI KK2sKKI oK1, K2pK3pKG, KKKL,KKKZ L L sL1sL2,L3,0L4, KKK, KKK&
COMMON/ZLO/FCoKK]L o KK2, KKI3oK1p K2, K3, K&rSIGMAY D AsAAPERLs SPACESH»E]
$4E25 Ly TMAX,SOsSCoTCoLUsSIGEND)PYsL 1ot 2oL 30 L4,EPSILOY,EPSISHITEND, T
STMAX,TTC,TL,TLL,ULLsUL2

COMMON TL(10),STL(10),T2{10),S5T2(10},X1¢10),%x2¢10)
E=P7A

IF{P«GT.PY)IGO TO 29

Al= 5% (SIGEND+TEND*PERTIZA/KL)
Ble.5¢(SIGEND-~TEND®PERI/ZA/K])
R1Is{TC*PER[/A/K1)®%24+4 ,241%3]
RR1={{TC*PERI/AF/KL)*SQRT(RI})/2./A1

Li=ALOG(RR1) /K1

A2 5% {ATSEXPIX1I®L 1} +BLeEXP(~K1®L1)+TCH*PERI/AIK2)
B2uoeS*{AL*®EXPIKLI®L LJ#BL2EXP{~K1*¥ 1 I-TC*PERIZA/K2)}
R2uF#%2-4,*A2%B2

RR2={E+SQRT(R2))Y/2./A2

L2=ALOG(RR2) /K2

TL=sL1+L2

TLL=L-SPACE

1F(TL.GT.TLLIGO TO 29

N=5

MaN+]

X1(1)=0

00 23 I=1,HM
TI(I)2ASK1/PERI*®{AL*EXP(KL*XI{I))~BL*EXP(~K1sXi([}})
STAI(L}»AL*EXPI(K1®X1{I))+BL*EXP{=K1®X1{I)}
XI(1+1)eXi{T1)+LL/N

CONTINUE

X2{11=0

B0 24 [=1,M

T2(Y )mASK2/PERTS(AZREXPIK22X2{]))=B2%EXP(-K2#X2(1}))
ST2(1)wA2*EXP(K2*X2{])}+B2*EXP{~K2%x2(]})}
X2(I+1)ex2{IV)4L 2N

CONTINUE
DELTAs{T2(M)=TCI/KK2+SC+P/A/EL®ULI+P/AAZEL®ULR

PENEL=TL+ULLI+SPACE
WRITE(Gs»14)PDELTASPENELsAL»BLI L1 {XL(T)sTo1, M) (TLCI},I32sM)»(ST]
TOEY s ImlpM)pA2582,L2, (X201 1l M)p(T20I)>I0E,M),(ST2({1)s0e1,N)
& FORMATUIGX)GH**8,2 X, 8HFORCE = ,Fb.2/
110Xy 1SHDISPLACEMENT & ,FE,.4/
BLOX, BHPENEL = ,F5,2/
210XsSHAL = ,F8.4/
310X,5H81 = ,F8.4/
110X, 19HLENGTH OF IONE | = ,F5.2/
110X, 5HX1 = ,&X,6F8.3/
110X,94T1(XL) = ,6F8,3/
110X, 9HSTL(X1)s ,6F8e37
L10Xs5HA2 = ,FB. 4/
110X,5H82 = ,F8.4/
110X, 19HLENGTH OF 20ONE 2 » ;F5.27
110X,5HX2 = ,6X,6FB.37
110Xs9HTZ2(X2) » ,6F8,3/
110X, 9HST2(X2)= ,6F8,3/)
PPY=PY~5,
IF{PGE.PPY)26,27
6 PaP+l.
G0 TO 25
? PspeS,
60 T0 25
9 RETURN
END

sve

a9t
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1
14
1
8
2
3
t
1
1
i
1
1
1

PENEL=LL ‘

WRITE A, 14)PDELTASPENEL,ALIBL LI IXTIII) s l=1, M1, (TU(L),In1,H),(S5T)
(I)sEolsM)pa2sB2,L2siX20T)sImlsM)p(T201)s w1 sM)s(ST2(L)sIn],N)
FORMAT (4K 4H*r 22,2 X, BHFORCE = ,F6.2/7

10X> 15HDISPLACEMENT = ,F6.4/

10X, BHPENEL = ,F5.2/

LOXs5HAL = ,FB.4/

10X, 5HBL = ,F8,4/

10X, 19HLENGTH OF IONE 1 = ,F5.2/

10X, 5HXL = ,6X,6F8.3/

10X, 9HT1{X1) = ,6F8,3/

10X, 9HST1(X1)= ,6F8,3/

10X,5HA2 = ,FB.4&/

10X, 5HB2 = ,FB.%/

10X 19HLENGTH OF ZONE 2 = »F5.27

110X, 5HX2 = 54X, 6F8.3/

1

110X,9HST2(X2)e ,6F843/)

26
27

29

25
21

22

23

24

10X, 9HT2(X2) = ,6F8.3/

v

PPYsPY~5,
IF(P.GE.PPY)26527
P=pP+].

60 TO 2%

PaP+5,

60 10 25

RETURN

END

SUBROUTINE CASE3(P)

REAL L oXKI1pKK2pKK3sK1sK2sKIpKa KKKL)KKK2oLLsLlsl2s L3 9L oo KKKIsKKKE
COMMONZLOZFC pKKL)KKZ)KKIpK1p K2 pK3 Ko SIGMAY,0)AAA,PERIS SPACESHEL
$,E2s L THAX»SOsSCHTCHLEsSIGEND»PYsLL1sL2sL3sL4sEPSILOYSEPSISHs TEND,T
STHAX, TTC, TL, TLL, UL 15UL2

COMMON T1(103s5T2(10),T2(10),5T2(10),X1{10),X2{10}
L1st

IF{P.GT,.PY)}GO TQ 29

Ll=t1-0,01

L2eal=-i 1

EsP/A

AlwTC*PERL/A/KLI/Z(EXP{KL®LLI+EXP{=K1*L]1))

Bl==Al

A2e S {ALSEXP{KLI*L 1) +BI*EXP(=KL*L1)+TC*PERI/A/KZ)
B2= 5% {AL*EXPIKI®L1)+BLeEXP(~K1sL1)~-TCHPERIZAIXK2)
FoAZ*EXP(KZ2RL2)+B2®EXP({=K2%L2)

DIFFs{E~F}/E

DIFFAsABS{DIFF)

IF(DIFFALLE.0.005)6G0 TO 22

60 Y0 21

N=5

MaN+]

Xit1)=0

D0 23 la]l,M
TLIL)wA*K]1/PERI*(AI*EXPIKI*XL{]))-BL*FXP(-K1%X1{1}))
STLOI)=AL®EXP{KL*X1(L) ) +BL*EXP(-KL1*X1(I)}
X1(I+1)=X2{I}+L1/N

CONT INUE

X2{1)=0

DO 24 I=1M
T21I)mASK2/PERI*{A2*EXP(K2*X2([))=B2*EXP(~K2*X2{[)}))
ST2(1)=A22EXPIK2EX2(L))+B2SEXP (-K2¢X2(I)])
X2{T+3)eX2{] J4L2/N

CONTINUE

IFIT2(M}GT4l.5.0R.T1L1).GELO0,9)G0 1A 29
DELTA=(T2(M)~TCI/KK2+SCH+P/A/EL*ULL+P/AAZEL®ULZ

e
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34
13

1

35

3

2

2

2

K}
3
3

1

SUBRUUTLINE LASEIBLP)

REAL LsKKYsKKZpKKIpK1 K2 K3 oK sKEKKLpKKK2sLL oLl 2oL3sL4,KKKI,KKKE
COMMON/LO/FCHKKI pKK2oKK3pK14K2sKIpK&»SIGHAY Do AsAA»PERI)SPACE,HIEL
SHEZsLs TMAXSOSCHTCoLL)SIGENDSPY ) L1s0L 2oL 3sL4sEPSILOYSEPSISH, TEND,T
STMAX TTC,TL, TLLHULL,UL2Z

COMMON T1(10),ST1{1001,T72(10),5T2{10),T73(10),5T3010),%X2{10),»X2(10),
$X3{10)

KKK3IsKK29PERI/AZE2

K3sSORT(KKK3)

Ll=L 1+SPACE

EaP/sA

Ll=t1~-0.01

DLaL2+2.

DOL=L2~-1,

.2=DDL

IF(L2.GELOLYGO TO 35

ALlsTC*PERI/ZA/IZ(EXPIKLISLY J+EXP(-KL®( 1)}

Bls=Al

A2e, 50 (ATSEXPINKISLY)+BL*EXP(-KL*L1)+TC*PERI/A/KZ)

B2u S (AL1SEXPIKLI*L 1)+BLSEXP(-K1®L1)-TC*PERI/AIK2)
EEI=AZRENPLK20 2 )+B2%EXP(-K2%L2)

DIFF1s{SIGMAY-EEY)/SIGMAY

DIFF1A=ABS(DIFF1)

IF{DIFF1LA.LE.Q.,005)G0 10O 31

L2=aL2+0.01

60 TD 33

L3sl=L1-L2

Adn S*(EPSISHEE2+K2/KI®(A2*EXP(KZ2*L2)-B2*EXP(=K22L2)))

B3m, 5% (FPSISHeE2~K2/K3® (A2*EXP{KZ2*L2)}-B2%EXP (~K2%2)))}
EE2=A3*EXP(K3I*L 3 )¢ B3%EXP(-KI*L3)+{SIGHMAY~E2*EPSISH!}
DIFF2={E-EE2)/E

DIFF2A=ABS(DIFF2)

IF(DIFF2A.LED.,0053)G0 7D 32

L2=L2+0,01

60 70 33

L1=11-0.01

GO TO 34
2 Ne5
MaN+]1
X161)=0
00 23 Islsn
T10T1)esasK1/PERI®(AIHEXP(KLI*XL([))=BLeEXP(-KL*X1(L))}
STL(I)sAL*EXPIKLI*X1(I))+BL*EXP(-KL*X1(1}}
XE{I+1)}sX1{I)}+L1/N
3 CONTINUE
X2(1l)=0
00 24 Jel;M
T2CL)=A®K2/PERI*(AHEXP{K2%X2(I))=B2SEXP{=K2*%X2(I)}}
ST2(I) =A2*EXPIKZ*X2(1))+B2%EXP (—K2%X2(]1))
X2{I+1)sX2(I+L2/N
4 CONYINUE
X3it1)=0
DG 25 I=1,M .
TI(I)e A=K /PERTS(ABPEXP(K3%xXI(L) )=BIREXP(-KI*X3(1)})
STA(T ) wAB®EXP(KI®XI{T))+B3*EXP(=KI®XI{L1) )4+ (SIGMAY-E2REPSISH)
X3I{E+1)=X3LL)+L3/N
5 CONTINUE
SIGMA=P/AA
IF(S[FHA-GT-SIGHAY'Q?:B&
6 DELTA={T3{M)-TC)/KK2+S5C+{{P/A=-STIGMAY)ZE2+EPSISHI®ULL*P/ZAAJEL®UL2
60 TO 38
7 DELTAS{TA(M)~TC)/KK2+¢SC+({P/A~SIGMAY}/E24EPSISHI®ULL1+((P/AA-SIGMAY
L) /E2+EPSISH) #UL2
8 WRITEU(G;14)P0ELTASALSBL LY, (XLCT)sInlpM),(TLLI)plels™)s(STE(I)s 1w
L1oMY2A2,B2oL 2 (X201 sTml o M)a(T2{T)p[ul M) {ST2(I)sIs1l,M)sA2,B3,L3,
1{X30IY [l M} {TI(I)pIm]l, M), (STILI),Iml,N)
& FORMAT (eXpotindnk,2X,8HFORCE = ,Fb.27
110X, 15HDISPLACEMENT = ,Fb6,.4/
210X 5HAL = s FB 4/
310X, S5HB1 = »F8.4/
110X, 19HLENGTH OF ZONE 1 = ,FS5.2/
110X, 5HX] » ,4X,6FB8,3/

6%T

0sZ
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34
33

41

30
E]

SUBROUTINE CASE3B1(P)

REAL LoKKIpKRK2,KK3pK13K2pKIp KO, KKK Lo KKK2oLLpL1lob 2ot 3p LA KKK3, KKK S
COMMON/LO/FCoKKLIKK2oKK3p K1o K25 K39 Kby STGHAY D, ApAAsPERIS SPACE H,E]
SPE2,Ls THAX) SOnSCoTCoyLLsSIGEND»PYsLLsl2sL3s L& rEPSILOYSEPSISHITENDST
STMAX» TTC,TL, TLL,UL1,UL2

COMMDN TL(10)s5T1(10),T2¢10),572¢10),T3(10),ST3(10},X1(10%,%X2(10},
$X3(10),74{10),ST4(10),X4(10)

KKK3IeKK2*PERIFA/E?

K3=SQRT{KKK3)

KKK4sKKI*PERI/A/E2

KaeSQRT{KKK4 )

EESTMAX®PERIFAIK]

E=P/A

Llst1-2.0

List1+40.1

OL1=L2+1.0

0BL1=L 2-0.5

DL2=L3+]1,0

DDL2=f 3~-0.5

L2=DDLY

IF(L2.GE.DLYIGO TO 235%

AlsTC#PERIJA/KLIZ(EXPIKI*LY)+EXP{-KI*L])}

Ble=Al

A2, 5% (ATSEXPIKI®L 1) +BLIPEXP{~KL®LL}I+TC*PERI/FAIK2)

B2s 5% (AL*EXPUKL*L L)+BLeEXP(~K1*L1)-TC*PERI/A/K2)
EE1mA2%EXP(K2*L2 )+B2SEXP(~K2%L2)

DIFFle (SIGMAY~EE1} /SIGMAY

DIFFLA=ABS(DIFF1)

IF(DIFFLALLE.C.01)G0 TO 30

L2=L2+0.1

60 TG 33

L3=DDt 2

IF(L3,.GE.DL2)G0 TOD 41

Adw oS5 (EPSISH*E2+K2/K3® (A2 %EXP{K2#L 2 )-B22EXP(=K2*L2)))

BIm 5o ({EPSISHRE2-K2/KI®(AZEEXP(K2*L2)~B2+EXP(=K2%L2)))
EE2+A3=EXP (K3 3 }-BIXEXP(-K3%L3)

110X, 9HT1(X1) = , 6F8,3/

110X, 9HSTL(X1)= ,6F8.37

110Xr5HAZ = ,F8,4/

110Xs5HB2 = ,FB,4/

110X, 13HLENGTH OF ZONE 2 = ,£5,2/
L10X,SHX2 = ,6X,6F8.3/
110X,9HT2(X2) « ,6F8,3/

110X, 9HST2(X2)e ,6FB, 3/

110X, 5HA3 = ,FB,4/

110X,5HB3 = ,FB.47

110Xs 19HLENGTH OF ZONE 3 » ,F5.2/
110X, 5HX3 = , 4X, 6F8.,3/

110X, 9HTI(X3) = ,6Fd,3/

110X, 9HSTI(X3)e ,5F8,37)

Papal,
IF(T3(M).GToTTHAX.OR.T1(1),GE.TTCIGO TO 39
G0 Y0 30

39 RETURN

END

(494

15T
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32

35
42

23

24

25

26

14

49

DIFF2A=ABS(DIFFZ)
IF(DIFF2A.LE.0.01}60 TO 32
L3=13+0.1

GO0 7O 31

LéstL-L1-L2-L3

AesTHAXSPERI/A/K4
BasA®EXP(K3I*L3) +BISEXP(-K3I4L3)
EE3wAL*SIN(K&AsL & }+BO*COS (Ko®L4)+STGHAY-E2*EPSISH
DIFF3e{E-EE3)/E
DIFF3AsABS(DIFF3)
IF(DIFF3A.LE.0.01)GD TO 42

L3=] 3+0.1

GaQ 1O 31

Li=si 14041

GO 10 34

N5

MaN+1 ~
X1(1)=0 vl
PO 23 I=1;M

TL(I)mA®K1/PERI® {AYSEXP(KI®X1{T)I-BLI#*EXP(~K12X1(1}})
STI(EI=ALl*EXP(KLI®X1{I)}+BL*EXP(~K1%2X]1(]))

X1{I+1)=sX1(1)+L1/N

CONTINUE

X2¢(1)=0

D0 24 IwlsM

T2{L)mA®K2Z/PERI®LA2PEXP(K2Z®X2 (1) )1-B22EXP(~K2%X2(1)))
ST2{E)aA2%EXPIK2#X2{I) ) +B2*EXP(=K2%X2(1})

X2ti+1dex2(1)4L2/N

CONTINUE

X3i{1ll=0Q

DO 2% I=1:HM

T3(I)wA®KI/PERI®{A*EXP(KI*X3{I))-BI*EXP(~K3*X3{1}}))
STI(I)sAI*EXPIK3®#X3(1))+BI*EXP{~-K3*X3(I}))}+SIGMAY-EZ*EPSISH
X3(I+1)=X3(I)+L3/N

CONTINUE

X4(13=0

DO 26 Isl,M

Te(T)oASKL/PERT#{ALSCOS IK4PXG (L) )~Bo*SIN{KG®X4{]1)))
ST4(I)»AG*SINIKGEXL(TI})+Ba4*COSIKG*XG{T)I+SICMAY-E2*EPSISH

X4 (I+1)=X&(II+L4/N

CONTINUE

DELTA® (TMAX=T4 (M) IKKI+SO+((P/A-SIGMAY) /EZ+EPSISHI®ULLI#((P/AA-SIGN
1AY)/EZ2+EPSISHI®YLY
WRITE(Gs14IPsDELTASALsBLoLIs (X1LI),Iml, M) (TI(I)sInml,yM)p(STL(L),]=
11pM),A2sB2, L2, {X2CT)s Il Mo (T2tE s ImlsM)p(ST2(T)s I, M)rA3,B35L3
IIX3(T) Il sMI{TACI) s Inml M) (STIUI )l sM)shrasBaslas(XalI)sInlr M)y
1(T44I)s =l M)y {STA(LI),In1 M)

FORMAT(LOX»BHFORCE = ,F6.2/
110X, 1SHDISPLACEMENT = »FH.4/
210XsSHAL = ,F9.47510%5HBLl = ,F8.4/

110X, 19HLENGTH OF ZONE 1 = ,F5,2/

110X, 5HX] = »4X36F8.37510%,9HTLIX1) = ,6FB.3/,10X,9HST1(X1)w,6F8.3/
110X,5HA2 = ;F8,.67;10X,5HB2 = ;FB.4/ a

F -

110X, 19HLENGTH OF IONE 2 = »F5,2/
110X, 5HX2 = ,4Xs6F8 .3/
110X, 9HTZ2{X2Y = S 6FB.3/510Xs9HST2(X2)= ;6FB.3/
110X 5HA3 = ;FB.4/510Xs5HB3 = ,F8.4/
110X, 19HLENGTH DF 2ONE 3 = F5.2¢
110X, SHX3 & 54X, 6F8,3/
110X, 9HTI{X3) = ,EFB.3/
110X, 9HST3(X3)= +6FB8.3/
210X, 5HA4 = ;FB.4/
310X, 5HB4 = ,FB. 4/
110X, 19HLENGTH OF ZONE & = ,F5.2/
110X, 5HX4 » s 4X26F843/
L10X,9HT4(X4) = »6F8.3/
110X, 9HST&{X4)e ,4FB.37)
PeP+2,0
IF{T101)eGESTTC.DRL3.LELO.02)60 TO 49
GO TO 45
RETURN
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255

45

34
33

31

KEAL LIRRLIRACIRRIIREIACIRIIATIRAALIAARCILLILAILLILIALIPIAANISIAARNY
COMMON/LO/FC KK sKK2sKK3)K1,K2sK3,KbpSIGMAY; DA AA,PERTSSPACESHSEL
$,E2,L, TMAX,SOsSCHTCHLLSIGENDI PY,LLsL2sL30L4sEPSILOY,EPSISHTEND,T
STMAX, TTC, TL, TLL, UL L UL2

COMMON T1(10),ST1{10),T2(10)sST2(10),T3(10),5T73(10),X1¢10),X2(10),
$X3{10},T4(10)sST4H[10}sX4(10)

KKK 3=KK2%PERI/A/E2

K3sSQRT{KKK3)

KKK&esKXISPERIZA/E2

K4aSQARTIKKK& }

EE«TMAX®PERIZAZK]

L2ut2ele

E=P/A

{2=12-0.01

DL=L3+2.

DOL=L3I-2.

L3=DDL

[FIL3.GE.DL)GO TO 39

AZsSIGMAY/Z(EXP{K2*L2}-EXP(-K2%L2)])

B2s=-a2

AJeD. S5%LE2REPSTISHAKZ/KIRLAZREXP (K2 2)~B2*EXP(=K2%L 2} })
BAsC,GF{E2CEPSISH=-K2/KIX[AZPEXP(K2*L2)=B24EXP(~-K2¢L 2)))
EE1=A3®EXP{K38L 3}=BIREXP(=-KI*L3}

DIFF1={EEL1-EE}/EE

DIFFLA=ABS{DIFFL)

IFIDIFFLALLE.0.Q05)G8 g 31

L3=13+0.01

G0 TO 33

L4=l={2~-L3

A4wTMAXEPERI FAIKG

BasAISEXP{KI®L I} +BISEXP(~K3I®L )
EE2oAG¥SINIK4G* L4 )+B4*COS(KG*LAI+SIGHMAY-E2%EPSISH

DIFF2= {EE2-E)/E

DIFF2A=ABS(DIFF2)

IF(DIFF2ALLE.O.,005)60 1O 22

952z



110Xs9HST2(X2}= ,6FB.3/
110X,5HA3 = JFB. 4/

1

10X,5HB3 = ,FB.4/f

110X, 19HLENGTH OF 2ZONE 3 = ,F3.2/
110X, 5HX3 = ,4Xs6F843/7

1
1
4
3
1
1
1
1

49

15
22

24

25

26

14

10X, 9HTIIX3) = ,6F08.3/
10X 9HST3(X3)w s6FB.3/
10Xs5HAG & S, FB.&/
10X»5HB4 » FB. &/

10X, 19HLENGTH OF ZONE & = ,F5.2/
LOX;5HX4 = 5 4X,6FB8.3/
10X, 9HT4 (X&) = ,6FB8,3/
10X, 9HST4(X4)s ,6F8.3/7)
PepPel,

IF(L3.LEL0.B)GO TO 49
GO TO 45

RETURN

END

L3 340,01

GD TO 33

L2=L2-0,01

GO TO 34

N=5

MaN+]

X2(1)1=0

DO 24 I=1,M

T2(I I A*KZ/PERI®(AZPEXP(K2*X2(I) }=B2*EXP(~K2*¥X2(1))})
ST2(I)mA2*EXP(K2*X2(I))}+B2*EXP (~K2%X2(]1))

X2{I+1)=X2(E )+ 2/N

CONTINUE

X3(1)=0

D0 25 I=1,M

T3UL = A®K3I/PERI®(AICEXPIKI®XI(I1)-BI*EXP{-K3*X3{1)))
ST3{I)mAI*EXPIKI*XI({T))4BISEXP(=KI*X3{T)})+(SIGHAY=E2¢EPSISH)
X3(I+13=x3¢1}+L3/N

CONTINUE

Xe{ll=Q

00 26 Isl,M
Ta{I)wA®KL/PERI* (AG*COSIKL*X4 (T )~-B4L*SIN(K4SXL(T)))
STQ(T)=aanSIN(KA*XA(T})+B4sCOS(Ka*xX4(I})+SIGMAY—E2%EPSISH
Xe(l+#l)ueX&{] 4L 4/N

CONTINUE

DELTAm(THAX~T4{M}) F/KKI+SO+({P/A-SIGMAY}/E2+EPSISHI®ULLI*((P/AA-SIGH
LAY)/EZ2+EPSISHI*UL2

WRITE(6,143PDELTA,A2,B2,L2,(X2(1),I21,M) {T2(1),1=1,M),(5T2(1),]=
11,M35A3,B83, 03, (X3{1),sTal M)y (TI(T)sTmloMI(STI(I)2ImlsN)sAsesBhslés
LUXGtT) Il oM (TE L) Emi M)y (STA(L)»In1,M)

FORMAT [4Xp 4H***%,2 X, BHFORCE = ,F5.27

110X, 15HDISPLACEMENT = ,Fb.4&/
110X, 5HA2 = ,FB. 4/

110X, 5HB2 = ,FB. 4/

110X, 19HLENGTH OF ZONE 2 = ,F%.27

110Xy 5HX2 = ,4X,6F8.3/

110X, 9HT2(X2) = ,6F8,3/

8SZ
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SUBROUTINE CASE3IA3(P)

REAL LyKK1)KK2,KK3I K1pK2sK3pKosKKK1)KKK2,LLoLlsL220 30 L4s KKK sKKKS

COMMON/ZLO/FCsKKLpKK2yKKI)K1sK2sK3sKbp SIGMAY)DsAsAASPERLI,SPACE,H,EL
SsE2sLrTMAX, ST SCHTCHLLISIGENDs PYsllsL2sL3yL4sEPSILOY,EPSISHy TEND, T
STHAX,TTC, TL, TLL UL UL 2

COMMON T1{(10),S5T1(10)»T2(10)sST2C(10)>T3(10)}»S5ST2(101sX2{20)sX2(10),
$X3(10)YsT4(10),5T4(10}sX4(10)

KKK3=KK3*PERI/AZE]

K3=aSQRTIKKK3)

KKK4=KK3I*PERI/AZFE2

Ke=SQRT(KKK4)
5 E=P/A

L2=L2-0.01

pL=L3+2,

DOL=0,

34 L3=DDL
33 IF(L3.GE.DLYGO TO 35

AZeTMAX*PERL/(A®KZ*{EXPIKZ¥L2)+EXP(-K2%L2}))
B2=-A2

AdsTMAX*®PERI JA/K]
BIsA2REXP(KZ#L2)+B2*EXP(-K2*L2)
EEL1+A3*SIN(KI*L3)+83*COS(KI*LI)
DIFFI=(SIGMAY-EE1) /SIGMAY

DIFFlA=ABS(DIFFI1)

IF{DIFFlA.LE.0.005)60 TO 31

L3=13+0.01

GO TO 33

31 L4=L-L2~-1L3

35

22

24

25

26

14

AenKI/Kad(A3#COS{K3I*L3)~-B3I*SINIK3I*{ 3))
B4=E2%EPSISH
EE2=AGXSIN(K4* L&) +BG*COS{KA*L 6 +SIGMAY-E24EPSTSH
DIFF2={EE2-E)/E

DIFFZA=ABS{DIFF2)

[F{DIFFZA.LE.D.,005)G0 TO 22

L3=L3+0.01

60 70 33

L2=12-0.01
GO YO 34
N=5
MaN+1
x2{(1)=0
DO 24 IwisM
T2(I)=A*K27PERI*(AZ*EXPIK2¥X2( 1) )~B2*EXP({-K2*x2(I)})
STZ(I)mAZ*EXPIK2*X2(1))+B2*EXP{~K2*¥X2(I)}
X211 )aX2(I)4L2/N
CONTINUE
X3{1}¥=0
Da 25 Is=l,M
TI3{I)wasK3/PERI*{A3RCOS(KAXXI([))I-BISSIN(KISXILI)})
ST3(I)=A3SSINIKA#X3I{1))I+BI*COS(KI*XI(I))
X3(I+1)=sX3(I)+L3/N
CONTINUE
Xei{l)=0
DG 26 I=1,M
Tl{L)sA*KG/PERIFLAGRCOS(Ka*X41I) ) ~Ba*SIN(KA*XAI{T))})
STAIIImAG*SINIKQ®X Q{1 ) ) +BexCOS(K4*XGlI))+SIGMAY-E2%EPSISH
X4{I+1)aX4(I)4L4/N
CONTINUE
DELT A= (TMAX=T4&(M)) /KK3+50+1{P/A-SIGMAY)/E2+EPSISHI®ULLI+((P/AA~SIGM
LAY}/EZ+EPSISHI®ULZ
WRITELS,16)PDELTAAZ,B2,L 29 (X2 (T1)sTndsM)p(T2(13,]Inl, M), (5T2(1),1m
L11,M),A3,B35L32(X301p 1 el M) (TICI o=l oM)p(STILInlmlsMisAb,sBasla
LUX4UI) s ImlaoM)p(TO(I)plul M) (STG(L)sIm]l,sM)
FORMAT (a4 X, oo d, 2 X, 5HFORCE s ,F6.2/
110X, 15HDISPLACEMENT = ,F6,4/
110Xs5HAZ = 3F3,4/
110X, 5HRB2 = ,F8.4/
110X, 19HLENGTH OF IONE 2 = ,F5.,2/
110Xp5HX2 » »4X»6F8.3/
110X, 9HT2{X2) = ,6F8.3/
110%,9HST2(X2)s »6FB.3/
110Xs5HA3 o ,FB.4%/
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110X 5HB3 » F8.44
110X, 19HLENGTH OF ZONE 3 = ,F%,2/
110X, SHX3 = ,4X96F0.37
110%,9HT3(X3) = ,6F8.3/
L1OX,9HST3I{X3)= ,6F8,3/
210X 5HAG = ,FB,.4&/
310X, 5HBA =« ,FB, 4/
110X 19HLENGTH OF ZONE & = ,F5,27
110X,5HX4 = s aX,6FB 3¢
110X, 9HTA{X4) = ,6F6,3/
110X, 9HSTA (X4 )s ,6F8,3/7)
PD=TMAX~-T2(1)
IF(PD.LE.C41160 TO 49

PaPe+0,1
GO TO 43
49 PPoP+{T4(N)-T2(1))*%0.1%3.49
X=lL44¢0,1
ToASK&4/PERI* (A4SCOSIKA*X)I-B4*SIN{KA®X)) 4
DELTALs{THMAX=T)/KK3I+SO¢ ((PP/A-SIGMAY)/EZ+EPSISHI*3,2¢((PP/AA=SIGHA -
IYV/E2Z+EPSISHI*L1.716.
WRITE(6,70)PP,DELTAL
TO0 FORMAT(2F10.5}
RETURN
END
2890, 4, 60, 29600. 715. 1.27 1.17 1.27
3.49 0.085 24, 0.82 0.006 2,53 0.688
)
2
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APPENDIX B

COMPUTER PROGRAM FOR THE PBEDICT!Oﬁ OF CYCLIC LOAD-DISPLACEMENT CURVES

PROGRANM CYCLICLINPUT,QUTPUT, TAPESSINPUT, TAPEL=DUTPUT, YAPE2!}

REAL KKLsXKZ2KK3sKKE» KKI»KKE, X1 pK29K3,L1,L 2,030

COMMON/ZBORD/SIGMAC(Z25,100)»DLULO0)ATCRACKITLoMRIMPNNNLLI» (2,038,
SSPACE,PERT A ,AA UL L, UL2)FC,P,ADISP,DISPL,DISP2,018P3,DISP4,0ISP5,0
SISPOsDISPTDISPA,AADISPLANDISPZAADLISPI, AADISP4SAADISPS,AADISPOSA
SADISP7,AADISPE,D,DISPI,015P10,AADISPISADTISPLI0sJICJICLsdC254C35JC4854

$C5,PCLaPCZoPC3,PT12PT2,PT3

COMMON/LB/AT(25,100),A5(25,100),5MAX1(200),SMAX2(100)sSH]INY{100},S
SHINZILOO) ) KK IS KK2y KK s KKos KNIy KKEp AALPHBBETA,TO TCHSCHTHAX,SHAX, T

STNAX

COMMON/STRAINIFY,EL1SE2,EPSILOY,EPSISH)ASIGMAL25,100),EPSILOI2%,100
$),SIGMAA(LIO0Y,EPSTLOACI00),SIGHAT(100),EPSILOT(100),EPSALLI00),8ETA
${100),ALPH(100),05161{100),D51G2(100),SIGMATLI(100),5IGMAT2(100),51

$6MATITI00),SIGHATA(L00),STIGHRATS(100)

COMMON/RONGZ X(100)»T{100),ST(100),T1(100),5IGMAL(200),ASIGHAL{100

$),EPSILOICI00)»ATI{100)sAS1{100)5K1,K25K3
SIGMA t STEEL STRESS AT NODE POINT

D ¢ BAR DIAMETER

DL ¢ LENGTH OF SEGMENT

ATCRACK 1 AVERAGE BOND STRESS WHEN WEDGE FORMS
TL 3 PENETRATION OF BOND STRESS

NNN 1 KO OF NODE POINT

RP s NO OF SEGMENT

L & EFFECTIVE LENGTH

L1,02,03 1 LENGTMS OF SEGMENTS AFTER MONGTONIC LOADING
SPACE t LUG SPACE

PERI t PERIMETER

& 1 EFFECTIVE BDAR AREA

AA 1 GROSS BAR AREA

ULL ¢ LENGTH OF THE BAR OUTSIDE THE CONCRETE
UL2 & DEPTH OF THE WEDGE AT THE ATTACK END

FC 1 CONCRETE STRENGTH

P t LOADING

ADISP 1 DISPLACEMENY

DISPL-DISPE 1 SLIP LIMIT
AADISPI-AADISPO 1 MODIFIEC SLIP LIMIT TO CONTROL PROGRAM

Y97
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Af B LUCAL BUND STRESS FOR EACH SEGMENT

AS & LOCAL BONO SLIP FOR EACH SEGMENT

SMAX1 8 LARGEST ¢ EXPERIENCED LOCAL SLIP :
SMAX2 * SECOND LARGEST + EXPERIENCED LOCAL SLIP
SMIN1 t LARGEST - EXPERIENCED LOCAL SLIP

SECOND LARGEST = EXPE

SMIN2 ¢ SECOND LARGEST — EXPERIENCED LDCAL SLIP
KX1-KK6 © STIFFNESSES FOR LDCAL BOND STRESS-SL1P CURVE
TO 1 LOCAL BOND STRESS FOR CUT-OFF

TC t LOCAL BOND STRESS INDUCES DIAGONAL CRACKING
SC ¢ LOCAL BOND SLIP CORRESPONDING TO TC

TMAX t WAX LOCAL BOND STRESS

SMax 1 LOCAL SLIP CORRESPOUNDING TO TMAX

TTMAX ¢ MODIFIED TMAX FOR CYCLIC CURVE

FY 3 YIELD STRESS

El ¢ STIFFNESS FOR ELASTIC RANGE

E2 1 STIFFNESS FOR STRAIN-HARDENING

EPSILOY : YIELD STRAIN

EPSISH 1 STRAIN WHERE STRAIN-HARDENING DCCURS 5
"ASIGMA ! AVERAGE STEEL STRESS -
EPSILDC ¢ STEEL STRAIN
SIGMAA t MAX EXPERIENCED STRESS
EPSILOA 1 STRAIN CORRESPONDING TO SIGMAA
SIGMAY ¢ TRANSITION STRESS IN REVERSED LOADING
EPSILOT 3 RANSITIEN STRAIN IN REVERSED LDADING
SIGMATI-STGHMATS t TRANSITION STRESSES IN FOLLOWING CYCLES
KsMsNy t NO. OF SEGMENTS FOR L1,L2,L3
JC1-JC5 &t THE LAST HALF CYCLE ND. FOR EACH SLIP
JC t NO. OF HALF CYCLES TO BE PRINTED QUT
JT 1 THE LAST HALF CYCLE NO« FOR PREVIOUS SLIP USED
REAU(5110°'A1JBl'AZD521A3PB3IL1)L21L35l’ULllUlZiKKlaKKZ-KK!:KInK?!
1K3,TO»TCoSCy TMAX o SHAX s SPACEsPERIsAs AA»DIFYSFCHEL2EZSEPSISHADPL,DP2
1,DP3,PClsPC2,PC3,PT14PT2,PT3,0ISP1,DISP2,0I5P3,DI5P 4> DISPS5;DISP6,D
1ISP7,01ISPB,01ISP9,DISP10
100 FORMAT(B8F10.5)
READ(5+,101JKsMsN»JCLeJC25dC32JC42JdC55dCdT
101 FORMAT(1018)
WRITE(Ls500)AL,B12A2s825A3,83,L1»L2sL30LsULLsULZsKKLpKK2)KK3IpK1sK2
1oK3, 7O, TC SCrTHAX) SMAX, SPACE, PERIAr AAsDsFY»FCEL,E2,EPSISH,DP1,DP
12,DP3,PC1sPC2,PC3,PYLPT2,PTA,DISPL,DISP2,DISPI,DISP4,DISPS,DISPS,
1DISP?,0I5PB, DISPO,DESPLO g
500 FORMAT(LIH1, 10X, *MATERIAL PROPERTIES AND DATA OBTAINED IN MONOTONIC
1 LOADING PROGRAM t#/,5{10X;10F12.577),10Xs2F12.5) .
WRITE(G, 501 KsMsN»JCL2JdC2,3C3,J0C4,JC5,dC, 37
501 FORMATILLIOX,10112)
IF{JT.GY.2)GD TO 102
EPSILOY=FY/EL
AADISPleDISP1-DP)
AADISPAXDISP3-DP2
AADISPS5sDISPS5-DP3
AADISP7=DISP7-DP3
AADISPGeD1SPO-DP3
AADISP2=DISP2+4DPY
AADISP4=DISP4+DP2 &
AADISP6=DISP6+DP3 o
AADISPBaDISPB+DP3
ADISP10=DISPLC+DPI
Tl l¢t2+L3+5SPACE
MR=D

DO 11 Jd=1,25
bg 11 I=-1,100
AT({J»1)e0
AS(Js1)1=0
SIGHMALJ, I}
ASIGMAtJ,I)=0
EPSILOLI,I)e0
11 CONTINUE
00 15 I=1,100
SHAX1(1}1=0
SMAX2(I)=0
SMINLLI])=O
SHIN2(I)=0
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CKK=K+1

SIGMAT(I)eD
EPSILOT(L)=O
EPSILOAC(I)=0
DLEL)Y=D
EPSA(I}=0
BETA(L 10
ALPHLL )=0
DSIGL{I})=0
DSIG2{I)=0
SIGMATI{I =0
SIGMATZ(I)w0
SIGMATI(I)=0
SIGHAT&(11=0
SIGHATS(TI=0
CONTINUE
X{1l)=0
IF{L1.EQ,0.)GD 7O 51

92

D0 1 I=l,kX

51

601

602

603

TULYoaoK1/7PERISLALSEXPIKI®X(E) J-BLI®EXP(=K1%X(T1))}
STCITwAL®EXP{KI*X{T))+BLPEXP{—Ki*X{I}}
XK(Iel)uX{X)¢L1/XK

IF{L2.EQ.0. F NNNeKK

IF(L2.EQ.0.)60 TD 21

MMeKK+]

X{MMI=L2/H

IF(LLE.EQ. 0, ) HN=]1

MMMaKeMe]

DO 2 I=MM,MNHNM
TOI)oA*K2/PERI®{AZSEXP{K2®X (1) )-B2%EXP{-K2*X(])))
IF(TIMM)LLEL.TCIGO 1O 10
ST(IIwA2*EXP(K24X{TI)I+B2%EXP(=K28¢X(]1))

60 70O 2
STUEImAZSEXP(K2EX{T)I*BR2%EXP (K2 X{I) )+ (FY-E2%EPSISH]
X(I+1)eX{I)4L2/N

IF{L3VEQeO ¢ INNNeHMNH

IF{L3.EQ.0.160 TO 2%

NNesMHM+]

X{NN}=L3/N

NNNasK+MeN+ 1

DO 3 I=NN:NKN
TOIYmA®KI/PERI®#(ABREXPUKI*X(T}1=BISEXP(~KI*X{T}})
STUI)=A3SEXP{KISX([)}+BIREXP{=KI*¥X{I))+{FY-E2#EPSISH)
X(I+1)eX(1)+L3/N

NNNNsNNN+1

D0 & I=1,NNN

J=NNNN-]

TI{I)}=TLY)

SIGMAL{I}=ST(YS)

IF(TL,LE.L)601,602

TI{NRN)=TO

T1{NNNN}=TO

SIGMAL {NNNN) «0

60 Y0 603

TL=L

NNN=NKNN-1

NNNNsNNN+1

MPaNNN

DO 6 [=l,MP

AT1(I)={TL{I+1}+TLLI} )12,

ASTGMALIT Y= {SIGMALIT+1)+SIGHALLI})/2,
IFLATI(I}LLELTCIAST{T)=ATI(]I)/KRK]
IF(ATLC(I)GT TCIASI(I) @ tATI(L)=TC)IKK2+SC
IF(ASIGMAT{I I LECFY)EPSILOLLI)=ASIGMAL(TI)ZEL
IF(ASIGMALITI.6ToFY)EPSILOI(E)w{ASIGMAL(I)I~FY)/EZ+EPSISH
NlsN+l

MNwMeN

MNI1sMN+]

KMN=K+H+N

IF{L2.,E0.0.)60 TO 22

[F(L3,EQ.0.1G0 TO 23

897
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D0 7 Ial,N
T OL{IY=LA/N
23 D0 B I=N1,MN
8 DL(L)=L2/M :
IF{L1.£Q,0.,)60 TD 52
22 DO 9 U=MNl;KMN
9 DLE{IVwLL/K
IF (KMNJNE.NNN)DL INNN)=SPACE
52 ATCRACK=12,5664%SQRT(FCI*{UL2+D)/PERI/L1000,
Jo)
D3 5 Isl,NAN
AT{J,T¥2ATLLTY
AS{JdsL)=ASI(D)
SIGMA{J,I3=SIGMALLI)
ASIGMALJ»I)=ASIGMAL(I)
EPSILO{JI,I)=EPSILOLIT)
5 CONTINUE
ASIGMAC(J,99)=SIGHRALII1)#AZAA
IFLASIGMACY» 99 LEFYIEPSILO(J»99)wASIGNALIS»99)/EL
IF{ASIGMALY99) GTFYIEPSILOCIS99 1w (ASIGMA(IFFI=~FYI/E24EPSISH
ASIGMA(J,100)=SIGMAL(L}
IF(ASIGMA{J, 100}, LE«FY)EPSILO(J,100)2ASIGHAL{J,100})/E)
IF{ASIGMALJ 100} «OTFYIEPSILO(I»100) = {ASIGMA(I,LO0}=FY)/E2+EPSISH
WRITE(6,20C) (ATLdy D) XmL o NNND, LASTU,I) s Ix s NNN)» (STGMA(I, 1), 51, NN
INNY S TASIGMACI,T) s IsLNNN) R {EPSTLOC(I, ) s Im1yNNN)
200 FORMAT{1H1,10X»*BOND STRESS DISTRIBUTION BEFORE UNLOADING 1%/,5(10
1% 10F10.4/)s
110X, $L0CAL SLIP DISTRIBUTION QEFORE UNLOADING t#/,%(10X% L0F10.77),
210X, *STEEL STRESS DISTRIBUTION BEFORE UNLDADING 1%/,5(10X,10F10.4/
3)1510XsFLl044/)
110X, *AVERAGE STEEL STRESS DISTRIBUTION BEFORE UNLOADING 1 */,5(10X%
1,10F10.4/),
10X, *STEEL STRAIN DISTRIBUTION BEFORE UNLOADING 1%/7,5110X%X,10F10,7/
LANY NS ]
102 WRITE(6,300)
300 FORMAT(LH1,*THE FOLLOWING ARE THEDRECTICAL RESULTS 2 #*777)

692

10 IF{JT.EQ.1)77,103

3 READ(Z)(fSIGHACJ:II;I'I;lOO),J-l:ZE):!DL(I’:I-I:IOO AT

I:NNN;AADISPI’AADISPZrAADISP3bAADlSP&;AADISP5;AADISP;:AA2:2§§:Ik;¥§
IPB’AADISPQ;ADISPIO;(lAT(J;li:!'l;lOOloJ'l:Z53’((AS(J;I);T'I:XODI:J
1'1:25!:(SHAXL(IJ’I-lnIOO)p(SHAXZ(l)’1'1’1001;(SHINI(I);I'I:IOO):lS
IHINZ(I)DI-I;100)’EPSILOY;(IASIGHA(J:I)nl'l;lOOl:J'anS)p((EPSILD!J
l)I),I'lrlOO);J'1:25lp(SIGHAA(X),1'1’100!:(EPSILDA({’,I-I:!OO);(SIG
IHATf[lsl'I:IOOIn(EPSItUT(Il,I-l:lOOl:fEPSA([l:I'i:lOO):(BETA(I)JI'
11;1001:(ALPHlIipI!lplOOl;(DSIGl(I)pI-I;IOOl;lDSIGZlI)pl'l;lOO)p(SI
IGHATI(!):!-IplﬂoipISIGHATZ(K?;1'11100)n(S]GHAT3([l;!'1;100):(SIGHA
1T4tT)sI=151000,(SIGMATS(1),121,100)
REWIND 2
4237
AADISPL=DISP1-pP1
AADISP3=DISP3-DP2
AADISPS=DISP5-DP3
AADISP7=DISP7-DP2
AADISPO=DISPG-DR
AADISP2=DISP2+DP]
AADISP&=DISP4+DP2
AADISP6sDISP64DP3
AADISPA=DISPE+DP]
ADISPLO=DISPL0+DP2
GO To 104

77 DD 18 Iwl,NNN
IFLASTI,1).6T.SMAXL{I})40,18

40 SHAX2(I)=SMAXLI{I)
SMAK1(I)=AS{U, I}

18 CONTINUE
00 19 Te],RNN
IF{STGMAALT) GEL=FY.AND.ASIGNALY 5T,

61 SIGMAACT)eaS IoRATI TS SIGMA(JI L) GT.SIGMAACL ) 41,10
EPSILOA(T)I=EPSILO(Y, 1)

19 CONTINUE
D0 199 I=99,100
IF(SIGHAA([)-GE--FY.AND.ASlGHA‘JnIl-GT.SIGHAAlI!l§111199

0LZ
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199
104

1z

79
78

30
17

31

20

14

98
400

JLUMAALLIZAY LLMATJY L)

EPSILOA(TI=EpPSILOLY,1)

CONT INUE

Suj+l

IF{J.GE.JCIGD TO 99

CALL CASEUI( )

IF(deLT.JC1. AND.ADISP.LT,DISP2)GO YO 78
IFUJeGELJCLoAND«JoLTaJdC2,.ANDLADISPLLT.DISP4}GOD TO 78
IF(JGE.JC2.AND. Ja LT JCI, ANDADISPLLT.DISPHIGD TO 78
TF(JeGESJCIAND o Jo LT JC4 o ANDLADISP.LT.DISPB)IGO TO 78
IF(JeGE.JCOo ANDaJo LT JC5 . ANDSADISP.LT.DISP10)IGD TD T8
CALL CASEU2(JY

IF(J. LT 4CY1. ANDLADISPLLT,DISP2)GO TO 78
IF(JeGE+JC1eAND Ju LT+ JCZ.,ANDADISP.LT.DISP4)IGO TO 78
IF{JeGELJC2o ANDJo LT JCI  ANDLADISP.LT.DISPS)GD TO 78
IF(J.GELJCI AND o LT JC4, ANDADISP,LT.DISPBIGO TO 78
IF{JeGE«JChs ANDYJoeLTo JCO.ANDLADISP.LT.DISP10YGO TO 78
IFLAT(J,NNN) LT, -ATCRACK)GD TG 79

CALL CASEU3(J}

IF(JoLTeJCLo ANDJADISP.LT.OISP2)G0 TO 78

IF(JeGEJCL AND ¢ Ja LT JC2, AND.ADISP.LT.DISP4IGD TO 78
TFIJeGELJC2eANDJe LT JCILANDSADISP.LT.DISPSIGO TO 78
IF(S+GE.JC34 ANDaJeLToJC4. AND.ADISP.LT.DISPBIGD TO 78
IF(JeGEoJC4s ANDa Jo LT« JCO, ANDLADISP L T.DISP1OIGO TO 78
IFITL.GE.L}GO TO 12

CALL CASEU&{Y)

00 17 I=1,NNN

IFCASCJ,I)oLT.SHINYCI) V30,17

SMINZ(T)=SMINIC(I)

SMINLE{I)=AStY, 1)

CONT INUE

DO 20 T=14NNN

IF(SIGMAALT) JLE.FY ANDLASIGMAIJ,I)LT.SIGMAA(T)Y)3L,20
SIGMAACT)=ASIGMA(J,I)

EPSILOA{T)I=EPSILO(J,I}

IFISIGMAA{I}.LT.-FY)GOD TO 98

CONTINUE
NETAD!
CALL CASER1(J)

IF(J el T+JC1a AND. ADISP.GT.DISPLIGD TO 77

IFLJeGE JCL ANDJW LT JC2,ANDADISP.GT,DISP3IGO TO 77
IF(JeGEJC24AND o Jo LT JCILANDLADISP.GT.DISP5IGD TD 77
IF(JsGEJC3eAND o JoaLTaJCG . ANDADISP.GT.DISP7IGO TO 77
TF(JaGE.JC4. AND.J. LE.JCS,ANDADLSP.GT.DISP9)GO TO 77
CALL CASER2(U

IF(JeLTeJC1e ANDLADISP.GT.DISPYYGD TO 77
TF(JaGEJCLaaAND Jo LT dC2, ANDSADLISP.GT,DISP3)GO TQ 77
TF{JeGEIC2 AND oo LT JCILANDLADISP.GT.DISPS)GD TO 77
IF(JeGE«JC3eANDeJoLToeJC4 ANDSADISP.GT.DISP71G0 TO 77
IF(JeGELJCH  AND JoLE«JCS . ANDSADISP.GT.DISPSIGO TD 77
Call CASER3())

IF{JeLT+JC1. AND. ADISPAGT.DISPLIGO TO 77
IF{JaGEwJCLaANDoJo LT+ JC2AND«ADISP«GT.DISP3)G0O TO 77
IF{JoGELJC20AND s Jo LT JC3.ANDVADISP.GT.DISP5)GO TD 77
IF(JeGELJC3 4 AND s JoLTadC4, AND.ADISP.GT.DISP?YGO TO 77
TF(JeGEoJdCas AND s Ja LE.JCH L ANDSADISP.GT.OISPIIGO TO 77
IF{TL.GE.LYGO TO 1%

WRITE(6,400) (SIGHMAAIL),I=1,NNN}

FORMAT(10X, ®#SOME SEGMENTS YIELD IN COMPRESSION
1SET DF STRESS_STRAIN CURVESs OR MODIFY SEGMENT
1F10.4/1)

FIRST, USE ANOTHER
LENGTH 3%/,5(10Xs10

99 WRITE(2V((SIGMA(J»T),Im1,100)5J21,22),(DL{IV,T=215100),ATCRACK,TL,M
IRy NNNy AADISP I, AADISP2,AADISP3I»AADISP4,AADISPS, AADISPO,AADISP?7,AAD]
15P8s AADISPO, ADISPLIOs ( (AT (1) I=12100)sJ21525)s {{AS{dsT}»In]s100)s
1J21525) (SMAXL(I ), 1wl;100)5 (SMAXZ(I), =100 (SMINL{I)sI=15100),¢
ISMINZ(L)»1el,100)sEPSILOY,» ((ASIGMALJI»I)»Imly200},Jde1s25)s ((EPSILOL
1Js1)s121,10005J%1,29)» (SIGMAA(L),»I»1,100), (EPSILOAC(I)»In1,100),(5I
1GRAT(T), 121, 100)» (EPSILOT(I)s1s1,100) (EPSALTI),Inl,100),{BETA(I},Q
12151000, (ALPHII))» 191, 100)5 (0SIGL{L)»I=2,100)5(0SIG2(I)sLel)100)s (S
L1IGMATL(T)»Em15100),(5IGMAT2C(L},1w1,100)»(SIGMAT3(L)sI=1,100),(SIGA

1AT&{1)»T21,100Ys {SIGMATS5(L},1=1,100)
END FILE 2

17
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STOP
END

€L

SUBROQUTINE CASEUL(J}
REAL KK1pKK2pKK3 KK4pKKSp KOs K1 K2,K35L1pt250L30
COMMON/BONDZ/SIGMA(25,100)DL{100),ATCRACK s TLy MRy MPNNN,L1, L2513,
$SSPACE,PERI,A»AAsUL 1, UL2sFCsP,ADISP,DISPL,DISP2,DISP3,015P4,DISPS,D
$ISPL,DISPT,DISPO,AADISPLIAADISP2,AADISPIAADISPL4,AADISPS»AADISPGA
SADISP7sAADISPB,;DsDISPOsDISPLIO, AADISPO,ADISPLO0, G C012J0C2,4C3,53C45d
$C53PCLsPL2)PC3,PTL,PT2,PT3
COMHMON/LBZAT(25,100),A5(25,100),SMAX1(100),SMAX2({100),SMHINL{100),S
SHIN2(100),KKI,KK2,)KK3pKK&4p KK KKE»AALPH,BBETA, TOp TCo SCoTHAX, SMAX, T
STMAX
COMMONFSTRAIN/FY ,E1,E2,6PSILOY,EPSISHIASIGHMA{25,100),EPSILD(25,100
$)sSIGMAALLOO),EPSILOA(LCO)»SIGHAT(LO00)EPSILOT(100),EPSA(LI00),BETA
$(I00),ALPH{I00),0SIGL(100),DSIG2{100),SIGMATLII100)sSIGMAT2(1001},51
$SGMATIL1O00),SIGMATS(100),5IGMATS{100)
DO 1 I=1,NNN
AT I)=ATLI=-1,1)
ASUSp1)=ASLS-1,1)
EPSILD(I,I)=EPSILO{d-1s1)
1 SIGMA(I»1)eSIGMA{JI=-1:1])
I1=0
4 I1=11+5
I=11
IF(I.GE.NNNIGO TO 99
ATCI»T)sAT I,17-0.09%AT(J,1)
ASCIsT)oAS{I=1, T )~(AT{I=1,1)~ATLJ,1})/KK&
2 CALL LOCAL(J,I)
SIGHMALI»I)»ATCI, II*DLITIRPERIZA+SIGMALII+])
ASIGMACJI, I )= (SIGMA (I, 1)+SIGMA(I,I+1))/2,
CALL STEEL(J,I)
1F{1.,EQ.1)G0 TO 3 )
ASUJSI=1)mASTJoI)+EPSILOtI,LI*0L(T)
[w]l-]
G0 T0 2
3 ADISPZsAS{J, I)+EPSILOCI,I)#DL(I)
I13=100
ASIGMA{J»13)sSIGMALJSIT)

144
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ADISPL=ADISP2+EPSILOCI» I3 }#UL2
I12=59
ASIGMA(I»T21sSIGHMALIS II*A/AA
CALL STEELJ,12}
PesSIGHALJ, 1) %A
ADISP=ADISPI+ULLI*EPSILOGI,12)
NNNN=NNN+1

WRITE{65200)P, ADISP

200 FORMAT(6X, GH*¥X%2,$F0RCE = %,F10.6/

110X, *DISPLACEMENT = #,F9,.5/)
WRITE (6,201}

201 FORMAT(10X,*BOND STRESS DISTRIBUTION t*)
WRITE(6,2023 {AT(Jds L), 1nls NNN)

202 FORMAT(10X»10F10.4}

WRITE(b6,203) .

203 FORMAT(10X,*STEEL STRESS DISTRIBUTION %)
WRITE(6,204)(SIGMA(JIs [)sTa]l, NNNN)

204 FORMAT(10X»10F10.4)
IF{JsLToJClo AND. ADISP.LT.DISP2}GU TO 99
IF{J+GEJCLle ANDLJ o LToJdC2.ANDS ADLSP.LT.DISP4IGO TD 99
TF(J.GE.JC2sAND 3. LT JC3.ANDLADISPLLTLDESPOIGO TO 99
IF(JeGE-JCIeANDoJo LT+ JCo. ANDLADISP.LT.DISPBIGO TO 99
IFUJoGE.JCho ANDedoLTaJC5+AND.ADISP.LT.OISP10)GDO TO 99
GO 70 4

99 RETURN
END

SUBROUTIMNE CASEU2(J}
REAL KKL1pKKZ )KK3 ,KK& 2 KKSsKKE6,K1sK25K3 oLt 220300
COMMONZBOND/SIGMA(Z5,L00) s DLLLOOI s ATCRACK  TL o MR MP, NNNsLLsL 2oL 3Ly
$SPACES PERIA»AA, ULL1yUL2sFC,P,ADISP,DISPLsDISP2,DISP3,DISP4,DISPS,D
$SISPO)DISP7,DISPB,AADISPLAADISP2,AADISPI,AADISPA,AADISPS,AADISPOA
SADISPT7sAADISPE,D,0ISPF»DISPLO»AADISPIADISPLO»JCIC123C223C3,0C04,)
$C55PCLsPC2sPC3,PTL,PT2,PT2
COMMDN/LB/ATI25,100)2A5(255,100),SMAX1(100),SMAX2{100),SMIN1{100!},S
SMIN2CLO0) s KK1a KK 2y KK p KK s XKKS  KKO o AALPHsBBETA»TO»TCoSCrTHAXSMAX,T
$TMAX
COMMON/STRAIN/FYSELsE2EPSTLOYEPSISH)ASIGMA(25,100),EP51IL0(255100
$)sSIGMAA(LID0),EPSILOA(LOO),SIGMATII00)EPSILOT(IO00),EPSAL{LIO0)LBETA
$(100), ALPH(100),D51614100),DS5IG2(100)sSIGMATLC(100)»3IGMAT2(100),s5S1
$SOMAT3{100),SIGMAT4(100),51I6MAT5(100)
4 [=NNN
IF{J.LT.JE1IIGO TO 41
IFT{3.GELJCL.AND.J LT JC2)G0 TO 42
IF{JeGEoJC2. ANDaJdo LT JCIIGO TO 43
IF(JGEeJCIeANDGJWLTJCS)GD TO 44
TFEJeGEJCO AND W J. LT JCH)IGD TO 45
4} IFCADISP,LT.AADISPZ.ORP.LY,.PC1)51,52
51 AS{J»I)=AS{J,1)~0,0000125
G0 70O 7 .
52 ASU{J»I)=AS(J,1)=0,0002
GO T0 7
42 IFLADISP. LY. AADISP4.OR.P.LT.PL2)5)1,52
43 IF{ADISP LT, AADISPAH.OR.P,LY.PL3)51s52
&4 IF(ADISP.LT.AADISPB.0OR P.LT.PC3)51,52 :
45 IF{ADISP.LT.ADISPLOORP.LT4PC3)51,52
T IF{TL.LT.L)G,10
Q AT{JIpT)=AS(J,1)%KK]
IF{AT () [} LT.=T0)GD TO 99
6D 10 1
10 CALL LOCALGJ,I)
1 SIGMA{S, I =sATUS, 1) *DLUTY*PERTI/A+SIGMALS 141}
ASIGMALI» I} (SIGRA(SsT)4SIGMATI,T*1))12,

Lt
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CaLt STEELUI, )
IF(I.€Q.1}G0 TO 3
AS{JdsI=1)2AS(J, 1)+EPSILOtILLI*OL(I)
[=1-1
G0 7O 10
3 ADISP2AS{d, II+EPSILOLISI DL
13=100
ASIGMATU,I3)=SIGMA(S,])
CALL STEEL(J,I3)
ADISP1=ADISPZ+EPSILO(I,I3)*UL2
[2=99
ASIGMALI,12)=S5IGHA(J, ) *a/aA
CALL STEEL(J,I2}
PsSIGMA(J,L)*A
ADISP=ADISPL+ULYI*EPRSILO(I,I2)
NNNN=NNN+1
WRITE(6»200)P,ADISP
200 FORMAT(6Xs4H¥*&¥%,%FQRCE = ¥*,F10.6/
110X, *DISPLACEMENT = #*,F9.5/)
WRITE{6,201)
201 FORMAT{10X,*BUND STRESS DISTRIBUTION 1%)
WRITE{65202) (AT(JsI),Im1,NNN)
202 FORMAT{10X,10F10.4)
WRITE(6y203)
203 FORMAT{LOX,*STEEL SYRESS DISTRIBUTION t¥)
WRITE{6,204) (SIGMA{JI,I), =1, NNNN)
204 FORMAT{10X,10F10.4}
IFEJeL T JCL.ANDLADTISP,LT.DISP2)IGO TO 99
IF{Je6E JCLaANDJoLToJC2ANDJADISP-LT.DISPAIGO TO 99
IF{JeGEoJC2.AND o LT, JC3. ANDLADISP.LT.DISPAIGD TD 99
[F{JsGEsJCI o ANDo J LT  JCA,AND, ADISP.LT,DISPS)IGO TO 99
IFlJGE.JCAuAND L Jo LT JC5.ANDLADISPLLT.DISPL10)GO TO 99
IF(MR.EQ.C)11,4
11 IFCATUJSNNN) JLE.=ATCRACK)12,4
12 I=NNN
AL=L-UL2

AAL={
15 AAL=AAL-DLI(TI)}
14 1=1-]
60 10 15
13 NNN=]I-1
SIGMA{JdsNNN+1)20
WRITE(6,300)
300 FORMAT{LH1,*WEDGE AT DEAD END HAS DROPPED #,/7)
99 RETURN
END

Lie
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JuBKUUtINE CASEU3(J)

REAL KK1sKK2Z2,KKIrKKasKKSpKKOP KL, K2,K3,L1,L250L3,50L
COMMON/BOND/SIGMA(25,100) DL {100 ATCRACK > TLo MR MPoNNNsLYSL2sL 301,
SSPACESsPERISASAA)ULL ULZ»FC P ADISP,DISPL,DISP2,01ISP3,01524,01I5P5,D
SISPLIDISP7sDISPB,AADISPL,AADISP2,AADISPI,AADISP 4, AADISPSAADISPS,A
SADISPT,AADISPB;D,DISPO,DISPLOSAADISPO,ADISPL0,JdCIC15,JC2,3C320C4,4
$C5sPCLoPC2sPC3I,PT1»PT2,PT3
COMMON/LBZAT(25,1000,A5¢25,100),5MAX1{1001,5MAX2¢100),SMINL1{100),S
SMINZ (100) 2 KK1oKK2p KKIsKKGs KK pKKEs AALPH,BBETA»TO,TCHSCoTHAX, SHAX, T
STMAX
COMMON/STRAIN/FYSEL)E2,EPSILOY,EPSISH,ASIGMA(255100),EPSILO(25,100
$1sSIGMAALLOC)I»EPSILOA(LIO00),SIGMAT(LIO0),EPSILOTII00}EPSA(LI00),BETA
$(100), ALPH{100),DSIG1(100),DSIG2{100),SIGMATI{100),SIGMAT2(100),51
SGMAT3I(100),SIGMAT4(100),SIGHMATSL100)

DDL'O-I

I=NNN

AT{J,1)==TO

ASTd T )=AT{Jds1)/KK]

G0 TD 1

& NNNsNNN+1

TaMNN

ATld,I)e=TO

ASUI I )=aT{J,1)/7KK]

DL{I}=DDL

TLaTL+DL(I)

IF{TL.GE.L}GD TO B

60 TO0 1

10 CALL LOCAL(II)
1 SIGRALJsI)=AT{I»I)*DL{IISPERIZA+SIGHALI,I+]1)
© ASIGHA{JI»II=(SIGMACJI,I)+SIGHALJI,I*1))12.

CALL STEEL(J»I)

IF{T1.EQ.1)60 7O 3

ASEJsI=1)=ASUJR)+EPSILOUI,TI*DL(L)

{=1-1

GO 70 10

3 ADISP2aAS{J,T)+EPSILO(JI,I)*DLII)

647

13=100
ASIGMA(J,I3}=SIGHALS, )
CALL STEEL(J,IY)
ADISPI®ADISP2+4EPSILO(I, 132002
I12=99
ASIGNA(J,T2)sSIGHAL{J,1)*A/AA
CALL STEEL{J,I2)
PsSIGMA(JsI)%A
ADISP=ADISPL+ULL*EPSILOGI,I2)
NNNN=NNN+1
WRITE(S»200)PsADISP
200 FORMAT(6X)4H®2%%,2F0RCE s *,F10.6/
110X, 3DISPLACENENT = *,¥9,5/)
WRITE(6,201)
201 FORMAT(10X,*BOND STRESS DISTRIBUTION %)
WRITE(6,202)(AT1d, 1) Im1,NNN)
202 FORMAT(10Xs10F10.4)
WRITE(6,203)
203 FORMAT(10X»*STEEL STRESS DISTRIBUTION 1%}
WRITE(H,204) (SIGMALJ,I)sI=1,NNNN)
204 FORMAT(IOX,»10F10.4)
IF{JeLTedCla AND ADISP.LT.DISP21GO TO 99
IF(J.GE s JCLsAND o JoLToJC2. ANDLADISP.LT.DISP4)60 TO 99
IF{JeGE.JC2+ANDeJ o LT JCIAND.ADISP.LT.DISPLIGO TO 99
TF1J.GE.JCI.ANDLJ LT JC4. AND.ADISP.LT.DISPBIGD TO 99
IF(JeGE, JCHaANDJo LT dC5.ANDLACISP.LT.DISP101G0 TO 99
GO 10 &
8 DLII)=DDL+L~-TL
99 RETURN
END

08z



SUBKUU L INE CASEU4(J}
REAL KX1,KKZ,KK3pKKa» KNS KKK 1pK2sK35E1912,L35L
COMMON/BOND/SIGMA{2%5200),DL{100) s ATCRACK,, TLo MR, MPINNN,L1,L25L 3,1,
SSPACES,PERIAAA, ULL UL2sFC,PrADISP,DISPI,DISP2,DISP3,0I5P4»DISPS,D
SISPO,DISPT,DISPR,AADISPL,AADTSP2,AADISPI, AADISPALAADLSPS,AADISPO)A
SADISPYSAADISPB,DsDISPIsDISPLO, AADISPI,ADISPLIO+JIC,JC1s2C2,40C350C454
$CE5,PCLsPC2sPCI,PT1,PT2,PT3
COMMON/LB/AT(2551003,A5(25,100),SMAX1(100),S5MHAX2(100),SMINL(100),S
SHINZ (100} ) KKEIKK2sKKI K& s KKS)KKO s AALPH,BBETASsTO»TC,SCHTHMAXSSNAXST
STMAX
COMMON/STRAINIFYSEL2ER2,EPSILOYcPSISHASIGMA(255,100),EPSILOI25,100
$),SIGRAALIOO),EPSILOA(I00),SIGNAT(100),EPSILDT(100),EPSA(100),BETA
SC100),ALPHULO0ISDSIGL(100),DSIG2(100)sSIGMATLILL00),SIGNATZ(100),51
SGMAT3{100),SIGMAT4 (100),SIGHATS5(100)
4 I=NNN
IF{MR.EQ.D)17,18
17 AS(dI,1)=a5¢3,1)-0,0078
60 T0 7
18 IF{J.LT7.JC1)GO TO 41
IFIJ.GE.JCL. ANDLJ LT JC2)G0 TO 42
IF(J.GELJC2.ANDJ.LT.JC3)G0 TD 43
IF{I.GE.JCI, ANDLJLLT.JICAIGD TO 44
IF(JeGE.JCO,AND.J+ LT JC31G0 TO 45
41 IFUADISP.LT L AADISP2.0RaP.LT4PLL)S1s52
51 AS{Js11eaS{y,10-0.0000125
GO 10 7
52 AS{J,1}=ASCJ,1)«0,0002
GO T0 7
42 IF(ADISP . LT.AADISP& OR.P.LT.PLC2)51,52
%3 IFTADISP.LT AADISPE.ORP.LT.PL3)51,52
&% IF(‘DISPQL"O“DI SPBOOROpOLT. PC3)51:52
&5 IF{ADISP«LT.ADISP10.0R«P.LT.PC3151s52
T CALL LOCALCtJ,I)
SIGHMATI, T) AT, [)4OL (IVSPERI/ZA+SIGHA(I,1I+1)
ASIGMA(I, 1) ={SIGMACI, I)+SI0NRALI,T+1D 22,
CALL STEEL{(J»I)

IF(I.EQ.1)60 TO 3
AS(JsTI-1)2AS(J, I 1+EPSILOCI,T}4DLIT)
{=1-1
60O 10 7
3 ADISP2uAS(Js IV+EPSILO(J»I)*OLIL)

13=100
ASIGHMALI,I3)sSIGHMA(I D)
CALL STEELLJ,13)
ADISPL#ADISP2+EPSILG(I,13)UL2
12=99
ASIGMA(S, T12)=SIGMA(ITISA/AA
CalLl STEEL(J,I2)
PeSIGHALJ, T]%A
ADISPeADISPL+ULL*EPSILOS,12)
NNNNsNNNe1
WRITE(06,200)PsADISP

200 FORMAT{6Xp&Hses4,3FORCE = *,F10.6/
110%,*DISPLACEMENT = #,£3,5/)
WRITE(6:201)

201 FORMAT(10X,*BOND STRESS DISTRIBUTION %)
WRITE(6,202) (ATUJs1)s1=1sKNN)

202 FORMAT(10X,10F10.4)

WRITE (6,203}

203 FORMAT(10X,*STEEL STRESS DISTRIBUTION 1%)
WRITEU6s204) {SIGMATISsI) s w1/ NNNN}

204 FORMAT(10X,10Ff10.4) :
IF(J.LT.JC1.AND. ADISP.LT.DISP2)GO TO 99
IF(JoGE¢JC1-ANDoJ’Lf-JCZ.AND.ADISP.LT-DISPG,GD 70 99
IF!J-GE-JCZ.AND.J.LT.JCB-AND-ADISP.LT.DlSPb)GU 10 99
IF(J.GE-JC3.AHD-J-LT.JCQ.AND.ADlSP.LT.DISPB)GO Ta 99
KF(J.GE‘JC#-AND.J-LT‘4C5.AND-AD[SP-LT.DISPIO)GD 10 99
MR=]1
GO TO &

99 MRse1
RETURN
END
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SUBROUTINE CASER1L(J)

REAL KK1oKK23KK3)KKGsKKSsKKEsKL)K2Z2K3pL1oL 250350

COMMON/BOND/SIGMAC 235, 100) s DLELOQ)sATCRACK ) TLoMRyMP,NNNsLL1sL2sL3sL,
$SSPACE, PERISAAA UL 1, UL2,FCy P, ADISPDISPLI,DISP2,DISP3,DISP4,DISPS5,D
$ISPEsDISPTsDISPR,AADISPL, AADISP2,AADISP3,AADISP4,AADISPS,AADISPE,A
SADISPT7sAADISPB,DsDISPI,DISPLOAADISPISADISPL0»JCICL»IC200C3,0C4,)

$C5,PCLSPC2,PCA,PT1,PT2,PT3

COMMON/LB/AT (25,1000, A5(25,100), SMAX1{100),SMAX2(100),SMINL1(100),S
SMIN2C(LOO) s KKIIKK2s KK pKK& KK sKKE s AALPHIBBETA,TOsTCH)SCTRAX, SMAX,T

$TMAX

COMMON/STRAIN/FY,EL,E2Z,EPSILOY,EPSISHoASIGMA(2%5,100),EPSELO(25,100
$)sSIGMAA(LOG),EPSILOA(LIO00)»SIGMAT(100),EPSILOT{100),EPSALIO0),BETA
$(100)5ALPH(100),DSIGL(100),05162(100),SIGMATLI{100)sSIGMAT2(100),S1

$GMAT3I{100),SIGHMAT4L(100),5IGMATS5(100)

DO 1 I=1,NNN

AT{JsT)=AT{I-1,1)

AS{J,I)mAStd=15s1}
EPSILOMI,IInERPSILOUI-1,I

SIGMA{J, I1=SIGMA(J~1,1I)

I1=0

I1=11+5

i=I1

IF(I.GE.NNN}GO TO 99

AT(I1)=ATLd, 1)-0.05%AT{J>5 )
AS(JsI)=sAStY=1,T)={AT(I=1s1}-AT(Js1))7KKA
CALL LOCAL(J,I)
SIGHA(JsT)=AT{J,I)*DLIT)*PERI/A+SIGHA(J,TI+1)
ASIGMA(JI,T)=(SIGMA(I,I)+SIGMALI,I+1)1/2,
CALL STEEL(J,I1}

IFtI.£Q.0360 TO 3

AS(JryI=-11=aStJs TI+EPSILOGI,TIN*0LLTY
Iel-1

G0 7O 2

ADISP2sAS(I, I)+EPSILOGJI,T)*OLLI)

13=100

ASIGMALS,I3)aSIGMAWISI)

19:14
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CALL STEELUJ, I}
ADISPl=ADISP2+EPSILOtI,T13)%YL2
12299
ASIGMA{J,12)=SIGMATI, I)0A/AR
CALL STEEL(J,I2)
PaSIGHA(J,I)*A
ADISPeADISPI+ULLSEPSILOLI,12)
NNNNsNNN+1 .
WRITELH,200)P,ADISP

200 FURMAT(O6X, 4H##¢3,6FQRCE » ©,F10.6/

201
202
203
204

99

110X, #DISPLACENENT o #,F9,5/)

WRITE(6,201)

FORMAT{1OX»*BOND STRESS DISTRIBUTION 1%)
WRITE(G,2021{AT{J»1),]=1,NNN)

FORMAT(10X»10F10.4)

WRITE(6,203)

FORMATU10X,*STEEL STRESS DISTRIBUTION ts)
WRITE(6,204)(SIGMALI,I),1=1,NNNN)
FORMAT{10X,10F10.4%1

IF{JLT JC1.ANDLADISP,GY.DISPLIGO TO 99
IF(J.6GE.JCI.AND.J. LT JC2.AND.ADISP.6T.DISP3)G0 TO 99
IFtd+GELJC2.ANDaJ LT JC3.ANDADISP.GT.DISPSIGO TD 99
IFCJ.GE«JCI AND. J.LT.JC4, AND. ADISP.GT.DISPTIGO TO 99
IF{J.6E.JCAAND.J. LE.JC5- ANDADISP.GT.DISP9)IGO TO 99
GO TO &

RETURN

END

8z

SUBROUTINE CASERZ(J)
REAL KK1,KKZ2 KK3pXKKGpKK5,KK6pK1)K2pK3,L15L2pL3,L
COMMON/BOND/ SIGMAL295100)sDL{100)sATCRACKs TLoMRMPNNNSLLI»L24L 351y

SSPACE,PERISALAASULISUL2,FCsP ADISP,DISPI,DISP2,DISP3,DISP4,DISPS,D
$SISPOSDISPT,DISPE,AADISPI, AADISP2Z,AADISP3, AADISP 4, AADISPS,AADISPE,A
SADISP7,AADISP8,D,DISP9,DISP10,AADISPO,ADISPLO0,JC3ICL5JC223C393C 404
$C5H)PCL,PC2,PC3,PTLHPT2,PT3

COMMONZLBZAT(255,10005A5(255,100)5SMAXLI(100),SMAX2{100),SMINL(100),S

SMINZ(100),KK1)KK2sKKIpKK4 s KK o KKO 2 AALPH,BBETA,TO,TC, SCo THAX, SMAX, T
STMAX

COMMONZSTRAIN/FYSELSEZ,EPSILOY,EPSISHyASIGMA(2%,100),EP5IL0(25,100

$I,SIGMAATLI00),EPSTLOACLOO)SIGHATIIO00),EPSTLOT(100),EPSA(L00)sBETA
S(100),ALPH(10C),DS5161(100),D3162{100},SIGMATL{100},SIGMATZ(100),51
SGMATI(100),5IGHAT&(100),5SIGMATS5(100})

4

I=NNN

IF(JLT.JC1)60 TO 41

IFLJ.GE.JC1. AND.J.LT.JL2160 TO 42
IF(d.GELJC2.AND,J«LT.JC3)G0 TD 43
IF{JeGE«JCILARDLJo LT JC4)IGO TO 44
IFtJGE.JCos ANDLJJLELJCS)IGD TO 45
IFLADISP.GT . AADISPL.OR.F.GT.PTLI5L,52
AS{J»1}wAS(JIs1)40,0000125

GG TO0 7

AS(J,I)=AS(J,1)+0.0002

60 10 7

IFCABISP,GT, AADISPI.ORP.GT.PT2)51,52
IF(ADISP.GTe AADISP5.0RaPGT.PT3)51,52
IF(ADISP.GT.AADISPT.OR.P.GT4PT3)51,52
IFCADISP.GT. AADISPS.OR.P.6T.PT3)51,52
IF(TL.LT.L)9,10

AT(d,T)=AS (1) exK]
IFCATIS, 1) WGT.T0Y60 1O 99

60 10 1

CALL LOCAL(J,I}

SIGMA(J, L) wAT{J, LI *DL(I)*PERI/A+SIGNA(I,I¢1)
ASIGHMA{I, X ) tSIGHALI, T)5IGHALI, T+1) 0172,
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200

201
202
203

204

99

10

IF(1.EQ.,1)60 10 3
AS(JsT=1)mAS(Jp II+ERSILOCI,1I*DLLT)
IsI-1
G0 TO 10
ADLISP22AaS{d, ID4EPSTILOUI, T ODLLT)
13=100
ASIGMA(JSL3)=SIGHACIT)
CALL STEEL{J,I3)
ADISPIoADISP2+EPSILDII»I3)%UL2

99
:glGNA(J:IZI'SIGHAIJ,I)‘AIAA
CALL STEEL(J»I2)
PaSIGHAL{IT)#*A
ADIS?'ADISPIOULI‘EPS[LD(J)IZ)
NNNNaNNN+1 ADISP

( 00)Py

:;:;iT?;ip#H*“¢n¢FURCE s %, F10.6/
110X, *DISPLACEMENT = *F9.57)
WRITE(6,201)

FORMATLLOX, #BOND STRESS DISTRIBUTION 1)

WRITE(6,202) (AT, D)y In1 NNNI
FORMAT (10X, 10F10.4)
WRITE(b,203)

FORMAT(10X, #STEEL STRESS DISTRIBUTION %)

WRITE(65,204) (SIGMA{JIs 1) s a1, NNNN)
FORMAT(10X,10F10.4)

[F1JoLT.JCL AND.ADISPL.GT.DISPLIGO T
IF(JeGELJC1oAND s LTeJC2.ANDLADISP,

IF(JBECJC2oAND. J LT o dCI ANDSADISP.GT.
IF(J.GE:JCB:AND-J.LT.JCQ-AND.AD!SP.GT.DISPT!GD 10 99
IF(J-GE.JC&.AND.J.lEnJCS.AND.ADISP.GT.DISPQ)GO 10 99

GO 70O 4
RETURN
END

SUBROUTINE CASER3(J)

REAL KKLoKKZsKKI KKA»KKSsKKO)KL1sK2,KIsL1hsL2sL3sL

COMMON/BOND/SIGMA(25,100),DL(L100);ATCRACK, TLo MR, NP, NNN,L1,L2,5L3,L,
SSPACEsPERIsA»AA ULL)UL2sFC»PADISP,DISP1,DISP2,DISP3>DISP4,0IS5P5,0
SISP6SDISPT,DISPBsAADISPL,AADISP2Z,AADISP3,AADISP &, AADISPS,AADISPOSA
SADISP7,AADISPA,0,0I5P9,DISPLOSAADISPI,ADISPLIOSICIC12JC2,JC354C6,4

$C5)PLL,PC2sPCI,PTLPT2,PT3

COMMON/LB/AT(255,100}5A5125,100),SMAK1{100),SMAX2(100),5HEN1(100),S
SHIN2(100),KK1sKK2, KKIsKK&, KKS» KKEs AALPH, BBETA» TO»TC,SCoTHAX,SHAX, T

$THMAX

COMMON/STRAIN/FYsELsE2sEPSILOYSEPSISHsASIGMALZ2591001,EPSILGI25,100
$),5IGMAAC100),EPSILOA(200),SIGMAT(100),EPSILOT{100)5EPSACLIO0),BETA
$(100)sALPH{100),DSIG1{100),D51562(100),SIGMATLI(100),SIGMAT2(100),5]
SGMAT3(1001,SIGMATSG(100),SIGHATS(100)

bDL1=0.25

00L2=0.1

00L 320,013

IaNNN

AT{J211=T0
ASCJrpI)=ATLJ,I)/KK]
60 10 1

NNN=NNN+1

I=NNN

AT{J>1)xTD
ASTJdrs1)=AT(J,T)IKK]
DL(I)=DOL]

IFLJebLToJCl.AND. ADISP«GT.AADISPLIDLII)=DDL2
IF1J.GE.JCL1.AND.J LT JC2.ANDJADISP.GT.AADISP3)OL{T)I=DDL2
IF{JeGEJC2ZsANDJ LT JCI. ANDCADISP,GT.AADISPSIDL(T)=0DL2
IF(JeGEJCI 1 ANDedo LT ¢ JCA4LAND.ADISPLGT AADISP7IOLEI)=0DL2
IF{JeGE+JCH, ANDaJ o LE.JCS . ANDADISP.GT.AADISPI)OLII }=00L2
IF(DLII) . EQ.DDL2.ANDD.LE.OT5)DL(])=DOL]

TLaTLADLII)
IF{TL.GE.LIGD TO 8
60 70 1

CALL LOCAL(J,D)

Gt.0I$P31}60 TO 99
pisesicd TO 99

982
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1

200

201
202
203

204

SIGMA{J,» I)sAT(Jd, L) SDLULI*PERIZA+SIGMALITI+1}
ASIGMALJ,II~(SIGHALJ,ID+SIGHALS,T¢1)]/2,.
CALL STEEL(J,I)

{FLI.EQ.1160 7O 3

ASTJsI-1)=AS(J, EI+EPSELOCS,I}*OLLT)
[al=]

GO TO 10

ADISP2eAS{Js II4EPSILOGJ,I)*DLIIY

13=100

ASTGMALI,T3)=SIGHALS,])

CALL STEEL(J»IMW)
ADISP1=ADISP2+EPSILOUJ,I3)%UL2

12=99

ASIGMA(S,12)=SIGMALS, 1) %A/

CALL STEEL{J»I2)

PaSIGMA(JsI)*A
ADISP=ADISPL+ULLI*EPSILOCI,I2}

NNNN=NNN+1

WRITE(6,200)P,ADISP
FORMAT (56X 4H**%%,%FORCE = *,F10.6/
110Xs *DESPLACEMENT & #,F9,5/)
WRITE{G,201)

FORMAT {10X,%BOND STRESS DISTRIBUTION 1%}
WRITE{6,202) (AT(Js1)s1ml,NNN)
FORMAT(1O0X,10F10.%}

WRITE(6,203)

FORMAT{1OX,*STEEL STRESS DISTRIBUTION 1%}
WRITE(6,204)(SIGMACIST) s 1ulyNNNN}
FORMAT(LOX,10F10.4}
IF(J.LTeJC1. AND. ADISP.GT.DISPL)GO TO 99

IF(JGECJCL ANDJo LT+ JC2. ANDLADISP.GT.DISP3)GOD TO 99
IF(J.GE.JC2.AND.JL LT JCILANDLADISP.GT.DISPS5)GO TOD 99
IFUJeGE4JC3eANDo JotTodC4s AND.ADISP.GT.DISP7}GO TO 99
IF{JeGE.JCO AND 4 JoLE+JC5. ANDJADISP.GT.DISPI)GOD TQ 99

GO 70 4
DL{I)=DLUI)#L=TL

99 RETURN
END

882
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291

aN3
NENL3N 65
(I€P)TE3SYIT 1Iv) 01
66 01 09

SUBROUTINE LCCAL (4,1

REAL KMY1pKK2 KK3 )KKa s KK )KKOsK1sX2ZpK35LsL29L30L
COMMON/LB/ZAT(25,100),A5(25,100),3MAX1(100),SMAX2(100),SMINL(100),S
SMIN2{100) o KKL1 s KKZ2y KK3 s KK g KK5, KKOs AALPHSBBETA, TOS»TC,)SCrTHAX,SMAX,T
sTHAX

AALPH‘-0015

KK4=3000,

TTMAX=Q,F%THAX

KK52 (TTHAX-TC)/{ SMAX-5C}

KK&=0, 92KK 3

Jl=Jg~-1

D0 1 I1=1,J1

IFLATII L, 1) uGT.TOLO0RLATI(IL,1).LT.-TO)GO TO 2
CONTINUE

Catl LCASEL(J,ID

60 70O 99

IF(J.LE.2)GG TO 98

J2=J31-1

D3 3 12=1,42
TFCATCI221)GToTOLORLAT(IZ2sI) L Ta=TQIGO TO &
CONTINUE

IFCAT(IL,I).0TTO)CALL LCASEZ(JN 1)
[IF(ATIIL,I)LT.~TOICALL LCASE21(J, 1)

GO TO 99

TFIAT{J1:1).LT.0)5,6

00 7 13=1,42

IF(AT(I3,1).GT,.TC)GO TO 8

CONTINUE

CALL LCASE&{J, I}

G0 TQ 99

CALL LCASE3(J4,I)

60 T0 99

00 9 l4sl,J2

IFCATIL4, ). LT.-TCYGO T3 10

CONTINUE

CALL LCASE4LUJ»I)

062

)76



SUBROUTINE LCASEZ(d» 1)

REAL KK12KK2sKKI)KK4pKKTaKKOsK12K2oK3y1L150L2,L 3L
COMMON/LB/AT(255100)sA5(255100), SMAX2(200),SMAX2{100),5MINL(100]),5
SMINZ2LLO0))KK1sKK2s KKIsKK4 KK SpKKOs AALPH ) BBETASTOs TCHSCH TMAX, SMAX,T
$TMAX

ASATAS(J=1,I)=(1~AALPHI¥AT(JI-1,])/KKS

ASB=AALPH¥AT({J=1,1)/KK]
IFIAS(IrI)eGToASACAND AS (e I alEASII~1, 1) )AT{J I eAT(J=1rI}-CAS(J
1=1sI1=-AS{Js 1)) *KK&

IF(AS(Is I eGT ASBaANDASIJs IV LECASAIATI), I} mAALPH*AT(I-1,T})
IFCAS(Jr I aGTe=SCoeANDGAS(JIy T )aLE+ASBIAT (I )=AS{Js])*KK]
IFIAS{dpI)eGTo=SMAXGAND ASTU ) I LE«=SCIAT(Js IS CAS(JpI)+SC)*XK2=-TC
RETURN

END

£62

SUBROUTINE LCASEL( S 1)

REAL KK1sKK2 3KKI pKKUsKKS,KKOG,K1sK2pK3,L sl 2oL 3L
COMMON/LB/AT(25,100)5A5(255100),5MAX1{100),5MAX2{100),SHIN1(100),S
SMIN2(100)»KK1pKK2p KKIp KKy KKS o KKOy AALPH,BBETA) TO» TCoSCorTHMAX,SHAX,T
$TMAX

IFCAS(Jr L) eGEa~SCo ANDAST{J,IoLESSCIATL Y, T )mAS(U,T)%KK]

IF(ASEI rI)oGToSCoANDAS(Is L) LESMAXIAT{J1)=m{AS{J»I)=SCI*KK2Z2HTC
TIFIASCUs Il To=SCaANDLAS(d ) oGE=-SHAXIAT(Jp I)m(AS(JsTieSC)I*KK2-TC
IF(ASCEds FY GT SHAXIATI S, T eTMAX~-{AS(Jy I)=SMAX)*KK]

IF(ASIUs I ol Ve=SMAXIAT(Jp ) o=THAX~{AS(J I )+SMAX)®KKI

RETURN

END

67



SUBROUTINE LCASEZ21 ¢4, 1)

REAL KKI,KKZ,KK3,KK&.KKS,KKb’Kl,KZ;KB:LI;LZ’L3’L
CUMHDNILBIATIZS.100),AS(25;IUOlySHAXLKIOO)nSHAKZ(IDO!:SHINI!IOO);S
iHIN?€100lpKKl;KKZ;KKS;KK#;KKi:KKb;AALPH;BBETA;TU!TC!SC,THAX:SHAX;T
$TMAX :
ASA-AS(J—l;X)-(l-iALPH)‘AT(J-ln[)IKK&

ASBeAALPH®ATII=-1,]1)/HK]
IF(AS(J:I)-GE-AS(J-l:I).AND-AS(J;I).LT.ASA)AT(J:I)'AT{J-I»I)-KK@*(
1AS(J=1,1)-AS (4,1 D)
IF(AS(J;l).GE.ASA.AND-AS(JJ!I.LY.ASB)AT(Jyl)'AALPH*AT(J-lnIl
IF(AS(J.I)-GE.ASB.AND-ASEJ,I)-LT.SC)AT(J’I)'ASIJpII‘KKI
XFlAS(J»I).GE-SC.AND-ASlJ,II-LF.SHAX)AT(J:l)'(AS(JnI)“SC)'KKZ#TC
IFlAS(J;I).GE.SHAX)AT(J;I)'THAX-(AS(J:I)-SHAX)*KK3

RETURN
END

SUBROUTINE LCASE3(dsI)
REAL KK1,KK2,KX3sKK4sKKSsKKOsK1pK2,K3sL1sL22L3,L
COMMON/LBZATI255100)3A5(25,100),5MAX1(100),5MAX2{100),5MIN1{100),S
SMINZ{100)sKK1,KK2, KK3,KK4,XK5)KKEs AALPH, BOETA»>TC,TCoSCrTHAX,SMAX,T
S THAX
IF(ASTJ=2,1).GE,SMAXL{I))1,2
1 DSMAXeSMAXL(I)=-SPMAX2(])
[F(DSMAXGE.Ce0L1)35%
3 BBETA=Q.75
60 TC 5
4 BBETA=Q.9=(SMAXT{I)=5MAX2{I))*]5,
G0 T0 5
2 BBETA=(Q,9
5 ASAmAS{J=1,11={1-AALPH)*AT(JI-1,s1)7KK4
ATBoAALPH*AT{)=1,1)
ASBeAS(J=1,1)=AT(J=1s 1) /KK&+0,85%(AS(J=2,]1)=AS(J=1,1))
ATC=BBETA®AT(J-251)
ASC=AS(I=-2,1)=(AT(J=2,1)=ATCI/KKS
AK= {ATC-ATB) /(ASC-4A58)
TE(AS{ds I ) eGEAS{I=1sI)oANDAAS{I T ) LTLASAIATII,T)wAT(J=1,T)=KK4${
LAS{J=1,1)=AS(Jr1}}
TFLASEIp T ) uGELASACANDeASCUS 1) LT ASBIATII,T)sAALPH*AT{I~1,1)
IF{ASCIs 1) JGELASBIATIJI ) »AK®{AS{J,1)=-ASB)I+ATE
IFLASEY,1),6T.5C)16,99
6 TM2eTC+{AS(J)I)-SCI¥KKS
THIsTTMAX={AS(Js I)~SMAX)SKKb
IF(AS{S L) uLELSMANLAND AT, R} GT, TH2)AT(d,T)=TN2
IF(ASEIr I} oGT.SMAXANDAT(Js1).GT.TH3IAT(JsI)eTMI
99 RETURN
END

h6T
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99

SUBROUTINE LCASE3L{IHT)

REAL KK1sKKZ2,KK3,KKaysKKS,KKAs Ko KZpKIsL1sL 2L 3L
COMMON/LBZAT(25510C)»AS(25,100),5MAX1(100),5MAX2(200),SMIN1(100),3
sHINz(100);KKI.KKZ,KK3,KK«:KK5,IKb;lALPH,BBE1I.16.7C.SC;THAX:SHAI,Y
STMAX

IFCAS(J=2,T)LE.SMINTILTIIIL,2

DSMINsSMINL(I)-SFIN2(I)

IF{DSMINJLE.=0.01)3,4

BBETA=D.75

60 10 5

BRETA=0. 9+ {SMINL (I }=SHINZ(T))*15,

GO 10 5

BBETA=(0.9

ASAZAS (J=1, 13- (1-AALPH)*AT(J-151)/KK4

ATB=AALPH2AT(J-1,1)
ASBuAS(d=1s1)=AT(J=1, 1) 7KK4+0.65*(AS(J=2s1)-A85{d=1,1))
ATCRBETA®AT{4=251)

ASCoAS(J=25, 1 )=TAT{J~2,1)-ATC)/KK&

AKw (ATC-ATB)7(ASCT-ASB)

TFIASCs T LELASTd=1sI)eANDASEIS I GT.ASAIATIII)mAT(JI=1,s0)=KK&S{
IAS(J=1,1)=-AS(Sp 1)

TFIASCIs I e LEASA.ANDLASTIS, T)GT ASBIATII, ) nhALPH*AT(I=1,1)
TF(ASCJrI)oLECASBIAT(Js I mAK*{AS(Js[)-~ASB]+ATD
TFEASEI )b Te=5L)6,99

TM2u=TC+{AS(JsI)4SC)*KKS

THIa=TTMAX=CASII 1) +SMAXI*KKS

IF(ASEds 1) oGE~SMANANDATLI, Tl ToTHZIAT I I eTN2

IFIASCIPI) oL TamSHAX AND AT (s L)L ToTMIIATIIsT)=TH]

RETURN

END

SUBRQUTINE LCASES{H])
REAL KKLpKK23KK3 XKK4G, KKS pKKSpK1pK2oK3sL15L2,5L3,1L
COMMON/ZLB/AYT(25,100)sAS{25,100),5MAX11100),SMAX2(1C0)»SMINL(100),S
SHINZ(100),KK1,KK2, KKIyKK4  KKS s KKE, AALPH,BBETA» TO»TCo»SCHTMAX,SMAX,T
$STHAX
BEETA=(.9
ATA=AALPH®AT(J=1,1}
ASASAS{J=1,1)=(1~AALPH}®AT(J=1,1)/KKé
ATB=ATA
ASBuAS(JI=1, I )=AT(J=1,I)/KK&L+0.65%{AS(J=2,1)=A45(J=1,1))
ATC=BBETASAT(J~2,51)
ASCRAS{JI=2,1)=(AT(J=25s)=-ATC)}/KK4&
AXs {ATC~ATB}7{ASC-ASB)}
ATOP=ATA
ASOP=ATOPFKK]
LF(ASOP.GE.ASB)YL,2
1 IFUASIIp ) oGE«ASTI=1, ) e ANDLASId I alToASAIAT (S, AT (J=1) ) =KKE*{
1AS{Jd=1,1)=AS(J21IN)
TFIASUI I ) o GELASALANDAASTI I ulToASBIAT(IsT)mAALPHEAT (J=~1,1)
TFCASTI T )eGECASBIAT(J T uaK®{AS{Ys)-ASB}+ATH
[FLAS(JsI).GT145C23,99
3 TH2eTC+LASUJI)=-SCI*KK2
TMI=TMAX~{AS(J, 1 )=-SMAX)*KK3
IF(ASTJs I WLELSMAX JANDJATId,I)eGT TM2IAT Y }TN2
TFIASTI I} aGT SMAX JANDATUI ) oGTL TM3)AT(Jd,])=TN3
GO Y0 99
2 IFIAS(JpI)eGEaAS =1 [)oANDASTIs ) oL ToASAIATHIT)eAY (=11 )~KKa¥(
1IASUJ=1,1)=AS(Jr11})
TFIASUI T} oOELASALAND W ASTJd Yo LT ASBIATCI s ) =AALPHEAT{d=]1,1)
IF(AS s [} oGELASBIAT(JI)wAK*(AS(J,[)-ASB)+ATS
EFIATIJP I} uGT AT (32,106,099
6 THI=KK1®0AS(J,I)
TH2eTC+LAS (I )=5C I®KK2
THIn THAX=(AS (ST }~SMAX)I®KK]
IF(ASCUr L o LEaSCoANDAT(JdsI)aGToTHIIAT(I I )uTHL
IF(ASEI L) aGTeSCeANDaAS(dsT) s LEeSHAX ANDGAT(Js L) sGT,TH2IAT (s )eTH
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99

1

2

(]

TFIASCUs T oGToSMAXSANDLATCU, 1) GToTMIIATII,I)aTHI
RETURN
END

SUBROUTINE LCASES1(J»I)

REAL KK1,KK2,KK3,KK4yKKSyKKB)K1sK2,K35L1pL25L35L
COMMON/LB/AT{259100)sAS(255100),SMAXLL{T00),5MAX2(100)sSHINL(1000,S
SMINZILCO s KKIsKK2) KK3)KKGs KK pKKE, AALPH,BBETA, TCoTC,SCoTMAX,5MAX,T
$TMAX

BBET"OUQ

ATA=AALPH®AT(J=1)p1}

ASA=AS{J-1,1)~({1-AALPHI*AT(J-1,1]/KK4

ATBeATA

ASBeAS(J=1,1)=AT(J=15 1) /KK&+0.652(AS{I=2510=A5(J=151)}
ATCeBBETA®AT(J-2,11}

CASC=AS(J=2,11-(AT(J=251}-ATCI/KKA

AK=(ATC-ATB}/LASC-ASB)

ATOP=ATA

ASOP=ATOP/KKY

IF(ASCP.LY,ASB)1,2

IF(AS(Jo I aLECAS(JI-1sT) s ANDCASUJrI)oGToASAIATII»IImAT{J=1,T)~KKA&{
1A5(d=1,2)=-AS51d»1))

IF(AStIp T) oL EaASALAND.ASCJ I aGTLASBIAT (I, T)=2AALPHRAT(I=-1,1)
TFUASUI) T) S LELASBIATUI 1) =AK®(ASUJ,T)=ASD)+ATH
LFIAS(JpI)alTa=5C) 3,99

TH2e=TC+(AS(J, L) +5C)*KK2

TH3s=~THAXK~{AS{J,1)45MAX)*KK]

IFLAS{Ir L) oGE.~SMANXLANDSAT(IS I aLT TH2YAY(J,T)eTH2

IFLASUIPI) e Ta=SMAX AND AT(Js1)eLTTHIIAT I, ]1)nTN]

60 YO 99

SFIAS(I I el EuAStd=1p 1) aANDAS(ISI)GT ASAIAT I, I)uATII=],1)=KKA{
1AS(3=1>1)1=-AS5WJ» 1))

EFEASUJs L) e LEcASAAND.AS{Js I} oGToASBIAT (I I)InAALPHOATI=141)
IFIASUJo I et EASBIATIU1)mAK®{AS{J,T)=ASB)+ATE
IFGATI, Tt TLAT(J-2,1))6,99

TH1*KK1%4514,1)

TH2e=TC+(AS(JIp I} +SLIEKK2

THI®—~THAX=~(ASCJp I +SMAX I #KK3

IF(AS(IP ) eGEe=SCaANDLAT(I,I) o ToTHLIATIS,T)aTH]

TF{AS(Ip L el To=SCoAND AS (I L) o GEa=SMAXCAND AT (I I)alTTHZIAT(dT )

862
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99

99

IFLASUI s I ol To=SMAXCANDAYIdS I LT THIIAT{I,T)=TH3
RETURN
END

SUBROUTINE STEEL(J,I)
COMMONZSTRAIN/FYSELsEZHEPSILOY,EPSISH,ASIGMA(25,100),€EPSILO(25,100
$1,SIGMAAL]IOC ), EPSILOA[L00),SIGMAT(LIO0),EPSILOT{I00,EPSA(100),BETA
$(100)» ALPH(100),D5161{100),DSEGZ2(100)»SIGMATLI(100)+SLGMAT2(100),51
SGMAT3IU100},SIGMATA{100),5IGMATS{100]}

Ji=J=1

00 1 Ilel,J1

[F(ASIGMALTL»I)4GTFY ., DRJASIGRALIL,E)aLT.=FY)GO TO 2

CONTINUE

CALL SCASE1(J.1I}
G0 70 99

DO 10 12=1,41
IFLASIGMALI2,10.EQ.SIGMAAL]L)IGO ¥O 3
CONT INUE

Jil=]2

JJal=4J1

IF(II.EQ.1ICALL SCASE2(J,1)
IF(JJILEQ.2ICALL SCASEIlJ»I)
IFIJJIJEQ.3IICALL SCASE4UJ,I)
IF(JJ.EQ.4)CALL SCASES(J,T)
IF(JJI.EQ.5)CALL SCASES(J,I)
IFLIJLEQ.B)CALL SCASET(J1)

RETURN

END

1ot
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COMMONR/STRAIN/FY,E1,E2,EPSILOY,EPSISH,ASIGHA(25,100),EP51L0(25,100
$),SIGMAA(LID0),EPSILOA(LO0),SIGMAT(I00)»EPSELOT(LO0),EPSALLOOTBETA
${100),ALPHI100),DSI62(100),D5162(1001s5IGMATLI(100),SIGNAT2(100),51
SGMAT3{100),SIGMAT&(L00),SIGMATSI100)

SSSe (AASIGMA-FY+SIGMAA(I)I=ASIGMALJIZ2=1,1))/12,0FY)

SS=ABS{355}

ES*BETA(TIIS{SSS~ALPH{I}#{55%*6,1))

EPROZSEPSILOGIZ=1, IV +EPSACL)~EPSILOAL(T)+2 ,%EPSILOY®ES

RETUEN

END

<3
~
FUNCTION EPRO3(J3,1,AAS5IGMA)
COMMON/STRAIN/FY)EL2E2,EPSILOY,EPSISH,ASIGMAT25,1001,EPSILO(25,100
$)sSIGMAA(IO0),EPSILOA(LIO0),SEGMAT(I00)EPSTILAT(100),EPSA(100),BETA
$(100), ALPH(100),DSIGLL100),DSIG2(100),SIGHMATI(100),S1GMAT2(100),51
SGHATI(1001»SIGMATA(100),5I6KATS(100)
SSSMe{SIGMAA(I)+ASIGMATII=1,1}=AASIGMA=FY}/{2.4%FY)
S5M=ABS(555K)
ESH=BETALT }* (SSSH=-ALPH{1)I®{55Mes4,))
EPRO3=EPSTLOA{T)+EPSILO(JII-1,[)-EPSA{I)-ESMPEPSILOYYZ,
RETURN
END
Lt
e
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CGHMDNISTRLINIFY’EluEZ:EPSILOY.EPSISH;ASIGHA(25-lOO)nEPSILU(Z’:lOO
!):S[GHAA(IOO)oEPSILGA(100)pSIGHAT!10019E?SIL0I(10031EPSA(100);!ETA
$(100),ALPH(IDO);DSIGI(IOOIDDSIGZ(100):SIGHATI(IOO!’SIGNATZ(100),5[
$GMAT3(100},SIGHAT4(100),SIGMATS(1Q0)

SIGMAS=-FY

3 SSSe(SIGHAS=FY)/ {2.#FY)

SS=ABS(SSS)

ES1aBETA(TI® (SSS~ALPH(TI*#(S59¢06.1})

ES=ESI*EPSILOY*2 ,+EPSALIL)

EESL=(E16-ES)

EEES1e=ABSIEESL)

IFtEEESL1.LE.0.0001)1,2

2 SIGMAS=SIGMAS+0.01

GO 70 3

1 TSIGMA=SIGMAS
RETURN
END

#0E

SUBROUTINE SCASELl(J,I)
COMMDONZSTRAIN/FYSE1rE22EPSILOYEPSISHAASIGMALZS»100)EPSILO125,1C0
$),SIGMARCI00 ), EPSILOACLIO0)»SIGMAT{100))EPSILOT(100),EPSALIQQO)BETA
$S(100), ALPHIL00},DSIGLI100),DSIG2(L00),SIGMATI{100),516MAT2(100),51
SGMATI(1001,SIGHMATA(1Q0),SIGMATS(100)

IF{ASIGMALI) I uGEe=FYLANDSASIGHALGJI )T ) LEFYIEPSILO(I,I)=ASIGNA(Y,I
11/7€1

IFLASIGNMALY, IV o GT.FYIEPSILO(J,T)n{ASIGHALI,I)~FY)/EZ4EPSISH
IF(ASIGMAL S 1 el To=FY)EPSILOCGJ»I)n(ASIGMALJ»IV+FY)ZE2~EPSISH
RETURN

END

$0¢
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COMMON/STRAIN/FYSE1,E2,EPSILOY,EPSISHyASIGMA(25,100),EPSILO(25,100
$)1»SIGMAALL00 ), EPSILOALLIO0),SIGRATLLI00),EPSILOTI1I00),EPSALL00),BETA
$(100),ALPH{1001,DSIGL(L00),DSIG2L100),SIGMATLIIL00),SIGMATZ2(100)551
SGMAT3I(100):SIGMAT4LL00),SIGMATS{100)

EPSALIN=EPSILOA(I)={SIGHRAATTI)-FY)/EL

EPPMAX=EPSA(I)-FY/EL

EPMAXsABS (EPPMAX)

EP=EPMAXFO,07

ALPHIT)=3,1+EPMAN/D.016

IFTALPHITI).GE.3,.10ALPH(T)"3,]

BFTA(I)nl,.+0.8%EP-0,38(EP*#],)

ED=EPRO2(Js1+04)

E16=ED-0.0106

EFFYsEPROZ2CJpI,~FY)

IF(EFFY.GE.E1H)1,2

1 SIGMAT(I)==FY
EPSILOT(I)=EFFY
60 TO 3
2 SIGMAT(I)=TSIGMALISELD)
EPSILOT(I)=ELS
3 IF(ASTIGMALS, I} GECFY)EPSILO(I,» L )=EPSILOACTI=(STIGMAALIY-ASIGNA(S,])
11/€E1

IF(ASIGMA{Js 1) ,GE«SIGMAT(I ) ANDASIGMACI, 1) eLTFYIEPSILO(J>IY=EPRD
12(dsIsASIGNALI,I )]}

IF(ASIGMA(I, I) LT SIGHAT(I)IEPSILOCI )= (ASIGMA(JS I )=-SIGHAT(I))/E2
1+EPSILQT(IY

RETURN

END

SUBROUTINE SCASE3lJ,I)
COMMON/STRAIN/FYSELpE2)EPSTLOY,EPSTISHsASIGMA(25,100),EPSTLD{25,100
$),SIGMAALLOO ), EPSTLOALLOC) )SIGMAT(LQO},EPSILOT(L00),EPSA{L100),BETA
$(100), ALPH(100),0S161{100),0S1G62(100),SIGMATL(LO0)»SIGMAT2(100),S51
SGMAT3{100)sSIGMATA(100),SIGMATS5(200)

DSIG1{(L}=SIGMAA(I)-FY

DSIG2{I)=FY=~SIGMATII)

SIGMATT=ASIGMA(I-1,1)¢DSIGL(])
SIGRATL{I)=ASIGMA{J=1,1)+DSIGLLLI+DSTIG2(])
IF(ASIGMA(J~1,1)+GE-SIGMAT(I}]5,6

5 IF(ASIGMA(Js IV oGEeASIGMALS~1sI)oANDASIGRALI»I) LT SIGMATT)IEPSILO(

1, 1)=EPSTLOCI=1s TI=(ASIGHALI-1,[)-ASIGMALI,I))/EL

TFCASIGMACJs T)oGESIGHATT,ANDLASIGHACI, EYLTSIGMAALTIIIEPSILOtI )
1sEPROI(IS I, ASIGMAL S, 1))

IF(ASIGMALJ, I)aGELSIGHAA(TIIEPSILOtI»T)=EPSILOATI)I={SIGMAAIL)=~ASIG

CIMAWISINM/E2

6o T0 99
6 [FLASIGMA(I» IV . GELASIGMALI-1,T). AND ASTGMALJSTI}.LY.SIGMATTIEPSILOL

LIsIYSEPSILDU Y=L, DI=LASTIOMATI=-1,1)-ASIGNALI,T)Y/EY
[F(ASIGMA(J» IV eGE«SIGMATT.AND < ASIGMALJISI) LT SIGMATI(INIEPSELOUJ,T
L) =EPRO3I(J, Is ASIGHA (S, 1))
TFCASIGHA(I s 1) oGE«SIGMATL(I)IEPSILO(IsT)=EPSILOACI)-(SIGMAA(L}=AS]
1GMALI, I))/E2
99 RETURN
END

90¢
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SUBRDUTINE SCASE4lJS, 1)

COMMON/STRAIN/FY E1,E25EPSILOYSEPSISH,ASIGMAL25,100),EPSILD(25,100
$)sSIGHAALLOO0 ), EPSILOACL00),SIGHATI100),EPSILOT(LODY,EPSA(LI00),BETA
$U1001, ALPHIL100), DS IGL(100),DSEG2(100),STGNATL(100Y»SIGMAT2(100),S1T
$GMATI(100), SIGMAT4 (100}, SIGHATS(100)

SIGMATT=ASIGMALJI-1,I)-DSIGLL{T])

SIGMATZ2(I)=ASIGMACI=-1,1)~DSIGI(T)}=DSIG2(])

IF(ASIGMA(J=~2,1).GEsSIGHATLINIL,2

1 IF(ASIGMALSsT)eLECASIGMALS=1,T)  ANDLASIGMATS, ) GT.SIGMATT)IEPSILO(
14 D) =EPSTLOGI=1» I)-(ASIGMA(I=-1,[)-ASIGMA(JI,I))/EL

IF(ASIGMALIS 1) LESTGMATT ANDASIGMALYST).GTLASIGHALI=2, 1) )EPSTLOY
14, 1) =EPRD2(J512ASIGMALI,I))

IF(ASIGMACJ, 1D LECASIGHA{I=2,T) AND.ASEGMALIPI).GToSIGMAT(IIEPSIL
10¢d, 1) =EPRO2(I-2,T,AS5IGMA(I,1))

TFCASIGMALI, 1) e LE.SIGMAT(I)IEPSILO(J,IIEPSILOTIII+{ASIGMALS,)=51
1GMATLI)V/ER

G0 10 99

2 IF(ASIGMA(d=-1,I).GE.SIGMATLI{I))3,4
3 IF(ASIGMACJ, I aLELASIGHALJ~1, 1) sANDASIGMALI,;1).GT.SIGMATTIEPSILOL
13, T)=EPSILOCI=1, J)—{ASIGMAL{J-1,1)-ASIGMAIJII}}/EL

IFCASTGMALI S 1) o LESIGNATT . AND, ASIGHAL» T Yo GT.SIGMAT2UINIERPSILOLI,]
1)Y=EPROZ(JI> T, ASIGHALI, L))

IF(ASIGMATJ, I} o LELSTGHATZ(I)IEPSILO(I» TIEPSILOTCII+(ASIGHALS, )=
1IGMAT(INY/ER

60 TO 99

4 IF(ASIGMATJINI) JLECASIGHALI=1,T1).ANDLASIGHALI, T} . GT.SIGMATT)EPSILDH
1o [I=EPSTLO(I=1, E)=LASIGMA(I~1s [ )-ASIGMAC(IST))/EL

IFUASIGMACJ, )L LE. SIGMATT . AND . ASIGMALJ, 1) GTASIGHA(J=2, T1))EPSILOL
1JsT)aEPROZ(IHTHASTIGMALI,T))

IF(ASIGMA{Js IV lE.ASIGMALJ=Z, IDIEPSILOSI I =EPSILOTITI+(ASICNA(Y,]
1)1-SIGMAT (1)) /E2

99 RETURN

END

SUBROUTINE SCASES(Jsi)

COMMONZSTRAIN/FY EXpE2,EPSILOY IEPSISHIASIGMAI25,100),EPSTLO(25,200
$),SIGMAA{100),EPSILOA(100),SIGMAT(LO0)EPSILOTIL00)sEPSA(LO0)BETA
$(100), ALPH(100),0S161(100), DSIGZ(100).5IGHATI(IOO)pS!GHATZ(1001;51

SGMAT3(100),SIGMAT4 (100}, SIGMATS(100)

SIGMATT=ASIGMA(S=1,1)+DSIGLLI)

SIGMAT3{L)»ASIGMA(J=-1,11+DSEGLC(L)+DSIG2(Y)

IF(ASIGMA(J-3,[} +GE.SIGMATLIII1,2

1 TFCASIGMA(S=1,T).GE.ASIGMALI=-2,1))G0 TD 2

IF(ASIGMA(S=1, [} sLToASTGMA{J~35T)oAND.ASIGMAIJ=1,1)GE.SIGMAT(I))IG
10 TO &

IF(ASIGMACJ=1,1) . LT.SIGMAT(E)IGO TO

3 IF(ASIGHAIJs I} oGEASIGMACI=121) 0 ANDeASIGHMACI,»T)oLT . SIGMATT IEPSILOY
14, 1) =EPSILO(J-1,E)~CASEGNA(I=1,[)~ASIGMALJ,I})/EL

TF(ASTGMALJ, 11 .GE. SIGMATT. AND. ASIGMA (I, L} LTLASTGMALS=2, E11EPSILOY
145 11=EPRO3(I,I,ASIGHALI, 1))

EF(ASIGMA(Js T)oGE.ASIGMA(J=2s 1) ANDLASIGMACIsI) LYo SIGMAALTIIEPSTL
104, T)=EPROI (=2, [, ASTGMALI, L)

IFCASIGMA(Ss 11, GE.SIGHAAIT)IEPSILOCS, 1) =EPSILOALTII#(ASIGMA(J,T)~51
1GMAA(I)}/E2

60 TO 99

& TF(ASIGMA(Jr I)oGELASIGHACJ=1,T14AND, ASTGMA(J, 1), LT.SIGHATTJEPSTLOC

14511 eEPSILOlI-1, 1) =CASIGMALI-1,1)~ASIGMA(J,I))/EL

IFCASIGMALYs [).GE.SIGHATT (ANDLASIGNALS, I LT SIGMAALIDIEPSILOI,T)
12EPRO3(Js15ASIGHALI, 1))

IF(ASIGMA(Js 1) oGECSIGMAALL)IEPSILOCI, II=EPSILOACI)+(ASIGMALI,T)-S]
1GMAACI ) /E2

80 10 99
5 TF(ASIGMALJI,»E).GE.ASIGMALJI=1s [ ). ANDLASIGHA(S, 1), LT.SIGHATT)EPSTLOY
14,11 eEPSILOLI-1,T)=CASIGMALI=1, I)~ASIGMA(J, L)) /EL

TF(ASIGNALI s 1) GE«SIGMATT cAND ASTGHALI»I)oLT  SIGMAT3I(I)IEPSILO(I,I
11aEPRO3(S,1,ASIGMA (S, 1))

LF(ASTGMA(J, T}, GE, SIGHATB(I)’EPSILU(J;l)0EPSIL0AII)‘(ASIGHA£J;I)-S
1IGMAA(TI)) €2
60 T0 99
2 IF{ASIGMA(J=251),GE.SIGMATI(T) 6,7

BOE
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LF{ASIGHMALJ-1, IV LT.SIGHATZ(LI))GO TO 9
8 IF(ASIGMACI s I) . GELASIGHRALI=1, 1), ANDJASIGHMA{I» L) LT . SIGRATT)IEPSILD(
VI DI =EPSILOCI=1, IV =(ASIGMALI=1sI)~ASIGMA(J,]))/EL
IFCASIGMA(J, 1) o GEoSIGMATT  AND . ASIGMA(J» I ) LT ASIGHMA(I~2»I))EPSILOL
1d, 1)eEPROA(JI,IPASIGMALS, 1))
TFCASIGMA(I ;1Y GELASIGRALI=2T)IEPSILOLI,IY=EPSILOALL J+{ASICMALY,!
I)=-SIGMAALTI))IE2
60 TO 99
9 IF(ASIGMA(JII)eGEASIGMALI=L,1) ANDoASIGHA(I- L) LY SIGMATTIEPSILOY
14, 1)=EPSILOCS=1, I} ~{ASIGMA(I~1,T)~ASIGMA(J,I))/EL
[TF(ASTIGHACI,; [} GELSIGHMATT  ANDASIGMA(I, L) LY. SIGMATIC(I))IEPSILO(JI,I
11-€PRO3{JI,I,ASIGKA(I,1))
IFEASIGMALI s 1) e GESIGMATILIIIEPSILO(J, L) =EPSILOAC(LI)+LASIGMALJI,I)-S
LIGMAALLI})/ER
GO TO 99
T IFLASIGMA{JI=1s1)+GE.ASIGMA{JI=3,1))GD TO 10O
IFTASIGMA{J~1s1)«LT.ASIGMALJI-3,]1))G0 TO 9
10 IF{ASIGHALS» IV oGECASIGHALI~1 oI o ANDJASIGHMALI, T) LT SIGRATTIEPSILDY
LIJyI)=EPSILO{J=2,1)=(ASIGMALI=1,1}=-ASIGMALJ,1))1EY
IF{ASIGHMACI, 1) GELSIGMATT.ANDASTIGMA(I»T I LT LASIGMA(SI=2,1)IEPSILOI
14,1 3=EPRO3(JHIASIGMALIS1))
IF{ASEGMALIS 1) oGELASIGMACI =2 1) ANDJASTIGMA(J,I) LY .SIGMATI(I))EPS]E
1ILO0(J»EISEPROI(I~25 Lo ASIGHRALIS 1)}

IFCASIGMATI, I)GEJSIGMATI(IDIEPSILOCI, IV =EPSILOACTII+(ASIGHA(J,T)~5 -

1IGHRAALIY)IEZ
99 RETURN
END

SUBROUTINE SCASESG(S, I}
COMMONISTRAIN/FY»E1,E22sEPSTLOY,EPSISH,ASIGMA(255100),EPSILO(25,100
$)sSIGMAA{LO00),EPSILOALLIO0I,SIGMAT(LOC),EPSILOT(100),EPSA(IO0)+BETA
5(IOO)pALPHGIOO)pDSIGI(lOO))DSIGZ(lOO):SIGHATI(1001)5[GHIT2(1001!5]
SGMAT3(100)s5IGMAT4 (100),SIGMATS5(100)
SIGMATTeASIGMALI-1,1)-DSIGL{(I)
SIGMAT4{I)%ASIGMA(J=1,1)~DSIGL(L)~-DSIG2(T)
IF(ASIGMA{J=~4,1) . GE.SIGMAT(I))1,2
1 IF{ASIGHACS-2,T1.GELASTGMNACI=4,I))G0 1O 3
léF;SSIGHA(J-Z;I)cLT.ASIGHA(J‘ﬁ;I).lND.ASIGHA{J-Z:I).GE-SIGHAT([))G
4
IFCASIGMALJI=2,11.LT.SIGMATIINIGO TO %
3 IFTASIGMALI-1,1).GE.ASIGMA(J=3,]))627
& IF(ASIGHAGI, D)o LE.ASIGMA(JI=1,T1)0ANDJASIGMA(S,T).GT.SIGHATTIEPSILOL
s I)=EPSILO(I1,1)-(ASIGHMA(JI~1,[)~ASIGMALJ,T))/E]
IF(ASIGMALI» T)oLESIGMATT . ANDLASIGAALY» 1) oGToASIGNALI=4, T)IEPSILO(
LI, I=EPRO2UJISILASIGHA(IS]))
IF(ASIGMATd, 1) ol EASIGMA(I =42 ) AND,ASIGMA(JSI) . GT.SIGHATII))EPSIL
100(Js ) sEPROZ(I-4 I sASTIGMALISIY)
IF(ASIGHMALI, 1Yo LESSIGHATIIIIEPSILO(IS I )EPSILOT(I)+(ASIGMA(J,I)=SI
1GMATI(I))/EZ
GO 1O 99
7 IFIASIGMALI» T)alEASIGHMACI=1sT ) ANDASTIGMALS, T} GT SIGHMATTIEPSTILO(
1o L)=EPSILO{I-1,1)=(ASIGMA(J=1,[)~ASIGMA(J,I))/EL
IF(ASIGMA(Js I)LE«SIGMATT. ANDLASIGMA( I, E).GT ASIGRA(I=2, 1) )EPSILO(
Tds T¥sEPROZEILILASIGHALE, 1))
IF(ASIGMA(J, TI)uLEASIGMA(J=251) . AND ASIGMACIS])oGTASIGNALI=4,1)]E
IPSILOCI, IVeEPROZ(I=2,1,ASIGMALI,I))
TF(ASIGMA(I» IV o LEASIGMALS~49 ) s ANDASIGMATI,T).GT.SIGMATII}IEPSIL
10(Jd, TIEPRO2(J~431,ASIGMA(I,I))
IFCASIGMALJ, T}oLE«SIGMAT(I)IEPSILO(I, I wEPSILOTII)*+{ASIGMALI,T)=~ST
1GMAT(I)Y)/E2
60 T0 99
4 [FOASIGMA(JISI) JLELASIGMA(I=1,T) ANDJASTGMALI ). GT, SIGMATTIEPSILOY
14,11 =EPSILOCJ-1, 1) -CASIGMA(I~1,T)~ASIGMA{J,I)}/E2
EFC(ASIGMACI, I LE. SLGHATT L ANDASIGHALJIP L) GT ASIGRALI=2) 1) JEPSILOY
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]

IF(ASIGHA(J:I)oLE-ASIGHA(J 22E) 2 ANDLASIGMALI,T)oGT.SIGMATII))EPSIL
10013 =EPRO2(J=4+1,ASIGMA(JIAI))
IFCASIGMATJIp D) LELSIGMAT(T I YEPSILO(I,T)=EPSILOTC(IN+{ASIGMALJ,])=S]
1GMATLI}/EZ
60 70 99
5 IFIASIGMACI-1,1).GELSIGMAT3{I))B,9
8 IF(ASIGMA(JII)LEASIGMA(JI=1s1) AND.ASIGMA(I, 1) .GT . SIGMATTIEPSILOL
10, 1) =EPSILO(J=15 1)1 ASIGMALJI=2,1)-ASIGMALI,I})/EL
IF(ASIGNALI» I) i LECSIGMATT A ANDASIGMA(J, I} GT.SIGMATA({L)IEPSILO(J,I]
1)=EPROZ2UJ, T, ASIGHALI» 1))
TF(ASIGMALJY, 1) G LELSIGMATACI)IEPSILOGII)=EPSILOTIT)+(ASIGHALI,)-S
1IGRAT(I))/E2
GO0 70 99
9 IF(ASIGMALJ, I} uLEASIGMA(I=1s])eAND.ASIGMA(S,T) . GT.SIGHATTIEPSILO(
1dsT)mEPSILOlI=-1,0)~(ASIGMA(J-1,1)~ASIGHA(JS,T})/E]L
[FUASIGHALY» T) s LE.SIGMATT ANDLASIGMA(I, 1) GT ASIGKALI-2TI)EPSILOY
14, IV =EPRO2Z(JSI»ASIGMALILI))
IF(ASIGMACJ, I)4LELASIGMA(I=2, J)JEPSILO(J» T )=EPSILOT(I)+(ASIGMA(J,I]
1)-SIGMAT{I)}/E2
G0 1O 99
2 IF(ASIGMA(J=23,T).GE.SIGMATLI{(I) 10,11
10 IF(ASIGHMA(I-2,1).6E.SIGMAT2(IN}12,13
12 IF(ASIGHALJI=1s1)GE.ASIGMA(I=3,1))14,15
14 IF(ASIGMA(JSI)LE.ASIGHA(J=1,1) ANDASIGHALJ,I) 6T.SIGHATTIEPSILO(

1 I)=EPSILO{J=1,1)~T{ASIGMA{J~1,1)-ASIGMALL,TI})/EL

IF(ASIGMA(I, D) LELSTIGMATT.ANDLASIGMALI, I GT.SIGMATL(TINIEPSILOLI,E
1)«EPRO2{J, 1, ASIGHA(I, 1))

IF(ASIGMARIS I)oLESSIGNATA{I)IEPSILO(J,I)I=EPSILOT(I)#(ASIGNALJI,]I)=-5
TIGMAT(I)}/E2

60 TO 99

15 IFUASIGMACJS I)LEASIGHMAII=1,T) AND.ASIGMA(J ) GTSIGMATTIEPSILO(

1ds 1) =EPSTLOGI=1, I)=(ASIGHA(J=1,1)-ASIGMALI,TI)/E]

IF(ASIGMA(I, T} LEJSIGMATT . ANDLASIGMALI S [)GT ASIGMALJ=2, 1) JEPSILOL
14, 11=EPRO2(J,I,ASIGMA(I,I))

[F{ASIGMA{Jd» 1) LELASIGMA(JI=2, T AND.ASIGMALS» T} aGT«SIGMATZ(I))EPSI

1LC{J»E)=EPRO2(J~25 I ASIGHALIST))
IFtASIGMALJ,I).LE. SIGHATZ(II)EPSILD(J.I)-EPSILUY(!)*(ASIGHA(Jol) s
1IGMAT(I})/EZ
60 T0 99
13 IF(ASIGMAtI-1,1).GE.SIGMATIIT})20,21
20 IF(ASIGMA{Js]).LELASIGMALS=1,1).AND,ASIGMA(I, T}.GT.STGMATTIEPSILOL
34 T)«EPSTLO(U=1, I} ~{ASIGHALI~1,T}ASIGHALJ,T})/EL
TFCASIGHALI,) I uLELSIGHMATT . ANDLASIGMALI» I} GT.SIGHMATAITI}IEPSILOWI,T
1)sEPRO2(J» 15 ASIGMA(JST))
IF{ASIGMACI ) I} cLESSIGHATS(IIIEPSILOLI,I)=EPSILOTIII#(ASIGHA(I,I)-5
IIGMAT(II)/E2
60 7O 99
21 TFEASIGMALI; 1V LEASIGHALI-1sI)aANDASIGMALI>I)«GT.SIGMATTIEPSILUL
IJs D) eEPSILOI-1, I3~ (ASIGHA(JI=1,T)=ASIGMA{J,T))/EL
IF(ASIGMAL{S» 1) o LE«SIGMATT . ANDASIGMA(Js T} 6T ASIGHALI=-25T1EPSILOL
1J,I)mEPROZIJSIsASIGMALISI))
IFIASIGHMACI, T) LELASIGHA(I=2, 1) IEPSILOUJ, ) =EPSILOTIII+(ASIGMA(Y,L
1)~SIGHMAT(I}Y/E2
6o 10 99
11 IF(ASIGMA(JI=2,1).GE.ASIGMA(JI=4,11)106,17
16 IF(ASIGMA(I~1,I) LE.ASIGMA(J=3.1))G0 TO 22
IFLASIGMATJ=1,T) .GT.ASIGHALI=3>1) . ANDLASIGMA(JI=1sI) . LE.STGMATLI(I )}
160 10 23
IF{ASIGMATI-1,T),.6T.SIGMATI(I)IGO TO 24
22 IFLASIGMALJ) I} oLELASIGNALI~1,s ) AND.ASTGMA(J, T GT.SIGMATTIEPSILOL
14, IVsEPSILO(I=1, 1) ~{ASIGHALI=1,[}~ASIGMA(J,I})/EL
IF{ASIGMA(), IV LELSTGMATT ANDGASIGMA(I > T GTASIGHNALI=2, T} )IEPSILOY
1J1)=EPROZ{JSISASIGRA(IS]I))
IFLASIGMALJ, T} o LELASIGHA(I=2s 1) s ANDASIGMALI»I).GT.ASTGMA(I=~4,T)IE
1PSIL00J»JI=EPRO2(JI~2,1»ASIGHALI,1))
IF(ASIGMA(J, 1) LE.ASTGMACJ~4,T))EPSILOCI,T)=EPSILOTIL)¢(ASIGHALI,]
1)-SIGMAT(I)}/E2
GO 10 99
23 IF{ASIGHALJ, IV LELASIGMALJ=1,1 ) AND.ASTGMALI,T).GT.SIGNATTIEPSILOL
1dp D)EPSILOCI~1o T} ~(ASIGMALI=1,])~-ASIGNA(JLT}I/EL
IFCASIGMALI, 1)L LE.SIGMATT  ANDGASIGMA{ I, T} GT.ASIGMALI=4» 1) IEPSILOY
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1J2 I =EPROZIJHINASIGMA(I,1)])
IF(ASIGMALI» I} o LELASIGHACI-4, TV IEPSILOLI, TYEPSILAOTL{L IS (ASIGHACS]
1}-SIGMAT(I)}/E2
60 TO 99
24 IFCASIGMALJ, 1) LE.ASIGMAIJ=~1,T) ANDASIGMA{JsI) . GT .SIGHATTIEPSILO(
LIsI)=EPSILOGJ=1s 1) ~{ASIGMAL{I~1,1)~ASIGHMALJ,T)I/EL
IF(ASIGHALY s IV aLELSIGMATT.AND.ASIGHA(S, L) GTY,SIGHATS{I)IEPSILO(I,]
11=EPRO21J,1,451GMA(I, 1))
IF(ASIGMA(I, 1) LE. SIGMATGCI)JEPSILO(J, I =EPSILOTLLI)+{ASIGMA(I,I)-S
1IGMAT(I))/E2
GO TO 99
17 IF(ASIGMA(I-1,T) . GE.SIGMAT3([)}18,19
18 IF{ASIGMA(Js I}+LELASIGMA(J~1sI)oAND . ASIGMA(S,I).GT.SIGMATTIEPSILOL
1J,I3wEPSTLOLI=1, ) =(ASIGMA(J-1,1)~ASIGMA(J,I)V/EL
[F{ASIGMALIs I} 2 LESSIGHATT . ANDSASIGMA(Is 1) eGT.SIGHMATA{IIIEPSILOLI,EK
1)=EPRO2(J, I, ASIGHA(S, 1))
IFCASIGMALY, 1) LELSIGMATG(T)IEPSILOCI, 1) eEPSTILOT(L)+(ASIGMALI,I)-§
LIGMAT(I)) /€2
G0 TO 99
19 IF{ASIGMALIS I} LESASIGMALJI=1 T )s ANDASIGMA(IT)oGToSIGMATTIEPSILO(
1ds I1eEPSILOUI-1sI}~(ASIGMA(I-1,T)-ASIGHALI,I)I/E]
IF{ASIGHMALU, TJ4LELSIGHATT.AND . ASIGHA(JI,I).GT.ASIGMALS- Z:[))EPSILU(
1J5T1=EPRO2IJ,T,ASIGHALI,I))
IF(ASIGMA(CI» 1) o LELASIGMA(I=Zs 1) IEPSILOIJaT ) *EPSILOTII}I+(ASIGMALI,T
1)-SIGMAT(I))/E2
99 RETURN
END

SUBRDUTINE SCASET{J»I)
COMMON/STRAIN/FY,EL1»E2,EPSELOY,EPSISHsASIGMA(25,2100),EPSILD(25,100
$)sSIGMAALICOI»EPSILOALILOO)sSIGMATILO0)sEPSILOT(100),EPSA(LICO0),BETA
s{100)5 ALPHLLI00),DSTIG1I1100),D5162(100),SIGMAT11100),SIGMAT2(100),51
$GMATI{100),SIGMATA(100),SIGMATS5(100)
SIGMATT=ASIGHMA{J=1,I)+DSIGL(I)
SIGMATS{I}aASIGMA{J-1,1)+DSIGICIN+DSIG2(T)
TE(ASIGMA(I-55T) .GELSIGMAT{II L2
1 IFCASIGMALI=-3,T1).GELASIGMALI-5,1))G0 TO 3
IF(ASIGMALI=3,1) L T+ASIGMA(I=5,1 ). AND.ASIGMA(I=-3,K).GE.SIGMAT{I) )6
10 7O 4
TFLASIGMA(S=3>1) LT .SIGHATIIIIGO TO 3
3 IF(ASIGMALI=-2,T) . GE.ASIGMA(J=&,1})6s7
6 IF(ASIGMALI=1,T).GE.ASIGMA(J~-5,1))GD TO &
IFCASIGHALI=13T) oL ToASIGHA(I=5,T)2ANDJASIGMA(J=-1,1}.,GE,SIGMAT{L}}G
10 70 9
IF(ASIGMALJ=1,I) LT.SIGMAT(L})IGD TO 10
B IF(ASIGMACI» IV GELASIGMA{S=1, 1) AND.ASTGMALI, T} .LT.SIGMATTIEPSILOL
1, 1) =EPSILOCJ~1, 11 ={ASIGMAtI-1,1}1~ASIGMA{J,I))/E]
TFUASIGMALI, 1) GELSIGHATT . ANDASIGMATI, I LT ASIGHMALI=2> I 1IEPSTILOL
145 1 1eEPROI(ISISASIGRALS, 1))
IF(ASIGMA(Js 1) o GELASIGMA(J=2s 1) ANDASIGHA(LI,T) LT .SIGHAACI})IEPSIL
100J, 11 =EPROA(I=4, T ,ASIGHMALISI))
IFCASIGMALY, T)oGELSIGMAA{L)IEPSILOUJ, T} =EPSTILOALT)+LASIGMALI,T)=51
1GMAA(I})/E2
60 TO 99
9 [FUASIGMALI, 1) GELASIGHATI=L,I)  ANDJASIGMACI, ). LT.STIGHATT)IEPSILOL
1o I}=EPSILO(J=1s [)=(ASIGHALI=1,T)-ASIGMALJ,1)2}/EL
IF{ASIGMACJIs 1) sGELSIGMATT ,ANDLASIGMALJ, TI.LT.SIGMAA(L)IEPSILO(J,L)
1#EPRO3(J-4, I,ASIGHALJ»1))
IF(ASIGMA{J» 1) GELSIGMAA(TIIVIEPSILD(J, 1) =EPSILOALT)*(ASIGMALS,I)~5I
1GMAA(IDNI/E2
60 Y0 99
10 IF{ASIGHMAL, I GELASIGMA(I=1, )  AND.ASTGMALI,TI) LY .SIGMATTIEPSILOI
14 IIEPSILO(I-L, I)=(ASIGHMALI=1, L 1=ASIGHALJ,T)I/E]L
IF(ASTIGMALS s T).GECSIGMATT . AND ASIGNA(JI»I) LT STIGMATSUI)}EPSILO(J,I
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L1)sEPROI(JI> I, ASIGMALS,I))
IF{ASTIGMA(S, IYoGE, SIGMATSCT) )EPSILO(I)I)=EPSILOACLI)#LASIGMALJI,T)=5
IIGMAACI)D}/E2
GO 70 99
T IF{ASIGMACJ-1,T).GE.ASIGHA(I-~3,())G0 TO 11
IF(ASIGMALI=1y 1)L T.ASIGMALI -3, T) ANDJASIGHALI=1,12.GE.ASIGMALI=S,
11))60 70 12
IF(ASIGMATI=~1s 1) LTeASIGMALJI =5, 1) ANDASIGMA(JI-L,I).GE.SIGNAT(I))IG
10 70 13
IF{ASIGMA{JI-1,T) L ToSIGHAT(TINIGD TO 14
11 IF(ASIGHALI,I)oGELASTIGMALS=1, 1) ANDLASIGMALI, ) LT.STIGHATTIEPSTLOL
1J51)oEPSILOUI=2, 1) —(ASIGMA{J-1,1)-ASIGHA(I, 1)) /EL
IF(ASIGMAL S, 1) eGE+SIGMATT ANDASIGMALJ,T) oL T ASIGKA(I=2s 1) IEPSILOL
1J,1)=EPRO3(J,I,ASIGMA(J,I))
IFLASIGMALI, 1) GELASIGHACI-2, 1) AND ASIGHA(IS T LT ASIGMA(I-4,TI)IE
1PSILOCI T)=EPROA(I-2,I,A5TGNALI>T))
IF(ASIGMA(JY, I)eGEASTGMA(I~4,y T ANDASIGMA(J,IY. . LTSIGHAA{IIIEPSIL
10€(J)s IV =EPROZLI=&, I,ASIGMA(IS )]}
IF(ASIGMALJ, T)eGE,SIGMAATTII)EPSILOCI,I)=EPSILOACTII¢(ASIGMA(J»])=SI
1GMAALIN)/E2
60 Y0 99
12 IF(ASIGMA(JI,I)oGE. ASIGHMA(I=LsT) AND.ASTGHAGIS T LTSIGHATTIEPSILOY
1J,1)sEPSILO{J=1,T1)~{ASIGRALJ-1,1)-ASIGMA(J,I))/E]
EF(ASIGMA(S, 11 eGELSIGHATTAANDSASIGMA(J» 1)L ToASIGHA(S=4, T)IEPSTILOC
145 1Y=EPROI(J,T,ASIGHALS,I))
IF(ASIGMA(IS 1) GELASIGMALJI=6s ) ANDLASIGMALI»> T)LT.SIGHAALT) JEPSIL
10(J I1=EPROIUI=4,1»ASICNALIS )]
IF(ASIGMA(J,I)eGELSIGHAACII)EPSILO(J,1)=EPSILOACI}+(ASIGAA{J,I)~S1
1GHMAA(T))/E2
GO 70 99
13 IF(ASIGMALS, 1) .GE.ASIGMA(I-1,T01.AND. ASEGMA(Js 1) LT .SIGHATT)IEPSIL O
14 IVEPSILO( =1, 1)~{ASIGMALJ~]1,]1)~ASIGMA(J,]1))/EL
IF(ASIGMAtJ» I} sGELSIGHATT.ANDASIGHA(Js 1)« LT.SIGMAA(LI)IEPSILOCJI,T)
1=EPRO3 {4, 1,A5IGMA(J,I))
IF(ASIGMALI, I} .GE,SIGHARIT})EPSILOCI,II=EPSTLOA(T) #(ASIGMALJ,}=SI
1GMAA(T)V/E2

14 JF(ASIGMALJ, 1) GELASIGMALS=1,T).ANDASIGMA[J»T),.1LT, SIGH‘TT)EPSILU(
145 II=EPSILOD(d=1s ) =C(ASIGMALI—-1,1)-ASIGHA(J,I))/E]L
IF(ASTGMATJ» [)eGESIGMATT.ANDASIGMA(JS 1) e LTSIGMATS(TIEPSILOJ,I
1)=EPROI(JI,T,ASIGMA{I,1))
IF(ASIGMA(YS 1Yo GE.SIGMATS{I)IEPSILO(J»T)=EPSILOATTII#(ASIGMALIT)-S
LIGMAA(IY)/E2
GO 7O 99
4 IFIASIGMAlI-1,1).GE.ASIGMA(J-3,1))60 TO 15
TFLASTIGMATS=1oT) L TOASTGMA(J =3, 1)+ ANDASIGMA(I=1,1).GE.SIGMAT(]))C
10 10 16
IF(ASIGMACI-1,T).LT.SIGHMAYL(INIGO TD 17
15 IFCASIGMALJ, 1) ¢GELASIGHALJ=1s 1) ANDLASIGMALJ,T) . LT.SIGHMATTIEPSILOC
LTJs DY mEPSILOtI~Ts 1) ~(ASIGMALI=1,1)-ASIGMA(J,I))/EL
IFLASTONALI, 1) GELSIGHATTCANDCASIOMA(I L) aLTASIGMACI~2, T)IEPSTLOHL
YIS 1)=EPRO3{J,I,ASIGMALY,I})
IF(ASIGMA(I, 1) ¢GE-ASIGHMALI=2T) . ANDJASIGMALI IV 4LT.SIGMAALTYIEPSIL
10(Jds 11 =EPRD3ILI=2,1,ASIGMA{J,1))
IFLASTGMALY,) 1Y GE.SIGHMAALT I)EPSILOGI,T)=EPSILOA{L)}+(ASIGRALJ,1}~SI
1GMAALL))/E2
GD TO 99
16 [F(ASIGMALI,I)+GE+ASIGMA(JI-1,1)AND,ASIGMA(J»]I). LT.SIGHAYY’EPSXLD(
135 1)mEPSTILO(J-1, 1) -(ASIGHACJI~1,I)~-ASIGMA(J,I)}/EL
IFEASIGMALI, 1) GE.SIGMATT . ANDLASIGMA(Js 1) LY. SIGMAACINIEPSILO(J, ]}
1=EPROZ{Js1,ASIGMALIST))
IF(ASIGMALJ, [)oGESIGMAA(TIIIEPSILO(JISTI=EPSILOACI)*(ASIGMALJ,I}=S]
1GHAAC(T))I/ER
GO0 TO 99
17 IF{ASIGMACd,) 1) oGEASIGMALI-1, ) ANDJASIGMALISTI) LT SIGHMATTIEPSILOL
1JsD1mEPSILOGI=-1s II=(ASIGMA(I=2,11-ASIGNA(J,TDI/E]L
TFCASTIGMALJ, 1) GE o SIGHATTAANDASIGMA(I, 1) WLT.SIGRATSIIV)IEPSILOtI,I
T1)SEPRO3(JSI)ASIGMA(S,T)) _
IF(ASIGMALIs 1) «GESIGHATSCINIEPSILO(I,TImEPSILOALI)I+(ASIGHA(JI,I)-S
1IGMAALIY)/E2
G0 10 99
S LF(ASIGMA(J=2, 1V . GE.SIGMATI{I) 18,19
18 IF(ASIGMA(J~1,1).GE.SIGMAT4(I})20,21
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1JsT1)=EPSILOGI-1, [} ~{ASIGHALI-1,1)-ASIGMALJ,T})/E] s

TF(ASIGNALS, 1) ,GE, SIGMATT . ANDLASIGHA(J» I LT ASIONAI~2,1)IEPSILOL

1,1 =EPRAJUIHIHASIGHALI,I N

21

TFIASTGMALI, T).GELASIGHALU~2, L} IEPSILOLIs L)=EPSILOA(T )+ (ASIGMALS,!T
1)-SIGHAA(TI})/E2

G0 TO 99

IF(ASIGMALY ) 12.GELASIGMACI=1s ). ANDLASIGHMA(I,T) LT SIGHATTIEPSILO(
s D)eEPSILOUI=1p D)=(ASIGMALI=1, [ )-ASIGMALI,T))/E]

IF(ASIGMALJ, 1) GELSIGHATT.AND ASIGMALS, 1) LT, SIGMATSITIIVEPSILOLY,Y

1r=EPROI(II,ASIGHMA(INI)

IF(ASIGHACI, [}, GE.SIGMATSC(I)JEPSILOCJ» 1) =EPSTLOALT I+ (ASIGMALI, L) -5

LIGHAA{IY)/ER

19
22

23

2
24
26
28
30

GD 70 99

IF{ASIGMATIJ~1,1).GE.ASIGMALJ=3,1))22,23

IF(ASIGMA(Js T} oGELASIGMA(JU-12T) ¢ AND,ASIGMALI, 1) LT.SIGHMATTIEPSILDY
14 1 =EPSILC(d=153 1) -(ASIGHALI=1,1)-ASIGMALI,TI))}/EL

TF(ASIGMALI) 1) GELSIGHATT L AND ASIGHA(J, T} LT ASIGHALJ-2,INIEPSILO(
14, 1)=EPRO3(J,1,ASIGHALI,T)?

IF(ASIGMA(J, 11 GECASIGHATS=2) T ) cANDLASIGMALJ, 1) . LT.SIGHNAT3I(I)}EPST
L0, T)=EPRO3(I-2, Is ASIGHALYII))

IFLASIGMALY S 1) GEL.SIGMATA(E)IEPSILO(I, I eEPSILOALT I+ (ASIGNA(I,TI )-S5
1IGMAALTI))IE2

G0 Q0 99
IF(ASIGMALJ»I) eGELASIGMA(JI=1,1)  AND.ASIGMALS, IV LT.SIGHMATTIEPSILOL

1J,T=EPSILODtI-1,1)-(ASIGMALJI=-1,T)-ASIGMA{J,])}/EL

IF(ASIGMA{J» 1) GELSIGMATT AND. ASIGMA(JI, I LT SIGMATS(ID)IEPSILOtI,I
1)=EPROI(IS T, ASIGNALI,T) )

IF(ASIGMA{I) 1) GECSIGMATSL{ I YEPSTLOUIS T I=EPSTLOACI)+(ASIGHALI,1)-5
1IGMAA(LI))/EZ

G0 70 99

[FLASIGMALI=4,1).GE.SIGHATLI(T) 24,25
TF{ASIGMALI=3,) ) GE.SIGHAT2(I) 126,27
IF(ASIGMA(J=2,1).GE.ASIGMA(JI=4,]1)128,29
IF(ASIGMA(J~15T).GE+SIGHAT4(]1])}30,31

IFCASTGMALYS 1) GELASIGHALJI-1,-T} s ANDJASIGHA(S,T)LT-SIGMATTIEPSILOY

IJ;[)-EPSILU(J-l:!)—(ASIGHA(J‘l;l)-ASEGHA(J:I?)IEI
IFCASIGMACYs 1} aGE.SIGHATT.ANDCASIGMALI, T} ol T ASIGMA (J= P
14, 1)1=EPRD3TJI,T,ASTIGMALI,T Y)Y ’ ATz T IERSTLON
IFCASIGMALY, 1) GE.ASIGMA(JI=2, 1) )YEPSILO(d,T)«EPS
11-STeHARCT)) s * r1)e. ILOAUI}+(ASIGMALS,I
GO TO 99
31 IF(ASIGHA(J:[)-GE-ASIGNA{J-I;I).AND.ASIGHA!J;I).LT.SIGHAYT)EPSILD(
16y 1) =EPSILOtI-1, Th=LASIGMA(J=1,1)-ASIGHA(J,T)}/E]
TFUASIGMALI, 1) o GE«SIGMATT «ANDASTGMA(JIS 1) LT, SIGMATSIINIEP
1)=EPRO3¢J, T ASIGMALI, 1)) ! ’ YePSILatIL
TF(ASIGMACd, IV GELSIGMATSUIIIEPSILO( S, I)nEP -
L1eMARCT) VrES sI)SEPSILOA(IN+(ASIGNALY,T)~S
GG TO 99
29 IF(ASIGMALI-1s1).GE,ASIGHA(I~3,1)160 TO 32
TFEASIGMACI=1s 1Y oL ToASIGMALI=3, 1) cAND.ASIGMACI=1,T1).GE.SIGMAT2(] )}
160 10 33
IF(ASIGMA(J=-1s1}.L T.SIGMATZ2(I))GO TO 34
32 LF(ASIGMALY, T eGELASIGMATI-151).AND ASIGHACI, T} LT .SIGMATT)EPSILOC
1J, 1)1 eEPSILOCI=1,1)~(ASIGMA(I~1,1)1-ASIGMA(JI,1))/EL
IFLASIGMA(I, 1) oGE.SIGMATT CAND ASIGMACIS 13 LT ASIGMALI-2, 1) IEPSILDY
1d,1)=EPROI(J,I,ASEGHATII, 1))
IFUASIGMA(J, I)oGELASTGMALJ=25 1) ANDLASIGHRAL, I LT . ASIGMA(I-4,1))E
IPSILOUJ» I)=EPROI(I=2, 12 ASIGHALI,]I))
IFCASIGNAL S, 1) GELASIGMA(J-4, ) EPSTILOCI, ) =EPSILOA(I)+{ASIGNAL,T
11-SIGMAA(TI) ) fE2
G0 Q0 99
33 IFCASIGMALY 1) aGELASIGHALY=1s 1) ANDLASTGMALS, 1) LT SIGHATTIERPSILO!
1;;{!;EESILD(J—I;I)-(ASIGHA(J-I;I)—ASIGHA(J;T!)IEI
ASIGHA(JI,I)oGE, SIGHATT,ANDASIGHA (S, 1) LT ASIGMA(J=4, T)IEPSILOL
1J,I)«EPRO3UJSI,ASIGHALI,T ) ’
TF(ASIGMA(I, 1) oGELASIGMAGI=4s L) )EPSILOCI ) TI=EPSTLOACI)+(ASIGMA(J,T
11-SIGMAA(LIIY/E2
GQ 70 99 .
34 [FUASIGMALYS I} oGECASIGMALI~1, 1) AND . ASTGMACS,T) LT SIGHATTIEPSTILGH
LIr T eEPSILO{J-1, 11-CASIGNALS-1,1)~ASIGMALJ,I)}/EL
IFCASIGMA(Ss I12GESTGMATT . AND ASIGHA(JS ) LT . SIGHATS(IDIEPSLILOCd,T

gIe

61t

217



IFIASIGMALI IV GELSIGMATS (I IEPSILOCJI[)wEPSTLOALL)+(ASIGMA(J,T)=S
1IGMAA(TYI/E2
60 TO 99
27 1FLASIGHAL)-2,1).6E,SIGMAT3(1))13,36
35 [F(ASIGMA(J=1,1).GE.SIGHATA{T)137,34
37 IFTASIGMA(J D) .GELASIGHALJI~1sT) AND,ASIGMA(JI, 1) LT .SIGHATTIEPSTLOL(
1ds IV «EPSILO{d=1, 1) =(ASIGMA(I-1,1}-ASIGHMA(J,T})/EL
IFCASIGMALJ» 1), GELSIGMATT, AND.ASIGHA(J, T).LTLASIGHALI=2, 1) )IEPSTLOL
1dp1)eEPROI(ISILASIGHA(J, 1)
IF(ASIGMA{Js I} oGELASIGHACS -2, I1)EPSILO(J,I)=EPSTLOA(TISIASIGHALI,I
L)-SIGMAA{IYI/E2
6O 70 99
36 IF(ASIGHMALI=1yT) GELASIGHALI=3,1))239,34
39 IF(ASIGMACJ> 1) oGE.ASIGHAIJ=1,1) AND.ASIGMA(I,T) LT .SIGMATTIEPSILOL
14, 1Y #EPSILOLI=1,1)=(ASIGMAL -1, 1)=ASIGMNALI, T} )/EL
IFCASIGMAL ) I} oGE.SIGMATT ANDLASIGMA(J, I) LT ASIGHALI=2, TDIEPSTLOY
1Js1)=EPROI(IHILASIGNALI,1))
IF{ASIGMA{Js I1,GEASTIGMA(J=~2,T) ANDASIGMA(S, 1) LT.SIGNATI(I)IEPS]
1L0(J,I)=EPRDITI-2, 1, ASIGNRALI, )
IFLASIGMAL S, T1oGE.SEGMATI(IIIEPSTLO(S,»T)=EPSTLOA(I)+(ASIGMALS,I)-5
1IGMAA(TI})/E2
60 70 99
25 IF(ASIGMA(J=3,1).GE.ASIGHA(I-5,1))41,42
41 IFCASIGHMALY-2,10.LE.ASTGHALI-4,1)1G0 TO 43
IF{ASIGMALI=2,1) GT.ASIGMALI=4, ) ANDLASIGMA(J-2,1) LE.SIGMATI(I))
160 70 4¢
IFCASTIGMALI=~251).GT.SIGHATIII)IGO TO 45
43 IF(ASIGMALJI=1,T).GE.ASIGMA(J-3,1))G0 7O 46
IF(ASIGMACI=1, ) LT ASIGMALI~3, 1) ANDJASIGMA(I=1,1).GE.ASIGHALI=5)
1I})G0 TO %7
IF(ASIGMALJ=~1,1)LT.ASIGMA(I=5,1))60 TO 34
46 IF(ASIGMA(I,) IV aGECASIGHALI~1,1).AND.ASIGMALIS ) LT, SIGMATTIEPSTILOL
1o I)wEPSILOlJI=1, [3-CASIGMA{JI~1,T}-ASIGMALJ,T)]}/EL
IF({ASIGMALJ, 1) oGESSIGMATT AND.ASIGHNALJ, T LTLASIGHALS~2, 1) )JEPSILOL
14, 11=EPROILISTSASIGMALISL))

IF(ASIGHA(J;II.GE-ASIGHA(J-ZoI).AND.ASIGHA(J.I).LT.ISIGNA‘J~6:I]!E
1PSILO(ds 1) EPRDI(J+25 I, ASIGMALS,IY)
IF(lSIGHA(J»I).GE.ASIGHA(J-&:I).AND.ASIGHA(J.I).LY‘SIGKATI(II}EPSI
1L0(Js1)EPROILJI=45 I)ASTGMALI, 1))
lF(ASIGH&(J’I)-GE-SIGHlfl(I))EPSILG(JpI)-EPSILBA(I)*(ASIGHA(J’I)-S
LIGHAALI)Y/E2
GO TO 99
47 IFiASIGHA(J:X).GE.ASIGHA(J-!;IP-AND.ASIGHA(J,Il.LT.SIGHATT)EPSILD(
1J9!)-EPSIL0(J-1pI’-(ASIGHA(J-I:Il-ASIGHA(J)I))IEl
IF(ASIGHA(J;I).GE.SIGHATT.AND.AS?GHA(J;I}.LY.ASIGHA(J-#pI))EPSILU(
14, 11=EPRO3{SI2ASIGHALI, 1))
IF(ASIGHA(J.1)-GE-ASIGHA(J-#:!).AND.ASIGHA(J;[).LT.SIGﬂATl(I3!EPSI
1L0(JsI)=EPRO3tJ=4s I ASIGMALI1))
IF(ASIGHA(J,II-GE.S[GHAII(!)IEPSILU(J'[)NEPSILOA(II*(ASIGHA(JoII-S
1IGMAA(IY}/E2
60 TO 99
4% 1F(ASIGMA(S=1,1).GELASIGHA(J=5,1)149,34
49 IFIASIGHA(J;1).GE.ASEGH&(J-1;!1.AND.ASIGHA(J:I}.LY.S[GHATT\E?SXLU(
IJ;I)-EPSZLU(J-lpl)-(ASIGHA(J-lpI)-ASIGMA(J;I))IEI
IF(ASIGHA!J:1)-GE-SIGHATT.AND-ASIGHA{J:I)'LT-ASIGHA(J-ZnI))EPSILDl
14, 1)=EPROI(IHT,ASIGHALI 1))
lF(ASIGHA(J;[)‘GE.ASIGHA{J-ZsI).AND.ASIGHA(J:I)-LT.SIGHATI!I))EPSI
1L0UJsIIsEPRO3(I=42 T ASTIGMALJ, 1))
IF(ASIGHA(J;I).GE.SIGHATI(I))EPSILU!J,I)-EPSILDA(IJOIASIGHAQJ,I)-S
LIGMaatl) /€2
GO TO 99
65 IF{ASIGMALJ-1+T1,GE.SIGMATH(I}130s34
42 IF(ASIGMA(J=~2,1).GE.SIGHAT3(1)153,54
53 IFLASEGMALI-1,1),GE.SIGMAT&LT) 130,34
54 IF(ASIGMA{J-1,1).GE,ASIGMA(J=3,1))39,234
99 RETURN
END
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