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ABSTRACT 

Element U7 is a general purpose element for reinforced concr.ete 

shearwalls under reversed cyclic loading. 'the element is developed for t.L."3e 

in the DRAIN-2D computer program for calculating the nonlinear response of 

lTIultistory structures subject to earthquake motion. This ceport descrihes 

the essential features of the element and includes the FORT~~ listing of 

the subroutines. Input data and sample computer output for .":3. seven story 

reinforced concrete frame-wall structure are presented to iliustrA.te the 

data preparation procedure and output format for the sheanvall element. A 

discussion on the computer results will he reported separately. Stiffness 

and hysteresis modelling for the shearwall element are taken from available 

liter.":3.ture, with a few modifications. 
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CHAPTER "' 

L:\ITROOUCl' [ON 

Reinforced concrete walls are often introduced intolJ1ultistory 

structures to resist lateral loads, especially when the fr;:une alone is 

insufficient for lateral resistance. Such a case occurs normally in tall 

structut'es -#hen a frame alone does not provide an (~conofl]ical and 

structut'ally efficient system. 'the shean"alls, acting as pceciorninant 

lateral resisting units, are assumed to behave linearly elastic in 

earthquake resistant design of frame-'Vvall structllt'es. this is because, 

ur1til quite rec~~ntly, reinforced concrete shearwalls have been thoup,ht to 

be brittle or semi-brittle elements. However, analyticBl a .. '1d e.xperimental 

investigations on shearwall systens (Refs. 8,10,12) and their satisfBctory 

performance during several earthquakes have shown thBt l.Jalls are cqpA.ble of 

showing ductile behavior, provided adequate CBre is taken in desig'l Bnti 

detailing. 

A review of the aVBilable a,alytical investi~A.tions (Refs. 1 ,2,3,4) on 

the nonlinear seismic hehavior of frame-wall structures shows thBt a shear

wall is nonnally idealized as an equivalent column taking into account 

flexural deformation and sometimes shear deformation also. AD e..xt2J1sion 

of the equivalent column idealization is done by dividing the interstory 

shearwall element into a finite number of small segments (Ref. 2) to take 

into aCC01.D1t a more general distribution of moments in sheanvalls than in 

the case of beams and columns. The segment nodal points are condenstod out 

of the element stiffness matrix before it is used in the analysis of the 

complete structure. 

-1-
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Sxperimental Llvestigatioos on r-einforeed concrete walls (Refs. 5,8,1'2) 

have shown that hending deformation of a wall ,,JclS eaused primarily hy t1:1e 

extension of the tension side boundary col'Jmn. Also, a full scal(~ test on 

a seven story frame-,vall structure has ir1dicated the possibility of shear 

yielding at the base of the wall under certain types of earthquake motions 

(Ref. 9). Kabeyasawa et.al. (Ref. 6) have proposed a simiplified model for 

a r-eioforeed concrete wall taking into account r,t,.e above features. The 

model was used (Ref. 6) for the psuedo-dynarnic analysis of a seven story 

frame-~vall structure. The WLiters of this report have developed the 

required subroutines for the above model to be used with the DRAHI-2D 

program for the nonlinear time history analysis of 11lultistory frame-wall 

structures. Some additions and simplifictions have been introduced by the 

'.vriters in the model proposed by Kabeyasawa (Ref. 6). A general 

description of the shearwall model and user's guide for the preparation of 

data for the shearwall element are given in this report. 

DRAIN - 2D CONPUTER PROGlW1 

Drain-2D is a general purpose computer progr-am for the nonlinear 

response of plane structures subj ected to earthquake motion, and ,vas 

developed by Kanaan and Powell (Ref. 7). The progra'TI concepts and features 

are described in Reference 7. The user's guide (Ref. 11) describes the 

extensions !nade to the original program (Ref. 7) and presents input data 

procedures. This report supplements References 7 and 11 and has to 

be used in conjunction with them. The data preparation procedure 

presented in this report is kept the same as in References 7 a.'1c1 11 

in order to provide continuity. The procedure followed for adding t.~e 

new shearwall element, hereafter referred to as EL7, to the DRAIN-2D 

conforms to Chapter 4 of Reference 7. The four main subroutines developed 
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for the element ELl are as follows. The number at the end of the 

subroutine names corresponds to the element type \vhich is 7 i.n the DreS[~r1t 

cas(~. The other subroutines make a part of these four main slllycoutines. 

1. INEL7: Input and initialization of element data. 

2. STIF7: C..alculation of element tAngent stiffness matrix: at 

di fferent time steps. 

3. RESP7: Determination of increments of element deformations <illd forces 

in each component, determination of yield status of each component, and 

output of time history results. This is also referred to as "stHte 

determination phase". 

4. OUT7: Output of final envelop values for element deformations ;md 

forces. 

The arrangement described above is used in the DRAIN-2D pro~raJI1 

and is adopted as such. The FORTRAN listing for the element EL7 

is given in Appendix A-l. CDMMENT statements are introduced at 

suitable places in the subroutines for understanding the underlyi.ng 

logic. The subroutine programs are developed for AHDAHL 470'1/6 Computet" 

at the University of 11ichigan using MTS. It is belif~ved that these 

progr~ns can easily be used on other systens. 
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CHAPTER 2 

SHEARWALL ELEI'1ENT ]~L7 

STRUCTURAL IDEALIZATION OF THE ELFl1ENT 

The shear-vall member is idealized as three vertical line el6l1ents ,'lith 

infinitely rigid beams connecting the elements at the top and bottom floor 

levels (Fig. 1). The two outside truss elements represent the axial 

stiffness of the boundary columns. The axial stiffness varies with the 

sign and level of axial stress, and degraded with tensile history. The 

centrA.l vertical element which rigidly cmmects to the top rigid beam, is 

a one component model in which vertical, horizontal and rotational springs 

are concentrated at the base. the resistance of the wall section is lu~ped 

at the locations of the outer truss elements Md the central vertical 

spring. The effect of strain gradient across the interior portion of the 

wall section is represented by the rotational spring in the centra.l 

element, Md the shear deformation is expressed by the deformation of the 

horizontal spring. Each of these components can have independent stiffness 

and hysteretic characteristics. 

The shearwall element has six degress of freedom with reference to the 

global coordinate system. There are five deformations to be considered, 

i.e. axial extensions in the two truss members and the vertical spring, 

rotation of the rotational spring Md extension in the horizontal spring 

(Fig. 2). The three deformations in the springs are sufficient to find the 

deformation pattern in the member. The five deformations are considered 

here for the sake of generality and could he useful for any future 

TTIodifications. 
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The displacement transformation matrix relating increments of ell':1nent 

deformation to the degrees of freedom Ln global coordinates, is as fo11oI,lJs: 

dV1 0 -1 B 0 -Bl dr1 

dV2 0 -1 -B 0 B dr2 

dV3 = 0 -1 0 0 0 dr3 (2.1) 

dV4 0 0 0 0 1 dr4 

dvS -1 0 0 0 H drS 
Ldr6 

or {dv} = [a] {dr} (2.2) 

The effect of large deformations is not taken into account in the above 

fromulation. The parameters B and H, therefore, remain constant. 

The tangent stiffness matrix relating L~e element deformations and 

element forces is as fo1101",s: 

(EA) 
1 

dS1 0 0 0 0 dV1 
H L 

dS2 0 (EA) 0 0 0 dV2 
H R 

dS3 0 0 KV 0 0 dV3 (2.3) 

dS4 0 0 0 KR 0 dV4 

dS5 0 0 0 0 KH dV5 

or {ds} [kT] {dv} (2.4) 

where (E:) Land (EHA)R represent the current axial stiffness of the left 

and the right hand columns respectively. 

KV represents the current axial stiffness of the vertical spring 

KR represents the current rotational stiffness of the rotational 

spring, and 

KrI represents the current stiffness of the horizontal spring. 
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The tangent stiffness in terms of nodal displacements is 

[KTl = [a]T[kT][~] 

,vhen,= raj is given by equations 2.1 and 2.2. 'the JTlatrix [KT] for the 

proposed shear~all element is given in Appendix A-2. 

HYSTERESIS i\rmELS 

(2.'5) 

Two types of hysteresis lnodels are used in the formulation of the 

computer program. One is the axial-stiffness hysteresis model (Fig. 3) 

used for the axially loaded components of the shear~al1 element, such as 

the boundary columns and vertical spring. The other is the origin oriented 

hysteresis ;rodel (Fig. 4) used for the rotational and horizontal sprinp:s. 

The two models are descrihed in the following. The boundary columns are 

assumed to have tile same properties, that is, initial stiffness, yield load, 

yield displacement and strain hardening, and d1erefore have the same 

hysteretic properties. 'the other components possess individual 

hysteretic properties. 

~xial Stiffness Hysteresis Model 

Assuming that the member is initially loaded Ln compression, it follows 

seg.nent ABO (canputer print out code for this se~nent is 0) elastically as 

shown in Fig. 3(a). ~,.Jhen tile net axial load in the member changes sign 

from compression to tension, it follows segment OC (code=1) tmder 

increasing tensile load up to point C. The member yields at C and follows 

se~nent CM (code=2). If tile displacement changes direction from a 

response point D on slope OC (code=1) the member unloads elastically along 

segment DE (code=3) parallel to the initial slope ABO (code=O). The member 

then follows a regular bilinear hysteresis rule between point D and point 

B. Point B is defined on the elastic slope in compression at a force equal 

to the tensile yield strength Fy• Point E is, therefore, determined with 

the condition that segment BE (code=4) is pg.rallel to OC (code=O). If the 



-7-

resrxmse (X)int Leaches the previous tensile Lesponse point D, the response 

point moves further on slope OC (code=1) renev,Jing b~e coordinates of D and 

E. If the response point reaches point B along the slopes DE ano EB, unoer 

eontinued compression, it moves on slope BA (code=O), the elastic slope in 

cOJTIpression. Coordinates of D and E are updated when t1-tere is a eh2nge in 

the direction of displacement for the response point on slope BE (code=4) 

or OC (code==1). 

After the tensile yielding occurs along segment CM (code=2), the 

response point moves in accordance with the regular bilinear hysteresis 

rule between point B and previous maxinlt .. m tensile response point N 

(Fig. '3b). The slope of segment M; (code=9) is the same as the slope of 

the line joining M and O. The segment BF (code=6) has the same slope as 

(code=9). The slope of parallel se~nents ?1F (code=5) and BG (code=8) is 

obtained from the following relationship: 

Slope of segment MF (or BG) 

Initial slope in compression (slope of ABO) 
Initial slope in tension (slope of OC) 

x Slope of segment MG(2.6) 

Based on the information obtained for these slopes, the coordinates of 

points G and F are computed and stored. 

~Jhen the response point reaches the previou..c; maximum tensile response 

point M, the response point further moves on slope CN (code=2) under 

increasing displacement renewing the max:L'1lum response point 1\1, point F and 

point G. If, mder continued compression, the response point reaches point 

B along the slopes MF and FR, it moves on slope BA (code=7), Le. the 

elastic slope in canpression. A separate code number is assigned to slope 

BA because two slopes are originating from point B after tensile yielding 

has taken place. In case there is a change in the direction of 
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displace'uerlt from slope BF, the response point folloltls a slope parallel t\) 

Fi'1 (code=5) utitil it strikes slope GH (code=9) and then it blrtheL" rno"es ,)r1 

slope GN. Similarly, the response point moved along A. slope [)r'1rallel to F1"1 

(code=5) after it 1Jt11oads from slope GM until it strikes FB (code=6). 

Thereafter, the response p:lint shall move on slope F13 (code=6) 

It may be noted that the codes for slopes DE and OBA are kept differ.ent 

even though t:1.ey are parallel to each other. The same is true for slopes 

BE and rx;, PC and HF, and GM and MF. This has l.,een done for. the s3ke of 

simplicity Ln the developnent of the algorithm for the computer program. 

Origin Oriented Hysteresis ?vbdel 

The origin oriented hysteresis model (Fig. 4), which dissipates a small 

amOLD1t of hysteretic energy, is used for the rotational and horizontal 

springs at the base of the shearwall element. The response point :noves 

along a line connecting the origin and the previous ma,<irnl.1lTI response point 

(Fig. 4). Thus it ,NiH move either on slope AB (code=O) or CD (code=3). 

Initially, the point moves on slope AB (code=O) and then 1:11.e slope BC 

(code=1) or slope AD (code=2) depending upon the direction of loading. 

Hhen there is a change in the direction of displacement of the response 

point on slope AD or BC it will move elastically on CD (code=3). Orlce the 

response point reaches b1.e previous maxhnum point it ,.nil follow slope BC 

or AD renewing the maximun response point, Le. coordinates of points C and 

D. No hysteretic energy is dissipated whal ~~e response point oscillates 

within a region defined by the positive and negative maxhnun response 

points. 

"FIXED END AND INITIAL ELEMENT FDRCES 

The effects of static loads applied along the length of t~e el~~ent 

rather than those applied directly at nodes can be taken into account hy 
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specifying fixed end force patterns. Such a loading contiion does not 

r10rmally OCCllr in shearwalls. However, this provision has also been 

incorporated for sheanvalls for the sake of consistency \vith other 

available DRAIN-2D elements. 

Elenents may be stressed under static load, but sometirnes it may be 

incorrect or inconvenient to determine the element forces by applying 

static loads to the structure. To allow for such cases, provision isnade 

for intial forces to be specified in the element. These forces ml1 

typically be the forces in the elements under static loading as calculated 

by a separate analysis. The gravity loads, transferred by the transverse 

beams directly to the boundary columns of the shearwall, can be covered by 

this provision. For consistency, these forces should be in equilihdum 

with the static load producing them, although this is not essential. The 

computer program, however, does not make any corrections for any 

equilibrium unbalance resulting from the specification of initial forces. 

To satisfy the requirement stipulated in DRAIN-2D progra~ (7) that the 

structure remains elastic under static loading, the initial element forces 

should be less than the yield strength of the element. If desired, 

additional static loads can be applied together \vith initial forces. The 

element forces will then be the sum of LT1itial forces a'1d those due to 

additional static loads. 

OurPUf RESULTS 

The following results are printed for the static loading conditions 

(t=O) and at each output time if a tLme history is asked for. 

1. Yield Code: 0 to 9 for houndary columns and central vertical spring 

as explained in Fig. 3. 
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o to 3 for rotational and horizontal springs as explained 

in Fig. 4. 

2. (a) t\"xial force in bOlmdary columns and central vertical spring 

(tension pJsitive). 

(b) Homent in rotational spring (anticlockwise !fioment positive). 

(c) Force in horizontal spring (tension pJsitive). 

3. (a) Axial ext(~nsion in boundary columns and central vertical spdng. 

(b) Rotation i.n rotational spring (cmticlockwise rotation pJsitive) 

(c) Extension in horizontal spring. 

The maximun positive and negative values of axial forces a.'1d extensions 

in boundary columns and the central vertical spring, moment and. rotation in 

the rotational spring, and force and extension in horizontal spring are 

printed at the specified time intervals. 
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lJ\1PllT DATA PREPARATION 

E7. Sl1EARWALL ELEt1ENTS 

e:7(a) CONL~OL INFOR1'1ATION FDR GROUP (lOIS)-ONE CARD 

Colunns 5 Punch 7 (to indicate that group consists of shear-

wall ele:nents) 

6-10 Number of elements in group 

11-15 Number of different axial stiffness types for 

boundary columns and vertical spring 

16-20 Nunber of different rotational stiffness types for 

rotational spring 

21-25 Number of rlifferent horizontal stiffness tyoes for 

horizontal springs 

26-30 Number of different yielrl patterns for boundary 

columns and vertical spring 

31-35 ~her of different yield patterns for rotational 

spring 

36-40 Number of different yield patterns fo(" horizontal 

spring 

L~1-45 Number of different fixed end force patterns 

46-50 Number of rlifferent initial element force 

patterns 

E7(b)· AXIAL STIFFNESS 'rYPES (IS,3F10.0)-ONE CARD FOR EACH STI~~SS TYPE 

Columns 1-5 Axial stiffness type number, Ln sequence hegioning 

with 1 

6-15 Initial stiffness in compression 

16-25 Initial stiffness in tension 

26-35 Strain hardening in tension, as a proportion of the 

initial stiffness in tension 
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E7(c) STIFFNESS TYPES FUR. ROTATIONAL SPRINGS (IS,E15.6,F10.0)-ONE C,/\R.f) 
8)R EACH STIFFN£SS 'riPE 

Co lunn8 1-5 Rotational stiffness type nunher, in sequence 

beginning ,vi th 1 

6-20 Initial stiffness 

21-20 Strain hardening stiffness, as a proportion of the 

initial stiffness 

E7(d) STIFFNESS TYPES FDR HORIZONTAL SPRINGS (I5,2F10.0)-ONE CARD FOK 
E.ACH STIFF.NI~SS 'lYPE 

Columns 1-5 Horizontal stiffness type number, Ln sequence 

beginning with 1 

6-15 Initial stiffness 

16-25 Strain hardening stiffness, as a ratio of the 

initial stiffness 

£7 ( e) YI ELD DATA FDR AXIAL CDMPONENTS (IS, 3F1 0.0) -ONE CARD FOR FAGf-I TIrE 

Columns 1-5 Yield data number, in sequence beginning with 1 

6-15 Tensile yield load 

16-25 Tensile yield displacement 

26-35 Compression displacement corresponding to tensile 

yield load 

E7 (f) YIELD f)l\TA FDR ROTATIONAL SPRINr.S (15, 2F1 0.0) -ONE CARD FDR EACH TYPE 

Columns 1-5 Yield data number, in sequence beginning with 1. 

6-15 Moment Ln the spring at yield 

16-25 Rotation in the spring at yield 

E7 (g) YIELD DATA FDR HORIZONTAL SPRING (IS, 2F1 0.0) -ONE CARD FOR FACH TIPE 

Columns 1-5 Yield data number, Ln sequence beginning with 1 

6-15 Force at yield 

16-25 Displacement at yield 
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E7 (h) FIXED fo:ND FDRCE PA'ITER..I\JS (IS, ~F1 0.0) -ONE CARD FDR FAel{ PATTERN 

Omi t if there are no fixed end forces 

Colu1)ns 1-5 Pattern number, in sequence beginning with 

6-15 Axial force in left boundat'y column 

16-25 Axial force in right bo-oodary colLlffir1 

26-35 Axial force in vertical spring 

36-45 Moment in rotational spring 

46-55 Force in horizontal spring 

E7(i) INITLAL ELEMENT FORCE PATTERNS (I5,5FlO.0)-ONE CARD FUR EACH INITIAL 
FORCE PA'ITERN 

Omit if there are no initial forces 

Columns 1-5 Pattern number, in sequence beginning with 

6-15 Axial force in left boundary collJiTln 

16-25 Axial force in right b01Jr1dary column 

26-35 Axial force in vertical spring 

36-45 t10ment in rotational spring 

46-55 Force in horizontal spring 

E7 (j) EIDlENT GENERATION OlMMANDS (414, F6. 0, 11 13 ,2F5. 0, IS , F5. 0) -ONE CARD 
FOR EA.CH GENERATION OJMMAND 

Elements must be specified in increasing numerical order. Cards for 

the first and last elements fTlUst be included. 

Columns 1-4 Element number, or numher of first element in a 

sequentially nmbered series of elements to be 

generated by this command 

5-8 Node number at element end i 

9-12 Node nunber at element end j 

13-16 Node number L'1crement for ele11ent generation. If 

zero or blank, assumed to be equal to 1 



17-22 

23-25 

~6-28 

29-31 

32-34 

35-37 

38-40 

41-43 

44-46 

47-49 

50-52 

-14-

Width of the shear-wall 

Stiffness type nmber for boundary COLllU1S 

Stiffness type nmber for vertical spring 

Stiffness type number for rotational sprinp: 

Stiffness type umber for horizontal spring 

Yield data numher for boundary columns 

Yield data number for vertical spring 

Yield data number for rotational spring 

Yield data number for horizontal spring 

TUne history output Code. If a tLme history of 

eleuent results is not required for the element 

covered by the comnand, punch zero or leave blank. 

If a time history print out at the interval 

specified earlier (Ref. 11) is required, punch 1. 

Fixed end force pattern number for static oead loads 

on element. Leave blank or punch zero if there are 

no dead loads. 

53-55 Fixed end force pattern number for static live loads 

on the element. leave blank or punch zero if there 

are no live loads. 

55-60 Scale Factor to be applied to fixed end forces due 

to static dead loads. 

61-65 

66-70 

71-75 

Scale factor to be applied to fixed end forces due 

to static live loads. 

Initial force pattern number. Leave blank or punch 

zero if there are no initial forces. 

Scale factor to be applied to initial element 

forces. 
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CHAPTER THR1~E 

INPcrr DATA AND SAf1PLE RESiJI;rS FDR A S8lEN S'I'ORY STRUcrfJRf 

The two di.mensional frame wall structure shown in Fig. '5 is used to 

demonstrate the inclusion of shear..vall element EL7 in the DRAIN-2D progLam. 

The data given in Table 1 is prepared for the time history response 

analysis of tile structure for the first ten seconds of SL CENTRO 1940 N-S 

"7ith maximl..]'J} acceleration magnified to O.42g. The sample results (Table 2) 

from b~e computer output give the yield code, force and deformation in each 

component of the shearwall h"1 each stoLY at the end of 10.08 seconds. 'the 

envelopes of deformations and forces in all the elements of the structure, 

at the end of 10.1 seconds of the chosen earthquake motion, are also given. 

A detailed analysis and discussion of the computer results will be reported 

separately. 

'the structure shown in Fig. 5 represents a seven story frame wall 

structure ;malyzed in References 1 and f). The gravity load, nodal masses, 

damping coefficients, stiffness ;md yield properties of coiurnns a.'1d beams 

are taken as such from Reference 1. The properties of the shear wall 

elellent are calculated separately according to the requirements of the 

proposed model of the shearwall. The material and cross-sectional 

properties (dimensions and area of reinforcement) are taken from References 

I) and 13. The horizontal members indicated by dashed lines (Fig. 5) are 

the pin-ended link beams (i.e. beams having zero bending stiffness) 

transferring horizontal forces, but no moments. A zero value of bending 

stiffness indicates error in the execution of beam column ele:uent (m) 

subroutines. Therefore, the lnoment of Lnertia for these beams have been 

assigned a value of 0.25 which is negligible as compared to the stiffness 

of other menbers. 
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The input cards for the structure shown in Fig. '5 are listed in Tab l,~ 1 

and are identified by the corresponding sections in the User's Guide (Ref. 

11) • Both COh11111S and beams are repreAented by element ET.2 in p,roup 1 and 

the shearwall elements are represented by elenent EL,7 in gr.oup 2. \lode 

numbet"s are shown near the nodes and the element nunbers at"e shown in 

circles near the middle of the members. The units of force (load) and 

length are taken as kilograrns and centimeters t"espectively for the 

preparation of data. 
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i 
:2 
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6 
7 
8 
9 

10 
11 
12 
t3 
g 
50 
51 
52 
53 
5~ 
55 
56 

8 
9 

10 
11 . 
12 
13 
14 

1 
1 
t 
1 
1 
1 
1 
1 
1 
8 
9 

to 
11 
12 
13 
14 
50 
5' 
54 
55 

1 
0 

11 
9 

10 
12 
14 
13 

185 
0.0 

-1,7-

TABLE 1 DATA FOR A SEVEN STORY STRUCTURE 

RES?O~Si:: 0': SC:VEN STO~V fRM4E -WAU .. STRvCTUR~ .f.. 
21. 7 1 7 12 2 0 Bl 

0.0 0.0 
~oo.o 0.0 

1100.0 0.0 
1700.0 0.0 
2300.0 0.0 
3150.0 0.0 
~ooo.o 0.0 

0.0 375.0 
600.0 375.0 

1'100.0 375.0 
1700.0 375.0 }32 
2300.0 375.0 
3150.0 375.0 
4000.0 375.0 

0.0 2175.0 
600.0 2175.0 

1100.0 2175.0 
1700.0 2175.0 
2300.0 :2 175.0 
3150.0 2175.0 
4000.0 2175.0 

50 5 ., 
51 5 7 
52 5 "/ B3' 53 5 1 
54 5 7 
55 5 "/ 
5(; 5 ., 
r f 1 7 1 134 
7 8 9 10 11 12 13 14 ., 15 16 t7 18 19 20 21 ., .22 23 24 25 26' 27 28 13S 7 29 30 31 32 33 34 35 ., 36 37 38 39 40 41 42 
7 43 44 45 46 47 48 49 ., 50 51 52 53 54 55 56 

0.0 0.0 0.0 7 1 981.0 
14490.0 14490.0 0.0 43 7 98t .0 
26565.0 26565.0 0.0 44 7 S!l1.0 
26565.0 26565.0 0.0 45 7 9at .0 
14490.0 14490.0 0.0 4S 7 981. (> 

14'~90.0 14490.0 0.0 47 7 981. (> 1>6 
53130.0 53130.0 0.0 48 7 981:0 
14490.0 14490.0 0.0 49 7 flU I .0 
14250.0 14250.0 0.0 53 3 98i.O 
26125.0 26125.0 0.0 52 1 9fll.0 
14250.0 14250.0 0.0 56 :2 9a~ .0 
52250.0 52250.0 0.0 9B1.0 

7 505 O.O? 1300.0 1.0 LO LO 200.0 Cl .'s· 

0.0 -8728.6 0.0 50 7 
0.0 -8728.6 0.0 53 7 
0.0 -15984.0 0.0 51 7 
0.0 -15984.0 0.0 52 7 C2 
0.0 -4849.2 0.0 54 7 
0.0 -4849.2 0.0 5G 7 
0.0 -8078.4 0.0 55 7 

0 t 1 ELCENTRO 1940 FIRST TEN SECONDS MAX ACC=O.42g 
0.0 0.01 0.011 0.04 0.001 0.10 0.016 0.16-0.000 0.22 0.019 

Reproduced from 
best availa ble copy. 



0.26 0.000 
0.58 0.043 
0.79-0.057 
1.07-0.067 
1.41-0.083 
1. 70 0.236 
2.27 0.263 
2.65 0.:208 
3.13-0.155 
3.60-0.036 
4.06-0.044 
":,6:2 0.257 
5.110.218 
5.~5 0.172 
5.81-0.023 
6.09-0.067 
6.28 0.021 
~;, .; 8 - 0 . 003 
6.64 0.037 
6.810.011 
7.14-0.02(; 
7.410.011 
7.64-0.028 
7.88-0.072 
8.13-0.034 
8.46-0.037 
8.86 0.023 

0.29 0.006 
0.62 O.OOG 
0.87-0.023 
1.07-0.038 
1.44-0.095 
t.800.f43 
2.32-0.298 
2.71 0.109 
3.21 0.007 
3.67 0.037 
4.110.022 
4.67-0.205 
5.20 0.027 
5.51-0.102 
5.87-0.057 
6.13 0.001 
6.33-0.006 
6.52 0.004 
6.69 0.046 
6.85 0.002 
7.15 0.003 
7.43 0.019 
7.67-0.020 
7.96-0.014 
8.20-0.013 
8.53-0.034 
8.88-0.026 

-18-

0.33-0.001 
0.G6 0.014 
0.87-0.034 
1.09-0.043 
1.48-0.089 
1.85 0.178 
2.39 0.005 
2.77-0.033 
3.25-0.206 
3.74-0.014 
4.22-0.197 
4.76 0.061 
5.230.125 
5.61 0.014 
5.88-0.033 
6.17 0.049 
6.37-0.060 
6.53-0.004 
6.71 0.039 
G.91 0.009 
"1.17 0.027 
7 . ...:6-0.025 
7.69 0.007 
7.99-0.006 
8.22 0.OG6 
8.60-0.010 
8.91-0.002 

0.37 0.020 
0.72-0.009 
0.94-0.0~O 

1.17 0.090 
1.51-0.103 
1.92-0.261 
2.45 0.287 
2.89 0.103 
3.39 0.193 
3.83 0.031 
4.31-0.176 
4.83-0.273 
5.30 0.129 
5.69-0.195 
5.92 0.022 
6.19 0.015 
6.38-0.016 
6.56-0.010 
6.73 0.001 
6.99-0.100 
7.2.3 0.058 
7.53-0.035 
7.75-0.005 
8.00 0.022 
8.28 0.031 
8.64-0.026 
8.96-0.185 

0.43-0.024 
O. ·/2-0.02E> 
0.9/0"0.060 
1.32-0. no 
1 . 54"0. t23 
2.01-0.':H9 
'- .52-0.(147 
2.98-0.030 
3.42-0.094 
3.90-0.183 
4.420.146 
.... 91 0.178 
5.330.109 
\\. ""·0.024 
5.98 0.011 
G.19-0.020 
6.41 0.020 
6.58-0.002 
G. '''''0.029 
., .0'/ 0.036 
'l.30-0.0~9 

7.57 0.004 
'1.79-0.060 
8.07 0.04" 
8.33 0.025 
8.'/3 0.153 
~l.05 0.126 
9.43 0.130 
9.90 0.006 

(>.4'/ 0.008 
0."19-0.039 
1.00-0.079 
L3B-O.083 
1.63 (>.114 
2.21 (>. 2.95 
~.57 0.152 
3.0"' 0.052 
3.~13 0.171 
4.01 0.023 
4.47-0.005 
5.04 0.030 
5.31,"0.024 
5.80-0.005 
6.01 0.024 
G.23-0.038 
6.46-0.018 
6.60-0.017 
6.77 0.002 
"1.12 0.008 
7.3"' 0.030 
7.60-0.0G3 
"' . B4 -0.036 
8.13 0.026 
8.40 0.035 
8.82-0.003 
9.09 0.()32 
9.44-0.166 
9.94-0.001 

9.12 0.096 9.15 0.125 
9.51 0.042 9.63-0.094 
9.99 0.059 ~0.02-0.071 

9.25-0.033 9.29-0.045 
9.70 0.082 9.81-0.088 

10.05-0.045 10 05-0.022 10 11 Q PQ9 

4 
8 
2 
t 
2 
3 
4 
5 
1 
2 
3 
1 
2 
:I 
4 
1 
2 
3 
4 
5 
6 
7 
1 
a 

15 
22 
29 
36 
43 

t .M; 0.00094 
<1 50 '/ 0 o 

15 22 29 36 43 50 
84 '5 3 4 

245625.0 0.900 
245625.0 0.900 
245625.0 0.627 
245625.0 0.627 

7 0 
5000.0 
2500.0 
3000.0 
1500.0 
4000.0 

285035.0 
142517.5 
225680.7 
112840.3 

4.0 
4.0 
4.0 
4.0 
4.0 245625.0 0.G27 

0.0 0.0 
0.0 -250.0 

250.0 0.0 
1 2318327.3 4731327.3 
1 1159163.6 2365663.6 
3 4475018.2 4475018.2 
3 2237509.12237509.1 
1 0.0 0.0 
I 0.0 8378.0 
1 O~O 6980.0 
1 0.0 1344.0 
1 0.0 1120.0 
1 0.0 5456.0 
1 0.0 846.0 
18711 
2 9 7 I f 
3 10 7 1 1 
4 11 7 I 1 
5 12 7 2 1 
7 14 7 2 1 
8 913 f 

0.0 
0.0 
0.0 

1183636.4 
591818.2 

0.0 
1032800.0 
716000.0 
164400.0 
114200.0 
740100.0 
114600.0 

3 3 
3 3 
3 3 
3 3 
4 4 
4 4 
I 1 

0.25 
0.0 
0.0 
0.0 

261818.2 
130909.1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1 
1 
1 
1 
1 
1 
1 

4.0 
4.0 
4.0 
'i.O 
4.0 

2.0 
2.0 
2.0 
~.O 

2.0 

'-.4 0.37 2.4 0.37 
2.4 0.37 2.4 0.31 

0.0 q.O 
8378.0-1032800.0 
6980.0 -716000 .. 0 
1344.0 -164400.0 
1120.0 -114200.0 
5456.0 -740100.0 
646.0 -114600.0 

1 1 1.0 1.0 
1 1 1.0 1.0 
1 1 1.0 1.0 
1 . 1 1.0 1.0 
1 1 1.0 1.0 
1 1 1.0 1.0 
2 4 1.051.215 

C3 

j) 

1.0 
1.0 
1.0 
1.0 E2 
1.0 
1.0 
1.0 



50 9 10 7 3 
57 to 1 i 7 :J 
64 11 12 1 5 
7\ 12 13 7 4 
78 13 14 7 4 
84 55 56 7 4 

7 7 4 7 2 
1 1637500.0 ~473750.0 
2 2046875.0 184218'/.5 
:) 5895000.0 5305500.0 
4 7368750.0 G631875.0 
I O. f25450E 11 
? 0.150900E It 
:3 0.144800E It 
4 0.138eOOE f I 
5 0.132290E 11 
G 0.125870E f t 
" 0.119340::: tI 
1 800000.0 0.02 
2 1000000.0 0.02 
I 126G76.8 0.0859 
2 126676.8 0.OG83 
:3 144845.0 0.02'/:1 
<I 144845.0 0.0218 
139000000.0 0.00237 
236100000.0 0.001137 
3:3 3200000.0 0.0018<1 
430300000.0 0.00181 
527<100000.0 0.00178 
624600000.0 0.COI·15 
721600000.0 0.00n2 
I 333424.0 0.4IG·l 
2 333424.0 0.3334 
I -5'1GIO.0 -57(,10.0 
2 -49380.0 -49330.0 
:J "41150.0 -41150.0 
<I -32920.0 -32920.0 
5 "24690.0 -24690.0 . 
6 .. 16460.0 -164GO.O 
7 -8230.0 -8230.0 

I 6 13 500.0 I 
2 13 20 500.0 2 
:1 20 27 500.0 ? 
tI 2., 3,1 500.0 2 
5 34 4 t 500.0 2 
(.i 'II 48 500.0 ? 
7 48 55 500.0 ? 

STOP 

Reproduced from 
best available copy. 

1 
1 1 
1 t 
2 2 
3 2 
3 2 
4 1 

0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

0.0773 
0.0619 
0.0246 
0.0196 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

:3 1 1 
4 2 2 
<I 3 2 
<\ 4 2 
4 5 2 
,\ 6 2 
4 7 2 

-19-

1 t 3 5 LOS\. 275 
1 1 2 4 1.05~. 275 
t 1 1 1.0 1.0 
2 1 G ., 1.051.275 
2 1 6 7 1.051.275 
2 1 G ., 1.051.275 
2 0 " 

E7 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

1 3 1 1 0 0 1.0 1.0 1.08 
2 4 2 2 0 0 1.0 1.0 2 1.08 
2 4 3 2 0 0 1.0 1.0 3 1.08 
2 4 4 2 0 0 1.0 1.0 4 1.08 
2 4 5 2 a 0 1.0 1.0 5 1.08 
2 4 7 2 0 0 1.0 1.0 6 1.08 
2 4 7 2 a 0 1.0 1 .0 7 1.08 

G 
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H 

Fig. 1 Idealized Model of a Shearwall 
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Fig. 2 Element Forces and Deformations 



-36-

M ---C ------
TENSION 

Fy --
o /~ Tensile Yielding 

EXTENSION 

COMPRESSION 

(a) Hysteresis Rule before Tensile Yielding (Bilinear Relation) 

TENSION 

Fy 

F 

M 

EXTENSION 

Fy 

COMPRESSION 

(b) Hysteresis Rule after Tensile Yielding 
(Degrading Bilinear Relation) 

Fig. 3 Axial Stiffness Hysteresis Model 
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Fig. 4 Origin Oriented Hysteresis Model 
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APPENDIX A-I 

FORTRAi.'i -LISTING OF THE SHEAR\vALL ELEMENT ]:.:L 7 

SUBROUfINE WEI.7 (fKCONT / ./FCONT / ,/NDOF /, /NINFC/ ./ID/ • 
1 /X/ .IY / .INN/) 
COMMON/INFEL/IMEM,KST,lM(S),NODI,NOOJ,KOUTDT,Fl,WID,Sr0(3),511(3). 

15T2(3),STSO(2),STS1(2).PY(5).DElY(5),DELC(3),KODY{5).KODYX(5). 
2ST5(3),STG(3).STS3(2),Pl(3).OI(3),P2(3).D2(3).P34(3).D34(3). 
3P5S(3).D56(3).P89(3),DB9(3),P9{3),09(3),PS1(2),DS1{2),SDFO{S). 
4FTOT(5).VTOr(5).SENP(5),SENN(5),VENP(5),VENN{5).TSENP(5). 
5TSENN(5),TVENP(5),TVENN(5).REST(48) 

COMMON/WORK/KSHE,NMEM,NAXT,NROT,NHST,NYAX,NYRO,NYHS,NFEF,NINT. 
lFATYP{30,3),fRTYP(30,2),FHTYP(30,2),YAX(30,3).YRO(30,2). 
2YI-IS (30.2) ,F E F (30.5) , FIN I T( 30. 5). INEl. INDO I , 1 NOOJ. INC. II NC, 
3IAXB.IAXBT.IAXC,IAXCT,IHS.IHST.IRO,IROT,IKOT,FINT.FFINIT, 
4[YAXB,IYAXBT.[YAXC.IYAXCT.IYRO.IYROT.IYHS,lYHST,KFOL. 
SIKFDL,KFLl,IKFLI..FDl,FFOL,FlLM,FFLL,FlLF,INIT.IINIT. 
GSFF(G).S5FF(6}.OO(6),FFEF(5).W(1212) 

DIMENSION KCONT( 1),ID(NN.l),X(I).Y(I),COM(I).YESNO(2).AST(2) 
EQUIVALENCE (I~EM,COM(I» 
DAft. t.ST/2H .21-1 ~/ -
OAf" ,{ESf~o/4H YES,'IH NO / 

C DATA INPUT SHEAR WALL ELEMENT 
c 

c 

NOOF~G 

NINFC=152 
KSHE "KcorH ( 1 ) 
NMEM~KCONT(2) 
NI\XT~KCONr(3) 
NROT"KCONT(,l) 
NHsr=:<CC~JT(5) 
Nyt\X~KCGNT(G) 

NYf<O=KCONT(7 ) 
NYHS=KCONT(S) 
Nr-EF~KCONr(!J) 
NUJr=KCONT( 10) 

p~INr 10. (KCONT(I). I~2.10) 
10 FORNAT(29H SHEAR WALL ELEMENTS (TYPE 7)///1 

c 

1 40H NO. OF ELEMENTS 
2 40H NO. OF AXIAL STIFF TYPES 
3 40H NO. 01' ROT SPRING STIFF TYPES 
4 401--1 NO. OF HOR SPRING STIFF TYPES 
5 40H NO. OF AXIAL YIELD PATTERNS 
() 40H NO. Of ROT SPRING YIELD PATTERNS 
" 40H NO. OF HOR SPRING YIELD PATTERNS 
13 401/ NO. OF FIXED END FORCE PATTERNS 
9 40H NO. OF INIT (At. FORCE PATTERNS 

INPu-r STIFFNESS PROPERTIES 

Pf~Hlr 20 
20 FORr.IAr(III//1811 ,\XIAL STIFF TYPES// 

12:<.5!-1 TYPE,15H COMP MOOULUS,15H TENS MODULUS. 
2\'/11 TENS .MROHIING) 

DO 30 N'" t • NAX-r 
READ 40,l.(FATYP(N,J),J=1,3) 

30 PRlNf 50 .N,(FATVP(N,J).J=1.3) 
40 FORMAT(I5.3Fl0,O) 
50 FORMAT(2X.I4.3X.EI2,~,3X,E12,4.1X.FG,3) 

PRINf 22 

i Reproduced from 
best available copy. 

=14/ 
=141 
=14/ 
=14/ 
"'14/ 
=14/ 
=14/ 
=141 
=X4) 



22 

32 
42 
51 

21 

31 
41 

C; 

C 
C 

110 
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FORMAT(//23H ROT SPRING STIFF TYPES// 
12X.SH TYPE. ISH INIT MODULUS.17H STRN HARDENING) 
00 32 N=1.NROT 
READ 42.I.{FRTVP(N.J).J=1.2) 
PRINT 51.N.(FRTVP(N,J).J=l,2) 
FORMAT(I5.E15.G.FI0.0) 
FORMAT(2X.I~.3X.EI2.4.7X.F6.3) 
PRINr 21 
FORMAT(//23H HOR SPRING STIFF TYPES// 

12X.51t TYPE, ISH INIT MOOULUS.17H STRN HARDENING) 
00 31 N= 1 • NHST 
READ 41.I.(FHTYP(N.J),J=1.2) 
PRINT 51.N. (FilTYP(N.J) .J=1.2) 
FORMAT(I5.2Fl0.0) 

YIELD PROPERTIES 

PRINr 1 '0 
FOR1.1.H(f///4·1!t Y{ELD PROPERTIES OF THE AXIAL COMPONENTS// 

12X.5H TYPE. 221t TENS VI HD LOAD (PY). 
21S.i TEtJS YIELD STRN,18H COMP STRN AT PY) 

DO 200 N= I.NVAX 
READ 120.I.(VAX(N,J).J=I.3) 

200 PRINT 130.N.(VAX(N.J).J=1.3) 
120 FORMAT(I5.3Fl0.0) 
130 rORMAr(2X.I4.GX,FI2.2.4X.EI3.4.4X.E13.4) 

PRINT 111 
D() 202 N=l.NVRO 
~EAD 122.I.(YRO(N,J),J=I.2) 

202 PRINT 131.N,{VRO{N,J),J=I,2) 
131 rORMAl(2X,I4.4X.EI3.4,4X,EI3.4) 
122 rORMAT(I5.2Fl0.0) 
111 FOIH.1AT(////3111 Y{ELD PROPERTIES OF ROT SPRING// 

12X.SIt TYPE. nit tOAD AT YIELD. 
217ft STRN Af YIEl.D) 

PRINT 112 
00 201 N= 1. rHHS 
READ 121 ,I,(YHS(N,J).J=1.2) 

201 PRINT 131.N,(YItS(N,J),J=1.2) 
112 FORI.1I\T(////::JUI HELD PROPERTIES OF HOR SPRING// 

12X.'JU TYPE.17U 1.0AO AT YIELD,17H STRN AT YIELD) 
121 fORMAT(I5.2Fl0.0) 

00 140 N=1.NVA:( 
YAX(N.1)=ABS(YAX(N. t» 
YAX(N.2)=ABS(VAX(N,2» 
YAX(N.3)=-ABS(VAX(N,J» 

140 CONTINUE 
00 150 N=NYHS 
YHS(N,I)=ABS(YI-tS(N,I» 
YHS(N.2)-ABS(YHS(N,2}) 

150 CONTINUE 
DO 160 N=1.NYRO 
VROW. 1 )=ABS(YIW(N. I» 
YRO(N.2)-ABS(VRO(N,2» 

160 CONTINUE 
c 
C FIXED END fORCE PATTERNS 
C 

IF(NFEF.EQ.O)GO TO 250 



-41-

PRINT 210 
210 FO~MAT(//1125H FrXED END FORCE PATTERNS// 

12X,8H PATTERN, ISH AXl. FORCE LFT,15H AXL FORCE RHT, 
219tl AXL FORCE CENTRAL,22H MOMENT IN ROT SPRING, 
321H FORCE IN HOR SPRING,5X.l0HLL RED FAC/) 

00 220 N= I.NFEf 
REAO 230. I.(FEF(N,J),J=I,5) 

220 PRINf 240.N.(FEF(N,J).J=1.5) 
230 FORMAT(I5.5FIO.O) 
240 FORMAT(2X.IG,3X.FI2.2,3X.FI2.2.5X,FI2.2,8X.FI2.2.7X,F12.2) 

C INITIAL FORCE PATTERNS 
G 
250 IF(NINT.EQ.O}GO TO 300 

PR INT 260 
260 FORMAT(////28H INITIAL END FORCE PATTERNS// 

12X.8H PATTERN.15H AXL FORCE LFT.1SH AXL FORCE RHT. 
219H AXL FORCE CENTRAL,22H MOMENT IN ROT SPRING, 
321H FORCE IN HOf~ SPRING) 

00 270 1'1= I,NINT 
READ 280 .1.(F[N(r(N,J).J=I,S) 

270 PRINT 240,N.(F{N[T(N,J),J=I.5) 
280 FORMAT(IS,5Fl0.0) 
G 
G ELEMENf SPECIFICATION 
G 
300 P!~ INT 310 
310 FOIWAT(f///221l ELEMENT SPECIFICATIONI/ 

IJ:<'.1HElH1.2X.4HNOOE,511 NODE.5H NODE,6H WIDTH,5H BAXS,5H CAXS. 
251! ROTS,51-! HORS,5H 8AXY,5H CAXY,5H ROTY,5H HORY,6H TIME, 
313HFEf PATTERNS, 18HFEF SCALE FACTORS . 14HINITIAl FORCES/ 
,1,IX,2I!NO.61f (,5H J.GH DIFF.7X,5HTYPE ,5HTYPE ,5HTYPE • 
55HfYPE .5I-1fYPE ,5HTYPE ,5HTYPE ,5!ffYPE ,5HHIST ,12H DL LL 
Gt:3l1 Ol LL .17HNO. seALEFAC./) 

00 :) 19 ..J '" t • 'j 
KOOY(.J)~O 

KOOYX(J)=O 
:J 19 emu INUE 

KST=O 
00 320 .J=93 , 152 

320 COM(J) =0. 
It·IEt-I=. 

330 REAU 340,INEL.INOOI.INOOJ,IINC,DSW,IAXBT,IAXCT,IROT,IHST. 
,rVAXBf,IYAXCT,(YROT,IYHST,IKDT,IKFDL,IKFLL,FFDL,FFLl. 
~(IN[f.Ff[N(r 

340 FORMAT(4I4,fG.O,1113,2F5.0.I5,F5.0) 
[F(INEl.GT.IMEM)GO TO 380 

350 NOO(~(NOO( 

NOO..J~ INOO.J 
(NC" I (NC 
[F([NC.EO.O)INC~1 
[,\XB={AXBT 
IAXC=IAxcr 
KOIHD f= IKOT 
\-JIO=OSW/2. 
ItlS"" wsr 
[RO= {ROr 
IYAXa"IYAXEH 
{"(Axe" I YAXGr 



IYHS=IYHST 
I 'iRO" IYROT 
YNT=YESNO(2) 
IF(KOUTOT.NE.O)YNT=YESNO(l) 
KFOL= IKFOL 
KFLL=IKFLL 
FOL=FFOL 
FlI.M=fFLL 
FLLF=1.0 
IF(KFLL.EO.O)GO TO 360 
FLLF=FEF(IKFLL,G) 
IF(FLLF.EQ_O)FllF~l.E-G 

360 INIT=IlNIT 
f INf=fFINlT 
ASTT=AST(I) 
IF( INEL-NMEM)330, 380, 330 

C 
310 NODI=NODI~INC 

NOD.J=NOO.Jf. lNC 
ASTT=Asr(2) 

C 
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380 PRINT 390.ASTT,IMEM,NODI,NOOJ,INC.DSW.IAXB.IAXC.IRO,lHS, 
'[YAXB. IYI\XG.IYRO, [YHS, YNT .KFOL,KFLL,FDL,FLLM. INIT ,FINT 

390 FORMAT(A2.14.IG,215.F5.1,I4.115,3X,A3.IG.I5.3X,F8.2. 
I F9. 2. n. F 11.:2) 

C LOCAfION MATRIX 
C 

1)0 400 [= 1 .3 
(3.1( I ) ~ [0 (NOD { • [ ) 

400 I.M(I4-3)=l/)(NOO.J.[) 
CALI. BAND 

C 
C ELEMENT PROPEArIES 

FI.~ABS(,{(NOOJ) -'(NOOl» 
STO(O=FIITVP(rAXB,I) 
STI(I)=FATYP(IAXB.2} 
ST2(1)=FATYP(IAXU.3)'STI(1} 
STO(2)'=STO( f) 
Sf 1(2) =$ Tt(l ) 
ST2(:.:t)=ST2( t) 
STO(3)=FATYP(IAXC.l) 
Sfl(3)=FATYP(IAXC.2) 
sr2(3)=FATYP(IAXC.3)*ST1(3) 
~TSO(I)=FRTYP(IRO.I) 
STSI(I)=FRTYP(IRO,2)'STSO(I) 
STSO(2)-=HH,(P( illS. 1) 
S rs 1 (2 )=FHTYP( HIS.:1) "STSO{ 2) 
py( t )=YAX( rAX3. f) 
P'(2)=p'( 1) 
OELY(I)~YI\X([AXB.2) 

DELY(2)=OELY(I) 
OELC(I)=-ABS(YAX([AXB.3» 
OELC(2)=DEtC( I) 
PY(3)=YAX([AXC. I) 
OELY(3)=YAX([AXC,2) 
OELC(3)--ABS(YAX(IYAXC.3» 
py(-t)='(RO([YRO, I) 
DEtY(4)=VRo{rVRO.2) 



PY(5)=YHS(IYHS.I) 
DELY(5)~YHS(IYHS.2) 

C LOADS DUE TO FIXED END FORCES 
c 

00 480 I" 1.6 
480 SFF(I)"O.O 

IF(KFOL~KFLL.EQ.O)GO TO 610 
IF(KFOl.EQ.O)GO TO 530 
DO 500 1= 1,5 

500 FFEF(I)=FEF(KFDI., I) "'FDL 
CALL TRANS(SFF,FFEF) 

530 IF(KFLL.EO.O)GO TO 570 
1)0 529 I = I ,5 

529 FFEF(I)=FEF(KFLL,I) 
CALL TRANS(SSFF.FFEF) 
DO 540 f= 1,6 
FLL=FLLF 'FLU.I 
[F(f.EO.3.0R.r.EO.6)FLL=FLLM 

540 SSFF(I)=SSFF(I).FLl 
570 00 580 1=1,6 
580 OD([)=SFF([)~SSFF([} 

CAll SFOI~CE(DD) 
c 
C MODIFY TO GEr INITIAL FORCES 

IF(KFDl.EO.OIGO TO 531 
DO SOt (='.5 

50' SFF(Il=FEF(KFOL.I»FDl 
531 IF(KFLl.EO.O)GO TO 610 

00 583 [= 1,5 
SSFF( [)"FEF(KFLL, I) 'FLU~ 

533 SFF(I)=SFF(l).SSFF(r) 

UII rIAL FORCES 
c 
610 {F( [NIT.EO.O)GO TO 630 

00 (320 [='.5 
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620 SFF(I)=SFF([)tFINIT(INIT.I)·FINT 
G 
G INlfIAlISE ELEMENT FORCES 
(' 

630 00 (331 (" I ,5 
631 FTOf(I)=SFF(I) 

00 (;50 != 1.5 
SS~FTOT( f) 
IF(SS.LT.O.)GO TO 640 
SENP(r)=ss 
GO TO 650 

641) SENN(!)=SS 
65<) (;ON r INUE c,,,.,_ FINISH 
C 
C GENERATE MISSING ELEMENTS 

(F(IMEM.EO.NMEM)RETURN 
(MEM= lMEM~ I 
IF(IMEM.EQ.INEL)GO TO 350 
GO TO 370 
END 
SUBROUTINE STJF7(/MSTEP/./NDOF/,/NINFC/,/COMS/,/FK/./DFAC/) 

COMMON/INFEl/IMEM.KST,LM(6).NODI,NOOJ,KOUTDT.Fl,WID,ST0(3).5Tl(3). 

Reproduced from 
best available copy. 
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-44-

IST2(3).STSO(2).STSI(2).PY(5).OELY(5),OELC(3).KODY(5).KODYX(5). 
2ST5(3).ST6(3).STS3(2),Pl(3).Ol(3).P2(3).02(3).P34(3),034(3). 
3P56(3).056(3).P89(3),D89(3).P9(3).09(3),PS1(2).OSI(2).SOFO(S). 
4FTOT(5).VTOT(5).SENP(5).SENN(5).VENP(5).VENN(5).TSENP(5), 
5TSENN(5).TVENP(5).TVENN(5).REST(48) 

COMMON/WORK/ST(5).STT(5) 

DIMENSION COM(I).COMS( 1).FK(G,6) 
EQUIVALENCE(IMEM,COM(l» 

C STIFFNESS FORMULATION 

00 10 ,J"3. 57 
10 COM(~)=COMS(d) 
c 
C CURRENT STIFFNESS OF EACH COMPONENT 

CALL FSTf7( ST • KOOY ) 
c 
C PREVIOUS STIFFNESS 

C 

If(MSTEP.lf.2)GO TO 30 
CALL fSTF7( STr • KODYX ) 

C STIFFNESS OIFFERNCE 
00 20 I ~ t.5 

20 ST(I)=ST(I)-STT(I) 
30 00 31 1=1.6 

00 31 ~=t.6 
31 FK(I.J)=O.O 

PARS=~IID"\O/[o·(ST( I )+ST( 2» 
FK(1.1)=Sr(5) 
FK(I.4)=-ST(5) 
fK( I.G)·~-F'-~ST(5) 
FK(2.2)=ST( 1).ST(2)+$f(3) 
FK(2.3)=WID~(ST(2)-ST( 1» 
FK(2.5)=-FK(2.2) 
FK(2.6)=-FK(2.:J) 
FK(3.3)=PARS·ST(4) 
FK(3.5)=FK(2.G) 
FK(3.6)=-PARS·ST(4) 
FK(4. ,1) =S f(!j) 
FKH.6)=-FK( 1,6) 
FK(5.5)=FK(2.2) 
fK(5.6)=FK(2.3) 

!FK(6.6)=PARS·Fl·FL*ST(S).ST(4) 
00 GO r = 1 • G 
00 60 d= 1.6 

60 FK(J,I)=FK({,J) 
[F(MSTEP.Gf.l)GO TO 80 

C 
G IN[ fIAL STIFFNESS FOf~ STEPO,BETA_O CORRECTION FOR STEP 1 

CG'-=I.0 
IF(NSTEP.EO.l)ee=DFAC 
00 40 I" 1 • 31i 

40 FK(I.1)~FK«(.1)·CC 
al) RETURN 

END 
SUBROUfINE TRANS(/SF/./FE/) 
COMMON/INFEL/IMEM,KST,LM(G).NOOI.NODJ,KOUTDT.FL.WIO.STO(3).ST1(3). 

lST2(3).STSO(2).STSI(2).PY(5).OELY(S).OELC(3).KODY(5).KOOYX(5), 



30 

35 

4<) 

55 

GO 
2!i 

8 '_J 

9<) 

95 
80 

c; 
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2ST5(3).STG(3).STSJ(2).PI(3).Dl(3).P2(3).D2(3).P34(3).034(3), 
3P5G(3).OS6(3).P89(J).D89(3).P9(3),09(3).PS1(2).OSl(2).SOFO(5), 
4FTOT(5).VTor(S).SENP(S),SENN(S).VENP(S).VENN(5).TSENP(s). 
STSENN(5).TVENP(5),TVENN(S),REST(48) 

DIMENSION SF(G).FE(5) 
SF (1 }=-FE(5) 
SF(2)=-FE(1)-FE(2)-FE(3) 
SF(3)~WID'(FE(I)-FE(2))+FE(4) 
SF(4)=FE(5) 
SF(5)=-SF(2) 
SF(G)=WID*{FE(2)-FE(l»+FL+FE(S)+FE{4) 
RETURU 
END 
SUBROUTINE FSTF7(/STIF/./KOO/) 
COMMON/INFEL/IMEM,KST.LM(6),NOOI.NODJ.KOUTDT.FL,WIO,ST0(3),ST1(3). 

tST2(3).STSO(2).STSI(2),PY(S).DELY(S).DELC(3),KODY(5).KODYX(5), 
2ST5(3).ST6(3),STS3(2',Pl(3),Ol(3).P2(3).D2(3),P34(3),034(3), 
3P5G(3).05G(3).P89(3),089(3),P9(3),09(3).PS1(2).OSl(2),SDFO(5), 
4FTOT(5).VTOT(5),SENP(5),SENN(5),VENP(5),VENN(5),TSENP(5), 
5TSENN(5),TVENP(S),TVENN(5),REST(48) 

DIMENSION STIF(5),KOD(5) 
00 25 1= 1.:3 
KYY=KOO(I)'" 
GO TO (30.35,40.JO,J5.55.60.30,S5,60),KYY 
STlF( I}=STO( [) 
GO TO 25 
SIIF( I )~sTH {} 
GO TO 25 
STIF(I)=ST2(I) 
GO TO 25 
SlIfe I )=srs( [) 
GI) fO 25 
STIFlr)=STG(r) 
CONTINUE 
00 80 I" 1. 2 
N-.:! .. :] 

KYV=KOO(N)I-. 
GO TO (85,90.90.95),KYY 
STlr(N)=STSO( £) 
GO TO 80 
Sf[f(N)=srS1«(} 
GO TO 8<) 
STIF(N) =STS3( [) 
CONTINUE 
~~c TURN 
ENO 
SUBROUTINE RESP7(/NDOF/,/NINfC/,/KBAL/,/KPR/./cOMS/,/DOISM/. 

t/OO/./TIME/./VELM/,/DFAC/./OELTA/) 

eSTATE DETERM[NATION ,SHEAR WALL ELEMENTS 
COMMON/INFEL/lMEM,KST,LM(G).NOOI.NODJ.KOUTOT,FL.WID.ST0(3),ST1(3). 

tST2(3).STSO(2),srSI(2),PY(5).DELY(5J.DELC(3).KOOY(5),KODYX(5), 
2ST5(3),STG(3),STS3(2),Pl(3).01(3).P2(3).D2(3),P34(3),034(3), 
3P5G(3).05G(3).P09(3),089(3).P9(3).09(3).PS1(2).DS1(2),SDFO(S), 
4FfOT(S).vrOf(5).SENP(5).SENN(5).VENP(5).VENN(5).TSENP(5), 
SrSENN(5).TVENP(5),TVENN(5).REST(48) 

COMMON/WORK/OV(5),Df(5).FLIN(5',STRS(5).FOUM(5),OSU6(5).DELV(5). 
lfACAC.FAC.FAcrOR,DELI.OTOT,STOT. OSO.OS .DS2.DS3.DS4.DS5.DSG. 
20S7.DSB.OS9.KOOO,REM(1148) 

DIMENSION COI-1( I) ,COMS( 1) ,DOISM( 1) ,DD( 1), VELM( 1) 

Reproduced from 
best available copy_ 
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EQUIVALENCE(iNEM.COM( 1» 
c 

00 10 J~I.NrNFC 
10 COM(J)=COMS(J) 

00 11 v= 1 .5 
II KOOYX(J)=KODY{J) 

IF ( If·1H,. EQ. t HHED=O 
C 
C DEFORMATION INCREMENTS 
C 

C 

OV(I)~-DOISM(2)+WID*OOISM(3)+OOISM(5)-WIO·OOISM(6) 
DV(2)=-ODISM(2)-WIO·DDISM(3)+DDISM(5)+WIO*OOISM(6) 
DV(3)=-ODISM(2)+DOISM(5) 
OV(~)=OOISM(3)+OOISM(6) 
OV(5)=-OOISM(I)+OOrSM(4)+FL·OOISM(6) 

C FORCE INCREMENTS IN VARIOUS COMPONENTS 

CALL FSTF7( STRS • KODY 
00 12 1= t. 5 
OF(I)=SrRS(I}*OV(C) 
VrOT{I)=VrOT(I) +OV(I) 

12 FlIN{I)=FTOf{I)~OF(I) 
CALL RSPJ\X(I) 
CALL RSPi\X(2) 
CAll RSPJ\X(3) 
CALL RSPSP(I) 
CALL RSPSP(2) 

G 
C NEW FORCE,UNBAlANCEO FORCE DUE TO CHANGE OF SLOPE 
c 

01) 790 I" 1 • 5 
FOUM(I)~Frof«() 
DSUB([)=FLIN«()-FTOT(I) 
[F(ABS(OSUH( I» .GT. I. E-8)KBAl= 1 

790 CONfINUE 
G 
C OEFORMAfiON RATE FOR DAMPING 

C 

[f(OFAC.EQ.O.O.MIO.OELTA.EQ.O.O)GO TO BOO 
(F(TIME.EO.O.)GO TO 737 
K8hl=1 
OElV(I)~-VELU(2)+WIO~VELM(3)+VElM(5)-WID·VELM(G) 
OELV(2)~-VELM(2)-WIO~VElM(3)+VElM(5)+WID~VElM(6) 
DELV(3)=-VElM(2)+VElM(5) 
DElV(4)=VElM(3)·VELM(6) 
OELV(5)~-VELM(I)+VElM(4)+FL·VELM(6) 

C BETA-O DAMPING FORCE 
C 

{F(OFhC.EQ.O.)GO TO 830 
00 835 I'" f .!j 
(F«(.Gf.3)GO TO 840 
OSUB(I)=DSUB{[)+OFAC~STO(I)·DElV(I) 
GO TO 835 

840 N"I-3 
DSUB(I)=DSUB([)+OFAC·STSO(N)·OELV(I) 

835 CONffNUf 

C STRUCrURAL DAMPING FORCE 
C 
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830 IF(OElTA.EQ.O.)GO TO 800 
DO 865 1=1.5 
OSI.=OElTA'SIGN(ABS(FOUM(I».OELV(I» 
OSUB(I)=OSUB(I)-DS~~SOFO(I) 
SOFa( I )=DSL 

865 CaNT WUE 
G 
C UNBALANCED LOAD VECTORS 
C 
800 If(KBAl.EQ.O)GO TO 737 

CALL TRANS( 00 • OSUB ) 
C 
C EXTRACT ENVELOPES 
737 00 743 I~l,5 

IF(SENP(I).GE.FDUM(I»GO TO 738 
SEr.JP( I) -=FOUM( I) 
TSENP(I)=rIMF.: 
GO TO 741 

738 IF(SENN(I).LE.FDUM(I»)GO TO 741 
SENN(I)=fDUM(I) 
TSENN( () ~flME 

741 IF(VENP(I).GE.VTOT(I») GO TO 742 
VENP(I)-=vroT(I) 
TVENP( [)=TH"E 
GO TO 743 

742 IF(VENN(I).lE.VTOT(I»GO TO 743 
VENN( I )=VTOf( [) 
TVENN( I) =J If!,E 

'/4:) CONf INUE 
C· 
C PRINT TIf.1E HISTORY 
C 

[F{KPR.I.T .O)GO HJ 200 
[F(KPR.EQ.O.OR.KOtJTOT.EO.O) GO TO 240 

200 IF( IHEO.NE .O)GI) TO 220 
KKPRo:IA8S(KPR) 
PR[NT 210.KKPR.TINE 

210 FORr.1AT(j//181l RESULTS FOR GROUP. 13. 
128t! SHEM~ WALl. EI.F.r<1ENrs. TIME =F8. 3/ / 
25X .5H ELE!". 2X .-IHNODE ,2X, 4HNODE. 22X, 10HLEFT AX IAL, 
32:<. l1HR [GIH AX 1M .• ?X. 13HCENTRAL AXIAL. 2X. lOHROTATIONAL. 
42X.l0IiHORIZONTAL/7X.2HNO.5H I.6H J.26X,GHMEMBER. 
5GX. 6HMEMBEI~. ~3X. GHSPR ING. 9X. 6HSPRING. 6X. 6HSPRING) 

IHEO=I . 
220 PRfNT 230.IMEM,NOO(.NODJ,(KDDY(I),I=1.5).(FTDT(r),I=1.S). 

1(vroT(l). (~1.5) 
230 FORMAT(I9.2IG/23X. IIH YIELD CODE.l0X.IG.GX.IG,9X.I6,7X,IG,GX.I6/1 

123X.18tlrOfAL fORCE/MOMENT,5E13.4//23X.17HTOTAl DEFORMATION, 
2~E \:3.4) 

G 
C SEr INDICATOR FOR STATUS CHANGE 
240 l<ST"'O 

00 245 [:l.!i 
IF(KOOYX{I).NE.l<OOY(I»KST=1 

245 CONTINUE 

C IJPDATE INFO!~MATt(m IN COMS ARRAY 
G 

00 250 .J"'.lO.152 
250 COMS(.J)-COM(.j) 



c 

COMS ( 2 ) =Cor.I(:2) 
RETURN 
END 
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SUBROUTINE QUT7(/COMS/./NINFC/) 
COMMON/INFEL/IMEM.KST.LM(6),NOOI,NDDJ.KDUTOT,FL.WIO.STO(3).ST1(3), 

IST2(3',STSO(2).STS1(2),PY(5).DELY(5).OELC(3).KOOY(5),KOQYX(5). 
2ST5(3).sr6(3).STS3(2),Pt(3).OI(3).P2(3).02(3),P34(3).034(3), 
3P56(3),056(3),P89(3),089(3),P9(3),09(3).PS1(2).OSI(2),SOFa(5). 
4FfOT(5).VTOT(5).SENP(5),SENN(5).VENP(5).VENN(S).TSENP(5). 
STSENN(S).TVENP(5).TVENN(5),REST(48) 

OIMENSION COM(1).COMS(I) 
EourVALENCE(IMEM.COM(I» 

C ENVELOPE OUTPUT .SHEARWALl ELEMENTS 

DO 10,)= I,NINF~ 
to COM(J)=COMS(<1) 

IF(rMEM.EQ.1)PRINT 20 
20 FORMAT(32.i SHEARWAll ELEMENTS (TYPE 7)//// 

15X.5H ElEf·'.2X.4HNOOE,2X,4HNOOE.22X.l0HlEFT AXIAL. 
22X, IltUZIGHT AXIAL.2X. 13HCENTRAL AXIAl,2X,10HROTATIONAL. 
32X, 10HHO!H ZONT AI./7X. 2HNO, SH I, 6H J, 2GX. GH1·1EMBER, 
46X,6HMEMBER.9X.6HSPRING,9X.6HSPRING.GX,6HSPRING) 

PRfNT 30.rr"EM.NOO£,NOOJ,(SENP(I),I=I,5).{TSENP(I),I=I,S). 
I (SENN([).I-1.5),(TSENN([),I=I,5).(VENP(I).I~1,5), 
2(TVENP{I).£=1.5).(VENN(r),I=1,S).(TVENN(I).1=1.5) 

30 FORMAr(I9.2I&/23X.14HPOSITIVE FORCE,GX,5EI2.4/23X. 

(; 

11,1f1 TH-1E.GX,SFI2.4//23X,I.1HNEGATIVE For~CE.GX. 
2SEI2.4/23X.t4Ii TIME,GX,5FI2.4//23X. 13HPOSITIVE DISP 
J .6X.5EI2.4/23X.13H TIME,6X,5FI2.4// 
423X, 13HNEGATIVE OISP.6X,5EI2.4/23X, 13H TIME. 
5GX,5FI2.4//) 
r~ETur~N 

END 

C srATE OEfERMINAT[ON OF AXIAL COMPONENTS 
C 

SUBROUTINE RSPAX(I) 
COMNON/INFEL/IMEM,KST,LM(6),NOOI.NOOJ.KOUTOT,FL,WID,ST0(3),5Tt(3). 

IST2(3).STSO(2).STSI(2),PY(5),DELY(5),OELC(3),KOOY(5),KOOYX(5), 
2ST5(3),STG(3).srS3(2),PI(3),OI(3).P2(3),02(3),P34(3).034(3). 
3PSG(3).D5G(3),P89(3),OB9(3).P9(3).09(3),P51(2).051(2),SOFD(S). 
·IF rOTC 5). VTOT(S}. SENP(5). SENN(S), VENP(S). VENN(S), TSENP(5). 
STSENN(5).TVENP(5),TVENN(5).REST(48) 

COMMON/WORX/OV(5).OF(5),FlIN(S),STRS(S).FOUM(S).DSU8(5),DElV(5), 
IFACAC.FAC.FACTOR,OEL!,DTOT.STOT.OSO,05 ,052.DS3.054,055,056, 

20S7,OS8.DS9.KOOD,REM(1148) 
KOOD=KOOY(I) 
OElI=OIJ(I) 
srOT=FTOr( r) 
OTOT=IJTor(l) 
FI\CAC=O. 

20 FACTOR~I.-FACAC 

KOOY I -KODO ~ 1 
GO TO("iOl. 702. '103,300, 70S,SOO. 707,708.709.710) .KOOYI 

C 
G ON SLOPE 0 <GET FACTOI~ FOR STATUS CHANGE 
701 DSO=STo(r)'OEl[ 



IF(OSO)32.11').3' 
31 FAC=-STOT/OSO 

IF(FAC.GE.FACTOR) GO TO 32 
fACTOR=FAC 
STOT=O.O 
KODO"'l 
GO TO 1 10 

32 STOT=STOT~FACTOR*DSO 

GO TO t 10 
c 

-49-

C ON SLOPE f .GET FACTOR FOR STATUS CHANGE 
C 
702 OS =ST1(I)·OEll 

IHOS )33.110.35 
33 KODO=3 

GO TO 300 
35 FAC=(PY(I)-STOT)/OS 

IF(FAC.GE.FACTOR)GO TO 38 
FACTOR=FAC 
STOT=PV(I) 
KOOO=2 
GO TO 110 

38 STOT=STOT.FACTOR*OS 
GO TO I II) 

C ON SLOPE 2.GET FACTOR FOR STATUS CHANGE 
C 
103 OS2=OElI"ST2(I) 

IF(OS2}40. 110.45 
40 KODO=5 

GO TO 500 
45 STOT=STOroOS2*FACTOR 

KOOO=2 
GO TO tll) 

G 
C ON SLOPE 3<GEI FACrOR FOR STATUS CHANGE 

300 OS3=STO(I}'DElI 
(F(OS3)5(). f10.5!; 

50 FAC-=(P34(I)-STOr)/OS3 
(F(FAC.GE.F.\CTOlnGO TO 60 
FACTOR=F/\(; 
SrOf=P34(I) 
KOOI)=4 
GO flJ 110 

55 FAC=(p1(r)-STOT)/OS3 
(F(FAC.GE.FACTOR)GO TO 60 
FACTOR=FAC 
STOT=Pl(I) 
KOOO = 1 
GO TO 110 

GO STOf=$TOT+-FACrO!POS3 
GO TO 110 

G 
G ON SLOPE 4.GEf FACTOR FOR STATUS CHANGE 

705 OS4=$Tl(I)~OELI 
IF (054 )G5. 1 fl). "10 

65 FAC:(-PV(r)-SrOT)/OS4 
[F(FAC.GE.FACTOR)GO TO 75 
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FACTor~=FAC 

STOT=-PY(I) 
KODD=O 
GO TO 110 

70 KDOO~3 

GO TO 300 
75 STOT-STOT4FACTOR~OS4 

GO TO 110 
C 
C ON SLOPE S.GEl FACTOR FOR STATUS CHANGE 
500 OS5=DElI·ST5([) 

IF(DS5)80.110.8!; 
80 fAC-(P56«()-STOT)/OS5 

IF(FAC.GE.FACTOR)GO TO 90 
FACTOR=FAC 
STOT=P56(I) 
KODO=6 
GO TO 110 

8S FAC-(P9(1)-STOT)/OS5 
IF(FAC.GE.FACTOR)GO TO 90 
FACTOR=FAC 
STOT-P9(l) 
KODD=9 
co TO 110 

90 STOT=STOT·FACTOR·OSS 
GO TO 110 

f; 
(' ON SLOPE 6.GEr FACTOR FOR STATUS CHANGE 
'10·' OS6=DEL ( 'sT(H I) 

IF(OSG) 120.110.125 
120 FAC=(-PV(I)-STOr)/OSG 

IF(FAC.CE.FACTOR)GO TO 130 
FACTORoiFAC 
KODO=-' 
CO TO 110 

125 KODO=!:) 
GO TO 500 

130 STOT=STOT~FACrOR*OS6 

GO fa 110 
C ON SLOPE 7.GET FACTOR FOR STATUS CHANGE 
703 OS'I=DELI AS rOe [) 

IF (OS'/) 140. 110.145 
140 KODO-"! 

GO TO 150 
14') FAC=(-PV(I)-STOT)/OS7 

IF(FAC.GE.FACTOR)GO TO 150 
FACTOR-FAC 
srOf--PY(I) 
KODO=8 
GO ro 110 

150 STOT=STOT.FACTOR~OS7 

GO fa 110 
c: 
c; ON SLOPE a.GH FACTor~ FOR STATUS CHANGE 
'IO~ OS8-ST5( I) 'OELl 

IF(OS8) 160. I to. 165 
1GO FAC=(-PV(!)-STor)/OS8 

IF(FAC.GE.FAcrOR)GO TO 170 



FIICTOR"FAC 
STOr~-pY(I) 

KOOO~7 

GO TO 110 
165 FAC~(P89(I}-5TOT)/OS8 

IF(FAC.GE.FACrOR)GO TO 170 
,FACTOR=FAC 
. STOT=P89( I) 

KOOO=9 
CO TO 110 

110 STOT=STOT~FACTOR*OS8 

GO TO 110 
c c 
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C ON SLOPE 9.GET FACTOR FOR STATUS CHANGE 
710 OS9=STG(I}-OELI 

IF(OSS) 175.110. 180 
175 KOOO=S 

GO TO 500 
180 FAC=(P2(I)-STOr)/OS9 

IF(FAC.GE.FACTOR)GO TO 18S 
FACTor~~FAC 

STOT=P2(I) 
KOOO"'? 
GO TO 1 10 

185 STOT=STOT.FACTOR·OS9 
C 
C CHECK CO!ft.PLETlON or CYCLE 
110 FACAC=FACAC.FACTOR 

[F{FACIIC.lf.0.9999999)GO TO 20 
r F(KOOO. EO. 1 }CIILL VRTX 1 ( I) 
rF(KOOD.EQ.2)CAI.I. ViHX2(r) 
IF(KOOO.EO.4)CALL VRTX4(I) 
EF(KOOO.EQ.6,CAI.I. vr~rXG(I) 
IF(KOOD.EQ.9)CAI.L Vfn:<9( I) 
KOOY( r )~KODI) 
FTOT(I)=STor 
'/TOT ( I )~DTOT 
RErURN 
END 
SUBROUTINE VRTX1(I) 
COMMON/ENFEL/IMEN,KST,LM(6),NODI,NODJ,KOUTDT,FL,WID,ST0(3),ST1(3). 

ISf2(3).STSO(2),STSI(2),PY(5),DELY(5),OELC(3).KODY(5).KODYX(5). 
2SfS(3).STG(3).STS3(2),Pl(3).Ol(3).P2(3).D2(3).P34(3).D34(3). 
3P5G(3).05G(3).P89(3),DB9(3),P9(3).09(3).PS1(2).DS1(2).SDFO(S), 
4FTOT(5).VTOT(5).SENP(5),SENN(5).VENP(5).VENN(5).TSENP(5). 
5TSENN(S).TVENP(5),TVENN(5).REST(48) 

COMMON/WORK/OV(5),OF(5),FLIN(5).STRS(S).FDUM(5).DSU8(5).DELV(5). 
IFACAC.FAC.FAcrOR.OELI,DTOT.STOT,DSO.OS .DS2.DS3.DS4.DS5.DSG, 

2DS7.DS8.0S9.KODO.REM( 1 148) 
PI(I)~sror 
01 (I) ~Dro r 
034(1)·(-PY(I)-STor+$TO(I)*OTOT-ST1(I)·OElG(I»/(STO(1)-STI(1» 
P34(I)~(-STO(I)·PY(I)-ST1(I)·STOT~STO(I)·ST1(I)*(DTOT-DELC(I») 

1/(STO(I)-ST1{r» 
RETURN 
ENt) 
SUBRourINE VRTX2(1) 
COMMON/INFEl/IMEM,KST.LM(G).NODI.NODJ.KOUTDT.FL.WIO.STO(3).ST1(3). 

ISf2(3).STSO(2).SfSI(2),PY(5).DELY(5).DELC(3).KODY(5).KDDYX(5). 

Reproduced from 
best available copy. 
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2ST5(3).STG(3).STS3(2).Pl(3).01(3).~2(3).02(3).P34(3).034(3), 
3P56(3),056(3).PS9(3),089(3).P9(3).09(3).PS1(2),OSI(2).SOFO(5), 
4FTOT(5).VTOr(5).SENP(5).SENN(5).VENP(5).VENN(5).TSENP(5). 
5TSENN(5}.TVENP(5),TVENN(5).REST(48) 

COMMON/WORK/OV(S),OF(5),FLIN(5),STRS(5).FDUM(5).OSU8(5),OELV(5), 
lFACAC,FAC.FACTOR,OELI,OTOT.STOT,OSO,OS ,OS2.0S3.054,055,056, 
2DS1.DSS,059.KOOO,REM(114S) 

P2(I)=STOT 
P9(I)=5TOT 
02(I)=OrOT 
09([)~OTOr 

STG(I)"STOT/OTOT 
ST5(I)=STG(I)*STO{I)/STI(I) 
P5G(I)=(ST5(1)·ST6({)~(DTOT-DELC([»-STS(I)·pY(r)-ST6(I)*STOT) 

t/(ST5(1)-ST6(r» 
05G(I)=(-PY(I)-STOT·Sr5(r)·DTOT-ST6(I)~DElC(I»1 

I(ST5{r)-ST6(I» 
P89«()=(5T5([)~sr6(I)~(OELC(I)-OTOT)+ST5(I)+STOT+ 

tSf6(I)'PY(I»/(5T5(1)-ST6(I» . 
Oa9(I)=(Sror+pY([J+ST5(I)~OELC(I)-5T6(I)·DTOT)1 

t(5T5( I )-STG( I)} 
RETURN 
END 
5UBf<OUTfNE VRTX4( [) 
COMMON/INFEL/IMEM.KST.lM(6),NOOI,NOOJ,KOUTOT,Fl.WIO.ST0(3),5Tl(3). 

IST2(3},STSO(2),STSI(2),PY(5),DElY(5),DELC(3),KOOY(5}.KODYX(5). 
2SfS(3).STG(3).STS3(2).Pl(3).Dl(3),P2(3).02(3).P34(3).034(3). 
3P5G(3).056(3}.P89{3),089(3).P9(3),09(3).PSf(2).D51(2).SOFO(S), 
4FTOf(5),VTor(5).SENP(5),SENN(5).VENP(5).VENN(5).TSENP(5), 
5TSENN(5). P/ENP(5). TVENN(5) ,REST('~8) 

COMMON/WORK/OV(5),OF(5),FLIN(5),STRS(5).FDUM(S).DSUB(5),DElV(S}, 
IF4~AC.FAc.rACTOR.OEl[,OTOT.STOT,DSO,DS ,DS2,DS3.D54,DS5.DS6, 
20S7.0S8,OS9.KOOO.REM( 1148) 

SOIFF=P34(1}-$TOr 
VOIFF=034(1)-DTOT 
p:;,q !) ~s ror 
In4( I )=OTor 
PI( £)=Pl( r}-SOlfr
D t ( I ) =0 1 ( [ ) - VO [FI" 

r~E rURN 
END 

SUBROUT[NE VRTX6(1) 
COMMON/INFEL/lMEM,KST,LM(G).NODI,NOOJ,KOUTOT,Fl,WIO.STO(3).ST1(3), 

lST2(3).srSO{2).STS1(2).PY(5).OELY(S).OElC(3}.KOOV(5).KOOYX(5). 
2SfS(3),ST6(3).STS3(2),Pf(3),OI(3),P2(3).D2(3),P34(3).034(3). 
3P56(3).05G(3),P89(3).D89(3).P9(3).09(3),PSt(2).OS1(2).SOFO(S). 
~FfOT(5),VTor(5),SENP(5),SENN(5),VENP(5).VENN(5).TSENP(S). 
5TSENN(5).TVENP(5).TVENN(5),REST(48) 

COMMON/WORK/OV(5).OF(5),FLIN(5).STRS(5),FDUM(5).D5UB(5),OElV(5), 
lFACAC,FAC.FAcrOR,DEl(.OTOT.5TOT.OSO.OS ,052,OS3,OS4,OS5.056, 
20S7.0S0.D59.KODO.REM( I 1~8) 

SOIFF=P56(1)-SrOT 
VOIFFmU56(1)-OfOT 
P5G(I)=sror 
05G(I)=oror 
P9(r)=P9(I}-SOIFF 
09(I)=09(1)-VO£FF 
RE TUlm 
END 
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SUBROUTINE VArX9(I) 
COMMON/INFEL/IMEN,KST,LM(6),NODI,NOOJ,KOUTOT,FL,WID,SlO(3),ST1(3). 

lST2(3).STSO{2).STS1(2),PY(S),OELY(S).OELC(3).KOOY(5),KOOYX(5), 
2ST5(3).STG(3).STS3(2),Pl(3',Ol(3).P2(3).02(3),P34(3),034(3). 
3P5G(3).OSG(3).PB9(3),D89(3),P9(3),D9(3).PS1(2).DS1(2),SOFO(S). 
4FT01(S).VTOT(5).SENP(5),SENN(S).VENP(5),VENN(5),TSENP(5). 
5TSENN(5).TVENP(5).TVENN(5),REST(48) 

COMMON/WORK/OV(5),OF(5),FLIN(5),STRS(5).FDUM(5),OSUB(5),OELV(5). 
lFACAC.FAC.FACTOI~.OELI.OTOT,STOT.DSO.DS ,OS2.0S3.0S4,DS5.DS6. 
2057.0Sa.OS9.KOOO,REM(1148) 

SOIFF=P9(1)-STOr 
VDIFF=D9(r)-OTOT 
P9(r)=5TOT 
D9(1}=OTOf 
P5G(I)=P5G(I)-SOIFF 
OS6(I}=056(I)-VOIFF 
RETURN 
END 

C STATE DETERMINATION OF SPRING COMPONENTS 
SUBROUTINE RSPS?(I) 
COMMON/INfEL/INEM,KST,LM(5).NOOI.NOOJ.KOUTOT,FL,WIO,STOe3',ST1(3}. 

IST2(3).STSO(2).STSI(2),PY(5),OELY(5).OELC(3'.KOOY(5).KOOYX(5). 
2ST5(3).STG(3),STS3(2).Pl(3).01(3).P2(3).02(3).P34(3),034(3). 
3PS6(3),056C3),P89(3),089(3).P9(3),09(3),PS1(2),DS1(2).SDFO(S), 
4FTOr(5).vTOT(5).SENP{5),SENN(S),VENP(5),VENN(S),TSENP(5), 
5TSENN(5).TVENP(5),TVENN(5),REST(48) 

COMMON/WORK/OV(5).DF(5,.FLIN(5',STRS(5).FOUM(5J.OSUB(5),OELV(S), 
lFACAC.FAc,FAcroR,DELI,OTOT,STOT.DSO.OS .OS2,D53.D54,OS5.0S6, 
20S7,058.0S~.KOOO,REM(1148) 
N~ 11-:) 
KOOO=KCOY{N) 
OfLI=OV(N) 
5 TOT"FTOT( N} 
OfOf=VTlHUJ) 
F"C"C~O.O 

177 rACTOR~I.-FACAC 

KOOY [~i<OOO 1-1 
c 
C ON SLOPE 0 .GET FACTOR FOR STATUS CHANGE 

GO TO ( 113, 1 H. 1 1 ~j. 303) . KOOY I 
113 oso=srSO(I)·OEL[ 

[ F (050) 31 •. \ 1 ,5 1 
31 FAC=(-PV(N)-STor)/oso 

[F(FAC.GE.FACTOR)GO TO 61 
FACTOR-=fAG 
KOOO=2 
5 ror=-PY(N) 
GO TO -11 

51 FAC~(PV(N)-STOT)/OSO 
IF(FAC.GE.FACTOR)GO TO 51 
FAcrOR=fAC 
KODO=! 
STor=PV(N) 
GO TO 41 

61 srOT=STor.fACTOR'DSO 
GO fO 41 

C ON SLOPE I,GET FACTOR FOR STATUS CHANGE 
II·' OS ~5TS 1( [) 'OELI 

[F( OS )"I I ,4 1,81 
"/ I KOOO<l 

I Reproduced from 
best available copy. 
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GO TO 303 
St STOT~STOT+FACTOR'OS 

GO TO 41 
C ON SLOPE 2.GET FACTOR FOR STATUS CHANGE 
115 OS2=ST51(r)·OELI 

IF(OS2)91.41.IOt 
91 STOT=SrOT+FACTOR+OS2 

GO TO 41 
101 KODO=3 

GO TO 303 
C C 
C ON SLOPE 3.GET FACTOR FOR STATUS CHANGE 
303 OS3=STS3{I)'DELI 

IF (OS3) 11 I .4 I • I? 1 
III FAC=(-PSI(r)-STOT)/DS3 

IF(FAC.GE.FACTOR)GO TO 131 
FACTOR=FAC; 
KODO=? 
s rOT=-p.S t( () 
GO TO 41 

121 fAC=(PS1([)-srOT)/DS3 
IF(FAC.GE.FACTOR)GO TO 131 
FACTo!~=FAC 

KOOD=1 
STOT=PS1(I) 
GO TO 41 

131 STOT=STOT+fACTOR'OS3 
41 FACAC=FACAC.FACTOR 

IF(FACAC.I.T.0.9999999)GO TO 177 
[F(KOOO.EQ.l)GU ro 750 
rF(KoOO.EQ.2)GO TO 760 
GO TO TIO 

750 PS1(£)=Sror 
OS1(I)=oror 
STS3(r)~STOr/DTOT 
GO fO TIO 

760 PS1(I)~-STOT 
OSt( I)=-oror 
STS~([)=5TOT/DrOT 

770 KOOV(N)=KOOD 
FTOT(N)=STOT 
VfOr(N)=DfOT 
RETURtJ 
END 
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APPENDIX A-2 

TANGENT STIFFNESS MATRIX OF THE SHEARWALL ELEMEJ>JT 
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