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ABSTRACT

Flement EL7 is a general purpose element for reinforced concrete
shearwalls under reversed cyclic loading. The element is develoned for use
in the DRAIN-2D computer program for calculating the nonlinear response of
multistory structures subject to earthquake motion. This report describes
the essential features of the element and includes the FORTRAN listing of
the subroutines. Input data and sample computer output for a seven story
reinforced concrete frame-wall structure are presented to illustrate rhe
data preparation procedure and output format for the shearwall element., A
discussion on the computer results will be reported separately. Stiffness

and hysteresis modelling for the shearwall element are taken from available

literature, with a few modifications.
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CHAPTER 1

[NTRODUCT [ON

Reinforced concrete walls are often introduced into miltistory
structures to resist lateral loads, especially when the frame alone is
insufficient for lateral resistance. Such a case occurs normally in tall
structures when a frame alone does not provide an economical and
structurally efficient system. The shearwalls, acting as predominant
lateral resisting units, are assumed to behave linearly elastic in
earthquake resistant design of frame-wall structures. This is because,
until quite recently, reinforced concrete shearwalls have been thought to
be brittle or semi-brittle elements. However, analytical and experimental
investigations on shearwall systems (Refs. 8,10,12) and their satisfactory
performance during several earthquakes have shown that walls are capable of
showing ductile behavior, provided adequate care is taken in design and
detailing.

A review of the available analytical investigations (Refs. 1,2,3,4) on
the nonlinear seismic behavior of frame-wall structures shows that a shear-
wall is normally idealized as an equivalent column taking into account
flexural deformation and sometimes shear deformation also. An extension
of the equivalent colum idealization is done by dividing the interstory
shearwall element into a finite number of small segments (Ref. 2) to take
into accomnt a more general distribution of moments in shearwalls than in
the case of beams and columns. The segment nodal points are condensed out
of the element stiffness matrix before it is used in the analysis of the

complete structure,



Txperimental investigations on reinforced concrete walls (Refs. 5,8,12)
have shown that bending deformation of a wall was caused primarily hy the
extension of the tension side boundary column. Also, a full scale test on
a seven story frame-wall structure has indicated the possibilitv 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 reinforced concrete wall taking into account the above features. The
model was used (Ref. 6) for the psuedo-dynamic analysis of a seven story
frane-wall structure, The writers of this report have developed the
requirad subroutines for the above model to be used with the DRAIN-2D
progran for the nonlinear time history analysis of multistory frame-wall.
structures. Some additions and sﬁnplifictions have been introduced by the
writers in the model proposed by Kabeyasawa (Ref. ). 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.

NRAIN - 2D COMPUTER PROGRAM

Drain-2D is a general purpose computer program for the nonlinear
response of plane structures subjected to earthquake motion, and was
developed by Kanaan and Powell (Ref. 7). The program concepts and features
are described in Reference 7. The user's guide (Ref. 11) describes the
extensions made 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 and 11
in order to provide continuity. The procedure followed for adding the
new shearwall element, hereafter referred to as EL7, to the DRAIN-2D

conforms to Chapter 4 of Reference 7. The four main subroutines developed



for the element EL7 are as follows. The number at the end of the

subroutine names corresponds to the element type which is 7 in the present

case., The other subroutines make a part of these four main subroutines.

1.

2

INEL7: TInput and initialization of element data.
STIF7: Calculation of element tangent stiffness matrix at
different time steps.
RESP7: Determination of increments of element deformations and forces
in each component, detemmination of yield status of each component, and
output of time history results. This is also referred to as "state
determination phase".
OUT7: Output of final envelop values for element deformations and
forces.

The arrangement described above is used in the DRAIN-2D progran
and is adopted as such. The FORTRAN listing for the element FL7
is given in Appendix A-1., COMMENT statements are introduced at
suitable places in the subroutines for understanding the underlying
logic. The subroutine programns are developed for AMDAHL 470V/6 Computer
at the University of Michigan using MTS. It is helieved that these

programs can easily be used on other systems.



CHAPTER 2
SHEARWALL ELEMENT EL7

STRUCTURAL IDKALIZATION OF THE ELEMENT

The shearwall member is idealized as three vertical line elements with
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 colums. The axial stiffness varies with the
sign and level of axial stress, and degraded with tensile history. The
central vertical element which rigidly connects 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 lumped
at the locations of the outer truss elements and 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 central
element, and the shear deformation is expressed by the deformation of the
horizontal spring. FEach of these components can have independent stiffness

and hysteretic characteristics.

ELEMENT DEFORMATION

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 and 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 be useful for any future

modifications.



The displacement transformation matrix relating increments of element

deformation to the degrees of freedom in globhal coordinates, is as follows:

— - - - —
dvy 0 -1 B 0 1 -B dry
dvy 0 -1 -B 0 1 3 dry
dv3] =0 -1 0 0 1 0 dr3 (2.1)
vy, o 0o 1 0 0 1 dry,
dvs 40 0o 1 0 H drs
dr
I - - | “Fg
or {dv} = [a]l {dr} (2.2)

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

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

ELEMENT STIFFNESS

The tangent stiffness matrix relating the element deformations and

element forces is as follows:

ds (E;?) L 0 0 0 0 dv
dsy 0 & 0 0 dvy
dsy | = 0 0 K, 0 0 dvy | (2.3)
dsy, 0 0 0 K, 0 dvy,
dss 0 0 0 0 K, dvs
L - L - L -
or {ds} = [ky] {dv} (2.4)

EA . .
where (), and (%?OR represent the current axial stiffness of the left

and the right hand colums respectively.

Ky represents the current axial stiffness of the vertical spring

KR represents the current rotational stiffness of the rotational
spring, and

Ky represents the current stiffness of the horizontal spring.



The tangent stiffness in terms of nodal displacements is
(k7] = [a]T[kr][a] (2.5)
where [a] is given by equations 2.1 and 2.2, The matrix [Kp] for the

proposed shearwall element is given in Appendix A-2.

HYSTERESLS MODELS

Two types of hysteresis models 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 shearwall element, such as
the boundary colums and vertical spring. The other is the origin oriented
hysteresis model (Fig. 4) used for the rotational and horizontal springs.
The two models are described in the following. The bhoundary columns are
assumed to have the same properties, that is, initial stiffness, vield load,
yield displacement and strain hardening, and therefore have the same
hysteretic properties. The other components possess individual
hysteretic properties.

Axial Stiffness Hysteresis Model

Assuming that the member is initially loaded in compression, it follows
segment ABO (computer print out code for this segment is 0) elastically as
shown in Fig. 3(a). When the net axial load in the member changes sign
from compression to tension, it follows segment OC (code=1) under
increasing tensile load up to point C. The member yields at C and follows
segment CM (code=2). If the 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=0). 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 parallel to OC (code=0). If the



response point reaches the previous tensile response point D, the response
point moves further on slope OC (code=1) renewing the coordinates of D and
E. 1f the response point reaches point B along the slopes DE and EB, under
continued compression, it moves on slope BA (code=0), the elastic slope in
compression. Coordinates of D and E are updated when there is a change in
the direction of displacement for the response point on slope BE (code=4)
or 0C (code=1).

After the tensile yielding occurs along segment (M (code=2), the
rasponse point moves in accordance with the regular bilinear hysteresis
rule between point B and previous maximum tensile response point M
(Fig. 3b). The slope of segment M; (code=9) is the same as the slope of
the line joining M and 0. The segment BF (code=6) has the same slope as
(code=9). The slope of parallel segnents MF (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)
= TInitial slope in tension (slope of 0OC)

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.

When the response point reaches the previous maximum tensile response
point M, the response point further moves on slope (M (code=2) under
increasing displacement renewing the maximum response point M, point F and
point G. If, under continued compression, the response point reaches point
B along the slopes MF and FB, it moves on slope BA (code=7), i.e. the
elastic slope in compression. 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



displacement from slope BF, the response point follows a slope parallel to
M (code=5) until it strikes slope GM (code=9) and then it further moves on
slope GM. Similarly, the response point moved along a slope parallel to ™M
(code=5) after it unloads from slope GM until it strikes FB (code=5).
Thereafter, the response point shall move on slope FB (code=6)

It may be noted that the codes for slopes DE and OBA are kept different
even though they are parallel to each other. The same is true for slopes
BE and OG, BG and MF, and GM and MF. This has been done for the sake of

simplicity in the development of the algorithm for the computer program.

Origin Oriented Hysteresis Model

The origin oriented hysteresis model (Fig. 4), which dissipates a small
amount of hysteretic enerszy, is used for the rotational and horizontal
springs at the base of the shearwall element. The response point moves
along a line connecting the origin and the previous maximum response point
(Fig. 4). Thus it will move either on slope AB (code=0) or CD (code=3).
Initially, the point moves on slope AB (code=0) and then the slope BC
(code=1) or slope AD (code=2) depending upon the direction of loading.

When 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). Once the
response point reaches the previous maximun point it will follow slope BC
or AD renewing the maximum response point, i.e. coordinates of points C and
D. No hysteretic energy is dissipated when the response point oscillates
within a region defined by the positive and negative maximum response

points.

FIXED END AND INITIAL ELFMENT FORCES

The effects of static loads applied along the length of the element

rather than those applied directly at nodes can be taken into account by



specifying fixed end force patterns. Such a loading contiion does not
normally occur in shearwalls, However, this provision has also been
incorporated for shearwalls for the sake of consistency with other
available DRAIN-2D elements.

Elements may be stressed under static load, but sometimes it may bhe
incorrect or inconvenient to determine the element forces by applying
static loads to the structure., To allow for such cases, provision is made
for intial forces to be specified in the element. These forces will
typically be the forces in the elements under static loading as calculated
by a separate analysis. The gravity loads, transferred by the transverseb
beams directly to the boundary colums of the shearwall, can be coverad by
this provision, For consistency, these forces should be in equilibrium
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 program (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 with initial forces. The
element forces will then be the sum of initial forces and those due to

additional static loads.

OUTPUT RESULTS

The following results are printed for the static loading conditions
(t=0) and at each output time if a time history is asked for.
1. Yield Code: 0 to 9 for boundary columns and central vertical spring

as explained in Fig. 3.



-10-

0 to 3 for rotational and horizontal springs as explained
in Fig. 4.
2. (a) Axial force in boundary colums and central vertical spring
(tension positive).
(b) Moment in rotational spring (anticlockwise moment positive).
(¢) Torce in horizontal spring (tension positive).
3. (a) Axial extension in boundary columns and central vertical spring.
(b) Rotation in rotational spring (anticlockwise rotation positive)
(¢) Extension in horizontal spring.
The maximun positive and negative values of axial forces and extensions
in boundary colums 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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TNPUT DATA PREPARATION

E7. SHEARWALL FLEMENTS
£7(a) CONTROL INFORMATION FOR GROUP (1015)-0ONE CARD
Columns 5 Punch 7 (to indicate that group consists of shear-
wall elements)
6-10  Number of elements in group
11-15  Number of different axial stiffness types for
boundary columns and vertical spring
16-20 Number of different rotational stiffness types for
rotational spring
21-25 Number of different horizontal stiffness types for
horizontal springs
26-30 Number of different yield patterns for boundary
colinms and vertical spring
31-35 Number of different yield patterns for rotational
spring
36-40) Number of different yield patterns for horizontal
spring
41-45  Number of different fixed end force patterns
46-50 Number of different initial element force
patterns
E7(b) AXIAL STIFFNESS TYPES (I5,3F10.0)-ONE CARD FOR EACH STIFFNESS TYPE
Colums 1-5 Axial stiffness type number, in sequence beginning
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



r7(c)

R7(d)

£7(e)

E7(£)

E7(g)

-12-

STIFENESS TYPES FOR ROTATIONAL SPRINGS (I5,E15.6,F10.0)-0NE CARD
FOR EACH STIFENESS TYPE

Colums  1-5 Rotational stiffness type number, in sequence
beginning with 1
$-20  Initial stiffness
21-20 Strain hardening stiffness, as a proportion of the
initial stiffness

STIFFNESS 'TYPES FOR HORIZONTAL SPRINGS (15,2F10.0)-ONE CARD FOR
FACH STIFFNESS TYPE

Colrms  1-5  Horizontal stiffness type number, in sequence
beginning with 1
6-15 Initial stiffness
16-25 Strain hardening stiffness, as a ratio of the
initial stiffness
YIKLD DATA FOR AXIAL COMPONENTS (15,3F10.0)-ONF, CARD FOR FACH TYPE
Colums 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
YIELD DATA FOR ROTATIONAL SPRINGS (I5,2F10.0)-ONE CARD FOR FACH TYPE
Columns 1-5 Yield data number, in sequence beginning with 1.
6-15 Moment in the spring at yield
16-25 Rotation in the spring at yield
YIELD DATA FOR HORIZONTAL SPRING (I5,2F10.0)-ONE CARD FOR EACH TYPE
Colums 1-5 Yield data number, in sequence beginning with 1
6-15  Force at yield

16-25 Displacement at yield



E7(h)

-13-

FIXED END FORCE PATTERNS (I5,5F10.0)-ONE CARD FOR FACH PATTERN

Omit if rthere are no fixed end forces

Colums  1-5
6-15
16-25
26-35
36-45
4h-55

E7(1)
FORCE PATTERN

1

Pattern number, in sequence beginning with 1
Axial force in left boundary column

Axial force in right boundary column

Axial force in vertical spring

Moment in rotational spring

Force in horizontal spring

INITIAL FLEMENT FORCE PATTERNS (I5,5F10.0)-ONE CARD FOR FACH INITIAL

Omit if there are no initial forces

Colums  1-5
6-15
16-25
26-35
36-45
46-55

£7(3)

Pattern number, in sequence beginning with 1
Axial force in left boundary column

Axial force in right boundary column

Axial force in vertical spring

Moment in rotational spring

Force in horizontal spring

ELEMENT GENERATION COMMANDS (414,F6.0,1113,2F5.0,15,F5.0)-ONE CARD

FOR FACH GENERATION COMMAND

Elements must be specified in increasing numerical order.

Cards for

the first and last elements must be included.

Colums 1-4

Element number, or number of first element in a
sequentially numbered series of elements to he
generated by this command

Node number at element end i

Node number at element end j

Node number increment for element generation. If

zero or blank, assumed to be equal to 1



17-2

(3]

23-25
26-28
29-31
32-34
35-37
38-40
41-43
44-46

47-49

50-52

53-55

55-60

h1-65

66-70

71-75

~14-

Width of the shearwall

Stiffness type number for boundary columns
Stiffness type number for vertical spring

Stiffness type number for rotational spring
Stiffness type number for horizontal spring

Yield data number for boundary columns

Yield data number for vertical spring

Yield data number for rotational spring

Yield data number for horizontal spring

Time history output Code. T1f a time history of
element results is not required for the element
covered by the -eommand, punch zero or leave blank.
I1f a time history print out at the interval
specified earlier (Ref., 11) is required, punch 1.
Fixed end force pattern number for static dead loads
on element. Leave blank or punch zero if there are
no dead loads.

Fixed end force pattern number for static live loads
on the element. Teave blank or punch zero if there
are no live loads.

Scale Factor to be applied to fixed end forces due
to static dead loads.

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 THREE

INPUT DATA AND SAMPLE RESILTS FOR A SEVEN STORY STRUCT(RE

The two dimensional frame wall structure shown in Fig., 5 is used fto
demonstrate the inclusion of shearwall element EL7 in the DRAIN-2D program.
The data given in Table 1 is prepared for the time history response
analysis of the structure for the first ten seconds of ®L CENTRO 1940 N-S
with maximum acceleration magnified to 0.42g. The sample results (Table ?2)
from the computer output give the yield code, force and deformation in each
component of the shearwall in each story 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 analyzed in References 1 and 6. The gravity load, nodal masses,
damping coefficients, stiffness and yield properties of columns and beams
are taken as such from Reference 1. The properties of the shearwall.
element 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
6 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 colum element (EL2)
subroutines. Therefore, the moment of inertia for these beams have been
assigned a value of 0.25 which is negligible as compared to the stiffness

of other members.
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The input cards for the structure shown in Fig. 5 are listed in Table 1
and are identified by the corresponding sections in the iUser's Guide (Ref,
11). Both colums and beams are represented by elenent .2 in group 1 and
the shearwall elements are represented by elament FL7 in group 2. Node
numbers are shown near the nodes and the element numbers are shown in
circles near the middle of the members. The wnits of force (load) and

length are taken as kilograms and centimeters respectively for the

preparation of data.
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TABLE 1 DATA FOR A SEVEN STORY STRUCTURE
START  RESPONSE OF SEVEN STORY FRAME-WALL STRUCTURE
56__21. 7 1 7 12 2 0 B1
1 0.0 0.0
2 $00.0 0.0
2 1100.0 0.0
4 1700.0 0.0
5 2200.0 0.0
6 3150.0 0.0
7 4000.0 0.0
8 c.0 375.0
9 600.0 375.0
10 1100.0 375.0
11 1700.0 375.0 132
12 2300.0 275.0 ~
3 3150.0 375.0
14 4000.0 375.0
50 0.0 2175.0
51 860.0 2175.0
52 1100.0 2175.0
53 1700.0 2175.0
54 2300.0 2175.0
55 3150.0 2175.0
56 4000.0 2175.0
8 50 5 7
9 s 5 7
10 s2 5 7 .
11 53 5 7 B3
12 54 5 7
13 5% 5 7
14 &5 5 7
i i { i 7 i B4
] 7 8 9 10 11 12 13 14
1 7 15 46 17 18 49 20 2%
] 7 .22 23 24 25 26 27 28 RS
1 7 29 30 31 32 33 34 35 ~
1 7 36 37 38 33 40 41 42
1 7 43 44 45 46 AT 43 49
1 4 50 51 52 53 5S4 55 56
1 0.0 0.0 0.0 7 1 981.0
8 14490.0 14490.0 0.0 43 7 981.0
9 26565.0 26565.0 0.0 44 7 981.0
10 26565.0 26565.0 0.0 45 7 98%.0
11 14490.0  14490.0 0.0 46 7 981.0
12  14490.0  14490.0 0.0 47 7 981.0 BE
13 $3130.0 53130.0 0.0 48 7 8814.0
14  14490.0  14480.0 0.0 43 7 081.0
S0  14250.0  14250.0 0.0 s3 3 98%.0
5§ 26125.0 26125.0 0.0 52 1 981.0
54 14250.0  14250.0 0.0 56 2 83%.0
55 52250.0 52250.0 0.0 $81.0
1 7 505 0.02 1300.0 .0 $.0 5.0 200.0 Cl
B 0.0 -8778.G 0.0 50 7
11 0.0 -8728.6 0.0 53 7
9 0.0 -15984.0 0.0 51 7
10 0.0 -15984.0 0.0 52 7 c2
12 0.0 ~-4849.2 0.0 54 7
14 0.0 -4849.2 0.0 56 7
13 0.0 ~8078.4 0.0 55 7
185 3) 1 T ELCENTRO 1940 FIRST TEN SECONDS MAX ACC=0.429
0.0 0.0 0.01 0.011 0.04 0.001 0.10 0.016 0.16-0.C00 0.22 0.019
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0.26 0.000 0.29 0.006 0.33-0.00t 0.37 0.020 0.43-G.024 0.47 0.008
0.58 0.043 0.62 0.C03 0.66 0.0t4 0.72-0.005 0.72-0.026 ©.79-0.039
0.79-0.057 0.87-0.023 0.87-0.034 0.94-0.040 0.94-0.05CG 1.00-0.079
1.07-0.067 1.07-0.038 1.09-0.043 1.17 0.090 1.32-0.170 1.38-0.083
1.41-0.083 1.44-0.095 1.48-0.089 1.51-0.108 §.54-0.128 1.63 0.114
1.70 ©6.236 1.80 0.143 ~1.85 0.178 1.92~0.261 2.01-0.31% 2.21 0.295
2.27 0.263 2.32-0.298 2.39 0.005 2.45 0.287 2.52-0.047 2.57 0.152
2.65 0.208 2.7% 0.108 2.77-0.033 2.89 0.103 2.98-0.030 3.07 0.052
3.13-0.155 3.21 0.007 3.25-0.206 3.39 0.193 3.42-0.094 3.53 0.171
3.60-0.036 3.67 0.037 3.74-0.074 3.83 0.031 3.90-0.183 4.01 0.023
4.06-0.044 4.11 0.022 4.22-0.197 4.31-0.176 4.42 0.146 4.47-0.005
4,62 0.257 4.67-0.205 4.76 0.061 4.83-0.273 4.97 0.178 5.04 0,030 C3
5.11 0.218 5.20 0.027 5.23 0.125 5.30 0.129 5.33 0.103 35.34-0.024 ‘
5.45 0.172 5.51-0.102 5.61 0.014 5.69-0.195 &.77-0.024 5.80-0.005
5.81-0.023 6.87-0.057 5.88-0.033 5.92 0.022 5.98 0.011 6.01 0.024
6.09-0.067 6.13 0.001 6.17 0.049 6.19 0.015 6.19-0.020 6.23-0.038
6.28 0.021 6.33-0.006 6.37-0.060 6.38-0.016 6.41 0.020 6.46-0.,018
8.48-0.003 6.52 0.004 6.53-0.004 6.56-0.010 6.58-0.002 6.60-0.017
6.64 0.037 6.69 0.046 6.71 0.033 6.73 0.00f 6.77-0.029 6.77 0.002
6.81 0.011 6.85 0.002 6.91 0.009 6.99-0.100 7.07 0.03%8 7.12 0.008
7.14-0.028 7.15 0.003 7.47 0.027 7.22 0.058 7.30-0.043 7.37 0.030
7.41 0.0%1 7.42 0.019 7.46-0.025 7.53-0.035 7.57 0.004 7.60-0.083
7.64-0.028 7.67-0.020 7.69 0.007 7.75-0.005 7.79-0.060 7.84-0.036
7.88-0.072 7.96-0.014 7.89-0.006 8.00 0.022 8.07 0.047 8&.13 0.026
8.13-0.034 8.20-0.013 8.22 0.066 8.28 0.031 8.33 0.025 8.40 0.035
8.46-0.037 8.53-0.034 8.60-0.010 8.64-0.026 8.72 0.153 8.82-0.003
8.86 0.022 8.88-0.026 8.91-0.002 8.96-0.185 9.0% 0.126 9.09 0.022
9.12 0.036 9.15 0.125 9.25-0.033 9.28-0.045 9.43 0.130C 9.44-0.166
9.51 0.042 9.63-0.094 9.70 0.082 9.81-0.088 9.90 0.006 9.94-0.001
9.92 0.05S 10.02-0.071 10.05-0,045 10.05-0.022 10.11 0,003
1.45  0.00094 c4
3 4 50 7 0 0
8 15 22 29 36 43 50 D
2 84 '5 3 4 7 0
1 245625.0 0.900 5000.0 285035.0 4.0 4.0 2.0
2 245625.0 0.900 2500.0 142517.5 4.0 4.0 2.0
3 245625.0 0.627 3000.0 225680.7 4.0 4.0 2.0
4 245625.0 0.627 1500.0 112840.3 4.0 4.0 2.0
5 245625.0 0.627 4000.0 0.25 4.0 4.0 2.0
1 0.0 0.0 0.0 0.0
2 0.0 ~250.0 0.0 0.0
3 250.0 0.0 0.0 0.0
1 1 2318327.3 4731327.3
2 1 1159163.6 2365663.6
3 3 4475018.2 4475018.2 1183636.4 2618i8.2 2.4 0.37 2.4 0.37
4 3 2237509.1 2237509.1 591818.2 1309038.1 2.4 0.37 2.4 0.37
1 1 0.0 0.0 0.0 0.0 0.0 0.0 1.0
2 1 0.0 8378.0 1032800.0 0.0 8378.0-1032800.0 1.0
3 1 0.0 6980.0 716000.0 0.0 6980.0 -716000.0 1.0
4 1 0.0 1344.0 164400.0 0.0 1344.0 -164400.0 1.0 L2
5 1 0.0 1120.0 114200.0 0.0 $120.0 -114200.0 1.0
6 1 0.0 5456.0 740100.0 0.0 $5456.0 -740100.0 1.0
7 1 0.0 846.0 114600.0 0.0 846.0 -114600.0 1.0
1 1 8 7 1 1 3 3 1 1 1 1.0 1.0
8 2 9 7 1 1 3 3 1 f 1 1.0 1.0
15 3 10 7 1 1 3 3 1 1 t 1.0 1.0
22 4 11 7 | 1 3 3 i i 1 1.0 t.0
29 5 12 7 2 1 4 4 1 1 1 1.0 1.0
36 7 14 7 2 1 4 4 1 1 t 1.0 1.0
43 8 9 7 3 1 1 1 1 2 4 1.051.275
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50 9 10 7 3 { 1 1 1 3 5 1.051.275
57 10 11 7 R| 1 1 1 1 2 4 1.054.275
64 i 12 7 5 1 1 1 4 1 { 1.0 1.0

$ 12 i3 7 4 2 2 2 1 6 7 1.051.275
78 13 14 7 4 3 2 2 1 6 7 1.051,275
84 S5 56 7 4 3 2 2 1 G 7 1.051.275

7 7 4 7 2 4 7 2 [} 7

i 16375CC.0 1473750.0 0.02

2 2046875.0 1842187.5 0.02

3 5895000.0 5305500.0 0.02

4 7368750.0 6531875.0 0.02

I 0.1254S0E 11 0.02

2. 0.1503900& 11t 0.02

3 0.144800€ 11 0.02

4 0.1338600E 11 0.02

5  0.132290€ {4 0.02

6 0.12S8708 11 0.02

7 0.119340£ 1t 0.02

1 800000.0 0.02

2 1000C00.0 0.02

I §26G676.83 0.0859 0.0773

2 126676.3 0.0688 0.0619

3 144845.0 0.0273 0.0246

4 144845.0 0.0218 0.0196

1330000C0.0  0.00237

236 100000.0 - 0.00187

333200000.0  0.00184

430300000.0 0.00181

527400000.0  0.00178

624600000.0  0.CO175

721600000.0  0.00172

I 333424.0 0.4467

2 333424.0 0.3324

it -57610.0 -576$10.0 0.0 0.0 0.0

2 -49380.0 -49330.0 0.0 0.0 0.0

3 -41150.0 -~41150.0 0.0 0.0 0.0

4 -32920.0 -32920.0 0.0 0.0 0.0

5 -24690.0 -24690.0 0.0 0.0 0.0

6 ~16460.0 -16460.0 0.0 0.0 0.0

7 ~8230.0  -8230.0 0.0 0.0 0.0

! 6 13 500.0 + 3 4 ¥ 4 3 1 1 ¢t 0 O t.0 1.0 1 1.08
2 13 20 S00.0 2 4 2 2 2 4 2 2 {1 0 O {.0 t.0 2 1.08
3 20 27 500.0 2 4 3 2 2 4 3 2 ¢ 0 0 $.0 1.0 3 1.08
4 27 34 S00.0 2 4 4 2 2 4 4 2 { 0 O t{.0 1.0 4 1.08
5 34 414 500.0 2 4 5 2 2 4 5 2 ¢t 0 0 1.0 1.0 5 1.08
6 41 48 S00.0 2 4 6 2 2 4 7T 2 § 0 O 1.0 1.0 6 1.08
7 48 55 500.0 2 4 7 2 2 4 7T 2 ¢ 0 0 3.0 1.0 7 1.08

STOP
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Fig. 1 1Idealized Model of a Shearwall



ds, ,dv,

Fig.

ds,,dv

3

=

77777

3

-35-

d55 dV5

—

d54,dV4

2 Element Forces and Deformations

d52 ,dV2




-36-

TENSION } M

F C =777
y [ /
D"\ Tensile Yielding
- 0 l >
/ c EXTENSION
B/ __| Fy

A | COMPRESSION

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

TENSION 4 M___
F, — ¢ -
0 / EXTENSION
B/ Fy
A COMPRESSION
!

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

Fig. 3 Axial Stiffness Hysteresis Model



-37-

FORCE \
(MOMENT)

C R
Yield Force — 8 -
(Moment)
0 >
DEFORMATION
(ROTATION)
— Yield Force
- A (Moment)
D Y

Fig. 4 Origin Oriented Hysteresis Model



-38-

wegz:

E £
o o
" 12

E
Q
)

e

E
o
0

-

E
o
3]

NOLOLIGEIOLIC

2aINn3oNI3s [[eM-sweld AIOJS USADS pPazTTeapPI

O

3

LLLL

ORI

<

®

N

oV}

® © © G

® ®

®5|® 2@ r|®&]@2|®

S

®

<
e}

E
Q
©

E
Q
0

S

*bTa

f
i

R

Ll L ls

E
Q
©

+

R

©e @"’E

nw_ 6

©=] O-¢

N~

e

e}

©

AHV X4

N
N

@s®@3|®

© &

@
™M

Ghm

®2|®

e

OHOH OKIC

G ® @ @ ® @ ®

N
'e]

mwv IS

O
1)



SO0

C
c

c

20

30
10
S50

-39~

APPENDIX A-1
FORTRAN LISTING OF THE SHEARWALL ELEMENT EL7

SUBROUTINE IKREL7(/KCONT/,/FCONT/,/NDOF/, /NINFC/,/10/,

(VR VAVAT VANV

COMMON/ INFEL/ IMEM KST,LM(6) ,NODI ,NODJ , KOUTODT,FL ,WID,STO(3),S71(3),
1ST2(3),5TS0(2).5TS1(2).PY(5) . DELY(5),DELC(3),KODY(5) ,KODYX(5),
2ST75(3),ST6(3).STYS3(2),P1(3).01(3),.P2(3).02(3),P34(3),D34(3),
3P55(3),055(3).P89(3),089(3),P9(3).D09(3).PS1(2),DS1(2),SDFO(5),
4FTOT(S) ,VTOT(S).SENP(S),SENN(5),VENP(5),VENN(5) ,TSENP(S},
STSENN(S),TVENRP(S),TVENN(S),REST(48)
COMMON/WORK/KSHE , NMEM, NAXT , NROT ,NHST ,NYAX ,NYRQO ,NYHS ,NFEF ,NINT,
1FATYP(30.3).FRTYP(30,2),FHTYP(30,2),YAX(30,3),.YR0(30,2),
2YHS(30,2) . FEF(30,5),FINIT(30,5), INEL, INODI, INODJ, INC, IINC,
BIAXE, IAXBT, IAXC, IAXCT, IHS, IHST, IR0, IROT, IKDT ,FINT FFINIT,
AIYAXB, IYAXBT, IYAXC, IYAXCT,1YRO,IYROT,IYHS, IYHST ,KFDL,
SIKFDL ,KFLL, IKFLL ,FDL,FFDL,FLLM,FFLL,FLLF,INIT,IINIT,
6SFF(G),SSFF(6),DD(6),FFEF(5).W(1212)

DIMENSION KCONT(1),ID(NN,1),X(1).Y(1),com(1),YESNO(2),AST(2)
EQUIVALENCE (IMEM,COM(1))

DATA AST/2H ,2H ¥/

DATA YESNO/4H YES,4H NO /

DATA INPUT SHEAR WALL ELEMENT

NBOF =6
NINFC=152
KSHE=KCONT( 1)
NMEM=KCOMT(2)
NAXT=KCONT(3)
NROT=KCONT (1}
NHST=KCONT(5)
MYAX=KCGNT(G)
MYRO=KCONT(7)
NYHS=KCONT(3)
NFEF=KCONT(9)
MIMNT=KCONY(10)

PRIMI 10, (XCONT(T1),1=2,10)
FORMAT(29H SHEAR WALL ELEMENTS (TYPE 7)////7

i 4CH NO. OF ELEMENTS =14/
2 40t NO. 0OF AXIAL STIFF TYPES =14/
3 40H NO. OF ROT SPRING STIFF TYPES =14/
4 40H NO. OF HOR SPRING STIFF TYPES =14/
5 40H NO. OF AXIAL YIELD PATTERNS =14/
6 40H NO. OF ROT SPRING YIELD PATTERNS =14/
7 40H NO. OF HOR SPRING YIELD PATTERNS =14/
3 40H NO. OF FIXED END FORCE PATTERNS =14/
9 40H NO. OF INIT{AL FORCE PATTERNS =14)

INPUT STIFFNESS PROPERTIES

PRINTI 20

FORMAT(///// 181 AXIAL STIFF TYPES//

12X,5H TYPE,1SH  COMP MODULUS,15H  TENS MODULUS,
217H  TENS HARDEMING)

D0 30 N=1,NAXT

READ 40,1, (FATYP(N,J),JU=1,3)

PRIMY SO .M, (FATYP(N,J),J=1,3)

FORMAT(IS,3F10.0)
FORMAT(2X,14,3X,£12.4,3X,E12.4,7X,F6.3)

PRINT 22
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22  FORMAT(//23H ROT SPRING STIFF YYPES//
12X ,5H TYPE, 1SH INIT MODULUS.17H  STRN HARDENING)
DO 32 N=1_NROT
READ 42,1.(FRTYP(N,J),d=1,2)
32 PRINT S1,M,(FRTYP(N,J).d=1,2)
42 FORMAT(IS5.E15.6,F10.0)
51 FORMAT(2X.I14,3X,E12.4,7X,F6.3)
PRINT 21
21 FORMAT(//23H HOR SPRING STIFF TYPES//
12X .54 TYPE. 15H INIT MODULUS,17H  STRN HARDENING)
DO 31 N=1_NHST
READ 41,1, {FHTYP(N,J),Ju=1,2)
31 PRINT S{.N, (FHTYP(N,J),J=1,2)
41 FORMAT(I15.2F10.0)
C
C YIELD PROPERTIES
c
PRINT 110
110 FORMAT(////41H YIELD PROPERTIES QF THE AXIAL COMPONENTS//
12X,SH TYPE, 224  TENS YIELD LOAD(PY),
218H TENS YIELD STRN,18H  COMP STRN AT PY)
0O 200 N=1,NYAX
READ 120,1.(YAX(N,J),J=1,3)
200 PRINT 130.N,(YAX(M,J),d=1,3)
120 FORMAT(15,3F10.0)
130 FORMAT(2X,14,6X,F12.2,4X,E13.4,4X,E13.4)
PRINT 111
DO 202 N=1_,NYRO )
QREAD 122,1,.{YRO(N,J),U=1,2)
202 PRINT 131 ,N,(YRO(M,J),d=1,2)
131 FORMAT(2X,14,4X,E13.4,4X,E13.4)
122 FORMAT(IS,2F10.0)
11t FORMAY(////31H YIELD PROPERTIES OF ROT SPRING//
12X.5H TYPE . {7H LOAD AT YIELD,
2174 STRM AT YIELD)
PRINT 1142
D0 201 N=1,NYHS
READ 121 _I,(YHS(M,d),d=1,2)
201 PRINT 131N, (YHS(M,J),JU=1,2)
112 FORMAT(////31H Y{ELD PROPERTIES OF HOR SPRING//
12X,SH TYPE, t7TH LLOAD AT YIELD,17H STRN AT YIELD)
121 FORMAT(IS.2F10.0)

00 140 N=1,NYAX
YAX{N, 1)=ABS(YAX(N, 1))
YAX{N,2)=ABS(YAX(N,2))
YAX(N,3)=-ABS(YAX(N,3))
140 CONTINUE
00 150 N=NYNS
YHS(N, 1)=ABS(YHS(N, 1))
YHS(N,2)=ABS(YHS(N,2))
150 CONTINUE
00 160 N=1_NYRO
YRO(N, 1)=ABS(YRO(N, 1))
YRO(N,2)=ABS(YRO(N,2))
160 CONTINUE
C
C FIXED END FDRCE PATTERNS
C
IF(NFEF_.E0Q.0)G0 TO 250



210

220
230
240

[
c
250

260

270
280
C
C
C
300
310

319

320

330

-4]1-

PRINT 210

FORMAT(////25H FIXED END FORCE PATTERNS//

12X ,8H PATTERN, 1S5H AXL FORCE LFT,15H AXL FORCE RHT,

219H  AXL FORCE CENTRAL,22H MOMENT IN ROT SPRING,

3214 FORCE IN HOR SPRING,S5X,10HLL RED FAC/)

DO 220 N=1 NFEF

READ 230,1,(FEF(M,d),J=1,5)

PRIN({ 240,N,(FEF(N,J).J=1,5)

FORMAT(IS5,5F10.0)
FORMAT(2X,16,3X,F12.2,3X,F12.2,5X,F12.2,8%,F12.2,7X,F12.2)

INITIAL FORCE PATTERNS

IF(NINT.EQ.Q)GO TO 300

PRINT 260

FORMAT(////28H INITIAL END FORCE PATTERNS//

124.8H PATTERN, 15H AXL FORCE LFT,15H AXL FORCE RHT,
219H AXL FORCE CENTRAL,22H MOMENT IN ROT SPRING,
321H  FOURCE IN HOR SPRING)
00 270 N=1,NINT

READ 280 I, (FINIT(MN,d).J=1,5)
PRINT 240,N,(FINIT(N,J),J=1,5)
FORMAT(IS,5F10.0)

ELEMENT SPECIFICATION

PRINT 310

FORMAT(////221 €LEMENT SPECIFICATION//

13X, AHELEM, 2X, 4HNODE , SH NODE ,5H NODE,6H WIDTH,5H BAXS,SH CAXS,
25H ROTS,SH HORS,SH BAXY,SH CAXY,SH ROTY,S5H HORY,6H TIME ,
313HFEF PATTERNS , I8HFEF SCALE FACTORS , 14HIMITIAL FORCES/

444, 2HNO , 6H (,5H J,6H DIFF,7X.SHTYPE ,SHTYPE ,SHTYPE ,
SSHTIYPE ,SHIYPE ,SHTYPE ,SHTYPE ,SHTYPE ,SHHIST ,12H DL LL
G134 OL LL L 17H NO. SCALE FAC./)

DO 319 J=1.%
KODY(J)=0

KODYX(J)=0

CONT INUE

KST=0Q

D0 320 J=98, 152

comM(J) =0.

[MEM=1

READ 340, INEL, INODI, INODJ, IINC,DSW, IAXBT,IAXCT, IROT, IHST,
TIYAXBT , IYAXCT, LYROT, LYHST, IKDT, IKFDL, IKFLL,FFDL,FFLL,
QUINIT, FFINISC

FORMAT(414,F6.0,1113,2F5.0,15,F5.0)
[F(INEL.GT.IMEM)GO TO 380

NOD[=INODI

NUDJ =INODJ

INC=1INC

[F(INC.EQ.Q)INC=

(AXB=[AXBT

IAXC=TAXCT

KOUIDI=IKDT

WID=0DSW/2.

[HS= IHST

{RO=[ROT

IvAaxg=[vAXBT

[YAXC=1YAXCT
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IYHS=IYHST
[YRO=[YROT
YNT=YESNO(2)
IF(KOUTDT.NE.Q)YNT=YESNO(1)
KFDL=IKFOL
KFLL=IKFLL
FOL=FFDL
FLLLM=FFLL
FLLF=1.0
IF(KFLL.EQ.0Q)GO TO 360
FLLF=FEF(IKFLL,G)
(F(FLLF.EQ.Q)FLLF=1.E-6
360 INIT=IINIT
FINT=FFINIT
ASTT=AST(1)
(F( INEL -NMEM)330,380,330
c
370 NODI=NODI+INC
NODJ=NODJ+ INC
ASTT=AST(2)

330 PRINT 390.ASTT, [MEM,NGDI,NODJ, INC,DSW, IAXB, IAXC, IR0, IHS,
tIYAXB, IYAXC,IYRO, [YHS,YNT ,KFDL ,KFLL,FDL,FLLM,INIT, FINT

390 FORMAT(A2,14,.16,2(5,F5.1,14,715,3X,A3,16,15,3X,F8.2,
1F9.2,17,F11.2)

C

C LOCATION MATRIX

C
DO 400 [=1,3
LM( 1) =10(NODI, 1)

400  LM(I+3)=ID(NODJ,T)
CALL BAND

o

C ELEMENT PROPER(FIES

C
FL=ABS{¥(NODJ)-Y(NODT))
STO(1)=FATYP(IAXB, )
ST1(1)=FATYP(IAXB,2)
ST2(1)=FATYP(IAXB,3)*ST1(1)
STO(2)=5T0(1)
ST1(2)=ST1(1)
ST2(2)=5T2(1)
STO(3)=FATYP(IAXC, 1)
STI(3)=FATYP(IAXC,2)
ST2(3)=FATYP(IAXC,3)*ST1(3)
STSO(1)=FRTIYP(IROD, 1)
STS1(1)=FRTYP(IRO,2)"STSO( 1)
STSO(2)=FHIYP(IHS, 1)
STS1{2)=FHTYP{IHS,2)*STSO(2)
PY(1)=YAX(IAXB, 1)
PY(2)=PY(1)
DELY{(1)=YAX(IAXB,2)
DELY(2)=DELY(1)
DELC(1)=-ABS(YAX((AXB,3))
DELC(2)=DELC(Y)
PY(3)=YAX(IAXC, 1)
DELY(3)=YAX(IAXC,2)
DELC(3)=-ABS(YAX(IYAXC,3))
PY(4)=YRO(IYRO, 1)
DELY(4)=YRO(IYRD,2)
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PY(5)=YHS(IYiiS, 1)
DELY(S)=YHS(IYHS,2)
LOADS DUE TO FIXED END FORCES

00 480 1=1,6
480 SFF(1)=0.0
IF(KFOL+KFLL.EN.0)GO TO 610
IF(KFDL.EQ.0)GO TQ S30
DO SO0 [=1,5
SO0  FFEF(L)=FEF(KFDL,I)*FDL
CALL TRANS(SFF,FFEF)
530 IF(KFLL.EQ.G)GO YO 570
00 529 [=1,5
529 FFEF(I)=FEF(KFLL,I)
CALL TYRAMS(SSFF.FFEF)
DO 540 [=1,G
FLL=FLLF*FLLY
[F(L.EQ.3.0R.I.EN.G6)FLL=FLLM
540 SSFF([)=SSFF(I)*FLL
570 DO 580 [=1,6
$80 OD(I)=SFF(T)+SSFF(I)
CALL SFORCE(DD)

I'y)

C MODIFY TO GET INITIAL FORCES
IF(KFOL.EQ.0)GO TO 531
00 S0t [=1.,5
501 SFF(I)})=FEF(KFOL,I)*FDL
531 [F(KFLL.EQ.0)GO TO 610
DO $33 [=1,5
SSFF(L)=FEF(KFLL,I)¥FLLM
$33 SFF(L)=SFFL)+SSFE(I)
C
o IMITIAL FERCES
C
610 F(INIT.EQ.0)GO TO 630
DO 620 [=t,5
620 SFE(U)=SFF{L)FFINIT(INIT,I)*FINT
¢
C INITIALISE ELEMENT FORCES
C
630 DO 631 (=1,5
631 FTaT(L)=SFF(I)
DO 650 [(=1,5
SS=FTOT(I)
[F(SS.LT.0.)G0 TO 640
SENP(I)=5S
GO TD 650
G40 SENN(L)=SS
G6S0O  COMTINUE
CALL FINISH

GENERATE MISSING ELEMENTS

[F ( {MEM.EQ . NMEM)RETURM

[MEM= [MEM® |

[F(IMEM.EQ. INEL)GO TO 350

GO TO 370

END

SUBROUTINE STIFT(/MSTEP/,/NDOF/./NINFC/,/COMS/./FK/,/DFAC/)

COMMON/ INFEL/IMEM,KST,LM(6) ,NODI ,NODJ,KOUTDT ,FL WID,STO(3),ST1 (3),
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1ST2(3).STSO(2),STS1(2),PY(5) ,DELY(S),DELC(3).KODY(5),KODYX(S).
2ST5(3),S76(3),STS3(2),P1(3),01(3),P2(3),02(3),P34(3),034(3),
3P56(3),.056(3).P83(3),D89(3).P9(3).D9(3),PS1(2),DS1(2),SDFO(Y),
AFTOT(S) , VTOT(5),SENP(5),SENN(5) , VENP(5),VENN(5) ,TSENP(5),
STSENN(S), TVENP(S),TVENN(5) ,REST(48)

COMMON/WORK/ST(5),STT(S)

C
DIMENSION coM(1),.CcoMS(1),FK(G,.6)
EQUIVALENCE( IMEM, COM( 1))

Cc

C STIFFNESS FORMULATION

[

DO 10 J=3,57
10 COM(J)=CcoMS(J)

cC CURRENT STIFFNESS OF EACH COMPONENT
CALL FSTF7( ST , KODY )

C

C PREVIOUS STIFFNESS
IF(MSTEP.LF.2)GO TO 30
CALL FSTF7( STrI , KODYX )

¢

(o STIFFNESS DIFFERNCE

DO 20 1=1.,9

20 ST(I)=ST(I)-STT(1)

30 DO 31 [=%,6
00 3t J=1,6

31 FK(I1,J)=0.0
PARS=WID*WID*(ST(1)+ST(2))
FK(1,1)=ST(5)
FK(1,4)=-ST(5)
FK(1.6)=-FL*ST(5)
FK(2,2)=ST(1)+ST(2)+ST(3)
FK(2,3)=WID*(ST(2)-5T(1))
FK(2,.5)=-FK(2,2)
FK(2.6)=-FK(2,3)
FK(3.3)=PARS+ST(4)
FK(3.5)=FK(2.6)
FK(3.6)=-PARS+ST(4)
FK(4.4)=ST(S5)
FK(4,.6)=-FK(1,6)
FK(5,5)=FK(2,2)
FK(5,6)=FK(2,3)
FK(6,6)=PARS+FL*FL*ST(5)+ST(4)
00 GO [=1.,6
DO 60 J=1.6

60 FK(J,I)=FK(L,J)
IF(M4STEP.GT. 1)GO TO 80

C

C INITIAL STIFFNESS FOR STEPO,BETA_O CORRECTION FOR STEP 1

C
cC=1.0
IF(MSTEP.E0Q. 1)CC=DFAC
00 40 [=1,36

40 FR(I,1)=FK(L,1)CC

80 RETURN
END
SUBROUTINE TRAMS(/SF/./FE/)
COMMON/ INFEL/IMEM,KST,LM(6) ,NODI ,NODJ,KOUTDT ,FL,WID,STO(3).5T1(3).
1ST2(3).,STS0(2),STS1(2),PY(5),DELY(S5),DELC(3),KODY(5) ,KODYX(S),



30

40

%}
(5]

N O
& O

80

95
80

c

2575(3),ST6(3).S753(2).P1(3).D1(3),P2(3).,D2(3).P34(3).034(3),
3PSG(3),056(3),P89(3),089(3).P9(3),D9(3),PS1(2),0S1(2),SDFO(S),

AFTOT(S).VTOT(S),SENP(5),SENN(S5) ,VENP(5) . VENN(S), TSENP(S),

STSENN(S), TVENP(S), TVENN(S),REST(48)

DIMENSION SF(6).FE(S)

SF(1)=-FE(5)

SF(2)=-FE(1)-FE(2)-FE(3)

SF(3)=WID*(FE(1)-FE(2))+FE(4)

SF(4)=FE(S)

SF(5)=-SF(2)

SF(G)=WID*(FE(2)-FE(1))+FL*FE(5)+FE(4)

RETURN

END

SUBROUTINE FSTF7(/STIF/,/KQOD/)
COWMON/INFEL/IMEM,KST,LM(6),NODI ,NODJ,KOUTDT,FL,WID,STO(3),ST1(3),
1ST2(3).STSO(2),STS1(2),PY(5),DELY(5),DELC(3),KODY(5).KODYX(5),
2575(3),ST6(3),57S3(2),P1(3),01(3).P2(3),02(3),P34(3),034(3),
3P56(3).056(3),P89(3),089(3),P9(3),09(3).PS1(2),DS51(2),SDFO(5),
AFTOT(S),VTIOT(5),SENP(5),SENN(5),VENP(5),VENN(5).TSENP(5),
STSENN(S5).TVENP(S), TVENN(5),REST(48)

DIMENSION STIF(5),K0D(5)

00 25 [=1.3

KYV7=KOD{()+}

GO TO (30,3%5.40,30,35,55,60,30,55,60),KYY

STIF(1)=ST0(I1)

GO YO 25

STYIF(I)=STi(1)

GO 7O 25

STIF(I)=ST2(1)

GO TO 25

STIF(1)=S15(1)

GO TO 25

STIF(I)=ST6(1)

CONTINUE

00 80 [=1,2

N=[+3

KYY=KOD(N)+1

GO TO (85,90,90,95),KYY

STIF(N)=STSO(1)

GO TO 80

STIF(N)=STSI(1)

GO TO 80

STIF(N)=STS3(1)

CONTINUE

RETURN

£ND

SUBROUTINE RESP7(/NDOF/,/NINFC/,/KBAL/,/KPR/,/COMS/,/DDISM/,
/007 ,/TIMES /VELM/ , /OFAC/,/DELTA/)

STATE DETERMINAT(ON ,SHEAR WALL ELEMENTS
CDMMON/INFEL/[MEM,KST,LM(G).NODI.NODJ.KOUTDT.FL,WID.STO(S).ST1(3).
1ST2(3),STS0(2).57$1(2),PY(5),DELY(5),DELC(3),KODY(5),KODYX(5),
25715(3),576(3),57153(2),P1(3).,01(3),P2(3),02(3),P34(3).D34(3),
3P56(3),056(3),P89(3),089(3),P9(3).09(3).PS1(2),DS1(2),SDFO(S),
AFTOT(S5),vIOr(s),SENP(5),SENN(S),VENP(5),VENN(S) , TSENP(5),
STSENN(5), TVENP(S), TVENN(S) ,REST(48)
COMMON/WORK/DV(5) ,OF (5) ,FLIN(S),STRS(S),FOUM(5),DSUB(S) ,DELV(5).,
1FACAC,FAC,FACTOR,DELT,DTOT,STOT, DSO,.DS ,DS2,DS3,DS4.DS5,DS6,
20S57,0S3,D59,K000,REM(1148)

DIMENSION COM(1),COMS(1),DDISM(1),DD(1),VELM(1)
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EQUIVALENCE( iMEM,COM( 1))

DO 10 J=1 ,NINFC
{6} COM(J)=CoMS(y)
DO 11 J=1.%
11 KODYX(J)=KODY(J)
[F(IMEM.EQ. 1)IHED=0

Cc
C OEFORMATION INCREMENTS
C

OV(1)=-DDISI(2)+WID*DDISM(3)+DDISM(S)-WID*DDISM(6)
DV(2)=-DDISM(2)-WID*DDISM(3)+DDISM(5)+WID*DDISM(6)
OV(3)=-00ISH(2)+00ISM(5)

DV(4)=DDISM(3)+DDISM(6)
DV(5)=-0DISM( 1) +DDISM(4)+FL*DDISM(6)

FORCE INCREMEMTS IN VARIOUS COMPONENTS

SO0

CALL FSTF7( STRS , KODY )
DQ 12 I=1.5
DF(I)=STRS(L)¥NV(()
VIOoT(I)=vinT(l) +0v(1)

12 FUINCI)=FTOT([)+OF(I)
CALL RSPAX(1)
CALL RSPAX(2)
CALL RSPAX(3)
CALL RSPSP( 1)
CALL RSPSP(2)

NEW FORCE,UNBALANCED FORCE DUE TO CHANGE OF SLOPE

s Ne XY}

00 730 1-=1.5
FOUM(T)=FIOT7(()
DSUB({ L) =FLIN(I)-FTOT(1)
[F(ABS(DSUB(I)).GT.1.E-8)KBAL=1

790 COMTINUE

C

C DEFORMATION RATE FOR DAMPING
[F{OFAC.EQ.0.0.AND.DELTA.EQ.0.0)GO TO 800
[F(TIME.EQ.0Q.)GO TO 737
KBAL =1
DELV(1)=-VELM(2)+WID*VELM(3)+VELM(S)-WID*VELM(G)
0ELV(2)=~VELM(2)"WID*VELM(3)+VELM(5)+WID’VELM(6)
DELV(3)=-VELM(2)+VELM(5)
DELV(4)=VELM(3)+VELM(6)
DELV(S)=-VELM( 1)+VELM(4)+FL*VELM(6)

C

C BETA-Q DAMPING FORCE

C
[F(DFAC.EQ.0.)GO TO 830
DO 835 I=1.,5
(F(I.GT.3)GO TQ 840
DSUB(1)=DSUB([)+DFAC*STO(I)*DELV(I)
GO TO 335 _

840 N=I-3
DSUB(1)=0SUB{ [ )+DFAC*STSO(N)*DELV(I)

835 CONTINUE

STRUCTURAL DAMPING FORCE

(s X XY’
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865
C
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800
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738

141

743
C .
C

C
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220

230

C

240

ocoaoN

250
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IF(DELTA.€Q.0.)GO TO 800

D0 855 [=1,5
OSL=DELTA*SIGN{ABS(FDUM(I)),DELV(I))
DSUB(1)=DSUB(I)-DSL+SDFO(I)
SOFO(I)=DSL

CONT [NUE

UNBALANCED LOAD VECTORS

IF(KBAL.€Q.0)GO TO 737
CALL TRANS( DD , DSUB )

EXTRACT ENVELOPES
DO 743 [(=1,9
IF(SENP(I).GE.FDUM(1))GO TO 738
SENP(I)=FDUM(I)
TSENP(I)=TIME
GO TO 741%
IF(SENN(1).LE.FODUM(I1))GO TO 741
SENN(I)=FOUM(I)
TSENN(L)=TIME
IF(VENP(I).GE.VTOT(1)) GO TO 742
VENP(I)=vTOT(I1)
TVENP(I)=TIME
GO YO 743
IF(VENN(I).LE.VIDT(I))GO TO 743
VENN(I)=vTOr(1)
TVENN(I)=TIME
CAOMT INUE

PRINY TIME HISTORY

[F(KPR.LY.Q)GD TO 200

{F(KPR.EQ.Q.0OR.KOUTDT.EQ.Q) GO TO 240

[F(IHED.NE.Q)GD TO 220

KKPR=[ABS(KPR)

PRINT 210,.KKPR,TIME

FORMAT(/// 1814 RESULTS FOR GROUP,I3,

128H SHEAR WALL. ELEMENTS, TIME =F8.3//
25X ,SH ELEM, 2X,4HNODE, 2X, 4HNODE, 22X, 1OHLEFT AXIAL,
32X, 1 THRIGHT AXIAL,2X, ISHCENTRAL AXIAL,2X, {OHROTATIONAL,

42X, 1OHHOR [ ZONTAL/ 7, 2HNO, 5H I,6H J,26X,6HMEMBER,
56X, 6HMEMBER, 9X, GHSPRING, 9X, 6HSPRING, 6X, 6HSPRING)
[HED=1

PRINT 230, IMEM,NODT,NODJ, (KODY(I),I=1,5),(FTOT(I),I=1,5),
t(vror(i), =1,s)

FORMAT(19.216/23X, 111 YIELD CODE, 10X,16,6X,16,9X,16,7X,16,6X,16//
123X, 18HTOTAL FORCE/MOMENT,5E13.4//23X,17HTOTAL DEFORMATION,
25£13.4)

SET INDICATOR FOR STATUS CHANGE
KST=0
00 245 (=1,
[F(KODYX{I).NE.XKODY(I))KST=1
CONTINUE

UPDATE INFORMATIOM IN COMS ARRAY

DO 250 J=40, 152
COMS(J)=COM(dJ)
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COMS(2)=COM(2)

RETURN

END

SUBRQUTINE QUT7(/COMS/./NINFC/)

COMMON/ INFEL/IMEM KST,LM(6) ,NODI,NODJ,KOUTDT,FL,.WID,STO(3),ST1(3),
15T2(3),STS0(2).ST$1(2),PY(5).DELY(5) . DELC(3).KODY(5).KODYX(5),
2ST5(3),S76(3).ST53(2).P1(3).D1(3).P2(3).02(3),P34(3),D34(3),
3P56(3).,056(3),P89(3),089(3),P3(3),09(3).PS1(2).051(2),SDF0O(5).
AFTOT(S),VIOT(5),SENP(S),SENN(5) . VENP(5) ,VENN(S) . TSENP(5),
STSENN(S), TVENP{S) ,TVENN(5),REST(48)

DIMENSION comM(1),.COMS(1)

EQUIVALENCE( IMEM,COM( 1))

SO

ENVELOPE OUTPUT _SHEARWALL ELEMENTS

PAKY

-
Y

DU 10 J=1 ,NINFC
10 coM(J)=coMs(J)
[F(IMEM.EQ. 1)PRINT 20
20 FORMAT(32H SHEARWALL ELEMENTS (TYPE 7)////
15X, 5H ELEM,2X,4HNODE, 2X, 4HNODE, 22X, 1OHLEFT AXIAL,
22X, 1 tHRIGHT AXIAL,2X, 13HCENTRAL AXIAL,2X, {OHROTATIONAL,
32X, TOHHORIZONTAL/7X, 2HNO, 5H 1,6H J, 26X, 6HMEMBER,
46X, 6HMEMBER, 9X ,6HSPRING, 9X ,6HSPRING,6X, 6HSPRING)

o

PRINT 30, IMEM _NODI,NODJ, (SENP(I),I=1,5),(TSENP(I),1=1,5),
1 (SENN(I). 1=21,5),(TSENN(I),I=1,5) (VENP(I),I=1,5),
2(TVENP(L).[=1,5) . (VENN(I),I=1,5), (TVENN(I),1=1.5)

30  FORMAT(I9,216/23X, 14HPOSITIVE FORCE,GX,5E12.4/23X,

1 1dH TIME,6X,5F12.4//23X, 14HNEGATIVE FORCE,6X,
25E12.4/23X, 144 TIME,6X,5F12.4//23X, 13HPOSITIVE DISP
3 L6X.5612.4/23X, 13H TIME,6X,5F12.4//
423X, 1BHNEGATIVE DISP,6X,5612.4/23X,13H TIME,
S6X,5F12.4//)

RETURN

END

STATE DETERMINATIONM OF AXIAL COMPONENTS

o0

SUBROUTINE RSPAX(I)

COMMON/ INFEL/IMEM KST ,LM(6),NODI,NODJ,KOUTDT,FL,WID,STO(3).ST1(3),
1ST2(3),STS0(2).S7TS1(2),PY(5),DELY(5),DELC(3),KUODY(5).KODYX(5),
257%(3),S76(3).S153(2),P1(3),01(3),P2(3),02(3),P34(3).034(3),
3rs5(3),nS6(3),P89(3),089(3),P9(3),D9(3),PS1(2),0S51(2),SDFO(S),
4FTOT(5),VTOT(S),SENP(S),SENN(5) ,VENP(5),VENN(S5),TSENP(S),
STSENN(S), TVENP(S), TVENN(5) ,REST(48)

COMMON/WORK/OV(5) ,0F(S),FLIN(S),STRS(S),FDUM(5),DSUB(5),DELV(S),
{FACAC,FAC,FACTOR,DELT,DTOT,STOT,DSO,DS ,D0S2,D53,D054,055,D056,
2DS7,0S8,DS9,KODD, REM( 1148)

KOOD=KODY(I)

DELL=0V(I)

STOT=FTOT(I)
0TOT=vTOT(1)

FACAC=0.

20 FACTOR=1.-FACAC
KODY [=KODD + 1
GO TO(701,702,703,300,705,500,707,708,709,710) .KODYI

C
c ONM SLOPE O <GET FACTOR FOR STATUS CHANGE
701 DSO=STO(I)*DELI
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IF(DSO)32.110.31
31 FAC=-STOT/DSO
IF{FAC.GE.FACTOR) GO TO 32
FACTOR=FAC
STOT=0.0
KODD=1
GO TGO 110
32 STOT=STOT+FACTOR*DSO
GO TO {10

Cc
C ON SLOPE t _GET FACTOR FOR STATUS CHANGE
C
7

02 DS =STI{I)*DELI
IF(DS )33.110.35
33 X0ODD=3
GO TO 200
39 FAC=(PY(I)-STOT)/DS
IF(FAC.GE.FACTOR)GO TO 38
FACTOR=FAC
STOT=PY(I)
X0oDD=2
GO TO 110
33 STAT=STOT+FACTOR*DS
GO 1O 110
C
C OM SLOPE 2,GET FACTOR FOR STATUS CHANGE
C
703 DS2=DELI*ST2(I)
IF(DS2)40, 110,45
40 - KODD=S
GO TO 500
45 STOT=STOT +DS2*FACTOR
Koon=2
GO TO 110
C
C OM SLOPE 3<GET FACTOR FOR STATUS CHANGE
C
300 0S3=STO(I)*DELI
(F(DS3)50, 110,55
50 FAC=(P34(1)-STOT)/DS3
(F(SAC.GE.FACTOR)GO TO 60
FACTOR=FAC
STOT=P34(1)
<KO0N=4
Ga 1O 110
S5 FAC=(P1(I)-STOT)/DS3
{F(FAC.GE.FACTOR)GO TO 60
FACTOR=FAC
STOT=P1(I)
K00D=1
GO TQ 110
60 STOT=STOT+FACTOR DS
GO TO 110
C
c ON SLOPE 4.GEf FACTOR FOR STATUS CHANGE
c
705 DS4=ST1(I1)*DELI
1IF(DS4)6%5. 110,70
65 FAC=(-PY(I)-STOT)/DS4
[F(FAC.GE.FACTOR)GO TQ 75



90
c
C

707

120

130

C

708

140

145

150

o

709

160

FACTOR=FAC
STOT=-PY([)

KODD=0

GO TO 110

K0DD=3

GO TO 300
STOT=STOT+FACTOR*DS4
GO TO t10

ON SLOPE S.GET FACTOR
DSS5=DELI*STS(I)
[F(DS5)80, 110,85
FAC=(PS6(L)-STOT)/0SS
IF(FAC.GE.FACTOR)GD TO
FACTOR=FAC
STOT=PS6( 1)

KODD=6

GO TO 110
FAC=(P9(L)-STOT)/DSYS
IF(FAC.GE.FACTOR)GO TO
FACTOR=FAC

STOT=P9( 1)

KODD=9

GO TO 110
STOT=STOT+FACTOR*DSS
GO TO 110

ON SLOPE 6.GET FACTOR
DSG=DELL*STG(I)
[F(DS6) 120, 110, 125
FAC=(-PY(E)-STDT)/DS6G
[F(FAC.GE.FACTOR)GO TO
FACTOR=FAC
X0DD=7
GO TO 11D
KODD =%

GO TQ 5CO
STOT=STOT +FACTOR*DSH
GO TO 110

ON SLOPE 7,GET FACTOR
0ST=DELL*STO(1)
[F(DS7) 140, 110, 145
KODD =7
GO TO 150
FAC=(-PY(L}-STOT)/DS7
IF(FAC.GE.FACTOR)GD TO
FACTOR=FAC
STOr=-pPY(I)

KODD=8

GO TO 110
STOT=STOT+FACTOR*DS7
GO TQO 110

OM SLOPE 8,GET FACTOR
DS8=ST5( [ ) *DELI
(F(DS8) 160, 110, 165
FAC=(~PY([)-STOT)/DS8

[F(FAC.GE.FACTOR)GO TO
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FOR STATUS CHANGE

S0

90

FOR STATUS CHANGE

130

FOR STATUS CHANGE

150

FOR STATUS CHANGE

170



189
C
C
110
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FACTOR=FAC
STOT=-PY(1)

KO0D=7

GO TO (10
FAC=(P83S(1)-STOT)/DS8
IF(FAC.GE.FACTOR)GO TO 170
FACTOR=FAC
STOT=P83(1)

KODD=9

GO 70 110
STOT=STOT+FACTOR*DSS
GO 10 110

ON SLOPE 9,GET FACTOR FOR STATUS CHANGE
059=ST6(I)*DELI

F(DSY) 175,110, 180

K0ODD=5

GO TO S00
FAC=(P2(1)-STOT)/DS9
IF(FAC.GE.FACTDR)GO TO 185
FACTOR=FAC

STAT=P2(1)

K0DD=2

GO TO 110
STOT=STOT+FACTOR*DS9

CHECK COMPLETION OF CYCLE

FACAC=FACAC+FACTOR

[F(FACAC.LT.0.9998999)G0 7O 20

[F(KODD.ENQ. 1)CALL VRTXI(1)

[F(KODD.EN.2)CALL VRTX2(TI)

{F(KODD.EQ.4)CALL VRTX4(I)

[F(KODD.ENQ.G)CALL VRIX6(1)

[F(KODD.EN.9)CALL VRTXO(1)

KQODY(1)=KO0D

FYOT(I)=STOT

vTOoT(1)=DT0T

RE TURM

END

SUBROUTINE VRTXI1(I[)

COMMON/ INFEL/IMEM, KST,LM(6) ,NODI ,NODJ,KOUTDT,FL,WID,STO(3),ST1(3).
157T2(3).,S7S0(2),57S1(2),PY(5),DELY(5),DELC(3),KODY(5),KODYX(5),
2S7T5(3).ST6(3),S¥S3(2),P1(3),01(3),P2(3).D2(3),P34(3).034(3),
3P56(3),056(3),P39(3),D89(3),P9(3),D9(3),PS1(2),051(2).SDFO(5),
4FTOT(S) ., VTOT(5),SENP(5), SENN(S), VENP(S) ,VENN(S), TSENP(5),
STSENN(S), TVENP(5),TVENN(S),REST(48)

COMMON/WORK/DV(S) ,DF (5),FLIN(5),STRS(S),FOUM(5) ,DSUB(5) ,DELV(S),
IFACAC,FAC,FACTOR,DELL,DTOT,STOT,DSO,DS ,DS2,DS3,DS4,DS5,DS6G,
2057,D88,0S3.KODD ,REM( 1148)

Pi(L)=svor

Dt1(1)=0T0T

O34(1)=(-PY(I)-STOT+STO(1)*DTOT-ST1(I)*DELC(I))/(STO(1)-ST1(I

P34(1)=(-STO(I)*PY(1)~STI(I)*STOT+STO(I)*ST1(I)*(DTOT-DELC(I)
t/(sSTo(1)-sST1(1))

RETURN

END

SUBROUTINE VRTX2(1)

COMMON/ INFEL/IMEM, KST, LM(6) ,NODI,NODJ,KOUTDT.FL,WID,STO(3).ST1(3),
1ST2(3).ST50(2),57sS1(2),PY(5),DELY(5).DELC(3),KODY(5),KODYX(5),

))
))
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2ST5(3).ST6(3).5753(2).,P1(3).01(3),P2(3).02(3),P34(3),D34(3),
3P56(3).056(3).P89(3),089(3).P9(3).09(3).PS1(2),0S51(2).S0F0(5),
4FTOT(S).VTOT(S).SENP(5),SENN(S),VENP(S),VENN(S) ,TSENP(5),
STSENN(S), TVENP(S), TVENN(S) ,REST(48)

COMMON/WORK/DV(S) ,OF(S),FLIN(S),STRS(S),.FDUM(5) .DSUB(5),DELV(S),
1FACAC,FAC,FACTOR,DELT,DTOT, STOT,DSO,0S ,0S2,D53,054,D55,D56,
2057,058,059 .KODD,REM{ 1148)

P2(1)=sTOT

P9(I)=STOT

D2(1)=0T0T

0g(1)=0T0T

STG(I)=$TOT/0TOT

STS(I)=STG(I)*STO(X)/STI1(1)

PSG(L)=(STSEL)*STG( 1) (DTOT-DELC(1))-STS(I)*PY(I)-ST6(I)*STOT)
1/(st5(1)-s16{1))

056(L)=(-PY(1)}-STOT+SIS(I)*DTOT-ST6(I)YDELC(I))/
1(sT5(1)-51T6(1))

P89(1)=(STS(I)*STG(I)*(DELC(I)-DTOT)+ST5(1)*STOT+
1ST6(L)PY(1))/(STS(1)-ST6(1)) .

039(L)=(STOr+pPY([)+STS(I)+DELC(I)-ST6(I)*DTQT)/
1(STS(1)~-ST6e(1))

RETURM

END

SUBROUTIME VYRTX4(I)

COMMON/ INFEL/ IMEM,KST,LM(6) .NODI ,NODJ,KOUTDT ,FL,WID,STO(3),ST1(3),
1ST2(3).5TS0(2).STS1(2),PY(5).DELY.(5).DELC(3),KODY(5) ,KODYX(5),
28T5(3),ST6(3).57S3(2).P1(3).01(3),P2(3).02(3),P34(3),D034(3),
3P56(3),056(3).P89(3),089(3),.P9(3).09(3).PS1(2),DS1(2),SDFC(S),
AFTOT(5) ,VTOT(5),SENP(5),SENN(S),VENP(S),VENN(5),TSENP(5),
STSENN(S), FYENP(S), TVENN(5) ,REST(48)

COMMON/YWORK/OV(S) ,0F(5),FLIN(S),STRS(5),FDUM(5) ,DSUB(S) ,DELV(S) .,
1FACAC,FAC,FACTOR,DELT,DTQT,STOT,DSO,DS ,DS2,D53.DS4,DS5,D56,
2DS7,088,059,K00D, REM(1148)

SOLFF=P34(1)-STOT

VDIFF=D34(1)~-DTOT

P34([)=ST0OY

D34(1)=DTOTr

PI(1)=PI(E)-SDIFF

D1(1)=D1(L)-VOILFF

RETURM

£ND

SUBROUT INE YRTA6(1)

COMMON/ (INFEL/ TMEM, KST, LM(6) ,NODI ,NODJ,KOUTDT, FL,WID,STO(3),ST1(3),
1ST2(3).57S0(2).STS1(2),PY(5),DELY(S),DELC(3),KADY(5),KODYX(5),
2875(3),5T6(3).57S3(2),P1(3),01(3),P2(3),02(3),P34(3),D034(3),
3PS6(3),056(3).P83(3),089(3),P9(3),D09(3),PS1(2),DS1(2),SDFO(S),
AFTOT(5) VTOT(S),SENP(S),SENN(S),VENP(S),VENN(5),TSENP(5),
STSENN(S ), TVENP(S) , TVENN(S) ,REST(48)
COMMON/WORK/DV(%),0F(5),FLIN(5),STRS(S),FDUM(5) ,DSUB(S) ,DELV(5),
{FACAC,FAC, FACTOR,DELL,DTOT,STOT,DSO,DS ,DS2,DS3,DS4,D055,0S6,
2DS57.058,059 . KODD,REM( 1148)

SDIFF=PS6(L)-STAT

VDIFF=DS6(1)-DT0T

PSG(1)=5T0F

DS6(1)=DTOf

P9([)=P9(1)-SDIFF

D3(1)=09(1)-YOIFF

RETURM

END
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SUBRQUTINE VRTX9(1)

COMMON/ INFEL/IMEM ,KST,LM(6),NODT ,NODJ,KOUTDT ,FL ,WID,STO(3),.ST1(3).
1ST2(3),STSO(2).5T$1(2),PY(5),DELY(5),DELC(3),KODY(S) ,KODYX(S),
2575(3).ST6(3).,STS3(2).,P1(3),01(3).P2(3).02(3),P34(3),034(3),
3P5G(3),056(3).PB9(3),089(3).P9(3).D9(3),PS1(2),051(2),SOFO(S),
AFTOT(5).VTOT(S5),SENP(S),SENN(5),VENP(5),VENN(S),TSENP(S),
STSENN(S).TVEMP(5),TVENN(S),REST(48)

COMMON/WORK/OV(S) ,DF(5),FLIN(5),STRS(5),FDUM(5).DSUB(5) ,DELV(S),
{FACAC,FAC,FACTOR,DELI,DTOT,STOT,.DSO,DS ,DS2,.DS3,D054,DS5,056,
2DS7.DS3.0S9,.K0ODD,REM(1148)

SOIFF=P3([)-STOT

VDIFF=D3(I)-DTOT

PO(I1)=STOT

09(1)=0T0T7

PSG(I)=PS56(I)-SDIFF

D56(1)=D056(1)-VOIFF

RETURN

END

STATE DETERMINATION OF SPRING COMPONENTS

SUERCUTINE RSPSP(I)

COMMON/ INFEL/IMEM,KST,LM(6) ,NODI ,NODJ,KOUTDT,FL,WID,STO(3),ST1(3).
1ST2(3).ST50(2).57S1(2),PY(5),DELY(S),DELC(3),KODY(5),KODYX(S),
2ST5(3),STG(3).STS3(2),P1(3).01(3),P2(3),D2(3),P34(3).034(3),
3P56(3),0556(3),P89(3),089(3),.P3(3),09(3),P51(2),051(2),SDFO(5),
AFTOT(5),VTOT(5),SENP(S),SENN(5),VENP(5),VENN(5),TSENP(S),
STSENN(S5).TVENP(S), TVENN(5) ,REST(48)

COMIMON/WORK/DV(S) ,DF(5) ,FLIN(S),STRS(5),FDUM(5),DSUB(S) ,DELY(5S),
{FACAC.FAC,FACTCR,DELI,DTOT,STOT,DSO,NDS ,DS2,D53,D0S4,DS5,DS6,
20S7,0S8.053.K0DD, REM( 1148)

N=1+3

KODD=KODY(N)

OFLI=DV(N)

STOT=FTOT{M)

DIOTr=vIor(y)

FACAC=0.0

FACTOR=1.-FACAC

KODY[=KODD*+1

OM SLOPE O ,GET FACTOR FOR STATUS CHANGE
GO TO(113,1414,11%5,303),KODYI
DSO=STSO(1)*DELI
[F(DSO)31,41,51
FAC=(-PY(N)-STOT)/DSO
[F(FAC.GE.FACTOR)GO 7O 61
FACYOR=FAC

KODD=2
STOr=-PY(N)
GO 10 41

FAC=(PY(N)-STOT)/0SO
[F{FAC.GE.FACTOR)GO TO 61
FACTOR=FAC
KOoDoD=1
STOT=PY(N)
GO 10 41
STOT=STOT+FACTOR*DSO
GO 10 41

ON SLOPE {,GET FACTOR FOR STATUS CHANGE
DS =STSI(1)*DELI

[F(DS )71,41,81
KOo0N=3
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GO YO 303
81 STOT=STOT+FACTOR*DS
GO 1O 41
ON SLOPE 2,GET FACTOR FOR STATUS CHANGE
15 DS2=STS1(I[)*DELI
IF(DS2)91,.41, 101
g1 STOT=STOT+FACTOR*DS2

- O

GO TO 41
{01 KODD=3
GO TO 303
cc
C ON SLOPE 3,.GET FACTOR FOR STATUS CHANGE

303 DS3=STS3(I)*DELI
IF(DS3) 118,414,121

118 FAC=(-PS1(I)-STOT)/DS3
[F(FAC.GE_.FACTOR)GO TO 131
FACTOR=FAC

KO0D=2
STOT=-PS1(()
GO T0 41

121 FAC=(PS1(I1)-STOT)/NS3
IF(FAC.GE.FACTOR)GO TO 131
FACTOR=FAC
KODD=1
STOT=PS1(I)

GD TO 414

131 STOT=STOT+FACTOR*DS3

a4 FACAC=FACAC+FACTOR
[F(FACAC.L.T.0.9999999)G0 TO 177
IF(KODD.EQ.1)GO TO 750
IF(KODD.EN.2)GO TQ 760
GO 0 770

750 PS1([)=SFOr
DS1(1)=010T
STS3(1)=ST01/DTOT
GO 1O 770

760 PSI1(1)=-STOT
D51(1)=-DVOF
STSA(I1)=STAT/DTOT

770 KODY(N)=X0DD
FIOT(N)=sTOT
VIOT(N)=DTOT
RETURN
END



-55-

APPENDIX A-2

TANGENT STIFFNESS MATRIX OF THE SHEARWALL ELEMENT
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