NSF/CEE-83043
PR85-150241

OCTOBER 1983 UMEE 83R4

NONLINEAR ANALYSIS OF REINFORCED
CONCRETE FRAME-SHEARWALL STRUCTURES
SUBJECTED TO EARTHQUAKE MOTION

(USER’S GUIDE TO DRAIN-2D: EL7
FOR RC SHEARWALLS)

Anil Kumar
James K. Wight

The University of Michigan - Department of Civil Engineering

A Report on Research Sponsored by
National Science Foundation
Grant No. CEE-81-21843

REPRODUCED BY
NATIONAL TECHNICAL
INFORMATION SERVICE

US. DEPARTMENT OF COMMERCE
SPRINGFIELD. VA. 22161






NONLINEAR ANALYSIS OF REINFORCED CONCRETE
FRAME~SHEARWALL STRUCTURES SUBJECT TO
EARTHQUAKE MOTTION

(USER'S GUIDE TO DRAIN-2D: EL7 FOR RC SHFARWALILS)

by

Anil Rumar
Scientist, Cement Research Institute of India
New Delhi-INDIA
Presently Visiting Scholar at the Imiversity of Michigan

J. K. Wight
Associate Professor of Civil Fngineering

A Report on Research Sponsored by
National Science Foundation
Grant No. CEE-81-21843

Report TMEE 33R4
Department of Civil Engineering
University of michigan
Ann Arbor, MI 48109

October 1983

Any opinions, findings, conclusions or recommendations expressed
in this publication are those of the author(s) and do not necessarily
reflect the views of the National Science Foundation.

b






ABSTRACT. « . . . . .

ACKNOWLEDGEMENTS, .
LIST OF TABLES . .
LIST OF FIGURES . .

CHAPTER

1. INTRODUCTION .

.

.

TABLE OF

CONTENTS

.

2.  SHFARWALI, ELEMENT EL7.

STRUCTURAL TDEALIZATION OF THE

ELEMENT DEFORMATIONS . . . .

ELEMENT STIFFNESS. .

HYSTERESIS MODELS. .

[ D R L N A I e )

s & e+ & s e e o o

FIXED FND AND INITIAL FLEMENT FORCES .

OUTPUT RESULTS . . . . « . + .

INPUT DATA PREPARATION . .

3. INPUT DATA AND SAMPLE RESULTS FOR A SEVEN STORY

STRUCTURE.
REFERENCES.

APPENDIX A-1
ELEMENT EL7 .

APPENDIX A-2 TANGENT STIFFNESS MATRIX OF THE SHFARWALL.
EL.Eb'lENT L] . * . . L) - - . . ? »

¢ s s s

e e s & e 2 & ¢ s s e s 0

FORTRAN LISTING

e ® o o & & s o e s+ & o

{ -

¢ & s & s 2 s s ° o

.

*

.

OF THE SHEARWALL

LI}

. o

* e o

® * o e & » & & + & s

Page

. (D)

L(11)
L(1i1)

(1)

. 39






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 the
~ 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

INTRODUCT [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 tail
structures when a frame alone does not provide an economical and
structurally efficient systen. 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 experinental
investigations on shearwall systens (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 veview 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 column idealization is done by dividing the interstory
shearwall element into a finite mumber of small segments (Ref. 2) to take
into account a more general distribution of moments in shearwalls than in
the case of beams and colums. The segment nodal points are condensed out
of the element stiffness matrix before it is used in the analysis of the

complete structure,



Experimental investigations on reinforced concrete walls (Refs, 5,8,12)
have shown that bending deformation of a wall was caused primarily by the
extension of the tension side boundary column. Also, a fulllscale test on
a seven story frame-wall structure has indicated 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 reinforced concrete wall taking into account the above features. The
model was used (Ref. 6) for the psuedo-dynamic analysis of a seven story
frame-wall structure, The writers of this report have developed the
required subroutines for the above model to be used with the DRAIN-2D
program for the nonlinear time history analysis of multistory frame-wall
structures. Some additions and simplifictions have been introduced by the
writers in the model proposed by Kabeyasawa (Ref. A). 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 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 elament FEL7 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'

INEL7: 1Input 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, detemination of yield status of each component, and
output of time history results. This is also referred to as "state
detemmination phase".
OUT7: Output of final envelop values for element deformations and
forces.

The arrangement described above is used in the DRAIN-2D programn
and is adopted as such. The FORIRAN listing for the element WL7
is given in Appendix A-1. COMMENT statements are introduced at
suitahle places in the subroutines for understanding the underlying
logic. The subroutine programs are developed for AMDAHL 470V/6 Computer
at the University of Michigan using MIS. It is believed that these

programs can easily be used on other systeams.



CHAPTER 2
SHEARWALL FLEMENT HEIL7

STRUCTURAL IDKALIZATION OF THE ELEMENT

The shearwall wember 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 columns. The axial stiffness varies with the
sign and level of axial stress, and degraded with tensile history. The
central vertical element which rigidly counects 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. Fach 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 global coordinates, is as follows:

dvy
dvo
dvs
dvy,
dvsg

or {dv} = lal {dr}

-

0
0
0
0

-1

o O O O

-B

3

r—- ——
drq

drp

dr3
dr4

2.1)

(2.2)

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

fromulation.

ELEMENT STIFFNESS

The parameters B and H, therefore, remain constant.

The tangent stiffness matrix relating the element deformations and

element forces is as follows:

rgs1
dss
dsjy
dsy,
dsg

or {ds} = [kp! {dv)

o D

o D O D

dvy
dvo
dvs
dvy,

dvsg

(2.3)

(2.4)

E . .
where (3?0L and (%?JR represent the current axial stiffness of the left

and the right hand columns

Ky

Kr represents the current

spring, and

Ky represents the current

represents the current

respectively.

stiffness of the horizontal spring.

axial stiffness of the vertical spring

rotational stiffness of the rotational



The tangent stiffness in tems of nodal displacements is
(k7] = [2]T[kr][a] (2.5)
where [a] is given by equations 2.1 and 2.2. The matrix [Ky] for the

proposed shearwall element is given in Appendix A-2.

HYSTERESIS 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 boundary 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)., 1If 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). 1f 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. 1If 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 OC (code=1).

After the tensile yielding occurs along segment M (code=2), the
response 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 segmént MG (code=9) is the same as the slope of
the line joining M and O. The segment BF (code=5) has the same slope as
(code=9). The slope of parallel segments 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)

_ Dok . - x Slope of segment MG(2.6
= Initial slope in tension (slope of 0OC) P gren ( )

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, 1f, 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. 1In 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 ™1
(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 0BA 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 progranm.

Origin Oriented Hysteresis Model

The origin oriented hysteresis model (Fig. 4), which dissipates a small
amount of hysteretic energy, is used for the rotational and horizontal
springs at the base of the shearwall element. The response point moves
along a line comnecting 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 vesponse
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. WNo 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 be
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 transverse
beams directly to the boundary colums of the shearwall, can be covered 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 femains elastic wnder static loading, the initial element forces
should be less than the yield strength of the element. TIf desired,
additional static loads can be applied together with initial forces. The
element forces will then be the sum of initial forces and rhose 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 colums and central vertical spring

as explained in Fig. 3.
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0 to 3 for rotational and horizontal springs as explained
in Fig. 4.
Axial force in boundary columns and central vertical spring
(tension positive).
Moment in rotational spring (anticlockwise moment positive),
Force in horizontal spring (tension positive).
Axial extension in boundary columns and central vertical spring.
Rotation in rotational spring (anticlockwise rotation positive)

Extension in horizontal spring.

The maximun positive and negative values of axial forces and 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.



TNPUT DATA PREPARATTON

E7. SHEARWALL ELEMENTS
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£7(a) CONTROL INFORMATION FOR GROUP (1015)-ONE CARD

Colums

E7(b)  AXIAL STIFFNESS

Colums

5

6-10
11-15

16-20

21-25

26-~30

31-35

36-40

41-45

46-50

1-5

6-15

16-25
26-35

Punch 7 (to indicate that group consists of shear-
wall elements)

Number of elements in group
Number of different axial stiffness types for
boundary colums and vertical spring
Number of different rotational stiffness types for
rotational spring
Number of different horizontal stiffness types for
horizontal springs
Number of different yield patterns for boundary
colimms and vertical spring
Number of different yield patterns for rotational
spring
tmber of different yield patterns for horizontal
spring
Number of different fixed end force patterns
Number of different initial element force
patterns
TYPES (I5,3F10.0)-ONE CARD FOR FACH STIFFNESS TYPE
Axial stiffness type number, in sequence beginning
with 1 ‘
Initial stiffness in compression
Initial stiffness in tension
Strain hardening in tension, as a proportion of the

initial stiffness in tension



E7(c)

E7(d)

E7(e)

E7(£)

E7(g)

~12-

STIFFVESS TYPES FOR ROTATTONAL SPRINGS (I15,E15.6,F10.0)-0ONE CARD
FOR EACH STIFINESS TYPE

Columns  1-5 Rotational stiffness type number, in sequence
beginning with 1
6-20 Initial stiffness
21-20  Strain hardening stiffness, as a proportion of the
initial stiffness

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

Colums 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 ([5,3F10.0)-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 (15,2F10.0)-ONE CARD FOR EACH TYPE
Colums 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 FACH TYPE
Colums 1-5 Yield data number, in sequence beginning with 1
6-15  Force at yield

16-25 Displacement at yield
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E7(h) FIXED END FORCE PATTERNS (I5,5F10.0)-ONE CARD FOR FACH PATTERN
Omit if there are no fixed end forces
Colums 1-5 Pattern number, in sequence beginning with 1
6-15 Axial force in left boundary column
16-25 Axial force in right boundary column
26-35 Axial force in vertical spring
36-45 Moment in rotational spring
46-55  Force in horizontal spring

E7(i) INITIAL ELEMENT FORCE PATTERNS (15,5F10.0)-ONE CARD FOR FACH INITIAL
FORCE PATTERN

Omit if there are no initial forces
Colums 1-5 Pattern number, in sequence beginning with 1
6-15 Axial force in left boundary column
16-25 Axial force in right boundary column
26-35 Axial force in vertical spring
36-45 Moment in rotational spring
46-55 Force in horizontal spring

£7(j) ELEMENT GENERATION COMMANDS (414,F6.0,1113,2F5.0,15,F5.0)~0NE CARD
FOR EACH GENERATION COMMAND

Elements must be specified in increasing numerical order. Cards for

the first and last elements must be included.

Columns 1-4 Element number, or nﬁmber of first element in a
sequentially numbered series of eiements té be
generated by this command

5-8 Node number at element end i
9-12  Node number at element end j
13-16  Node number increment for element generation., If

zero or blank, assumed to be equal to 1



50-52

53-55

55-60

61-65

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 colums

Yield data number for vertical spring

Yield data number for rotational spring

Yield data number for horizontal spring

Time history output Code. 1f a time history of
element results is not required for the element
covered by the command, punch zero or leave blank.
1f 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 RESULTS FOR A SEVEN STORY STRUCTURE

The two dimensional frame wall structure shown in Fig. 5 is used to
demonstrate the inclusion of shearwall element EL7 in the DRAIN-2D progranm.
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 deformatién in each
component of the shearwall in each story at the end of 10.08 seconds. The
envelopes of deformatrions 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 requiremnents of the
proposed model of the shearwall. The material and cross-sectional
properties (dimensions and area of reinforcement) are taken from Referenceé
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 column 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 ijser’s Guide (Ref.
11). Both colums and beams are represented by element T2 in group 1 and
the shearwall elements are represented by elanent 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 units of force (load) and
1¢ngth 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 STVEN STORY FRAME-WALL STRUCTURE .
56 2% 7 ) 7 12 2 0 BL
1 0.0 0.0
2 $00.0 0.0
3 1100.0 0.0
4 1700.0 0.0
5 2300.0 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 32
12 2300.0 275.0 -0
3 3150.0 375.0
14 4000.0 375.0
50 0.0 2175.0
51 §G0.0 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 S 7
9 51 5 7
10 52 5 7 -
1. 53 s 7 B3
12 4 5 7
13 55 5 7
14  sg 5 7
5 i 1 i 7 i B4
3 7 8 a 10 11 12 13 14
1 7 15 16 17 i8 19 20 21
] v .22 23 24 25 26 27 28 RS
1 7 29 30 33 32 33 34 35 =
1 7 36 37 33 33 40 41 42
1 7 43 44 45 46 A7 48 49
1 7 S0 51 52 53 54 55 56
1 0.0 0.0 0.0 7 1 9814.0
8 14420.0 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 7 981.0
11 14480.0  14490.0 0.0 48 7 981.0
12 14490.0  14480.0 0.0 47 7 g81.0 BE
13 $3130.0 53130.0 0.0 43 7 881.0
14 14490.0 14480.0 0.0 49 7 481.0
50 14250.0  14250.0 0.0 53 3 984.0
51 26125.0 26125.0 0.0 52 1 981.0
54 §4250.0 $14250.0 0.0 56 2 83%.0
55 52250.0 52250.0 0.0 $81.0
] 7 505 0.02 1300.0 1.0 1.0 5.0 200.0 Cl
- 0.0 ~8728.G 0.0 50 7
41 0.0 -8728.6 0.0 53 7
9 0.0 -~-15984.0 0.0 51 7
10 0.0 -159884.0 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 ) 1 T ELCENTRO 1940 FIR5T TEN SECONDS HMAX ACC=0.42g
0.0 0.0 0.0% 0.011 0.04 0.001 0.10 0.016 O0.16-0.000 0.22 0.01S

Reproduced from

best available copy. %
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0.43-6.024

0.26 0.000 0.29 0.068 0.33-0.001 0©0.37 0.020 0.477 ©.008
0.58 0.043 0.62 0.609 0.66 0.014 0.72-0.008 0.72-0.026 74-0.039
0.79-0.G57 0©0.87-0.023 0.87-0.034 0.94-0.040 0.94-0.08C 1.00-0.0739
1.07-0.067 1.07-0.038 1.09-0.043 1.17 0.090 1.32-0.170 1.238-0.083
1.41-0.083 1.44-0.095 1.48-0.089 1.51-0.108 1 54-0.128 1.63 0.114
1.70 ¢.236 1.80 0.143 ~1.85 0.178 1.92-0.261 .01-0.21% 2.21 0.295
2.27 0.263 2.32-0.298 2.39 0.005 2.45 0.287 2.52-0.047 2.87 0.152
2.65 0.208 2.7t 0.108 2.77-0.033 2.83 0.103 2.98-0.030 3.07 0.052
3.13-0.155 3.21 0.C07 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 3.80-0.182 4.01 0.023
4.06-0.044 4.11 0.022 4.22-0.187 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 4.87 0.178 5.04 0.030 c3
5.11 0.218 $.20 0.027 5.23 0.125 5.30 0.128 5.33 0.109 3.234-0.024 ™
5,45 0,172 5.51-0.102 5.6%1 0.014 5.68-0.185 4.77-0.024 6.80-~0.005
5.81-0.0283 5.87-0.057 5.88-0.033 5.92 0.022 5.98 0.01% 6.03% 0.024
6.09-0.067 6.13 0.001 &.17 0.049 6.19 0.015 6.19-0.020 6.23-0.038
.28 0.02% 6.33-0.006 6.37-0.060 6.38-0.016 6.4%1 0.020 6.46-0.018
5.48-0.003 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 0.00% G.77-0.028 6.77 0.002
6.81 0.011 6.85 0.002 6.91 0.009 6.89-0.100 7.0Y 0.0356 7.42 0.008
7.14~0.028 7.15 0.003 7.17 0.027 7.22 0.058 7.30-0.049 7.37 0.030
7.44 0.0%1 7.43 0.019 7.46-0.025 7.53-0.035 1 57 0.004 7.60-0.063
7.64-0.028 7.67-0.020 7.63 0,007 7.75-0.005 7.72-0.060 7.84-0.036
7.88-0.072 7.96-0.014 7.89-0.006 B8.00 0.022 8.07 ¢.047 &.13 0.026
8.13-0.034 8.20-0.013 8.22 0.066 8.28 0.03i 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. ozﬂ 8.88-0.026 8.81-0.002 8.96-0.185 9.0% 0.126 ©.08 0.03
9.12 0.036 9.15 0.125 9.25-0.033 9.29-0.045 9.43 0.1230 9.44-0. 166
9.51 o.042 9.63-0.094 9.70 0.082 9.81-0.088 8.90 0.005 9.94-0.001
9.92 0.053 $0.02-0.071 10.05-0.045 10.05-0,022 10.1%1 ©.009
1.45  0.00094 - c4
3 4 50 7 0 0 3
8 15 22 29 36 43 50 4
2 84 5 3 4 7 3]
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 40060.0 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 261818.2 2.4 0.37 2.4 0.37
4 3 2237509.t 2237509.1 591818.2 130303.% 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 £378.0-1032800.0 1.0
3 1 0.0 €980.0 716000.0 0.0 6980.0 -716000.0 1.0
4 1 0.0 1344.0 164400.0 0.0 1344.0 -164400.0 .0 E2
5 1 0.0 1120.0 114200.0 0.0 1120.0 -114200.0 $.0
6 1 0.0 5456.0 740100.0 0.0 $456.0 -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 H 1 3 3 3 1 1 1.0 1.0
15 3 10 7 | 1 3 3 1 1 1 1.0 1.0
22 4 11 7 | 1 3 3 1 1 1 1.0 t.0
29 5 12 7 2 1 4 4 1 3 1 1.0 t.0
36 7 14 7 2 1 4 4 1 1 + 1.0 1.0
43 8 9 7 3 1 1 1 1 2 4 1.053.275



~19-

50 9 10 7 3 i 1 1 t 3 5 1.051.275%
57 10 11 7 3 1 1 1 1 2 4 1.054.27S
64 t1 12 7 ) 1 1 ] 4 { { 1.0 1.0

H 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 .

1 16375C0C.0 $1473750.0 0.02

2 2046875.0 1842187.5 0.02

3 5835000.0 5305500.0 0.02

4 7368750.0 65831875.0 0.02

{ 0. {25450€ 11 0.02

2 0.150900% 11 0.02

3 0.144300¢% 14 0.02

4 0.138€00E 1t 0.02

5 0. 1322906 1t 0.02

[ 0.1258708 114 0.02

7 0.119340£ 11t 0.02

1 800000.0 0.02

2 1000C00.0 0.02

I 126676.8 0.0859 0.0773

2 126676.3 0.0688 0.0619 E7
3 144845 .0 0.0273 0.0246

4  144845.0 0.0218 0.0196

1330000C0O.0  0.00237

236 100000.0 - 0.00187

33320C000.0 0.00184

430Q300000.0  0.C0181

527400000.0  0.00178

624600000.0  ©O.CO17%

721600000.0 O.00172

{  333424.0 Q.4167

2  333424.0 0.3324

{ =-57610.0 -57610.0 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 -32820.0 -32920.0 0.0 0.0 0.0

$ -24630.0 -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

§ s 13 500.0 + 3 ¢+ ¢+ 1+ 3 1 1 ¢t 0 O 1.0 1.0 { 1.08
2 13 20 S00.0 2 4 2 2 2 4 2 2 1 0 0 1.0 t.0 2 1.08
3 20 27 S00.0 2 4 3 2 2 4 3 2 t 0 O $.0 1.0 3 1.08
4 27 34 S00.0 2 4 4 2 2 4 4 2 t O 0 1.0 1.0 4 1.08
5 34 4 500.0 2 4 5 2 2 4 5 2 { O O 1.0 1.0 S 1.08
6 41 48 500.0 2 4 58 2 2 4 7 2 4 O O 1.0 1.0 6 1.08
7 48 595 500.0_ 2 4 7 2 2 4 1T 2 ¢ 0 O 3.0 1.0 7 _1.08 .

5TOPR G

Reproduced from
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. &



SO-qRLOL 0
o
LO=RELhiOm
SCeRBinti O
0
LO-31L8Z¥0
§0+3€552°0
£
£0-3ZhNg0
no+ALLLE Q.
€
{0-3aR0SNn*0
S0edCinl 0
€
\0=-3€LLe0
h0eALLL90
£

ON RS
TYLROZTHON

£0-Znnsn-C-
L0¢39061°0~
£
£€0-Fttig* 0~
L0+39022°0~
£
€O0~3LT6G° 0~
L0+3091€°0~
3
£0-3L0EC* 0
LO+3106£°0
£

IR IUES
TYROTLYLOY

TYIXN TVHLINRD

SOvALLRC G COoHOLIL G~ S0eiL9CT 0~
0 . t
LO-32IR" 0= LO~BLLZiv0~ T0-RLLSC* 0
S0e32L65°0= SCv309G2°0= SO0+ICLlEL“0-
0 € L}
10-3492L° 06~ 10-3E91L°0~ L0-R6SCL*O-
S0+31626°0~ SO+ILHOZT 0~ SO0+389LE°0~
0 £ f
t0~-361L1°0~ 10-3R6EL°0~- 10-36£02°0-
90+59921°0- G0+3LS0E°0~ G0+3I9ESH 0
0 € €
10-39691°0~ €0-35LE£9°0Q 10-3G6LEE 0~
90+30721°0~ S0+436055°0~ SGO43LLN9°0~
0 . 2 S
16-3011€°0- 00438C11°0~- 10-38515°0
9Q0+3ECRL0~ SOeINNEN*O=-  H0O+30065°0-~
0 S S
ONTY4S HIRIIK LEiih k¥t

TYIXY LHOIY  IYIXY L4337

NRO*QY =

SITINSTY TTAWYS ¢ dTdVL

LNIW0W/HOY0S TVvicL

3CCS G334

ROILYIEDNIZIC TYIO0L
INAUON/IDKROL TYLI0L
34902 Q131X
HOILYWYOL3IG TYIOL
IRANON/IDYOL TYLOL
3¢0D2 @131k
ROILYHNO4IT TVL0L
INAWOW/3D404 TYLOL
3002 Q131X
KOILYRYOLIQ TYIO0L
ININOR/3D40L TYLIOL

3002 GQTIITA

an

in

13

L

[¢14

€l
c
A008

AHIX “SLN3WITI 1TIYR ¥YIRS T

th

he

Lz

0z

(Y

"

)

-

I
3o W

40080 ¥04&

ox
313

341053%



(44 4

77

nZ?

LHEND O~
HneEeoo "0~
£Ennnoto-
ZZEQO O~
tZuoo*o-~
Sun00°o-
LLean o~
$S€00° 0~
0£€00 0~
991m00°0~-
$S3€00°0~
GZN00° 0~
gam0a0°0-
oLn00’ 0~
C8€Q00°0-
09€00°0-
L61n00° 0~
36€00°0~
Son00° 0~
€4500°0-
SEn00°0-
S0n00°0~
t3€00° 0~
SI500°0-
L6u00° 0~
ZLEON"O-
L6500°0-
0ZG500°0-
hLneot 0-
(AT DA
66500°0-
SL900°0-
LtEE00° 0~
(1800°0~
2690070~
€8500°0-
3650070~
£0300°0~-

00

JATLIYOIN

9T
n*z
09"
n9* e
na°e
n9*z
Nz
hat?
n9°z
9L
no*

9

na*

=
o)
-

no*

=
<
.

ng*
ha*
99°*

Tz
- JRC-T)
I

u9*

o
™ O
o

89°
oL*

<
~
.

oL

<
~
°

nee

% >

- ™~

. .
DOOOOOONANNANNNNNNNNNNNNNNNNNNNNNNSSN

nee

a4
&~
DS

cccoooo~
-

IHIL

NOLEYLOH

TO~4TEBO° 0~

BOLALER3°0~

10-32101" 0~

0

£6700°0

30£00
WZE00
50000
GE00
99200
Rraiidi]
96200
LZE0O
Zf.€00
06£00
Ltheoo
8L700
90400
60200
LLEoO
0Zeoo
hENOO
€£2€00
€Leon
05h00
BLE0D
€Eneoo
tocoo
6€£500
noeE00
fEho0
ths00
oLtnoo
€EEN00
hanoo
sNB00
69200
893900
ARLOO
LESOO
L3500
11900

qA7LY

£0~1t919°0~

[A LR R ¥A R S

€

£0-49/4TH° 0~

*n
*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
'9
‘0
*0
0
‘0
"0
"0
"0
"0

sod

‘Adod s|qejieae jsaq
woJy 1muzvohamm

0z

z2a°7
hez
0¢°Z
Lz
29°2
(kb4
0Z°¢
97
LUARA
0zre
rARE4
79°¢
0z'e
0z°*2Z
792
LEAR4

0T+ T

1z
T9°t
0z2°¢
0z*2
29°*2
h9*e
0227
012
h9°2
0T*?
0Z°'¢
9z
h9*Z
0e¢¢
[\ A4
n9*e
0Z°2
077
Fa R4
1 4

. 8

-

SODOOCOQ
.
OO0 D

AT

Zo-31fLL%0- 20-

50430972470~

¢

70
[tR TN B
/L1 0~
Lzt o-
titeo-
6070~
tereo-
wnZ*o-
ZnZ 0-
9910~
£6l°0-
£0L°0~-
9q1°0-
Zsi*0~
L1Z°0-
S1Z*0-
ant*o-
tot*0~
1A0°0~
nsito-
LZit0~
ggL*0-
6L1°0~
wZi*Q-
0zZt*0-
L0 0~
StL*o-
960°0~
SELTo-
hELTO-
£60°0-
teoco-
960°0~
6900~
L50°0~ "
on0°0-
949070~
$50°0-

® * 4 e o & & = 8 6 2 s a2 a8 3 & * s 8

o
@ 8 3 % 4 4 b 3 % s s & e s s b 6 e s &

[=N~NeRo N>R Jo NeRe NN RN A2 ~E-N+ R~ R= Nl N~ N Re o Ne ol NaRe R+ Ne e e No No X Neo o No N N Nl
© o
CUQOOUOOOOLLROOELLCOL0LLOLOCOTLLOOLOOOOOOCCcOODOCORC

DO3O00COC
.

IYIL
INIDYILSTIQ-R

30t 0~

SOeINZZL O~

Z0-3L89n*0~ TO-I0LEE€°0-~

LER AN
ngg ot
”36*01
829°6
az9°6
9296
8Z9°6
az9°s
g29°6
896
zo€°*8
70€° @
coe° 8
Tog* 8
o8
zoc*g
Z0e°8
658°9
658°9
6589
658°9
658°9
659°9
658°9
I80°6
280°S

280°9
Z0°§
780°S
780" %
[4: 1 A]
266°27
T56°C
756°2
75677
7567
756"
756°

ta
>

*d

0°9) 932 G 6- Zz 2
0°9 99°Z g 6- [ X AL
0°9 99°2 Mhs*6- et
0°0 8972 tuh*d- 76°G
00 g83°C thn*g- t6°§
0°0 ga°¢ tnh*g- Z6°S
[VR1] 892 tna* 8- 26°S
0°0 B9°Z thn- 8- 76°S
00 897 Lnna- 76°S
0°0 a9°Z ttnea- 76°6
0°0 oL*¢ tthn*L- 6°S
0°0 oL*z hwnnL- 26°S
00 oL nhntl- 76°S
0°0 oLz hat® L= 26°S
00 [TAX4 tnntL- 26°S
0°0 oLz nhncl- z6°S
0°0 oLz L= T6°S
0°0 L e S0n°9- T6°S
0°0 ZL Son‘*9- 76°S
0°0 Lt S0n*9-~ 26°G
0°0 [4 A4 S0n°9- 26°S
0°0 7Lz Son*9~ 76°S
[1d) [ 4 $0h° 9~ Z6°S
0°Q ez S0R°* 9~ 76°'S
00 L4 hZ6*h- 76°9
0°0 nL*z nZe*n-~ 26°s
0°0 nLee hZe - 76°S
0o he hZs*n- 26°'S
0°0 LTAE4 nZ6n- 26°S
0°0 LTAX4 /26t~ 26°g
0°0 LIS 4 LI4 3 26°S
0°0 9Lz nEQ*E- 76°S
0°0 9L HEQ* €~ 26°S
0°0 9Lz nEo* g~ 6°S
0°0 97 ngo €~ Z6°S
00 9Lz NEQ°E~ 76°§
0°0 9T 2€0° €~ 76°S
-0 9Lz HEO0 g~ i6°G
0°0 0°0 0°¢C 070
0°0 0*0 0% 0 [PAd+}
00 0°0 o0 Q*0
0°0 00 0°0 0°0
0°0 0°0 0°0 00
0°0 n°e 00 0°0
0°0 00 00 0°0
IAILISOL INLL FALIVOAN k3384
ININADIVILSIC-X
001*01 = IUIL ‘SILOTIANG Iy
Z0-390€EZ*0~ NOIZYWYDLIS TYVLOL
SO+ISLNLt0-  LAINOW/ADYO0L T1YIO0L
€ #3022 GI31A

20-359466°0-

NOILYa¥OL2T TYI0L

sS

o

COODOOO

S

e

CQOODOC

v

W

Q

D

o~

Sn

CrerNMITNLIEORO NNV ONO e NMITNN O L PO M
e e e e e (NONNMNNNNNNNMTTMOAOMMMO YT M T

NI ADBDSQ

)
[=
[>]

=



22~

)
fel

<D
<o O

SKOTLYLOY

otz
[t
gLz
g1z
a7
ez
Wit 7
07z
07*?
0r*?7

4
VIS

NADDY

66000"0-
gthoo*0-
IhEQo 0=
ZLizon*to-
SnZN0*0-
Lyin0co-
Zinnoro-
LYENO N~
0Tnhoor 0~
nEnno o~
RL€00" 0~

.

"

DDO
°
OO D

[ 3= e e ]
.
[=1e = e

.

OO o
.
SR

©

OOOoO O [=R e RN )
e o a P
ODOO =R~ e I

IS

[+ oo e
s e
ODOo

OO O (=Rl
° © o “« o o &
VOO o [+~ R=TeNe]

<
o~

Iurg

79°¢
LR A4
Z9'2
79" ¢
79°¢
12
[N
n9*Z
LKA
n9g°e
n9*e

R0ILYLION
JONIH 14

2LENO* D
Lse00°0
0L000"0
1L€00°0
LCRE R
790°0
0rtno*o
heenon o
86£20°0
REZ00°0
£6€00°0

00
00
0zeY

onacz
0°0
[AN¢]
on9*Z

ohg*
0'0
00
ong'e

NIl

0T°7

€9°2
0?7
0Z°7
797
n9°z
0Z*7
1Y
292

0z

tacntinl~
(L]
c°o0
g hiing

n6"0LT00L -
0°0
o°o0
h6*012001

LE6TZLESL~
0°0
0°0
t€°621ES51

69°L0ELYL-
0°0
0°0
69°L0E1YL

o404
TYIXY

tht °o-
6i1°0~
T 0~
6L "0-
1Lz*0-
A17°0-
nqL0-
£L7°0-
L9~
2L °0-
£at0-

09L°2
[
076”5

4]

oot
0ze”
0z9*
oulL*

RN X3l

o~

0oz*
ong-
oho
gol-

NN NN

ongtz
399°2
099°¢
ong*e

[\ 44
006°
006°
ozet*

~N oo — N

09z°
o6L:
ooL*
0n2°¢

o~ N O

002
one*t
one*t
002*2

0%6°S
09L°¢
09L°¢
0Z6°S

IWIL

ODODDOODDODOVOD
°
OV ODADIOODD

SZTLZute 0766
Sl 1lbig~ 0Lt <
LLenonce 076°S
ELRUT T4 092
9L 6L9E L otz
AL HLIEL- cz9°2
In*9gne 0gtL*e
6T LIng~ on9=Z
ng° L300t onee e
hg*L3C0L~ onote
6E°LLnE 0022
FETL6E- 099°¢
68°05ntL ont*z
60°0Ghig- on9*z
I *9L6E ot
(4 RE 1A 0T6° 1L
LZ*9e94 0ze*e
LT yE9I6- 0061t
26*602N 0zz°¢
ha*oteL- 0oL
N0 n63€tL 0972
00°nestEt- ang*7
ny*oLiL 092°7
(€°5€96~ one"t
6h°nLSh 002°7
6h*nLSnt- onege
LE®GEYS 092°*'2
theZLaze- 09¢L°¢
oL sLess 0Z6°s
oL eLs8Z-~ 9L
€he L8l 0T6°S
kPoR feX] dutL
HVINS
001°0L = PREA
0°0 97°¢
0°'0 99°Z
2°0 172
0°9 29°3
0'9 932
0°0 292
0o LR A4
0o Q1°7
0°9 79°2
0°9 91°2
0°0 a9z

00°EZEZI9N
00°6h01LL0L~
0G*0986€L9

00°Ls9zonZ-
05 °n0YZen
q0°00€E989L-
06°€S0n0¢t

00°0NLLZS -
06 °495L9LS
00°26160S51~
GLoThnogsn

00 6hnTIL L~
CL°6GLSN9
00°0SLEEL L~
E9 NEELLS

00°689nShi-
n6°031969
00 nILLENL-
BE°LSLOBS

00°660S2¢¢~
00°319€9Z1
00" Nn6E£8061L~
BE°9ING669

00°9€S5ENT~
00°5L905T1
00°ENg3I€61~
19°L52Z196

00°06(30Zn~
00°oLi9sLe
00°8ELSEII~
00°9€EQ16LS

LNIL0U
ONIgulg

FATLIS04 [
AATLVOAN
2A1LI804d 4
JATLYOIN
JATLIS0d 0s
IATLYOIR
dAILIS0d (3]
FATLYOIN
JALLISH £n
FATLYOAN
qALLIS0¢ g€
IATLYOIN
FIATLISON 9¢
kERSALEE]
JAILISOd 62
IATLYOIN
JAILISOd (14
CIATLVOAR
IAILISOd 144
IATILYOUN
IATLISOd [44
JAILYOAN
IA1LI50d St
FAILYOAN
IarLisod (4}
FALLYOEN
JAILISOd 8
JATLYOIN
JATL13504 ]
JAILYOIN
aarLisod i
“0X
100K

(¢ 34X1) SINEW3IT1I NUNTOD

{ 4A08O
$29°01-
SZ92°0t~-
S92 01~
6Z9°01L-
§C9° 91~
579°*01-~
SZ7* 01t~
WGt he
nhGhe
"G 6.
LR R

*Ado> s|qe|ieae jsaq
wouj padnpoliday

a
N3

B

S340TIANS
st
AR REA
szt
stz
[AR S
st ot
sty
ng0° 0t
nagrot
98301
h817°01

Si7%

“ON
Wail



<
.
(=3
o
.
>

oc oo
. .
SGCDOC D

«
OO O oo c
. =

SO0 D

OO0 OoC
[« R= NN (> R=Re N1

.
.

OO OO

.«

cCoTo

Qo o0Oo
°

QOO0

oD

.

D0

-
QO OoOCo
e ®
OO
. =
ODOoO D

[ RoReN e
-
[=NoReN -]
-
OOO D
.

-
£
-

.
®
.

OO O
« e
QooQ
[~ X~ Re Ne)
. e
OO0 D
OO OO
.
OO

.
°
.

ooaag

QOO0

» .
SO0 O

SO0
- ° o

(=Rl

SO OO0
- ¢ 5 o

QOO

OO0 Q O
° =
[o R ==l
. .
[= RNl
SO0
.-
(o Ne o]

. .

[eR=N= Rl
.

[= M= NNl
.

[N N Re)

QOO0 O
QCoQ

-
°
»

.
SO0 O OVoOD
QOO0

-
.

OO O

[~ Rl OO0
-

COoO0O ococoo
. e

Qoo

e »

SOo0O0Q QOODO

OO O

[=R-Ne N1
OO

(=N RN

<
<o
<o

-
o

002°¢

00zt
0°0
00
00Z2°2

0022
0°0
0*0

00z*2

00Z*2Z
0°0

0°0
002 ¢

0022
0°0
0°0

00¢°*2Z

00z°?¢
0°0
0°0
0oz~

vLTL08EL

n6°00Z1LL~
00

0°0

n6 00Ztit

AR 959N L~
0°0

0°0

99 9s68nl

SLe8€T98 L~
0o

00
SL°8ET90 L

90" hRIENTLT ~
a0

0°0
90°69€ENTT

gS hnnI9T~
0°0

0°0

95 N9

26 ALEIE~
0°0

0°0

7S 9LE9E

ST 9nneEL -
00
6°0
ST 9nnEL

90°0LSOL L~
0°0

00
90°0L90L1L

nE*e0LLUL-
00
00
mhegoLLnl

69°TE0SB L~
0°0 -
0*0
69°7€£0681
90°0NLTTZ~
[

[t Adl]
90°0nLe22

05°16G6092~

ooz*?

onz-d
ong-¢
ang*Z
onzg*e

02z
02972
029+
0zz~2

069227
0042
poLe
092°¢

Qoz*e
oyg9*d
089°2
00Z°¢

026°S
09L°¢
09L°¢
0Z6°S

ogL-z
0292
0z9°¢
ogi-2

00z
0ng*Z
ons*?
00z

one*2
onq*Z
ona*e
onZ*e

0zz°¢
0¢9°2
0z9°2
07Tt

09Z°2
ooLet
0oLz
09z°¢

0022
0892
089°2
002

076°%

os~Lzied

L2 100nt~
6hTLtnnl
éneLnhni-
LR* 1000

0799161~
89°SL6LL
BA°GLOL L=
07°9915¢

5601981~
56 nE6LL
64" NEOLL~
36° 01961

NG QEEOl~
80°€€S07
He LeEsnt-
ng*RLeot

§9°nZ2962~
9L TNAZE
97*InYL-
§9°nZ9sT

A4 *n0001L ~
0z 18nZt
0Z-ilonit-
99° 170081

thenagnt-
£6°LtZotl
€6°1731\~
Lhenggnt

L1°€£0Z9L~-
sie9nzet
Sieonsii-
1L E0Z9t

29°6SELL-
Lg°Z8L6

18786~
39 °6S€LL

tatTivot~
8LGLLSL
BL*GLLGL-
Lneeiee

T1°8L0¢€T-
[WARI A
LeeacaLl-

A SR ININ4

LLSonie-

00z*e

0962
onzZZ
on9*g
o8L°z

029°2
[\ a2 A4
ongZ
0zt

00L°C
09¢°¢
ong*
0y¢°e

089°*?e
60z
089°¢
oge e

09L°2
026°S
09L°2
0r6°S

0T9°¢C
[+1: R4
0T9°¢
ogLee

on9*Z
0oz*¢
063z
ooz e

099°¢Z
onz*Z
o0hot
ogi°2

0292
07Tt
on9*Z
02T

ooLe
092°2
on9*z
09zZ*'2

089°2
ooz
[PALE R4
0Tz e

o0aL*e

00"Ccsa6n6L

co°inttoiZ-
00°19n8stl
00 LZingtLi-
00°0306102

00°LLSOLUL-
00°39061€2
00°5S6LZLL-
00*t6L0EL2

00°n30tn6T~
00°6Ln9667
006229162~
601009292

00°Z9s19Z¢€~
[JARYR FAYAY
00°2098668C~
00°niZ€90

00°0L96BLG-
00°6€0L90D
00°Za19Z1LL-
0091ZZn99

00°10Z€LOT~
00*1@non0E
00°0LtLLIYL-
00°*EN609EL

00*6€S0LLL-
00°LZLhZZT
00°8€080L L~
00°681LnTT

00°LIESTBI-
00°d99Zn6NnZ
00°2€5668 L~
00" LEGE9ET

00°8I6INS L~
00°€58LH9T
00°9ZgEBE L~
00°5M0696T

0073081092~
00*mnni6le
00°S00€E61C~
00°9622562

00°ing989T~
0p°TZGlEIE
00°SILNINl~
00°Z0100¢t¢E

00°ELn6SHR-

IATLISUA

ERSEALEE]
IALLISOS
JATIYOIN
ZATLISOM

dATIVYSAN
IATLISOd
TATIVOAN
IAILlISOd

JATLVOUN
JATLISNd
dATLYOIN
3AILIS0d

JATLYOIN
IAILISOd
JATLIYOIN
3aTLisod

IATLYON
IaTIsOd
IATLYOAN
IATLISOd

JATLYOAN
JALLISNd
JALLYOAN
JAILTISOd

TATLYOIN
IATLISOL
IATLYOAN
JAILTISOd

JATLYORN
IATLISOL
JATLYOIN
IATLISOL

FATLYOAN
JIAXLISO4
AATLYOIN
IATLISOd

FATLYO4N
IATLISOS
AATIYO4N
34151504

JALLVOIN
JAILISOd
SATLYDIN
JAILIS0O4

IATIVOAN

153

9€
113

L€
nZ

nZ
L

Li
ot

is

hn

hh

Le

LE
o€

o€
[ %4

144
91t

91

0Z

61

ol

L

9t

St

LAY

[

(43

tL

01



-

<

.
oo oD

[o =]
. s . . .

oo oo o o2Cc QO [N el
Y 6 e e e * e o o « s e e .
OoOQ O DD O [~ e =] OO

-

ooao SO0 0O
e a c o e o °
(=N Ne N Qo OO

Do O Qoo
v . « v e e ©
Q00D oooQ

Q00
oNOQO

fe e = 1
. T e e .
cooa

O oo
-
el el

0°0 0Z9°T f9°na66L- 0927 tR°IT3€- NOLT 00 5aLlnoni- JATLIVIIN
0°o0 0°0 0°n 00L*7 6E£°9LE9 0927 61°9LSSLY AATLISHd
0°n 0°0 00 00L*C 6870574~ ong*Z 00°50080LL~ FATLVIIN
0°0 0Z9°Z €£9°086KL 0922 19°924¢ 092°*T 9L 6eSniLn dATILISOd
0°0 0T9*T 9N"Z7096- 00Z°Z 99°9rLe- Oh6*t 00°LE6ELEL- FATIYOIN
0°0 0°0 00 one*t 9hTnoeg 0027 99 t60EEY JALLISOd
0°o0 0°0 0°0 ong°iL 9hnufg- on6oL 00°90nLitl~ JATLYIUN
00 0Z9°C 90°72096 00Z*C 99°8€LZ 09Z°C n6°ngILeET FATLISOd
0*o 0%9°7 gE°GOlZil- 076°G SZ LIfLLl- 09L°Z 09°100nZ1Z- IATIVOIN
0°0 0°0 0°0 09L°Z €L Lesnt 076°G 00°0nL6SEL  IATLISOd
0°0 0°0 0‘o 09L°C Efr°LESnl- 09L° 00°999LZe€- FALLIVOgN
0°0 on9°z  gresatzit 026°G  G7CLLELL 026°G 00°L0Zh98Z7 3IAILISOd
[} 00L°Z ODl°*0tLeZ~ ont°z T5°0Zant- 0ZY°Z 0€°€€60€Z- JALLYOUN
0o 0°0 0°0 0¢9°C su°salt ogl*Z 00°56sn09T FALLISOd
0°0 0°0 00 029°C G4°%921L- 0Z9°Z 03°Zliant-  JALLYODHN
0°o 081°Z 8i'0tL6€T 0/1°Z TG*0lunt 08l°Z o00°0tLingt JIAILISOd
0°0 ogL*Z Qg LLTOG- 00Z°¢ 7G°Ll60L- 0ng*T  96°T66SGLh~-  TATILYIIN
0°0 00 00 on3° T $7°Lh9T 00T°C 00°LZ6LT9L 3IATIISOMd
0°90 0°o0 00 0ng9*Z G9°Lh9Z- on9*l 05°7LT9te~ IATLYOIN
0°o0 0gl*Z 80°LE€Z0S 00Z°C Zs°Lls60t 00Z°C O00°6MEES9L IAILISOS
0°0 0ogL°Z 0S°89n9L- ohnZ*Z nie°gsETL~ 099°Z gE£°ThEiEh~ JATLYOIN
0*0 00 0°0 099°¢ 96°9362 nnZeT 00°6599e6t 3IAILISO4
0°0 0°0 00 099°7 96°0962~ on9*ZT  SL*9LS6Ln- JATLYOIN
0°o 081°Z 0S°99h9L o0nzZ*Z nZecg6ezt 08tz 00°clonZel  IATLIISOd
0*0 00Z°Z Mn6°hZLZOL- NTT*T LS SIGTt~- 0Z6°L BE°0LL9ZZ~- 3JAILYOIN
00 0°0 00 006°1 t3°1ltiht 07Z*Z 00°90inZ6l 3AILISO4
0°0 0°0 0°0 006°1L ta3°liht- 006°L 69°€9LL6L~ JAILYOIN
0°o0 00z°Z w6 nzLZOL 07Z°T Ls°siszl 077°Z 00°S$650E81 JATLISOd
00 Q0Z°Z 61 tLe6Ti~- 097°T 93°0LLGH- 00L°CT 00°639LLLt- AALILYOAN
0°o 0°0 00 00L*T HAA°C69G 09Z° 00°L580LhZ JAILISOd
0°0 00 0°o0 00L*T 6565°0h95~ On3°L SZ°sL96nL- AATLYDAN
0°0 00Z°Z 6L°LLE6TY 0922 873°01tst 097°Z 00°69E790Z 3JALLISOd
6°0 00Z°T 69°96CLG1- 00Z'T 08°00Lni~ ons* L 00°3509G11L- IALILVYIYUN
0°o0 0°0 0o on6e*t  09°nr0SS 00Z°Z 00°7666Z5Z° 3AILTSOd
0°o 0°0 00 on6*t 09°ndSs~ ons*l  £1°28ZS6h- 3IAILYOIN
0°0 00Z°T 69°96ELSL 00Z°C 0y 00Lml 092°T 00°95nm100Z 3IATILISO4L
070 00Z*Z 18°'65hiBl~ 076°S G3°S5099Z- 09L°T 00°TSS3TEE~ FATLYOIAN
0°0 0°0 0o 09L°7 13°02¢€8T” 026°5 00°060399€ HATLISOd
75000°0- 0°0 00 c9L°T L9°0Z€SZ- 09L°T Q0°5ML9919~ JAILYOAN
0°0 00Z°T 10°6KGHLOY 0Z6°S 64°50597 076G 00°2Z91LTY9 3AATLISOd
n°o 00Z°Z 06°hLu9E~ 091 Sh* 054Nt~ 0Z9°T 00°€S565L97~ FAILYOTIRN
0°0 0°0 0°0 079°7 6L anls5t 0917 00 R0LLENT  3ATLISOd
00 0°0 09 ST bLTUOLGL- 0792 00°€157907Z~ RAILYOIN
0°0 VI 7 O06*ALNGE 981°¢ G6°069nY NeL*d 0076654961 FATLISOd
0°0 00Z°7 €1°L00€0L- 00Z°C I3°LTi€L~ 0n7*C  00°GetnlQZ- JATLVOIN.
n*o 0°0 0°0 ong*l €6 HLEEl 00772 02°5Ln49761  FALLISOL
[V A] o0 00 ony e FTALEE L. Mt COCHLEHRS L TALIVIUN

‘Ado> s|qejleae iseq
woyy pasnpolday




-25-

{7160°0- 076°S 9600070~ 0°0 00 026°% SI°EL9L- 0265 00°8ENLNGZ~ FATLYOLM
i€000°0 onLtZ  1ed00T0 0°0 [V AN] onL*T B8°gL6LL onLZ 00°00€L08h  FALILISOd
0°0 [} 0°0 00Z°*7 00°Ql8st~ 0aL°Z EO0°ANLOL- 0Z9°Z AL°LOLOON- JALLIYIUH
0°0 00 ¢*0 0°0 0°0 0Z29°Z 70°651¢ 002°Z 00°5L6206¢ JATLISOM
0°90 DAY 0-0 0°0 0°0 029 I0°6S5LZ- 079°¢ 96°€689nZ~- JALLYOUN
00 0t 0re 00z"z 00°9iesl 0gLtZ €0°6nLot 08L°Z 00°ZLnSZEL 3AILISOd
0°0 0°0 0'0 00Z*Z €0'9002¢€~ 002°Z nL SniL- 0n9°Z 6L°3€L0ZE~ JAILYOUAX
0°0 0°0 00 0°0 00 0n9°Z Ze*omst 00Z*¢ 00°h982401 JATLIISOM
00 00 60 0°0 00 on9*T TETOnh e On9*Z ST 9nEi9T~ JATLIYIIN
0°0 0°0 0°0 00Z°7 €£8°9082€ 00Z°¢ nL°Suil 002 00°n980ELL JAILISOd
0°0 0°0 0°0 00Z*7 99°9L96n~ onzZ*zZ 6E°9€La- 099°Z 06°TH0ECE~ JATLVOIN
0°0 0°0 0°0 0°0 0°0 099°¢ 0Z°9s5t OnZ*T 00°LLELSTY IFATLISOd
0°0 0°0 0'0 0°0 0°0 099°CT 07°96I2~ 0n9*Z 00°20Z85E~ JATLYOIN
0°0 0°0 0°0 00Z°¢ 99°8L96n onzZ*t 6E€°9E(8 08t 00°612SZTL  FAILISOd
0°0 0°0 0°0 00Z°Z 9€"66E£99~ 02Z*'T €0°ALED~ 079°¢ e6i°hing9l- JATIVOIN
0°'0 0°0 0o 0°0 0’0 006°t 8L°GLOL 0ZZ*Z - 00°LETOBLZL 3ATLISOd
00 G*0 00 0°0 0°0 006°L  817SLOL- 006°L nn°ShEESL~  JALLIYOIN
0'0 G0 0*'0 00Z°7 8E°66£99 0Zz*'T £0°0LES 02Z°C 00°0BLEECL 3FAIlISOd
0°0 0°0 0’0 0022 SL°680E8~ 092°% BE*GL06- 00L*T SZ°090819~ JATLYOIN
0°0 00 00 0°0 0°0 a0L°Z S9°n0’E 09Z°z 00°nl009nL IATLISOd
070 0*0 00 0*0 0°0 00L°¢ S9°noZg- 0n9*Z ST nEL6INn- JATLYIIN
0°0 0°0 c°0 002°Z SL*680€8 09Z°*z 8£°G106 09Z°Z 00°0L99€ZIL 3JAIlIsod
0°0 00 0" 0 00Z*Z L€ REBGE~ 08iL°T nSsTLtLe- ons*1 69-0l08ZG6- JATIVOIN
0°*0 00 [ 4] 0°0 00 one*l Zltreic 002°Z 00°259nLnl  ZFAILISO4
0°0 0°0 00 0°0 0*0 one*t Zt°€62Z- On6*l 9€°6066S1- JFAILVOUN
0°0 0°0 0°0 00Z*Z LE*QE86E 0BL®Z hG LlLg 092*T 00°2000LIL 3JATLISOM
0°0 0°0 0*0 00Z*¢ SGL°RILILL- 026°S nS°TInel- 09L°Z 00°61LGL6GL- IATIYOIN
0°0 00 0*o 0°0 00 09L°Z Ltg€rainZt 0T6°S 00°6L97681 3IATLISOd
91000° 0~ 09L*Z 81000°Q- 0°0 [(h] 09L°T te*ainll- 09L'T 00°0SE6S0C~ IATIVIUN
0°0 0°0 0°0 -00Z°t  SL°OZL9LL 026°S hS*TINEL 026°S 00°99LSGLE 3JAILISOd
0°0 . 0°a 0°o 029°7 nhe*ONISL~ ogt*z 20°090€~ 029°*'Z 00°09LGELL~ IATLYOIN
0°0 0°0 0°0 00 00 0C9°C 80O HIBE 08Ll°C 69°168£9S AAILISOd
0°0 0°0 0'0 00 00 029°Z 80°niy6- 029°Z 00 LOSLETL- JATLYODIN
0°0 0°0 0°'0 0Z9*¢ ng*onZst 08L°T 70°090¢€ 08L°Z SL*9608SE IATLISOd
00 00 0°0 0T9°T 60°06GtE~- 00Z°T 96°hEng- 09" PELLILOOL- TATLVIIN
0°0 0°0 0°0 00 0°0 0n9°¢ 5076GL9 003°T sL"908LLE IALLISOd
0o 0°¢ 0°0 e-o0 00 0n9*Z 50°6GL3~ 89°T  59r0969Z0L~ FALLVDUN
0°0 0°c 0" 0 029°7 6K0°0651F 00T 96°nENT 00Z°Z 96°0L9Ls5¢E 3AIIIS0d
[l 00 0*0 0Z9*2 6L*IhLLN~- 0N TL*SE8T. | 099°Z 00°TTSO09Li~ JAILYOIN
00 0°0 00 0°0 0°0 099°C 9t*a0LL onZ*T an*In909n JAILISOd
(1] [ 00 00 0°0 0992 a9iL*90LtL- 0On9*Z 00°inenyli- FAIIYORN
0°0Q 0°0 0°0 0Z9°Z 6L°CTHLLY oneg*e Ti*seel 081*¢ 00"LONELY 3AILIs0d
0°0 0*0 0°0 029°7 96°G60E9~ 0zZ2°Z T9'svuL- 0Z9*Z {9°ZAZOD6~ JATLYOUN
0°0 Q*Q 0°0 00 n*a 006°L NLTLLTY Q22T 06°*LCLAGN ATLISOd
0°0 0°0 0°0 0o o°n 006° L MLULLTY- 00h*L  N6*ILLOEG= JIATLYOIN
0°0 0°0 0°0 0297 95°66ufY 0222 ¢9°S9ul 0ZZ*Z us°85ES00N IALLIS0Od

~
=



3

.
SO O
Y

Qoo
.
SO DO
.
o0 3D

«
°

DO o
. s
oQoo
SOoOoco
< o
DO DO

.
.

QOO
L
SO0
fo e N el
«
[= e N1

o

(>N RNl
e o
cCooo
[« ==l
° °
(=R e R

.

oo Qoo
. =
OO OO
[o == e |
e«
QO OO

.
-

[~ ReRe Rl
)
[= e N
oo o0
. .
[= R Reie]

.
S

°
.

. °
Voo
. .

[=R= R

oocQo
[oRw o)

-26-

-

(== eNe)
.

QO OO
[=R=le i ]

SO0

oo
. e
ococ o
cvoo
.
oo

oVoo
. o
D> 3OO
[N+ Ne]
o
D009

OV OO
.
SOOI
[=ReRe Rl
o
DOOD

.
-

[=Re]
.
Do
>0
.
(=]

0°0
a0Lc?
04627
one*e

0°n
0722
0227
ong~z

0" ¢
onz°Z
onee
on9°y

0dL°z

0°0

68 LELtt
L6 €T~
L5 ung9t

0°0
ngtotsat
Int966-
€ ng99l

0°0
LLenti6l
tteto9t-
69°LSntt

00°00nZ~
00°1001t2
on*Lgng-
$5°fi6hL

AECSEGS-
nETLEnel
AL albs-
26°0n0¢€2

00
09°0L8St
0°0

ne*LnEnt

0°0
oc*eltt

00
61991

0*0
gotanntt

0°0
zezLL9t

0°0
nL 050814
00
L st

2°¢
5°0955¢
2

"

(>}

°0
ShrlatLs

ugcgeg-
agerenee

0z2°¢
0s5°2

Ado> s|ge|lear }52q
woy 1wu:wohawm

00 an00LLE~
0370603501
00°nG€0Ze L~
037€9LLn6l

00°964%09€€C~
un*ZozLnot
00LE19LG L~
00 Lnsten

00°TnintSE~
00°1€£306¢1
00°Z€3n994t~
00°1n06660€

00" €LEERGE-
00" L9299814
00" NELOELZ~
00°960ZLLE

0% shsetLn-
00°€a1LeLs?
00°h29LS9T~
00°LLBB9SN

00*559€092~
0*0

06°LnsZEN-

00°95¢LZ0n

00°68n60Z€~
c€irttzets
69°691229~-
00°€ETLNLE

00°y6899n2ZE-
n6"SLeNLsS
hheta6il6e~
00°*tecZeit

00°Lgn6lne~
RN AR A1)

00°10Gn601L~
00°€061LLE

00 1955L5¢~
€9°0£8067

00 LLtnGT i~
00°LonTLEE

00°655666C~
00°9t6n0C1
00" 1ALNTIL-
00°6900490¢€

00°LascELn-
00*9naZh0T

IATLYO N
JATLISOY
AATLVOLN
48141504

JATLVO4N

TAAILISOd

IATLYOAY
qA1l1504

JATLVOIN
3rrilsod
JAILYOIN
IalLisod

FATLYON

AMTLISOS

IALLYOAN
3ATLISOd

AATLYOIR
1111504
AATLVOIN
34111504

IATLYOAN
JALLISOd
FALLYOIN
JATLISOd

JATLYOIN
FATLISOd
JATLIVOIN
IAXLISOd

AALLYOIN
3A1L1504d
EFSEALE
IATLISOd

IATIYOIN
34111504
IATLYO3N
3ATL1I504

IATLITOUR
IATLISOd
AATLYDAR
IATLIS0d

RATIYIN
Jarilsod
ANTLODAN
3Ailis0d

IATLYORN
IATLISO4L

€

LE

o€

ne .
€

Lt

g9l

ot

ts
0%

LA

en

Le

9t

o€
62

£Z
(44

91

n
-



0°0 0°0 [+ 2] 0°*0 0o ohnzZ*z 10°0 ono*z mg*Z IAILISOY
“0"0 0°0 0°0 0*0 0°0 onz*Z 10°0- ong*t 68°2~ JATLYOAN
00 [VA] 0°0 00 0°0 ohvte t0°0 on9*s 09°C IAILISOd
070 0°0 0°0 0°0 0°0 L0°0- 0°0 00°6n0Nn6ZL~ FATLYOIN
0'0 G0 0°0 0'0 0°0 t0°0 coL*Z S6°2 JALILTISOd
0°0 0°0 0°0 0°0 0°0 10°0- onZ*Z On‘g- JATLYOIH
00 0°C 0"0 0*0 070 10°0 00L*Z 9l°¢ JATLISO4
00 0°0 0*o 0°0 00 onL*z t0°0- 0°0 00°6n0N6ZL~- IALLYIAN
0°0 0°0 0°0 0°0 0°0 0Z6°S I0%0 onL*Z LE*n 3ATILISOd
0°0 0°0 0°0 0°0 0°0 0Z6*S Z0°0- 0Z6°G €£5°n- IALLYOAR
0*0 0*0 0°0 0*0 0°0 onL*Z L1070 : onL*Z T9°n IaILIsod
0°0 00 60 0°0 0°0 0°0 0°¢ 02L"Z 00°1ZE€N09Z~ FAIIVOIN
0°0 0*0 (R ¢] 0°0 0°0 QBl"¢ oL°b6LbRE 029°Z nn°6660€7 JA1LYS0Od
00 00 0°0 0°0 0°0 0°0 0°0 oRL*L HL°OEELL- FATLYOIAR
0°0 0°0 0°0 0°0 0°0 029 1tygcecont 0792 00°2219ZnT A3AILISOd
0°'0 00 0°0 0°0 0°0 0°0 0°0 00Z°C 00°9L8h0OhE~ TFATLVOIAN
[¢R] 0°0 0°0 00 0’o 00Z°C n9*osnit On9*Z 90°995n95 JATLISOd
0°'0 0°0 0°0 0°0 0°0 6°0 0°'0 002°2 LE*6NELSL~ JATLYOIN
0°'0 00 0°‘0 0°0 0'0 on3*? sn*a6e9t ong*Z 00°92€9962 JAXILISOd
0'C (A4} 0°0 oo 0°0 0'0 00 D0Z*¢ 00°92660c€~ JAIIVIAN
0*'0 0°0 0°0 00 0°0 0022 Lo°Linntd on9*Z 61°LInnOL 3ATLISOL
0°0 0°0 00 0°0 00 0°3 0°0C 00Z°Z 06°9Z1ZLL=- 3AILVOIAN
0°0 ¢*0 0°0 0°0 0°0 on9*eZ VEOLLIL 0n9°Z O00°0Z9LG0E IJAXlIsod
0°0 00 0°0 0°0 0°0 0°C 0°0 0227 O00°ELLILGE~ FAYILVOIN
0°0 0°0 0*0 00 0°0 022z 6S6°1€0861 0h9*Z h6°n9G0E9 IATLISOL
0°0 0‘0 0°0 00 0°0 0*0 0°0 02Z°Z 18°9€89€6- JIAILVOIIN
0°0 0°0 0°0 0°0 00 0hY*Z 96°€9591L 0n9*Z O00°GHELO0E 3AILISOd
0°0 0°0 0°0 0°0 0°0 0°0 00 onzZ*Z 00°6G5LL0LE- FATILYIIN
o*o 0*0 0°0 0'0 0°o0 onz*Z o8*innet On9*Z 96°8$HhG9Q JATLISOd
0'0 0°0 60 0*0 0°0 00 0°0 onZ*'T 00°TLLLSOL- TATLYOIN
0°0 [ A1) 0°0 0*o0 0°'0 ong*Z 8L*LOELL 0h9*Z Q0°£9060CZE JAILISOd
0°0 0*0 0°0 0°0 0°0 0°0 00 onZ*Z 00°99L9ZLh- IATLVIOIN
0°0 00 0°0 0°*0 0°0 ohZ*T €9°€i861 00L°Z 00°SESLONL JATLISOd
0°0 0*0 0°0 0°o 0°0 0°0 0°0 0nZ*T 00°LSZSGNi~ JATLYDAN
0°0 00 0°0 0°0 00 00L°Z €9°20i61 00L°Z O00°€99LNLE FATILISOd
LZ1o0" 0- 0Z6*S 6S000°0~ 0°0 0°0 ehL*T 96°6S5E L~ 0Z6°G 00°10Z7698h— JATIVYOUN
89000°0 oni*Z 89000°0 0°0 0°0 L6 €5°8612T 0nL"T 00°sissLnd JAIITSOL
00 0°0 0"0 0°0 0°"0 026°G¢ OL*hEll~ 076°G 00°n0L9LLZ~ FATLVOZN
0°0 0*0 0°0 0°0 [VAg] onL*? 7S°09£l oLt 0C°Li99n9h  JAILISO4
00 0°0 n*o 0°0 nen 0°0 0°*0 0RL*T QO0*nLt09€C~ JATLYDAN
0°*0 0°0 0°0 00 00 08i*Z Li*06eEnt 0Z9°% SL*L066%2 JATLISNG
0°0 040 00 0°*0 0°0 0°0 0°*0 081°Z 90°L6h9En~  HAILYOIN
0°0 0°0 00 0°0 0°0 0Z9°*Z LL*€£09¢€! 0Z9°Z 00°966€LLZ 3IATILISOL
0°0 0°0 00 0°0 0°0 0°0 0°o 002°2 00*6ZHh6ELE~ FATILYOUR
0°n 00 00 0*0 0°0 00Z*C 66°L99L1 08g9°Z 00°£€8an01 HAILISOd
0°'0 [\A¢] 00 0°0 0°0 00¢*¢ Oh°usSl- 002°C 00°EnidLEL- JATLYOIN
0°0 00 0°0 0°0 0°0 0Oh9*T L5 8659L 089" 00°hG0ZL8T  3ATLISO4

152

152
= g

-7



-28-

LLL00 0~
G*0
0°0
09

nuio0° 0~
00
0°0
0°0

5Z100°0~
0°0
00
00

£oLlo0r0-
00
0°0

910000

gnti00° 0~

0*'0
19100° 0~
10200°0

[~ R=N~ N1
. * e
[oNeRole]

- . ®
2000 QOOCO

OOV -
.

DDOD
»

QOVOo o
.
D000

<
-
<>

n&EN00* 0

29000* 0~
0N
0°0
0°0

211000~
0°0
0°0
0°0C

L1100 0~
0°0
0*0
0°0

hhio0* 0~
0°0
0°0
0°0

9ZIN0* N~
0°0
0°0
0°0
€0100° 0~
00
[VRe]
91000°0

8nion° 0~

QO oo
. s .
DOOD

.

.«
QOO QO

fo = = e ]
.

. )
DO0OOQ

OO OO
.

o
.
(&)

(=3
.
=1

oo a DO OO
Y e e o« e . e
[= e NN ol (=3 o e

OO CO
3
DO OD

-

QOO0
¢ s s
(e Rl

oocoOoC
. e 4 o @
QOO

OO O
.
[=R e Ne]

Qoo
« e
(=R=ReNe]

oo
. o
oo

.

QOO
°
O DOO

OO OO
. « s e
Do oo Qo

.

[+ R Re N
. .
o Q

o
.
p=3

(=]
<

<

SO DO
. .
o o0

Qoo D Sco Do
. . * ¢ s » .« e
D00 D Ca oo

oOoO0CQ
o
ooOoo o

oo oD

OO0DO
° - .« 8 e

(=N =]
. s
oo

-

COoOoD
°
DO CO

.

oo o
.- .
QOO D

SO D
s e ® o
QOO

(o Ne e Rl
.
DDODOO

. ° .

°

[+ RN
D00

=]
.
o

G57965T1

30
tRroLett

%0
L6°00001

0°0
(st
0°0
g Lettt

0'e¢
£6°09LZL

0°0
tienZitt

0°0Q
6L°0nETL

0°o
ngcInoit

0°0
hotLTeETt

0°0
60°Za01t

0°0
In-GLezT!

0°0
99°79¢ttt

0°0
£€0°66621
0'0
nG L6911l

00°0-
100
L0°0~
090

Lt9° 0~
[SU]
100~
100

t0° 0~
100
10° 0~
(U
L0*0-
[ RV R
10° 0~
10°0

10°0-

0o0L"?

0022
onor¢
et
¢29°¢

0072
on3*¢
00C°¢
on9* e

0z e
ong* g
0072
on9l

[ R AR
ong*z
0z
ongZ

0zZ°¢
ong g
0z
ongce

0ze"
089"
ong’
089"

NN

06"
oot
0z6°
gnLe

NN NN

0°0
0z9°¢
ogL e
0z9°1

00
0h9°¢
0022
onye

0°0
on9* g
00¢*
ot9*

0°0
on9° ¢
2Tzt
ona°e

‘Ado>’ s|qejteae i53q
wouy. pasnpouday

00°EnsteEl

00*tLLLeEnt-
057€59001

00°NILENG-
0o toLscLt

00°59956n2-
65°LnOLEN
69970100
00°Tic0612

00°91n90052~
€£9°86hH2ZN
gESLLIGLL-
00°019L9tL¢

00°Zn9ZeST~
os°nLLion
19°906L3L~
00°€966€12

00" LLZALST-
61°585080¢

LE*LZ9008~
oo*tzengly

00°651S58nZ~
SL°ISE6ON
89°00L658~
00°ZZonZel

00°096LELSC~
LU RS A XA}

00°160661 (-
00°12€9262

00°64v01n62 1~
gLt
£9°i-
08°1

00°670n6Z L~
97

ng Z-

S€°¢

00°6n0n6T L~
87

£s°Z-

9tz
00°6n0n6T L=
80°Z

RIAEAS

sE€°¢

0064909521~

FATLISOd

IALLYOIN
dAaTLISHd
FJATLYOANX
3a101G0d

FTATLYOUN
IATLI50d
$ATLYOIN
dAI1Ic04

SATLYOIN
JATLISOd
JATLYOAN
JATLISOd

JATLYOIN
JALILISOd
JATLYON
3ALLISOd

IATLYOAN
IATilsod
2ATLYOAN
IrrILIsod

IATLYOAN
JATLISO4
FJATLYOAN
3ALLISOd

AATLIVOUK
IATirSsod
FATLIVIANR
IA111504d

JATLYOAN
RATLITISOd
IATLYIAN
JAILISOd

IAILYO4N
JATLISId
JATLIVOAN
dAI1TS04d

IAIIVOIN
JATLISOM
JATLIVYONN
FAILISOd

AAIIYO N
JATLISOd
AATLYDS
JATLISOd

JATLYVOWN

€l

ns

on

(3

tn

on

ng
113

(X4
9¢

/24

61

€4
[

hS
€S

[

9n

on

6¢

€€
[43

9L

43

9L

GL

L3

€L

(43

te

oL

69

)



-29-

oonzr e 0006°1L : 0°0 0029°Z 0092° LR R ¢

90eALLNE*0  TOFELICO 0°0 90ed1LTL°0 90+39LT4°0 20804 3AILISOd
oZ £l 4
009L°¢ 00ze2 00017 00ZZ° 2 0099°2 NI
10+3€022°%0~ Z0-301EE€°0~ L0~-32966°0~ 00+36nL8°0~ 00+30n09°0~- dSIG FATIVOIN
00Z6°S 0099°2 0°0 00992 [ X2 A4 W1l
L0r3G8LL°0 T0-36992°0 00 00+38099°0 0CO0«I£08L"°0 4S8 3AILISOd
009L°Z oozz? 0001°2Z 00086°1 0006°1L AWTS
90+3029€°0~ B0+3G06E°0= 9OvI6LZE 0~ GO+ILIGE"0~ 90+39U0E" O~ 3OHO4 IATIVOIN
0002°¢ 0099°¢ 090 0099°C 00222 IWId
90°4S0RE"0  B0+3ZLIE"O 0°'0 90+39€NL°0 9C+3tLnt*0 30304 3AIL1S04
£l 9 L
SNIH4S ONIYdsS ONIHES §33WIN ¥IEwIW c I OoN
TVLKOZIEOR fvXOILYIOY TYIXY TVHINID TVIXY IU4SIK  TVIXVY 1437 I00K  3CON w313

/77 33XL) SINIUITA TIVAYVIHS

0OL°OL = INIL Z 4nOED INIRITI ‘SIL0T2ANT SLIASIYL

[l 0°0 00 00 00 0°0 0°0 00Z*T O00°*hEnZO6E~ JAILVOMN

00 0*0 00 0°0 0°0 00Z*Z SE"nLsol 029°Z L8°L1800H dATLISOd 9s

00 0°0 0°0 070 0°0 0°0 00 00Z*Z LE®6ZHLSE~ FALLYIIN

0°0 0°0 0°0 0°0 0°0 ong*z sntz8Ttl 0n9°Z 00°07488ZZ JAILISOd 5SS ne
80000° 0~ 00Z*¢ 8000070~ 0*0 00 0°0 0°0 00Z°T 00°59ShLET~ TATLVIIN

0°0 0°0 0°0 0°0 0°0 00Z°Z meEcZoLil 0h9°Z 00°6ENTNS JATIISOd 6h

0°0 0°0 0°0 00 0°0 00 0°0 00Z°Z EL°L8nB6S- FATLIVIUN
100000 on9*Z 10000°0 00 0°0 ong*Z LS°9n9it 0n9°Z 00°LSETI9ET IAILISOd an [ 4}

0°0 0°0 0°0 0°0 0°0 0°0 0°0 00Z°C OO0°hLEELEET~ IAILYOAN

0'o 0°0 0°o 0°0 0*0 00Z°Z GSh°HS9LL on9*Z  LEENIELS JATLISOL (4]

00 0°0 0°0 0*0 0°0 0°0 .0°0 0ZT*'T 95°99h9LG~- IATLYIIN
20000°0 0n9*Z 70000°0 0*0 0°¢ 0n9*Z eZ°0LLtl 0n9*Z 00°hB1le9EZ JAXLISO4 tn [4:]
L€Q00"° 0~ 0Z7°T L€000°0- 0‘o 0°0 00 0'0 022" 00°29690nT~ IARIIVIIXN

00 0°0 0°0 0°0 0°0 0ZZ*T TS gLsit on9°I B8 YLELES FAILISCd 13

0o 0°0 0°0 0°0 g0 0°0 0°0 02Z°T LE“ZLLOE9~ ZFATIVIAX

0°0 0°0 0°0 0°0 0°0 on9°z TS eLSLl on9*Z 00°nS09ZET 3AILISOL e (%]
Ln000° 0~ 0zZ°T 1h000°0~ 0°0 0°0 0°0 Q°e 0ZT°T Q00°100€LNT~ IATLYOGN

0°0 0°0 oo %0 0°0 0zZz Tz €nrolatl 0n9*T 90°SLRO6S dATSTIS50L X4

0*0 00 0*o 0°0 0°0 0°0 0°0 02Z°7 SZ°S0L665- IATLYDIN

0°0 0°0 0°0 0°0 0°0 0no*? G8°67914 0n9¢Z 00°Z69MIET  IATLIISOMd Le 09
88000°0- 02Z°C 8R000°0- 0°0 0°0 0*0 0'o0 0HZZ°T 00°€66LINT~ JATLVOIN

0°0 0°0 0°0 00 0°0 0zz*Z 60°L791¢L 0€9°Z hh*S009nL 3AtLIsod ¥4

0°0 0°0 0*0 0°0 0°0 0°0 0'0 027°C ST*EN6L9%~- 3AILYOIN
L7000 0 089°Z (Z000"O0 0°0 0°0 0892 €Z° 1961l 089°C 00°€3GSHET JAILISO4 0z 6L
nLeoo o~ 026°S 98200°0- 00 [tha} 0°0 oo 0Z5°G 00°LtnQBINYT~ JATIV¥DIN
88000°0 00 0°0 0°0 00 0Z6°S  ROASLZH oL 00°TLELlOlL  RAILISOd nl

00 0°0 0°0 00 0*0 0°0 a0 026"S 96°CE€8165- JFAILYOIN



oony* it 0002°¢ onoe*? oont-?¥ ooon° g
90+3060Z° 0~ 90+337£2°0~ SOC+IE0OGH 0~ 90¢300LL°0- GGe399CL 0~

00022 00681 0°0 ooon°z oonLtZ
90¢37SLT°0 30+39n7Z°0 0°0 S0¢303LS°0 SO+ILG29°0
0099°¢C 00zt 0026°7 00ZeL° 2 0ogn* T
00+38182°0~ Z0-3LShR°0- 10-34810L°0- 10-2€0Z9°C- t0-39Zn5°0~
Qonz 2 onn9 00 0000 0ozL-2
00¢3450€°0 Z0-71569°0 0°0 10-33€L€°0 10-3€0Lh*0
0069°2 00722 0026°¢ 0o0zL - 00Zn°Z
50+30L0Z°0~- N0e3H06Z°0- SOvI00SL 0~ 90¢36921°0~ 9u+3ICHLL" 0~
oonZ-¢ 06006°1 0°0 0ozZn*Z oonL
90°3LS0€°0 60037226820 0°0 S0+3Z606°0 SO+ITLL9*0
00297 [ 4 AN4 00989°7 0006°2 0on3e
00¢369LZ270- Z0-300€8°0~ LO~-3IBENL"0~ 1O0-3LL89°0- LO-3nLL9°0-
002z*? oon9-Z 00 0000°Z 2005°2
00¢3IE68€°0 Z20-3T€99°0 0°0 10~3060n°0 L0-39€Ln"0
00Z6"°1 0022°7 0099°¢ 000§°7 0000°¢
90+30NLT°0- §0+3I661€°0- 90¢30901°0~ 90+3L0ON1°0~ 90+¢3dn3nLl0-
00TT°T 0006° 1 0°0 00h3°Z 00Zs° ¢
G0+3IGNEC 0 B0+3ITLLIECO 0°0 G0#30659°0 S0+3090L°0
000L°Z 002z°¢C 00967 oozz*t 0029°7
00+30L€L°0~ ZO-3LLLL*0~ 10-3L681°0~ (0-30LL6°0~ 10-3G9n8°0-
0097°7 0099°7 0°0 00297 oonz*Z
00+38€098°0 Z20-36979°0 0°0 10-3€€€5°0 10-319569°0
oons° | 00TC"T 0095°¢ 00772 00797
90+3BEEE 0~ B0+I6LNE"0- 90¢T69€1°0~ 90+3I6661°0- 90+3€€L1°0~
0092° 00c6" 1 0°¢ 00Z9°2¢ £0%7°¢
90+38INE"D BOeRLEEE"D 0°0 S0+31286°C 930+3%Z0l°¢C
oozL e 0022°¢ 0006°2 0onz° T 00092°2
10+36ELL°0~- ZO0~FEE0L 0~ 10-3982T "0~ 00+492T1°0- 00%3chIL 0~
00Z6°§ covete 00 00292 0092°¢
L0+3n0t LD T0-387LG*0 0°0 10-30Z1U°0 10-32L"6°0
00¢t-t 00zT°7 ooes5°z oont*? 0096° 1

Q0eAGANE D= AN+A0GLE O~ 90+ATEAL*0- 90+10LG2°0~ NP+ IG6LE 0~

*Adod w_ﬁm__m»m iseq
wouy pasnpouiday

Jutl
43804 JALLVOIN

EES
0404 Aarlisod

ARTL
JSIa IAILYOIN

Jury
dSIq IAXLISO4

EE RS
20404 IALLYOIN

KR
32404 ZATLISOL

2SIq 3AILVOIR

3IWTL
4510 3AIlIS0d

IWIL
30404 IARLLVOIN

IWIL
d0404 JATLISOL

3411
dSI0 3AILYOAN

441l
dSId 3JAILISOd

YL
3J¥04 3ATLIYOSENR

3Nl
IDY04 FAILISO4
dsIQ IALLYOAN
H
d RAILISIY

IIROL JATLYORN

gh

ne

Lte

ne

Lz

0z



-31-

00z9* 000Z°2 noog*? oonLez 000n°2
00¢36611°0~ Z0~3ZBEB*0- Z0-3Hn9ST"0~- 10-3h0nZ 0~ 10-F91GE°0~
ooeL*7 00ng°tT [PAl] 000n*Z aonc° ¢
00+ILLLL*O TO-IESIL°O 0°0 10~3TEQE°0 10-2E00Z°0
00Z9°¢ 000Z°7 000€°2 oonL*Z Xe]o R

90436611%0~ S0+RLICT "0~ SO+F68RL°0- GO+AT595°C~ GO*RLNLL O

0081°¢ o080y 0°0 000n*T 00nL°C
90+3LLIL*0 ROCILETZ*O 0°0 .S0+2GaLN*0 G0+3060Z°0

0049°2 0poz*e oooee? 0onL'Z 0008°2
00+306€2°0- ZO-ICLER®0~ Z0-3LNZ9*0~- 10-3€82G°0- 10-30016°0-
0002°7 0ono*T 0°0 poon*z oonee!l
004476120 70-3L71L°0 0°0 10-34566€°0 10-4LIZn*D

adIL
d4s1Iq

IWIL
d4s1a

WIS

&2¥04

FATLVOIN

dATITISOd

IAILYOIN

JATIISAT

59



N

10.

11.

-32-

REFERENCES

“a
10

Charney, F.A. and Bertero, V.V., "An Evaluation of the Design and
Analytical Seismic Response of a Seven Story Reinforced Concrate
Frame-Wall Structure," Report No,lJCB/EERC-82/08, University of
California, Berkeley, August, 1982.

Fmori, K. and Schnobrich, W., "Dynamic Analysis of Reinforced Concrete
Frame-Wall Structures," Engineering Structure, Vol. 2, April, 1980, pp.
103-112.

Fintel, M. and Ghosh, S.K., "Design of Walled Structures for Rarthquake
Loading" CSCE-ASCE-ACI-CEB International Symposium on Nonlinear Desizn
of Concrete Structures, University of waterloo, Ontario, Canada,
August, 1979. '

Fintel, M. and Ghosh, S.K., "Application of Tnelastic Response History
Analysis in the Aseismic Design of 31-story Frame-Wall Building,"
Earthquake Engineering and Structural Dyanmics, Vol. 9, Issue No. 15,
Nov-Dec., 1981, p.543.

Hiraishi, H., Yoshimura, M., Isoishi, H. and Nakata, S., "Planar Tests
on Reinforced Concrete Shearwall Assemblies" Report Submitted to Joint
Technical Coordinating Committee, US-Japan Cooperative Research Program,

Building Research Institute, Tsukuba, Japan, January 1987.

Kasbeyasawa, T., Shiohara, H., Otani, S. and Aovama, H., "Analysis of
the Full Scale Seven Story Reinforced Concrete Test Structure-Test
PSD3", Report for the Third Joint Technical Cormittee Meeting, US-Japan
Cooperative Research Program, Building Research Institute, Tsukuba,

Japan, .July, 1982.

Kanaan, A.E. and Powell, G.H., "General Purpose Computer Program for
Inelastic Dynamic Response of Plane Structures,” Report No, EERC 73-6,
University of California, Berkeley, April, 1973.

Oesterele, R.G., Fiorato, A.E., Johal, IL.S., Carpenter, J.E., Russel,
H.G. and Corley, W.G., "Earthquake Resistant Structural Walls - Tests
of Isolated Walls" Report to NSF, Portland Cement Association, Skokie,
Illinois, November, 1976.

Okomoto, S., Nakata, S., Kitagawa, Y., Yoshimura, M. and Kaminosono,
T., "A Progress Report on the Full Scale Seismic Experiment of a Seven
Story Reinforced Concrete Building-Part of the US-Japan Cooperative
Research Program," BRI Research Paper No. 94, Building Research
Institute, Tsukuba, Japan, March, 1982,

Park, R. and Paulay, T., "Reinforced Concrete Structures,” John Wiley
and Sons, Inc., New York, 1975.

Powell, G.H., "DRAIN-2D User's Guide" Report No. EERC 73-22, University
of California, Berkeley, October 1973.




13.

&3R2, University of Michigan, August, 1983,

Wang, T.Y., Bertero, V.V. and Popov, W.P., "Hvstaret m Rehavior of C
¥ 1 ) . » -t " ]
Reinforced Concrate Framed Walls' B Report No. EFRC 75-23, University of
California, RBerkeley, Decenber, 1975.

yar A= =
Wight, J.K,,"U.5.=Japan Cooperative Research Progr —m- Construction of
the T cale £ 53 Report No., MEH
the Tull Beale r\emforoed Concrate Test Structiure, X .

Reproduced from
best available copy.




-34 -

Fig. 1 Idealized Model of a Shearwall
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APPENDIX A-1
FORTRAN LISTING OF THE SHEARWALL ELEMENT EL7

SUBROUTINE INELT7(/KCONT/,/FCONT/,/NDOF/, /NINFC/, /ID/
(VO VAVATAVIN VS

COH:GN/INFEL/IMEM.KST,LM(G).NODI,NODJ.KOUTDT.PL.W}D.SlO(3).ST1(3).

1ST2(3).STSO(2).STS1(2),PY(5) . DELY(5).DELC(3) . .KODY(5) . KODYX(S),
2S75(3).S76{(3).57S3(2)},P1(3).01(3),P2(3).02(3).P34(3).D34(3),
3PS5(3),055(3).P89(3),089(3),P9(3),09(3),PS1(2),051(2).SDFO(5),
4FTOT(S) . VTOT(S),SENP(5),SENN(5) ,VENP(5) ,VENN(5) ., TSENP(S).
STSENN(S),TVENP(S), TVENN(S), RFST(48)

COMMON/WORK/KSHE , NME, NAXT ,NROT ,NHST ,NYAX , NYRO ,NYHS,, NFEF NINT,
1FATYP(30.3). FRTYP(3O 2) FHTYP(oO 2),.YAX(30,3).YR0O(30,2),
2YHS(30,2).FEF(SO,S).FIN[T(BO.S),INEL.INODI.INUDJ.INC.IINCH
BIAXE, IAXBT ,IAXC, IAXCT, IHS, IHST,IRG, IROT [ IKDT  FINT FFINIT,
A{YAXB, IYAXBY, LYAXC, IYAXCT ,1YRO,IYROT, IYHS, LYHST ,KFDL .

SIKFDL KFLL, IKFLL ,FDL ,FFDL,FLLM,FFLL,FLLF,INIT,IINIT,
6SFF(G),SSFF(6),DD(6) ,FFEF(5),W(1212)

DIMENSTION KCONT(1),ID(NN,1},%X(1).Y(1).CcoM(1),YESNO(2} ,AST(2)

EQUIVALENCE (IMEM,COM(1))

DATA AST/28 ,2H +/

DATA YESHNO/4H YES,4H NO /

DATA INPUT SHEAR WALL ELEMENT

NDOF =6
NINFC=152
KSHE=KCONT( 1)
MMEM=KCONT(2)
NAXT=KCONTI(3)
MROT=KCONT (1)
NHST=KCOMT(S5)
MYAX=KCONT(G)
MYRO=KCONT(7)
NYHS=KCONT(S3)
NFEF=KCONTI(9)
MNINT=KCONT(1Q)

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

1 40t NO. OF ELEMENTS =14/
2 40H NO. OF AXIAL STIFF TYPES =14/
3 404 NO. OF ROT SPRING STIFF TYPES =14/
4 40H NO. OF HOR SPRING STIFF TYPES =14/
5 40H NO. OF AXIAL YIELD PATTERNS =14/
S 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
PRIMNI 20

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

12¢,.5H TYPE,1SH  COMP MODULUS,15H  TENS MODULUS.
2174 TEMS HARDEMING)

00 30 N=t,NAXT

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

PRIMY SO M, (FATYP(N,d),Jd=1,3)

FORMAT(IS,3F 10.0)
FORMAT(2X,14,3X,£12.4,3X,E12.4,7X,F6.3)

PRINT 22

il Reproduced from
best avaulable copy.
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FORMAT(//23H ROT SPRING STIFF TYPES//

12X ,5H. TYPE, 15H INIT MODULUS.17H  STRN HARDENING)
DO 32 N=1_NRGT

READ 42,1, (FRTYP(N,J),d=1,2)

PRINT S1.M,(FRTYP(N,J),J=1,2)
FORMAT(IS.£15.6,F10.0)
FORMAT(2X,14,3X,£12.4,7X,F6.3)

PRINT 21

FORMAT(//23H HOR SPRING STIFF TYPES//

12X .5H TYPE, 15H INIT MODULUS,17H  STRN HARDENING)
DO 31 N=1_NHST

READ 41,1, {(FHTYP(N,J),J=1,2)

PRINT S1.N,(FHTYP(N,J).J=1,2)

FORMAT{(15,2F10.0)

YIELD PROPERTIES

PRINT 110

FORMAT(////4111 YIELD PROPERTIES OF THE AXIAL COMPONENTS//
12X ,5H TYPE.2211 TENS YIELD LOAD(PY).

218H TENS YIFELD STRN,18H  COMP STRN AT PY)
DO 200 N=1,NYAX

READ 120,.1.{YAX(M,d),d=1,3)

PRINT 130,N,(YAX(N,d),Jd=1,3)

FORMAT(1I5,3F10.0)
FORMAT(2X,14,6X.F12.2,4X ,E13.4,4%X E{i3.4)

PRINT 1114

DO 202 N=1,NYRO

READ 122,1.{YRO(M,J),J=1,2)

PRIMT 131, N, (YRO(N,J),Jd=1,2)
FORMAT(2X,14,4%X,£13.4,4%X,£13.4)
FORMAT(IS,2F10.0)

FORMAT(////311 Y (ELD PROPERTIES OF ROT SPRING//

12X ,5H TYPE, {7H LOAD AT YIELD,
21714 STRM AT YIELD)
PRINT 112

00 201 N=1,NYHS

READ 121 _I,(YHS(M,Jd),Jd=1,2)

PRINT 131 N, {YHS(M,J),d=1,2)

FORMAT(////3 %1 YIELD PROPERTIES OF HOR SPRING//
12X.,5H TYPE, 171 LOAD AT YIELD,17H STRN AT YIELD)
FORMAT(IS, 2F10.0)"

00 140 N=1,NYAX
YAX{N, 1)=ABS{YAX(N, 1))
YAX{N,2)=aBS(YAX(NM,2))
YAX(N;3)=-ABS{YAX(N,3))
CONT INUE

DO 150 N=NYHS$

YHS(MN, 1)=ABS{VYHS(N, 1))
YHS(N,2)=ABS(YHS(M,2))
CONTINUE

DO 160 N=1,NYRO
YRO(M, 1}=28S(YRO(M, 1))
YRO(N, 2 )=aBS{YRO(N,2))
CONTINUE

FIXED END FORCE PATTERNS

[F(MNFEF .EN.O)GO TO 250
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PRINT 210
FORMAT(////25H FIXED END FORCE PATTERNS//
12X ,8H PATTERN, 1S5H AXL FORCE LFT.15H AXL FORCE RHT,
212H AXL FORCE CENTRAL,22H MOMENT IN ROT SPRING,
321 FORCE IN HOR SPRING,SX, 10HLL RED FAC/)
DO 220 N=t ,NFEF
READ 230,.I1,(FEF(M,J),J=1,5)
PRINI 240,N,(FEF(N,J),J=1,5)
FORMAT(I5,5F10.0)
FORMAY(2X,IG6,3X,F12.2,3X,F12.2,5X,F12.2,8X,F12.2,7X,F12.2)

INITIAL FORCE PATTERNS

[F(NINT.EQ.Q)GO TO 300

PRINT 260

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

124 .8H PATTERN, 15F AXL FORCE LFT.1SH AXL FORCE RHT,
219H AXL FORCE CENTRAL,22H MOMENT IN ROT SPRING,
321H  FORCE [N HOR SPRING)

00 270 N=1,NINT

READ 280 ,I,(FINIT(M,J),J=1,5)

PRINT 240 ,N,(FINIT(M,y),J=1,5)

FORMAT(IS,.5F10.0)

ELEMENT SPECIFICATION

PRIMT 310

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

13X, AHELEM, 2X, 4HNODE , 51 NODE ,5H NODE,6H WIDTH,5H BAXS,5H CAXS,
25H ROTS.SH HORS,SH BAXY,SH CAXY,SH ROTY,SH HORY,6H TIME
313HFEF PATTERNS , ISHFEF SCALE FACTORS , 14HIMITIAL FORCES/

A4, 2HNO 61 {,S5H J,6H DIFF,7X,SHTYPE ,SHTYPE ,SHTYPE ,
SSHYIYPE _SHIYPE ,SHTYPE ,SHTYPE ,SHTYPE ,SHHIST ,t1ZH DL L
5134 oL L . 17TH NO. SCALE FAC./)

DO 319 J=1.%5

KODY(J)=0

KODYX(J)=0

CONT INUE

KST=0

DO 320 J=98, 152

cor(J) =o0.

[MEM=1

READ 340, INEL,INODI, INODJ, IINC,DSW, IAXBT, IAXCT, IROT, IHST,
FICAXBT, IYAXCT, IYROT, IYHST, IKDT, IKFDL, IKFLL,FFDL,FFLL,
QOINIT, FFINIT

FORMAT(414 ,F5.0,1113,2F5.0,1I5,F5.0)
IF(INEL.GT.IMEM)GO TO 380
NODI=INODI

NODJ = INCDJ

INC=1INC

[F(INC.EQ.Q)INC=1

(AXB=1AXBY

IAXC=TAXCT

KQUIDT=IK0DT

WIiD=0DSW/2.

THS=IHST

[RO=LROT

IVAXB=IYAXET

{YAXC=1YAXCT
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IYHS=IYHST
[YRO=1YROT

YNT=YESNG(2)

IF(KOUTDT .NE.Q)YNT=YESNG(1)
KFDL=1KFOL

KFLL=IKFLL

FOL=FFOL

FLILM=FFLL

FLLF=1.0

IF(KFLL.EQ.0Q)GO TO 360
FLLF=FEF(IKFLL,G)
(F(FLLF.EQ.O)FLLF=1.E-6
INIT=TINIT

FINT=FFINIT

ASTT=AST( 1)

(F ( INEL -NMEM) 330, 380,330

NOD I =NODI+INC
NODJ=NCOJ+INC
ASTT=AST(2)

PRINT 390.ASTT, IMEM,NCDI ,NODJ, INC . DSW,.IAXB, IAXC, IRO,IHS,
tIYAXB, IYAXC,IYRD, [YHS, YNT ,KFOL ,KFLL ,FOL ,FLLM, INIT,FINT
FORMAT(A2, 14,16,215,F5.1,14,715,3X,A3,16,15,3X,F8.2,
1F9.2.17,F11.2)

LOCATION MATRIX

DO 400 I=1,3
tM()=10(NoDL, 1)
LMO1+3)=1ID(NODJ, 1)
CALL BAND

ELEMENT PROPERTIES

Fl.=ABS{Y(NODJ) -Y{NODT))
STO(§)=FATYP(IAXB, 1)
STL{1)=FATYP(IAX,2)

SY2{ 1)=FATYP(LAXE,3)*ST1(1)
STO(2)=3570(1)
SFE1{2)=5T1(1)
st2(2)=s712(1)
STO(3)=FATYP(IAXC, 1)
ST1(3)=FATYP{[AXC,2)
ST2(3)=FATYP(IAXC,3)*ST1(3)
STSO(1)=FRTYP(IRO, 1)
STS1(1)=FRTIYP(IRO,2)*STSO( 1)
STSO(2)=FHTYP(IHS, 1)
STS1{2)=FHTYP({IHS,2)*STS0O(2)
PY{(1)=vAX{IAXB, 1)
Pr{2)=pPv( 1)
DELY{(1)-YAX(LAXB,2)
DELY(2)=DELY(1)
DELC(1)=-ABS(YAX{(AXB,3))
DELC(2)=DELC(1)
PY(3)=vAX([AXC, 1)
DELY(3)=YAX(IAXC,2)
DELC(3)=-ABS(YAX(IYAXC,3))
PY(4)=YRO(IYRO, 1)
DELY(4)=YRD(IYRD,2)



-43-

PY{S)=YRS(IYi<5, 1)
DELY(S)=YHS{IYHS,2)
LOADS DUE TO FIXED END FORCES

00 480 I1=1.6
480 SFF(1)=0.0
IF(KFOLKFLL.EN.0)GO TO 610
IF(XFDL.EQ.0)GO TO S30
DO SCO [=1,5
SO0  FFEF(I)=FEF(KFDL,I)*FDL
CALL TRANS(SFF,FFEF)
$30 IF(KFLL.EQ.C)GO TO S70
D0 529 {(=1,5
529 FFEF(I)=FEF(KFLL,T)
CALL TRANS(SSFF,FFEF)
DO 540 [=1.6
FLL=FLLF *FLLY
[F(I1.€EQ.3.0R.1.EQ.6)FLL=FLLM
540 SSFF(I)=SSFF{I)*FLL
S7Q0 DN 580 {=1.6
S80 OD(I)=SFF(TU)+SSFF(I)
CALL SFORCE(DD)

C MODIFY TO GET INITIAL FORCES
IF(KFOL.EQ.0)GD TO 531
D0 SOt 1=1.,5

501 SFF(I)=FEF(KFOL,1)*FDL

531 IF(KFLL.EQ.Q)GO YO 610
DO $83 {=1,95
SSFF{I)=FEF(KFLL,T) FLLM

S33  SFF(L)=SFF{L)+sSEF(L)

IMITIAL FCRCES

10 (FOINIT.EOQ.OQ)GO TO 630
0y 620 (=t.5
620 SFE(U)=SFR{L)*+FINIT(INIT,I)}*FINT

< INUTTALISE ELEMENT FORCES

630 00 631 (=1,5

631 FTOT{L)=SFF(I)
DO 630 (=1.5
SS=FTOT(!I)
[F(SS.LT.0.)G0 TO 640
SENP(IL)=SS
GO T 650

G40 SENN(I)=SS

650 COMTINUE

CALL FINISH

[YXy]

_ GENERATE MISSING ELEMENTS

[F( IMEM . EQ . NMEM)RETURN

IMEM=IMEM® |

IF(IMEM.EQ. INEL)GO TO 350

G TO 370

£ND

SUBROUTINE STIF7{(/MSTEP/,/NDOF/./NINFC/,/COMS/,/FK/,/DFAC/)

COMMOM/ INFEL/ TMEM, KST ,LM{6) . NODI ,NODJ,KOUTDT ,FL . WID,STO(3).ST1(3),

Reproduced from
best available copy.
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1ST2(3).STSO€2),57S1(2),PY(5).DELY(S),DELC(3) . .KODY(S),KODYX(S).
2S75(3).576(3),STS3(2),P1{3).D01(3).P2(3),02(3),P34(3),034(3),
3P56(3).056(3).P83(3),089(3).P3(3).D3(3),PS1(2),051(2),S0DF0(S),
AFTOT(S ), VTOT(5),SENP(S), SENM(S), VENP(S), VENN(S).TSENRP(S5),
STSENN(S), TVENP(S), TVENN(S) . REST(48)

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

C
DIMENSION coM(1),COMS(1),FK(G,6)
EQUIVALENCE( IMEM, COM{ 1))

C

C STIFFNESS FORMULATION

00 10 J=3,57
10 CoM(J)=CoMS(4)

c

C CURRENT STIFFNESS OF EACH COMPONENT
CALL FSTF7( ST . KODY )

C

C PREVIOUS STIFFMESS
IF(MSTEP.LI.2)GO TO 30
CALL FSTF7( STI , KODYX )

C.

c STIFFNESS DIFFERNCE

DO 20 1=%.9

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

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

31 FR(1,4)=0.0
PARS=WID*WID*(ST(1)+5T(2))
FR{1.,1)=5T(S)
FK(1,4)=-5T(5)
FK(1,6)=-FL*ST(5)
FR{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)
FR{3.3)=PARS+ST(4)
FK(3.9)=FK(2.6)
FK(3.6)=-PARS+ST(4)
FK{4,4)=S1(5%)
FK(4.6)=-FK(1,6)

CFK(5,5)=FK(2.2)

FK(5,6)=FK(2,3)
LFK(6,6)=PARS+FL*FL*ST(5)+5T(4)
DO GO [=1,6
DO 60 J=1.,6

60 FR{J,1)=FK(L,J)
[F(MASTEP .GI. 1)GO TO 80
¢ ‘
(4 INITIAL STIFFNESS FOR STEPO,BETA_O CORRECTION FOR STEP

cC=1.0
[F(MSTEP.€0.1)CC=DFAC
- DO 40 1=1,3%
40 FK(I,1)=FK(IL, 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).STSO(2).STS1(2),PY(S),DELY(5),DELC(3),KODY(5) .KODYX{(5),
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257T5(3),ST6{(3).STS3(2),P1(3).D1(3).P2(3).02(3).P34(3).D34(3),

3PSG(3),056(3).P89(3),083(3),.PI(23),09(3),P51(2),051(2),SDFO(S),
AFTOT(S).VTOT(S).SENP(5),SENN(S ), VENP(S). VENN(S) TSENP(S),
STSENN(S) ., TVENP(S), TVENN(S),REST(48)

DIMAENSION SF{G).FE(5)

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(35)=-SF(2)

SF(G)=WID*{FE(2)-FE(1))+FLYFE(S)+FE(4)

RETURMN

END

SUBROUTINE FSTF7(/STIF/,/KOD/)

COMMON/ INFEL/IMEM , KST,LM(6) ,NODI ,NODJ,KOUTDT ,FL ,WID,STO(3),ST1(3),
1S72(3).5750(2),57S1(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).P51(2).,DS1(2),SDFO(5),
AFTOT(S)  VIOT(5),SENP(5),SENN(S),VENP(5),VENN(S), TSENP(S),
STSENN(S), TVENP({S), TVENN(5),REST(48)

DIMENSION STIF(%),KOD(5)

00O 2% I=1.3

KYY=KOD{1)*+$

GO 70 (30,3%,40,30,35,55,60,30,55,60) ,KYY

STIF(I1)=STO(I)

GO 1O 25

SYIF(I1)=ST3(1}

GO TO 25

STIF(1)=572(1)

GO TO 25

STIF(1)=515(1)

GO T0 25

STIF(I)=S76(1)

CONTINUE

DO 80 [=1.2

N=[+3

KYY=KOD(N)*1

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

STIF(N)=STSO(1)

GO YO 80

STLF(N)=STS1( ()

GO TO 380

STIF(N)=sTS$3({)

CONTINUE

RETURN

END

SUBROUTINE RESPT(/NDOF/,/NINFC/,/KBAL/,/KPR/ ., /COMS/,/0D1SM/,
1/0D/ . /TIME]  /VELM/ , /OFAC/ ,/OELTA/)

STATE DETERMINATION ,SHEAR WALL ELEMENTS
COMMON/ INFEL/ IMEM,KST,LM(6) ,NODI ,NODJ,KOUTDT,FL ,WID,STO(3),5T1(3),
1572(3),57TS0(2),.5751(2),PY(5),DELY(S),DELC(3),KODY(5),KODYX(S),
25T5(3),STG(3),$753(2),P1(3),01(3),P2(3).02(3),P34(3).034(3),
3PS56(3),.D56(3),P89(3),089(3),P9(3),09(3).PS1(2),DS1(2),SDFC(S),
AFTOT{S),.VvIOT(5),SENP(5),SENN(S),VENP(S),VENN(S) , TSENP(5),
SISENN(S), TVENP{%), TVENN(S) .REST(48)
COMMON/WORK/DV(S) ,DF(5) ,FLIN(S).STRS(S),FDUM(S),0SUB(5),DELV(S),
{FACAC,FAC,FACTOR,DELI,DTOT,STOT, DSO.DS .DS2,DS3,DS4,DS5,DS6,
20S7,.0S3 _,DS9,K000,REM(1148)

DIMENSION comM{1),comMS{(1),DDISM(1),DD( 1), VELM(1)

Reproduced from
best available copy.
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EQUIVALENCE ( inMEM, COM( 1))

0O 10 J=1.NINFC

10 com(dJ)=coms(y)
DO 11 J=1.5

11 KODYX(J)=KODY(J)
IF(IMEM.EQ. 1)IHED=O

C
c DEFORMATION INCREMENTS
C

OV{1)=-BDISM(2)+WID*DDISM(3)+DDISM(S)~-WID+DDISM(6)
OV(2)=-DDISM(2)-WID*DOISM(3)+DDISM(S)+WID*DOISM(G)
DV(3)=-0DISH(2)+DDISM(S)

DV(4)=DDISM(3)+DDISM(6)

OV(5)=-00ISM{ 1)+00ISM(4)+FL*DDISM(G)

FORCE INCREMEMTS IMN VARIOUS COMPUONENTS

SO0

CALL FSTF7{ STRS , KOOY )
00 12 1=1.5
OF(I)=STRS(L)}*OV(()
VIoT(I)=vIDT(L) +0ov(1)
12 FLIN{(I)=FTOT([)+DOF(I)
CALL RSPAX(1)
CALL RSPAX(2)
CALL RSPAX(3)
CALL RSPSP(1)
CALL RSPSP(2)
C

o4 NEW FORCE ,UNBALANCED FORCE DUE 7O CHANGE OF SLOPE

DO 780 1=1,5
FOUM(TL)=Fror(r)
DSUB(L)=FLIN(EL)-FTOT(1)
[F(ABS{OSUB{1)).GT. 1. E~-8)KBAL=1
790  COMTINUE
C .
c DEFORMAT [ON RATE FOR DAMPING
[F{DFAC.EQ.O.Q.AND.DELTA.£Q.0.0)G0 TA 800
[F(TIME.EQ.O.)}GO TO 737
KEAL=1
DELV(1)=-VELM(2)+WID*VELM(3)+VELM(S)-WID*VELNM(G)
DELV(2)=-VELM(2)~WIO*VELM(3)+VELM(S)+WID*VELM(G)
DELV{3)=-VELM(2)+VELM(5)
DELV{4)=VELM(S) +VELM(G)
DELV(S)=-VELM( 1 )+*VELM{4)+FL*VELM(SG)

C

C BETA-O DAMPING FORCE

c
[(F{DFAC.EQ.0.)GO TO 830
DO 835 I=1.5
[F(L.GT.3)GO TO 840
DSUB(I)=DSUB( L) +DFAC*STO(I)¥DELV(I)
Gu YO 835

84Q N=I-3

DSUB(I)=DSUB( [ )+DFAC*STSO{(N)*DELV(I)
835 COMTINUE
C
C STRUCTURAL DAMPING FORCE
Cc



830

8695
C
C
C
800

C

737

738

741

200

210

220

230

C
C
240

245
C
C

"G

250

- -

IF(DELYA.EQ.D.)GO TO 800

D0 855 I=1.5
OS1.=DELTA*SIGN(ABS(FDUM(IL)).DELV(I))
DSUB(I)=DSUB(I)-DSL+SDFO(1)
SDFO(I)=DSL

CONT INUE

UNBALANCED LOAD VECTORS

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

EXTRACT ENVELDPES
DO 743 (=1,5
IF(SENP(I).GE.FDUM(1))GO TO 738
SENP{I)=FOUM(I)

TSENP(I)=TIME
GO 10O 741%
IF(SENN(1).LE.FDUM(1))GO TO 741
SENN(I)=FDOUM(I)
TSENN( L) =TIME
IF(VENP{I)_GE.VTOT(1)) GO TO 742
VENP(I)=VTOT(T)
TVENMP(I)=TIME
GO TO 743
IF(VENN(I).LE.VIOT(1))GO TO 743
VENN(I)=vTOr(r)
TVENNCI ) =TIH4E
CONT INUE

PRINT TIME HISTORY

{F{KPR.LY.Q)GO 10O 200

{F{KPR.EQ.0.0OR.KQUTDT .EQ.0) GO TO 240

[F(IHED_NE_.Q)GD TO 220

KKPR=T1ABS(KPR)

PRINT 210.KKPR,TIME

FORMAT(/// 1811 RESULTS FOR GROUP, I3,

128H SHEAR WALL ELEMENTS, TIME =F8.3//
25X . 8H ELEM,2X,4HNODE, 2X, 4HNODE, 22X, 1OHLEFT AXIAL,
32%, PIHRIGHT AXIAL,2X, ISHCENTRAL AXIAL,2X, {OHROTATIONAL,

42, 1OHHOR I ZONTAL/7X, 2HNO, 5H I,6H J,26X,6HMEMBER,
S6X , GHMEMBER , 94, GHSPRING, 9X, 6HSPRING,6X , 6HSPRING)
IHED=1

PRINT 230, IMEM,NODT,NODJ, (KODY(I),I1=1,5),(FTOT{L),I=1,5),
1(Vror{r).t=1,5)

FORMAT{19.216/23X, 1 1H YIELD CODE, 10X,16.6X.16,9X,16,7X,16,.6X,16//
123X, 18HIOTAL FORCE/MOMENT,SE13.4//23X, 1THTOTAL DEFORMATION,
25¢13.4) .

SET INDICATOR FOR STATUS CHANGE
KST=0
00 245 {=1.%
(F(KODYX{I).NE . KODY(1))KST=1
COMTINUE

UPDATE INFORMATION IN COMS ARRAY

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

RETURN

END

SUBROUTINE QUT7(/COMS/,/NINFC/)

COMMON/ INFEL/IMEM KST,LM(6) ,NODI ,NODJ ,KOUTDT,FL ,WID,STO(3),ST1(3),
15T2(3),.STSO(2).ST51(2),PY(5) . DELY(5) ,DELC(3) ,KODY(5),KODYX(5),
2STS{3),S76(3),5T53(2).P1(3).D1(3),P2(3),D02(3),P34(3),034(3),
3P56(3).056(3),P89(3),083(3),P3(3),09(3).PS1(2),DS1(2),SDFA(S),
AFTOT(S) . VTIOT(5),SENP(S) ,SENN(5) ,VENP(S) ,VENN(S) . TSENP(5),
STSENN(S), TVENP{S) ,TYENN(S),REST(48)

DIMENSION comM({1),cons(1)

EQUIVALENCE (IMEM, COM( 1))

ENVELOPE OQUTPUT _[SHEARWALL ELEMENTS

D0 10 J=1 ,NINFC

COM(J)=CoMS(J)

{F{IMEM.EQ. 1)PRINY 20

FORMAT(32H1 SHEARWALL ELEMENTS (TYPE 7)////

15X, 5H ELEM, 2X,4HNODE, 2X, 4HNODE, 22X, 1OHLEFT AXIAL,
22X, 1 THRIGHT AXIAL,2X, I13HCENTRAL AXIAL,2X, 1OHROTATIONAL,
32X, TOHHORIZONTAL/7X, 2HNO, 5H 1,6H J,26X, 6HMEMBER,
46X, GHMEMBER , 9X . GHSPRING, 89X, 6HSPRING,6X, 6HSPRING)

PRINT 30, IMEM NODI,NODJ, (SENP(I),I=1,5) (TSENP(I),.I=1,5),
§ (SENN(I), T=1,5), (TSENN(IL),1=1,5),(VENP(I),I=1,5),
2(TVENP(IL) . £=1,3) . (VENN(T),I=1,5) (TVENN(I) 1=1,5)

FORMAT(19.216/23X, 14HPOSITIVE FORCE,.GX,5E12.4/23X,

f bl TIME ,6X,5F12.4//23%, 14HNEGATIVE FORCE,GX,
256 12.4/23K, 144 TIME,GX,.5F12.4//23%, 13HPOSITIVE DI1SP
3 L6X,5F12.4/23%X, 13H TIME,6X,5F12.4//
423X, IBHNEGATIVE DISP,6X,5E12.4/23X, 13H ' TIME,
SGA,SF12.4//)

RETURM

END

STATE DETERMINATIOM OF AXIAL COMPONENTS

SUBROUTINE RSPAX{(1)

COMMOM/ INFEL/ITMEM, KST, LM{6) ,NODI ,NODJ ,KOUTDT ,FL,WID,STO(3),ST1(3),
1ST2(3),STSO(2).STS1(2).PY(S),DELY(5),DELC(3).KODY(S),KODYX(5),
2537T5(3),S76(3).5753(2),P1(3).01(3).P2(3),02(3),P34(3).D34(3),
3PSG(3),NSG6{(3),P83(3),089(3),.P2(3).09(3),PS1(2).0S51(2),SDF0O(S5},
AFTOT(S),VTOT(S),SENP(5),SENN(5),VENP(5),VENN(S),TSENP(5),
STSENN(S), TVENP{S) , TVENN(S) ,REST(48)

COMMON/WORK/OV(5) ,DF(5),FLIN(S),STRS{S),FOUM(5),0SUB(S),DELV(S),
{FACAC, FAC,FACTOR,DEL(,DTOT,STOT,DSO,.DS ,DS2,D053,D54,055,DS6,
2067 ,058,.0S9 . KOOD,REM(1148)

KOOND=KoDY(I)

DELE=0V(I)

STOT=FTOT(I)

OTOT=vTOT (L)

FACAC=0.

FACTOR=1.~FACAC
KODYI=KODD + 1
GO TO(701,702,703,300,705,500,707,708,709,740) ,KODY]

ON SLOPE O <GET FACTOR FQR STATUS CHANGE
DSO=5TO(I)°*DELI
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IF(DS0O)32.110.3¢
31 FAC=-STOT/DSO
IF(FAC.GE_FACTOR) GO TO 32
FACTOR=FAC
STOT=0.0
KODD—= 1t
GO TO t10
32 STOT=STOT+FACTOR*DSO
GO TO 110

ON SLOPE t _GET FACTOR FOR STATUS CHANGE

02 0S5 =STI{I1)*DELI
IF(DS )33.110.35

33 %0DD=3
GO TO 300

39 FAC={PY(I)-STOT)/DS
IF(FAC.GE.FACTOR)GO TO 38
FACTOR=FAC
STOT=PY(1)

KODD=2
GO TO 110 .

33 STOT=STOT+FACTOR*DS
GO TO 11O

C

C OM SLOPE 2,GET FACTOR FOR STATUS CHANGE

c

703 ODOS2=DELI*ST2(I)
IF(DS2)40. 110,45

40 KODD=S
GO TO 500

45 STOT=STAT+DS2*FACTOR
“KODN=2
GO TO 110

C

C ON SLOPE 3<GET FACTOR FOR STATUS CHANGE

C

300 0S3=STO{I)*DELIL
(F{DS3)50, 110.5%

50 FAC=(P34(I)-STOT)/DS3
(F(FAC.GE.FACTOR)GO YO 60
FACTOR=FAC
STOT=Pr34(1)

KO0N=4
Ga 10 110

S5 FAC=(P1(I)-STOT)/0S3
[F{(FAC.GE.FACTOR)GO TO 60
FACTOR=FAC
STOT=P1(1)

KOoD=1
GO TO 110

GO STOF=STOT+FACTOR DS
GO Y0 110

C -

c ON SLOPE 4,GET FACTOR FOR STATUS CHANGE

C

705 0S4=STI(I)*DELL
1F(DS4)6%5, 110,70

65 FAC=(-PY(I)-STOT)/DS4

[F(FAC.GE.FACTOR)GO TQ 75
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FACTOR=FAC
STOT=~-PY(1)

KODD=0

GO TO ti10

K00D=3

GO TG 300
STOT=STOT+FACTOR*DSH
GO TO (10

ON SLOPE S,.GET FACTOR
DSS=DELI*STS(I)
[F{DS5)80, 110,85
FAC=(PS6(1)-STOT)/0DSS
IF(FAC.GE.FACTOR)GO TO
FACTOR=FAC :
STOT=PS6( 1)

KODD=6
GO YO {10
FAC=(P9(1)-STOT)/DSH

I¥F(FAC.GE . FACTOR)GO TO
FACTOR=FAC
STOT=P9( )

KODD=9

GO TO 110

STOT=STOT +FACTOR*DSS
GO TO 11O

ON SLOPE 6,GET FACTOR
DSG=DELU*STG(I)
IF(DSE) 120, 110,125
FAC=(-PY(1)-STOT)/DSEG
1F (FAC.GE .FACTOR)GO TO
FACTOR=FAC
KoDD=7
GO TO 11O
KODD=%
GO TO 500

STOT=STOT +FACTOR*DSE
GO TO 110

OM SLOPE 7,.GET FACTOR
DST=DELE*STO(1)
IF(DS7) 140, 110, 145
KODO =7
GO TO 150
FAC=(-PY(L}-~-STOY)/DS7
IF (FAC.GE.FACTOR)GO TQ
FACTOR=FAC
STOT=-PY()
XobDD=8
GO TQ 110
STOT=STOT+FACTARYDS7
GO TO 110

OM SLOPE 8,GET FACTOR
DS8=SYS{ [) *OELI
{F(DS8) 160, 110, 1G5
FAC=(-PY([)-STOY)/DS8

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

g0

20

FOR STATUS CHANGE

130

FOR STATUS CHANGE

150

FOR STATUS CHANGE

i70
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FACTOR=FAC
STOT=-PY(1)

KODD=7

GO TO 110 .
FAC=(P838(1)-3TOT)/DS8
IF(FAC.GE.FACTOR)GO TO 170
. FACTOR=FAC
TSTOT=P83(1)

KODD=9

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

ON SLOPE 9,GET FACTOR FOR STATUS CHANGE
059=5T6(I)*0ELI

IF(DS9) 175,110, 180

KO0D=9%

GO 70 S00
FAC=(P2(1}-STOT)/DS9
IF(FAC.GE.FACTOR)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.0.9999999)G0 TO 20

IF(KODD.EQ. 1)CALL VRTX1{1)

[F{KODD.EQ.2)CALL VRTX2(I)

{F(KODD.EN.4)CALL YRTX4{I)

[F(KODD.EQ.6)CALL YRIXG(1)

LF(KODD.EQ.9)CALL VRTX9(1)

KOOY{1)=KooD

FYQY(I1)=STOV

vYTOT(1)=0TnT

RE TURM

END

SUBROUTINE VRTX1(I)

COMMON/ INFEL/ TMEM, KST, LM(6) ,NODT ,NODJ,KOUTDT ,FL,WID,STO(3),ST1(3),
$ST2(3).STSO(2),57$1(2),PY(S).DELY(S),DELC(3),KODY(5),KODYX(5),
25T5(3).,5T6(3).57S3(2),P1(3).,01(3),P2(3),D02(3),P34(3).034(3).
3IPS6(3),056G6(3).P89(3),089(3),P9(3),D09(3),PS1(2),051(2),SDFO(S),
AFTOT(S) . VIOT(S),SENP(S) , SENN(S),VENP(5) ,VENN(S), TSENP(S),
S5TSENN(S).TVENP(S ), TVENN(S) ,REST(48)
COMMOMN/WORK/DY(S) ,DE(S5), FLIN(S),STRS(S) ,FOUM(5),DSUB(S) .DELV(S),
IFACAC,FAC,FACTOR,DELL,DTOY,STOT,DS0,DS ,DS2,D53,D054,055,D56G,
2D0S7.058,DS3 KODD ,REM(1148)

pi(1)=sror
Di{1)=070°¢
D39(L)=(-PY(L)-STOT+STO(1)*DTOT-ST1(I}*DELG(I))/(STO(1)-ST1(I))
P3a(L)1=(-STO(I)*PY(()-STI(I)*STOT+STO(I)*ST1(I)*(DTOT-DELC(I)))
t/(STO(L)-ST1(1))

RETURM

END
SUBROUTINE VRTX2(1)

COMMON/ INFEL/IMEM, KST, LM(6) . NODI ,NODJ . KOUTDT,FL,WID,STO{(3).5T1(3),
1ST2(3).STS0(2),51S1(2),PY(5),DELY(5) ,DELC(3).KODY(5),KODYX(5),

Reproduced from
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25TS5(3),STG(3).STS3(2).P1(3),01(3),P2(3).02(3),P34(3),D34(3),
3PS6(3),056(3).P89(3),089(3).P9(3).D3(3),PS1(2),051(2),$DF0(5),
AETOT(S).VTOT(S5).SENP(5),SENN(S) . VENP(5),VENN(S) ,TSENP(5),
STSENMN(S), TVENP(S), TVENN(S) ,REST(48)

COMMON/WORK/DV(S) ,DF(5),FLIN(5),STRS(S),FOUM(5).DSUB(S).DELV(5),
1FACAC,FAC,FACTOR,DELY,DTOT,STOT,DS0O,DS ,052,D$3,054,DS5,056,
2057 ,058,D59.K0ODD,REM(1148)

P2(1)=STOT

Pa(l)=sTOT
D2(1)=DTOT
0s(1)=0T0T

STG([)=STOT/DTOT

STS(L)=STG(I)*sSTO(1)/ST1(1)
PSG(I)=(STSLI)*STG( )" (DTOT-DELC(I))~-STS(I}*PY(L)-STG(L)}*STQT)
1/(s15(1)-sT6{ 1))
056(1)=(-PY(I}-STOT+SIS(I1)*DTOT-ST6(L)*DELC(I})/
1(sSTS{1)-5T6(1))

P8I(1)=(STSCI)*STG(I)*(DELC(I)-DTAT)}+STS5(1)+STAT+
1ST6( L)« PY(1))/(STS(1)-5T6(1)) .
039(L)=(STOTr+pPY({)+STS(I1)*DELC(I)-ST6(I)*DTQT)/
1(STS{I)-STe(1))

RETURM

END

SUBROUTIME YRTXA(1)

COMMON/ ENFEL/ IMEM,KST,LM(6) .NODT ,NODJ  KOUTDT ,FL ,WID,STO(3),ST1(3),
1$T2(3).57S0€2).STS1(2),PY(5).DELY(5),DELC(3).KODY(5),KODYX(5).
25T5(3).8T6(3).STS3(2).P1(3).01(3).P2(3).02(3),P34(3),D34(3),
3P5G(3),056(3).P89(3),089(3).P9(3).09(3).PS1(2),.DS1(2),5DF0(S),
AFTOT(S) . VTOT(5),.SENP(S),SENN(S),VENP(S),VENN(S),TSENP(5),
STSENN(S ), TYENP(5) , TVENN(S) ,REST(48)

COMMON/WORK/DV(%) .0F(5),FLIN(S),STRS(5),FDUM(5) ,DSUB(S),DELV(S),,
1FACAC ,FAC ,FACTOR DELL,OTOT,STOT,DSO,DS .DS2,DS3.DS4,DS5,DS6,
IDS7,058,059 ,KOOD,REM( 1148)

SOLFF=P34{ L)-STOY

VDIFF=034(1)-DTOT

PIA(L)=5TAY

D34(1)=0TOF

PI(L)=PI(L)-SDIFF

DI(1)=DI{L)-VDIFF

RE TURM

£ND

SUBROUT INE VYRTXA6(1)

COMMON/ INFEL/ ITMEM,KST,LM({G),NODI ,NODJ,KOUTDT,FL,WID,STO(3),ST1(3),
1ST2(3).5750(2).5TS1(2),PY(5),DELY{5),DELC(3).KODY(S),KODYX(5),
2STS(3),ST6(3),51$3(2),P1(3).D1(3).P2(3).,02(3),P34(3),D34(3),
IP56(3).056(3).P8I(3),089(3),P9(3),09(3),PS1(2).051(2).SDFO(S),
AFTOT(5),VTOT(5),SENP(S),SENN(S),VENP(S),VENN(5), TSENP(S),
STSENMN(S) . TVENP({S), TVENN(5) ,REST(48)

COMMON/WORK/DV(S) ,0F (), FLIN(S),STRS(5).FDUM(5) .DSUB(S5) ,DELV(S),
{FACAC,FAC,FACTOR,DELL,DTOT,STOT,DSO.DS ,DS2,053,D054,055,0S6,
2DS7,058,059 ,KODD ,REM( 11448)

SDIFF=PS6{L)}-STOT

VOIFF=DS6(1)-070T

PSG([)=ST0TF

0D56(1)=DTOT

PS(1)=P9(1)-SDIFF

D9([)=09(1)-VOIFF

RETURM

END
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SUGROUTINE VRTX9(1)

COMMON/ INFEL/IMEM KST,LM(6) ,NODI ,NODJ,KOUTDT ,FL,WID,STO(3),.ST1(3).
1ST2(3),STS0(2).5TS1(2),PY(5) . DELY(S),DELC(3) . KODY(5) ,KODYX(5),
2515(3),.ST6(3).5TS3(2),P1(3),D1(3).P2(3),02(3),P34(3),D34(3),
3P3G(3).,.056(3).P39(3),089(3),.P9(3).D9(3).PS1(2),D51(2),SDF0(S5),
AFTOT(5) . VTOT(S),SENP(S),SENN(5),VENP(S5) ,VENN(S), TSENP(S),
STSENN{S),TVEMP{5),TVENN(S) ,REST(48)

COMMON/WORK/DV(S) ,DF(5),FLIN(S),STRS{5),FOUM(5).DSUB(5) .DELV(S),
1FACAC,FAC,FACTOR,DELI,DTOT,STOT,.DSO,0S ,DS2.053,D54,D55,0S56,
20S7.DS3,.D059,K0O0D,REM( 1148)

SOIFF=PI(1)-STOT

VDIFF=0D3(I)-DTOT

P3(1)=STOT

09(1)=DTOT

PSG(I)=PS6(I)-SDIFF

DS6(1)}=DS6(1)-VDIFF

RETURN

END

STATE DETERMINATION OF SPRING COMPONENTS

SUBROUT INE RSPSP(1) _

COMMON/ INFEL/IMEM, KST, LM(6) . NODI ,NODJ,KOUTDT,FL,WID,STO(3).ST1(3).
1ST2(3).STS0€(2).STS1(2),PY(5),DELY(S),.DELC(3),KODY(S) ,KADYX(5),
25T5(3),STG(3).ST53(2),P1(3).01(3).P2(3),D2(3),P34(3).034(3),
3P56(3).055(3),P89(3),089(3),P9(3).09(3),PS1(2),D51(2).SDFO(5),
AFETOT(S) . VTOT(5),SENP{S),SENN(S),VENP(5),VENN(5) . TSENP(S),
SYSENN(S), TVENP(S) , TVENN(S) ,REST(48)

COMMON/WORK/DV(S) ,0F(5),FLIN(5),STRS(S),FOUM(5),0SUB(S) ,DELV(S),
1FACAC,FAC FACICR,DELLI,DTOY,STOT,DSO,DS ,DS2,053,054,.D85,DS6,
20S7,058.053.K00D, REM(1148)

N={+3

KODD=KDEDY{N)

OFL [ =DV{(N)

STOT=FTOT(M)

DTOT=VTOT(M)

FACAC=0.0

FACTOR=%.-FACAC
KODY[=KODO+ ¢

ONM SLOPE O ,GET FACTOR FOR STATUS CHANGE
GO TO{ 113,114, 115,303),KODYI
DSO=STSO([)*DEL(

{F(DSO)31.41,51
FAC=(-PY(N)-STQr)/0s0
[F(FAC.GE.FACTOR)GD YO 61
FACTOR=FAC

«KODD=2
STOr=-PY(N)
GO 1O 41

FAC=(PY(N)-STOT)/DSO
[IF(FAC.GE.FACTOR)GO TO 61
FACTOR=FAC

KODD=1

STOT=PY{N)

GO 10 41
STOT=STOT+FACTOR*DSO

GO 1O 41

ON SLOPE §,GET FACTOR FOR STATUS CHANGE
DS =STS1(1)*DELT

[F(DS )734,41.81%

K0ODD=3
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GO TO 303
STOT=STOT+FACTOR'DS
GO YO 41

ON SLOPE 2,GET FACTOR
DS2=STS1([)*DELIL
IF(DS2)91.41, 1014
STOT=STOT+FACTORYDS2
GO 70 4%
KODD=3
GO TO 303

ON SLOPE 3,GET FACTOR
0S3=STS3(1)+DELI
IF(DS3)119,41, 121
FAC=(-PS1(I)-STOT}/DS3
IF{FAC.GE.FACTOR)GD TO
FACTOR=FAC

KODD=2
STOT=-PSt1( ()
GO TO 41

FAC=(PS1(1)-STOT)/DS3
IF(FAC.GE . FACTOR)GO TO
FACTOR=FAC

KoDD=1

STOT=PS1(1)

GO 70O 4t
STOT=STOT+FACTOR*DS3
FACAC=FACACH+FACTOR

~54-

FOR STATUS CHANGE

FOR STATUS CHANGE

131

131

[F(FACAC.L.T.0Q.9999993)CG0 TO 177

IF{KODD.EQ.1)GO TO 730
IF(KODD.EN.2)GD TO 760
GO O 770

PS1(()=STOr
NSi1(1)=0¥107
STS3(IL)=SYO(/DTOT

co TO 770
PS1(1)=-STOT

0531 (1)=-D1QT
STS3(I)=STOT/D7OT

KODY (N)=K0DD
FTOT(N)=STOT
VIOT(N)=DIOT

RETURN

£ND
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APPENDIX A-2

TANGENT STIFFNESS MATRIX OF THE SHEARWALL ELEMENT
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