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SYNOPSIS

Although structural walls have a long history of satisfac-
tory use in stiffening buildings against wind, there is insuf-
ficient information on their behavior under strong earthguakes.
Observations of the performance of buildings during recent
earthguakes have demonstrated the superior performance of build~
ings stiffened by properly proportioned and designed structural
walls from the point of view of safety and especially from the
standpoint of damage control.

This report describes an analytical investigation of isolated
walls subjected to ground motions of varying intensity. Esti-
mates of maximum forces and deformations that can reasonably be
expected in critical regions of structural walls subjected to
strong ground motion are obtained. Results of the analytical
investigation are combined with data from a concurrent experi-
mental program to develop a procedure for determining design
force levels for isolated structural walls. These design forces
can be used for pfoportioning earthguake-resistant structural
walls using static analysis methods.

The procedure is based on the two major structural vari-
ables, fundamental period and yield level in flexure. Using
this procedure, the minimum yield level and associated maximum
dynamic shear force are determined for an assumed or available

ductility and a particular value of ground motion intensity.






DYNAMIC ANALYSIS OF ISCLATED STRUCTURAL WALLS

DEVELOPMENT OF DESIGN PROCEDURE - DESIGN FORCE LEVELS

by

A. T. Derecho, (1) M. 1gbal,(2)
S. K. Ghosh, {3) M. Fintel, (4)

W. G. Corley, (3) and A. Scanlon($)

BACKGROUND

Although structural walls (shear wallg)* have a long his-
tory of satisfactory use in stiffening multistory buildings
against wind, much less information is available on the be-
havior of such elements under strong earthquake.

Observations of the performance of buildings subjected to
earthquakes during the past decade have focused attention on
the need to minimize damage in addition to ensuring the general
safety of buildings during strong earthquakes. The need to
control damage to structural and nonstructural components dur-
ing earthquakes becomes particularly important in hospitals and
other facilities that must continue operation following a major

(1) Former Manager and (2) Former Senior Structural Engineer,
Structural Analytical Section, Engineering Development
Division; (3)Principal Structural Engineer and (4)Director,
Advanced Engineering Services Department, (5)Divisional
Director, Engineering Development Division, and (6)Manager,
Analytical Design Section, Portland Cement Association, Skokie,
Illinois.

*In conformity with the nomenclature . adcpted by the Applied
Technology Council{l) and in the forthcoming revised edition of
Appendix A to ACI 318-77, Building Code Requirements for Rein-
forced Concrete(2), the term "structural wall" is used in place
of "shear wall."



disaster. Damage control, in addition to life safety, is also
economically desirable in tall buildings designed for residen-
tial and commercial occupancy, since the nonstructural compo-
nents in such buildings usually account for 60 to 80 percent of
the total cost.

There is little doubt that structural walls offer an effi-
cient way to stiffen a building against lateral locads. When
proportioned so that they possess adequate lateral stiffness to
reduce interstory distortions due to earthquake-induced motions,
walls ieduce the likelihood of damage to nonstructural elements
in a building. When used with rigid frames, walls form a struc-
tural system that combines the gravity-load-carrying efficiency
of the rigid frame with the lateral-load-resisting efficiency
of the structural wall.

Observations of the comparative performance of rigid frame
buildings and buildings stiffened by structural walls during

recent earthquakes(3’4'5)r

have highlighted better performance
of buildings stiffened by properly proportioned structural
walls. Performance of these structural wall buildings was
better both from the point of view of safety and from the
standpoint of damage control. The need to minimize damage
during strong earthquakes, in addition to the primary
reguirement of life safety (i.e., no collapse), clearly imposes
more stringent requirements on the design of structures.

Among the more immediate questions to be answered before a

rational design procedure can be developed are:

1. What magnitude of deformation and assoclated forces
can reasonably be expected at critical regions of
structural walls for specific combinations of
structural and ground motion parameters? How many
cycles of large deformations can be expected in
critical regions of walls under earthquakes of
expected duration?

2. What stiffness and strength should structural walls
have relative to the expected ground motion in order
to limit deformations to acceptable levels?
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What design and detailing requirements must be met to
provide walls with the strength and deformation capa-

cities indicated by analysis?

The combined analytical and experimental investigation of

which this study is a part was undertaken to provide answers to

these guestions. The objective of the overall investigation as

indicated in Fig. 1l(a) is the development of practical and

reliable design procedures for earthquake-resistant structural

walls and wall systems.

The program to accomplish the objectives of the analytical
portion of the investigation consists of the following steps:

a'

Characterization of input motions in terms of the
significant parameters to enable calculation of
critical or "near-maximum" response using a minimum
number of input motions(6).

Determination of the relative influence of the various
structural and éround motion parameters on dynamic
structural response through parametric studies(7).

The purpose of this study is to identify the most
significant variables.

Calculation of estimates of strength and deformation

demands in critical regions of structural walls as

affected by the significant parameters determined in
Step (b). A number of input accelerograms chosen on

the basis of information developed in Steps (&) and

{b) are used(a).

Development of procedure for determining design force

(

levels 8) by correlating the stiffness, strength,

and deformation demands obtained in Step (¢) with the
corresponding capacities determined from the concurrent

experimental program(g’lo).

Another important result of the analytical investigation is

the determination of a representative loading history that can

be used in testing laboratory specimens under slowly reversing

loads

(11)



uoriedIlsoaul [IeI2AQ JO S9AT309[qQ pue suorldoung OIseg JO SuIfanQg eIl

814

sat3tTorde)

AxesssodN apTAOIg O]
sjuowextInbay burrTelag 7

sjusuwatTnbey
SS8ujyjyT3S pue

sTea@] 8doxo4 ubisaq T

aanpanoid ubTseaq

suoTjeIspIsuo) burrTelddq °q

suoTjeInbrIFuo) TIiem

sSnoTaep JI0J SHILIDVAVO
uorjlewiIojeg pue yjibuoilg ‘e

uorjebrisoaur Tejuswrtisadxdy

SUOT3I03STA JITWIT O g
sjuswaatnbay ssaujyTis -q

suoTboay

TedT3TID Ul SANVWIQ
UOTRRPWIOIS(Q pue ©DI0J *®

uorlebrysaaur TesTiITRUY

NOTLUYOILSHANT TTUM

TRINLOMILS LNVILSISHI-ANVAOHINYA WDd



STTeM Teanjonils pojeJos] S
Jo uorjebTisaauy TeoTilATeuy ur poafoaul syse] Jolew g1 °*brg

‘speoyT bursieasi ATMOTS
Ispun suawioads o@zTs-abaey buryissl ur @sn Io3y swexboad
putpeor burjoeres 103 stseq e Afaarjejzrjuenb sutgep of :aaT13d8lqO

AdOLSIH ONIAVOT JHATLVINISHYdHY 40 NOILVZIYALOVAVHO

‘sxoj3jsuwexed UOTIOW PUNOIb pue TeRINIONIFS JUERD
~TJITUbTIS Byl JO SUOTFBRUTJUWOD SNOTIEBA O3 HUTpuUOdS8IIOD
SpuRWep UOTJIRUIOIDBP pue 80I0F JO sdjewr3ss apraoxd o] :a9aT302[qO

STHAAT HOUOJd NOISHJ - JINAADO0dd NOISHA 40 LNIWIOTIAHA

*@anpaooxd ubrsap Jo
jusudoTaasp juenbesqns uT safqefaea OTSeq Se 5N I0J ~
osuodsax otraseraur oTweudp burjzoejjye sxejlauered uorjzow
punoxb pue Teinionils JUEDTITUDBTS jsow ayjl AJrauapr oJ ¢9AT309[LqO

SHIANLS DIYLIWVIVd

-9suodsaI WNWIXPU-ILSU IO TEeDTITIO SUTWID}SP O3 S9S
~ATeue ur suorjouw 3ndut MaJ poOl3OOTES B JO 8sSn oTqrUD O] :9AT302lqo

SNOI.LOW ILAdNI A0 NOILVZIUHLOVIVHD



Two previous reports(6’7) dealt with Steps (a) and (b) of
the anaytical investigation. The first report(6) dealt mainly
with the characterization of input motions in terms of duration,
intensity, and frequency content, with particular regard to the
effects of th??? parameters on dynamic inelastic response. The

second report presented'results of parametric studies
designed to isolate the most significant structural and ground
motion parameters. A brief description of the major tasks
involved in the analytical investigation of isolated structural
walls is shown in Fig. 1b.

This report discusses the procedure used to establish
estimates of stiffness, strength, and deformation demands in
isolated structural walls subjected to ground motions of vary-
ing intensity. Results ©of some 300 cases are analyzed. The
analytically derived information on demands is correlated with
data on capacity obtained from the concurrent experimental pro-
gram. & procedure for determining design force levels for
earthquake~resistant structural walls is developed. B2 signifi-
cant part of the material presented here first appeared in Ref. 8.
This part of the analytical investigation corresponds to Steps (¢)
and (d) listed above.



INTRODUCTION

In developing design procedures for earthguake-resistant
structures, information on demand as well as on capacity has to
be developed. As indicated in Fig. la, this information relates
mainly to stiffness, strength, and inelastic deformation capa-
city or ductility. Reasonable estimates of both demand and
capacity are necessary to achieve economy in engineering design.

The relative infrequency of intense earthquakes and the
dependence of the resulting forces and deformations on struc-
tural properties as well as ground motion characteristics, make
systematic accumulation of field data on earthguake demands a
difficult task. Furthermore, it is unlikely that a building
exposed to an intense earthguake will be adeguately
instrumented t¢ record its response.

In view of the difficulty of obtaining data on earthguake
demands from field measurements, the best alternative is to
obtain estimates of these demands through dynamic inelastic
analysis. Estimates ¢of capacity are usually obtained by
testing large-size specimens under slowly reversed loading to
simulate earthquake response.

Objective

The primary objective of this part of the investigation is
the development of a procedure for determining design forces
for earthquake-resistant structural walls. The intent is that
these forces will be used in design assuming static lcading
conditions. The overall design objective is to provide
structures capable of sustaining, without significant loss of
strength, the dynamic forces and deformations associated with
particular ground motion intensities, Based on results of the
experimental program, recommendations have been made(g'lo)
for detailing wall sections to ensure adeguate strength and

deformation capacity.



Structure Considered

The basic structure considered in this phase of the
investigation is an isolated structural wall. Such a structure
may be thought of as being one of a series of parallel walls in
a building having a plan configuration as shown in Fig. 2. The
isclated wall was chosen not only to obtain dynamic response
data for this basic element but also to establish a reference
with which to compare response of more complex wall systems.

In certain cases, the frame in a frame-wall system or the
coupling beams in a coupled wall system are relatively flexible
compared to the structural wall. 1In these cases, the wall can
be considered as acting essentially as an isolated structural
element.

Basic Approach

The approach adopted in establishing design force levels
for earthgquake-resistant isclated structural walls involwved
compilation and analysis of comprehensive inelastic response
data for a wide range of values of the significant structural
and ground motion parameters. For simplicity it was necessary
to base the procedure for determining design force levels on a
few of the most important parameters.

Identification of the most important parameters for use in
the design formulation was accomplished by means of a
parametric investigation(7). Included in the investigation
was a study of the effects on dynamic inelastic response of the
three major parameters characterizing earthguake ground
motions, These parameters are intensity, duration, and
fregquency content. Other structural parameters considered were
fundamental period, yield level in flexure, ratio of post-yield
stiffness to initial elastic stiffness, parameters
characterizing the moment-rotation hysteretic loop, damping,
stiffness taper, strength taper, number of stories, and base

fixity.
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(12), developed at the

The computer program DRAIN-2D
University of California, Berkeley, was used in the analyses.
Results of the parametric study show that, within the practical
range of values of the variables considered, the most
significant structural parameters are fundamental period and
yield level in flexure. The major ground motion parameter is
intensity.

After the major variables affecting inelastic dynamic
response were identified, an extensive series of analyses was
carried out. Over 300 analyses were performed. The objective
of the work was to compile response data corresponding to a
wide range of values of the major variables. These data were
then organized, evaluated, and correlated with relevant
experimental data to develop a procedure for determining design
force levels.

In developing a design procedure for earthguake-resistant
structural walls, it was considered desirable to formulate the
resulting recommendations in terms similar to those used in
current practice. It is believed such an approach will make
the results of the study of immediate value to design engineers
and code-formulating bodies.

-10-



COMPUTER PROGRAM

Dynamic response analyses were carried out using the
computer program DRAIN-2D(12) developed at the University of
California, Berkeley. A number of modifications, designed
mainly to allow more efficient extraction and pletting of out-
put data, have been introduced into the program at the Portland
Cement Association(l3). The program has been implemented on
the computer facilities at Northwestern University, Evanston,

Illinois.

Program DRAIN-2D - Basic Features

Features of the program, as implemented at Northwestern
University, are as follows:

1. The program considers only plane structures.

2. A structure may consist of a cémbination of beam or
beam-column elements, truss elements or infill panel
elements. Moment-rotation characteristics for beam
elements can be defined by a bilinear relationship.
This relationship may be stable hysteretic or may
exhibit "degrading stiffness" in deformation cycles
subsequent to yielding. More recent modifications to
the program relating to force-displacement
characteristics are discussed in a subsequent
paragraph.

3. Mass is assumed to be concentrated at nodal points.

4, Horizontal and vertical components of input (base)
acceleration may be considered simultaneously. Input
motions are assumed to be applied directly to the base
of the structure. Soil-structure interaction effects
are not considered.

5. Several types of damping may be specified, including
mass-proportional and stiffness-proportional damping.

6. Elastic shear deformation and the P-A effect in frame

elements can be taken into account.

-1~



7. Output options include printouts of response guanti-
ties and response envelopeg at given time intervals,
Envelopes of basic response guantities are automati-
cally printed at the end of each computer run. Time
histories of specified response guantities can also be
presented in compact form. For structures consisting
of beam and column elements, plots ©f a variety of
response quantities can be obtained during each run.

The structural stiffness matrix is formulated by the direct
stiffness method, with nodal displacements as unknowns.

Dynamic response is determined using step-by-step integration
assuming a constant response acceleration during each time step.

Element properties characterized by a progressive decrease
in reloading stiffness with cycles of loading subsequent to
vield are of particular interest in this study. In DRAIN-2D,
both flexural and axial stiffnesses of these elements are
considered, Variable cross sections may be taken into account
by specifying appropriate stiffness coefficients. 1Inelasticity
is allowed in the form of concentrated plastic hinges at the
element ends. For beam-column elements, yielding resulting
from interaction between axial force and moment is taken into
account in an approximate manner.

Primary moment-rotation curves for inelastic hinges at ends
of beam and beam-column elements are specified in terms of an
initial stiffness, k, and a post-yield stiffness, ky = ryk
as shown in Fig. 3. The ratio ry = ky/k is referred to as
the yield stiffness ratio. )

Two types of hysteresis loop can be specified for the
moment-rotation curve characterizing inelastic point hinges at
element ends., The first type is the more common stable loop,
shown in Fig. 4a. For this case, the unloading and reloading
stiffnesses are both equal to the initial stiffness. The
.program accounts for inelastic behavior of this type of element
by assuming an equivalent element consisting of two parallel
components, one elastic and the other elasto-plastic.

The second type of hysteresis loop is one that exhibits

-12-
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decreasing stiffness for reloading cycles subsequent to yield
as shown in Fig. 4(b).

After yielding occurs, the unloading and reloading branches
exhibit decrease in slope {i.e., stiffness). This decrease in
stiffness is assumed to be a function of maximum rotation
attained during any previous cycle. Detalled behavior of
inelastic point hinges, such as unloading and reloading from
intermediate points within the primary envelope, is determined
by a set of rules that are an extended version of those proposed

by Takeda and Sozen(l4).'

Modifications To Program DRAIN-2D

Early runs using DRAIN-2D indicated the desirability of
making several changes in the program. At the reguest of the
Portland Cement Association, G. E. Powell and R. W. Litton at
the University of California, Berkeley, introduced changes to
enable the program to inceorporate modifications to the basic
Takeda model for the decreasing stiffness beam element.

The unloading and reloading parameters ¢ and B shown in
Fig. 4b allow the basic decreasing stiffness model to be varied
'to correspond more closely to experimental results. These
modifications have been incorporated into the program. Powell
and Litton also provided options for printing and storing on
file the time histories of most response quantities in a
compact and convenient form.

Plotting capabilities were incorporated in the program by
the Portland Cement Association. Plots of time histories of
forces and deformations, as well as response envelopes; can be
obtained automatically with each run and may be stored for
retrieval at a later date. Options to punch cards for both
envelopes and time histories of response have also been
incorporated.

All modifications to the program DRAIN-2D as used in the
study of isolated walls, have been documented and are discussed
in detail in Ref. 13.

-] 4=



COMPILATION OF CRITICAL RESPONSE VALUES

A major step in determining design force levels for
earthquake-resistant structural walls was the compilation of
maximum or near-maximum values of the significant response
guantities, To do this, a comprehensive series of dynamic
inelastic analyses was undertaken, using several accelerograms
as input. Over 300 analyses were made to serve as basis for
this part of the investigation. Of this number, about 45
represent analyses carried out in connection with the parametric
studies reported in Ref. 7.

Summary of Results of Parametric Studies

Among the more important conclusions of the parametric
(7)

studies was the observation that when significant yvielding

in a structure can be expected, a "broad band" accelerogram
tends to produce more severe deformations than a "peaking" acce-
lerogram. Basic shapes for broad-band and peaking spectra are
shown in Fig. 5. Definitions for peaking and broad-band
accelerograms are given in Ref. 6.

Significant yielding may result from a relatively low
structure yield level or a high earthquake intensity relative
to the yield level. On the other hand, when only nominal
yielding is expected, a peaking accelerogram represents the
more critical excitation for the same duration and intensity of
motion,

It was also observed, however, that in cases where signi-
ficant yielding occurs, a broad band accelerogram that is
critical with respect to deformations often préduces relatively
low maximum base shears. This behavior has been attributed
mainly to the greater sensitivity of base shear to higher modes
of response.

Conversely, cases arise in which an accelerogram that is
critical with respect to shear produces relatively small

deformations. Apparently the criticality of an accelerogram

~15-
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with respect to shear depends on the character of its velocity
response spectrum in frequency ranges where the significant
effective higher freguencies of the yielded structure occur.
Determination of critical base shears is important because of
the significant effect that high shears can have on deformation
capacity of hinging regions in reinforced concrete members.

Where yielding is not significant, the peaking accelerogram
is more likely to be critical with respect to deformations and
usually gives near-maximum values of the base shear. To cover
a range of periods, different peaking input motions were used.
A number of accelerograms were thus selected to span the period
range of interest.

Use of several input motions also provides better estimates
of critical base shears. As indicated above, the choice of
input motions for producing maximum base shears is determined
by factors other than those that apply to maximum deformations.
' The parametric studies also indicated that, for a structure
of given height, the most significant structural variables
affecting forces and deformations are initial fundamental
period, T,, and yield level in flexure, My. If an input
motion of reasonable duration is chosen with the appropriate
frequency content to critically excite a particular structure
then the only other ground motion parameter that need be varied
is intensity. For a particular site, the estimated ground
motion intensity can be related to seismic risk. This
correlation is, however, not considered in this study.

Effects of shear yielding on dynamic response and associlated
design force levels were not considered in this phase of the
investigation. '

Ranges of Principal Structural Parameters

To compile data on maximum values of force and deformation
demands in the hinging region of walls, a comprehensive series
of analyses was undertaken. The analyses covered a wide range
of values of the principal structural parameters and used six

different accelerograms were used as input motions. The main

-17-



structural variables considered are initial fundamental period,
Tl, and flexural yield level, My.

Fundamental period was assigned values ranging from 0.5 sec.
to 2.4 sec. Yield level values from 150,000 in.kips (16,950 kN m)
to 3,000,000 in.kips {339,000 kN m) were considered. For com-
parison, results were also obtained for the case of linearly
elastic response, i.e., very high yield level. 1In addition to
the basic 20-story wall considered in the parametric studies,
responses of 10~, 30-, and 40-story structures were also
analyzed, ,

The parameter combinations used in the 300 cases considered
in this investigation are summarized in Table 1. Basic
properties of the reference structure for each wall height
category are listed in Table 2.

The largest number of analyses was carried out on 20-story
structural walls using the reduced l2-mass model shown in Fig.

2. Analytical models for the other wall heights are shown in
Fig. 6.

The basic moment-rotation relationship assumed for the
hinging region in the walls is a bilinear idealization of the
primary curve. The hysteresis loop, a modified version of the
Takeda model(l4), exhibits decreasing stiffness in unloading
and reloading cycles subsequent to yield. The basic hysteresis
loop is shown in Fig. 4b, where unloading and reloading
parameters are denoted bj d and B, respectively. An example of
a calculated moment-rotation loop, for an isolated wall with
fundamental  period, T, = 1.4 sec., ¢ = 0.10, and B = 0, is

1
shown in Fig. 7.

Parameters Held Constant

Values of other structural parameters, assumed constant for
all of the walls considered, were: vield stiffness ratio,
ry = 0.05; hystereti; loop unloading parameter, ¢ = 0.10;
reloading parameter, g = 0; damping coefficient = 0.05; stiff-
ness uniform throughout height of wall; strength, My’ uniform

throughout height except for adjustments to reflect effect of

-18-
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axial load; and wall fully fixed at base with input motion
assumed directly applied to the base. Figure 8 shows the

distribution of mass, stiffness and strength over the wall
height.

Input Motions Used

For most of the parameter combinations considered in the
analyses of 20-story structural walls, the six accelerograms

9(15) were used, Thesge include the five

shown in Fig,.
accelerograms used in the parametric studies in addition to the
S69E component of the record taken at the Taft Lincoln School
Tunnel during the July 12, 1952, Kern County earthguake. The
corresponding 5%-damped velocity response spectra are shown in
Fig. 10. 1In subseguent analyses of structures of other heights,
it was possible to use fewer input motions since a basis for
‘selecting the critical input was available from analyses of
20-story structures.

Most analyses were carried out using a duration of 10
seconds and a spectrum intensity, SI*, equal to 1.5 (SIref.)'
To have a basis for adjusting design values for the "strong"

ground motion intensity of 1.5 (SI ) to values

ref,
corresponding to lesser intensities, analyses were made using

).
ref.
Also, tc obtain estimates of cumulative deformation regquirements

input motion intensities equal to 0.75 and 1.0 (SI

corresponding to ground motion durations exceeding 10 seconds,
a number of analyses were made using 20-sec.~duration input
motions.

*Spectrum intensity (SI) is defined in this investigation as

the area under the 5%-damped relative velocity response spectrum
corresponding to the first 10 seconds of an accelerogram,
between periods of 0.1 sec. and 3.0 sec. The spectrum intensity
corresponding to the N-S component of the 1940 El1 Centro
(Imperial Valley earthquake) record is used as the reference
measure, SIpef.. SIlyef, = 70.15 inches (1,782 mm).
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Each of the 20-sec. composite accelerograms was synthesized
by appending to the l0-sec. motions shown in Fig. 9, another 10
seconds of the strong-phase portion of the same accelerogram.
It was suggested in Ref, 6 that 20 seconds of strong ground
motion should provide an adequate basis for the design of most
structures.
Maximum Response Values

The major effort in developing a design procedure involved
compiling comprehensive data on the relevant dynamic response
guantities as functions of the two principal structural parame-

ters T, and My. Variations in level of response corres-

pondin; to changes in input motion intensity were also
considered.

Plots were prepared showing maximum values of top displace-
ment, interstory displacement, bending moment, shear, rotational
ductility, and cumulative plastic hinge rotation at the base of
the wall., Definitions for ductility measures are given under
the heading "MEASURES OF DUCTILITY DEMAND IN HINGING REGION,"
Data for particular combinations of fundamental period, Ty
and yvield level, My' were obtained for each input motion.
Separate sets of data were compiled for different
wall heights. Results for the case of 20-story structures with
My = 750,000 in.-kips are shown in Fig. 11.

Plots summarizing results of analyses for the different

structure heights and combinations of My and T. are

included in Appendix A as Figs. Al through AlS% Numerical
values of the maximum response guantities corresponding to
Figs. Al through Al6 are alsc listed in Tables Al through Ald
of Appendix A. All of these results correspond to a ground
motion intensity equal to 1.5 (SIref.) and a duration of 10
seconds.

It is significant to note in Fig. 11 that although the 1940
El Centro E~W and the 1971 Pacoima Dam S16E motions produce the

largest displacements (Figs. lla and 1llb)}, moments {(Fig. 1llc¢)
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and rotational ductility (Fig. lle), these motions produce
relatively low maximum shears compared to the artificial accel-
erogram S1 (Fig., 11d). This difference in criticality of input
motions with respect to moments and displacements on one hand
and shears on the other is even more pronounced when signifi-
cant yielding occurs. This effect is evident in Fig. 12 for
the case of walls with My = 500,000 in.~-kips (56,490 kN m).
This behavior is attributed mainly to the greater sensitivity
of maximum base shears to higher mode response.

Critical Response Values

From plots of maximum response values corresponding to
different input motions, a second set of plots was prepared
showing only the critical values of the response guantities.
Figure 13 shows plots of critical response values for 20-story
walls with different My—values.

A curve in Fig. 13 for a specific yield level, My' is
defined by points representing the largest values of the
response quantity indicated in the corresponding maximum
response plot, such as shown in Fig. 1l1. Points on a curve in
Fig. 13 can thus correspond to different input motions. An "e"
beside a point in Figs. Al through Al6 in Appendix A indicates
that the maximum bending moment asscociated with the response
guantity plotted did not reach the assumed yield moment.

The use of critical response values for design assumes that
an earthquake with the most unfavorable frequency characteris-
tics with respect to a specific structure is possible., It was
decided to take this approach in the absence of specific
information concerning particular sites, It is recognized that
for some locations, geological conditions and the distance from
potential earthquake foci may make the occurrence of ground
motions having dominant components over a particular frequency
range unlikely. Thus, because high~frequency waves tend to be
attenuated relatively rapidly with distance, it may be
reasonable to assume that beyond a certain distance from

-31-
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a potential epicenter, component frequencies above a certain
value are unlikely to occur.

The fact that an input motion that is critical with res-
pect to moments and deformations is not necessarily critical

with respect to shear made it necessary to use other accelero-
grams to obtain near-maximum values for shear. In view of
this, the critical values of the moments and displacements
shown in Fig. 13 are generally not concurrent with the maximum
shear values. This aspect will be examined more closely later
in the report.

Three—-dimensional plots showing the maximum response guan-

tities as functions of fundamental period, T and yield

’
level, My, are shown in Fig. l14. This figuri presents in
three dimensions, the data shown in Fig. 1ll. Also shown in
Figs. l4a, l4c, and 14d are surfaces corresponding to the
design forces specified under the Uniform Building Code, 1976
Edition (UBC-76) (*6),

The forces used to calculate top displacement and base

for seismic Zone No. 4.

moment were obtained by multiplying the base shear, V, as given
by Eg. (12-1) of the code by a factor of 1.4. The forces used
to determine the base shear were obtained by using a factor of
2.0.

The coefficients I and S in the equation for V in UBC-76
were both taken equal to 1.0, with K = 1.33, in calculating the
UBC values for Fig. 14. vValues of the unfactored forces corre-
sponding to the different wall heights as specified in UBC-76
are listed in Table 3.

Curve Fitting

In fitting curves to calculated data points for critical
response values, it was decided to disregard some points in
order to preserve the trends indicated by the majority of
points. In some cases a data point is significantly detached
from a curve representing the trend exhibited by other data
points. This indicates that the criticality of the input
motion relative to the structure for this case is not of the

-38-
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(d)

(c)

Fig. 14 (contd.) Maximum Response as a Function of Fundamental Period, Tl’ and Yield Level, My

10 sec.

20-Story Isolated Structural Walls - SI = 1.5(SIref ), Duration
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14 (contd.) Maximum Response as a Function of Fundamental Period, Tl’ and Yield Level, My

Fig.

10 sec.

20-Story Isolated Structural Walls - SI = 1.5(SI_ . ) Duration



Fyndamental Pertce, T}_ isec. )
Farameters

2.5 0.8 1.4
10 Stories
Height {ft) 90.75 80.75 9.75
Keight {k) 2,174 2,174 2,175
£ (101 1n2k) .21 46 .15
Base Shear (kips) 273.3 215.5% 183.3
Base Moment (10% 4n-k) 6.2 .16 .12
Top Displ, {in.) 0.54 1.17 2.76
Drift Ratig 1/2030 1/930 1/400

Fundamental Period, T1 {sec.}

Parametars
0.8 1.4 2.0 2.4

20 Stories
Height (£t} 178.25 | 178.25 | 178.25 | 178.23
Weight (k) 4,374 4,378 4,374 1,378
£r (10t i) §.44 2.05 .29 .68
Bzse Shear {kips) 435.0 32¢.0 275.0 252.0
Base Moment (10% inek) .64 .49 42 .39
Top Displ. (in.) 1.2 3,10 5,57 7.46
Drift Ratio 1/1680 1/690 17380 1/290

Fundamental Period, Tl {sec). —]

Parameters

. : 1.4 2.0 2.4
30 Storiss
fetgnt (ft) 265.75 253,75 265.75
Weight (x) 6,574 §,57¢ 6,574
€1 (102 3nfek) 9.81 .72 .27
Base Shear'(kips) 496.0 413.0 277.0
Base Moment (109 ink) 110 at .87
Top Displ. {in.) 1.23 5.80 8.95
Drift Ratio 171000 1/55G 17260

fundamental Pericd, T. {sec.)

Parameters

1.4 2.0 2.4 3.0
40 Stortes
Hefght (ft) 353.25 | 353.25 | 353.25 | 353.25
Weight (k} 8.77¢ | 8,77 8,776 | 8,77
E1 (108! infeid 32.4 16.7 10.22 §.48
Base Shear {kips) §59.0 55¢2.0 503.2 480.0
Base Fmment (10° 1n-) 1.9 1.67 1.54 1.41
Top Dizol. (in.) 307 5.70 7.82 11.37
Orift Ratio 10380 | 1/730 1/540 1/370

—-42-




same order as that corresponding to the other data points. In
all cases, however, the data points are shown in the figures.

In practically all cases, the plotted curve was passed
through the largest calculated values so that the curve repre-
sents an upper bound with respect to the calculated data. The
only exceptions to this are a few cases where the artificial
accelerogram S1 was the critical input motion with respect to
shear. The accelerogram Sl is characterized by pulses of nearly
uniform amplitude and a relatively larger number of zero-
crossings when compared to most natural records. This can can
be seen in Fig. 9. These features tend to give the artificial
accelerogram stronger components in the low-period range than
might be expected in most natural records. It was therefore
decided to disregard data points corresponding to S1 when these
departed appreciably from those for other input motibns.

Plots of critical response values, similar to Fig. 13, for
10-, 30-, and 40-story isolated structural walls are shown in
Figs. 15, 16, and 17. Plots of critical response values corres-
ponding to the four heights of structural walls considered have
also been reproduced in Appendii A as Figs. Al7 through A23 for
completeness of the set.

Discussion of Results

An examination of the charts shown in Fig. 13 leads to the
following significant cbservations relating mainly to the
effects of the two principal structural parameters Tl and My
on the different response guantities considered.

1. Critical horizontal and interstory displacements

increase with increasing fundamental period of a struc-
ture. This follows from the greater flexibility of

longer-period structures. However, displacements are
not significantly different for different yield
levels.*

*This result confirme the observation made by earlier investi-
gators concerning the approximately equal maximum displacements
of elastic and inelastic structures having the same initial
fundamental period.
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2. Critical bending moments and shears at the base of the
wall increase with increasing yield level. This would
be expected where all structures yield under the
specified ground motion intensity. These forces, how-
ever, do not vary significantly with fundamental
period, except in the elastic case, where an increase
in forces accompanies a decrease in pericd.

3. Rotational ductility demands increase with decreasing
' flexural yield level and fundamental period of a
structure,

It is important to note the relationship between flexural
vield level, rotational ductility demand, and critical base
shear. An increase in flexural yield level results in a de-~
crease in rotational ductility demand. However, it also
increases the magnitude of shear in the critical hinging region
at the base of the wall. Since the presence of high shear
stresses tends to reduce the deformation capacity of the
hinging region in reinforced concrete members, particularly
under reversed loading, a balance between decreasing the duc-
tility demand and increasing the shear must be worked out in
determining the optimum level to use.
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MEASURES OF DEFORMATION DEMAND IN HINGING REGION

Rotational ductility ratio was calculated from the maximum
moment at the base of the wall using the relationship*

- =1 4 (Mmax B My)

M
y vty

’ (m

Other measures of deformation reguirement near the base of
the wall were considered. B2 major reason for considering other
measures of deformation was to obtain estimates of the relative
magnitudes of these measures. This information was obtained to
determine the suitability and adequacy of each measure as an
index of deformation demand, particularly in relation to
deformation capacity. The intent was to determine relation-
ships between these variocus measures of deformation demand as
indicated by dynamic analysis and compare them with similar
data from laboratory tests. The objective was to identify a
readily determinable parameter that could be used in design for
correlating deformation demand with capacity.

Definitions for Measures of Deformation

In the analytical model used, hinging is assumed to occur at
a point. 1In actual walls, however, inelastic deformation occurs
over a finite length. Measures of deformation considered are
based on nodal rotations calculated at a nodal point located at
the top of the assumed hinging length as shown in Fig. 18. The
calculated nodal rotation represents total rotation of the
assumed hinging length.

“*Equation (1) above is based on an assumed moment-rotation (M-6)
curve for the "point hinge" at the base of the analytical model
of the wall. Since the point hinge in the model represents an
idealization of the hinging region in a member, the assumed M-§
curve implies a particular, yet unspecified, hinging length. 1In
terms of the model itself, the above expression for the rota-
tional ductility, H,,, accounts only for the rotation at the
point hinge.  Most experimental data indicate that the hinging
length is primarily a function of the depth of & member.
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Using moment-nodal rotation (M -6) curves as shown in Fig.
18, the following measures ¢of deformation reguirement for the
hinging region near the base of the wall were considered:

a. Rotational ductility ratio:

max
e =
°]
Y
where ¢ is maximum nodal rotation and B _ is rotation

max
corresponding to moment My at first yield

b. Cyclic rotational ductility ratio:
o]
o Ornax
r
eY

where ecmax represents the maximum algebraic diference between
maximum nodal rotation and point where M-© curve intersects the
zero-moment axis

C. Cumulative rotational ductility:

where % ega represents the cumulative sum of the absolute

X
values of the nodal rotations for the entire duration of the

response
d. Cumulative rotational energy ratio:
: z Ari
Z A =
r A
y

where EfAri represents the cumulative sum of the absolute
values of the areas unde the M-8 hysteretic loops for the entire

duration of the response and AY = Myey/2

Maximum deformation alone does not provide complete
information on the deformation demand associated with dyvnamic
response. Information on maximum deformation must be
supplemented by data on the number of cycles of large-amplitude
(comparable to the maximum) deformation., This is important

since the behavior of structures locaded in the inelastic range
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can be significantly affected by the number of large-amplitude
cycles imposed.

Figures 20 and 21 show examples of the variation with time
of cumulative nodal rotation and cumulative rotational energy,
respectively. The structure considered in these figuresg has a
fundamental period, Tl = 1,4 sec, and yield level, My =
500,000 in.-kips (56,400 kN m). The base motion used was the
E-W component of the 1940 El Centro record. The hysteretic M-p
loop for this case is shown in Fig. 7. These figures show the
variation of the total cumulative quantities as well as the
"primary" and "secondary" components, as defined in Fig. 22.
In subseguent evaluation of data, the cumulative measures of
deformation are nondimensionalized. Thus, the cumulative
rotation is divided by the associated yield rotation and the
cumulative rotational energy by one-half the product of the
yield rotation and the yield moment.

Hinging Length at Base of Wall

To determine the effect of assumed hinging length on the
different measures of deformation, analyses were performed for
two assumed hinging lengths. Assumed hinging lengths for each
analysis are listed in Table 4.

Figure 23 shows the variation of critical rotational
ductility demand with fundamental period for the two values of
assumed hinging length considered. The plot is for the case of
20-story walls with My =.750,000 in.~kips (84,740 kN m).
Ductility demands B and Hoo correspond to hinging lengths
listed for Case Nos. 1 and 2 respectively in Table 4, Also
shown is the rotational ductility “ro calculated from the
moment at the base of the wall using Eg. f1). In relation to
the curves based on nodal rotations at the first and second
floor levels, the curve for o considers only the rotation
at the hinge nearest the base. 2 slight decrease in calculated

ductility demand with increase in assumed hinging length is
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Table 4 - ASSUMED HINGING LENGTHS

CASE 1 CASE 2
No. of Hinging No. of Stories Hinging No. of Stories
Stories Length in hinging Length in hinging
(£t) length (ft) length

10 6.00 1/2 12.00 1

20 12.00 1 20.75 2

30 12.00 1 20.75 2

40 20.75 2 ’ 38.25 4
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apparent in Fig. 23. This indicates that deformation
requirements based on nodal rotations at lower floor levels
provide slightly more conservative estimates of demand than
those based on nodal rotations at higher floor levels.

Figure 24 shows the variation of critical rotational
ductility demand with assumed hinging length for 20-story walls.
The results shown represent a wide range of values of funda-
mental period (Tl = 0.8 to 2.4 sec.) and vield level (My =
750,000 to 1,500,000 in.-kips). The ordinate in Fig. 24
represents the factor equal to f“ the ratio of ductility demand
for an assumed hinging length to ductility demand calculated
for hinging length corresponding to the first two stories.

(9

Observations of tests on walls indicate that in most
cases, inelastic deformation is concentrated within a length
approximately egual to the width of the wall. On this basis,
it is reasonable to assume a hinging length equal to the width
of the wall. Thus, if the l0-story wall considered here is
about 12-£ft wide, the nodal rotation at the first flocor level,
12 ft above the base, should provide a reasonable estimate of
the deformation demand in the hinging region at the base of the
wall. If the 10-story wall is significantly wider than 12 ft,
the deformation demand based on nodal rotations at the 12-ft
height (lst floor level) will give a conservative estimate of
demand. Likewise, a reasonable estimate of rotational deforma-
tion demand in the 30-story walls considered here is provided
by the nodal rotation at the 3rd floor level if the wall is
about 30-ft wide. Similar remarks apply to 20- and 40-story
walls if these are about 20-ft and 40-ft wide, respectively.

Critical values of the four measures of deformation demand
for 10-, 20-, 30-, and 40-story walls are shown as plots (e),
(£), (g), and (h) in Figs. 13, 15, 16, and 17, All values are
based on nodal rotations at the second level discussed above
for each wall height.

In the remainder of this report it is assumed that the wall

widths are at least equal to the height from the base to the
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node at the second level* noted above for each wall height
examined. Thus, only deformation requirements associated with
nodal rotations at the second level, Hyor are considered,

For cumulative measures of deformation, which depend on
duration of input motion, the values for 1l0-second input
motions were adjusted, as described in the next section, to
reflect a 20-second duration of strong ground motion.

Adjustment of 10-Second Cumulative Measures of

Deformation to Reflect 20-Second Duration of Input Motion

In the parametric studies reported in Ref. 7, it was noted
that the major effect of duration of strong ground motion is on
cumulative deformation. This assumes not only that the short-
and long-duration earthquakes have the same intensity, measured
in terms of spectrum intensity, but also that the average
amplitude of the input acceleration pulses is about the same
for both cases.

The increase in cumulative deformation with longer duration
of the input motion essentially reflects the greater number of
cycles of oscillation that a structure undergoes under the
longer-lasting excitation. It was further noted that for the
same intensity and freguency characteristics of the input
motion, maximum response values are not significantly changed
by increasing the duration of the input motion.

*FPor the development of design charts, discussed in the subse-
guent sections, the measures of deformation demand for 30-story
walls were based on the nodal rotation at the 3rd floor level.
This is consistent with using the rotations at the lst, 2nd and
4th floor levels for estimating the rotational ductility re-~
gquirements for 10-, 20-, and 40-story walls, respectively. This
approach is based on the assumption that the length of the hing-
ing region is approximately equal to the width of the wall and
further that the width of the wall is proportional t¢o the height
of the structure.
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It was pointed out in the study of input motions reported
in Ref. 6 that most recorded motions(ls) have their strong
rhases lasting from 10 to 15 seconds. It was concluded,
on the basis of several studies mentioned in Ref, 6, that a
duration of 20 seconds for the strong motion excitation should

provide an adequate basis for determining design requirements,

Twentv-Second Input Motions

To obtain a basis for adjusting the cumulative measures of
deformation corresponding to 10 seconds, listed in Tables Al
through Al4, a number of analyses were made using 20-second
input motions. These 20-second motions were synthesized from
the first 13 seconds of the same records from which the
10-second motions shown in Fig. 9 were obtained. The four
20-second accelerograms used are shown in Fig. 25. The cor-
responding S5%~damped velocity response spectra are shown in
Fig, 26. The first 10 seconds of the accelerograms shown in
Fig. 25 are identical to the respective records in Fig. 9. The
portions of the records used to make up the second 10 seconds
of the composite accelerograms are indicated in Table 5. The
same intensity normalization factors used for the l0-second
accelerograms in Fig. 9 were used for the corresponding
20~second motions of Fig. 25.

A total of 12 analyses, all for 20-story walls, were made.
Fundamental period values considered ranged from 0.8 sec. to
2.4 sec., Yield level values ranged from 500,000 in.kips
(56,400 KN m) to 1,500,000 in.kips (169,460 kN m). The input
accelerogram used in each case was intended to produce

near-maximum displacement response.

Results of 20~-Second Analvses

Results of 20-second analyses are listed in Table Al4,
Appendix A. The last column in Table Al4 indicates the ratios
of response quantities for 20-second base motions to the corre-
sponding quantities for 1l0-second base motions. The ratio
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varies from 1.0 to 1.4 for maximum response values and from 1.6
to 2.3 for cumulative measures of deformation. A summary of the
data presented in Table Al4, showing average ratios for each
value of yield level (with fundamental period values ranging
from 0.8 to 2.4 sec.) is given in Table 6. Table 6 indicates
the average ratic for maximum responses ranging from about 1.0
to 1.2, and from about 1.8 to 2.2 for the cumulative measures
of deformation.

An examination of Table Al4 shows that the highest value of
the ratio R20/R10’ i.e., the ratio of the 20-second maximum
to the corresponding l0-second maximum, of 1.4 is associated
with the E-W component of the 1940 El Centro motion. A major
reason for the significant increase in the calculated maximum
response for this particular 20-second composite accelerogram
is the fact that it represents a more intense motion than the
corresponding l0-second accelerogram. Because the peak
acceleration occurs after 10 seconds (at about 11.5 sec.), the
20-second composite accelerogram has a spectrum intensity
(68.16 in.) that is 1.22 times greater than that of the 10-
second motion (55.97 in.).

Ags mentioned, the same intensity normalization factor of
1.88 was used on the 20-second motion as on the l0-second
motion. This makes the 20-second motion 1.22 times more
intense than the corresponding 1l0-second motion. If the same
value of the spectrum intensity were to be used for both 10-
and 20-second accelerograms, a slightly lower intensity
normalization factor {(1.54 instead of 1.88) would have to be
applied to the 20-second composite motion. This would result
in correspondingly lower maximum response values and hence a
lower R20/RlO ratio for this particular input motion.

Table 6 indicates that similar reductions in maximum
response can also be expected for the other input motions if
the same spectrum intensity were used for both 10-second and
20-second accelerograms. For the 20~sec. motions to have the
same gpectrum intensity as the l0-sec. motions, the intensity
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Table ¢ - Average Ratios* of Maximum and Cumulative Response
Quantities Corresponding to 20-Second and 1lC-Second
Duration Input Motions
20-Story Isolated Structural Walls

Average Ratio, R.,O/R10

Response Parameter Yield Level, M, (in-kips}

500,000 | 1,000,000 | 1,500,000

Top Displacement 1.23 1.15 1.12
Interstory Displacement 1.25 1.16 1.10
Horizontal Shear at Base 1.06 1.07 1.04
Bending Moment &t Base 1.06 1.03 1.02

Rotational Ductility Ratie, ¥
{Based on Equation 1)
Deformation Measures Based on Ncdal Rotatijons at 1st Floor Level

0 1.23 1.16 111

Rotaticnal Ductility, B 1.23 1.16 1.14
Cyclic Rotational Ductility, prcl 1.17 1.15 1.03
Cum. Cyclic Rotational Ductility, Ep?cl 2.33 2.14 1.99
Cum. Rotational Energy, zArl 2.18 1.97 1.78
Deformation Msasures Based on Nodal Rotations at 2nd Floor Level

Rotational Ductility, u, 1.18 1.17 1.20
Cyclic Rotational Ductility, Hpc2 1.16 1.13 1.08
Cum. Cyclic rotational Ductility, IHpeo 2.32 2.11 2.00
Cum. Rotatiocnal Energy, zArZ 2.18 1.95 1.82

* Using four different aéceierngrams as input with SI = 1.5 (SIref). Funda-
mental period range: 0.8 to 2.4 sec. See Table A 14, Appendix A, for details.
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normalization factor, i.e., the factor by which the as-recorded
acceleration amplitudes are to be multiplied, should be equal
to 1.5 (SIref.)/(SIZO)‘ This guantity is listed in the

last column of Table 5.

In the case of the 1971 Holiday Orion, E-W motion, the
ratio of the spectrum intensity for the 20-second composite
motion to that of the l0~second motion is even slightly greater
{(1.31) than the corresponding value for the 1940 El Centro, E-W
motion. However, Table Al4 shows that the maximum increase in
the 20-second response occurs only for structures with initial
fundamental period of 1.4 sec.

Figure 26 shows that this particular accelerogram has a
velocity spectrum that peaks near this period value. If
allowance is made for reductions in maximum response values for
the 20-second input motions to account for their greater
effective intensity, as discussed above, a value of RZO/RIO
closer to unity is obtained for the maximum response guantities.

In view of the above, it was decided to adopt, without
change, the critical response values for displacements, moments,
shears and ductility ratios obtained for the 10-second input
motions as representative of 20-~second response values. The
cumulative measures of deformation, however, were adjusted to
reflect the considerable increase due to the longer-duration
input motions.

Figure 27 shows the variation of the ratio RZO/Rlo with the
yield moment, My, for the cumulative cyclic rotational duc-
tility, Eurcz,
20-story structural walls. These deformation measures are based

and the cumulative rotational energy,EArz, in

on the nodal rotation at the second floor level.

Although Fig. 27 appears to indicate a decrease in R20/R10
for values of My greater than 1,000,000 in.-kips, there is a
lack of consistency in the trends exhibited by the relatively
few data points for the different fundamental period values., It
was therefore decided to use a single correction factor for
each parameter for all combinations of My'and Tl‘ This

correction factor was applied to the appropriate measure of
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cumulative deformation for 10-second input motions to obtain
values corresponding to 20-second duration input motions.

On the basis of the tabulated values shown in Tables 5 and
Al4, and allowing for the greater effective intensities of the
20~second accelerograms used in obtaining these values, a
factor of 2.0 was used for cumulative rotational ductility,
Eprc2’
is pointed out that for the input motion intensity used (1.5

SIref.)’
he too low for most cases and can, therefeore, be considered

and 1.9 for cumulative rotational energy, ZArz. It
the yield level value of 500,000 in.-kips appears to

impractical. The factors 2.0 and 1.9 are to be applied to the
critical cumulative rotational ductility and the critical
cumulative rotational energy for l0-second input motions to
obtain estimates of the corresponding values for 20-second

motions.
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EVALUATION OF ROTATIONAL DUCTILITY AS A MEASURE OF DEFORMATION

To assess the adequacy of each of the various measures of
ductility as a representative index of deformation demand, a
comparison with corresponding measures of capacity obtained
from tests was undertaken. |

The evaluation involves ratios of each of the various
measures of deformation tc a specific "reference measure."
Rotational ductility is used as the reference measure. The
check on adequacy then refers to rotational ductility. Ratiocs
of deformation demands from the analytical investigation are

compared with corresponding ratios of deformation capacity from

tests. The experimental data considered are results from the

concurrent experimental investigation(g’lo).

Relative Magnitudes of Measures of Deformation Demand

Figures 28, 29, and 30 show relative magnitudes of the
different measures of deformation demand representing critical
dynamic response. These figures correspond to 20-story struc-
tural walls subjected to input motions with intensity S8I = 1.5

(BI
ref.
response plots shown in Figs. 13e, £, g, and h.

). Data for these figures are based on the critical

Cumulative measures have been adjusted to reflect a
20~-second duration of the input motion. In these figures, the
ratio of each measure of deformation to Py is plotted against
fundamental period for different values of Moo Solid lines
in Figs. 28 to 30 represent the mean of the plotted points.
Dashed lines represent upper bounds for the corresponding
data, The distribution ¢f the plotted points does not appear
to indicate a dependence of the different ratios on the value
of the reference measure pr2‘

Figure 28 shows the average ratic of the critical cyclic
rotational ductility to the critical rotational ductility,
“rcz/“rz' to be 1.2. The ratio of the cumulative rotational
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ductility to rotational ductility, “cm/”rZ’ varies from about
12.5 to 20.5, with & mean value of 16.2. The ratio of cumula-
tive rotational energy to rotational ductility, Arz/pr2

varies from about 5.0 to 14.6, with a mean value of 11.8.

A plot showing the mean of all three ratios discussed above is

shown in Pig. 31. The mean values are plotted as so0lid lines.

The dotted curves in Fig. 31 represent the upper bound envelopes
of the corresponding data points in Figs. 28 through 30.

Experimental Investigation

(8,10) is aimed at devel-

The experimental investigation
oping procedures for design of structural walls to provide the
strength and deformation capacity indicated by dynamic response
studies.,

During the first phase of the experimental investigation,
isolated structural walls &ith three different cross sectional
configurations were constructed and tested. Summaries of
observed results on strength and deformation have been repro-
duced from Refs. 9 and 10 as Tables 7 and 8, respectively. Out
of the 16 tests reported, one was conducted under monotonic
loading and 2 were retests of repaired specimens that had been
tested earlier. Results of the 13 tests form the basis for the
comparison discussed in this section.

For most of the tests, loading was applied in three
increments until yielding occurred., At each load increment,
three complete cycles of loading were applied. Subsequent to
yielding, loading was controlled by deflections in l-in.
increments., The largest absolute value of deformation in which
at least 80% of the maximum observed load was sustained was

considered the "ultimate deformation™ stage(9’10>.

A typical
loading program of this type is shown in Fig. 32a.

To determine the effect of loading history on the behavior
of specimens subjected to reversed cyclic loading, three speci-

mens, two virgin and one repaired, were tested using a loading
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program developed on the basis of dynamic response data(ll).

This loading program is shown schematically in Fig. 32b. It is
distinguished primarily by the occurrence ¢of a loading cycle
corresponding to the maximum expected deformation early in the

test, with only one small inelastic cycle preceding it,

Ductilities of Test Specimens

The rotational ductility, Hy s cyclic rotational ductility,

Hro!

rotational energy, IA

cumulative rotational ductility, Eprc, and cumulative
ro’ Were computed from digitized data
for each of the test specimens considered. Values of these
measures of deformation for each specimen are listed in Table 9.
Listed values are based on the measured rotation of a section
about 74 in. above the base. These correspond to moment-rota-
tion curves such as are shown in Figs. B2 to Bl4 of Appendix B.
Most of the inelastic deformation in the walls tested was
confined to the first 6 ft at the base of the walls. This
segment of wall will be referred to as the hinging region.
Calculated values of measures of deformation at various load
stages are listed in Tables Bl to Bl3 for each specimen
considered. Table 9 presents a summary of measures of ductility
corresponding to the ultimate deformation stage.
Also listed in Table 9 are the observed yield moments, cor-
responding yield rotations and maximum observed shear forces.
It should be noted that the yield rotations listed in Table 9
correspond to "full yield" or to yielding of all the tension
reinforcement in the boundary element, rather than rotations
"at first yield" corresponding to the onset of yielding in the
extreme tension reinforcement, "Full yield" corresponds more
clbsely to the definition of yielding (i.e., marked deviation
of response from the initial linear elastic behavior) used in
the dynamic analyses. Thus, the yield rotations corresponding
to full yvield as listed in Table 9 have been used in the
computation of ductilities. The ratios of ductilities
Hrﬁ/ﬁr' Eyrc/pr, and EAr/pt are also listed in
Table 9. These ratios are discussed later in this section.
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The rotational ductility, By s of the "hinging region" at
the ultimate deformation stage for the thirteen test specimens
is plotted against the corresponding nominal shear stress in
Fig. 33. The data "points" shown in this figure, as well as in
Figs. 34 through 36, indicate the sectional shape of each speci-
men. A "c¢c" appearing beside a data point in this figure indi-
cates confined boundary elements in the corresponding specimen,
An "a" beside a point indicates that an axial compressive load
equivalent to approximately 500 psi was imposed on the specimen
during the test. The rest of the specimens had no axial load.
The dashed line drawn in this figure represents a lower bound
to the plotted points. Any point on this line thus indicates
the minimum rotational ductility which, according to test
results, is available under the corresponding nominal shear
stress.

Figures 34, 35, and 36 show similar plots of cyclic rota-
tional ductility, B, cumulative rotational ductility,

rc

zﬂ%c’ and cumulative rotational energy, ZA respectively.

'
These are plotted against the maximum appligd nominal shear
stress.

The dashed line in Fig. 34 represents a magnification of
the values corresponding to the dashed line in Fig. 33 by a
factor of 1.5. 1In other words, for the same value of the nomi-
nal shear stress, the dashed line of Fig. 34 yields a cyclic
rotational ductility, Hrc' equal to 1.5 times the correspond-
ing rotational ductility, PE' It can be seen that the dashed
line of Fig. 34 constitutes a lower bound to the plotted points.
This means that for the same nominal shear stress, a minimum
cyclic rotational ductility equal to 1.5 times the minimum
available rotational ductility can be counted on.

The dashed lines in Figg. 35 and 36 similarly represent
magnifications of the values corresponding to the dashed line
in Fig. 33 by factors of 22.0 and 21.0, respectively. It may
be seen that in each figure, all plotted points except that
corresponding to Specimen Fl lie above the dashed line.
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Specimen Fl was the very first specimen tested. Subseguent
to the yielding of this specimen, the top deflection was in-
creased directly from 2 in. to 4 in. instead of three inelastic
load cycles being applied at one-inch deflection increments as
in other specimens, The first inelastic cycle at 4-in. deflec-
tion was stable; but the specimen then failed suddenly by web
crushing. It appears very likely that the specimen would have
easily withstood three inelastic load cycles at a top deflection
of 3 in. 1If this had been the case, the cumulative ductility
and the cumulative rotational energy of this particular specimen
would very probably have been much larger than the values
appearing in Figs. 35 and 36. The points representing Specimen
Fl in Pigs. 35 and 36 can thus be disregarded. Disregarding Fl,
the dashed line in each of these figures thus constitutes a
lower bound to the plotted points.

The dashed lines in Figs. 34, 35, and 36 indicate that if a
minimum rotational ductility, By, cf 3, say, 1s available
under a particular nominal shear stress, a minimum cyclic
ductility of 3 x 1.5 = 4.5, a minimum cumulative ductility of 3
X 22 = 66, and a minimum cumulative rotational energy of 3 x 21
= 63 are also available. It is of interest to compare the
factors of 1.5, 22,0, and 21.0 with the corresponding ratios of
ductilities in Table 9 (1.65, 25.76, and 24.88, respectively).

By noting the relative magnitudes of the different measures
of available ductility in terms of a reference measure (in this

case, Hr), a comparison with the corresponding guantities re-
presenting ductility demands can conveniently be made.

Comparison of Measures of Demand and Capacity

Figure 37 shows a comparison of the different measures of
deformation demand with corresponding measures of capacity.
The ranges of the ratios representing demand shown in Fig. 37
are based on the Figs. 27 to 30 while those representing capa-
city are based on Figs, 33 to 36, In Fig. 30 and in the subse-
qguent discussion, the subscript "2" attached to the symbols for
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measures of deformation demand has been dropped for convenience..
Ductility demands are based on nodal rotations at a level above
the base approximately eqgual to the width of the wall.

Ratios of ductilities relating to demand are relatively
insensitive to changes in fundamental period. A horizontal
line in each of Figs. 28 through 30 sufficiently describeg the
variation of the mean ratio with T,. It is apparent from
Fig. 37 that the demand in terms of the three ratios is less
than the corresponding available capacity.

The test results as shown in Fig. 34 indicate that the

minimum available ductility in terms of Mo is at least 1.5

times the available ductility in terms of ur. Figure 28 shows

that the maximum ductility demand in terms of the ratio of

Hra to . is only 1.3. It follows that satisfaction of the
ductility requirements in terms of ur automatically implies
satisfaction of the same requirements in terms of Hrae

Similarly, the test data of Fig. 35 indicate that the mini-
mum available ductility in terms of prc is at least 22 times
the available ductility in terms of By The analytical
results in Fig. 29 show that the maximum ductility demand in
terms of the ratio of M to L is about 20.2. Thus, if
the ductility requirements are satisfied in terms of L they
will automatically be satisfied in terms of prc alsc. The
same observation can be made concerning the adeguacy of “r as
an index of the satisfaction of ductility requirements in terms
of the cumulative rotational energy EAr.

Although the data considered are limited, the above compar-
ison provides a strong indication of the adequacy of rotational
ductility} “r’ as a measure of deformation demand and capacity,
in the sense that satisfaction of ductility reguirements in
terms of M. automatically implies satisfaction of the same
requirements in terms of the other three measures of ductility.
Because “r is the most conveniently determined measure among
the four measures considered, and one that has been widely used
in the literature, it was decided to adopt it as the basic
measure of deformation demand and capacity.
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Assumptions Underlying Comparison

In comparing measures of deformation demand obtained from
dynamic analysis with deformation capacity from laboratory
tests, it was implicitly assumed that the test conditions cor-
responded to the response of isolated walls to 20-second input
ref.)' It should
be pointed out that a 20-second strong motion with a spectrum

motions having an intensity equal to 1.5 (SI
intensity‘of 1.5 (SIref.) represents & very severe earthquake.

Another important assumption made in carrying out the above
comparisons is that the behavior of reinforced concrete walls
is not significantly affected by differences between tests and
analyses with respect to number of cycles of large-amplitude
deformations or the sequence in which these large deformations
are imposed. Thus, an equivalence in deformations from analyti-
cal and experimental results was assumed as indicating that
specimens tested under the loading pattern used in the labora-
tory could sustain the same deformations under typical dynamic
response conditions.

Whether the sequence of loading used for most of the test
specimens (Fig. 32a) represents an eguivalent or more severe
loading than that which would typically occur under earthquake
excitation is an important guestion. This gquestion requires
further investigation to more fully establish the validity of
the preceding comparison.

A detailed study of deformation response histories for most
of the cases considered in this investigation for the purpose
of characterizing a represehtative loading history is discussed
in Ref. 11.
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DETERMINATION OF DESIGN FORCE LEVELS - BASE OF WALL

A procedure for determining design forces has been developed
based on critical response guantities compiled and plotted for
a wide range of values of the principal structural parameters,
fundamental period, Tl, and yield level My. Design forces
of major interest are those necessary for proportioning wall
sections located in critical regions. For an isolated wall,
the most critical region is located at the base of the wall.

The design procedure is presented in a form suitable for
design office use. Dynamic response data are reduced to static
design values. A comparison was made between design values
obtained by the proposed procedure and by the Uniform Building
Code(lG) procedure.

Preparation of Design Charts

The basic steps involved in the preparation of charts for
use in determining design force levels are illustrated in Fig.
A on the following pages. The main objective of the procedure
is to determine design moments and shears at the base of the
wall corresponding to particular combinations of four basic
parameters, namely, fundamental period, flexural yield level,
expected earthguake intensity, and deformation capacity of the
structure. _

The basic steps for determining design force levels shown
in Fig. A use rotational ductility factor, H,.. as the
measure of deformation. The schematic chart shown under Step
(4) in Fig. A indicates how experimental data ‘on capacity can
be presented for correlation with analytical results on demand.

Steps indicated in Fig. A are concerned primarily with the
forces and deformations in the critical region at the base of
the wall.
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‘Basic Steps in Preparing Design Charts

Critical Response Values Obtgined
from Dynomic Analysis

<
S
o For a2 given height of wall and
> ground motion intensity
g Obtain mimimum yield moment, MR (2t base)
assumed Di corresponding to assumed available robsit
ovailobie = ductilityé;: . and particular values of the
ductility @ ! initial Zundamental period, T,. (Any value
}Lc l of MY less than this minimum can result in
: ductility requirements greater than avai’®-*-"
1
Fundcmental Period, T, sec.
|
i
Tl
F,E0.07 T) Vo

Determine value of af = VT/W which produces
a2 moment at the base of the wall egnal to
Mgi“, using UBC-76. distribution of base
shear. (This gives a2 static design forge,
x afw, similar to the UBC design base shear,
for detemining the flexural reinforcement

w ] at the base of the wall. The minimum yield
uBC-76 moment capacity, M™P, is needed to limit
distribution . the reguired ductility under the design

of VT‘:Qf w

ground motion intensity toc the assumed

— eV available ductility.)

LU

N
M ymin.

For different values of the
fundamental period, Tl' and V.

assumed available ductility, a; = — <:EE}_
#i. a chart such as is shown

at right is cbtained.

1
|
|
1
[
1
r

Fundamentcl Period, T; sec.
{

T
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Rotational | Ductility , s,
T

For different values of available
ductility, .uif and fundamental periocd
Tl, a chart sueh as is shown at right

is obtained.

Datg from Experimentdl
Program

NG

0
.

Max. Nominal Shedr Siress

R

b e

-0 -

T e =t = - . -

Determine wmaximum dynamic base shear,

syn
Vo

. corresponding to p: assumed in

Step (1) and particular values of the

fundamental periced, Tl'
. dyn
racic VT /VT =4q,.

Then galculate

3 The factor Ev is

generzlly greater than unity. (The

force T oV 3

= den provides & basis for

the design of the shear reinforcement
at the base of the wall.)

=S

— - — ot e

i\

t
t
H
1
]
U
Y

Fundamental Period, T, sec.
{
T

Results of labaratory tests on wall
specimens subjected to reversed leading,
such as indicated in the skaioh at lef:,
will seyve as bases Ior estimating the
available rotational duetility for any
particular c¢ombinagion of wall cross~
section and maximum applied nominal shear

SLI&sSS.

{This chart will correspond to &

more-or-less constant M/V ratio and a

specified loading seguence).



Steps in Design Procedure Using Design Charts

The procedure for determining forces needed to design the

critical

region at the base of a structural wall, uses charts

developed following Steps 2 and 3 in Fig. A.

The major steps in the design procedure are briefly

described below:

Select a preliminary wall section, with associated
initial fundamental period. The preliminary section
could be based, for example, on gravity and wind load
requirements.
Assume an available rctational ductility, pi. An esti-
mate may be obtained by using a chart, based on experi-
mental data, similar to the plot shown under Step (4)
in Fig. A.
Determine the flexural design factor, df, from 2
chart similar to that shown under Step (2b) of Fig. A.
Determine the corresponding required flexural reinforcement
to provide M?ln.
Determine EV and the "effective static nominal shear
stress"* from a chart similar to that shown under
Step (3b) of the outlined procedure.
Using a chart similar to that shown under Step (4) of
the outlined procedure, check if the available
ductility, p:, assumed in Step ({(a) above can be
developed under the design shear stress determined in
Step (c¢) above.

If the assumed ductility can be developed, then

determine the required shear reinforcement using

*Thisg is
applying
shears.

a number

an equivalent static design shear value obtained by

a reduction factor to the calculated critical dynamic
The reduction is intended to account for the effect of
of factors discussed under "Reduction in Critical

Dynamic Shear Forces" and allows a comparison with capacity
values obtained experimentally under slowly reversed loading.

GG



design recommendations to be developed on the basis of
the results of the experimental program.

If the assumed ductility cannot be developed
under the calculated design shear, adjust the assumed
ductility value accordingly and repeat Steps (a)
through (d) until a reasonable agreement between

assumed and developable ductilities is obtained.

Preparation of Design Charts for
20-Story Isolated Structural Walls

To illustrate the procedure, design charts were prepared for
20-story isolated walls., 1In this particular case, the walls
were subjected to input motions having an intensity, SI, egqual
te 1.5 (SIref.)'

On the assumption that the width of the walls is at least
20 ft,* rotational ductility ratio based on nodal rotation at
the 2nd floor level was used as the measure of deformation in
the critical region at the base of the wall.

Figure 38a, corresponding to the plot shown in Step (1) of
the procedure outlined in Fig. A, shows the variation of rota-
tional ductility demand with fundamental period, Tl’ and
yield level, My. (Figure 38a is identical, except for size,
to FPig. l3e.) From this, another chart, Fig. 38b, was prepared,
to allow a closer determination of My—values lying between
curves in Fig 38a. Each plotted point in Fig. 38b, corres-
ponding to a particular value of the fundamental period, Tl’
represents the intersection of a vertical line through the
period value with the corresponding My-curve in Fig. 38a.

Here again the curves have been passed through as many points
as would permit a fairly smooth upper-bound curve to be drawn.

By assuming available ductility ratios, Hi, egqual to 3, 4,
5, and 6, and using Fig. 38b, a set of values for the minimum

*a procedure for adjusting the ductility demand for cases where
the width of the wall, and hence the length of the hinging
region, is less than the minimum assumed in deriving the design
charte, is given in Fig. 24.
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Fig. 38a Rotational Ductility Demand, U, as a Function
of Fundamental Period, Tl’ and Flexural Yield
Level, My - 20~Story Structural Walls -
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(A Replot of Fig. 38a with Ty and My Interchanged)
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yield level at the base, Mgin, is obtained as a function of
fundamental period, Ty, and available ductility. This re-
lationship, as shown in Fig., 39, indicates that the minimum
design yield level, M?in, increases w%th decreasing available
ductility and fundamental period. M?ln represents the minimum
value of vield moment at the base needed to ensure that the
ductility demand does not exceed the assumed available ductil-
ity. A higher value of My will result in a lower ductility
demand, but a correspondingly higher shear force at the base.
This will in turn tend to reduce the available ductility or
deformation capacity of the wall.

Figure 40, corresponding to the figure in Step (2b) in Fig.

A, shows the flexural design factor, as a function of the

«

fl
fundamental period, Tl' for different values of the available
a The factor «

rotational ductility ratio, H is used to obtain

£
the total design horizontal force, VT (= afw, where W 1s the
total effective weight of the structure) for designing the
flexural reinforcement at the base of the wall. Figure 40 is
essentially a re-plot ¢f Fig. 39, with the minimum yield level
at the base, M?in, expressed in terms of the corresponding total
lateral force, VT' The total lateral force, VT' is conveniently
expressed as a fraction of the total effective weight of the
structure, W, and is assumed to be distributed as prescribed in
UBC—76(16) and indicated in Fig. 41.
Using a technique similar to that applied to the critical
base moment in preparing Fig. 40 for the flexural design
factor, Uer Fig. 42b was prepared from the plot of critical
base shears shown in Fig. 42a. (Figure 42a is identical,
except for scale, to Fig. 13d.) Figure 43 shows the shear
design factor EV, as a function of the fundamental period, 'I‘l '
and the assumed available ductility, ui.
Figure 43 was prepared using Figs. 38b, 40 and 42b. To

determine the ordinate, Eﬁ, of a point on a curve in Fig. 43
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Distribution
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Fig. 41 Assumed Distribution of Lateral Load oafW, for Flexural
Design of Base of Wall (Based on UBC-76 Provisions)

~106-



SHEAR FORCE AT BASE,{kips)

1 20 Stories §
Duration=10sec. |4
3,200
LEGEND
My in-k | Symboi
2,800 a | [oo0|
’ - W Elostic L00Q000] O iz
- 1500,000( &
Elastic d
2,400 -—
My = 1,500,000 =10
2,000 - f
q - ‘
o {,000,000
2|
| - -
1,600 = 8
o | —
750,000
{,200
16
800
-4
400
0 2
0 05 o 15 2.0 2.5 3.0

FUNDAMENTAL PERIOD T, (sec.)

Fig. 42a Critical Base Shear as a Function of Fundamental
Period, Tl’ and Yield Level, My
20-Story Isoclated Structural Walls

-107-



[Apaw LA

2,400
—~ 2,200
[° 4]
g=
-

. 2,000

o+

-

ny

2 1,800

(us]

[

<

W 1,600

oo

o

[

o

< 1,400

ot

dp]

»

g

= 1,200
1,000
800
Fig.

20 Stories
$1=15(Sl et )
Duration =10 sec.
P b
T, =2.0 sec
'ﬂ:ClBsei//////,V//’isz1
/! A
\ | Z\L
o \\\‘
nzféb T,=2.4sec.
V
/ALQ sec.
q
0.25 0.5 075 1.0 .25 L5 .75
YIELD LEVEL, My (10° in—kips)
42b Critical Base Shear as a Function of Fundamental Period, T

and Yield Level, My ~ 20-Story Isolated Structural Walls

(a Replot of Fig. 42a with

-108~-

m

“1

and My Interchanged)

Tyt



SHEAR

DESIGN FACTOR, Q=

55
20 Stories T
512 1.5 (Slpeq)
50 Duration = {0 sec.
2 {Symbol
2 5
4.5 3 o
4 a
5 '
6 & | //4
4.0 }
l / ;
s/
3.5 } Y
(Z/////;
3.0 | .
[o3
2.5 yd
2.0 /
.5
{.0

0 0.5 1.0 1.5 2.0 2.5 3.0

FUNDAMENTAL  PERIOD , T,(sg&)
Fig. 43 BShear Design Factor, HV, as a Function of Fundaméntai

a
Period, Tl, and Available Rotational Ductility, B
20-Story Structural Walls

~109~



corresponding to particular values of u?and Tl’ use was made
of Fig. 38b to determine the yield level, My, associated
with H? and Tl. Using these values of My and Tl’ the maximum

dynamic base shear, ngn' is then obtained from Fig. 42b. The
dyn
T

shear VT corresponding to MY and Ty- The value of VT = 0.W,

shear design factor, EV results from dividing V , by the base
where W is the total effective weight of the wall, is obtained
using Fig. 40. As in previous plots, a major consideration in
drawing curves for different values of p? in Fig. 43 was to
obtain a reasonably conservative estimate of the variable
concerned, in this case 5&. »

The design shear factor, Qo is the factor by which the cal-
culated dynamic shear force at the base, ngn’ exceeds the base
shear, VT’ associated with the design yield moment, My, at the
base. My is related to Ve by assuming the latter to be distrib-
uted along the height ©f the wall in accordance with UBC-76 pro-
visions. It is significant to note that the factor E§ has values
that are generally greater than unity. Figure 43 shows UV in-
creasing with increasing values of available ductility and fun-
damental period.

The variation of the ratio M;in/vgyn with the fundamental
period for different values of the ductility ratio, By is
shown in Fig. 44. This ratio may be interpreted as the distance
above the base of the wall of the equivalgnt resultant static
horizontal force necessary to produce M?ln and ngn simulta-
neously at the base. The ordinate on the right side of the
figure shows this distance in terms of the total height of the
wall., It will be noted that for all cases the equivalent
resultant force lies below the 2/3 point associated with the
triangular loading specified in codeg. This is consistent with
the observation that the shear design factor, E;, is
generally greater than unity.

Figures 45 and 46 show critical values of the top displace-
ment and interstory displacement, respectively, as functions of

fundamental period and the rotational ductility at the base of
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the wall. The figures are for 20-story walls subjected to input

motions with intensity SI = 1.5 (SI }. The clustering of

the curves within a narrow band indicgiié the relative in-
sensitivity of displacements to rotational ductility at the
base. These figures and similar ones for other structure
heights and earthguake intensities can be used as guides in
selecting the appropriate fundamental period, and hence
stiffness, of a wall once the tolerable maximum displacement

has been selected.

Design Charts for 10-, 30, and 40-Story Walls

Following the same procedure described in the preceding sec-
tion for 20-story structural walls, flexural and shear design
factors were prepared for the other wall heights considered.
Charts for these cases are shown in Figs. 47 and 48. The charts
for 20~-story walls have been reproduced in these figures for

completeness.

Integration of Results for Walls of Different Height

Figures 49 and 50 were prepared to permit combining charts
for walls of different heights. Each of the first five charts,
(a} through (e), in these figures shows plots corresponding to
a particular value of rotational ductility, for all wall heights
considered. The smooth curves shown in these figures represent
approximate averages of the plotted points. The last charts,
Figs. 49f and 50f, show the curves for all five rotational
ductility values.

Larger scale plots for the flexural and shear design fac-
tors, without the data points shown, are given in Figs. 51 and
52. The charts shown in Figs. 47 through 52 correspond to

) e
ref.
The charts of Figs., 51 and 52 show the flexural and shear

input motions with intensity SI = 1.5(SI

design factors as functions of the initial fundamental period
and the available rotational ductility factor. The latter is
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directly related toc the flexural yield level of a structure.
Both charts are for a ground meotion intensity SI = 1.5
(SIref.
the N-S component ¢f the 1940 El Centro record. These charts
reflect the effects on design force levels of the most

), the reference intensity (SIref ) being that of

significant structural parameters, for a specific ground motion
intensity.

To complement the design information provided in Figs., 51
and 52, data on maximum interstory and top displacements for
walls ranging in height from 10 to 40 stories are summarized in
Figs., 53 and 54. The displacements are plotted against funda-
mental period. They are given in terms of absolute values and
as ratios of displacement to total height (in the case of top
displacement) or to story height (for interstory displacements).

Figure 53a gives the absolute value of the top displacement
while Fig. 53b shows this in terms of its ratio to the wall
height, At/H. A single least-squares-fit line appears to
adegquately represent the variation of the critical top
displacement with fundamental period in 53a. When expressed as
a ratio, At/H, however, a distinction between the top
displacements corresponding to the different wall heights is
indicated by the four least-~sguares-fit lines shown in Fig. 53b.

For the critical interstory displacement, distinct least-
squares-fit lines correspond to each wall height. This occurs
for both absolute interstory displacements as well as for the
ratio of interstory displacement to story height, Ai/h, as
shown in Figs. 54a and 54b.

In generating data for Figs. 51 through 54, other variables
characterizing the structure were held constant. The constant
values assumed for these other parameters were those considered
as averages for the normal range of variation of each parameter.
The values of these constant parameters are as follows:

Yield stiffness ratio, ry = 0.05

Parameterg characterizing hysteretic loop
(see Fig. 4b):
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Unloading parameter, = (.10
Reloading parameter, B= 0

Viscous damping coefficient
(for first and second modes) = (.05

Uniform stiffness throughout height of wall

Strength (My) uniform throughout height
except for adjustments to reflect effect
of axial load due to dead weight

Wall fully fixed at base

Response of a structure characterized by parameters differ-
ent from those indicated above, may differ from the calculated
response used to prepare Figs. 51 and 52. However, based on
resulte of the parametric studies reported in Ref. 7, it is
believed that for most practical cases the values cbtained from
Fig. 51, 52 and similar charts will be conservative.

A method of adjusting for differences between mass of a
particular structure and mass of the structures used for Figs.
51 and 52 is discussed in the following section.

Adijusting Flexural Design Factor for Difference in Mass

Variation in fundamental period of structures considered in
preparing Figs. 51 and 52 was obtained by varying only the
effective stiffness of the walls. Por each wall height, the
effective mass (corresponding to the weight that would be
effective in the lateral motion of the wall) was kept constant.
Thus, as shown in Table 3, total weights of 2174 kips, 4374
kips, 6574 kips, and 8774 kips were assumed for the 10-, 20-,
30-, and 40-story walls, respectively.

Where the effective mass of a given structure differs
significantly from that of the corresponding structure of the
same period considered in developing the data for Figs. 51 and
52 (hereafter referred to as "basic walls") an adjustment in
the yield level is necessary. This is because an increase in

the effective mass {(assuming the same mass distribution along
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the height of the wall) will require a corresponding increase
in the effective stiffness of the wall to obtain the same
fundamental period.

Two structures having the same fundamental period and yvield
level but with different stiffnesses can be expected to have
about the same maximum displacement under a given base
excitation. However, because the stiffer structure will have a
smaller yvield rotation it will register a higher ductility
reguirement than the more flexible structure for the same
maximum displacement or rotation. This is shown in Fig. 55.

In order for both structures to have about the same ductility
reguirement, the yield level and hence the yield rotation cf
the stiffer structure will have to be increased such that both
structures yield at the same rotation.

As an example, if a 20~story wall has an effective mass
twice that of the corresponding basic structure of the same
period, this would imply that it also has twice the stiffness
0of the basic wall. If such a wall had the same yield level as
the basic wall of the same period it would be expected to have
twice the ductility demand associated with the basic wall. For
such a wall to have the same required ductility as the basic
wall, its strength or yield level would have to be twice that
©of the corresponding basic wall.

In using Fig. 51 for the above example, the value of e
obtained from the figure would have to be multiplied by 2.0.
This adjustment effectively doubles the strength or yield level
of the wall resulting in the same rotational ductility as the
basic wall. The flexural design factor would thus have to be
multiplied by the ratio of the effective mass of the given wall
to that of the corresponding basic wall having the same

fundamental period. No adjustmeﬁts need be made in the value of
a
v.

The masses of 'basic walls' having heights between the four
wall heights listed in Table 3 can be estimated by linear
interpolation between the closest two basic cases for which

masses are given in the table.
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Fig. 55

T, (Wall®) = T, (Wall @)
Mass {(Wall @) = Y2 Mass (Wall @)
Stiffness (Wall D)= Y2 Stiffness {Wail @)

\
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IS 1 N

Emox.

Adjusting Yield Level of Wall (#2) with Twice
the Mass and Stiffness But Same Period as
"Basic Wall' (#1)
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Critical Response Values for Different Earthquake Intensities

To extend the procedure developed in the preceding sections
to a broader class of problems in terms of seismic exposure,
analyses were carried out for input motion intensities equal to
0.75 and 1.0 times (SIref.)
combined with the extensive data for SI = 1.5(SI

. Results of these anazlyses, when

ref.)' provide

a basis for adjusting the design values developed for 1.5

(Slref.
range of input motion intensities.

) to obtain values corresponding to a reasonably wide

The additional analyses using input motion intensities
other than 1.5 (SIref.) were done only for 20-story walls.
Fundamental period values ranging from 0.8 sec. to 2.4 sec. and
flexural yield levels from 250,000 in-kips (28,250 k N) to
1,000,000 in-kips (112,980 k N) were considered. Results of
these analyses are listed in Tables Al5 through A26 of Appendix
A. Since the critical input motion corresponding to each
parameter combination had already been indentified earlier,
only a few of the six input motions considered earlier were
used for these supplementary analyses.

Critical values of maximum top displacement, maximum
bending moment, maximum base shear, and rotational ductility
for walls with different yield levels are shown in Figs. 56 and
57. The curves in Fig. 56 correspond to an input motion
intensity SI = 0.75(SIr
SI = l'O(SIref.)'

Critical response values corresponding to the three input

of Y, while those in Figs. 57 are for

motion intensities considered, for the case of walls with yield
level My = 750,000 in-kips (84,740 kN m), are shown in Fig. 58.
The earthguake intensity ratio, SI, in Fig. 58 represents the
ratio of ‘the spectrum intensity, SI, of a particular input
motion to the reference spectrum intensity, SIref.' - The

curves for critical top displacement, base moment, shear, and
rotational ductility for intensity ratios of 0.75 and 1.0 were
obtained using the same procedure described for the case of

§I = 1.5. An almost regular decrease in the magnitude of all
response quantities occurs with a decrease in input motion

intensity.
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Design Factors for Different Farthguake Intensities

Based on critical response plots such as shown in Fig. 58,

flexural and shear design factors df and 5§ were determined for
I = 0.75 and 1.0, These are shown plotted in Figs. 59 and 60.

To allow use of the extensive response data for input
mctions with SI = 1.5 for other earthquake intensities, an
approximate relationship was established between the design
factors for 8I = 1.5 and those for the lesser intensities.,

This was done by calculating the ratios of the flexural and
shear design factors for SI = 0.75 and 1,0 t¢ the corresponding
factors for §I = 1.5. Plots of these ratios against SI are
shown in Figs. 61 and 62.

Figures 61 and 62 show least-squares-~fit lines for the
respective data. The linear regression line in each case was
obtained by assuming the value of the intensity factor of 1.0,
corresponding to SI = 1.5, as representing 100 data points. It
will be noted, from a compariscn of the data points in Figs. 61
and 62, that the scatter of data for the shear intensity factor
is wider than that for the flexural intensity factor.

To further simplify the expressions relating the flexural
and shear intensity factors, Idf and IEV with the earthquake
intensity ratio, SI, lines passing through the points I, = 1.0,
8I = 1.5 (x = £, v) and closely parallel to the respect%ve
linear regression lines are proposed, as shown in Fige, 61 and
62. The‘algebraic expressions for the lines are as follows:

0.67 SI for the flexurual design factor,. (2)

H
L]

and

[
i
1

1.6 - 0.4 SI for the shear design factor. (3)

The above relationships, when used in conjuction with Figs.
51 and 52, give design forces for the critical region at the
base of isolated walls subjected to a range of earthguake

intensities, Thus, the total base shear, V reqguired for the

T'
design of the flexural reinforcement at the base of walls
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ranging in height from 10 to 40 stories subjected to a ground

motion of intensity SI = ST x (SI_.¢ ) is given by

w, (4)

where Ia is given by Eg. (2) above and Ce is obtained from
Fig. 51.f The corresponding expression for the total base shear

for the shear design of the base is

Vpg = I % Vg

|
—

where IE' is given by Eg. 3 above and 5; is obtained from
Fig. 52.°

Figures 63 and 64, also based on data for 20-story walls
subjected to different input motion intensities, provide guides
for adjusting the maximum top and interstory displacements
corresponding to SI = 1.5 given in Figs. 53 and 54.

Spectrum Intensity and Seismic Zones

No attempt has been made to relate the various levels of
input motion intensity with the different seismic zones
prescribed in seismic risk or regionalization maps of codes,
This step is beyond the scope of the investigation.

However, it is hoped that, as more data on earthguakes are
accumulated, seismic regionalization maps can be established
defining seismic risk in terms of the expected maximum
earthquake intensities and their corresponding return periods
or recurrence intervals, With the availability of such maps,
it will be possible to directly utilize the proposed design
force levels developed in this study for different ground
motion intensities. This assumes that earthquake intensity
will be defined in terms of some measure with which spectrum
intensity as used in this study can be correlated. 1In the
absence of maps defining spectrum intensities and their
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corresponding recurrence intervals for different regions, the
design force levels presented here can still be utilized by
estimating the spectrum intensity associated with particular
seismic zones on the basis of available information.

In an effort to provide some guidance in this direction, a
comparison was made of the velocity response spectra of the six
accelerograms used in this study with the velocity spectrum
associated with the "effective peak velocity" defined in the
Applied Technology Council's "Tentative Provisions for the
Development of Seismic Regulations for Buildings," (ATC
3-06)(1). In the subsequent discussion, Ref. 1 will be
referred to as "ATC-3".

In ATC-3, the maximum effective peak velocity (EPV)
assigned to the most seismically active parts of California is
12 inches per sec. This corresponds to the contours labeled
"0,4" in the effective peak-velocity-related acceleration (Av)
map shown in Fig. 65, which is taken from Ref. 1. As explained
in Ref. 1, the spectral velocity, Syr associated with EPV is

obtained approximately from the relationship
= 6
SV 2,5 EPV (&)
Similarly, the spectral acceleration is obtained from

Sa = 2.5 EPA, (7)
where EPA is the "effective peak acceleration® as defined in
Ref. 1.
With the maximum effective peak velocity, {EPV)max = 12 in./sec.
the maximum spectral velocity

(Sv)max = 2.5 (EPV)max = 2,5(12) = 30 in./sec.

This value of the maximum spectral velocity, which is applicable
to the period range from about 0.5 sec. to about 4.0 sec.,
corresponds to the most seismically active regions of California,
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classified as Zone 4 under the Uniform Building Code (UBC~76).(16)

Similarly, with (EPA)max = (0.4g, the maximum spectral
acceleration is given by

(Sa)max = 2.5 (EPA)max = 2.5(0.4g) = 1.0g

This value of (§,)_ ., is applicable to the period range
from about 0.1 sec. to 0.5 sec.

Figure 66 shows a tripartite, log-log plot of the 5%-damped
velocity response spectra for the six accelerograms used in
this study. All six accelerograms were normalized with respect
to intensity such that their spectrum intensity was equal to
ref.)'* The
heavy dashed lines in the figure represent constant values of
Sa = 1.0 g (for the period range 0.1-0.5 sec.) and SV = 30
in./sec. (for the period range 0.5-3.0 sec.). In the period

1.2 times the reference spectrum intensity, (SI

range 0.5 -~ 3.0 sec., which is of primary interest in this
investigation, Fig. 66 shows that an intensity factor, SI,
equal to about 1.2 or 1.25 yields spectral velocities for the
six accelerograms considered averaging 30 in./sec.

The above comparison leads to the conclusion that, at least
for the period range of interest, i.e., 0.5 to 3.0 sec., &
ref.) would
roughly correspond to the intensity recommended by ATC-3 for

design spectrum intensity equal to 1.2 or 1.25 (SI

the most seismically active regions in California. Egquivalent
intensity ratios, SI, corresponding to the other contours in
Fig. 65 can be obtained by direct proportion. Thus, if we take
an SI of 1.2 as corrésponding to s, = 30 in./sec. the

intensity ratio corresponding to the contour marked "0.2" in
Fig. 65, would be

*Corresponding to the first 10 seconds of the N-S component of
the 1940 El1 Centro record.
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=% 0.2

SIO.2 = 1-02 'O—:Z = 0-6
or, in general, for any value of A,
A
=T _ v
SIp = 12§31 .

Comparison of Proposed Design Force Levels with Calculated

Response Values

The design force levels implied in Figs. 51 and 52,
together with the flexural and shear intensity factors defined
by Eas. (2} and (3), essentially summarize the basic results of
this investigation. These results were obtained by a procedure
invelving a number of approximations including curve fitting
techniques. Because of the subjective nature of some of the
procedures used, effects of these procedures on the final
results were examined. Of particular interest was the degree
of conservatism or unconservatism represented by the proposed
design forces relative to the calculated dynamic response data
from which they were developed.

Figures 67 and 68 provide a comparison between the proposed
design forces and the corresponding dynamic response data.
Figure 67a shows a histogram indicating the freguency distri-
bution of the ratio of the maximum base moment calculated from
dynamic analysis to the corresponding value indicated by Fig.
51 (and Eq. (3), where appropriate) for the same combination of
T,: W, and SI. As indicated in the figure, this ratio was
determined for a total of 175 cases representing fundamental
period values ranging from 0.5 sec, to 3.0 sec., wall heights
from 10 stories to 40 stories, ductilitv ratios from slightly
less than 2.0 to slightly greater than 6.0, and earthqguake
intensity ratios of 0.75, 1.0 and 1.5. Six different input
motions are included in the 175 cases considered.

Figure 67b shows a percentage exceedance plot, which is the
complement of the cumulative frequency plot associated with
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Fig. 67a. This plot gives the percentage ¢of the total number
of cases considered for which the moment ratio

max .
Mbase (from analysis)

design

base (proposed)

exceeds a specific value (as indicated on the horizontal scale
in the figure). Figures 68a and 68b show similar figures for
base shear.

Figure 67 indicates that of the 175 cases considered, the
majority (70 percent) of these have moment ratios between 0.55
and 0.95. The mean for the entire set is 0.69. Figure 67
shows that the proposed design base moment underestimates the
calculated maximum moment in 3 percent of the cases, the
underestimate being as much as 15 percent.

The histogram for base shear shown in Fig. 68a shows that
about 80 percent of all cases have values of shear ratio

max .
Vbase (from‘analys1s)
max
vbase {proposed)

between 0.55 and 0.95. The mean for all cases is 0.71. Figure
68b indicates that the proposed design base shear underegtimates
the calculated maximum dynamic base shear in about 3 percent of
all cases; the underestimate being as high as 15 percent.

Based on the above statistics and considering the
uncertainties associated with earthquakes and earthquake-
resistant design, it is believed that the proposed values for
both flexure and shear at the base of isolated structural walls

represent a reasonable basis for design.

Reduction in Critical Dynamic

Base Shears for Design Use

In deriving values of the shear design factor, av’ it was

implicitly assumed that the critical dynamic shears on which
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these were based represented reasonable upper-bound values for
the combinations of structure and ground motion parameters
considered. A comparison with the design shears corresponding
to the provisions of UBC-76 for Seismic Zone 4 shows that the
calculated critical shears at the base of the wall are signifi-
cantly (about 2 to 3 times) greater than the UBC values.

The significant divergence from current UBC~76 specified
values does not, in itself, constitute a valid argument for a
reduction in the calculated critical dynamic shears for design
purposes. The following reasons can, however, be put forward
to support a reduction in Ev—values for design.

1. The model of the hinging region used in the analyses
allowed for yielding in flexure only. The force-
displacement relationship assumed for shear behavior
was always linearly elastic. Although several inves-

tigators(l7'18)

have suggested that yielding of

shear reinforcement should be minimized, 1f not com-
pletely avoided in design, the effect of reversed
loading cycles of large amplitude tends to reduce the
stiffness of the "flexural" hinging region with respect
to transverse ("shear") displacements. Laboratory re-

sults(g'lo)

show that the contribution of the shearing
component of displacement in the hinging region to the
total displacement increases significantly with in-
creasing amplitude of inelastic deformation.

These observations indicate that under inelastic
flexural deformation, the hinging region exhibits
behavior corresponding to yielding in shear. S8uch
shear yielding would increase the effective period of
vibration and hence the maximum displacements of a
structure. It would alsc set a practical upper limit
on the magnitude of shear developed at the base of the
wall. Thus, if a reasonable yigld level in shear were
assumed in the dynamic analysis model, the calculated
maximum shear values would not be as high as in the
linearly elastic shear model used in obtaining the

critical shears reported above.
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2. As pointed out in the section on "Maximum Response
Values," the critical dynamic shears are generally not
concurrent with the critical dynamic moments and duc-
tility demands. Because of the reduced likelihood of
the critical shears occurring simultaneously with the
critical ductility demand, a reduction in the critical
shears to reflect the relatively low probability of
simultaneous occurrence with the critical (design)
ductility appears warranted.

To provide an indication of the probability of
the critical shear occurring simultaneously with the
critical moment and ductility demand, Fig. 69 was pre-
pared. This figure is based on data for isclated walls
of different heights, periods, and yield levels.
Results from 43 cases were considered. The abscissa
in Fig. 6%a represents the ratio of the maximum shear
due to the same input motion that produced the
critical ductility demand, to the critical shear as
obtained from Fig., 42.

Figure 69a indicates that the ratio "maximum
shear/critical shear"* ranges from 0.6 to 1.0 with a
mean value of 0.81. An alternative way of presenting
the data in Fig. 6%9a is given in the percentage
exceedance plot of Fig. 69b, which is the complement
of the associated cumulative frequency plot.

Figure 69b gives the percentage of the total number
of cases considered for which the ratio Vmax/vcritical
exceeds a specific value, as indicated on the horizon-
tal scale, Figure 69 shows that in only 20 percent of
the total number of cases considered 4id the ratio

A
critical
It is important to note that the shears considered

v exceed 0.9.
max

in Fig. 69 are the maxima that occur in the l0-second

*The "critical response value (e.g., shear, moment, etc.) is
defined as the largest among the maximum response values
produced by the six input motions considered, for a particular
structure.
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response period and are not necessarily the shears that
are concurrent with the maximum moments and ductility
demands.

Figure 70 illustrates the relationship between
the maximum shear and the shear that is concurrent
with the maximum moment and rotation. The "concurrent
shear" is the base shear that occurs at about the same
time as the critical moment and base rotation.

It may be equal to or less than the "maximum shear".
Both shears are produced by the same earthquake that
produces the critical moment and ductility demand.
Response histories for two cases are shown in Figs.
7la and 71b to illustrate the distinction between
"maximum shear" and "concurrent shear".

Figure 70a shows the distribution ¢©f the ratio
"concurrent shear/maximum shear" for the forty-three
cases considered in Fig. 69, The ratio ranges from
0.30 to 1.0, with a mean value of 0.59. Figure 70b
shows the corresponding percentage exceedance plot.

The above comparisons indicate that the simulta-
neous occurrence of critical dynamic shears, such as
shown in Fig. 42, and critical rotational ductility,
such as shown in Fig. 38, is unlikely.

In correlating force and deformation demands indicated
by dynamic analyses with corresponding capacities ob-
tained from tests of specimens under essentially static
loading ccﬁditions, gsome adjustments have to be made

in the values of either the demand or the capacity to
reflect the difference in loading condition. This is
essential if a valid comparison is to be made between
demand and capacity.

If capacity values are determined from slowly-
reversed loading tests in which the deformation,
moment and shears are all in phase, then the critical
dynamic response values must be adjusted in some manner
to yield values comparable to these experimental

results.
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Fig. 71 Maximum Shear an
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A major difference between dynamic response
shears and those cbtained in laboratory tests under
slowly reversing loads is the transitory character of
the shear under dynamic conditions. Figures 72a
through 72e, show the time variation of the base shear
for 20-story walls subjected to different input
motions. Also shown are the corresponding histories
for base moment and nodal rotation at the first floor
level. These figures indicate that the shear force
generally changes more rapidly with time than the
corresponding moment and rotation.

As previously mentioned, this is a reflection of
the greater sensitivity of the base shear to higher
modes of vibration. A loading condition in which the
shear force fluctuates relatively rapidly with respect
to moment and deformation, and reaches its peak value
only for very short durations, represents a less
severe loading than the usual slowly reversed loading
test. 1In the‘slowly reversed loading test, the shear,
moment, and deformation reach their peak values
simultanecusly and are sustained over a longer
duration,

Although the need for an adjustment in critical
dynamic shears is apparent if a comparison with results
of slowly reversed loading tests is to be made, the
magnitude of such an adjustment is not easily de-
terminable on the basis of available data. & sound
basis for determination of such an adjustment would
involve tests of large~size specimens in earthguake
simulators, i.e., shaking table tests.

On the basis of the above arguments, it is expected that a
reduction factor, rv, less than unity can be determined so

that a shear design factor 59, given by
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o = a <
oo Iy % (rv 1.0)

is obtained. Although the magnitude of r, cannct be deter~-
mined from existing data, preliminary calculations given under
the heading DESIGN EXAMPLE suggest that a value of Ly in the
range of 0.4 to 0.6 may be appropriate for design purposes.
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CHECK ON DISTRIBUTION OF DESIGN FORCES FOR UPPER
PORTIONS OF WALL

Design forces develcped in the preceding sections are
intended for design of the potential hinging region at the base
of a wall., The base of the wall is generally the most critical
part in terms of the magnitude of force and deformation
requirements. The tests of isolated walls, conducted as part
of the overall project, were aimed primarily at determining the
behavior of the hinging region near the base of the walls.

In determining design forces for flexural design of the
base of the wall, total base shear, V., was assumed to be
distributed in accordance with UBC-76T16). This distri-
bution, i.e., an 'inverted triangular' distribution with a top

force, F as shown in Fig. 41, reflects the dominant effect

r
of the fﬁndamental mode on response. To verify the applica-
bility of this distribution to the design of the upper portions
of a wall, a comparison was made between distributions of
maximum moments and shears associated with the assumed (UBC-76)

distribution of forces and those obtained from analysis.

Normalized Maximum Force Distribution

An indication of the spread in the distribution of the
maximum dynamic story shears along the height of isclated walls
is given in Fig. 73. This figure is based on data from
twenty~four 40-story walls with T, = 2.4 sec, and varying
yield levels. The walls were subjected to five different input
motions. The values of the maximum story shears plotted in
Fig. 73 have been normalized by dividing the shear at each
floor level by the corresponding calculated maximum base
shear. Thus, at the base, where maximum shear occurs, the
normalized base shears all egual unity. The length of the
horizontal bars in the figure indicate the range of scatter of
the data. For this particular set of data, the scatter is
least near the base and largest near midheight.
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40 +---C—1 40 Story Wall
! T,=2.4 sec.
{

26 e } No. of Cases=24

32 - —

— Fractile Distribution (0.9 F.D.)

28 1 :_:
24 - ij/ Mean
e

LEVEL

FLOOR
o

O 02 04 06 08 IO

NORMALIZED SHEAR FORCE

Fig, /3 Scatter Plot for Normalized Shear Force
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Figure 74a shows the freguency distribution of the lateral

force at the top, F for the same set ¢f twenty-four cases.

t'

The maximum top force, F has also been normalized by

'
dividing by the correspozding maximum calculated base shear.
Figure 74b shows a percentage exceedance plot for the
normalized top force.

Information such as shown in Figs. 73 and 74 can be used to
determine a suitable design shear distribution over the wall
height, From this the corresponding lateral force distribution
can be obtained. 1In view of the scatter of the data, the
guestion of what value to use as a basis for design naturally
arises. A distribution based on average values cannot be
justified since many cases fall outside such a distribution.

On the other hand, a distribution encompassing all values
appears unduly conservative.,

In this study, a distribution covering at least 90% of all
cases considered was adopted as a reasonable compromise between
economy and safety. In statistical terms, such a distribution
is called a 0.90 fractile distribution (0.9 F.D.). Figure 73
shows both the mean and the 0.9 fractile distribution of
maximum story shears. Figure 74b indicates that the 0.9

fractile value of the normalized top force, F for the data

tl

set considered is about 0‘29(Vbase)max.

Comparison of Distribution of Maximum Dynamic Forces

with Corresponding UBC-76 Distribution

For the purpose of comparing the distribution of maximum
dynamic forces along the height of isolated walls with that
recommended by UBC-76, the 0.9 fractile distribution of
normalized maximum forces was used. The comparison was made
using normalized story shears and moments along the height of
the structure. These guantities were used instead of lateral
forces since the former are more directly related to design.

Normalization of the maximum dynamic forces serves to focus
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attention on the distribution or relative magnitudes of these
forces rather than their absolute magnitudes.

The lateral forces specified by UBC~76 were determined by
distributing the base shear, V, according to the expression

(V—Ft) Wy hx

where
Ft (top force) = 0,07 T V

fundamental period of vibration

L}

% weight of mass of floor level "xV

distance of floor level "x" from base of wall

[

X

w
h
n = total number of floor levels,

After the story shears and moments were determined from the
lateral forces, these were normalized by dividing by the base

shear, and the total overturning moment, respectively.

Distribution of Normalized Maximum Story Shears

Figure 75 shows a comparison of the maximum normalized
shear 0.9 F.D. with the corresponding normalized story shear
distribution prescribed by UBC-76 for specific fundamental

periods of walls ranging from 10 to 40 stories. The cases

selected cover the entire range of wall properties investigated.

A total of 18 cases were considered for each wall height,

representing three different yield levels and six input motions.

Figure 75a shows that in terms of relative magnitude (or for

the same total base shear) the UBC story shears exceed slightly

the corresponding 0.9 fractile shears over the lower three-

fourths of the wall height. However, the UBC distribution gives

story shears that are less than the 0.9 fractile shears near the

top of the wall. The same observation applies to Figs. 75b, ¢,

and d for the other wall heights. The percentage difference

between story shears at the top is greatest for the short-
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period, low walls and diminishes with the longer-period, taller
walls. TFor comparison, the distribution corresponding to the
ATC—B(I} equivalent lateral force procedure is alsc shown in
Fig. 75. The observations made relative to the UBC-76
distribution when compared to the 0.9 fractile shears also '
apply to the ATC-3 distribution.

To obtain design story shears that are in close agreement
with the distribution indicated by the 0.9 F.D. shears from
dynamic inelastic analysis, the following modification to the
story shears resulting from lateral forces distributed according
to UBC-76 is proposed:

(1) The story shears in the top 25% of the wall should be
increased by a factor

Bl =2 - T/3, where 1.0 <'gl < 1.50

{2) Use of ﬁl should not result in a story shear greater
than that calculated from the UBC-76 lateral force
distribution for any portion in the lower 75% of the
wall.

The factor ﬁl was determined using regression analysis.
The proposed correction represents a simple method of modifying
the story shears from the familiar UBC lateral force distri-
bution to obtain results closely conforming to that indicated
by dynamic inelastic analysis.

The above proposed correction is to be applied directly to
story shears resulting from the lateral forces distributed
according to UBC-76. Thus, no change need be made in the
procedure developed earlier for determining design forces for
the hinging region near the base of the wall. The correction
proposed above need be applied only to the story shears in the
top 25% of the wall to remedy the unconservativeness of the
shears associated with the UBC-76 lateral force distribution.
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Figure 76 shows a compariscn of normalized story shears
for the same cases considered in Fig. 75, with the above-
proposed correction included in the UBC shears. In most
practical cases, the design of the upper 25% of a wall is
governed by code wall-slenderness requirements so that the
application of the proposed story shear correction may not

alter wall dimensions.

Distribution of Normalized Bending Moments

Normalized bending moments for the four cases examined
earlier, corresponding to the 0.9 fractile of the dynamic
analysis results and the UBC-7¢ lateral force distribution are
shown in Fig. 77. Alsc shown for comparison are normalized
moments corresponding to the ATC-3 equivalent lateral forces,
It will be noted that insofar as distribution over the height
is concerned, UBC~76 and ATC-3 are very close to each other.

Figure 77 shows that the UBC-76¢ (as well as the ATC-3)
normalized moment requirements are less than the 0.9 fractile
moments for all four cases considered. The difference between
UBC-76 and 0.9 fractile normalized moments is particularly
significant near midheight. At about two-thirds of the height
of the walls, the 0.9 fractile moments exceed the corresponding
UBC moments by as much as 100 percent for the longer period
walls.

To bring the hormalized moments calculated from the UBC-~76
lateral force distribution into closer agreement with the 0.9
fractile moments, it is proposed that the former be multiplied
by a factor, @2, given by

- X - X y1
Bz = k ( H [1 ( " )1,
where
H = total height of wall
= distance of level "x" from base
k = a constant, equal to the initial fundamental period,

Tl’ but not greater than 1.2.
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The expression for 52 wag also determined using regres-
sion analysis. Normalized UBC moments for the four cases
considered, with the correction factor B2 applied, are shown
plotted in Fig. 78. Also shown for comparison are the 0.9
fractile moments from dynamic analysis.

It should be pointed out that the proposed modifications to
the design forces for the upper portions of walls are based on
results for isolated walls with uniformly distributed mass and
stiffness over their height.

~184-



UOTINQIXISTQ IBSYS AX03S Dd O3 UOTIBOIFIPOW pasodoxg g, “BTd

(@)
3SVE xpur,,

"XDul
W

001 GL'0 080 620

088 pi= 1y
IDM  A104S -02

2l

9l

0¢

I3A37 800714

(®)

wmqmﬁ.xDES_v

‘XDw
bWy

00l 620 0680 G20

@3S0dOdd  —— .
9/-%8n — \

'09S G'0= _,r
1D A101S -0

ol

T3A37 8007

-185-



uoTINGTAISTU IBLIYS AX0IS DYl O3 UOTIBDTITPON posodoxg (- pauoo) 8L “3B1g

el

8!

v

T13ANZT 40074

-186-

(P) (®)
wmqmﬁ.ons: 3SVE xowy)
.xOE_Z .xDE§
o0l G20 0G0 G20 0 00| G0 080 620 0
¥ T O T T |}
18 l
18l - i
~
O
@)
0
1ve & .
S5 Q350dOdd  —— .
r 92-080 —— \
988 O'g= 1 / 098 0Z='1 .
llom £10}S- 0t AN lIom K101 -0¢

ov



PROPOSED DESIGN PROCEDURE - SUMMARY

The proposed desgign procedure follows essentially the same
basic steps presently used in designing for earthgquake
resistance, Development of a design procedure has been made
easier by the existence, both in current codes and in recently
published literature, of a strong and logical basis for the
design of structures for earthquake resistance.

The availability of analytical and experimental data has
allowed the treatment of such major design parameters as
ductility, yvield level, and earthquake intensity in a more
explicit manner than was possible before, ‘

The basic steps in the design procedure are summarized
below for the particular case of isoclated structural wall
buildings. A similar general procedure can be developed for
wall systems, with appropriate modifications to cover the

additional considerations involved in the more complex systems.

(1) Preliminary Design. A logical first step is a design

satisfying gravity and wind loading requirements.
From the preliminary design, an effective initial
stiffness and the corresponding initial fundamental

period, T can be determined.

1!

(2) Stiffness Design for Damage Control. As far as

stiffness and the associated displacements due to
ground motion are concerned, the major design
considerations are (a) stability of the structure, and
(b) damage control. Generally, the considerations
related to damage control govern.

Figures 53 and 54, used in conjunction with Figs.
63 and 64, can be used as guides in selecting the appro-
priate fundamental period, and hence stiffness, once the
tolerable maximum displacements have been determined. For

convenient reference, the above four figures have been

reproduced as Figs. B through E in the following pages.
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(3} Design for Strength and Deformation Capacity - Base of Wall.

This step in the design may be conveniently divided into

the feollowing sub-steps:

(a)

(b)

(c)

Determination of Design Forces - AsSsume an
available rotational ductility, ui , at the base
of the wall. & trial value may be obtained from
a chart similar to Fig. F. This chart based on
experimental data from Ref. 19 shows available
rotational ductility as a function of nominal
shear stress. A trial value of rotational
ductility can be obtained by entering the chart
with an estimate of the maximum nominal design
shear stress.

Calculate the minimum required flexural yield
level at the base of the wall, Mgln, by

determining ¢ from Fig. 51 {(reproduced as Fig. G)

f
and distributing the resulting total horizontal
force, VT = afw, in accordance with UBC-76.

Values from Fig. 51 may be adjusted for design
earthquake intensities other than SI = 1.5 by
using Fig.‘6l‘(reproduced as Fig. I).

From M?ln r determine the reguired flexural

reinforcement at the base.

Determine the shear design factor E; from Fig.

52 (reproduced as Fig. H). Values of Ev from
Fig. 52 may be adjusted for design earthqguake
intensities other than SI = 1.5

by using Fig. 62 (reproduced as Fig. J).
Calculate the effective static design shear

for proportioning the shear reinforcement at the

base,

V'I‘S = rv Uy Of v v T

where ry is an appropriate reduction factor
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(4)

to account for the overconservatism inherent in
the critical dynamic shears as determined in this
study when compared to the shear capacity
obtained from the experimental program.

(d) Using a chart similar to Fig. F, check if the
available ductility, ui, assumed in Step (a) can
be developed under the stress determined in Step (c).

If the assumed ductility can be developed,
determine the required shear reinforcement using
current codes or design and detailing recommen-
dations developed on the basis of the results of
experimental investigation.

If the assumed ductility cannot be developed
under the calculated design stress, adjust the
assumed ductility value, pi, or modify the section
dimensions accordingly and repeat Steps (a)
through (d) until reasonable agreement is
obtained.

The above comparison between assumed and
developable values can alternatively be carried
out in terms of shear stress instead of ductility.
Ductility can then be assumed fixed.

Design of Upper Portions of Wall. Determine flexural and

shear reinforcement required in upper portions of walls on
the basis of the distribution of VT = (afW)and VTS

=(rv 6& VT) as specified in UBC-76, with corrections as

follows:

{a) Bending Moments. The design bending moments

corresponding to the distribution of Vg over
the height of the wall according to UBC-76 should
be multiplied by a factor ﬁé given by

- .
B, =k () - (5l

-195-



(b)

.where

total height of wall
distance from base to level "x"

O
] il

a constant, equal to fundamental period
Tl’ but not greater than 1.2.

Story Shears. The story shears resulting from

the application of the total design shear, V
=r, E& Vo distributed according to UBC-76,

should be modified in the top 25% of the wall by
a factor ﬁl given by

TS

@1 = 2 - Tl/3, where 1.0 <Z@l g 1.50,

provided that the use of the factor ﬁl shall not

result in a story shear greater than the unmodi-
fied story shear calculated for any portion of
the lower 75% of the wall.
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DESIGN EXAMPLE

Application of the design charts will be illustrated for
the particular case of a 24~story structural wall building as
shown in Fig. K, with the following properties and loading:

No. of stories = 24

Building height, = 213.25 ft.

Tributary floor area/wall = (24) (60} = 1440 éq. ft.
Floor live load = 40 psE

Roof live load = 20 psf

Partition load = 20 pst

Roofing = 5 pst

Floor/Roof slab thickness = 8 in.

A ground motion characterized by a spectrum intensity, SI, equal
to 1.2 (SIref }, as defined in this report, will be assumed.

This intensity is considered to be approximately equivalent to
UBC specified forces (Zone 4).

Material Properties:

Concrete unit weight, w = 150 pcf
Concrete cylinder strength, £' = 4000 psi
Steel yield strength, £ = 60 ksi

[

1
c
. Y 1.5 .
Concrete modulus of elasticity, E, = w 733 ¢fc = 3800 ksi
Assume the shear strength-available ductility curve shown in

Fig. F*.

* The use of Fig. F for the particular case considered here
is only a rough estimate since Fig. F 1is based on data for
"barbell" sections, failing by 'web crushing'. Results of
the few tests of rectangular section walls conducted at
pcA(9,10,19) gsuggest that, for the same amount of
reinforcement and loading conditions, barbell sections tend
to exhibit relatively greater rotational ductility than
rectangular sections,
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SOLUTION

Calculations given below cover only the determination of
basic wall properties as influenced by drift, ductility and
shear stress. Determination of required reinforcement can be
carried out using the design provisions in either UBC—76(16)
or AcI 318-77 (%),

From the given data and assuming a wall of rectangular section,
the following preliminary values are obtained:

Wall width, d = 34 ft.
Wall thickness, by = 10 in.
Weight/floor | = 230 kips
Weight/wall

{including tributary loads
for mass computations)

5500 kips
Wall moment of inertia (gross), I = 5.66 x 107 in. 4

EI

2.15 x 101l kip-in2

Fundamental peried, T3
(from Fig. L¥*)

2.0 sec.

Drift under wind loading, &¢/H
(UBC-76 20 psf basic pressure zone)= 1/1670

(A} Flexural Design of Base of Wall

Using Fig. F as a guide, assume an available rotational
ductility ratio pi = 3, corresponding to a nominal shear stress
{with N/Ag = 0)

* Figure L, which shows the variation of the fundamental
pericd, T3, and the ratio, H/8y (where H is the total
height of the wall and 8¢ is the displacement at the top
due to wind) with the stiffness parameter, EI, was prepared
for the particular 24-story wall structure considered here,
The mass of the structure was assumed to remain essentially
unchanged with changing width of the wall. The wind loading
corresponds to the UBC-75 20-~psf wind pressure zone. A 12-
mass lumped parameter model, as shown in Fig. K, was used
for the period determination.
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. ) .
A = ha 0.105 fc 0.105(4000) 420 psi.

g
From Fig. 51 (reproduced as Fig. G) for T, = 2.0 sec. and > = 3.0,

we obtain ap = 0.165.

Adijust Ge for variation of mass of example structure from mass
of corresponding 'basic structure':

- Figure M gives the variation of the total weight of the 'basic
structures' with the number of stories., This figure can be used
to estimate the weight corresponding to any 'basic structure'
between 10 and 40 stories high. For a 24-story basic structure,
Fig. M gives a weight of 5250 kips. Hence,

W

str. = 5500 = 1.05 (correction factor

5250 for mass)

Wbasic str.

Adjust e for particular earthquake intensity:

For an assumed earthquake intensity SI = 1.2 (SIref.)’
Fig. 61 (reproduced as Fig. I) gives an intensity factor of 0.8
(correction factor for intensity).

Incorporating the above two correction factors into ag

yields:

(0.165) {1.05) (0.8)
0.139

e {(adjusted for mass and intensity)

Total lateral force for flexural design of base

Vv =

T QW = (0.139) (5500) = 765 kips.

For a distribution of VT along the height of the wall

according to UBC-76, it can shown that the moment at the base,

Mb is given by

Mb = (0.67 + 0.023 TI)HVT'
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where H is the total height of the wall. For the structure
considered,

min

Mb = My (at base)

(0.67+ (0.023)(2.0)) (213.25) (765)
116,800 ft-kips

[}

This minimum flexural yield level has to be provided at the base
of the wall if the assumed available ductility H? is not to be
exceeded under the design earthguake intensity.

Flexural Design of Upper Portions of Wall

For flexural design of portions of the wall above the base,
moments obtained from a distribution. of Vo over the height of the
wall according to UBC-76 should be modified by a factor 52 given

by

B, = L2 G [ - G

where x is the distance, in feet, from the base of the wall to the
point considered.

(B) Shear Design of Base of Wall

Dynamic base shears are obtained from Figs., 51 and 52 (Figs. G
and H). From Fig. 52 (Fig. H):

For El

!
(48]
L |

L
—
.
(%11

2.0 secs, F?

2.15

Adjust Ev for intensity (SI = 1.2) using Fig. 62 (Fig. J)
Iav = 1.6 - 0,4 81 = 1.6 - (0.4) (1.2) = 1.12

1]

%o

1t

EV = (1.12) (2.15) = 2.41
Unadjusted base shear is obtained from
VTS = av VT = (2.41) (765) = 1844 kips

As pointed out under the heading "Reduction in Critical
Dynamic Base Shears for Design Use" a reduction factor, Lo
is applied to critical dynamic base shears obtained from the
inelastic dynamic analyses. An indication of the probable

range of values for r, can be obtained by comparing Vms
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with the design shear obtained for flexure and also with design

shears obtained from current UBC requirements.

(a) Based on total shear used for flexural design, VT = 765,
_ _165 _
Ty = Tgas - 9-4%

{b) Unfactored shear obtained from UBC requirements is 516
kips as shown in Item (D).
Based on UBC shear with load factor of 1.4,

_ (1.4)(516) _

rv = (1844) = 0.39 ’

Based on UBC shear with load factor of 2.0
_ (2.0)(518) _

rV = (1644) = 0.56

These simple comparisons suggest that a reduction factor,
Lo in the range of 0.40 to 0.60 may be appropriate for
design use.

Nominal shear stress at base (using r, = 0.40),
Vs
V=3ba
® Py

(0.40) (1,843,000
(0.85) (10) (34) (12)

222 psi
< 420 psi OK

Shear Design of Upper Portions of Walls

For shear design of upper portions of the wall, the story
shears in the top 25% of the wall height corresponding to the
distribution of the total base shear, VTS’ are adjusted by
the factor

By = 2 - T,/3 1.0 <8 < 1.5
=2 -2/3 = 1,33,

However, in no case should the shear obtained by applying 1
be greater than that calculated for the lower 75% of the wall.
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(C} Calculation of Drift

The horizontal displacement at the top of the wall under the
total lateral load VT, distributed according to UBC-76 as
shown in Fig. 41 can be shown to be given approximately by

g0 F.H

.
v~ FJET Y O3ET

3

. _ 11 _ .
6, (UBC dist., of Vp) = Z5(V = 12 in,

The above value of top displacement, obtained from the static
‘application of VT, can be compared with the maximum
displacement from dynamic analysis. Thus, from Fig. 53a (Fig.
B) and Fig. 63 (Fig. D),

Ay imaxy = (0-8)(20) = 16 in.
A
£ 16 1
Of g = T3I3.257(12) - Teo - 00063

The corresponding maximum dynamic interstory displacement -
from Fig. 54a (Fig. C) - interpolating linearly between curves
for 20- and 30- stories) and Fig. 64 (Fig. E) -~ is given by

i maxy = (0-8)(1.1) = 0.9 in.
i 0.9 _
°r &} = T8.73) (13 - 0086

The above estimated value of the interstory displacement should
be compared with the tolerable distortion in the most critical
nonstructural element to determine if the stiffness provided by -
the wall is adequate.

(D) Comparison with UBC-76

In UBC-76, the design base shear, V, is given by

V=ZIKCSW.
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It will be assumed that a spectrum intensity of 1.2 (SI )

. ref.
corresponds to UBC Zone 4, for which Z = 1.0. For the case

considered,

I = 1.0
= 1.5
K = 1.33
and C = 1l . 0.047
15 VT, .

Thus,
V= (1.0)(1,0)(1.33)(0.047)(1.5)(5500) = 516 kips
For flexural design, the applicable load factor is 1.4,
Vdesign(flexure) = 1,4(516) = 722 kips

The corresponding required ultimate moment at the base {assumed
equal to My in UBC}) is

My(base) {(0.67 + 0.023T1)H Vdesign
0.67 + (0.023)(2.0) (213.25)(722)

109,935 ft-kips,

1}

1]

For shear design of walls UBC~76 requires a load factor of
2.0. Thus,

Vdesign(Shear) = 2.0(516) = 1032 kips.

It is important to observe that the UBC design forces imply
a certain minimum available ductility, with the specified
forces remaining unchanged for any given material or type of
construction. 1In contrast, the procedure in this investigation
determines the design forces as a function of both fundamental
period and available ductility. An increase in the available
ductility would lead to a corresponding reduction in design
forces,
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SUMMARY

This report presents a procedure for determining design
force levels for earthquake-resistant reinforced concrete
structural walls. The procedure is the result of an extensive
analytical investigation that considers the following problems:

(a) characterization of earthquake ground motions for the

purpose of selecting critical input motions.

(b) identification of the most significant structural and

ground motion parameters.

(c} formulation of a simple design procedure for correlat-

ing earthquake demands with structural capacities.

Previous reports on this investigation presented results of
studies addressing to the first two aspects of the investi-
gation. This report considers Item ({(c).

The main purpose of the extensive parametric study reported
previously was to identify the most significant variables
affecting dynamic response. These parameters were then
incorporated in the proposed design procedure.

Some 400 dynamic inelastic analyses were undertaken te
develop data for this investigation. The bulk of the data
pertains to 20-story walls subjected to ground motions of
intensity SI = 1.5 (SIref.)’ The reference intensity,

SI , used in this study corresponds to that of the N-5
component of the 1940 E1 Centro record, The principal
structural variables, as indentified in the parametric study
reported in Ref. 7, are fundamental period and flexural yield
level. Six different input motions were used to obtain
critical or near-maximum response for each combination of the
principal variables,

The basic procedure is illustrated for the case of 20-story
walls subjected to input motions of intensity SI = 1.5
(SIref.)‘ This illustration establishes the logical segquence
of data reduction leading to the practical results sought,
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To extend application of the results to walls of different
heights and other ground motion intensities, two additional
series of analyses were made to establish a basis for adjusting

the results for the basic 20-story, SI = 1.5 (SI case

)
for these other conditicons. Other variables chaizgéerizing the
structure were held constant. The constant values assumed for
these other parameters were those considered as averagesg for
the normal range of variation of each parameter. The values

assumed for these constant parameters are as follows:
(a) Yield stiffness ratio, ry = 0.05

(b) Parameters characterizing hysteretic loop
(see Fig. 4b):

Unloading parameter, % = 0,10
Reloading parameter,f = 0
{c) Viscous damping coefficient
(for first and second modes) = 0.05

(d) Uniform stiffness throughout height of wall
Strength (My) uniform throughout height
except for adjustments to reflect effect
of axial load due to dead weight

(e} Wall fully fixed at base

Another series of analyses was made to investigate the
effect of varying the degree of base fixity. The results of
this series are given in Appendix C.

The basic results are presented in Figs. 51 and 52. These
figures, as well as other related figures developed as aids in
the application of the procedure for determining design force
levels for earthquake-resistant isolated walls have been
reproduced as part of the Design Example.

As more test data on structural walls become available, it

will be possible to establish relationships similar to that
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shown in Fig. F for other types of failure mechanisms. It will
be noted that Fig. F is based on data for walls that failed by
web crushing. This type of failure is usually associated with
flanged sections.

A major feature of the proposed method is the explicit
relationship established between the principal structural
parameters, i.e., fundamental period and yield level, and the
force and deformation (ductility) requirements.

Another major aspect of the study is the comparison of
ductility demand as indicated by analysis with deformation
capacity of test specimens in terms of various quantities
representing maximum amplitude of flexural deformation as well
as cumulative deformation and energy. This comparison has led
to the important observation that, at least for the cases
considered, the satisfaction of the rotational ductility
requirement generally ensures the satisfaction of the
deformation requirements in terms of other measures of
ductility. This observation and the explicit relationship
established between the principal structural parameters and the
corresponding force and deformation demands have allowed the
correlation between analytical and experimental results in a
simple and practical manner suitable for design.

Although several ground motion intensities were considered
in the study, no specific effort was made to relate these
intensities to the different seismic zones defined in seismic
risk or regionalization maps found in some codes. This
correlation is beyond the scope of this study.
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APPENDIX A

Tables Al-Al3 Maximum Response Values

Table Al4 Effect of Duration of Input Motion

on Maximum Response Values
20-Story Walls, SI = l.5(8Ipef.)

Tables Al5-AZ20 Effects of Intensity of Input Motion

on Maximum Response Values

Tables A21-A26 Effects of Intensity of Input Motion

Figures Al-Al6

on Maximum Response Values
20-Story Walls, SI = 0.75(SIyef,)

10-40 Story Walls, SI = 1.5(SI,ef,)

Figures Al6-A20 Critical Response Values

10-40 Story Walls, 8I = 1.5(SIpaf,)

Figures A21-A23 Critical Response Values
20-Story Walls, SI = 1.0 and 0.75(8Iyef.)

Al

A2

A3

Ad

A5

List of Tables

Reéponse Values Corresponding to Different Earthquake
Motions, 10-8Story I.S.W., MY = 150,000 in.-k, SI =
1.5(8Ipef.)

Response Values Corresponding to Different Earthquake
Motions, l0-Story I.S.W., My = 500,000 in.-k, SI =
1.5(8Irgf.)

Response Values Corresponding to Different Earthquake
Motions, l0-Story I.S.W., My = 1,000,000 in.-k, SI =
1.5(SIref.)

Response Values Corresponding to Different Earthquake
Motions, 20-Story I.S.W., My = 750,000 in.-k, SI =
1.5(8Ifef,)

Response Values Corresponding to Different Earthguake
Motions, 20-Story I.S.W., My = 1,000,000 in.-k, SI =
1.5(8Typf,)

Response Value for Different Input Motions

Input

Input

Input

Input

Input



Ab

A7

A8

A9

Al0

All

Al2

Al3

Al4

Al5

Alé

al7

Al8

List of Tables (cont'd)

Response Values Coriesponding to Different Earthquake Input
Motions, 20-Story I.S.W., My = 1,500,000 in.-k, SI =

Response Values Corresponding to Different Earthquake Input
Motions, 30-story I.S8.W., My = 1,000,000 in.-k, gI = P
l-S(SIref.)

Response Values Corresponding to Different Earthquake Input
Motions, 30-Story I.S.W., My = 1,500,000 in.~k, SI =
l-S(SIref_)

Response Values Corresponding to Different Earthquake Input
Motions, 30-story I.s.W., My = 2,000,000 in.-k, SI =
1.5(SIref,) _

Response Values Corresponding to Different Earthquake Input
Motions, 40-Story I.S.W., My = 1,500,000 in.-k, SI =
1.5(SIyef,)

Response Values Corresponding to Different Earthquake Input
Motions, 40-story I.S.W., M, = 2,000,000 in.-k, SI =

l.S(SIref_)

Response Values Corresponding to Different Earthquake Input
Motions, 40-Story I.S.W., My = 3,000,000 in.-k, SI =
1.5(8Iref.)

Response Values Corresponding to Different Earthquake Input
Motions, 10-, 20-, 30-, and 40-Story I.S.W, My = Elastic,
SI = 1.5(SIref,) ‘

Effect of Duration of Input Motion on Maximum Reéponse
Values, 20-Story I.S.W., SI = 1.5(SIypaf.) '

Maximum Response Values Corresponding to Different
Earthquake Input Motions, 20-Story I.S.W., My = 250,000

Maximum Response Values Corresponding to Different
Barthquake Input Motions, 20-Story I.S.W., My = 500,000
in."k, ST = l-O(SIref.)

Maximum Response Values Corresponding to Different
Earthquake Input Motions, 20-Story I.5.W., My = 750,000
in.-k, SI = 1.0(SI,ef.)

Maximum Response Values Corresponding to Different
Earthguake Input Motions, 20-Story I.S.W., My = 1,000,000

in.-k, SI = 1.0(S1ref.)
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10 - Story lsaigtad Structural Wail

EARTHQUAKE

INPUT MOTIONS

{5t = 15(Sta¢ ), Durction = 10 sac]

My = Vvery Large (Elastic)

20 - 3tory isclated Structurcl Weil

-
£.G- Fundamental Pericd, T, {sec.} | R ! Fundamenta) Period, 7! {sec.) i
inout ' 3 el Y e 2.0 2.4 |
Ne. 0.3 2.2 -4 i Na. . . . .

MAX, TOP DLSZLACEMENT :IN.S MAX. _TOP DISPLACEMENT- (1N.)
1 .5 5.3 15,40 ' 5.6 15.7* 17.2 15.4
4 2.9 3.3 12.5 2 5.5 13.4 2.5 18.2
3 a0 3.2¢ 11,9 3 3.5" 11.5 16.0 14.9
s a4 4.8 1.0 4 5.2 1.9 2337 .5
H 3.3 5.1 11.8 5 6.0 12.5 3.7 0.7
5 4.6v 7.7 1.5 H 1.3 2.0 16.8 W5
MAX. [NTERSTORY OUSPLACEMENT (IN.) MAX, INTERSTORY DISPLACEMENT {IN,
1 0.45 0.2 2.70 i 0.38 1.03* La 113
H .37 9.7 1.68 ‘7 e.37 9.92 1.82% .22
3 .51 109 1.58 13 a.61% 0.82 1.17 12
4 0.56 0.65 1.82 I .35 0.76 1.57 1.76*
3 0.%6 0.84 1.7 sl e 0.91 1.04 L5
P 0.59= 1.03 1.02 [ 6 | om 0.54 1.06 .
T |
]
MAX. 3ASE SHEAR [X[PS) ; | MAX. BASE SHEAR (KIPS
, T e
! 1,766 1,092 1.061 P zam 2.0% .49 1.580%
z 1196 1,026 %27 vz 130 1,750 2,400 1,180
3 1,644 1,372 1,027 [ 2,73 3,857 1,800 1,837
4 1,843 255 308 P4 1,700 1,420 1,240 1,300
5. 2, 2464 1,473 159+ ps 2,910% 2,40 L.580 1,380
H 2,208 1,473 571 j s 2,780 1,923 1,200 1,234
MAX. BASE MOWENT (IN-(PS) | ! MAX, BASE MOMENT (IN.KIPS}
i 1,210,000 704,000 720,000* 1 1 [ 2,764,000 2.582,000* 1,144,000 1,018,000
2 90,060 720,000 513,000 7 12,490,000 1,508,200 2,081,000% 97,000
1 1,301,000 1,051,000 531,000 1 3 14,025,000 1,769,000 1, 407, 000 916,600
4 1447000 541,000 456,000 E 4 12,419,000 1,667,000 1,742,000 1.519,000%
§ 1,450, 000 393,000 569,000 : § 3,023,000 2,192,000 1,387,000 1,218,000
5 1,537 990 937,008 330,000 P 1,191,000 1,225,000 1,028,000 |
L i :
30+« Story isotated Structural Wail 40-Story isnloted Strygtural Wall
£.3. Fundamental Pericd, Ty (ses.) £Q. ! Funozmental Periad, T) (sec.} _vi
Input lagut
“a., 1.4 2.0 2.4 Dhe. | 1.8 za 2.4 o |
WAX. TER OISPLACEMENT [IN.) HAX. TOP OISPLAGEMENT (IN.)} ;
1 15,00 16.9 15.5 1 15.2" 17.7 15.5 7.9
z 13.6 2.8 15.3 2 12.9 2.9 15.4 18.2 k
3 1.7 i5.1 16.7 3 1.2 17.6 FLN:o et
4 3.3 7.2 12.4 4 i3 17.3 2.3 70 |
5 12.5 13.8 21.0 5 12.0 13.4 7.0 0.2 |
5 8.1 18,5 2530 § £.0 12.9 5.1 w9 |
i
-
“AX. INTERSTORY DISPLACEMENT [IN,) MAX. INTEASTORY DISPLACEMENT (IN.)
1 0.71# 0.80 .76 t 0.57 0.62 .57 .8
2 0.62 1.2+ 0.82 2 g.44 ' 82 .3
3 .56 3.76 0.88 3 .3 .52 .86 a.78
+ 0.55 1.16 1.26 4 9.29 .59 .90 135"
5 .52 0.71 1.06 5 6.4 .81 .80 12
6 0.37 0.79 1,24 5 0.27 47 .32 0.92
MAL. BASE IWEAR (KPS} MAX. BASE SHEAR (XIPS)
1 3,006 2122 2,593 1 4,120 3,821 1.288" 2,088
2 2,862 1,589" 1.784 H 1,270 5,058 ¢ 2,304 1,862
3 2.687 2,991 2,126 3 3,464 3,109 3.0 2,27
4 2,0t4 1,268 1,955 ¢ | 2,702 2,720 2.545 2,843
5 3,547 2,478 2.302 LI 4,319" 3.544 1,148 3,91 |
s 2.108 1,747 1,948 [s | 2ss 2.582 2,408 3,088 |
i : |
SAA. IASE MOMENT {iN-(iPS) ) : MAX, BASE MOMENT { {NaKiP$)
2 3,540,000¢ 2,410,000 2,320,000 ;1 |10,380,000° 450,000 1,860,000 2,780,000
2 4,211,900 4,642,000 1.584,000 | 2| 7,511,000 3,308.0007 3,518,000 1,592,000
1 4,000,090 7.873,000 2,048,000 |y | 7.225,000 §.504,000 3,649,300 3,252,000
4 13.750,000 3,928,000 3,350,000* [ e } 6,430,000 §,156,000 3,847 0007 4,730.000"
5 [e.889,000 3,030,000 3,710,000 ‘ 5 ! 2,210,000 5,950,000 4,630,000 4,129,%0
§ |2.509.con 2,563,200 2,743,000 I8 | 4,716,000 4,671,000 4,641,000 4,051,000
{
A=L17

vCritical {maximum) vatue for particulsr T1



Table Al4

Effect of Ouration of Input Motion on Maximum Response Values
and Cumulative Measures of Deformation

20-Story Isolated Structural Walls - SI = 1.5 (SI . )
Maximunr or Cumuiative vallues
Earthquake fngut ;::g:::ﬁ?;; L:::}? M iU-gec. Dgg,:::::mdi;g-::é.'Duratian R;;;u
. sac. (1n-kips} (Ryg) (Rog) Ko
Yop Oisplacement [fn.}
£1 Centro, E-¥ 2.8 500,006 8.3 - -
Holiday Orion, E-¥ 1.4 500,000 11.0 12.¢ 1.09
£l Centro, E-W 2,0 50Q,000 20.5 29.3 1.43
£1 Centrn, E-4 2.4 569,000 8.1 29.4 1.17
Pagoima Qam, S1EE 0.3 1,900,000 3.8 11.1 1.28
Pacoima Jam, SI1&E 1.4 1,000,000 13.5 156.0 1.18
Heliday Qrion, E-W 2.0 1,000,000 18.6 18.6 1.00
E1 Centro, E-¥ 2.4 1,000,000 22.4 26.2 1.17
El Cantro, N-S 0.3 1,500,000 5.7 5.7 1.17
Pacoima Oam, SISE 1.4 1,500,000 18.3 18.7 1.22
Holiday Grion, E-W 2.0 1,500,000 20.1 20.7 1.03
£l Cantra, E-W 2.4 1,500,000 4.5 2%5.4 1.04
Interstory Displacement {in.)
€1 Centro, E-d 0.8 500,000 Q.47 - -
Holiday Orion, E.¥ 1.4 500, 000 Q.68 Q.79 1.20
E1 Centro, E-¥ 2.0 500,000 1.23 1,73 1.4
EY Certra, E-W 2.4 500,000 1.58 .77 1.13
Pacoima Dam, S16E 0.8 1,000,000 0.48 0.583 1.31
Pacoima Oam, S1&E 1.4 1,000,000 0.82 0.97 1.18
Haliday Qrion, £-W 2.0 1,000,000 1.27 1.27 1.00
E} Centra, - 2.4 1,000,000 1.50 1.72 1.15
£1 Cantra, M-S 0.8 1,200,000 0.34 Q.39 1.17
Pacgima Dam, S1§E 1.4 1,500,000 9.98 1.14 1.19
- Holiday Qrionm, E-W 2.0 1,500,070 1.57 1.87 1.00
E1 Centrn, E-¥ 2.4 1,500,000 1.78 1.88 1.05
Hordzgnta! Shear at Jasa (kigs')
E1 Centra, E-¥ 2.8 500,000 1,240 - -
Holiday COrien, E-¥ 1.4 500,000 1,148 1,148 1.00¢
€1 Centro, E-W 2.9 560,000 1,044 1,044 1.00K
£1 Centra, E-¥ 2.4 500,000 1,082 1,227 1.17
Pacoima Dam, SIGE 0.8 1,000,000 1,518 1,521 1.09
Pacoima Dam, 316E 1.4 1,000,000 1,148 1,183 1.03
Holiday Qrion, E.W 2.0 1,000,000 1,547 1.547 1.0
E1 Cantre, E-¥ 2.4 1,000,200 1,232 1,542 1.2
E1 Cantro, M-S 0.8 1,509,000 - 1,794 -
Pacofma Dam, SI1SE 1.4 1,500,000 1,513 1,183 1.
Holiday Qrien, E-W 2.0 1,500,400 z,114 2,114 i.
€1 Centro, E-¥ 2.4 1,500,000 1,287 1,448 1.13
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Table Al4 {contd)

Effect of Juraticn of Input Motion on Maximum Response Values
and Cumuylative Maasures of Defgormation

20-Story lsolated Structural Walls - SI = 1.5 (Slref )
Aaximum or Cumulative Yalues

Earthquake lnput ;::?:n:ﬂgil L:::;? M -sac, Dﬁi::ﬁiondiggégé. Uyratgion a;;::

sec.  (in-kips) {Ryq) (Rag! )
Serding Moment at 3ase {in.xips}
EY Centro, £-W 0.8 500,000 . 813,000 - -
Holiday Orion, £-¥ 1.4 200,000 654,000 704 000 1.07
E1 Cantro, E 2.0 500, 000 661,000 725,000 1.10
£7 Cantre, £-4 2.4 500,000 638,000 648,000 1.00
Pacaima Qam, S16E 4.8 1,006,008 . 1,375,000 1,486,000 1.08
Pacaima Jam, SIGE 1.4 1,000,000 1,231,000 1,240,000 1.01
Holiday Qrien, E-W 2.9 1,000,000 1,147,000 1,147,000 1.00
€1 Cantro, E-W 2.4 1,000,000 ‘ 1.106,000 1,143,000 1.03
€1 Centro, H-3 0.2 1,500,000 1,780,000 1,850,000 1.04
Paeoima Dam, 5158 1.4 1,500,000 1,772,000 1,797,000 1.01
Haliday Orion, E-W 2.0 1,500,000 ° 1,547,000 1,651,000 1.3
EY Centro, E-¥ 2.4 1,500,000 1,319,000 1,522,000 1.00

Rotational Ouctility Ratio at Jass, M+
{Based on Eguation 1)

E1 Cantro, E-d a.3 500,000 13.60 - -

Heliday Orifon, E-M 1.4 500,000 ’ 6.07 7.82 1.29
E1 Centra, E-W 2.0 500,000 §.1a 8.62 1.39
E1 Centro, E-W 2.4 300,000 5.6% 5.89 1.00
Pacoima Oam, SISE 0.8 1,000,000 7.2% 2.39 1.23
Pacaima Dam, S16E 1.4 1,001,000 3.56 4,52 i.01
Holiday Orion, &% 2.0 1,204,000 2,88 2.88 1.00
E1 Cantra, E.W 2.4 1,000,000 2,07 2,77 1.34
£1 Centra, M-S 0.4 1,500,000 3.8Q 4.49 1.28
Pacotna Dam, S16E L.4 1,500,000 .50 1.82 1.09
Haliday Orion, £ 2.0 1,560,000 1.20 2.99 1.10
£7 Cantro, E-¥ 2.4 1,500,000 Q.96 Q.97 1.01

Rotational Ductility Ratio at Bass, Mr
(Based on Nodal Rotation at lst Flaer Lavel)

EY Centra, E-¥ 0.8 500,000 9.8 - -

Holiday Orian, E-N 1.4 500,000 §.7 3.4 .27
El- Centra, E-¥ 2.0 400, 000 8.4 .0 1.4
£1 Centro, E-d 2.4 £00, 500 -5, 5.1 ‘1.00
Pacoima Dam, S1€E 3.8 1,000,000 6.3 3.8 1.29
Pacoima Dam, S16E 1.4 1,000,00C 4.3 3.6 1.02
Heliday Orion, £€-W 2.9 1,000,000 2.7 2.7 1.00
£1 Centrg, E-W 2.4 1,000,000 2.1 2.8 L33
E1 Centro, M-S 0.8 1,500, 00G 3.7 4.5 1.22
Pacaiaa Oam, S15E 1.4 1,500,000 3.4 ) 3.7 1,10
Holiday Orion, E-¥ 2.0 1,500,000 1.8 X 1.10
E1 Cantro, E-W 2.4 1,500,500 elastic alastiz -
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Tebie Ai4 (contd)
Effect of Duration of Imput Motion on Maximum Response Values
and Cumulative Measures of Beformation

20-Story Isolated Structural Walls - SI = 1.5 (Slref )

Maximum or Cumuiative Yalues

. Fundamental Tield Cerrasponding to: Ratle
Earthquake Topuc Periad, T, Level, M 10-sec. Uuration 20-5&c. Ouraticn 320
sec, (in-kfps{ {Ryg) {Roq} ﬁ;;

Rotatfonal Ouctility Ratio {at Bassl, He
{Based on Nodai Rotation at 2nd Floor Lavel)

E1 Centro, E-W 9.3 509,000 3.8 - -
Haliday Orion, €44 1.4 500, 000 5.1 8.6 1.08
E1 Centro, E-v 2.0 500, 600 5.4 7.8 1.43
€1 Centro, E-W 2.4 500,000 4.5 4,7 1.03
%acoima Oam, S18E 0.3 1,0¢0,000 §.3 8.1 1.30
Pacnima Dam, S16E 1.4 1,000,000 1.5 3.9 .11
Holiday dricn, E-¥ 2.0 1,000,000 2.1 2.1 £.00
£} Centro, E-4 2.4 1,0€3,000 1.7 2.1 1.25
€1 Centro, N-$ 9.8 1,500,000 3.0 S 1.25
Pacoima Oam, SIAE 1.4 1,500,000 2.5 3.2 1.24
Haliday Orign, E-W 2.9 1,300,000 1.4 1.8 1.09
£} Centrg, E-W 2.4 1,500,000 elastic slastie -

Cyelie Rotational Ductility Ratfg (at Basa), M
{Based on Nodai Rotation at 2nd Floor Lavel)

ET Centro, £-M 0.8 500,000 12.5 - -
Holidcy Orionm, E-W 1.4 560, 000 3.3 9.4 1.0%
£]1 Centre, E-¥W 2.0 500,000 g.4 8.7 1.37
g1 Centro, E-W 2.4 500,068 8.7 8.1 1.07
Pacoima Dam, SI6E c.8 1,000,000 8.3 10.7 1.20
Pacoims Oam, SI6E 1.4 1,000,000 4.4 a.5 1.04
Holiday Orion, £-W 2.8 1,000,000 2.5 2.5 1.00
E1 Cantre, E-W 2.4 1,000,000 1.7 z.1 1.28
£1 Cantro, M-S 0.3 1,500,600 4.1 4.5 1.09
Pacoima Oam, S186E 1.4 1,500,000 2.8 2.9 1.13
Holiday Orion, E-W 2.0 1,500,000 1.4 1.5 1.03

€1 Centro, £-4W 2.4 1,500,000 alastic alagtic -

Cumulative Cyclic Rotational Ductility Ratio [at Base), Ik
{Based on Hodal Rotation at 2nd Floor Level)

EY Cantre, E-W 0.8 509,000 8.0 - -
Holdday Oricn, E-¥ 1.4 500,000 57.7 144.5 2.51
£1 Centro, £-4 2.0 500,000 0.2 9.1 2.29
€1 Centra, £-4 2.4 500,000 6.0 $5.9 2,15
Pacoima Qam, SI1GE 2.8 1,800,0C0 46.0 95.3 2.07
Pacoima Oam, S16E 1.4 1,000,900 25.8 52.9 2.08
Holiday Orion, E-¥ 2.0 1,000,000 13.8 40.3 2.04
E1 Centro, E-4 2.4 1,000,000 12.1 27.6 2.28
£1 Centro, N-5 0.8 1,500,000 35.9 72.9 2.03
Pacaima Dam, SI6E 1.4 1,500,000 17.6 36.3 2.06
Holiday Grion, E-W 2.0 1,500,000 14,3 27.1 1.90
£l Cantro, E-W 2.4 1,500,000 elastic elastic -
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Table Al4 (contd)

Effect of Duration of Input Motion on Maximum Response Yalues
and Cumulative Measures of Deformation

20-Story Isolated Structural Walls - SI = 1.5 (SIref.)
Maximym or Cumulative Vaiues

Earthquake [nput ;::ﬁmng_:l L:l:%f N 10-52c. Dﬁgngzgmdigg-ggfn Juration RS;;O

_ sec. {inaktps] Ryg) Rap) Ly
Cylic Rotational Ductility Ratfs (at Jase}, Hm
{Based on Nodal Rotation at lst Floor Laval) )
£1 Centro, £-4 9.8 300,000 13.5 - -
Holiday Orfon, E£.¥ 1.4 500,000 1.9 1.3 1.03
£1 Cantro, E-W 2.0 500, Q00 7.8 11.9 1.39
€1 Centro, £-W 2.4 500, 000 §.9 7.4 1.08
Pacoima Bam, S16E 0.8 1,000,000 10,2 12.2 1.19
Pacoima Oam, SIGE 1.4 1,000,000 5.9 5.9 1.00
Haliday Orton, £.4 2.0 1,000,000 3.7 3.7 1.00
E1 Centro, E-¥ 2.4 1,000,000 2.1 2.8 1,39
E1 Centra, -5 Q0.8 1,560,000 5.5 6.0 1.06
Pacaima Dam, SI6E 1.4 1,500,000 3.4 1.5 1.01
Holiday Orion, E-¥ 2.0 1,500,000 1.8 1.8 .01
£1 Centra, E-¥ 2.4 1,500,000 elastic alastie -
Cumylative Cyelic Rotational Dueitility Ratio {at Sasa) , Tl
(Based on Hadal Rotation at lst Floor Laval) -
£l Centro, E-¥ 0.3 500,000 2.5 - -
Holiday Orion, Z-W 1.4 500,000 ' 79.5 178.3 2.53
El Centra, E-W 2.0 500,000 338.0 8.7 2.28
E7 Cantro, E-¥ 2.4 500,000 31.3 §8.0 2.17
Pacoima Dam, S16E 0.8 1,000,000 5.3 110.4 2.07
Pacoima Oam, S1SE 1.4 1,000,000 33.8 67.7 2.00
Haliday Oricm, E-W 2.0 1,000,000 22.3 $0.8 2.13
€1 Centro, E-¥ 2.4 1,006,000 14.9 4.8 2.34
€1 Cantru, ¥-5 3.3 1,309,000 45.6 92.0 2.m
Pacnima Oam, S515E 1.4 1,500,000 2.2 4.5 2.01
Holiday Qrion, E-W - 2.9 1,500,000 18.2 1.3 1.4
€1 Centre, E-¥W 2.4 1,500,000 Qlastie elastic -
Cumulative Rotational Energy (at 3ase) . Zar
{Based an iodal Rotatfon at lst Floar Level)
E1 Gentro, E-W 0.8 500,000 58.1 ’ - -
Holiday Orion, S-W 1.4 500,000 37.9 91.2 2.41
g1 Cantro, Z-¥ 2.0 £00,000 17.8 38.5 2.19
£1 Cantro, E-¥ 2.4 500,000 12.3 .7 RS-
Pacoima Dam, S14E 0.2 1,000,000 49.7 95.0 1.9
Pacoima Oam, S1SE 1.4 1,000,000 28,2 47.8 : 1.82
Holiday Orion, E-¥ 2.0 1,000,000 17,0 3.4 1.28
£1 Centro, E-¥ 2.4 1,000,000 10.3 23.4 2.26
£ Cantro, 4-S 8.3 1,500,000 8.2 72.5 1.89
Pacgima Oam, S16E 1.4 1,500,000 15.5 28.2 1.82
Holiday Qrion, E-W 2.0 1,500,000 ' 1c.0 16.4 1.64
£1 Centro, E.W 2.4 1,500,0" elastic alastic -
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Table Al4 (contd)

Effect of Duration of Input Motion on Maximum Regponse Values
and Cumulative Measures of DBeformaticn

20-Story Isolated Structural Walls - SI = 1.5'(Siref_J

Maximym or Cumulative Yaiues

Fundamental Yield Corrasoonding to: Ratie
Earthquake Input Periad, T,  Level, M TOwGes Uuration  i0-sec: UGFRETER Ry
sec.. (iu-kfps{ (Rlo) (RZG) HI;

Cumylative Rotatisnal Energy (at Base}, Tav
(Based on Nodal Rotation at Znd Floor Level)

£1 Cantro, £-W 3.8 500,000 103.3 - -

Holiday Grion, S-¥ 1.4 503,000 §0.8 72.3 2.39
El Centre, E-W 2.0 500,000 27.2 30.1 2.22
el Centra, E-W 2.4 500, oce 21.2 20.4 1.92
facoima Dam, S518E 2.8 1,000,000 42.4 82.4 1.94
Pacoima Dam, S1BE 1.4 1,000,000 2.3 - 35.5 1.89
Haliday Orion, E-W 2.9 1,060,358 13.1 23.0 .77
£1 Centro, E-W 2.4 1,406C, 000 7.8 17.0 2.20
€1 Centro, X-3 9.8 1,500,000 27.5 53.5 1.34
Pacoima Dam, S13E 1.4 1,500,000 11.2 2.5 1.93
Holiday Orion, £-W 2.3 1,500,060 8.4 13.2- 1.8
£1 Centro, E-¥ 2.4 1,500,500 alagtic elastic -
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Tabie A20

RESPONSE VALUES CORRESPCNDING TO DIFFERENT

EARTHQUAKE INPUT MOTIONS
(51 = 10(Skef )y Duration = 0 sec]

20-Slory Isolated Structural Walis
My = Very Large (Elastic)

£.9. Fundamental Periad Tl (sae). i!
Input No.
: 0.3 1.4 2.0 2.4 !
Top_Oisplacamant (in.) i
1 - 1,05+ - 10.2
2 - - 12.4* -
3 5.9 - - -
4 - - - 16,3
5 4.0 3.3, .- -
5 - - - -
Intarstory Oispfacement (in.}
1 - 0.69* - 0.7%
2 - - 1.08* -
ki 0.33* - - -
4 - - - 117+
5 - 0.50 - -
§ - - - - )
" Horfzontal Shear at 3ase [k} |
1 - 1,339 - 1,1z0%
2 - - 1,595+ -
3 1,338 - - - -
4 L - . 865
s 1,923 1,514% - -
5 - - - -
Sending Moment at Base [in-k)
1 1,559,000* - 479,000
2 2,6732,000% - 1,394,000*% .
3 < - - -
4 - - - - 1,013,000*
H 2,082,000 1,486,000 - -
§ - - - -

*Critical (maximum) value for particutar 2
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Tabie A26

RESPONSE VALUES CCRRESPONDING
CARTHQUAKE [NPUT MOTIONS
(S1=0.75(Sles ), Duration = 10 sec]

20-Story isolated Structurgd Walls
My = Very Large (Elastic)

TO DIFFERENT

£.4Q. Fundamental Periad, T1 (sec.)
Input No.
0.3 1.4 2.0 2.4
Top Oispiacement (in.)
1 - - - 7.7
2 - - 10.8 -
k] 4.4» 5.8 . 7.5
4 - - 11.6* 12.3*
5 3.02 6,23* - -
6 - - - .
i Interstory Displacement {in).
1 - - - 0.98
l 2 - - 0.81 « -
H 3 Q.29 Q.41 - 0.60*
4 - - 0.78 -
§ 0.21 0.45 - -
6 - - - -
; Horizontal Shear at dase (i}
1 - 1,041 - 840~
2 - - 1,196* -
3 1,379 340 - 718
4 - - aL7 4dq
5 1,442* 1,210* - -
5 - - - -
Bending Moment at Jase (in-k}
1 - 1,291,000 - 509,000
2 - - 1,045,000 -
3 2,005, 000~ 933,000 - 358,000
4 - - 391,000 761, 000~
5 1,561,000 1,099,000 - -
6 - . - -

*critical (maximm) valye for particular T,




(ww)

0

ol

1004

o¢

1017

09

072

X~ Ut 000‘0ST =
suotjon Indul JulIL8IJTJ I0J sanTep Isuodssay wnwWTXeR

X

(q)

W - STTeM [eaInloniis pa3iriosi Ax03S-01

(09s) 'L'ao1y3ad IVLNIWYANNS

c G2 02 - g Ol 11 ¢) 0
I T T T T e 0
. A, | 1 e

¥-U1 000 0GI="N =g
R Y
= 80
= 2l
= 91
— : 02
29t 0f « vopong "(17IS) G115 Bsuam
0L~ UM werseesrermasarase
391§ ‘woQ ewIoatd 16} e co e
. M= 0010 ROPIOH  126] e e .
3695 HOL 2CE) e ve
Rl A LI LI | e —
$al1o1s Of BN ‘0IID 13 OLE! e e e
M-3 ‘onva) 13 Ovel
S0 T T T O S O g2

EERNNEENENA NN

(U} “LNIWISVIESIA AHOLSHILNI XYW

v ~bra

(®)

(29s) ' 'gOIY3d WANIWVANNS

oe G2 (¢ Gl (0] ¢0o 0
TVT T T TV I T ir T I iTyv v vrTT
¥-U1 000061 = W I St
001} .
7
008 v I
l.\
00t N
oot =
006 =
398 O » vOiing ‘(M) ol e 1S Apsurrg
QL=DEN  wrrsermemenrer
—— 3918 "WOQ OWi020d 146l rres e
3 M+ 30010 ROpIOH  1LB1 s e
3 3625 10 2S6) +mm e
sap10i§ 0| s
M-3 "02u1) |3 OYE) e
te et b e vee b v ettt

cl

ol

074

e

82

NIJIVTIdSI JOL "XVW

(ug) "INZ

A-35



(W-N)

- ut 000'0ST = A

(p)

(098) 'L ‘gOIM3d TVLN3WVANNS

0% Gé 07¢ Sl o1 GO 0
Trrryrivrvyyreed TTri T 17 BB
> —ble 3
- Y-W000'06I ='W |oma| Y1t
O, O,
@/J\\H'.H.A(u'é g
0231 F  Sitmon
| . ﬁ“lllll’d’c"&
8 01 = vopiomg "(715) ¢ 15 Firsuam
[:7 e | {1 JEESSOSRRPR Y -
J018 ‘WO vWI030d  [LGl v e
M-3 ‘vouQ Aoroft 1461 mmeees ——
3695 1L TCE) e memm o
- U2y oMy} 18 e o
s3uoIS Of SN '011Y9) 13 O%6) —meee e
M-3 0nve) 13 06! e
EEEARE RN NN E NN N

0

oov

008

0021

0091

0002

oove

0082

(sdiv) ‘3SVE 1y 32M0d4 YV3IHS "XVN

W — STIeM Teinionals poajefosy Aa10as-01
SUOTIOW 3Indurl Jusas83IITU I0J SanTeA 9suodsay wnuwiXeR

()

(999) 'L ‘GOINId IWANIWVANN I

(*p,3u00) TV "DOT4

ol

oc ¢z 02 ¢S Ol G 0
‘Ijjidﬂ_‘d~_—~.!_— LI I L rri
o,
w-ur 0o0'ost = |
%

i/ s
/l

4%

sa|10iS Ol

| I TR T I O |

998 Of « vOUUOMQ {171G) g1 « 1S “Ansurgy
9L~IBN e
9915 'WOQ PUILIDG 1Bl emmem v o
M-3°00U0 AODIOR LET  emmrms v
3695 Yot 2C6) ~—mmemene=
{22y 10Ny}

BN "eNU1} 13 056! e m e

M-3 0D 13 OF6l e
I T O I O O O O O

18 oo e

A

il

91

81

02

2

te

ISYg Ly PiRthy /X0U

A-36



X-"UT 000°0ST = %W - sTrem Teanjonazs pejerosy Ax038-0T

suotfjon Indul JuUBIDFITA I0J sonyep osuodsoy wnwixeW (°p,3uod) 1y ~brd

(1) (@)

(93s) 'L '001¥3d IVLNIWVANNA (098) U QOM3d TWANINVANNS
G2 02 Gl ol 15s) 0 (639 G2 072 jof ol ¢o 0
I A rrrr T O
1931 10013 o} 1O 3% Of . votong (1215101 = 1S "Ansuny
iy 908 5 5350 a o B o
0f % e R a— 2
mm S-N0NU) I ObE! e ee >e
=3 0NV 13 OPEl mmemenn
»
09 2= b M
) ™ o
| 0 ¥-u 0o0'ogl =AW | =
06 o A 9 2
- =
5 ﬁﬂA/ﬂ >
1-u 000'06! =W \ S sap015 O / A\ o
 loa B AN NN 8 5
o W \A\ .
931 1 » vonoing "(PPIS)1GY « I8 ‘Kpruany c / A\ C
Jois ....an .”a_au“.ﬂ ..MM [ / m \ HA._
~3 *vorg Aeptt S
e 3695 1L 266) ~— .| oSl & AN Of T
L e B ’ 3 s LK .Iaﬂ
SN TONUI) 13 OBEY e e = \
P a— s \
v \ \
, o8l ® \ 2l
0 .
. §Er9 10014 o1 10
sapois Ol voNDIOY 1OPOpS U0 posng %
O I O T O O OO O X T - L1 _.7_ L)

A=-37



(ww)

0¢
T T T T T T T T

ol

0¢

o¢

ot

oS

09

0.

-TuTr 000°00S =

K

(D

09s) 'L '00143d TVLNIWVANNA

Ge 0¢

gl o1

G0

¥-u 000005 =AW

I

$3101S Ol

L1 4

I T 0 T |

92 -o0n

J9I§ "woq pwiodod 116!
M-3 'vou) Avprioy 1264
3695 uos 266H

ooy Jopry) 1S
~§-N 0wy 13 Ovsl
i M-3 'enw3 13 ov6l

t
- D9 0f o voprng (175151 e 18 Kirvar

0% I T O O OO O S B

el

9

02

ve

ge

(W) INIWISVIESIA AHOLSHILNI “XVA

W - sSTTeM [eanionxlg po3refosy Axois-071
mcoﬂuoz andur 3ULI933ITQ I0J sonTen asuodsay wNWIXeR

zv b1da

(e)

(299) 'L 'goiy3d WLNIWVANNS

o¢ ¢z 02 Gl 10} co 0
Frr1rryrrrryrert FYi T EvYrad 1T
¥-ul 000'00S = An P S
00! |- il
/
a__ S 7
002 T 4\\ M‘h
-
4
3 \\-\
/
_ 16,0/ o@l \
3 s
3 é
0o0obv
00S =
924 0f « vooing ‘(Miggi s 18 Ausuery
GL- 0N cersccsnscmirens -
PRERVEA o
= -3 'vonug 1 ——
009 I 369% WOL ZEBl vmemememomer
sap015 O} S ooy 11 OO e
-3 "onu) 13 Orel .
OO0 i1 11ty NN NS SR NN NN NN

al

9l

0e

144

(M) ‘INZWNIOVIESIT JOL XYW

A-38



(W-NW)

o¢

A-"UuT 000°00S =

suot3oW Induyl 3ua2I933ITA I0F sanjen asuodsay wnwTIXen

(p)

{99s) '1.'QOI¥3d TVLNINVANNA
02 Gl 0

g S0 0

-~ 1-U 000'006 =

L

rrrrryyrryyrryiarTd reyyvrrrig

Any

B 21 O » vopwng (1>'15) €1+ 15 Kuisuai

[T T, vn——" -
39)S "WIDY OUNOINY 1G]  mem s v e
M3 0010 KOPHOY  JLB = mee ¢ moeomerms

3698 L 266] — e
B {2y 112sy)
Sauois Of §-N 04U T Ob6l e
M-3 0N 13 Ob6l e

e i

BRI NN RN NN

0

01017

-] 008

—1 002!

0091

0002

oove

0082

(sdpt) *3SVE Lv 30404 WY3IHS ‘XYW

AW - syreMm Teanaonizg poleTosT A103S5-0T

(*p,3u00) oy b4
(2)
{935) 'L ‘00I¥3d TIVANIWVANN S
o¢ G2 02 Gl o'l G0 0
TvViVvyyyiryy TVl TiEd | L LR ] v
44,6...
-|
3

9L-36N

Jorg ‘woQ vwored 16t
M- 3 'vong foprion 1261
369S yoL 2cH

{29V (o) 1

29t Of = voraung ‘(1M1g) g1 v 15 Kipsuny

S~N o 13 016 cmmmeceme | @ \
M-3 "o31va) 13 OvEl O//
\
QQ/ N ‘
Qe ,.J
Av./l/
/I.l

sauoig oOf

W R IO O |

U

A

- 000006 = "W

NEBEEEREN NN

20

14"

3Svg Ly Pidty /X0Uy

2l

Vi

91

A-39



o¢

-"uT 000°00S =
SUOT30W Indul QUaILIITd I0F sonyen 9suodsay WNWIXPK

(3)

X

(035) 'L'00Iy3d TVANINYANNS

Gge 6 2°A Gl Ol 110) 0
0 T 0 0 0 S e A
ol
1289 10013 g 10 nr
uoiDIoY IDPON VO Fasod
- 02
o
1%
%-u1 000'00G = fm
ot
3¢ O « wonomg (115161 » 18 Aprvagy
J91S ‘WOQ DWOIDY L6l et e
M-~ 3 ‘voug Aopnod 1464
3605 Yoy 206! 0%
[V PNAY) 45 e e
R K L e —
M-3 009D 13 V6l e
; 09
saols Ol
| I i1t v by g oL

Uy ZALITILONG TVYNOILYLOY 3AILYINWND

o€

W - STTEM TeIn3ioniyg pajeyosy A1035-07

(*P,3uU0D) 7y “brTa

)

(035) 'L gON3d WLINIWVANNI

Ge 02e

Gl

ol

G0 0

20977 Jo01g o 10
UOHOIOY [DPON YO paseq

S BN L

%-ul 000'00g =

4]

99¢ 01 « vonesng (1715151 « 15 Asvany

3915 ‘wogQ vwiodog 1261
-3 "vorg Ropnon 1261
3695 1oL 2561

o9y omry) 1S
§-N"021vD 13 ObEI
M- 3700vI) 13 OvEl

e 4 ety

m—- ot

SapoIs Ol

=]

o

%4

NOLVLCL

3

drf ALTNLING

A-490



{ww)

Ol

0c

10)9

ob

oS

09

02

3-°UuT 000°000°'T =

A

W - STTeM T1eanjonilig pojetosi Ax031s5-07

SuotT30W 3Indujy JuUsI9JJTg 103 Sonfep osuodssy wnwixeW ¢y “BTA

(D)

(02s) *1°'Q0I¥3d IVLNIWVANNS
o¢ G2 02

Gl ol SO

Py riyvvyivireyad
1-u 000000 = fw

LI __._.AF«_-_

g

) .ra

JL;,Q

U

94~ 28N
391§ "woQ owio304 1161

sapois Of

0 N TN O O O O |

M- 3 vopQ Aopioy  §IEl e——mes e
F6IS WPL 266! cmvmemmomn
(Y (O3PLY) 18— e
$-N 013D 13 OY6) e et e
M~3 "0HVID 1Y OF6] oo
| S O O N O T O O U O O O O |

14y

80

Al

9

0¢

ve

82

(u1) LNIWIOV IS AHOLSHILNE "XVI

(

e)

~ (998) 'L 'qOI¥3d IVANIWVANNA

(04 G2 oe

)

ol S0

IR REEEEEERRER LR
y _K
¥-w 000'000% = "W
Oo_f.
002 -
_00€
3
ER
oot
006 =
31 O » vonitung (1Mc1 01w IS Aipruapy
9L~ 00N wrssesemmaenenics
J91s 'wog e”...ouaz 1G] ——eorm—
M- 3'U0U0 AOPII L6] ey e
OO@ 3698 YOR 206! wenmemem
(VY 1odhiry) 1§ e e
s31101S Ol €N 0HYIY I3 OF6! v moe e e
M-3 ‘01D £} 06l e
OOl vl v by pi it

2l

9l

0¢

124

82

{(u) ' INSWIOVILSIO JOL XV

A-41



(W-NW)

X-"uT 000°000°'T =

P}

L

(99s) L 'goIyad TVANIWVONNS

162 Ge 0?2 gl ol <0 0
OV I T ITITT IV I ryyvryrTYyrnyroTryd
- 1-u1 000000 = fW | orne| 01787
O e, e 2P
T -rw
) D,
0Zx 37— :L
m | O
a ey -
] 9
] 3
8% v
Sl- TN ) /%u/ a
]
~ N
Qallu..ll*
? ]
‘
pA a/a e
61 Jon.
23t gt » woring ‘(151510 18 Airuapy
[- 7R 0. T} J— eveeor
3018 WO DWIOIDG  1LB] vt ¢ 1 ot
M~ 3 '0U0 ADPHOH  JIBI  memem s eoemamn
" 3595 WOL TCE! amvmmemene
— (Y (1OINIY) IS e e
SN 'OND |3 OVEH e vm e salo1s Ol
M-3 022D 13 Ob6l emmrmcame
N O O 1 T O T TN T I U N O OO 0 O |

o

oob

008

00¢lI

0091

0002

oot2

0082

o¢

W - STTeM [ein3onxls pele(osy AI103S5-01
SUOTIOW 3ndul UL8I83IJTA I0J sonfep asuodssyy wWNWEXeR

(*p,3uo0) ¢y -"b14
(0
(995) 'L ‘GOI3d “IVLNIWVANNA
G2 02 gl ol g0 0
rryrryrryrvryrriTyyd T

%- U1 000'000' = "W

TETT %] T

o .
%
\
)
u@//
%)

I

,’Sﬁl‘lf ‘38VE 1V 30404 HVIHS "XVW

sapo1s Ol

HEEEERN NN

398 ) » vopoung (115181 « 18 Aatuery

OL=IBN  meveseresscorerene

391s "wog owrodeq 116!
M- 3 ‘vorrg Ropiopt 1461

3698 o) 256!
257 Jorniiey)
S~N ‘onua) 13 06l
M-3'01)v3) 13 OF6)

BRI R NE N NN

1§ »eom o

<0

Sva Ly PRy /XUy

-
-
-

21

v

9l

A-42



ol G0 0

T ﬂ)qﬁ._ BLREER

¥-"UuT 000°000°T =
(3)
(995) " QOM3IJ IVLNINVONNS
o€ g7 02 Sl
— 1t
PAaY J00)4 m.m. [T

tUO)DIOY IOPON YO peseg

e

{
. o K
¥-u 000°0001 ="W
wo_ho_m Ol i
\
208 O « YIINg ..-a...ﬁﬂ « 15 "Marsoap i
1S “upg tmodnd L6 s
=3 T0ug TRl 1161 et e .
3696 ‘1O 2CEY ~memmm e A
(27 1009y) 1S e e
G- M ONUID 1T OBl e oo o e
M= 3704933 13 0BGl e
U O TP N0 O O |

1214

ALLYTNAND

-
-
=

AU ALNILONG

Ay - STTeM Teanioniysg paje1osy A1031s-0T
suoTjoW Indul JuU2I93ITA I0J sonjep 9suodsoy wnwTXen

(23%)

(04 Ge 02

("P,3u02) ¢y

()

gl ol

~bra

'L goi3d IVANIWNVANNS

1419

0

1379 10014 gl 10
vonbloy PPUN YO pIsog

LI

LI

@

%-ui 000'000' = A

W

=4

| ——

391§ "woQ owredod 1161
M- 3 vorxg Kopnony 1261
3698 ‘1)L 2861

§ov oy} 1S
§-N 01130 13 OV6I

M- 30N 13 Ob6!

23t 01 » votoang "1 1PNSICT « 15 ANTuany

O 3.0 st

it ¢ e

drf "ALNILONG TTYNQILVLOY

—— -

s3pois Ol

o

vi

A-43



(ww)

9se) OT3ISeTHd - STTEM [eanionijs poalejosT A1031S-0T

suotTjoW Indul JuUSI8IITd IOF S9N eH dsuodssy WNWIXEW  py

(q)

(29s) 'L ‘00143d TVLNINVANNA

o¢ Geg 0é gl Ol GO 0
OfTTTTITT T T TT T T iVvTITT .~,_%_~._ 0
LSV e
ot~ b0
02 - 80
0% |- 21
N £
1014 %\? ol
908 0 « vOOINg (1V)5) 61 « IS “Airrvarg
‘w0 as._auwnnum: .-.lu.l.....lta.-.
09= wsu._w .S_n._c »e.s..e.“ ..MM S, 2
3698 1ol Z266] r—— e
sauois Ol st onwws 13 026 oo
M-3 021923 13 Ob6l
ONULL______ Lo byt e dnitlg?

(W) LNIWN3OVdSIQ AHOLSHILNI XVAN

oe

ool

002

00t

(Unw)

00b

00§

009

002

()

de..r-u..

(09s) Y 'Qoiy3d VLNINVANNS

G 0¢ Gl ol

1)

TTT oo
olLsvia

LR B ERRR

sai04s O}

298 01 « votiong "(145) 61 » 1§ Knsuapgy

9L-98n

3915 "wog owioded 1161
-3 "vong fopnoy 1261
3695 1oL 208!

[y sy} {8
S~N oV 13 Ol

. M-3 onve) 13 0bs)

IS T8 A O O A O I O O O Ot O

SEEREENEN

¢l

el

974

e

82

{u). " INZN3IVdSIa 40L XYW

A-44



(NW)

o¢g

9Se) OTISETH ~ STTEM [eanionrls posje(osy Axo3s-Qf
suoT3onW 3Indul jusxejyrg I03J Sanren dsuodsoy unwixew (p,3Uo0d) py " DTA

(v)

(99%) ' '00IY3d IVLNIWVANNS
G2 02 Gl ol

G0

0

TVTTTTTTET T

UL

L

TTTd

~ olsv13 ER— A

TTTd

3

oL~ oun
3915 “wog owioIvg VL6l

298 OF « voyoing ‘(IVjg) g1 » §5 Fusurp //
\
M- 3 vong fopyon 126)

a 369$ HoL 2CEI
{2y joptry) 1S
© SN ‘onvI) 13 OV
M-3 "onv)y 13 Ovel

.
$3u0IS Ol

[EEENEE NN AR

L

0

1019] 4

008

—1 0021

0091

0002

oore

0082

(sdy) ‘3SVE Lv 30404 HV3IHS ‘XYW

(2)

(09s) 'L '00IM3d WVINIWVANNS

0¢ G?e 0¢ 18] o1 G0 0
OSIITT T IT TV I TV T i m.WF._: TV
\
OISV T3 o
Q,M N
00l - /IIL
— oS-
Z
z
'
3
002
(01874
998 01 - vorong (Pis)er - 1S fnevapy
008 - 3915 ‘'weg aesum“,wwh ..IM....HI.H.
M-3"vorD AOPIOH 161 seeeme
3695 104 2O —— e
UV 10OPIY) S e e
$31101S Of SN "ONUD |3 OFE) e o e
0Ge -3 019D 13 OPEl e
O I N O O O O N O O O O OO I R

14V

80

Al

97

0¢

e

e

(GO % ¥-ul) 3SVE LV LNIWOW SNIGNIE XVA

A-45



{wnu}

N-*UT 000°0SL = W - STTeM Teinjoniys pa3lefosI A1035-07
suotjon 3ndur jusasjjTd I0J sanfep ssuodseoy wnwrxew gy ‘HTd

(00s) 'L'qoIyad TVANINVONNS (295) 'L '00IN3d TVLNIWVANN
ot G¢ 0¢ G 0ol G0 0o o¢ Ge 0¢ Gl ol S0 0
T T T T T T 0 0 T 7 Ty TT Ty e Tl
O
1-u 000'0GL =W 1 suooo'osLfn | 0
Ol - ™~ b0 = fo }-
e X
02 |- 80 w. c0
0og |- 21 m £0 |-
VA -~
e 3
orv = o1 & +0 |-
| S
U
06 |- _ - W 50 |-
00« vouomg [RISISH 1S v - oo “M:”Mm_ ...m.nx.._._:.s
INng “wog ss._auoﬂhn—n“umq“ H.I-u...n“ll.l.“ M\-\u @O - wgﬂuésc oundIny {6 et
09 |- M3 o0 AOPHOHE 1LE) e b2 M= 001 KopHoN  (46) e e
3 .,.u:u.a“m_..._...u-. :_w_ R, €91J0 {277 1=31ri)
SIS 02 ma3 o> 13 Obel oIS 02 M3 0nv) 13 0Nl
OL i dee e nntlgs A TN ENERE IERERNERUNIUR IS NERRD

A-46

(W "INZN3IVILSIA JOL CXVR



{NW)

{-"UuT 000°'0SL =

{p)

(09s) 'L ‘QONM3d WIN3WVONNS

O¢ ge 02 18 Ol G0 0
(03720 i et o e o v o e 2 o o RO
®-Ul 000'0GL u>2 vle 3,/
) Ovrvsere \ oov
008
002l
009l
al-
0002
991 01 » voyesng {1 ISIET « 18 "Atung
BL DD ericssmsooccasons
01~ usw..s.a u_.%aa VL) g e
M~ 3 Vo0 FOOCH  TLET e s e
.s.uauw..ﬁ. 41 IR OO?N
R LT 1 Y
$9U0IS 02 M-3 ‘03 (3 over
by et bav et

onge

3HS XYW

JEQS oY

-
-
-~

(sdeh '3SVE Ly

foX

G

A4 - strem Teanjonazg peetost K1035-0%
SUOTIOW Induy JUBAIFITU X0JF Sanfen osuodssy wnwyxep

(0)

{933) ' ‘gOIId IVANIWYANNA
02 Gl ol

G0

(*p,3u0D) SY *B1a

0

TV rirryryrryaed

%~ U1 000'0S/ = *W

rrryvyrivi

)

o,
o
g

.....

=i
-1 04;€7 d ¢

g “wog vwroyny

s20I5 02
SN KN N

M3 "voip Rodtiop

123y teoprry)
-3 '0nva 13 Over

3695 "NOL TG oo omee

23 ot = vopeng "{Fi5)py = 1% Kinvny

WLoTON ermrsmrensincs
(71 P —
UG e e e

18 v a

Lo et e

G0

O

|

A

el

Fl

Gl

ol

g Ly Pty /oy

-
-
-t

A~-47



¥-ut 000

0sL =

(3)

>2 = STTeM Teanjionils pojeiosy Axolg-ge
SUOfjoW Indurl JULILIITA I0J sanfen asuodsay wnwyxXeR

(29s) 'L 'QOI¥Id TVLNINVANNS

o¢ G2 O¢

-Gl

ol ¢

F

REREREREARENIBRNI

19837 10014 42 10

voyIoj0Y CPON Vo prsog

T/.

74

7

\
Y

\

\

%-Yl 000'0GL =

L

4]

\\
/

39S “wog owwing G
M-1"vou0 feprjost 16l
3693 "not g6t

{0y pptuy) S
$-N 0NV 13 OV6!
M-30nv2) 13 Ovel

299 Of « voyroing 41511 o 18 “Fivuny

e ]
O ]
e
—— o o ey

gy

T

$90iS 02

G

ot

Sh

09

Gl

06

GOi

22UA T ALTILING TYNQILTLCE 3ALLYTINAWND

(*p,3u00) gy "bTd

(@)

(99s) L QoM 3d WINIWYONNS
ot "rd 02 ¢l o] c0

Trii Frriyvred

y-u 000'05L ='W

BN

/

N

AN

1337 0014 g2 10
voyicicy EpoN vo patog

l

s3{10iS 02

2%t gt » vopoeng *(1ig)c1 » 18 Kutenyy

391¢ "WOQ OwoI0d FLG] memees e
M-3 w00 Foptol  NEl ere e
3698 L 26 e

(v oy} 1§ ———
S-N9VID 1] OF6l e omim e

M=V 13 OPEl oo

Q
2+ ALMILING TYNQILYLOY

o

bl

A-48



oe

ol

02

Ot

ob

0S

09

oL

N-"UT 000'000°'T =

A

(q)

(03s) 'L 'QOI¥3d WLNIWVONNS

Ge

O¢

Sl ol g0 -0

L2000 0 S A e N At O IR I I

- 000'000" = Aw

rrryvjvrerevrprvyie

-
.
.t

Sapois 02

p e v laat)

B9t 01 @ voromg (115)51 =18 *Airsuagy
QN-UQ_J #eoerqectnvesnane

3918 WOQ OWIOILY  JL6) e
M =3 0010 AOPHOH  TLEI e e
3695 "NOL 2CEH) e — o ——

{23y Yoy}
M-3 05 13 Ovel

I$ e oo

§ I 10 70 I T N I % U5 B0 N O N N N |

4

80

A

9l

0¢

te

X4

Wy ‘LNSW3IVIdSIQ AHOLSHYILINI "XVW

(w

W - STTEM [ean3oniysg pajerosy A101s5-0¢g
SUOT3IOW 3ndujl JuUax93IJTE 103 sanfen asuodssy wnwixep

oy ~bTa

(@)

(oas) 'L ‘00IM3d TWLNIWVANNS

o¢ ¢ec aJe Sl ol SO0 0
OFrrr i rr ey e O
1-u 0000001 = f f
o .@»...M).IM v
.a..... =
S |7 Vv
s ¥ ‘
£0 k ] N\\ 21
\\\ \v..
9 e \
0 | wﬂ/ : 9l
GO |- 02
238 Of » votiong *{1MS)C1 « 1S Antuay
BL oI seorrenacnssrnes .
S WOG OWIOIDYL (LB e s s e
90 .wm_u ..s_na fopyerg rm — m 2
| 3605'W0L 2661 e v
swois 0z | I 8 T
O , s aans e s ta st e e e 20 dd gz

(W) *IN3IW3IIVI4SI] dOL “XVA

A-49



(NW)

Y- ut 000'000°'T1 =

K

(»)

(02s) 'L 'GOIN3d WLNIWVONNS

o¢ G2 0¢ Gl o'l GO0 0
O T T T T 0
N %-u1 000'000' = “w
Oeocenss, nk
2 - AH.F S C— 00t
291 LU&»...:.....AM.... “0
* = 008
Yy
2 o
X\L . \\) .Gl/ﬂ/lrlo OON-
G <
9 D/ !XW\MN
A A cakeS 0091
o ,/d
9
8
0002
280 0f « voyomg (115} 01 - 1S Ansuary
B2 -DBN cesnrsmrncanecs .
Ol JAS WG DWIDIOG  MLBI e s e e
-3 000 AOPHOH  JLE| mememm o monnnn oobe
3698 ‘D) ZCEl oo wmwn e e
9 !t e wm—————
sapoIS 02 Aoa o 13 o8
Slha e des i) gogz

(sapy) '3SVE LV 3DHOS HYIHS "XVWN

W -STIeM Teanjonxls pojefosi A103s-0¢
suoT3on anduy JudIdFITA I0J Sanfep 9suodsay WNWTXeW

(p,3u02) g9y "b1g

()

(93s) 'L ‘00IY3d IVLNINVANNS

0o¢c Ge 02 gl 0l c0 o_
i T 2 T e KA
a8 1 » vopoung *(1¥15)61 » {5 “Kirvsgy
QL -DUN weoverserronesees
NG 'WOY PWOIEY  LE] oo e .
M- 0000 AOPHOH 1461 s e 0
695 TUOL ZCH! cemcmmom
(o 27 1031Y) 18 e e
.c.i... M-3 ‘ornee3 13 O8I
if: 90 .
¢!f 5
] .. NG
\ ) g0 =z
] S
a\ <
9 % o
>N o1 &
=g 2
~]
e
#HMWM 3 - i
..Lﬂw
i
%- U1 000000' = sau0l§ 02
P T 00 U I T 1 T O T O I O . Y

A=-50



K

A-"UT 000°000°T = "W - STTEM Tean3ionils pajerosy Axols-gg
SuUOT3oW Induy JUSIB8IJTQ 103 sanTep asuodsdy WNWTXER

(3)

{09s) 'L '00143d TIVINIWYANNI

o¢ e2e 02

Sl ol g0

TT T iirrTigd

LU

1937 10014 g52 10
vouDIoY (DPON VO psog

¥-ul 000'000'l =

A

39IS ‘woQ owiodvg §16)

a3 Q1 » voroing (1°48157 » 48 *Airrusry #

e ¢ % e,

M- 3 ‘v RfopnoM 1161
3698 "0l g6l

(3 ooy} (1S
$-N "01vs) 13 Ob6t
m-3'Oue3 13 0v6l

ey S—

— o o —

B $a0I5 OZ

Ol

02c

)%

ot

oS

09

oL

LVLOH 3JAILYINWAD

U4 T AUTULINT TYNOL

("pP,3uod) 9¥ ‘b4

()

(298) " goy3d IWINIWVANNS

ot e 02

Sl ol 1210

0

rrevryrrrapvi

It Frr1rvrryrrryyreny

74

e
7

19437 J0014 52 10
UCHDIoY IDPON Uo patog

’
A

-4 000'000' =Fn

s3)J0IS 02

998 Of » vouosng '{1715)CY = 18 “Antvory
39S 'WOQ DWI0IDY  I2E) e ve e
M~3'vor0 KOPHOH  1L6I s oome

3698 °NOL 2C6] e
(907 POYNIY) 1§ s e
€-N 0N 13 OF6) - e
M-F 0N 13 0Pl —ermeeme

)
2
a
L=
=
Q
£
@-\.
Q
[
(@]
g o
=
os
=
o F
2

14

A-51



(wuw)

AUt

000°005'T = A

(q)

(03s) 'L ‘aoId3ad IVINIWVANNS

(039 G2 07¢ Gl ol 1°18] 0
00 S L L L LR DR ERL BN LI !
U ' ) s .....O
¥-U-Q0000Gt ="W | .
d= ] 2
ol )_‘ pechba B2 .\uLu.
g -
o -~
..... YM \\.\
- %/
0z |- o \ /b
’ LWM
’
4
. 3 \\\A.\
S 3 o\\ p
0f k LT, ]
uvu/ 3 \
ov | ds
9
0SG §
e8 01 » vonnong *(115) ¢1 « 15 Kipruayg
L= DB servessctrmensnones
J0IS ‘WDQ DWIDIOY  JLE e oo
09 | M- 3500 KOPUOH  I[E] eme e
695 0L 266! oo
{0V PRY) 15 e
s3U015 02 So onvas 13 OV — oo
. M3 0093 {3 OF6l e
Ohr._t_:: FET R I 0 U UE K U0 T U 0 O O OO N O O Y|

Ll

(4]

80

el

91

0o¢

be

8¢

XVAN

(ui) "INIWIOVI4SIa AHOLSHIALN

(w)

W - STTeM T[eaInN3onI}s pajerosi Ax103s-0¢
suotjlol 3nduy JUSASIITAU I0J 8sNTeEA asuodsay wnuwrtxep

(v "bta

(®)

(03s) ' ‘00Iy3d TVINIWVANNS

101 G2 o?c Gl ol GO o
T T T I T T T T T v [V T v ryiprTd 0
%-u 000'00G" = e
o m% b
°l /| 7 \, i
(4 "
€0 & 2!
. .\\ $21I0IS 02
4
#VO - KI.\ ) \\ w_
—TF
mo 208 0 « voyromg (115151 « 1S "Aysuery
BL-D0N  wrseerermrceams
. JIS "WOQ BUNOIDY 116] e eev——
90 |- M3 VO FOPIOH  JLEI e s e b2
3698 WOL IC6| —ememrmom oo
W..\ {207 (oY) IS8 e e
=N 0HIZ (T OVEl cnm e e
] M3 01 13 OF6l e
20 by tiiag it raad ety ilgy

(U ‘INIWIOVILSIQ JOL 'XWN

A~52



(Nw)

X

-"UT 000‘00S°T = “W - STTEM Teanjonils pe3er[o0sy AI0315-07

suotT3loW andur ULI93IITQ X0J sonfep 9asuodsay WnWIXeR

(v)

(03s) ' ‘goId3d WIN3IWYANNS

ot G2 0¢ G (03] S0 8
rvVyiyrrrTid TEV { __-_u_._u_.q-\dqo
segqe | 179 000008 =AW
! VISR oob
P nv.....-..AP.. .Q..t-..t-... .
R = g Lo, “0
e,
_ 5 008
? -
0021
9l
0091
gl- /rm /U%\ ™0
e == 00072
/—\\d-. of « vopsomg {74516 = 16 “Ausuay
BL-DBM  rerseseermeceones
O- - 3918 ‘woq en:,ouam Y P —
M-3 VN0 FEPHOH  (L6) e
369% ML 206 rmomm—memer OOnNN
197 ooy} 5§ e o
sal0IS 02 $-N .on.w.w [ I 1 2 - S —
M= 01D 13 OVB! e
N—I-.t_—b—n __-._—-hhn-b~_[_-h-oomN

(sdpy) '3SVE Ly 30404 HV3IHS XYW

(*P,3u0d) ¥ "Db1g
()
(es) 'L ‘0013 TVINIWVANN A
0¢ Ge 02 Gl ol GO0 §]
100 T I O T e 1 Bt o e R
203 ©f » voroung ‘{1715)67 » 1§ "Mirnunvyg
3915 ‘woq agauw“awwmm ”..|.H.....IHI. y-u OO0.00@.— = >—2
M- 300120 AZpiion 161~ e e .
’ 3695 MOL ZGHI e e e me 20
(0v 100 y) IS o e
$~N ‘01U 13 OF6l —m e e
"3 .S_Euo_w.mﬁm._g .........
. 1 A¢)
90
80
101 N
2l
$30|S 02
g e b e b e e dp b e r bt

i

3SvE Lv PRy /X0y

A-53



X--uT 000°005'T = W - sTTeM Teanjonaas pejerosi A1038-0¢
suoT30W 3nduy FusI933TA X0J sonrep asuodsoy wnwixeW (°p,3uod) ,y “bra

(3) : )

. i

0c Sl ol S0 0 ot Ge 02 o4 Ol GO 0

o¢ G2
L FriyrTreyrrTd 0 ....4..1«—___~ T T O
3 ? 3 ? .
3 ? / s3p01S 02 o . o]
\ (= S IHVHVAK 2
AW AN 2 2 Ny
- I | oo - ll/lf
\ \ w d/ll/d
/ // 5 o .
A 2 < v a3
N A/,, S 2
/ % 0 5
9 o
W 9 Z
ﬂ//. o Z
19797 0014 137 D \ 4/ Q 19A37) 10014 ;2 10
voojoy IpoN U0 PIsog N W voDioy JopoN Yo pesty m
- P v 2] Mw
\ * Q -
t . A f [y 0 ’ I 9
¥-Ul 000 00GT =" g ¥-ul 000 00S1 ="N ~
. \| \p o & b -
\ b =1 ¥
201 OF « vonosng ‘(145151 = 1§ Ansuery < 391 gt = vonomg "(1I5)cH 1§ Kintumy
391§ ‘woQ OWoInd {16l ~emcomne ™M J9IS "WOQ PWIOING YLl e e
M-~3 'vor) AophoH 16l ———e e * M-3 0010 AOPHOH 1261 em——omea
3695 'L 2661 — 9% - R L A T e p— PA]
{2y leoyny) 1S e ——— o s (997 10HNAY) S s e
S-N "02U3) 13 OF6) ~me e mm e . SN 01UID 13 OFG] o omm e
M- 3 ONUI) §I 06! e s3U0I5 02 T A N E R L R
ANERENNE T vl

A-54



()

(q)

{995) 't 'QOIN3ad TVINIWVANNS

101% G2 0] ¢l 0l c0 0
O[T TV T I I T T TIT i T T v T vy T vy rTTy
R
olsv3 ]
...O..
Ol
0
-
oc
0t |=
ov k= :
0S E .
289 01 « votiomg “(T*15) 61 « 1S Kinsun
OL~ BN wrvesesnsessoness
F91§ "WOg DW0IOS 1[Gl e ee
09 |- M- 2°90UQ KOPIOY  [LE}  momemm s
309§ HOL ZG6! mmmaree—e
{2V oY) 1§ ————
S3apois 02 §-N 0T 13 Ob6l o
2-3 027 13 OFEl e
Ol by gt aa Lot i ettt

vo

80

A

9l

0e

v

82

(Ut} *LNINIOVISSIQ AHOLSHILNG "XYW

(un

oe

o

4y

£0

+0

1)

90

10

G2

ase) OoT3seld - STTEM [eanjonaig poaletrost Aaolag-g¢
SuOT3OW Indul IUSIL2JJTJ I0F sonTe) asuodsoy wNWIXPW gy

"brd

(®)

{29s) 'L 'QoI¥Id TVINIWVANNA
Sl o'l

Oc

11y

0

Fryrrrrrry

aJsv3

TTTE#d

LILBLIL

..lCO

T
0

LR |

. $3104S 02

i
\—
d - \ 293 01 o vonmIng "(1V (5151 « 18 "Anitvapy

[ N |

ol-28n

316 "wog owioInd 116!
M- 3 'vouQ Aoptiod 1461
369% yoi 256l

(oY 1ompry) 18
S~N ‘enved 13 Ov6!
M-3 ‘onvrd 13 Orel

| S O I 1O O O OO S U IO O O

2l

9

0¢

ve

ge

(U1} ' LN3W30VdSIC 0L "XVW

A-55



ase) oT3seTd - STIeM Teran3ounxls pajejosy Aio3s-0¢

SUOTIOW Indur JUsILBIITA X0J sanfep asuodsay wnwixew (°p,3uod) gy “bta

(p) (©)

(v95) 'L ‘00I¥3d IVLNIWVANNS 099) 'L ‘0013 TVLNIWVANNS

Om ce o?¢ 1K ol 12 0) 0 (63 g2 02 G o'l G0 0
B 2 B 0 S I S A e e e o R oG [V T ._._%4__q S B R O N R |
Qerorvevens too;ao-
b1=4) "o
Oreres e, ,/. i 00V Io.-.:-. .
20 P O < ool |- o
l.".....f l.vo
zea O, %
e 008
o] wn
¥O - 781810 1S 92-20N  maremsvsmensios o o oGl |-
SA1101S 02 391§ W0 WY UG mrem e o J1SvI3
§ M-3"voup Aopuop  126) s e T
3695 HOL TGO weommmmmm
. $ (v m_wcsz.:,: 1§ ———0 | 0021 4
~ 90 ¢ / m N 'OHU 13 Ob6 e m e e m = 002 -
< ﬁl ] M=3 011U3) 13 Ob6l e o W 8211045 02
2 Lo N m ;
S k¥ 009l Wv. 3 \
oL SN oge |-
80 ‘Kq b(,ﬁ \ TN 4 f
! / S IR n
, N 000¢ m , ,Lﬂ
, / 4// mu . ﬁ\ 18151 « 18 ey . /
) . = 92-28n
Ot . \ / ,jro 2 ooe 3915 ieg owiod0d 1461 o/ :
: -~ M- 3 'vonsQ foprioly 116! ;_Q
\ /ﬁl}bkﬂ oove . teos not 200 i
\ . (v o) 1S
“0sua 1
ousva S | osef MATEINET—=
A ST EEE TR INENE ERNNE N AT ERTE 0082 IR T O 10 0 T O 1 Y 9 O W O

2

9l

0oe

v'e

ac

KV

L]

(01 X ¥-u) 3SvE Lv LNIWOW 9INION

A-56



(ww)

X

¥-°UT 000°000°T = “W - STTeM Teanjonxls psjefosi L10315-0f
SUOTIOW 3Indurl JUSI9IJTJ XOF sanfep 9suodsSay wWNWIXER

(q)

(09%) 'L '00143d TVLNIWVANNA

(

6v "bra

e)

(298) 'L '00IY3d IVINIWVANNS

¢l

0l S0

0

IR ERREERERRRE
%¥:u1 000°000' = *w

ob.

301 Of » vosiomg TII5) 61« 15 v

YL-DEM eevrssronssvse

3916 TWOG W00 LGl e oo
M- 3oL SopHON 1161 s e
3635 W01 2061 e

0V oYy I e e
N ‘002D 13 OF6! e e e
M-3 ©27U) 13 OF6) e

$31J0IS O¢

O O O

o¢ Ge 02 Gl ol GO 0] o¢ G2 02
I T T L L o AENENERERNERER
__}er-w 000'0001 = Fn
ol Rl ¥ b0 = 0
. v
| o <
02 f—-— 80 5 20
m
a1
“
0g I 21 9 £0 }—o
'A Lol
o 3
%} .
Oob |- o1 M O E .
b -]
5 | /
0§ 4 W €0 |
238 0f « voreng (715) ot « 16 Antorpy hU \
QL ~J0NM  ~iorersrsrentocn, - ﬂnml.
J918 "WOQ OWIOIOY LGl e oo mmmmn <. N
-3 *voisr) Ropy [ - .
3 mmﬁu..n,»_ MMM ————— jve 90 a\
S o> 13 OV e $311015 O
M-3 0N 13 OF6l e e N
BN OO U0 N U OO 0 U T O I Y O O A O 0 okl s

2l

9l

0l

2

82

(u) "ININIIVI4SIA 4OL XYW

A~57



X-"Uutr 000°000'T =

(p)

(09%) ' 'QOI¥3d IVLNINVANNS

0

(02% G2 0¢Z 3] 01 GO
[T 11T vii yyvyifvyryryyrieryveyt
9001~ voromg (17151 g1+ 45 Finvuary
QL-ION  werrmsencssenn -
J018 "W0Q BWIOIOS 18} e oe e
© M-3voug RopHop  I26Y  eemmmme e
A F695 101 266 e
Orervnnnn d. (237 1POYIY). S e s
p1 s 3y SN 0NV 13 OFE e
M-3 018 1] OP6 e
Oeuue,, & B
v oz = f—"en]
n
7
g29r %
= !
oy
8} \u
“To
o}
% - 000'000' = "W $9U10IS 0%
rAR S . _ _
e e r e eyt e b rr e

)
oov
008
002!
009i
0002
oove

0082

(sdi) ‘ISVE 1y 30H04 HYIHS XYW

Ay - sTTeM Teamionizg pejerosy A103§-0¢
suoT3oW Indurl JUDI9IJTQ I0J SONTRA 95uodsay WNWILXER

("p,3u0D)

(2)

(095) ' 'gOIN3d IVINIWYONNS

o¢ ge 02 gl ol S0

6Y b4

0

Fyyoyprrrrryyrrrrrreryreyg

201 01 « vounmg “(115) 614 1§ Nusvany
L YRR 1 [ TSRS

915 WO OWIDIDG  TLEl e 4 v e
M-3°voug Aopiopt  HLGI ———s e
3695 HOL 266! e

OV 10Iy) I8 e e
$-N 05142 {3 0%l oo
M-3 0193 13 OFE} e

LRI IR)

¥

%-u1 000'000" = "W

O NI O

.

£3p0IS OF

60

ol

4

gl

9l

35V Ly PRy /0y

A-58



o¢

X~ uT 000°000°T =

()

b

(99%) 'L ‘q0I¥3d TVLNIWVONNS

G3e 02 Gl 01 1910) 0
IBREBEREERELRELES 0
%-u 000'000' ="
Gl
1A 2001 g2 10
uoyDI0y [OPON YO PpIsog
ot
: %14
/ 09
L1 A .
29t Of » vOoMg .—-m..mwﬂ_ w18 *Ansuvry
39S ‘WOQ OWIOIVG L6l e osmmwn
M- 3 vorQ AODUOH 126l e
3695 ‘Uvy 2061 06

{2y todunry) S
$-N '0023 |3 Ob6l

M- 3 70nu) 13 Ovel

——— - o g

s9|J0IS O

col

ALLYTINARNAD

-
=

WA T ALITHLONG TVYNOILVLOY

A - STTEM TraIn3jonIlg pajefosi Axolis-g¢
suoT)oW Indur JuU2I83JTA 10J santep asuodsay wnWIxeR

("p,3uod) v “HbTa
(@)
{29%) 'L gOM3Id IVALNIWVONN
0ot 1A 0¢ ¢l 01 G0 0]
TYT T TV T TTTd 0
%-¥ 000'000'I uas_
e
bt
TN
o 0
o v o
. Ay #
' : 5
, g
Y 9 r
A 1
Q
C
19897 J0014 52 10 |
yoyOIOY ICPON VO pIsDR M
o &
9Pt Of » wnosng {15151 » 15 *Aitreeny -
IUS WO BWIIBY LG e s e
M3 w000 KOPHOH 1G] evmmren s s
3695 1%L 2661 o PA |
_.3<...E..L.-;.<_ 18 e een
$510IS OF M3 o3 13 vl
—

A-59



()

%-"UT 000'00S’T = AW - STTEM TPINIONAIS PoIRTOST AI035-0¢

suoTloW 3ndur JusiI9IITA I10F sonfep asuodsay wnWIXew g7y BT

(q) (e)
(03s) "L '‘001¥3ad IVANIWVANNS (09s) 't '00I¥3d TVLNIWVUNN
o¢ Ge 02 18 | Ol SO 0 0o¢ G?e 02 gl ol GO 0]
qq'__qr]_;_dﬂ__-a\_____-.____o rryrrrryryvvyrrpyerrrvryivyree ey
=01 000'006'" = o ¥-11000'005'1 =i
Ol p————= \.& 1 4¢) W ' 10 |- .r.b
< o
| 80 = 20 . v
M) \ o
& o...s.. \
ot } 21 9 €0 [ \ W
~ -
®) 2 /
0 .
Ob - 91 M 0] me
W 293 gt « vouong ‘(15151 4 hyrusn
o / GL~DBN  meesevossmosammes
i _ B Ry s
Om ’ o N m_ mwo i i 3 mew .“q-. 06! ——ewemam
398 0 « voromg ‘(115) 01 « 1§ Rusuary -~ {0V 1PHIY) S eeme A
BL= VM cencrrtarsecannes " - S=N ONVIY 1T OBBl cee e o
pfactyecl B 2 . a1 o
A 3698 1O 2GEI mmammmemm te 90 k
m_yuh<..“m.ww.u_..m ov_aa_ ...H......M!.H saols O¢ $91I0IS OF
MN-3 "0V 13 Ob6l oo
0TS I O G T I OO P o J S 108 T T 0 IO 7 T O N O N O O

XYW

R
A-60

(Ui} *ININIOVLSIA <O



X-"UT 000°00S§°T = “W - s{TeM Teanjonass poreros AI0IS-0¢

SUOT3O0W 3Indul JUsx9IITA I03J sanfen osuodssy wnwixel (°P,AU0d) gty - bra

(p) (2)
(09s) 'L 'Q0IY3d IVLNIWVANNA (03%) 'L 'a0IYId IVLNIWVANNA
0¢ G2 0¢ 13 18} GO 0 o¢ Ge 02 Gl 0| GO 0 .
S U A R R TTT T oY :..—q..:_:.__:._mo
™| %-u000'008" = fny
2 [ 1010) 4 s ol
L0 Mg T
ey, =z
Y IF ¢ B s - wm
s 0..-.-?’.»{.:. - . oom .CQ —‘_ W
vt QanJu\¥.:f.y%Q.S%soﬁﬁﬂs.agass Ww 3
B2 =DUN  corrretremnsasans > . ww
S voro e 1461 » AN
T L T I —— 002l ..u 2l ,AW
- A0y gty 1§ e e - -
W@ To a.:z<....:$w _<u. [o1F - S, mm“ m..
~ M-3 0NV 13 OF6l e m >
0091 3 o B
- w
. w o
0 2 1 7
n .
10002 M i
\.-l. 318 0f » vopitung “(T¥15) Gl v 15 Kiftvang
=, [ 7 1% 1 : 1 [N —ve
O— . .M\w wiw_mw.éqc\o.w”:ouum __MM_ e .
e -3 ‘vor. DPIHOK 1 o 2 .
OOVN 3698 101 266 e ewveemen . ﬂ —
%-u1 000'008'1 =" 31015 O SN oy 13 OV o 31015 O¢ y
e} o M-3 V2D 1T 06l emrme .
O 10 T T U OO O W Y Vs Ll r ety bt gy

A-61



o¢

3-"UT 000‘00S‘T =

(3)

X

(095} 't 'qoIy3d TVLNINVANN

Ge g2

gl ot

GO

rTTrjvrTi

398 Qf + vOHOING (TM15)C1 « 15 “Aisuny

391§ "wog vwioded 116!
M- ‘vopo koprion 126!
369S "oy 2561

{2y oY) IS
§-N ‘23] 13 OF6L
M-37onuad 13 Ob6!

—— o ——

\

1289 10014 52 10
uoyojoy |OpON vO PpItog

%-u 000'0051 = W

$3101S OF

0]

0¢
os
014
os
09

oL

/T ALTULING TVNOILYLOY 3AILLYTINWND

W - STIEeM [eIn3onalg pele(osi AI01S5-0¢€
SUOTJOW 3ndul JuaIdIJTQ I0J santen 9suodsay wWNWTXER

(®)

(*pP,3u00)

(99s) ' QoM Id IVININVANNS

ot e 02

gl Ol

G0

IREREERER

R

Trrryrvee

Ty

LB

e

12497 J0004 27 0
uvoliojoM PPON vo piseq

¥-u 000'005" =W

$2401S OF

208 O » vn1osng (11167 o IS “Rirsurnyg

391§ "woq durednd 116
M- 3 "vopp fopion 1261
3695 ‘oL 2861

{2ov 1omprv} 15
S-N "03v2) |3 OFE!
M- 3'0nvI) 13 orel

PSSR —

oty "bTd

0

<«

[eo] e
dof ‘ALTHLONG TVYNOILYLOY

Q

1l

A-62



- UuT 000°000°‘'C =

A

W - STTeM Teanionils pajerosi Axojls-Q¢

SuoT30oW Indul JULIDIJTA I0F sanTen osuodsay wnWTXeR

(@)

(205) 'L 'QOIY3d TVLNIWVONNS

og Ge 02 Gl 0] <0 0
ERANEREENIAREREREERERREEEEERELY
..... Jon-u1000'000'Z =

b0

80

A

9l

0OG L 02
208 01 « vopomg ‘(1V)5) g1 815 “Aisuary
QL UM cocrcecroormeosecar
JOUS ‘WD OWIOIDG L] e oo omen

M=3'00U0 AOPUOH  BLGT s s momemm b2
3695 oL 266! - emem e
OV PIRIY) 1S s o

§-M ‘013D 13 OP6l e e e SAI0IS O¢

A3 ‘o5l 13 Ovel
50 TR O O O O U O OGO O O N

[ EREREREN

8¢

(un) 'LNZWIOVISI AHOLSHILNI XYW

(W)

11y "brd

(®)

(29s) 'L '00I¥3d IVINIWVANNS

o¢ Ge 02 Gl 10)] 140) 0
YT TV TorTuregyvTeyy IREREEREERERERE
228 OF » voptomg “(P'IS) g1 w 1§ Kisvaiug
) . QE_ou@thGJ wrserscansennannace
1o f— A —
J° 3695 WOk 2561 e
o 20V 000Ny} 1§ e e
o St 01Y3) 13 056 wme oo
5 M- ‘013l {3 OvEl
0 :
£o } W
$0 |
%-Y| 000’0002 = *w
G0 }-
90 L M
$910IS OF
Jobi vl ey e b by bt Lt

el

9l

0<c

8¢

XYW

(un) ' INJW3DV4SIQ 0L

A-63



(NW)

o¢ G?é 0?Z Gl o1 GO 0 0¢ Ge 02 Gl ol iy 0
rrryrryrryrjrrrryrrvyryvoyy .——_O IR EEERRER L LI TTT VYT rYTrirTyvyTr
. a !
%<Vl 000'000%Z = "W
3
2 F — 010} 4
e o L I | AN —
Q~veae,, —]
0 > 8
e 008 7N
e, (7}
b 0Z-= u;#\\ s .33t Ot « votming (srgrv1s Ksvam % ./f /W
. BL=DBM  weoerresrmarerner -
J9IG "WOQ OWI030d  JLBI s o 0 smen w .
M=3°U000 KODUOH 1261 e e ) ni
3695 HOL 256! ~mem e 002 3
9 - (207 1991Y) 1S e e S 1]
8N ONYI) (3 OVEl e e cm e o
N3 01ud 13 0Ll e h
0091
y
8 w
7
0002 M :
— 208 Of « vorioerg (1715 61 « 1S Kartudny
n GL=~IBN  ~veersverersonse v
ol | m‘ 3915 'u0g oW 1261 s reme
p< M= VN0 AOPOH L] =i s mmemes
oobe 3695 HOL ZEE} —mmemmem e
(Y (DY) 1§ e e
¥~U1 000'000'2 = W sa1i01s OF , 5N ‘o3 13 0561 e sal0l§ 0%
2l # : M3 01U 13 OB 6! e
FO WO 00 O VNN 00 0 O O U OO 0 N O OO R O

Y- ut 000°000°Z = *W - sTreMm Teanionxlg poretost A1035-0€
SuoT310oW 3Indul JULI8IITE I10F SanTeAp asuodsay unwixelW (°p,3uo0d) TTVv "HbT4

A@v. AUV

(99s) 11 ‘QOIM3d TVLNIWNVANNOS {99%) 'L 'GOM3d IVANIWVANNS

ottt rae eyttt lopgz

60

ol

2l

el

3Sva Ly PRty /xouy

tdl

Sl

91

A-64



Y-"uT 000‘0

suoTjoW andul Jusa9JITg I0J sontep 9suodsoy wnwiXep

00’z = A - STT{eM Teanjonxls psje(osi Axois-Q¢

(3)

(03s) "1 ‘Q0Iy¥3d TVINIWVANNA

o¢ Gge 0e

Gl Ol

S0

3

\

o a—

INS ‘wog ownodnd 1161
-3 “vouxy oprioy 116t
3695 ‘1oL 2Ss!

§aoy oy} 48
$-N'01v2) 13 06l

M- 3 enved 13 ovel

BRI \’ T
23%. Q1 = voyosng {11516 « [ “Asrvueiy

s« ¢ e

- 000'000'2 =

\

N

119] Jo0yd 2 W
uolojoy PPON UO pasvg

\

Lt

5311015 OF

2y

0
9 g
bod
<
S
>
cl 5
<
m
1]
12| .n.u.
5
vz 2
>
E
&
0t
o |
.
3
wnz
.
o

("P,3u00) [y “bra
(@)
(99s) L QoM TVINIWVANNS
0¢ g2 02 Gl (0] GO 0
g e e 0 A
]
o hm.dl.l T I 2
TN
.Lm@
\>
14
;
5
9 O
, S
.a:.a».wua .“N_u _ﬁuuﬁaa U
Q
B8 C
S
%-ul 0000002 = =
ol—
: oF <
" ave o1 » voneang "(PMIS)ST + 15 “Rirsuarg .:..ﬂ
3915 'woq OWMII0Y LBl e ee e
M-3 0010 AEPNOH 1G] e momenee
3698101 2661 o~ avevomnm N—
T2V PRPIY) A8 e e
$-N'OW?I 13 OF6l ~—
SaPoIs O M-3°0nus) 13 Ovel
4!

A-65



(ww)

Ol

0¢

ot

oS

9se) OT3SeTHd —~ STTeM [eanionajys pajerosi Axolg-go¢
suot3oW 3ndul JusI93IJTg I0J Sanjep asuodsay wnwixeW g1y °bra

()

(095) 'L 'GOIY3d IVINIWVANNA

0¢ GZ 02 gl (0] co 0
I O O O o A
A4SV 13
t0
80
2l
91
& (0 rd
D9t 0f « voiamg (P51 G1 » 18 Ausuaig
O =AM  wesensressssasvens
3915 'WOQ 0UNOIOY LGl e v ¢
M-3°0010 FOmol HE) e e .
3698 WOL 2661 e~anememam V N
(DY 10INPHY) S e e
BN CHUID (3 OLO! oo e savols Ot
M-3 ‘onuy 13 Ovel
SRR NN

L T O O I

82

{u) 'LNIWISVI4SIQ AHOLSHILNI "XVN

W)

(®)

(09s) 'L 'goI¥3d TVLNIWVANNS

0o¢ G2 07¢ Gl (8] GO 0
TVrrfpiyrrrjpvrrryvyyryeyrriryeead
JlLsv3a
o 0
20 Mﬁ
£o el
| n4
Q.O .nvl S
99t0f = votong “(F151 61 « 15 Kipsvarn|
[T 2054 1: 1 JEPIRS SRS
391§ ‘'wog ouno3od LG} ~—-co——
mo - M3 V00 AOPHON 6] e s e
3698 HOL 2661 meem e
{2V oMy} 18— —
. SN OV 13 OP6! em oo o eme
. M3 onv) 12 OvEl e
90
$3j1018 O¢
A0 R w8 0 U 0 N TN U U W O O O T O A

<l

9l

874

ve

82

(u) ' INSWIOVILSIO 0L XYW

A-66



(NW)

@se) OT13SeTd - STTeM [eIN3IONIAS§ pajefosy Ax035-0¢
SuoT30K jndul Juaa93IJIJ I0J sonTen ssuodsay wnuwiIxeWw (°p,3Iuod) giv “brdg

(p)

(99s) 'L 'gOIN3d TVLNINVANN

101% G¢ 0e | o1 GO o
FTI7T 77T T rrTyrrrfryrrgnreyryrToianey
9t 308 0 « volomg (7151 ¢ 15 Aisuny
o11SvI3 LB mmemsmen
3918 "WoQ OW0IDG  MLEl e sy e
M- 300150 AOPIOH LB e e
3695 101 266] ~m— e ——

o ~ (Y OONUIY) IS e e
81 “w S-N O3 13 OY6) e
M~3 '051u3) 13 Ob6l e

=i

clt

9l , / \.\,

saI0IS O

B I N O 0% T N OO AN O NG O O Y O O

002l

009l

0002

(010]

0082

00Z%e

009¢

000V

(sdix) ‘BSVE‘.'.V 30804 ¥V3IHS "XYW

(w-Nw)

(23

{99s) 'L '00143d IVLNIWVANN
o€ g2 02 Gl o1 G0 0

LR T rrryrjrirrryvryryrqgrTrry
0Ge 1 _/ J11Sv13
| I
, ll’,..:lo
0% |- Q
\
’ / 298 O) » veyormng '(115) ¢ s 1S Apnsvapy
' BL =IO emerrecsereassarace
0Ge | 301G ‘WO DUN0I0G L] ereeee s
M~ 30010 SOPUOK  1L6]  meeeeer e
3698 1L FCE! o e
toy jmary) 19 e ——
m =N 0133 13 0Y6] e et
oov | M-3 ‘onurd 13 ovel
\ 4
oSy / ’ %W
00G f // ’
. § sauois o |
FRER) ;:__h“c_L. AARERRETERENEN

02
144
8¢
A
9¢
ov
v”v

8t

(gO1 X H-ul) -3SVE LV LNIWOW ONIONIE 'XVA

A-67



(ww)

X-"UT 000°005’T = AW - STTeM Tean3oniys pe3rerost Ki035-0

SUOTIOW 3Indul JULI93IITA I0J sentep osuodsay wnuIXel 7y “BTJ

() (e)
(03s) 'L 'aoIY3d WLNIWVARNNS (99s) Y1 'goIy3d IVLNIWYONNI
103% Ge 0¢ ° 8 | ol S0 0] o¢ Ge 07?¢ Sl ol G0 0
T I _a-__.-_-4___o rrvryryrypyrrryvrryrrrrrirrirrei T
.oxnc_ OO0.00@._ = >s_ 33t 0f » vouomg (115161 » 15 Ausvai
-0 . TR 4 S
e YO0 = o 1530000 FopIION 161 e e
o > R 3695 NOL 2661 s omomemom
> (¥ EOYIY] §5 e e
R —
— IA-3 ‘onva; ———
g0 2 20 | A
m &
o ;- Ws
d L Py &
ot 2l 5 e
- 4 _\QK \‘.\
% \\X\\ ~1°
v QW
ot |- 9] w g w\
£ 4
oS | oz B e /
93¢ 0f « vopomg ‘(1745) 61« 15 Aysvar Ran |
02BN woerrorsmesesss v —
JOIG "WOQ OUN0IOG LG} e v o s lmu“
=3 °V0UQ KOOI LBl s e .
3695 UOL 2661 e e \A\
S on 11 ovel ——mn. | seUOIS OV %-w 0000081 = A sapoIS OF
M-3 '0/) 13 OFGl emome—
LN 0 I T U O OO O S - PO 2 ol U TN T 0 T O O O I OO A O O

JVTIdSId dOL XV
A-68

-

-
-

A

-
-
—

{uy *IN



(NW)

X~°uT 000°00G'T =

(p)

(99s) YL ‘QOI¥3ad TVLNIWVANNA

(039 G2 02 Gl o1 SO 0
TF T v T e T r Ty T Ty T v
N -
SRR RIS NP
vee o )T 29t 0} « vooma (PVi5)SY = 15 Kipsuarug
Oy [T T, J—
02:=31% e, 3915 ‘WOQ OUNOIDY  1LE] e s
....... M- 3000 Kopol L6} s ———
369§ WOL ZEE! mmm e
gl “O (Y PONEY) IS e
$-N 001930 |3 OBl emm oo meem e
\ A-3 ‘onwa) 13 ovel
Tt -
o !‘-ﬁ v
gl //A./ - \M
] ’
I AYY!
.
/,\\ s /
/7
ol f\ S o o
i ~
%-u1 000'00¢'t = sapolS Ob
at ' :
RN R NN

0

ool

008

01074 ]

009!

0002

190 24

0082

(sdiy) ‘3SVg Ly 30804 HYIHS XYW

A - STTEM TERANIONIAYS paje(osi Axo3xg-gp
SUOTIOW INdul JUSI9IITU I0J saniep 9suodsay wnwrxel

("P,3u0d) ¢1y -bH1a
(o)
(23s) 'L '003d IVLNIWVANNA
0¢ g 0¢ Sl Ol GO 0
Trrivyvrryroryrrrryrrrivynrae T Tt Fr1i
23101 « vouomg 0711+ IS Kituaiy
BL-00M  ecvcosincmnsr =3
ﬁ 91§ "woQ tWIOIDG  1LET s o omee
M- 30000 KOOI VB! —mmes e
690G HOL 286! mmomremmomes
(oY 1OOHIY) 1S e S
=N "oNYI) 13 OF6) e cree e
M-3 "o 13 ovel

%-U} 000'00G" = fw

____4¢L__

S3|10IS O

ERINEENE.

20

¥0

90 =
3
Q
”

80 =
<.
©
(=}

ot 5
w
P
0
m

21

vl

9

A-69



N-"uT 000°00S’T = “W - sTTeMm Teanyonads pejetosi AI1035-0F

SUOT30W Indur JusIsIITQ I0F sanfea osuodsay wnuixewW (°p,3uod) ¢y °*brd

(F) (®)

(095) 'L'QOINId TVLNIWVANNS (09%) 1 qoM3d WININVONNS

101 G2 Q2 G o1 SO 0 oe Ge 02 (] ol G0 0
O 0 i REN 0
38 01 » vonoing (17151671 & 15 “Arrsuny 99t Of » vouvsng "(11517 « 1S “Kprsuny
39'5 ‘WOQ DWIDY U6l i, IS "WOQ OWIIOE JLG) mmmm v
ﬁ M3 w0t ROPHOH 1261 e v e -3 uot KOPHOH VGl o—eeres e
3695 MY 2561 e e m S o 369 HOL 2G6] = mmmee <
(2 POYIY) 1S e e G (Y YY) 4§~ moomen
SN U 13 OBBl mm e e M SN 'ONUID |3 ObEl ——mmom o
M-370nua) 13 Ovet = M- 370490 |3 OFE) e
> s
oL o 14
. < PR3 Aiois gt
>N\ | %Y 000'00€' = fw m NOILV10Y TYION
o)
- 14 w 9
\ :
\ g
~3b 09 3 g
i~
/. o
&
SL 4 Ol
\ £
5 1983 0013 ¥ 10
~< VOpoIoY JPON 1o pasog
06 ™M 2l
1897 10013 g 10 W oo K
voNDIY mpoN Vo pasog $31101S Ob ¥-ul 0O0'00G1 =" s21401S Ob
11y SOl LA vl

A-70

A ALNILONG TVYNOLLYLOY



(wuw)

9%

M-*ut 000°000°C =

K

(q)

(09s) "1 'GOINAd IVANINVANN

G2

0e Gl o'l

S0 0

ot

rri

.....
oo
s

ISR EEEEREEREEE
“Oy-u1 000'000'2 =W

ot

281 O » vopomg (11554 « i psveaivy
O~ DTN worosererensarnren

291§ ‘weg vunodng 1261

M- 3 vouQ AePNOH  L6) e e
3693 1oL 26l mrom

(Y 1I013IY) IS e S
€-N 01v3) 13 DY6l em
M-3 0NuId 1T OV6! m—emen

TRV ENEENIENE NN NN

i+ & S———

s0IS OF

§ I OO O

14 Y

80

Al

9l

0¢

ve

8e

KW

1IN

{un)

WIAVTIESIA AHOLSEILNI

3

0g

0

20

L0

g

W — STTeM Teanjonils psosiefosy A1035-0p
sUOT3OW 3ndur QUDI9IITE I0J sanTen 9suodsay WNWTIXEH {1V

*bra

(®)

{29%) ' ‘goIIId IVININVANN

0¢

gl ol

G0 0O

LR

it

RN

J0 3695 WOl 2961 ———mm -

TrrirrryrrrveTd

8 01 » vopomg (15161« 15 Kusuarol
GL~DON  wresvresraorascane
JOIS "WOQ OUNOIDG L6l wemse
M- 39010 AOPYOR  1LG]  momm s e
(DY POPUY) S ——
S-N 0NV 13 Ob6l e
M-3 ‘orv3) 13 Ove!

&

¥-u1 000'000'Z =

[ ]

| IO |

‘. .S9POIS OV

e e b

4]
@_
074
ve

8c

(u) "INIWIIVILSI JOL “XVW

-71



(NW)

Y--UT 000°000°Z = W - STrem Teanjonass psretosi A1015-0p

suoTjon Induy JusasIITA I03J sanfep 9suodssy wnuwixel (°p,3uod) pIv “bidg

(p) (2)
(93s) 1.*Q0IY3d IVLNINWVANN (29%) '1 'gOI43d WINIWVANN
o¢ Ge 0¢ Gl Ol SO 0 0¢ Ge 0¢ Gl 0} €0 0_.
(B 2 1 O A A e e Y I T T A O o e KA
mot_o.m ob . 344 0 « vottomg (TSI S1 - 15 nyruse
3gtg 'wog ..w_oum“ ) wmﬁ v0
eI oob 2 V.Mcm.”“e_p. m_MM ——
s 37 5 - B
a7, :O.......... VHM M-3 oy (3 Ovel “HI.HH
L. .:.Erlquﬂc.... oom cn.\w @O w
.n\ " . :W:O_.co_.c.:a Msist » s Kusunivg m.u- w
e, 9L -960 b=y '
AR N o ue.w ._..qco_.nssa e ] N
—— "euy {1 3"vou0 fopon -
4. 3695 110} NMM 0ozl NU. 80 ,AW
9 | O (oy mAiny) 15 1 @
§-N 'ONYI) 3 0561 o mm e O &
M-3 ‘o1ve) 13 Ob6l (il ) >
{0091 ol 3
4 = w
w
> L
+4000<Z In PA
=
o .
s -
& oove 14
¥-11 0000002 = "W ¥-U1 000'000'2 = W | sewois ov
Y.v::______:_-ooww VI U0 O I T O O U O O 0 T U O U W O O N

A-72



~"ut 000000 =

X

()

{29s) 'L 'Q01Y3d TVININVANN 4
0% gz 02

gl ot

<0

LR

u\./

UL

39I8 "WH(Q owi0Ind 1161
M-3 “voug Aopren 176t
3698 1oL 266!

29y oyry) 1S
8~N 61wy 13 OV6I

M- 3 "onv) 13 o6l

321 OF » Wosng (3718151 » 1§ Karuary

e 8 4 e

¥-U 000'000'2 = W

N

\
/,

&

12897 J0014 a_v o
volojoy fopopy vo pasog

b

sopols Ot

ol

O<¢

ot

ov

06

09

oL

UAZT ALTULONG TYNCILYLOY IAILVINWND

W — STTeM [ean3ioniis palr(osl AI031S-Qf
SUOTIOW Indul Juaa93ITd I0J saniep 9suodsay WNUTXER

()
(03s) 'L qoiy3d WINIWVANNA
oe G2 02 Gl ol G0 0]
_____ LEREBERERER
1r3] 0014 gt 10
voii0i0Y opcN vo pIsog
A
%- U 000'000'2 ="W
231 0 » vonioung (7715151 = 1§ ‘Aitunyy
2SIG 'WOQ QUMDY ILE) e
M- 3000 FOPUOKS  §16)  wmme s o
IEOS UOL 266) e e
{207 OIY) 15— e
SN "021V3) {3 D16l ~rm = e e
M- 3 '0183D 13 OLG! sapols O

(*p,3u00) yTv “bta

Q ® © <
dof ‘X AITNLONG TYNOILYLOY

o

14

A-73



0%

Y-"uT 000°000°€

A

K

= W - syTeMm Teanloniais paie[osi Aiolxs-oy
suoTIOW Indul JUlX8IITQ I0F Sanjep osuodsay wnwixew giv -“Hrd

(005) 'L ‘00I¥3d IVINIWVANNA

FrTy il

........

.....
.

TTITTTrVvVey

=T

K

| %-ul 000'000€ = "W

23t 0f » votiomg ‘()1 15 Tpsvaryy
BL-DUY  =reereoremssesres

3018 "WoQ PUNOIDG  ILG]  Smem o pomaes
M- 3°v0U0 fOPHON 1161 e s e
3G9S 1oL 2661 emememweme

{0V Oy} 18 e o
- 093D 43 OYEl ~mcome e
M-3 ') 13 V6] e

| N O I O OO OO O !

$3110|S Qb

IO N

O¢ gl ol 140 0

cl

91

0?2

ve

8¢

XYA

(u) INIWIIVI4SIQ AHOLSHILN

(W)

80

(v)

(09s) "1 ‘qoyad WANINVANNS
ot g2 032 Gl ol g0 0

rriryriid

FrTiyvsvrvpriytrvveyd

o

$21101S OV

/

%-ui 000'000'€ = A

301 0 » vonong (IVi5) ¢ v 18 Apsuaiy
QL~ IO wrsesvescsrornsens

OIS "WO() PWI0IDG (LGl wrw s
M- 30010 fOLNOH  1GI = s e
3695 10) 266! o —em o
199 1ONN1Y) (S oo e
SN ONUD 13 OF6l mm e e

. M2 01YE) |3 OVl e

[0 I T OO VU6 0% O O O G O WY O OO IO O O OV

el

ol

0¢

e

8l

cE

W3IVvsSIQ gOL XA

—
-
-

(u) *IN

A-74



(NW)

X-"uT 000‘000’€E =

()

(938) ' 'Q0IyAd IVANIWVANNS
102 Gl 02 Gl Ol 10 0
P2 SLEE LR U OB
hv.:\mﬂw”f b1e 37 IO S..E:a@w..-‘«“.w_wq_.n_...:.m .::..:_”.
1o, | 3916 "WoQ BWOIDY  HIEl e
Y e, M3 7U0DO AOPION® LGN s e
U = ¥ “*ee,, 3695 NOL 2561 e mm e
b o= DY YY) 15— e
O, $-N ‘0nv3) 13 Ob6l wm e e
- ON m-3 01w 13 ovel
K 4 o
9 %-u 000000¢ ="N
Q.
u/
gl
T
OLW r”
i p: 0
/ /
, dR - . ..\ T
i )
¢ '\ // A 8
JRi¢74 1 3
ST say0lS O
“lo-
1SR ERREERRANENR ANANRANNENEREN N

160} 4

008

0021

0091

000¢Z

10,0} 2

008¢

00¢e

HS XKVW

-
-
-

(sdy) ‘3SVE Lv 30804 ¥V

AW - strem tean3zonazg pejetost Axols-oF
stotjol Indul JusI9IITA I0J SonTeA ssuodsay unWTXeW

(*P.,3u0d) g1V

(@)

(29¢) "1 ‘0OAd IVLNIWVANNS

ot ge

0¢ Gl

o1 *10)

“brda

0o

IRBREEREERE

. 391§ ‘wog twiodnd 1261
“tar- M- o1 KOPHOH  146] ———oes e

A T O O I
1t 01 » vonomg *(115) 61« 1S “Riruaiv

92-28n

e § ¢ e

3698 vy 296!

LRl AL 4 B L e e
§-N 0N {3 OL6) e
M-3 00D 13 Ob6! e

%-Uul 000'000'€ =

NN NN

£31101S O

|0 DO OO O W

90

tA

€l

35vE.Ly PR /X0y

A-75



Y--UuT 000°000°€ = “W - sTTeM Teanjonxas peetosy Ax035-0F

suotjoW 3nduy JuLILIITA I03J sanTep osuodsey wnwIxXelW (°p,3uod) giy "b1g

4o/ 'ALMNLONQ TUNOILYLCH

(37 (@)
(00) 'L'Q0IY3d TYLNINVANNS (0o5) U gOW3d TYININVANNI
1035 G2 02 Gl ol GO 0 0¢ G 02 <l ol GO 0
STV T ITTTT 0 ISR R RREER RN RN AR i1 0
390 OF » wontINg 115161 = 1S “Ansuny .
r I e 18—
) . 3695101 2561 v mm e e 9 m : l
23y P NS e 3 .
$-N ‘0nvr e e
a-u.e....:w N MHM_. m /ﬁw
a o | N b
5 o
%¥-u 000000 =w -
Q
8l ﬂ 9
= 1989 20014 b 10
~o o voioioy ©OpoN vo pasog
S g
ve P
g ¥-ul 000'000's =W
(@]
og o Ol
=
M 238 gt « vouomg {1¥1g)¢1 » IS Firsvany
2 s
-3 v KOPHOK 1261 e s e
./ 9t m,ﬂ\_ e uMwm.:&. 2661 e <l
. -33y 1O 18 e e
{ora7 001 .__v. "® 89110 a .m.u.“..e::ou.«w O¥6l ———~=— $31J0)S O
vouLIoY PpON uo pIseg Hois o M- 300930 |3 OVE) e RN
| | Pl 74 ?_

A-76



9se) oT3seld ~ STIEM TeiInlionils pajeiosy Ax1oig-QF
SUOTIOW 3Induy JuUaasIJTQ I0F sanfeA dsuodsay wnwixeW g9yy “BTd

(a) (e)
{o¥s) 1 ‘goIy3d IYANIWVANNA (03s) ' 'QOI¥3d4 WLNIWVONN

0O¢c . Gl ol S0 1Y) : ot g 0¢ gl ol G0 0

T T T T T T T T 0 5 < B R R A B
i 911s0|3 \ £3110iG O
-
b0 %
>
>
a =
g0 5
m
e
wn
3
21 9
~ -
9 3 Jnsoil
v <
i Y 90 |
91 W
\\
[
M
l : ol //
05 : oz @ L0 f-y
299 0f « vopomg (11511 « 15 Riysuaiy | \ 298 01 » vouomg ‘(11511 » 15 Rnsuap
9200 «ereeen raeereras — GL=DUN  wrevaseccrovacnen
3915 "WOQ OWI0I0G 1L6] mmw o s e )=) J 3915 'WOQ 0UNOIDG TIGE s e
M-2"00U0 K0P 16} s e - 80 M- 3°9000 FoPIOR 161 e e
AGOS 10 2061 memomaeen V N 3695 108 266! e
9V 1OUNIY) [ s ooen [V pinty) 1§ e e
SN '0NY3Y |3 OVl e moreen $31J0IS O §-N ONYIY 17 OY6! s e e
M-3 ONUIY 13 OPEl errmaenrmaam . . M-3 onvrd 13 OF6l e

SN VO O O O W 1 T 1 O O O O O I N O+ (YO 2 =7 (5N Y00 I I 0 1O O O I 1 I U N Y W

A=77

(U} *INZWIIVTISIQ 0L XYW



o¢

Ol

Gl

(NW)

9se) OT3ISeTHd ~ STTEM [eanl1onals pajeiosy Axolzs-op

SUoT310K 3Indur JU2I9IITQ I0J sonfeA 9asuodssy unwulXxen

(

p)

(095} ' 'GOIYId IVLNINVANN

Ge

0¢

Gl o1 g0 0

WJC_J!—: LI

LU

rrrrrrTraTerrrd

228 01 » voyemg "(Vig1grs 15 Fupsuaiu
91-2un
3918 ‘wog vurodey 1161

M-~3 'voug Kepriop 1261
3695 oL 2661

| o 197 oyny) 1S
~O §-N "0nva) 13 06!
M-3 "ostva) 13 Ovs!

IS
|
b
\

Msoid

tyrea it

._#
\
=

v

|

sauoIS Ov

|00 0 O O N 0 O I

0002
006¢
000¢
00se
000b
QOmv
000S

00S9

(sdp) ‘3SVE Lv 30504 YVIHS XVW

ot

W-NA)
o
Q
x

(

0001

002I

oovl

(*P,3U0D)

(D)

91y "bTa

{09s) 'L ‘qOAd WLNIWVANN

Ge

0¢ G

ol

g0 0

L

rrrrrrerryvyrrrirvrad

298 01 » vopomg (1715161« 15 Antuny

DL-IBM  srecesesresssnaens

301§ "WOQ DUNOIDY  {LEl owmreo s

M3 'vou0 Ropony LGl e

3698 NOL 266) ememmroream

. (207 joyny)
§~N "0MU9D 3 OP6l s oo e e
M-3 onve) 13 OvEl

18 oo e

N
BN WA ]
: :”m,u
! % %
: .,_ .x/
i ) |
| MIRYE | s3110iS OF
N DO N 5 O O O L\-L._—_b__L

=

o

T

KYW

Svg LV LN3WOW ONICN3S

-
-
=

(QOI X X-'U!l

A-78



.AH ‘porasd [eviuswepung Jo suorjoung Se saniep 9suodsay [BOTITID

K

STTEM 1eanioniig palefos Ax03S-0T ‘W ‘T9A9T PISTA pue

(9)
(99s) 'L ‘goI¥3ad  TWANIWVANNA
)¢ G2 02 Gl ol GO 0
BEEERERREEEREEREEREEAREEERER
000'0G1 —
¥~ 000'006 = f -
ousor3”] 000'000't
*29% () = UOjIDANG
(Pls)gi=is
$914104S Ol
Loty begeabaats

e

8¢

XV

('u1)® LN3W3OVIdSId AHOLSH3ILNI

(v

)

LTV 914

(99s) 'L *qOIMAd TVANIWVANN A

0¢ q¢

0¢ o

I o1

G0 o

LURER

UL

i

111

FTTrrvypryemi

45013 -

%~-uf 000'00S =

0 O |

.

*99s Q) = voyoing
(Phs)s1=1s
$91J0}JS Ol

al

9l

®)]
N

v

82

XYW

("ul)® LN3W3OV14Sid 4OL

A-79



STIeM Teanaonials pajejos] A101S-QT .%2 ‘19A9T PI3IA pue

;.H ‘poTaed JeIUSWEpuUng JO Suorjloung se son]eA osuodsoy [BOTITAD ( pIUo?) s1vy " BT4

(p) ()
(098) 'L ‘aOMAd  WANINVANN (99s) 'L ‘GO TWANIWVANNS
)¢ G2 0?2 Gl Ol GO 0 o¢ G2 02 Gl ol GO 0
T T TV T T T T oy iTTT) O TTTTTTTTT ____.I.Trlrﬁ___. 2o
ooo.oo_til\ .
° X
17 .
(]
008 X
000'051 — | A %-"U1 000008
P
2 00zl Q
-o- Q
000'00§ ——7 I ¢ 2
o’/ . m
// .
oo9) —
[0
¥-"¥) 000'000% = fw — > o
A o e 0002 *_ -
CIEL ) . M. 41803 -
jv n’\-\
— . 00v2 : —\|———{ ¥
298 (Ol = uojjoinq) 298 Qf = UoyD4NQ
(Phsygi=is (*hs)6ri=18
_ saj101S Ol §91104IS O}
depedea e e b bt 0082 ANAEERIEEEEENRSN NN 9’|

3dsveg 1lv LN3WOW ONION38 "XVW
A-80

(O % 3=ut)



ye

STTBM T1PINIONI]S poiIr[osI Ax0ag-Q1 °
.H.H. ‘poraad Jeijuswepung Jo suoridunj Se sonfep 9suodsay [EOTITIAD

(3)

(90) 'L'QOIMAd  WINIWVANNA

G 02 Gl o'l G0 0
1 A LI A o i TR
ooo.oco.Viv
O 1,
%-u1 000°006 = fy—"7 |
8
/ A |
/ 9l
18A37) 10014 S| D
SUO|IDIOY |DPON UO  pasDg
e '
000'00g't—+—
_— . — b2
"99% 0l = uojjoinQ
(8151218
$9110)S Q]
NERRENEN gz

g ¢ ALITNLONG  TYNOILVLOY  DITJAD

‘W ‘19A9T PITIA pue

(@)

("pauod) ,1v 314

(09s) 'L ‘@OIN3d TIWLNIWVANNS

Ge

0¢

Gl

01

€0 o)

RRRA

VI

_____AC\_L..

ooo.coo.w/%/.

TTTTTTTTT

¥-u 000'006G = W

A

s

000'00G 't —

LR ]

SU0IID40Y JOPON U0 pasog

100) 4

iIs| o

Lt t

O

‘998 () = UOJ}0ANQ

(Phs)ci=18
sapI0Is Ol

IR T T O I

TVNOILVYLOH
A-81

N

Q
N

e

82

L
7 b ALimiLong



.H.H ‘poTiag TeIUBWEPUNG JO SUOTIIOUNY Se sanTep 9suodsay TEOTIITI)

A

STIBM Iean3onils pol1eTosS] Ax015-Q1 ‘ W ‘19A97 PIOIX pue

(4

)

(99s) 'L ‘O34  WAINIWVANNA

e Ge 0 G Ol GO O
Trriyrrvrrreriviypsvrvirprlid TTvT
000'000"t— /v
*-ul 000'006 = fn —»
|
oA} 10014 IS O b
Suol§0i0) |DPON U0 paspg
ooo.ooQ.I;\\/
B ‘998 Ol = :;I.o:o.:o
Phs151=18
saj0is Ol
Lt AN

Ol

04

o¢

ov

0]

09

oL

3ALLVINWND

Sy ¢ A9w3NI  TYNOILYLOY

(0%

("pauod) 1y "8Td

(08s)'1L ‘' QOIN3d TVANIWVANNA

G2 0¢ Gl )} 19X §) 0
TTTT T TTT T T T T#T T _fﬁ T
000'000"t ——}—7
OI/ U A
|
000005 —|
. —3.Q —
(9A97} JoOj4 IS O
Suo|jojoy |JOpON U0 pasog
%-ul 000'00S'I= *w—>
998 () = U0Ij0INQ b
(Ps)6°1=18
saois Ol
NI EEEENEEEEE NN

10,2

09

Qo
o

074

o)
L2
z:uﬂ

(01¢]]

oic

JAILYINWND

T ALITILONG

4

A-82



STTIBM [eanionils pajejos] A1038-07 ‘ W ‘19097 PIPTIA pue
.H,H. ‘poTasd TrIudwEpUNd JO SUOTIDUNJ SB sIN[ep 2suodsdy [BITITAD gyvy

(@)
(09%) 'L ‘O34 WINIWVANN
o¢ G2 02 Gl o'l GO0 0
T T T T T T T T T I T T T T T TrTTd
%-"u1 000'000" = fw \
- N gl
ooo.om\.lI!Y\\
] . /
w
P 4//2.85\
oN\\Aoo.oom._
i T .oc!m..o_ = uoyjuinQ
(Phis)sizis
EEEEIEENETEENE NN S3HI0IS 0c

o

© N ©
- - (=]
(u) ' AN3W3DVIdSId  ANOLSHILNI

C
o~

<.
N

82

XV

"314

(®»)
(998) 'L *QOIMAd IWWLINIWVANN A
o¢ G2 0e Gl 0] GO 0
PPy vrevrpirrrerperrrprrre et
\X
000'0G2 N i onsol3
000'000°1 \
\f..-.s 000'008"1 = w

L

| |

‘93s Q| = uojjoang
("?s)g1=18
$31104S Q02

l

9l

o¢

v

82

XVA

d04i

(ut) * LN3W3OVYId4Sia

A-83



STTBM TBANIONIIS palefosI A103S-07
1y ‘poTaad Tejusuepund Jo sUOTIdOUNJ SEB sonfep 9suodsay [eOTITIA)

(r)

(99s) 'L ‘aoi3ad  WINIWVANNA

0% G2

0?¢

G

| ol

G0

]

LR

LRI

LBLILL

BN |

Feed

- 000'0GL

000'006't = Aw

N

298 O} = UoIBINQ
(**hg)g 128
$31101S O°2

111

I O

hS

L

il

oov

008

002!

009l

000¢

00ve

0082

002ce

(sdf) 3Sv8 LV 304804 HV3IHS ‘XYW

A

‘"W ‘19a9T PIOIX pue

08

(" pauod) 8TV

(@)

BT

(09s) 'L ‘G034 IVLNIWVANNS
02

G2

gl ol

¢0

0

RN

P

REEEREERL

LA

/

o _|

000'06¢L

1
AN

000

1

0001

N

// %~y 000'006

\ auso|3

i i

(I8 O

iit

938 Qf = uonIngQ
(1Phs)gi=18
salI0sS 02

149

@
o

Q © ~
N — ——
(QI%3y-"w) 3Sva Lv LNIWOW ONION3S "XVW

N
o

@
N

ce

A-84



e

A

STTEM [eanionilg poie(os] £1038-07 ‘W ‘19497 PIOTX pue

.H_H. ‘poTiad [ejuswepung JO sSuorlounj sv sonie) asuodsay [EOTITIAD

(3

)

(08s) 'L ‘@034 WLINIWVANNA

G2 0¢e

G

| ol

S0

0

Frrrpvrd

LU

FrTrryTvievyi

/1]
7

N

<

000'00s't

Y

%-v 000'0GL =

£

Sl‘ll.'

-

\

19A97) 10014 puz

SUOHDIOY |DPON U0

10

pasog

‘288 O} = U0| DI

(1*s)g =18
$9110jS (O2

1t i

Ll

BT IO O

ALITILONG TVNOILYLOY DI170AD

=t

ZOJT/ ¢

o

4]

("pauod) giv 314

(@)

(00s) 'L *QOIM3d IVLNIWVANNA

o¢ G2 0¢ Sl 0} ] GO 0)
BERREREREERERRE
193] s00§4 puz o
O] Suol|Djoy |DPON U0 pasog
// _
o/// 000'008"!
o]
000'000'1 //
Y
Ny ooo.oﬁu{\«/
Y
‘Jes Ol= :O:U;:Q
("hs)51=1s
SalIoIS 02
NENENNNERIEENE RN

Q
S ¢ L L1TILONa

4]

TVNQOILVLOH

A-85



(03

STIBM IeIn3jonilg poje(os] £1018-Q7 .%Z ‘19A37 PIOTA pue
.H,H ‘porasd Teluluepung jo suorliodoung se saniep dsuodsay TROTITI)Y (°PIU0OD) gty “I14

(1) (3)

(08s) 'L ‘aOM3Ad  TWANIWVANNA (098) 'L *OIM3d IVINIWVANNA

Ge 02 ql O GO0 0 o¢ G?¢ 0¢ Gl Ol GO 0
EEEEEEEEBERRE 0 TTITTTTITTT T T J
{aAa] 100{4 puz o o 19A97) 100j4 puz v
SUOIID{0Y |DPON U0 paspg C suojjojoy JppoN U0 pasog
AN : I~
o 000'006"1 3 .f  000'008
A
7 7 oz ™M ~ / /\\A
NN NN N
X
AN 9
/ 5 / V\
o€ S . _
-« —— 000'000"1 W 000'000"1 \ /
oV .JN,_ /
m
P
' K @
¥-ul 000'0GL = ‘w—> A <
\ 06 . \
™M ¥-u1 000'05L = fw L\
>
. oo ™ . ——
938 O} = uojomqQ ) 298 O} = uo|joINGg
(*hs) gi=18 /. (*Ys) 51218 /
§3{104S 0c mm_..c.w (074
tea b et b bttienna oL et berp e br ettt

el

e

o¢

1214

09

¢l

14:)

3AILLYTINWND

A-86

224
T ¢ ALMILONG



A

STTIEBM [BANIONIIS PIIBTOST L£102G-QFf ‘ W ‘ToA9T PIDIX pPue
1y, ‘pota9g Teluswepung JO suorloung Se sonyep osuodsoy TEOTITAD 6TV ~ITd

(9)

(99s) 'L ‘AOIMAd  WANIWVANNA

o¢

Gé

0¢

Gl

o'l

G0

o

L

UL

000'00

trii

o.m//

U

rTrTrjveyT

5

1) %
000005 _/»X

A\ul»!._-..: 000'000'1 = 'ny

A

)

v\/ozmc_u

e

O O S

[

L

288 O} = UojjoINQg
(Phg)si=1s
£9|104S OF

144

80

A

91l

0¢

v'e

8¢

XV

(ur) * INSW3OVIdSIQ  AHOLSHILNI

oe

(®)

(99s) 'L ‘GO TWANIWVANN S

G2 0¢Z Gl o) GO @)
TTTITTTTITT T TrTrYyrrrrprrrrpvead
000008 't ——p. \\uf 000'000'2
Vs -
”y
fu——mc—w
L %-"u} 000'000'="*W
S ‘288 (O} = VOjjOUNQ
(Phs)51=18
S3L0IS O¢
NERRNENNE IR RN,

¢l

9l

14

te

82

("u1) ¢ LN3W3OVdSIa dOL “XVW

A-87



03

STTeM [BAIN10NI1S paiefosI £A1015-0¢ .%Z ‘1oA97T PISIX pPue

«ly ‘porisg Tejuswmepung jo suorjoung se sonyep 9suodsoy [EOTITAD ( PIUOD) gy “FTd

(P) ()

(08s) 'L *aoO3d  WINIWVANNS (09s) 'L *@OIN3d TVANIWVANN A

Ge 02 Gl ol GO 0 0o¢ G2 0o¢ Gl Ol GO 0
T T T I T T Ty 000 FTTTT T I T TTTT I T T T I T T riT ool
o -A*O/IIAFO
ookt = <"
W -— 000'000")
. T
(o]
008l M |- 000'005"
w\\\\i \\\HWuoooooo. > ¢il//# /, n
x// o 00ez o N ——
O\\\\JIA.IILFO 0000061 ..mu._ ¥-u} 0000002 ="
>
// 0092 H 3
A-"uy ooo.ooo.NL,s_ m | onsoi3
m
000 -~
*x
=
—4——— 915013 S
‘998 () = HOf§nINgG oove » 995 ()} = uo|j0anQg
(®*s)571=18 (P®s)1671=18
S §91101S OF sal10IS O¢
ARBEEREE TN NN 008¢ NENEEERNE NN RN

o

9l

(AR

8¢

t'e

ot

9t

2's

3svda Lv LNIWOW ONION3d

XYW

(Ot X sdiy-rut)

A-88



STIBM 1€IN1ONIIS PIIBTOST AX103§-0€ ‘ W ‘9097 PI2IX pue
.H.H. ‘porasd TeludwEpuUn JO suorjoung SeB sonTep dsuodsay [BOTIATIA)

(3

(08s) 'L ‘aoad  WINIWVANNA

C G2 0o¢é Gl Ol GO 0
T T T vy T ryyrr T rrrryryrryyeeyd
o jaA3T] 1004 pug |0
SUOHD|0Y (DPON uo pasog
.
o /
/A! 000'000'2
e B+
000'006‘ 1 —§f——»
p/ w
/}x-.s 000'000'1 = fw
AS
‘998 Q)= uopong
(*°*N15)5°1=18
8314045 0%
te vttt bt

(@)
24 ¢ ALITNLONG TYNOILYLOY  DI1JAD

o

14

K

(@)

("PIUOd) 61v "3T4

(09s)'L *qOIId TVANIWVANNS

o¢ Ge 02 Gl o1 GO 0
rryrfrvrryrTrrprrreyvrrirp e
000'000'2 —__
~.
o—_$ [oA] Joof4  puZ 10
L/ SuolDjoy |DpON U0  pasog
~
//v
ooo.o%..,\_\i« No
O.//
]:tv N
¥-ul 0000001 = *n
‘338 ] = UojjoINg]
(Phs)6°1 =18
$3110§S OF
ARSI NN

<
TVNOILYLOH

o ®
2dyf ¢ ALITILONG

4]

A-89



H,H. ‘poTi9d [BIUSWEpUN JO SUOTIDUNJ SB SINTeA Idsuodsay TEOTITAD gzy

A

STIEeM [eaINIonNIlg paiIeyosI £x01S-Qf ‘W ‘I2A9T PIOIX pue

(1)

(09s) 'L 'g0OIM3d  WINIWVANNS

e G2

0?¢

Gl

o1

GO

P

mrti

UL

FTTrryvrrry

000'000* 2

N
\

sPi3

R

|

‘088 Q| =uopoInQ
(Phg)gi=is
§91OIS Ot

rA Y

o

90

80

o'l

A

i

XYW

AS0LSH3LNI

(-ul) * IN3W3OV4Sia

Oo¢ Ge

o

(®)
(09s)'1 *qOIN3d TVINIWVANNA

I

Gl

ol

‘314

60

il

000 O

RN

002
A\

Frfvpread

% o

e
~

=

N:m

™~ %-u 000'000'¢ = W

{ I |

1 |

Ly

“298 (O = uopBING
(Phs)gi=1s
§314104S Ob

Ol

0¢

1 0

ov

0§

09

0L

XVA

(‘u) ¢ INIW3DVIESIa JdOL

A-90



STTEM T®aIn3onilg £1035-0% W ‘19497 PI°®IA pue

.H.H ‘potraed Trijusuwepung JO suorloung Sk sanyep asuodsay [EITITI)

(P)

(00s) 'L *QOI¥3d  WINIWVANNS

€ Ge 0 Gl Ol GO
T T TITT VY T T T rrIryry rrroryraeTd
\ooo.oom..
/ —
| usameneeme A\ JI.O
] A 000'000'2
o]
-O-
[+ /
~— %-v] 000'000'€ ='W
N
(o]
e = -l
V/u:nc.u

e ber v tpety

‘088 Q] = uojjoing
(Phs)gi=s
$81104S Ot

(01X sdf) 3SVE LV 30803 dV3IHS "XVW

("pauod) gzy "ITd

(®)
(99s) 'L *qOINAd TVLNIWVANN S
o¢ G2 ()4 Gl ol ¢'o 0
TTTVrrrrryrrrryrriryrrirprend
é/o//._-.s 000'005't = 4w
| S o ¢ S
j;o
— | /ooo.ooo.m
JT&
/ |~ 000'000'¢
/ | ——onser3
»

1111

\

I |

Y

1111

‘208 Qf = uopioang
(*Ys)1671=18
$81101S O

(gOIxy-"ut) 3svg 1lv LN3WOW ONION3E 'XVW

A-91



;.H. ‘POTa9d TeIURAUWEBpPUN JO SuUOTIdUN SB SINTEBA asuodsay TBOTATI)

s{1eM 1eanjionaig £1038-0% ‘"W ‘1A PTOTA pue

(3)
(09s) 'L ‘AOI3Id  WLNIWVANNS
£ g2 02 Sl 0ol 60 0
TTTYyrerrrtyvrryi L 711 L
/ 13A377 10014 Yipy D
uoyjoI0y |DPON uo Ppasog
J//
/ ——~ 000'000'¢

>

/

o

o

1 000'000'2="W

A

0000061 —

AN
I
o
\

et ittt

A1 1

[0

288 Qf = uojong
(*®h5)61=18
s31401S Ob

<

0

o]

Q

o

14

oy ¢ LULONG TYNOILYLIOH  DIMJAD

o¢

(@)

S ("pauod)gzy 314

(095) 'L *QOI¥Id IVLNIWVANN

G¢ 0¢ Gl Ol GO.
YT rTrryrirryvryryeriryprim

B S | [9A97] 200{4 Yip {0

/ uolDjoy IDPON w0 pasog
/

/ /
// ™~ 000'000'c
/

N AL
/ >//f=. 000'000

'2:"w
000'00s"1 -
M ‘998 Q] = uoyvINQg
(*15)51=18
$81401S Ot
[ OO O O OO O N O 1111

e

14|

TVNOILVLOY

¢rf ¢ ) 1MLONa

A-92



.H.H ‘porasd Teluswepun JOo suorldung Se sonjep 9suodsay TBOITITID

STTEM TEBaN3IONnils L1015-0% "W ‘ToA9T PISTA pue

(W

(00%) 'L ‘goIdad  WANIWVANNA
0z gl 0

€ G'e

| G0

Tl

VA

UL

Frrryveed

rrrryryni

19A8}

uojiojoy

10014 Wiy o0
[ppopN uo pasog

-[~—— 000'0

00'¢

N

h\\\lf.:_ ooo.ooo.u "W

£

000'006't ———

L I

1.1

\

208 Q) =uo|josngg
(PY5)g1=18
saLI0IS OV

__.-_/____

ol

0¢

oe

ov

619

09

(072

g7 ¢ A9HINT TYNOILYLOY 3ALLYINWAD

o¢

G

é 0¢

(3)
(99s) 'L *QOIYId TWANIWVANN A

| o

(*p3uod) ggy 314

L G0

0

i

IRRA

e

RRRE

FTTrToTrTritd

Y

volinjoy

19427 10014 Wit D

jopoN uo pasog

| 000'0

00'€

000'

OOm..\

Ak

4

A

‘] 000'000'Z = "W

[N s |

3 N |

p4dd

‘098 Qf = uolDING
(*sys1=s
S90S OF

0
2l
(@)
C
2
m
e »
=
<
m
9¢ 2
O
.
(I
I‘
8 <
™M
F
09 N
el
v8

A-93



(

F9%195y6y

‘0 = IS - STTeM Teanionilg £1031§-07
HH ‘poTaagd Teauswepung JO SUOTIOUN SB SONTRBA asuodsay [BOIATIAD Tzy 314

(D)

(99s) 'L*aOI43d  WANIWVANNS

N

¢ Ge 02 ql Ol GO 0]
PPy LRI} IR T LRI UL ]
/ooo.oﬁ,
77 -
Nl o \-000'000'|

e,

¥-u} 000'006'1 = AW -/

N

I O O

‘08s O} = uo§pIng
(?®1s)gL'0=1IS
$9110IS 02

0

q—

o
o

N

©

Q
N

<
N

Q
N

(01X sdp—ut) * 3Svg Lv LNIWOW ONION3E XYW

£

‘"W ‘TeA9T PISTXA pue

(®)

(29s)'L *00I¥3d IVLNIWVANNA

o¢ G?e 0¢ Gl ol c¢o
TTTTT T T I T T T I T T T T T v ooy TTo
000'0SL —
000'000't \
00'00g'1 = *w
e ~d *09$ Of = uoljnIng
{(*199620=18
S39I0
HAEEEEENEIENEENEEN] H0IS 02

ol

el

(‘ut) * IN3W3IOVIESId dOL XYW

A-94



- sT[BM TBan3onils £1031§-07
‘poTiog [eIUSWEpUNJ JO SUOTIDUNJ SB SONTEA asuodseoy TEOTIITIAD

*Joux
( ¥

()
(o8s) 'L ‘qoIdad  WINIWVANNA
'e 62 02 GI ol SO0
TTTTTTRELITITTS TTTT VT T
/VV/ £000'006"]

000‘0

%~"u} 000'000'1

2>
N/

|

I

[

1l

‘098 Ol = uoljounQ
(PN18)6L0=1S
S8l0IS 02

Ol

[4

HmvawQ
‘I ‘TeneT PIPTA pum

CALITLONG TWNOILYLON

i

.H_H

A.wuﬁouvHN<

()

814

(09s) 'L *QOIMId IVANIWVANNS

qe 0¢e Gl 0) GO
TTTT T TrITrTrTryvrryrrrpirTevp ol
[
L 000'0S.~
2 /
zp/.lo]
/ l.O/..i’)
/d/ £ 000'000'"
Vi
‘Ui ¢ T {
¥-ur 000'006°l = A
"08s Of = uolDINQ
(?15) 620=1S
$3110IS 02
T O A O O O O O O I O O O 1111

0

1010) 2

008

002

009l

000'2

00+4'2

(sai)

‘3SVE LV 30804 HY3IHS XVYA

A-95



e

T Fea )
_A IS)0'T = IS - STIeM 1eanioniaig £1015-Q7
NHH ‘potaed Tejuswepung Jo suorjoung SeB son[ep osuodsdy T[EOTITIN A

(D

(98s) 'L ‘goIdad  WAINIWVANNA
g2 02 ¢l ol 60

0

UL

ﬁb/rl\vaO/O.AOmh

Frrrvrirrriryvriybperrivpirneld
O .

N -

o

P ——

vl/
// 000'000"1-*
MO

e

¥-4] 000'006*1 = AW —/

| IS |

(®18) O'1=1S
sal0lS 02

O O T O O T O O T

‘998 Q] =UOHDING

o © N ® <
N - = o o
(01X sdbj—ul) ‘3SvE LV LNIWOW ONION3E XYW

<.
o

@
o

o¢e

K

W ‘T9A®T PI9TX pue

(®)

814

(99s) 'L 'GOIY3Ad TIWLNIWVANNA
01 60

Ge

02 Gl

0

NEREERREN

IR

i Fed

i)
oooooo_n/N\

000'006'| N

\

v/

/<—%-uy 0000

gL = fw

L bl

T OO T G T O |

41l

"088 O} = uolinINQ
(¥I18) 0'1=1s
S9tI0§S OZ2

ol

cl

14

ol

(‘ur) ‘ LNBW3OV1dSI d0L "XUW

A-96



(

#1530 1

IS

‘STTEM TBINIONILG Po3BTOST A10318-(Q7

(p)

(08s) 'L'aoI¥3d  WINIWVANNS

6]

e A oe Gt ol S0
TTT7 1 _ JA// TTTTTTIT TV T TITd
// \looo.oom._
/. o)
\ .
000'000'I If//
1-ul 000'0G2 = §|\ /f/
‘098 O} = uolpunQ
(PUS) 01 =18
N T U I O T 0 O senols 0¢

=

N

4

£

TVNOILVLOY

¢ ALMLONG

!

Ot

W ‘19497 PIPTXA pue ‘g
‘poTiad TelULWEPUNS JO SUOTIOUN SB SONTBA 2suodsay TedTITI)

(08s) 'L ' @OI¥3d WINIWVANNA

('P3U0d) zgv "3T4

(@)

Ge ()4 ql 01 G0 0
ITITpTITrTT Ty Ty rrTryrrTT 0
(010) 7
000'0GL 008
- o . ‘
e — 002l
000'000') @T/ e
009'|
r.O\
4-ul 000'00S _LsT\
0002
: 00db'2
29s O] =uoljoInQg
(*is)oi=1s
it Lt i1t il Ll d mm_\_O“mON

(sdiy) ‘3SvE 1v 3I0HO4 HVIHS XYW

A-97



sTTBM TBANIONIAS paie[osT A1035-07 ‘IS ‘AIrsusiul ayenbyjaryg pue
.HH ‘poried TrIUSWEpUnJ JO SUOTIOUN SB SINTRA 95uodsay [eOTATID ¢gy *3TA

(D)

(089) 'L ‘goidad  WINIWVANNS

e g2 02 gl ol GO 0
T T T T T T T T T T T T T I v T T T T orrTd
mho;/
Iclﬁ //

Gl= _m+\ // D P
"28s Q| = uoyo4ng
(Pl1s)xis=18

poaale v by e by ] S8HOIS O¢

(46

©
o

@
o
3sve Ly PRAp /xouy

cl

vl

oe

(®)

(09s)'L *qOI¥3d TWANIWVANNS

G¢ 0¢ g1 Ol *X¢) 0
TYTrprirryrireyprrryyryrrvrp e
\\o\\.
620 L7 Mol
v
\A\ 9]
© A V.
\t.li G s
\ L
y
"098 O} = uoynINg
(*1s) % 18=18
[0 W O OO OO O O O O I O SSUOIS 0¢

Ol

Gl

02

Ge

(0%

(ur) ©LN3W3OVdSIA dOL XYW

A-98



0O¢

peleTosI A1038-07 ‘IS ‘A3rsusjul ayenbyjyaey pue

STIEM TBINIONIIS

..H—H.

‘poTisg TeIUSWEpPUN] JO SUOTIOUNJ SB SONTBA dsU0dSdY TBROTITIAD

(P)

(99s) 'L'aOIYAd  TWANAWVANNA

G2

oe

Sl 0]

| GO

0

TTT1

IR
GL 0+

rrrvrevig

NS
N

/ )

=\

N

‘o/
(o]

o}
u

l»

e

w/\\
/N

N\

\

AN
AN

99S () = Uolpng
(P®hs) xis =18
$81404S 02

[

ol

2\

S

i

© ALTLONG WNOILVLOY

o¢

(*PIUOD) ¢y 'BTA

)

(09s) 'L *qOIMAd TVANIWVANNS

Ge 02 gl ol ¢o 0
TYTTT I VT [ TTIT V[ IT T oroIamyrTTd
BA J00ld  pyd 0
SUODJOY {DPON U0 pasog
o ONJ\
o cannNN
b P
¢ sunumny I'-ll.l//
O._I\«G ~~o._
. T~
" o
m_u_;mL\ //
09s Q] = UoKDINQ
(*is)xis=18
TN 0 O OO WU O A O O O O O S8L0IS O¢

0

0]0] 2

008

002l

009l

0002

00t

1V 30404 Y¥V3HS 'XVA

(sdny) ‘ 3SV8

A-99






APPENDIX B

EXPERIMENTAL DATA

hero?






APPENDIX B

Tables B1-B1l3 Ductilities by Various Definitions

for Test Specimens

Figures B1-B15 Moment vs. Rotation Curves

Bl

B2

B3

B4

B3

B6

B7

B3

B9

BEl10

for Test Specimens

List_of Tables

Ductilities by Various Definitions of the Hinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74.0 in. from the Base - Specimen R1

Ductilities by Various Definitions of the Hinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74.0 in. from the Base - Specimen R2

Ductilities by Various Definitions of the Hinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74,0 in. from the Base - Specimen Bl

Ductilities by Various Definitions ©of the Hinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74.0 in. from the Base - Specimen B2

Ductilities by Various Definitions of the Hinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74.0 in. from the Base - Specimen B3

Ductilities by Various Definitions of the Hinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74,0 in, from the Base - Specimen BS

Ductilities by Various Definitions of the Hinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74,0 in. from the Base - Specimen F1l

Ductilities by Various Definitions of the HBinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74,0 in., from the Base - Specimen B6

Ductilities by Various Definitions of the Hinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74.0 in. from the Base - Specimen B7

Ductilities by Various Definitions of the Hinging Region
Test Specimens at Various Load Stages Based on Rotations
over 74.0 in. from the Base -~ Specimen B8

of

of

of

of

of

of

of

of

of

of



List of Tables {(cont'd)

Bll Ductilities by Various Definitions of the Hinging Region of
Test Specimens at Various Load Stages Based on Rotations
over 74.0 in, from the Base - Specimen BS

B1l2 Ductilities by Various Definitions of the Hinging Region of
Test Specimens at Various Load Stages Based on Rotations
over 74.0 in. from the Base - Specimen Bl0

Bl3 Ductilities by Various Definitions of the Hinging Region of

Test Specimens at Various Load Stages Based on Rotations
over 74.0 in. from the Base -~ Specimen F2

List of Figures

Bl Specimens and Loading in the Experimental Investigation on
Isolated Structural Walls

B2 Moment at Base Against Rotation Over Approximately 6 ft.
Length from Base - Specimen Pl

B3 Moment at Base Against Rotation Over Approximately € ft.
Length from Base - Specimen F2

B4 Moment at Base Against Rotation Over Approximately 6 ft.
Length from Base -~ Specimen R1

B5 Moment at Base Against Rotaticn Over Approximately 6 ft.
Length from Base - Specimen R2

B6 Moment at Base Against Rotation Over Approximately 6 ft.
Length from Base - Specimen Bl

B7 Moment at Base Against Rotation Over Approximately 6 ft.
Length from Base - Specimen B2

B8 Moment at Base Against Rotation Over Approximately 6 ft.
Length from Baswe - Specimen B3

B9 Moment at Base Against Rotation Over Approximately 6 ft.
Length from Base - Specimen B4

B1l0 Moment at Base Against Rotation Over Approximately 6 ft.
Length from Base - Specimen BS

Bll Moment at Base Against Rotation Over Approximately 6 ft,
Length from Base - Specimen B&

Bl2 Moment at Base Against Rotation Over Approximately 6 ft.
Length from Base - Specimen B7



List of Figqures (cont'd)

B1l3 Moment
Length

Bl4 Moment
Length

B1l5 Moment
Length

at Base Against Rotation
from Base - Specimen B8

at Base Against Rotation
from Base - Specimen B9

at Base Against Rotation
from Base - Specimen B10

Over Approximately 6 ft.

Over Approximately 6 ft.

Over Approximately 6 ft.



Based on

‘Table B

Ductilities by Various Daefinitions - For the Hinging Region in Specimen R1
Rotation ¢f a Section 74.0 in. Above Base of Test Specimen

Load Stage

Chserved : Cyelic Sumulative
Yield Rotatian at +{.0ad ~Load Avg. Lsad Cycla Ratational Rotational Cumuiakive RAstakional
#ament Fyll vield (% Max}) {2 Max} (% Max) Ho. Quetility, Ouctility, Quezility, Energy,

(k=tin, ) {Rad.) Rp T, Tupg Ta

81.3 12.8 77.3 10 1.00 1.1 2.2 1.33

80.3 72.8 76.5 11 1.04 1.3 4.5 2.48

70.6 7%.9 72.7 12 1.13 1.2 7.1 .00

2.5 8.8 .7 13 2.09 2.7 12.0 §.70

a3.6 79.8. 81.7 14 2.05 2.9 17.3 9.36

81.4 7.9 79.7 15 2.08 2.8 22.9 12,18

99.4 91.0 95.2 J£.1 3,04 §.3 3.9 23,30

. $Q.1 §5.3 87.7 17 4,02 §.3 45.3 32.2%

g 2 26.1 2.3 85.5 18 4.08 6.1 s8.4 41,70
- < 100.0 94.1 97.1 13 §.13 9.3 78.8 §3,04*

90.5 39.Q 83.7 0 §.08 9.7 3%.0 75.10

28.5 -+ 35.3 3.9 2 4.10 8.5 113.7 90,54
98.3 93.3 95.8 % 7.93 12.9 1343 113.20%+

8.8 £34.3 7.8 25 7.8 12.7 160.1 116,22

89,1 §2.3 5.7 27 14.35 18.4 51.¢ 185.6R

64.7 66.9 63.8 28 18.17 25.3 238.5 189.72

56.7 28.5 4.6 29 19.22 26.2 286.4 210.38

51.8 17.8 4.7 30 19,38 22.0 9.8 227.38

8 The cumulative rotational energy has been normalized in tarms of observed yiald

moment and the rotation at full yield.

Maximum load staga.

** Last stable cycle.
Toble B2
Juctilities by Various Definitions - Por the Hinging Region in Specimen R2
Based on Rotation of a Section 74.0 in. Above Base of Test Specimen
| Load Stage

Qbserved Cyelie Cumulative
fieid Rstation at f *Hoad -Load Avg. Load | Cycie | Rotational Ratatinnal Cunylative | Rotatinnal
Voment Full vield {% Max) (% Max) {2 Hax) Ha. Quetility, Quetitity, Quetility, Znersy,

(k-1a.) {Rad.) By Hpe Tare :Ar@

85.4 8.6 85.0 12 1.08 1.3 2.4 .10

82.0 80.5 8l.3 20 1.0s 1.2 5.0 2,12

8.3 79.2 9.7 4 1.08 1.3 7.8 5.3

92.9 91.0 9.9 22 2.31 2.5 13.4 12.04

87.8 87.4 87.8 23 2.28 33 20.0 17.18

8.9 35.5 5.3 74 2.22 1.2 26.3 21.90

9.5 %.5 95.5 8 31,38 5.3 5.8 Ja.24

a .1 92.7 n.s 25 3.28 5.0 45,8 43,70

El 3 9.7 9.2 9.4 7 .18 4.3 $5.3 s2.58

< S 96.9 8.7 7.4 it 4.3 5.8 f6.8 70.15

92.9 82.5 49.7 2 .14 8.2 7.1 82.1m

83.0 92.5 es8.3 33 3.62. 5.8 2%.2 §2.20

4.8 100.0 97.4 38 $.82 7.7 104.4 112,92+
89,5 32.4 91.0 35 4,39 7.5 118.7 175.95 %%

13.1 78.9 78.8 1 4,44 5.8 13,8 137,23

§3.6 €9.3 £1.1 37 3.35 9.1 l49.1 137,10

43.3 5.1 30.0 k-] 5.28 10.3 1§3,2 151.2¢

19.0 2.8 0.3 19 4.28 1.3 | 191§ 183.74

@ The cunulative rotaticnal energy has been normalized in
monent and the rotation at full yield.

*  Maximum load staqé.

** Last stable cvcla.

terms of observed yield




Tabie

B3

Ductilities by Varicus Definitions « For the Hinging Region in Specimen Bl
Based on Rotation of a Section 74.0 in. Above Base of Test Specimen

E Load Stage :

Naserved f T Cyclifc ! Cumylative
Yield Ratatioq it f *Laad -Lgad Avg. Load Cynla Roragional Rata;1qnat Comylative Rotational
Moment Fyll Yield | (% Max} {% Max) £ Max) Na. Quctility, . | Ouctiliey, Quctility, Energy,
(h~in.) (Rad.) l e e Sipe :ar

89.8 89.1 89.3 13 1.4 1.8 3.1 4.42
a1.7 84.8 83.2 14 1.32 1.6 5.4 5.50
3.1 81.2 8l.5 13 1.33 1.6 9.8 7.22
8.0 93.2 95.5 18 2.74 4.3 18.7 18,54
1.7 83.4 %0.5 20 2.74 4.0 4.8 32.60
88.9 87.0 88.0 21 2.59 3.9 32.6 28.32
9.8 7.7 8.7 22 4.15 6.9 44.3 42.86
o~ - 93.9 93.7 91.8 22 4.09 §.7 $8.0 45.18
E; g $0.3 9.9 9.8 24 3.98 5.8 n.0 86.22
& < 99.2 100.9 99.6 28 .53 3.9 8s.4 86.54*
94.3 94,1 94.2 29 3.03 3.8 162.4 102,48
32.4 90.5 91.4 ] 5.28 3.7 118.4 117.53
91.2 98.4 94.8 1 8.40 10.7 139.4 1318.50
45.4 89.2 27.3 32 5.28 10,1 159.8 155.36 »»
8.9 £9.9 75.4 3 5.7 9.9 9.0 | 1728
Table B 4
Ductilities by Various Definirions = For the Hinging Region in Specimen B2
Based on Rotation of a Section 74.0 in. Above Basae of Test Specimen
Laad Stage
Observed Cyelie Cumulative
teald Rotatfon at +.03d -Ladd Avg. Load Cyele | Retatianal Retational Cumyiative Rotational
Nonent Full Yield (% Max} (% Max) {% Max] No. Juetility, Ouctility, Ougtitity, Energy,
{ketn.) (Rad.} 'y Hee :‘ﬁ-c ur@
R
93.9 aNn.4 92.5 13 1.78 2.7 4.5 7.08
8a.3 83.4 48.3 20 1.73 25 9.4 10.40
86.7 86.89 86.7 21 1.63 2.4 14.2 13.48
95.8 95.2 2.0 22 2.59 4.0 1.4 21.78
- ~ 93.3 94.0 93.7 3 2.47 3.8 28.9 ] 27,58
S g 52,1 92.8 92.4 2 2.40 1.8 35.9 .00
S s 99.1 100.0 9.5 25 . 5.0 45.0 $3.60e
95.3 37.5 96.7 26 2.35 4.5 54,1 51.66
2.3 $5.0 93.3 27 2.88 4.3 §2.8 £8.6aw
4.4 92.2 93.3 28 2.83 5.2 72.7 $5.54
M3 25.8 ‘30,4 29 - 3.9 79.7 -
18.7 18.0 18.4 ki ] - 4.0 88.3 -

2 The cumulative rotational energy has been normalized in

moment and the rotaktion at full yield.

* Maximum load stage.

** last stable cycle,

tarma of observed yield




Table B 5

Ductilities by Various Definitions - For the Hinging Region in Specimen a3
Based on Rotation of a Section 74.0 in. Above Base of Test Specimen

Chservad r bk S‘m,'- T Cyelte Cumilasive
Yieid Rotatfon at *Load ~Lgad Ava. Laag | Lyele Rstational Qocational Cumizlagive Raractonal
Moent Fu!l freld (% Max) (% Max) (% Max}) Ng. Ducsility, Cuctility, Quettiity, tnergy,

(k=in.] (Rad.} w bpe Tire uf

8.3 8.0 28,1 12 1,22 t.7 2.3 1,58

8.3 80.5 a4 14 1.28 1.4 5.0 d.84

2.4 M.l 73.8 13 1.29 1.5 3.0 5.98

94.3 2.5 91.5 19 2.89 4.1 155 14,18

3r.3 8.5 %.5 i 2.59 4.0 3.3 .10

5.5 31.5 8.5 n 2.48 3.8 1.0 25,16

35.4 J9.l 94,4 22 4,13 5.3 42.3 38.35

.7 90.0 §0.3 23 4.02 £.2 34.3 49,30

§9.4 - 88.5 2.0 28 3.9 5.9 66,1 . .2

37.5 94,8 6.2 28 5.09 8.2 7.3 73.70

43.9 92.4 31.1 29 4.94 3.0 95,7 43,52

3 2 92.4 %.5 N5 0 a8 17 110.8 107.14

- o .9 95,4 9.5 u 5.97 2.9 129.5 131,38

96.4 .3 3.1 n 5.52 9.8 1484 149,58

9%.3 .8 .2 n $.37 9.0 186.1 187,08

0.0 © 96.6 98.3 kil £.53 10.3 186,39 192,32+

9.4 93.3 5.3 pi: §.21 9.5 7.6 213.82

95.3 9.4 93.4 16 §5.00 3.8 2r.1 212,28

99.1 5.1 7.1 37 §.438 1.3 248.7 FAT ]

95.% 91.7 9.3 38 $.27 0.8 270.0 78.78
82,5 .4 8.0 3% §.02 10.2 4.2 296, 34w

8.3 13.4 ga.L &L 7.81 1L.3 N30 6.3

63.3 .3 §1.3 41 §.80 11.9 336,72 N85

| 5.5 49,1 52.4 42 §.77 | 11.8 J59.3 45,08

Tabie B 6

puctilities by Various Definitions - For the Hinging Region in Specimen BS

Based on Rotation of 2 Section 74.0 in. Above Base of Test Specimen

1 toad Stage T
Ghserved Cyelic Cumulative
Yieig Rotation at +aad ~Laad Avg. Laan Cyele | Ratational Rotatianal Cunylative | Rota*ional
ff?::t) Fuz;a;1;ld {2 Max} (% Max} {% Max) Na. Ouct;ITty, ch:;11ty, cucgllt:y. E::rgy.
. - r e e J -
86.9 §7.4 §7.1 18 l.4a 2.1 1.4 5.70
82.1 43.8 83.0 o 1.38 1.9 7.2 7.82
81,2 g2.8 8l.3 2 1.6 1.8 0.9 10.28
89.6 s1.9 0.7 22 2,13 3.2 15.5 17.52
82.5 89,7 8.7 b4 ] 2.06 3.0 22.5 22,80
6.8 8.9 87.8 24 2.00 2.9 28.1 27.84
8 2 93.3 3.5 9,9 2 2.8 4.1 3.5 37.82
g 3 91.5 98.2 92.8 26 2.9 3.8 4.1 45,20
%0.1 92.9 31,5 7 2,43 1.5 50.3 sl.g2
$6.7 100.0 93.3 28 1.08 4.7 §9.1 83.980 M+
93.8 0.5 3.2 29 2.5 4.4 §7.4 71.86
§5.5 53.5 2.0 | 1 2,12 1.2 73.5 79.52

[

momant and the rotation at full yiaid.

* Maximum load stage,

** Last stable cycle.

The cumulative rotational energy has been normalized in terms of observed yield




Table B 7

Ductilities by Variocus Definitions - For the Hinging Region in Specimen Fl
Based on Rotation of a Section 74.0 in. Ahove Base of Test Specimen

Load Stage T
Gbsarved Cyclte Cumutative
Tield Rotation at +aad ~Load Avqg. Laad Cycla Rotatianai Rotational Cumul ative Retational
Moment Full rvielg | {% Max) {% Max} (% Max) No. Ductility, | OQuctility, | Ductilfty, Snargy,
(x-1n.) (Rad.) oy Bre e !
-
0.1 80.5 8.3 12 f.o8 1.1 2.1 1.1
7a.5 €0.8 9.7 14 1.13 1.2 4.4 1.35
79.1 .0 73.6 15 1.10 1.1 6.5 1.4
91.0 90.5 93.3 19 2.73 7 12.7 7.4
§ = 39.4 g2.5 35.5 20 2.66 3.4 1%.4 11.14
N 8. 87.7 8.4 86.9 2 2.61 3.2 25.3 14.50%
~ b 100.0 9.1 $7.1 2 4.32 6.3 8.4 31,18
2.0 18.9 20.4 23 ] 3.3 §3.9 -~
1.1 12.4 1.7 24 - 3.4 €3.7 -
13.2 3.0 1.1 5 -— 18.5 102.3 -

# The cumulative rotational energy has bean normalized in terms of chserved yield
moment and the rotation at full yield.

* Maximunm load stage.

**  Lagst stable cycle.
- Tahle B 8
Ductilities by Various Definitions - For the Hinging Region in Specimen B6
Based on Rotation of a Section 74,0 in., Above Base of Tesat Specimen
. foad stage .
Obsazved | Rotation at Cyelic Cuarulakive
Tield Full Yield +Load =Load | Avg. Load | Cyele | Rotational | Rotational | Cumulative | Rotational
Momans (rad.) (% max) | (% max} {3 max) No. Cuctility, | Ductilivy, | Dnctillvy, Znergy,
{k=in.} 3
Hr Hre 2 TAp
7.5 95.7 98,4 22 1.79 2.3 4.0 4.70
91.9 31.3 22.4 3 1.78 1.3 3.5 .69
a 2
e S 31.4 31.8 1.6 14 1.89 242 3.4 8.4~
- .
” ° 97.9 100.0 99.0 25 2.78 1.1 20.2 14,500
) 3.8 37,8 431.5 264 3.4 28.7

¢ The cumulative rotational energy has been normalized in terms of observed yield
moment and the rotation at full yield.

* Maximum load stage.

LA

Last stable cycle,

Web crushing occurs in thia cycle.




Based on Rotation of a Section 74.0 in. Above Base of Test Specimen

Tobje

buctilities by Various pefinitions - For the Hinging Region in Specimen B7

B9

Load Stage
Observed | Rotation at Cyelie Cumulative
Yield Full Tieid | +Load «Load | Avg. Load | Cycla| Rotational | Rotacional | Cumulative | Rotaticnal
Moment {racd.} {% max) | {V max} (Vv max} No. buceility, | Duckility, | Ductility, Energy,
(k=in.) Hr Hre DTN Iap
9.4 39.5 90.9 19 1.39 2.5 4.2 540
87.48 88.4 88,2 20 1.8¢9 2.4 5.0 9.72
86.4 87.8 7.2 21 1.87 2.4 13.9 12.57
93.4 5.4 94,2 2 3.03 4.3 21.5 20.53
99.2 92.8 9L.5 23 2.96 4.2 29.8 27.91
§ E Bl.i 31.8 90,4 24 2.94 4.1 8.1 34.81
2 K 95,2 | ot.3 %6.31 | 15 4.05 6.2 9. A7.10
1.9 9%.4 93.7 2% 3.98 8.0 51,2 59.73
1.3 94.53 93.0 27 3.36 5.9 72.9 72,30
37.2 108.0 93.5 i3 5.18 8.1 37.a #3.38*
93.7 97.3 95.8 23 3.08 7.7 103.3 il3.18
92.4 96.4 94.5 30 5.08 7.8 118.4 142.87%~
87.9 $8.2 §2.0 31 5.08 7.4 132.9 158.37

m

moment and the rotation at full yield.

* Maximum load stage.

The cumulative rotational energy has been normalized in

terms of cbserved yield

** Lant stable cycle,
Table B0
Ductillties by Various Definitions - For the Hinging Regicn in Specimen 38
Based on Rotation of a Section 74.0 in. Above Base of Test Specimen
Load Stage
Observed | Rotation at Cyclie Cunmulative
Yield Full Yisid | +Load: ~Load | Avg, Load | Cyale| Rotational | Rotational | Cumylative | Roracional
Monent {rad.) (% max) | (% max) (Y max} -1 Ductilivy, | Duek{licy,; Ouetkiliry, Enerqy,
(k=in.} Hy Fre Tpre A7

50.5 90.2 90.1 19 1.37 2.5 4.3 8.73
4.3 7.7 87.2 b{s] 1.3 2.5 3.3 10.19
5.5 36.8 28.1 F3) 1,93 2.5 14.3 13.41
33.7 95.0 94.3 22 J.04 4.4 2.1 22,08
39.7 92.5 1.6 n 2.99 4.3 9.7 3a2.00

3 2 89.3 9.4 0.7 M 3.02 4.4 39.4 37.48

E‘ 3 96.8 98,2 37.4 3 4.11 6.2 50.9 50.39
94.5% 96.40 9.3 5 4.08 6.2 §31.1 63.85
33.7 4.7 4.2 27 4.06 6.1 75.8 15.79
98.5% 100.0 29.3 23 $.23 3.3 34.9 95.587"
7.0 97.8 37 .4 i3 3.2% 8.3 147.9 115.08
95.7 96.5% 96.1 3 5.19 3.3 121.2 133.212»

L, [ 99.3 40.7 79.8 1y 5.43 3.5 141.8

mw

*  Maximum locad stage.

Last stable cycle.

# Web crushing occurs in this cycla.

B-8

The cumulative rotational energy has been normalized in
moment and the rotaticen at full yield.

terms of observed yield




Table

B I

Ductilities by Variocus Definitions - For the Hinging Region in Sgecimen B9

Baged on Rotation of a Section 74.0 in. Above Base of Test Specimen

Load Stage
Observed | Rotation . Cyclic Cumslative Cumylative
Tield at Ffull Load Load Average | Cyele 33§:¥;?:a1 Rotational DCycl;: Rotational
Moment | Yield (% Max) | (% Max) | Load . Yo 1 ductitiey, | DUCHTIEYS | Tenergy,
{k-in.) (Rad.) (% Max) Mr u - e 9
e T.Ar
3 o 100.0 . 99.7 99.8 2 4.98 8.2 13.2 19.85*
-
= 8 59.3 3.1 46.2 3 1.10 4.0 18.5 2.73
™ o
91,7 76.4 84.0 4 3.96 5.7 28.8 33.35
Tabie B 12
Ductilizies by Various Definitions - For the Hinging RAegion in'Specimen 219
Based on Rotation of a Secticn 74,0 in. Above Base of Tast Specimen
Load Szage
Otsacved | Rogation at Cyelie Cumulativel
Yield Fall Yiald +Load ~Load Avg. Load | Cycle | Roeational | Rosational | Cumulatlve  Rokalional
Moment {cad.) (Y max) | {% maxg) (¥ max) No. Duetiiity, | Duetllicy, | Ducsilizy, Znerly.,
~la, q
tk=Las) He Fre Sl TAy
100.0 3.3 96,4 2 5.9 2.3 13.4 19.77+
58.8 45.9 $2.3 3 1.1 4.2 19.9 22,020
91.6 a7.3 39.3 4 2.1 5.5 1q9.0 )z2.43
12.3 48,7 . 5 I 1.2 34,4 31,42
1.2 as,1 48.7 5 4.1 8.5 45.8 43.21
E s s4.1 | 48.3 $8.5 ? 1.2 a.s 50,7 48.36
n ! 4.5 | 884 .8 s 5.3 a3 54.5. §1.40
9.4 $2.5 46.5 9 1.2 A4 70.4 §3.53
94.9- 8.l 331.3 10 .2 47 81.7 73.48
48,1 1.3 43.3 11 1.3 3.5 8s8.7 Ji.38wm
764 | #4.0 9.2 | 12 5.1 7.7 100.1 97,44
40.5 37.1 1s.3 13 1.3 4,5 106,03 39.30
$8.4 §3.3% §7.9 14 5.3 1.9 L18.6 101.12

€ The cumulative rotational energy has been normalized in tarms of cbserved yield
moment and the rotation ak full yield.

* Maximum lcad stage.




Tabie

BI3

Ductilities by Various Defipitions < For the Hinging Region in Specimen F2
Based on Rotation of a Seetion 74.0 in. Above Base of Test Specinmen

Opserved | Rocazion at oxs Stase cyelic Cumulakcive
Tield ruil Yield | +Load -Load | Avg, Load | Cycle | Antatlonal | Rotacional | Cunulacive | Recational
(:ET:?? {cad.} {(V =ax) | (¥ zax} {V max) RO Duetility, § oueniliey, | Ducsilicy, Enezgy.
'u'r F‘rc 2/"1’: ZAY
- 92.3 1.5 31.3 13 2.36 3.1 Sed 7.91
31.7 9.9 9!...3 20 2.22 3.2 1.2 11.35%
99,5 99.9 9.7 il 1.21 3.8 17.3 15.57
5.5 4.3 5.2 22 3.53 3.3 25.3 i4.56
§5.2 96.3 95,7 23 3.37 8.2 15.8 13.44
3 5 4.3 54,7 94.5 24 3.55 S.2 47,3 11.91
'-5 : 100.0 6. % 96.9% s 4.88 7.4 $1.1 55.88"
97.2 97.0 7.1 s 4.28 1.4 7%.8 §9.79
35.7 6.0 35.3 7 4,73 7.3 99.32 33,3130
36.0 0.4 53.2 22 s.33 3.5 l07.3 103.71
9.0 3.0 4.9 29 9.0

% Tha cumulative rotational energy has been normalized in terms of cbserved yield
mowent and the rotation as full yield.

* Maximum load stage.

Last stabla cyrle.
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APPENDIX C

EFFECT OF DEGREE OF BASE FIXITY

Results presented in the main body of the report, are based
on the assumption of full fixity at the base. An additional
series of analyses was carried out to evaluate effects of
rotation of the base.

The degree of base fixity is expressed in terms of a base

fixity factor, F defined as the ratio of the moment

'
developed at theBbase of the wall due to a given lateral
displacement to the moment that would be developed if the base
were fully fixed. Thus, the fully fixed case corresponds to a
fixity factor of 1.0. The rotational restraint at the basge is
represented in the analytical model by a linear spring as shown
in Fig. Cl.

Analyses were made using 20-story isolated walls only.

Base fixity factors equal to 0.75 and 0.50 were considered.
Results are summarized in Tables Cl through C6 and plotted in
Figs. C2 through C4. These figures show the variation of
different response gquantities with fundamental period and
degree of base fixity for different values of the yield level,
My. In these figures, the fundamental period plotted along
the horizontal axis corresponds to the fully-fixed-base
structure. Thus, for a wall with a 50% base fixity, the
fundamental period considered is that for the same wall when
its base is fully fixed. Although in several cases the data do
not exhibit clear trends, an attempt has been made to indicate
what appear to be trends by drawing the smooth curves shown in
the figures.

Figures Cl through C6é indicate that for a particular yield
level and fundamental period, the rotational ductility, the
maximum moment and the shear at the base decrease while the top
displacement increases with a decrease in the degree of base

fixity.



Figures C5 and C6 present the variation of the maximum top
displacement, At, with fundamental period for different values
of rotational ductility (reflecting the effect of flexural yield
level). The dashed curves in these figures are meant to
represent upper bounds on the plotted data. The increase in top
displacement with increasing fundamental period is apparent in
both curves, the rate of increase becoming less as the base
fixity decreases,

Figures C7 and C9 show the flexural design factors corres-
ponding to FB = 0.50 and 0.75 respectively. It will be
noted from a comparison of Figs. C5, C7, and Fig. 40 for the
fully-fixed-base walls that the effect of g? (or the vield
level, My) on of diminishes as the base fixity factor decreases.
This is reflected in the decrease in spacing between the curves
for different p? as the base fixity factor decreases from 1.0 in.
Fig. 40 to 0.50 in Fig. C€7. The same trend is noticeable,
though less pronocunced, in the curves for Ev shown in Figs., C8
and Cl0, when compared to Fig. 43 for the fully-fixed-base
condition.

Charts were developed for varying degrees of base fixity.
The charts shown in Figs. Cll and Cl2 are similar to those for
intensity factors developed in the main body of the report for
adjusting the flexural and shear design factors of Figs. 51 and
52 (for s8I = l‘sref.
the ratio of the design factor for a particular Fb~value to

). The figures were prepared by taking

that for the corresponding fully fixed 20-story wall. Figures
Cll and Cl2 may be used with Figs. 51 and 52 to obtain design

factors for different base fixity conditions. A similar chart
that can be used in conjunction with Fig. 53b for maximum top

displacements is given in Fig. C13.
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