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PREFACE

The National Center for Earthquake Engineering Research (NCEER) is devoted to the expansion
and dissemination of knowledge about earthquakes, the improvement of earthquake-resistant
design, and the implementation of seismic hazard mitigation procedures to minimize loss of lives
and property. The emphasis is on structures and lifelines that are found in zones of moderate to
high seismicity throughout the United States.

NCEER'’s research is being carried out in an integrated and coordinated manner following a
structured program. The current research program comprises four main areas:

*

Existing and New Structures

+ Secondary and Protective Systems
Lifeline Systems

Disaster Research and Planning

*

This technical report pertains to Program 1, Existing and New Structures, and more specifically
to system response investigations.

The long term goal of research in Existing and New Structures is to develop seismic hazard
mitigation procedures through rational probabilistic risk assessment for damage or collapse of
structures, mainly existing buildings, in regions of moderate to high seismicity. The work relies
on improved definitions of seismicity and site response, experimental and analytical evaluations
of systems response, and more accurate assessment of risk factors. This technology will be
incorporated in expert systems tools and improved code formats for existing and new structures,
Methods of retrofit will also be developed. When this work is completed, it should be possible to
characterize and quantify societal impact of seismic risk in various geographical regions and

large municipalities. Toward this goal, the program has been divided into five components, as
shown in the figure below:

Program Elements: Tasks:
T " Earthquake Hazards Estimates,
Seismicity, Ground Motions Gmunq;Molion I«:Isu'.maces,
and Seismic Hazards Estimates New Ground Motion Instrumentation,

Earthquake & Ground Motion Data Base.

\

s : : Site Response Estimates,
Geotec.:hmcal Studies, Sm}s Large Ground Deformation Estimates,
and Seil-Structure Interaction . Soil-Structure Interaction.
N Typical Structures and Critical Structural Components:
System Response: - Testing and Analysis;
Testing and Analysis Modem Analytical Tools.
* ' ' Vulnerability Analysis,
Reliability Analysis Reliability Analysis,
. - Risk Asscssment,
and Risk Assessment ‘ Code Upgrading,
Architectural and Structural Design,
Expert Systems Evalustion of Existing Buildings.
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System response investigations constitute one of the important areas of research in Existing and
New Structures. Current research activities include the following:

1. Testing and analysis of lightly reinforced concrete structures, and other structural compo-
nents common in the eastern United States such as semi-rigid connections and flexible
diaphragms.

2. Development of modern, dynamic analysis tools.

3, Investigation of innovative computing techniques that include the use of interactive
computer graphics, advanced engineering workstations and supercomputing.

The ultimate goal of projects in this area is to provide an estimate of the seismic hazard of
existing buildings which were not designed for earthquakes and to provide information on typical
weak structural systems, such as lightly reinforced concrete elements and steel frames with
semi-rigid connections. An additional goal of these projects is the development of modern
analytical tools for the nonlinear dynamic analysis of complex structures.

This report describes one phase of an experimental and analytical research project on flexible
floor diaphragms. The computer program IDARC was extended to include a nonlinear in-plane
floor flexibility macro-model, and it was used to study the inelastic response of reinforced
concrete building frames. The model considers three-dimensional effects, in-plane shear,
bending, and out-of-plane bending. The effect of floor deformation was found to be significant;
for example, the distribution of forces to parallel frames. The program was used to plan a
shaking table test of a three-dimensional frame with a flexible floor.

v



ABSTRACT

An analytical modeling scheme has been developed to include the effects of inelastic in-plane
diaphragm flexibility in the analysis of R/C building structures. The floor-slab mode!l has been
incorporated into the existing framework of a computer code for Inelastic Damage Analysis of
Reinforced Concrete frame shear-wall structures, IDARC [17].

The revised computer code (IDARC2) has been used in parametric and correlation studies
primarily to design a shaking table study of a single story 1:6 scale micro-concrete model,

A generalized technique for the evaluation of the flexural capacity of floor slabs is also
developed. The analytical strength envelope is modified, based on observed experimental data, to
fit a trilinear curve which enables the subsequent hysteretic component modeling. Shear capacity
computations are derived from empirical models originally developed for shear walls. Inelastic
bending and shear are modeled using the three-parameter hysteretic model [17].

The assembled macro-models of the floor-slab system along with the rest of the super structure
are analysed in a four step process: (a) static analysis for dead and live loads to establish initial
stress states in the system; (b) sequential failure mode analysis under monotonic lateral loading
where progressive structural yielding may be monitored; (¢) step-by-step dynamic response analysis
with single-step force equilibrium check; and (d) qualitative damageability analysis using a
normalized damage index.

Preliminary analytical predictions of the response to seismic excitations are reported for the
scaled model designed for experimental studies. Subsequently, the influence of diaphragm flexibility
on the redistribution of stresses to the vertical supporting system is studied. Numerical examples
are presented as part of the response evaluation studies. A user guide for the revised computer
program is included to enable use of this program for other applications.

The results of the preliminary analytical studies indicates that the in-plane floor flexibility
can be a dominant factor on seismic response (i.e., overall dynamic characteristics and lateral force
distribution) for rectangular shear-wall-frame buildings. The in-plane deflections of the floor
diaphragms impose larger strength and ductility demands on the columns of the flexible frames
than is usually provided in such columns. The assumption of rigid floor diaphragms results in a
non-conservative design of flexible frames, This can cause severe damage in these frames which
eventually can lead to loss of vertical load carrying capacity of the columns with disastrous

consequences.
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SECTION 1
INTRODUCTION

Floor slabs in multi-story buildings serve two important functions while acting integrally
with the rest of the structure to resist vertical and lateral loads: (a) transmission of gravity loads
to the vertical structural system in which the primary action in the slab is out-of-plane bending
and (b) distribution of lateral loads to the vertical structural system, an action that is primarily
controlled by the in-plane stiffness of the floor-slab system. Of these, the former problem has
been studied extensively and the analytical tools necessary to predict out-of-plane slab behavior
are readily available. In-plane action, however, has not yet been clearly understood and, therefore,

forms the focus of the present analytical development.

When a building is subjected to severe lateral forces, such as an earthquake, the inertial
forces generated in the floor slabs must be transferred to the vertical structural system through
the diaphragm action of the slabs. In many structures, this distribution can be approximated by
assuming that the slabs are infinitely rigid in their plane. However, for structures where the
stiffness of the vertical system and the stiffness of the horizontal slab system does not differ greatly,
the influence of diaphragm flexibility must be explicitly considered in analysis. Recent research
has indicated that the distribution of lateral forces is greatly affected by diaphragm flexibility,

especially when significant cracking and yielding occurs in the floor-slab system.
1.1  Modeling of In-Plane Flexibility of Slabs - A Review

The conventional assumption that floor slabs are rigid in their own plane has been questioned
as early as 1961 [2]. Goldberg and Herness [7] used slope deflection equations to study mode
shapes of multi-story buildings in which the slab elements were modeled as beams. The effects
of diaphragm flexibility under combined bending and torsion was assessed by Coull and Adams
[6]. Another simplified analysis using the force method was suggested by Karadogan [12]. Rutenberg
[16] analysed a class of buildings with flexible floors using the analogy between shear and axial
forces thereby allowing the in-plane effects to be studied using plane frame procedures. Analytical
solutions based on differential equations of equilibrium have also been derived [9], however, due
to the closed-form nature of the analytical procedure, the suitability of the technique for analysis

of large building structures is limited.
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Approximate schemes have been used extensively in combination with available computer
programs - such as SAP IV, TABS80 and COMBAT to model in-plane effects of floor slabs in

large building structures [3,4].

However, all of the above analyses have been performed in the linear elastic range, a state

in which true effects of slab flexibility are not reflected.

Finite element schemes to model slabs have since become popular due to the three-dimensional
nature of the loading and behavior of slabs. Unemori et al. [20] were among the first to use such
a scheme though the analysis was carried out in the elastic range. His results indicate that slab
flexibility should be taken into account for relatively short buildings, with five or less stories.
Recently, Chen [5] extended the technique to the inelastic range and demonstrated the effectiveness

of the method in analysing slab elements under monotonic and cyclic loading.

A comprehensive analytical and testing program to study effects of in-plane slab flexibility
has been underway at Lehigh University. Recently published material [12,16,18] presented
constitutive relations and finite element procedures in particular for beam-supported and ribbed

slabs.

The state-of-the-art is, therefore, restricted to rigorous finite element techniques for
independent slab elements or the comprehensive analysis of large building structures with
approximate treatment of floor slabs. For reinforced concrete structures, general modeling schemes

available for fully inelastic analysis are unavailable.
1.2 Scope and Objectives of Present Study

The primary objective of the study is to understand the effect of diaphragm flexibility on
the redistribution of lateral forces to the vertical structural system after the floor slab system has
undergone inelastic yielding. The prerequisite for such a study is the development of an analytical
tool that is capable of analyzing inelastic building systems in which the effects of in-plane slab

flexibility has been incorporated.

Recently, an enhanced computer code, IDARC, for the inelastic analysis of R/C buildings
was developed {17]. Considering its suitability for the modeling of large frame-wall structural
systems, it was decided that an inelastic flexible diaphragm element be incorporated into the

framework of the modeling scheme of IDARC.
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The present study comprises the following tasks:

1. Global modeling of building structures with inelastic flexible floor diaphragms in which

consideration is given primarily to in-plane flexibility.
2. The establishment of flexural and shear envelopes for the hysteretic modeling of slab systems.

3. The definition and incorporation of flexible floor slab elements into the existing framework

of the computer program IDARC,

4, Parametric and correlation studies of building systems to identify behavior patterns arising

from the influence of diaphragm flexibility.

This study is the first phase of a comprehensive study on the influence of flexibility and
inelastic behavior near collapse of slabs. The analytical model developed herein is used for the
design of experimental models and the shaking table testing program using 1:6 scaled specimens,
Consequently, the resuits of the shaking table study, in turn, will help calibrate the macro-models

used in the proposed analytical schemes.






SECTION 2
STRUCTURE MODELING

The structural idealization of three-dimensional (3D) buildings forms the basis of the modeling
capabilities of IDARC. IDARC is a computer program for two-dimensional analysis of 3D building
systems in which a set of frames parallel to the loading direction are interconnected by transverse
elements to permit flexural-torsional coupling. The structural model is capable of integrating
ductile moment-resisting frames with shear wall models and out-of-plane elements, thereby enabling
a realistic modeling of the overall structural system. Some of the highlights of IDARC, which
represent a significant advance over other available computer programs for macro-modeling of

R/C structures, are listed below:

-  aflexibility approach to construct the element stiffness matrices which allows for the variation

of the contraflexure point (within or outside the element);

- a general hysteretic model that is capable of accounting for the three main behavior patterns

in R/C components: stiffness degradation, strength deterioration and pinching, respectively;
- the use of a non-symmetric trilinear envelope curve that distinguishes cracking and yielding;

- in-core determination of the trilinear envelope parameters based on identification studies.
In fact, this feature alone makes this approach extremely attractive for interpretation of
experimental data from monotonic or shaking-table testing where initial parametric studies

have to be carried out before arriving at final model specifications;

- the separation of shear and flexure in floor slabs and walls, thereby allowing them to be

modeled independently;

- the expression of response values in more meaningful quantities ( i.e., damage indices) so

that an interpretation of the damage sustained by the structure is possible.

The details of the development of the analytical schemes may be found in an earlier publication
[17] though some of the essential details are presented in this report for clarity and completeness

of the present study.
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2.1 Modeling of Structural System

A reinforced concrete building is idealized as a series of plane frames linked together by
flexible floor slabs and transverse beams. Fach frame must lie in the same vertical plane.

Consequently, a building is modeled using the following six element types:

(i) Floor Slabs
(ii) Beams

(iif)  Columns

(iv)  Shear Walls
{v) Edge Columns

(vi)  Transverse Beams

A discretized section of a building using all of the above element types is shown in Fig.2. 1.
Beams and columns are modeled as continuous equivalent shear-flexure springs. Floor slabs and
shear walls are modeled using a pair of shear and flexure springs connected in series. Edge column
elements can be modeled separately using inelastic axial springs. Transverse elements which
contribute to the stiffness of the building are assumed to have an effect on both the vertical and
rotational deformation of the shear walls or main beams to which they are connected and are

modeled using elastic linear and rotational springs.

Distributed Flexibility Model.- The inelastic single-component model used in the analysis of
beams, columns, floor slabs and shear walls uses a distributed flexibility approach. The flexibility
factor, I /EI, in this model is assumed to be linearly distributed along the member between the
two critical sections at the ends and the point of contrafiexure. The flexural factors at the critical
sections are monitored throughout the analysis to keep updated the inelastic behavior of the
components during the load history; an elastic property is given to the section at the contraflexure

point,
2.2 NEW MODEL: Flexible Floor Slabs

Diaphragm action in floor slabs can be compared to the action of shear walls placed in a
horizontal position, Hence, if a slab is modeled exactly as a shear wall in the horizontal plane, its
response to in-plane loading must be reasonably adequate. However, a major difference arises:

while the response of shear walls to vertical loads is in-plane compression/tension, the response
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of floor slabs is primarily one of bending leading to a more complex three-dimensional response.
In modeling the behavior of the slab system, no attempt has been made to account for such bi-axial
bending. Instead, the response to pure in-plane loading is modified on the basis of observed
experimental data [5] to account for the effects of out-of-plane Ioading. While such a technique
is approximate for the present, it is expected that the correlation with observed experimental and
shaking table studies will help calibrate the macro-model in an empirical way for future analytical

response studies on flexible floor systems.

A typical floor slab element connecting two parallel frames is shown in Fig.2.2. Two degrees
of freedom per node are assumed: an in-plane rotation and a lateral translation. A linear variation
of flexibility is assumed in deriving the flexibility matrix. The incremental moment-rotation
relationship is established from the integration of the M /EI diagram. Two possibilities arise,

depending upon the location of the point of contraflexure (Fig.2.3). Hence:

AOLY AM, .,
o) = U an (2.1)

where:

Lk L(le fzz) GA'I\-1 1

where for the case that the contraflexure point lies within the element:

__1_ _ L2 I S 2_ .3 ; _ 2
f“—12(£1)0(6a 4ag°+a”) 12(El)u(l Ja+3a"~a )+12(E])o(3 3a+a“) (2.1a)
-7 - 1 o2, 3 _ 2_ .3 1 2
fiz=Ffa —12(E])n( 2a°+a )+—_—12(51)u( l+a+a"-a )+—12(£”D( l—a+a®) (2.1b)
faa= L a’+ L (3—a—a2—a3)+————1————(1+a+a2) (2.1¢)
2 12(ED), 12(ED)y 12(EI),

and, for the case that the point of contraflexure lies outside the element;

1 1
T AED,  12(ED),

fu (2.2a)
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1 1
o= Jta™ = 15060, ~ T20ED),

S S
T = 5ED., Y WED,

where:
_ AM,
=AM, *AM,

2,2.1 Development of Stiffness Matrix

The M - 0 relationship has an inverse form of the flexibility relation of Eq.(2.1):

AMGY o (A0
AM,) [k 1 Ae,
in which [k']is the inverted flexibility matrix.

From force-equilibrium:

where:

Hence, the stiffness equation for slab elements is:

2-7
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AX, Av,

AM, | A8, ,
ax, | = DK1Y op (2.7)
AM, A0,
where:
[Ks1=[R, 1T k1T R, T (2.8)

is the element stiffness matrix.
2.2.2 Modeling of Frame Torsion

Any floor slab system that undergoes in-plane bending also experiences a certain amount of
twisting due to differential movement of the slab edges (Fig.2.2b). The effect of the torsional
resistance of the frames on the in-plane rotation of the slabs depends on the relative stiffness of
the horizontal and vertical structural systems. Generally the effect of frames in restraining the
floor slab system from inplane rotation is negligible and can be ignored. However, the influence
of solid shear walls arranged in the perpendicular direction to the lateral loading can result in
considerable rotational restraint for the floor slab which needs to be included in the analysis {I5].
Modeling of the torsional restraint is achieved in the 2-dimensional scheme of IDARC in the

following manner:

A rotation of the slab system is assumed to take place about the center of the frame axis.

For a rotation 9; about the center, the frame moment M, is given by:

M, = k,0

‘ 195 (2.9)

The restraint provided by the columns due to the lateral deflection shown in Fig.2 2¢ is

evaluated as:

EI
P, = 3(3—3—).1, 9, (2.10)

where ET and h refer to the flexural rigidity and height of the vertical element.

The stiffness coefficient is then determined for a unit rotation taking into account the total

moment about the center of the frame axis:
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k, = TP, (2.11)

where P, is obtained from Eq.(2.10) by setting 0, = L

2.3 Summary of Other Models

Details of the element types that currently exist in the IDARC library can be found in the

earlier manual. A brief summary of the element modeling is presented here for reference.
2.3.1 Beam-Columns

Main beam-column elements form a vertical plane in the axis of loading. They are modeled
as simple flexural springs in which shear-deformation effects have been coupled by means of an
equivalent spring. Details of the formulation are given in Park et al. [17]. A typical element with
rigid panel zones is shown in Fig.2.4. The inclusion of rigid zones necessitates a transformation

of the flexibility matrix as follows:

[k] = [BI[kJ(BY (2.12)
where;

21 1 1-A, A,

Lal = ﬁT( N HJ (2.13)

Axial deformation effects are included in columns but ignored in beams. Interaction between
bending moment and axial load is presently not considered directly in the step-by-step analysis,

but the effect of axial load in the moment capacity computations is included.

2.3.2 Shear Walls

The modelling of shear wall elements is similar to that for floor slabs except for (1) the
inclusion of axial effects and (2) the incorporation of edge columns at the ends of the wall. Walls
may, however, be modeled with or without edge columns. Alternatively, the edge columns may
be included only for strength computations in setting up envelope curves. The ability to treat each

wall as an equivalent column with inelastic axial springs at the edges allows for the bending
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deformation of the wall element to be caused by the vertical movements of the boundary columns.
The motivation for such a modeling scheme is based on experimental studies conducted during the

U.S.-Japan Research Program and was used in analytical studies reported by Kabeyasawa et al.[10].
2.3.3 Edge Columns and Transverse Beams

Studies on the behavior of columns subjected to axial load reversals are limited hence
no attempt was made to develop a new model for the inelastic response of the axial spring of
edge columns tied to shear walls, Instead, the model developed as part of the U.S.-Japan
Research Program was implemented without modification. The details of the model are

reported elsewhere [10].

To incorporate the effects of transverse elements on the in-plane response of the main
frames, each transverse T-beam is modeled using elastic springs with one vertical and one
rotational (torsional) degree-of -freedom as shown in Fig.2.1. Transverse elements are basically
of two types: beams which connect to shear walls; and beams connected to the main beams
in the direction of loading. Direct stiffness contributions ariging from these springs are simply
added to corresponding terms in the overall structure stiffness matrix. The purpose of
modeling transverse beams in this fashion is to account for their restraining action due to two
effects, should they become significant: (a) the axial movements of vertical elements, especially

edge columns in shear walls; (b) flexural-torsional coupling with main elements.



SECTION 3
CONSTRUCTION OF ENVELOPE CURVES

The macro-modeling of reinforced concrete components involves the prescription of
force-deformation curves and some associated rules for unloading and reloading. In the present
study, a trilinear envelope is used to distinguish cracking and yielding of the component. This
envelope is generally non-symmetric in compression and tension for T-beams but symmetric for

columns, walls and slabs.

Strength and deformation are expressed as moment and curvature in the following discussion.
For beams and columns, the modeling of the trilinear envelope for the equivalent inelastic spring
is achieved through empirical relations based on calibrated experimental data, Floor slabs and
shear walls are composed of two inelastic springs: flexure and shear. The latter is established
through the use of empirical models while the former is determined using an analytical fiber model
analysis. The next section describes the details of implementation of a generalized fiber model

that fits a trilinear curve to the evaluated moment-curvature history under monotonic load.
3.1 Generalized Fiber Model Analysis for Flexural Springs

A general cross section of a floor slab system is shown in Fig.3.1. A shear wall section is a
special case of this system with either one or up to three different subdivisions of cross sections

(in the presence of sdge columns or increased edge reinforcement).

A section may be sub-divided into any number of parts, depending upon the variation of
the reinforcement or the presence of intersecting beams (as is the case with floor slab systems
supported on beams or having close joists/ribs). Each part is then further discretized into fibers
for the monotonic analysis. In the sample slab system shown, 7 sections have been defined. Each
intersecting beam cross-section is divided into 6 fibers, the end-sections of the slab are divided

into 6 fibers each while the two mid-sections have 16 fibers each.

From equilibrium under the applied axial load and moment we have:

AN

]

fE de dA (3.1)

AM

I

fE de x dA (3.2)
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de = de, + xd¢ (3.3)
where;

de, = ceniral axial strain

d¢ = curvature to be determined

Substituting Eq.3.3 into Eq.3.1 , the following is obtained in incremental form:

AN—(ZE,X,A,)dtb

de, = ——————— 3.4
° YE A, (3.4)
where:
E, = mean modulus of fiber 1
x; = distance from center of fiber to center of section
A; = area of cross-section of fiber

and the summation extends from 1 through the total number of fibers.

At the start of the analysis, the axial load is applied in full and a displacement conirolled
loading is applied in small increments. The procedure for establishing the corresponding moment

history is adopted from Mander [14]:
Step 1:  To the previous value of curvature apply a new increment of curvature.

Step 2. From the out-of-balance axial load and curvature increment (if any), determine the

centroidal strain using Eq.3.4.

Step 3. Compute the revised strain profile using Eq.3.3, and calculate the new axial load and

moment as follows:

N

I

Yfuld + 2fq 4, (3.5)

2
|

= 2fadix, v LfGAX, (3.6)
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fa = stress in concrete at fiber i

fs = stress in steel at fiber i

Step 4. Calculate the out-of-balance axial force and if this exceeds some specified tolerance,

set the curvature increment to zero and return to Step 2.

The above procedure works well even in the presence of strain softening. However, it must
be noted that the purpose of this analysis is merely to set up a trilinear envelope which defines
cracking and yielding. Strength deterioration under cyclic loading is achieved through hysteretic

modeling.
3.1.1 Floor Slabs

The hysteretic modeling of floor slabs has presently been established through the interpretation
of available experimental data. The procedure described in Chapter 3.1 computes the complete
moment-curvature envelope using a displacement-controlled loading. A sample envelope for an
actual test specimen is shown in Fig.3.2a alongside the experimental curves. The two experimental
curves represent the same slab specimen with and without superimposed dead and live load. It
has been seen that the presence of vertical loading on the slab significantly reduces the in-plane
load-carrying capacity while also changing the resulting shape of the strength-deformation envelope
as shown clearly in Fig.3.2a. The objective of the slab modeling scheme is to fit the experimental
envelope in the presence of vertical loads. Based on observed experimental data (of which the

curves shown in Fig.3.2a. is a representative sample), the following scheme is developed:

- The yield capacity of floor slabs is assumed to be equal to the cracking strength predicted
by the monotonic analysis under in-plane loading. This assumption is valid for nominally reinforced
slabs which generally show abrupt yielding following cracking. Tests conducted at Lehigh [5] also
confirm this fact. However, for heavily reinforced slabs, where the yield strength is much higher
than cracking (as indicated by monotonic analysis under in-plane loads), it was decided to use an
average value between the predicted cracking and yield strengths which is expected to represent

the strength loss due to the presence of vertical loads.
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- Deviation from the initial elastic slope is observed to take place at approximately 1/3 of the
yield strength when vertical loads were present in the slab element, Such an approximation is also

reported in the finite element studies of Chen [5].

- Yield curvature is fixed at the smaller of the following two estimates:
(1) at a point along the moment-curvature envelope which yields a slope equal to 5% of the initial
elastic slope.

(2) at 6 times the cracking curvature, as observed in most of the experimental testing.

The implementation of the technique for a sample slab that was tested at Lehigh [5] is shown
in Fig.3.2b, Note that a displacement-controlled loading was used in the analysis, therefore the
shape of the curve with marked strength-loss after cracking is not the likely path under actual
loading conditions. The fitted trilinear curve accounts for all the experimental observations noted

above on the behavior of floor slabs under both vertical and in-plane loads.
3.1.2 Shear Walls

The trilinear envelope for the flexural spring in shear walls is more straight-forward since
the primary forces on the wall are in-plane. Hence, the estimates provided by the fiber model
analysis are more reliable. The only approximation that is required is for the case of poorly
reinforced walls in which cracking and yielding occur almost simultaneously. In such a case, the

cracking strength is reduced by 20% to enable the construction of a realistic trilinear envelope.

A parametric study of flexural capacity envelopes using the fiber model analysis is shown
in Fig.3.3a. The detail in the region of cracking is magnified in Fig.3.3b. The effect of varying
the axial load on the wall shows a significant change in load carrying capacity. In this parametric
study, a 1/6th scale model wall (details presented in Chapter 5) was analysed to study the influence
of varying axial load. This phenomenon is important in coupled shear walls which experience
alternating compression and tension under the action of earthquake forces. If such a consequence

is not accounted for, the estimates provided by a fiber model analysis may be erroneous.
3.2 Envelope Curve Determination for Shear Springs

Modeling of the shear behavior of the slab and wall elements is accomplished independently
thereby enabling a shear-type failure to be detected. This is done, as discussed earlier, by introducing

a shear spring in series with the flexural spring.

3-6



3.0 14.0 3.0

N
N

2.0 rq ro N

reinforcement ratios= rq :0.023 r2:0.004

Fo ™ 4.0ksi fs = 50.0ksi
E. = 3000ksi E, = 28000ksi
€, = 0.003
z
1
£
-3
lil
(=}
X
200
130 - . .
w0+ cracking region
170 4
160 4
150
140
- !30]
% 120 -
¥ 1o Notation:
5 100 — - B
;oﬁ‘ :g: N = N/(f.A)
:g: N = axial load
50 A, = gross area
40
30 of cross—section
20
10
0 T T T T —T T T d
a 0.0001 0.0002 0.0003 0.0004

CURVATURE {1/1N)

FIGURE 3-3 Moment-Curvature Envelopes for Walls, Influenced by Axial Loads



The shear envelope for slabs is developed along lines similar to walls since no other data is
presently available. The original equation used in the IDARC Manual has been modified in this

study:

The yield shear strength is calculated from:

0.0679p2%(f. + 2.56) ,
= + 0.32 o 1A 3.7
y [ 2012 fyp (3.7)
. d
A = 0.87SB(D—5) (3.8)
A
o, = ‘ (3.9

where: B = equivalent web thickness taken as mean section thickness
D = total section depth
d = equivalent edge beam depth (D/6)

Ag= equivalent edge beam reinforcement

The yield shear deformation is still computed as a function of the shear span ratio by defining

the secant yield stiffness [17].

For shear walls with edge columns, the equations listed in the previous section are used with
actual data from the edge columns, However, in the absence of edge columns, an equivalent section

equal to 1/4 the total wall section is defined at each end.
3.3 Equivalent Shear-Flexure Springs for Beam-Columns

The envelope curve used for beam-columns is formulated using empirical models based
primarily on regression analysis of extensive experimental data. Details of the formulation may

be found in the earlier report [17] though some of the essential features are presented here.

In specifying the cracking strength, it was necessary to consider a distinct transition from
the elastic slope rather than use the conventional formulation of tensile concrete cracking at the
extreme fiber 50 as to enable the development of the trilinear envelope. Consequently, the following

equations were proposed based on the analysis of experimental data:
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M, = 11.0f.2, + %‘—i (3.10)

where:
M, = cracking moment
f; = concrete compressive sirength
Z, = section modulus
N = axial load
d = depth of section

Details of the development of the yield moment parameter is reported elsewhere [17] in
which the effect of axial stress and the inelasticity of concrete is taken into consideration. The

ultimate strength is then expressed as a function of the yield strength:

(1.24 - 0.15p, - 0.5n )M, (3.11)

=
I

=
I

ultimate moment

P, = tension steel ratio

N
n, = normalized axial stress -
: (527

b = width of section

d = depth of section

The scatter associated with Eq.(3.11) is relatively small with a coefficient of variation of

about 12%.

The vield curvature is estimated as the cumulative effect of 4 components: flexural deformation
¢, , deformation due to bond-slip, ¢, , inelastic shear deformation, ¢, , and the elastic shear

deformation, ¢,

9y = by v by v b, ¢ b, (3.12)
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The possibility of prescribing different amounts of steel and different cross-sections for the
flange and web of T-Beam sections enables the direct modeling of non-symmetric envelopes without

need for special hysteretic rules to produce the biased loop behavior of typical T-sections.

The prescription of the envelope curves and the associated parameters for inelastic hysteretic
modeling constitute the overall task of structural identification. The procedures described in this
Section are based on empirical models derived from statistical analysis of experimental data, and
through the use of mechanical models (fiber model). These equations are approximate but adequate

to capture the behavior of components and their effect on overall structural response.



SECTION 4
RESPONSE EVALUATION

The analysis of the assembled macro-models involves the following sequence of operations:
(2) estimation of strength-deformation parameters for all components using empirical or mechanical
models; (b) computation of initial stress states in components under pre-loading; (c) estimation of
fundamental natural period of structure; (d) failure/collapse mode analysis under monotonic lateral
loading; (¢) modification of component properties using revised shear spans following the monotonic
analysis; (f) incremental dynamic response analysis using the 3-parameter hysteretic model [17];
and finally (g) determination of the state of damage of components and structure following the

response analysis.

Steps (a) through (e) are part of a system identification procedure which is essential to set
up parameters for strength and deformation for the hysteretic modeling prior to the inelastic

dynamic analysis.
4.1 Structural Identification

A realistic representation of structural parameters is essential in describing trilinear
force-deformation envelope curves for components. All of the empirical equations used in the
present analytical procedure have been obtained from rigorous statistical analysis of available
experimental data. It is also possible to replace the module-generated information with actual data

from component testing.

In the present scheme, the first step involved an initial bilinear representation of
force-deformation for all components. Hence only the initial elastic modulus and vyield force level
for each component is required. Prior to commencing the monotonic analysis, the initial stress

state of the structure was established.
4.,1,1 Initial Stress Under Dead and Live Loads

It is possible to estimate the initial stress states of members under equivalent dead and live
loads that may exist in the structure prior to analysis for earthquake loads. The same initial state

is assumed before the failure sequence analysis as well.
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Loads are specified in two ways:

{a) Uniform loads on main beam elements
(i.e., beams defined in the direction of load)
{b) Nodal moments at beam ends due to overhanging cantilevers

{not otherwise considered in the analysis)

The assumed linear moment distribution in the flexibility matrix computations is expected

to produce some errors though not significant if the force levels are well below cracking point.

Alternatively, the initial stresses may be computed by the user (from ancther 3D elastic
program or actually measured prior to testing) and input as direct initial forces in the members.

No additional loading need be specified since the effect will be cumulative.

4.1.2 Fundamental Natural Period

The fundamental natural frequency of the structural system is established using the Rayleigh
quotient. The general form of the Rayleigh quotient is obtained by equating the maximum potential

and kinetic energies of the system:

w? = LMKy}

4.1
(W HM]I{w) -1

where [K] and [M] are the stiffness and mass matrix of the system, respectively, w is the fundamental

frequency, and {v} is the shape vector of fundamental mode of vibration of the system.

In the present analysis, the structure is loaded laterally in an inverse triangular form. The
magnitude of the base of the triangle is obtained from the distribution of floor weights to respective
frames using the tributary area concept. The deflected shape of the structure using this load pattern
is assumed to be similar to the first mode shape. Therefore, the application of Eq.(4.1) is direct.

In discrete form, for a multi-story building, this may be written as:

Y ) kyaud

w? o T (4.2)

N
2
i

N M

~

j
m,u
i=1



where N is the number of stories, M is the number of frames, u is the deflection, Au is the relative

story drift, and i,j refer to the story and frame number respectively.

The fundamental period is used primarily for assigning a constant viscous damping factor
in the dynamic analysis. Since the effect of viscous damping is not fully known, no attempt is
made to perform a sophisticated eigen value analysis, Moreover, in reinforced concrete structures,
most of the damping is a result of hysteretic damping caused by inelastic loading reversals and the

effect of viscous damping is negligible.
4.1.3 Collapse Mode Analysis

A collapse mode analysis is a simple and efficient technique to predict seismic response
behavior prior to a full dynamic analysis. The method provides a means to assess design requirements
and consequently change appropriate parameters to achieve a desired sequence of component
vielding. The monotonic analysis involves an incremental solution procedure whereby the structure
is loaded laterally in an inverse triangular form. The load increment for each step is evaluated
from the base shear estimate. The force vector corresponding to each lateral degree-of-freedom
is computed as follows:

Tw(i, j)

G, 0= wbmw(id)h(f) (4.3)

where: w, h and w, = the weight, height and factored base shear, respectively;

subscripts i, j = story and frame level respectively.

The stress state of each member is evaluated at the end of each step of load application.
Stresses are determined at critical sections only, viz., the end sections, except for floor slabs and
walls where shear type failure is also monifored. When element yielding is detected, the elastic
slope is reduced to 1% of its initial value for that particular elemént section. Analysis proceeds

till the deflection of the top of the structure exceeds 2% of the total building height.
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4.1.4 Modified Properties and Dynamic Data Preparation

The completion of the monotonic analysis sets the stage for data preparation for the ensuing
dynamic analysis. An estimate of the natural period is known and at the end of the montonic
analysis, a better approximation of the critical shear spans is possible since weaker elements have

yielded and stress-redistribution has taken place.

Since critical shear spans can be determined only after the failure analysis, the monotonic
analysis had to be performed using a bilinear envelope curve for all elements. The following

parameters are evaluated using the computed shear span ratios:

(a) Yield deformation for the equivalent springs in beams and columns.
{b) Yield deformation for the shear springs in floor slabs and walls,

(c) Ultimate deformation capacities for all components.

The determination of yield deformation is crucial to setfing up the trilinear envelopes for
the hysteretic modeling. Details of the empirical models that are used to complete the definition

of the hysteretic modeling are reported in Park et al.[17].
4.2 Dynamic and Damage Analysis

The incremental dynamic analysis is carried out using a generalized hysteretic model for
inelastic bending and shear. The rules governing hysteresis are described in the earlier manual
[17] but the essential elements of the model are summarized in the next section. An attempt is
then made to quantify the response statistics in a more meaningful way by using a normalized
damage index [17]. The damage quantities computed are only qualitative indicators of structural
damage. More calibration studies with experimental testing is in progress to define the physical

meaning of these indices.
4.2.1 Three Parameter Hysteretic Model

The hysteretic model that was developed for the analysis uses three parameters in conjunction
with a non-symmetric trilinear curve to establish the rules under which inelastic loading reversals

take place. The general meaning and effect of the parameters is illustrated in Fig.4.1.
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A variety of hysteretic properties can be achieved through the combination of the trilinear
envelope and the three parameters, henceforth to be referred to as a,Band v. The values of these
parameters determine the properties of stiffness degradation, strength deterioration and pinching,

respectively.

Stiffness degradation, represented by a is introduced by setting a common point on the
extrapolated initial stiffness line and assumes that unloading lines target this point until they reach
the x-axis (Fig.4.1a) after which they aim the previous maximum or minimum points (unless the
previous maximum or minimum was still in the elastic range in which case the cracking point is

targeted).

The parameter B specifies the rate of strength degradation as shown in Fig.4.1b. The same
parameter is used in the definition of the damage index. This parameter gives the ratio of the
incremental damage caused by the increase of the maximum response to the normalized incremental
hysteretic energy as follows:

_dﬁm/df _ dd, 4.4
B 8, / (8,P,)y  dE/P, (4.4

Therefore, the incremental increase of the maximum deformation due to the dissipated

hysteretic energy is expressed as:

dé, = B— (4.5)

where the value of [ is determined in-core using empirical relations reported in Park et al[l7].

Modification for Pinching. - The description for pinching has been modified from the originally
assumed model in [17]. Pincking behavior is introduced as before by lowering the target maximum
or minimum point to a straight level of yP, along the previous unloading line. Reloading lines
now aim this new point until they reach the elastic slope line (instead of the crack closing point
described in the previous report) after which they target the previous maximum or minimum point

(Fig.4.1c)



4,2.2 Numerical Implementation with Equilibrium Check

The incremental solution of the following dynamic equation of equilibrium:
[M1{Au} + [CI{Au,} + {R(u)} = {F(1)} (4.6)
is established through the application of the Newmark-Beta algorithm [Bathe, 1976}, in which:

[M] is the lumped mass matrix

[C] is the damping matrix

{R(u,)}) is the restoring force vector at the start of the time step
u, is the relative displacment

{F(t)} is the effective load vector

In constructing the diagonal mass matrix, the effects of rotational inertia have been neglected.
The solution is performed incrementally assuming that the properties of the structure do not change
during the time step of analysis. However, since the stiffness of some elements is likely to change
during some calculation step, the new configuration may not satisfy equilibrium. A compensation

procedure is adopted to minimize this error by applying a one-step unbalanced force correction,

At the end of some given time step, !, assume that the right hand side of Eq.(4.5) yields a
total system force F, which is not in equilibrium with the applied force in the previous step giving
an unbalanced force A F as follows:

AF = F, - F,, (4.7}

This corrective force is allowed to act for the next time step of analysis and then removed
in the subsequent analysis step since allowing the corrective force to continue to act will produce
cumulative error leading to a modification of the applied force history. Such a procedure was first
adopted in DRAIN2D [11] since the total cost of performing an iterative nonlinear analysis would

become prohibitive especially for large building systems.
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4.2,.3 Damageability Evaluation

The damage model implemented in the first version of IDARC is also used in the present
study since, in keeping with the overall philosophy of the present modeling scheme, it remains the
only calibrated model based on actual observed damage of reinforced concrete buildings. Until
more experimental and post-damage verification is made, the authors believe that this model serves

as 3 useful indicator in interpreting the overall damage sustained by the structure and its components,

Structural damage is expressed as a linear combination of the damage caused by peak

deformation and that contributed by hysteretic energy dissipation due to repeated cyclic loading:

b B
D=4 de 4.8
6, P,b, (4.8)
where:
6, = maximum deformation under earthquake load
8, = wultimate deformation capacity under moneotonic load

B = strength deterioration parameter defined in the earlier section

P, = vyield strength

y

€ = incremental absorbed energy

A story level damage index is next defined. Such an index is useful when analysing
weak-column strong-beam type buildings where sudden shear drifts due to the formation of
shear-panel mechanisms may trigger progressive collapse of the total structure. For the purpose
of establishing the story-level damage index, a weighting factor is introduced based on the

energy-absorbing capacity of elements:

E;
D = ZIAND, A, = Z_E, (4.9)
where:
A, = energy weighting factor
E, = total energy absorbed by component
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In the case of strong-column weak-beam type buildings, it is necessary to extend the above
concept to the entire structure, The overall damage index is obtained by performing a finat weighted

summation over all the stories of the building.

The damage index so defined will yield normalized values between 0 and unity. Theoretically,
a damage index in the neighborhood of 1.0 signifies partial or complete collapse of the component.
However, the calibration of the model based on observed damage to R/C structures following
earthquakes shows that a damage index in the neighborhood of 0.4 corresponds to structural damage

beyond repair [17).

For the present scheme, a new calibration is necessary since the weighting factors required
to account for the importance of slab yielding has yet to be determined. It is expected that the
menotonic testing of components and the shaking table study will provide adequate information

on the calibration parameters that need to be built into the damage formulation.

Parameter Identification for Damage Evaluation. - Only two of the five parameters necessary to
evaluate the damage index (see Eq.4.7) are component characteristics which need to be identified.
They comprise the ultimate deformation capacity §,0f the component and the strength deterioration
parameter 3 For beam-columns, the empirical equations required have already been reported [Park

et al., 19851.

A new formulation has been derived for the ultimate deformation capacity of shear walls

based on analysis of experimental data [Oh, 1988}

8.(%) = 0.531%d 3%, ®p, "n " (£)" (4.10)
in which:
6, = ultimate deformation capacity

I, = shear span

n, = axial stress

p, = horizontal reinforcement ratio 20.4%
p, = edge column reinforcement ratio 20.2%

p, = vertical reinforcement ratio
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For slabs, a simple approximation is currently being used based on observed experimental
results. The ultimate capacity is defined at a ductility of 3.0. Yield deformation is obtained from

the fiber model analysis presented in Section 3.1.

4-10



SECTION 5
INFLUENCE OF DIAPHRAGMS IN A SINGLE STORY STRUCTURE WITH END WALLS

An example of the application of the program developed, IDARC2, is presented in this
chapter. Recent experience and research have demonstrated that for sound seismic design of R/C
structures, a realistic evaluation of the stiffness, strength, and ductility capacity of the structure
is necessary. This chapter illustrates the importance of including the effect of in-plane behavior

of floor slabs in such an evaluation, for narrow buildings with stiff end walls.
5.1 Description and Discretization of the Structure

A single story structure with multiple bays in the longitudinal direction and one bay in the
transverse direction is considered for this study. The slab panels are supported along its four edges
by monolithic concrete beam-column frames, and shear walls at the ends. Each bay measures 24
ft. in both directions with a 4 ft. overhanging slab on all non-continuous sides. The columns are

18 in. by 18 in., the beams are 22 in. deep and 12 in. wide, and the slab thickness is 7 inches.

The structure is designed for combined gravity and seismic loads, Service gravity loads
consisted of self-weight plus a live load of 80 psf. The structure is designed to satisfy the
requirements of current ACI Standard 318/83 [23). The seismic design load is selected in accordance
to the Zone 4 classification of Uniform Building Code [1]. Structure dimensions and critical
member cross-sections used for the analysis are shown in Fig. 5.1a. The idealized structure used
for the analysis is shown Fig. 5.1b. Concrete strength of 4000 psi and Grade 40 reinforcement is
used. The floor dead load plus 25% of floor live load is lumped at each transverse frame in

according to its tributary area. A critical damping ratio of 2% is specified.

The 1940 El Centro normalized earthquake accelerogram, N-S component, with a peak
acceleration of 0.7g, shown in Fig. 5.2 is used as the input ground motion. The first 20 seconds
of the earthquake are considered. The pertinent details of the structural information used in the

analysis are listed in the output sample given in Appendix B.
5.2 Parameters Studied
A total of nine cases are analyzed. The main parameters considered are:

1) the number of bays spanning along the longitudinal direction, perpendicular to the

direction of the ground motion.
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MEMBER NOTATION

WI-W2= Walls
Cl-C6 = Columns
B|-B3 = Beams
Ti-T8 =Transverse
Beams

S| -S4 =Slab
(b) Idealized Modei Used in IDARC2 ANALYSIS

FIGURE 5-1 Typical Single Story Structure Used for the Parametric Study
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2) the in-plane flexibility model used for the floor diaphragm.

For the present example, four, six, and eight span single story structures with floor diaphragm
action modeled as either inelastic, elastic, or rigid slabs are considered. The results are presented

and discussed in the following section.
5.3 Results and Discussion of the Seismic Response Analyses

The peak values of displacement of the middle frame and end frame {wall), total base shear
for the structure, the base shear of the end wall and middle frame, in-plane slab shear and moment
(normalized with respect fo the yield values computed by the program} are tabulated for the nine
cases analyzed in Table 5.1. The definition of displacement responses and internal base shear
forces are shown in Fig. 5.3. The maximum slab shear occurred at the end panel, while the

maximum slab moment is experienced at the interior panel next to the middle frame.

The maximum deformations of the end walls are kept by their rigidity to small values. The
deflection of the rigid diaphragm (which has a large but not infinite rigidity) is almost identical
to that of the walls (see Table 5.1 (2) and (3)). However, when the diaphragm is flexible either
elastic or inelastic the deformations in the center are substantially larger (see Table 5.1 (3)). This
imposes a large ductility demand on the middle frames whicﬁ often may be beyond the design
provisions. At the same time the total base shear in the structure is also increasing (see Table 5.1
(4)) when an elastic model is assumed instead of a rigid model. The increase is more accentuated

for langer structures (i.e., 8 spans versus 6 and 4 spans).

The shear and the flexural moment in the diaphragm are also influenced by the behavior
assumed for the diaphragm. While the shear response is usually smaller than the shear capacity of
the diaphragms, the in-plane bending moment response exceeds the moment capacity (My,) provided
by the design when rigid or elastic floors are assumed for long structures (see Table 5.1 (8)).
However, if an inelastic model is assumed the resistance required exceeds the yielding value slightly.

Thus, if slab is provided with sufficient ductility then such an exceedence can be acceptable.

The middle frame displacement history, plotted in Figs. 5.4-5.6 provides a convenient way
of comparison of the overall response of the 4, 6, and 8 span structures analyzed by IDARC2
program using inelastic, elastic, and rigid slab models. The relative displacement between the
middle frame and the end wall at the floor level (is referred as floor slab drift in this study, see

Fig. 5.3) are compared for inelastic and elastic slab models in Fig. 5.7-5.9.
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TABLE 5-1 Predicted Analytical Results of Single Story Structure

Hax. Displacement, in.
------------- duncensensanmas

End Wall

014 (2.60)
018 (2.48)
013 (2.50)
025 (2.47)
L025 (3.58)
013 (2.15)
L041 (2.47)
068 {2.57)
L5 (2,15)

Middle Frame

2.21)
€2.48)
(4.54)

0.3 (2.21)
6.8 (2.48)
2.6 (2.50)
711.2 (2.47)
778.5 (3.58)
*470.0 (2.65)
5.8 (2.47)
39. (2.57)
1.9 (2.15)

0O N D

2R

198.4 (2.21)
254.0 (2.48)
185.6 (2.50)
350.1 (2.47)
352.3 (3.58)
187.6 (2.15)
430.4 (2.47)
489.3 (2.57)
209.9 {2.15)
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FI
FE
R
Vs
Ms
Hys
T

L
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--- Flexible elastic slab;

««= Rigld slab;
-~ Kax{mm in-plane shear in the end panel slab;’
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--- Fundamentat period of the structure.
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Dw = End Frame Top Displ.
Df = Middle Frame Top Displ.

Yw = End Frame Base shear

Vf = Middle Frame Base Shear

¥s max.= Max. In-plane Slab Shear Force
] Ms max.= Max. In-plane Slab Moment
VW Df-Dw = Slab Drift At Mid-frame

e

\ -—

Frame base shear

Inertia Inertid

e ] o

FIGURE 5-3 Definition of The Displacement Responses and Internal Forces
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Note that the rigid slab model does not allow for such a relative displacement between the frames.

The maximum in-plane shear forces for the slab fioor, which occurs at the end panel, is
plotted against the floor slab drift in Fig. 5.10 for inelastic slab model for 4, 6, and 8 span structures.
Also, the maximum slab moment histories (in-plane, occurring next to the middle frame) are
compared for the three structure in Fig. 5.11 for inelastic slab model. To provide a better
understanding of the local inelastic behavior of the slab panel, the moment-curvature hysteresis

curves are shown in Fig. 5.12.

Finally, the base shear versus the floor displacement at the middle frame are shown for 4,
6, and 8 span structures in Figs. 5.13, 5.14, and 5.15, respectively, The frame base shear forces
and the frame displacements are normalized with respect to the maximum corresponding vatues

obtained from the rigid slab model analysis for each structure.

The importance of recognizing the flexibility of diaphragms is better understood observing

the distribution of the maximum base shears in the inner frames of the structures {see Table 5.2).

Although the shear walls carry the larger part of the base shear (Table 5.2 (5)) the assumption
of rigid diaphragms underestimates the distribution of shear to the frames (Table 5.2 (7)). In all
cases assuming elastic floor diaphragms, the shear distributed to the interior frames is 4, 5, and
4.7 times larger than for the rigid model of test structures with 4, 6 and 8 spans respectively.
However, assuming an inelastic model, which simulates more accurately the inplane bending,
cracking and shear, the shear distribution to the frames is 8, 10, and 10.3 times greater than the
rigid model. The increase in shear distribution is accompanied by a substantial increase in the
absolute value of shears in frames when flexible models are assumed. This increase in the case of
earthquake excitation (El Centro 1940) is due to the increase in the spectral response caused by
a shift of the natural frequencies (Table 5.3(4)) toward larger amplitudes. The effect is more

pronounced in longer buildings (8 spans).

The effect of inelastic diaphragm behavior is reflected in smaller magnitude of total base
shears, than for elastic behavior (compare FE and FI in Table 5.2). This is due to the energy
absorption in the hysteretic behavior of slabs. At the same time, however, the frames are responsible
to carry larger shears when the diaphragm yields during an inelastic response (see Table 5.2(7)).

All the effects mentioned above more accentuated in diaphragms with larger aspect ratios.
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Neglecting the inelastic response of diaphragms with large aspect ratios is unconservative for
the design of frames in shear-wall-frame systems. This will lead to severe damage of frames and

eventaully to the loss of the vertical load carrying capacity with disastrous consequences.
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TABLE 5-2 Maximum Base Shear Distribution

No. of Slab Total End Walls Interior Frames
Spans Model* Shear Shear % of Shear % of
(kips) (kips) Total (kips) Total
(1 () (3) (4) (5 (6) N
R 400.3 396.8 99 3.50 1
4 FE 526.8 508.0 96 18.8 4
FI 402.6 Nz 92 314 8
R 711.2 700.2 98 11.0 2
6 FE 778.5 704.6 90 73.9 10
F1 470.0 375.2 80 98.4 20
R 885.8 860.8 97 25.2 3
8 FE 11390 978.6 86 160.4 14
F1 611.9 419.8 69 192.1 3l

* R:Rigid, FE: Flexible Elastic,

TABLE 5-3 Natural Frequency of Dominant Mode

No. of Stab Frequency Period

Spans Maodel* (Hz) (Seconds)

(1) (2) (3) 4

R 27.0 037

4 FE 16.9 060

FI 16.9 .060

R 22.7 045

6 FE 9.43 110

¥l 9.43 110

R 19.6 .050

8 FE 6.28 160

FI 6.28 160

FI : Fiexible Inelastic

* R : Rigid, FE: Flexible Elastic, FI : Flexible Inelastic
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SECTION 6
ANALYTICAL PREDICTIONS OF SHAKING TABLE RESPONSE OF A
SINGLE STORY 1:6 SCALED MODEL STRUCTURE

This chapter presents the analytical studies prepared for the design and planning of a shaking
table test of a 1:6 scale model. The study was done using the analytical model developed in the
previous sections. General description of the prototype and the scaled model structures are described
first, followed by a parametric study of the collapse mechanism of the model structure, which
serves as a guiding tool for modification of the model structure, to obtain the desired response
during the shaking table test. Finally, the predicted response of the model structure on the shaking

table is presented.
6.1 Description of Prototype and Scaled Mode! Structures

The geometry of the prototype used is similar to the 4 span single story structure analyzed
in Chapter 5, except instead of a full length (25 ft.) wall at the ends, a stiff frame which consisted
of two 10 ft. long walls coupled by a 12 ft. long beam with the same dimensions as the other beams
is used. This design would provide better interaction between the end and interior frames, while
it still preserves the relative high stiffness of the end frame with respect to the floor slab panel
system. Also, the natural period of the structure is greater, which results in an increase in the

response amplification of the structure, in comparison to the structure with full walls.

The prototype structure design satisfies the same specification and load conditions described
in Sec. 5.1. Grade 50 reinforcements are used for the columns, the walls, and the beams, while
Grade 40 reinforcements are used for the slabs and hoop ties for all of the frame members. A

concrete strength of 4000 psi is adopted for the entire structure.

In accordance with the geometry and capacity of the shaking table at SUNY/Buffalo [8], a
1:6 scale is chosen for the 4-span single story structure. The model structure is designed to comply
with the similitude requirements for a direct reduced scale model. This means that the model
material properties are assumed to be similar to the prototype material properties, while additional
non-structural mass is used to correct the similitude requirement governing the mass density for

the structure. The overall geometry of the scaled model is shown in Fig. 6.1a.
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6.2 Discretization of the Model Structure

The discretization of the model structure is done similarly to the structures analyzed in
Chapter 5 with one major difference; the interior slab panels are further divided into three regions
in the longitudinal direction (see Fig. 6.1b). This is done to reflect the distribution of the skab
reinforcement in langitudinal direction (between positive and negative moment regions). Also, it
provides a better Jlumped mass distribution and a more accurate representation of the yield

penetration along the interior slab panels.

It should be noted that for the model response prediction, the actual properties of the model
material are used. The detailed list of the input information for the analysis, are given in the

output sample given in Appendix B.
6.3 The Collapse Mechanism Study under Monotonically Increasing Lateral Loads

The collapse mode analysis performed by the IDARC?2 program is used to identify the failure
mechanism for the model structure. For this purpose the structure is loaded uniformly along the
floor slab in the transverse direction. The gravity load due to self weight is included by applying
them along the transverse beams. The yielding sequence of the structural members are obtained
as the Iateral load is increased incrementally up to failure; i.c., the failure is defined when the

maximum lateral displacement reaches 2% of the structure height,

The initial analysis indicated that the vielding of the end frames at a total lateral load of
12,69 kips dominates the early nonlinear behavior of the model, followed by the yielding of the
beams and columns of the interior frames. The structure failure occurs at 16.24 kips , see Table
6.1 (Case 1). This clearly shows that the minimum reinforcement required by the design, is not
adequate to insure inelastic behavior in the slab. Since the main objective of the shaking table
test is to cause extensive inelastic damage in the slab panels (so that the correlation of the test
results with the computed prediction are utilized for calibration of the analytical method), it is
found necessary to increase the yielding capacity of the end frames. This is done by changing the
amount and distribution of the wall reinforcement, and increasing the amount of steel in the

connecting beam.
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TABLE 6-1 Yielding Sequence Obtained from Collapse Mechanism Analysis

tm———— Rt e +
End Frame Member Member Yield Sequence
Case Reinforcement Area * |—-——————————o e e
No. |=~——m——m———— e Base shear Member Yielding
Wall |  Beam Force, k * %k
——————— o e e e e e e e e
12.70 Wl, W2, W3, W4 (Bottom)
13.29 Bl, B (Left)
.184 Top = .04 13.88 B3 (Right)
1 14.17 B2, B4 (Right)
uniformly | Bot.= .04 14.47 C4, C5, C6 (Bottom)
distrib. 15.06 Bl, B5 (Right)
15.06 C1, C2, C3 (Bottom)
15.06 Structure Failure
------ e T St
14.76 Bl, B5 (Left)
20.67 S3, S6 (Right)
21.55 B3 (Right)
21.85 B2, B4 (Right)
.336 Top = .04 22.14 C5 (Bottom)
2 22.44 Cc4, C6 (Bottom)
60% at Bot.= .04 22.73 C2 (Bottom)
edges 22.73 W1l, W2 (Bottom)
22.73 W3, W4 (Bottom)
23.03 Cl, C3 (Bottom)
23.62 Bl, B5 (Right)
23.92 Structure Failure
------ Fom e e e e e e e e e e e e e e e
20.67 S3, S6 (Right)
21.55 B3 (Right)
22.14 C5 (Bottom)
.336 Top = .08 22.14 B2, B4 (Right)
22.44 Cc4, C6 (Bottom)
3 60% at Bot.= .08 22.73 C2 (Bottom)
edges 23.32 €1, C3 (Bottom)
23.62 W1, W2, W3, W4 (Bottom)
24.80 Bl, BS5 (Left)
25.10 Bl, B5 (Right)
25.10 Structure Failure
Fm————— o o o o e e s Fm——————————— e ——————————— e e e e e e e s e e +
* -—- Unit: square inch;
*% -- See Fig.6.1_b for member notations
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Table 6.1 summarizes the the results of the analyses for 3 different cases. Increasing the
wall reinforcement from 0.46% to 0.85% {of the gross wall area), and placing of 60% of it at the
wall edges, increases the capacity of the wall by 76%, This allows for the yielding in the slab to
occur prior to the yielding of the end walls (Case 2). The slab panel vields at a lateral load of 20.66
kips. Then at a lateral load of 22.73 kips, the walls yield, and eventually the structure fails at a
load of 23.92 kips. It is noted that the connecting beam experiences an extensive amount of

deformation since it yields at a load of 14.76 kips prior to the slab members (see Table 6.1).

To prevent premature local failure of the connecting beam between the walls, the reinforcing
of the connecting beam is increased by a factor of two in Case 3. This changes the member yielding
sequence slightly, and the structure failure occurs at a load of 25.1 kips. Due to an increase in
the lateral loads required to cause yielding the end frame and structure failure, larger amount of
ductility is experienced in the interior frames and the slab panels. Consequently, the Case 3 design
is selected for the shaking table test. This model structure with varying amount of live load (in
addition to the non-structural mass used to correct the density similitude requirement), have been
analyzed, for different ground motions. The predicted responses are presented in the following

section.
6.4 Results of Seismic Response Analysis

The main goal of the experimental study is to test a single story structure with inelastic {loor
diaphragm action using simulated earthquake motion. To obtain this objective within the capacity
limitation of the shaking table, a parametric study is conducted using the seismic response analysis

of the IDARC2 program.
6.4.1 Parametric Study
The main variables studied are:
1) The amount of the live load to be included on the floor panels.
2) The scaled earthquake accelerogram applied to the base of the model structure.

Five cases (Cases A, B, C, D, and E) are considered where the live load considered varies
between 0.0% to 100% of the total floor area, distributed symmetrically about the center of the

structure. The amount and pattern of the live load considered are shown in Fig. 6.2,



Case | Slab Areas with Live Load
A None
B A4 -ADS
c A3-A6
D A2-A7
E Al -A8

FIGURE 6-2 Contributory Area for the Live Loads Used for the Parametric Study of the Model
Structure
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Inelastic dynamic analysis of the model structure subjected to the normalized and scaled TFaft
1952 and El Centro 1940 earthquakes for five different cases of live loads considered has been
conducted. Fig. 6.3 shows the scaled accelerograms used in the analysis. The maximum acceleration
is limited to 0.95g due to shaking table capacity limitation dictated by the size of the model used.
The time scale is compressed by dividing it by the square root of the scale factor for the model

to confirm with the similitude requirement.

The summary of the maximum response predicted by the analyses is presented in Table 6.2,
When no live load is included, Case A (Fig. 6.2), it is observed that the internal forces caused by
the El Centro earthquake, are larger than the values obtained from the Taft earthquake. Also,
most of the structural members are either in the elastic range or experienced only cracking. As
the amount of the live load increases, the overall response of the structure increase. The interior
slab panels yield due to in-plane bending for the loading Case C (where the live load for the
interior two panels are considers), for both Taft and El Centro earthquakes. It is noted that, after
the slab experiences severe inelastic cracking or yielding, the maximum in-plane moment for the
interior slab panels, and the maximum displacement for the middle frame are larger for the Taft
earthquake than the corresponding values obtained from the El Centro earthquake. This is mainly
due to the wider range of frequencies present in the Taft accelerogram, which excites the floor
diaphragm action of the model structure after in-plane slab flexibility becomes more evident, when

the slab vields.

To cause adequate amount of inelastic damage in the slab panels without risking of sudden
type failure due to a lack of ductility of the slab panel, the use of live load Case C with the scaled
Taft accelerogram is found to be satisfactory. The detail of the results of this analysis is presented

and discussed next.
6.4.2 Analytical Prediction of the Shaking Table Test

The predicted response of the 1:6 scale model using the scaled Taft earthguake motion with
a maximum acceleration of 0.95g (see Fig. 6.3) for the live load Case C (Fig. 6.2) is presented in
this section. Time history plots of the displacement, base shear, and The corresponding hysteresis
curves for the middle and end frame are given in Figs. 6.4 and 6.5, respectively. 1t is noted that
the middle frame peak displacement is about five times that of the end frame, which indicates
that the inelastic floor flexibility plays an important role in the dynamic response of the model

structure,
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TABLE 6-2 Summary of the Seismic Response Analysis for the Model Structure

prmmmemmasnan L e L R R R TP LR TR D e e TR D R ikt L ikttt +
| Earthquake | Live load | Max, Displacemeny, in. | Wax. Base Shear, k | Max, Slsb Response | T |
| 1 ‘ ----- P beemuaavanan seubeocrasarecasncdtancunsnaraeshacsvonasesunaspransnnmnannanT beomnrarmmnren ]
| Record * | Included * | End wall | Middle Frame | sStructure | End Wall | iddie Frame'| Vs [ MssMys | Secstyel. |
Jomommemannen - * + e=e
1 0 ! { ! | | | t
[ERERLALELILE + e + + + + |
y | cese a | .012 (.883) | .05% {1.02) } 12.11 {.B82) ) 5.54 (.B33) [ .505 (1.09) | .91 (1.63) ] .77 (.922) | 034 |
i | case B | .08 ¢.937) | .093 (.932) | 14.53 (.93&) ] .55 (.935) | .466 ¢.932) | 5.04 (.930) | .936 (.930) |  .037 |
| Eleentro | CaseC [ .026 ¢2.05) | .138 (.104) | 15.92 {2.05) | 7.31 (2.05) | .525 (.938) | 6.02 (.104) ) 1.09 (1.04) | 040 |
| | case b | .029 (2.05) | .181 (.943) | 17.14 (.934) | 7.81 (.934) | .572 (.943) | .38 (.940) | 1.11 (940} |  .042 ]
| | crese E [ .035 ¢7.25) | .172 (.945) | 19.32 (.882) | B.95 (.BB1) | .589 (.945) | 6.49 (.940) | 1.13 (.950) | N T
‘ ------------ frammme e Fevae e B R e T ST Fommmaans B SR TR LR T R Fmemeammmnmn 1
| | case A | .009 (3.13) | .040 (1.88) | 10.90 ¢1.533 | 5.00 (1.53) | .390 (3.13) | 3.44 (1.88) | .580 (1.88) [  .03& |
| | Case B | .024 (2.69) | .102 (3.77) | 16.35 (2.69) | 7.51 (2.69) | .486 (1.89) | 5.03 (2.69) | .92% (3.72) | 037
| Taft | case C | (032 (6.47) | 167 (3.84) | 18.09 (2.70} | 8.22 (2.70) | 536 «(1.89) | 5.99 «(3.84) | 1.14 (3.843 | 040 |
| | Case D ] .041 (2.70) } .247 (2.71) | 20.58 (2.70) | 9.52 (2.70) | .824 (7.18) | 7.17 «(2.71y | .25 2.70) | 042 |
i | case B ] 047 (5.24) | 255 (2.71) | 22,50 (2.71) | 10.44 (2.70) ) 890 (8.14) | 7.06 (2.72) | 1.22 (3.85) | .04k |
frmaeancaancan P et R R EEE ) 4mmrammeasnsaa e EE L fracassesnmanna $ressanmsaaanen $oveannen “esespssvecasnanana LIELIREEES bl g

( Number in parenthesis = Time at which the max. response {s reached )
* See Fig.6.2 £ 6.3 for the smount and distributien of the floor, (ive load and earthquake accelercgrams used,

Notations:
Vs -=- Maximum in-plane shear in the end panel slab;
Ms ~+» Maximm {n-plane moment in the mid-panel slab:
Mys --- Yield moment for the interior slab ( Mys = 357 k-in. );

¥ --- Fundamental peried of the structure.
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To illustrate the inelastic behavior of the floor slab system, the horizontal slab drift (the
relative displacement between the middle and end frame) and the maximum in-plane slab shear
history, which occurs at the end panel, is shown in Fig. 6.6, Also, the hysteresis relationship
between the in-plane maximum slab shear and the slab drift is shown in Fig. 6.6. Since the non-linear
behavior of the slab panels is mainly due to the in-plane bending of the interior panels, the slab
moment history and the moment curvature plots give a local presentation of this action, shown in

Fig. 6.7.

Finally, the structure is analyzed using an elastic slab and rigid slab model. The predicted
response of the structure with inelastic slab. Plots of displacement and base shear histories for the

middle and end frames are shown in Figs, 6.8-6,11.

The hysteresis curves of the middle frame base shear vs. displacement, normalized with
respect to the peak values obtained from the rigid slab model analysis are compared in Fig. 6.12,
The maximum displacement predicted by the inelastic and elastic slab models are 4.95 and 1.69
times the value obtained from rigid analysis, respectively. The peak base shear forces predicted
by the inelastic slab model is 1.8 and 1.4 the value computed using elastic and rigid slab model,
respectively. Thus, it can be concluded that, although the elastic slab model provides a better
representation of the test structure behavior in comparison with rigid assumptions, it underestimates

both the ductility and strength demands of the interior frames by factors of 2.9 and 1.3, respectively.
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SECTION 7
SUMMARY AND CONCLUSIONS

An enhanced computer program has been developed for the inelastic analysis and seismic
damage evaluation of three-dimensional R/C structures, which accounts for the inelastic in-plane

deformations of floor-slab systems.

A macro-model approach was adopted to minimize the amount of input data and reduce the
input to the essential quantities which govern structural behavior. Other existing approaches are
either over-abundant in input and output information, such as the micro-models of finite element
procedures, or are lacking consideration of important effects, such as the variation of properties

and behavior in the inelastic range.

The suggested model accounts for the variation of the flexibility of the slab during the
inelastic response caused by changes in the plastic regions. The computational scheme allows for
modeling slabs with variable thickness and reinforcement. It also enables the consideration of

three-dimensional effects due to frame torsion.

The slab model includes influences of both in-plane shear and flexural bending. The
influences are considered separately and are combined in the analysis stage to allow for a more

accurate capture of the slab effects.

A generalized technique for the evaluation of the flexural capacity of floor slabs is also
developed. The analytical envelope is modified based on observed experimental data to fit a
trilinear curve which enables the subsequent hysteretic component modeling. Shear capacity
computations are derived from empirical models originally developed for shear walls. Inelastic

bending and shear are modeled using the three- parameter hysteretic model developed in Ref. [17].

The model considers the out-of-plane effects of gravity loads in a macro-behavioral model
determined from experimental information. Improvement of such an approach is the subject of

a further investigation within the framework of this ongoing project.

The computational model which includes frames, shear-walls, and transverse elements
produces information on the force distribution between the structural elements and calculates a
composite damage index for each of the principal members to estimate the expected seismic response

in the presence of flexible floor slabs.
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The suggested model has already been incorporated into an existing program for inelastic
damage assessment of R/C buildings [17]. The new version (IDARC2) has several improved features

in comparison with the original version. Some of the highlights of the new version are:

1. The program can handle the specification of floor slabs in an extremely versatile manner
to account for considerable variation in slab properties across the length and depth of the

slab.

- the slab can be subdivided into smaller segments along its length by means of dummy
frames. A criterion for the discretization along the length is the change in the distribution

of reinforcement in the floor slab system which is generally non-uniform.

- the slab system can be discretized in any arbitrary manner along its depth to facilitate
a more realistic fiber model analysis. It is also possibie to specify different steel grades

for each region.

The program is also capable of modeling the floor diaphragm either as a rigid or as an elastic
system for the purpose of comparative studies. The test model structure, presented in Section

6, uses all of these features extensively.

2. A single-step force equilibrium check has been incorporated into the dynamic analysis
routine. This procedure is expected to reduce the magnitude of errors due to branch changes
in the hysteretic routines. Such a technique may not satisfy equilibrium precisely but has

been previously used [11] to reduce the cost of fully iterative procedures.

3. Several output features have been incorporated into the program to give the user a clear

understanding of response computations:

- the stress states of components is recorded during the progressive collapse mode analysis.

The sequence of failure of components is established.

- the peak component forces and their time of occurrence during various critical stages
of loading (such as maximum frame displacement, maximum slab and wall moments) is

recorded.

The analytical model developed herein was used for analyzing the importance of flexibility

of floor diaphragms and in particular the importance of inelastic response near collapse.
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Using the one-story test structures {Section 5) with diaphragms having increasing aspect
ratios (long rectangular slabs) it was determined that: {a) The assumption of rigid floor diaphragms
leads to underestimating of base shear in flexible frames by factors of 8 to 10. Such an increase
may impose a large strength demand which obviously is not forseen in design practice; (b) The
deflections of the diaphragms during the inelastic excursions reach magnitudes which impose large
ductility requirements in the columns of frames. Such ductilities are usually in excess of the

ductility capacity of regular columns.

Neglecting the inelastic response of diaphragms with large aspect ratios may be nonconservative
for the design of frames in a frame-shear-wall system. This can lead to severe damage in the

frames and eventually to loss of vertical carrying capacity with disastrous consequences.

As a results of these preliminary studies, a 1:6 scale model of a typical single story structure
has been designed and constructed for testing under seismic loadings (using the earthquake simulator
at SUNY/Buffalo). The inelastic analysis procedure developed in this report was used to predict
the response of such a model. The results of the preliminary analyses indicated that a damaging
mechanism is obtained if the model is loaded with larger amount of temporary load (live load) in

the middle panels, and subjected to large earthquake intensities.

The damaging mechanism consists in an initial yielding of floor slab in flexure in the middle
section with subsequent failure of beams and columns in the interior frames. This mechanism is

continued by failure of shear walls at the bottom and severe damage to the inner frames.

An experimental program was developed based on these predictions. Subsequently, the test
results will be used for the improvement of the computational model. This calibration is an essential
step in development of construction/design specifications based on parametric studies using the
developed computational tool. The development of such specifications is the eventual scope of

this project.
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APPENDIX A: USER INPUT GUIDE TO IDARC2

Al. INPUT FORMAT

A free format is used to read all input data. Hence, conventional delimiters (comma, blank) may
be used to separate data items. Standard FORTRAN variable format is used to distinguish integers
and floating point numbers. Input data must, therefore, conform to the specified variable type.

NOTE: NO BLANK LINES ARE TQ BE INPUT
AND ALL UNITS MUST BE IN KIPS, INCHES

VARIABLES DESCRIPTION

SET A:
CARD #]: Title of Problem

TITLE Alpha-numeric title, upto 80 characters.

CARD #2: Control Information

NSO,NFR,MCON,MSTL NSO = No. of stories
NFR = No. of frames
MCON = No. of different concrete
material properties.
MSTL = No. of types of steel
reinforcement properties.

NOTES: (a) The number of stories refers to the total number of floor levels excluding the base
level.
(b} A structure is idealized as a set of plane frames interconnected by transverse beams
and flexible floor diaphragms. Fig.6.1a shows an example of a three-dimensional
single story structure composed of 5 frames. Fig.6.1b shows the discretized structure
with input notation.
(c) The different concrete properties refer to the different types of concrete used in
the construction of the various elements. A concrete belongs to the same type if it has
the same stress- strain curve {to be input in SET C).
(d) The number of types of steel reinforcement refers to strength parameters and not
the size of bars used. All steel bars with the same stress-strain curve (input in SET
D) belong to the same steel Iype.

CARD #3 ; ELEMENT TYPES

MCOL MBEM,MWAIL MEDG, MCOL = No. of types of columns
MTRN,MSLB MBEM = No. of types of beams
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MWAL = No. of types of shear walls
MEDG = No. of types of edge columns
MTRN = No. of types of transverse beams
MSLB = No. of types of slabs

NOTES: The number of types of a particular element is meant to group together a set of similar
elements with identical properties. Hence data is required only for a set of elements
with identical properties (dimensions, material properties, reinforcements, etc.)

NCOL NBEM,NWAL NEDG, NCOL = No. of columns
NTRN,NSLB NBEM = No. of beams
NWAL = No. of shear walls
NEDG = No. of edge columns
NTRN = No. of transverse beams
NSLB = No. of slabs

NOTES: This input refers to the total number of each of the elements in  the building. Using
the frame in Fig.6.1, NCOL=6, NBEM=5, NWAL=4, NEDG=0, NTRN=8, NSLB=4.

CARD #5 ; BASE SHEAR ESTIMATE

PMAX Estimate of base shear strength coefficient
(as ratio of shear strength to total weight)

NOTES: The program uses this information only to determine the load steps for the static
analysis under monotonic loading. An initial value of 1.0 may be input for the first
run using the static analysis option {to be input later). The true base shear coefficient
is computed by program IDARC based on this initial estimate. Use this value for
subsequent dynamic and damage analysis.

HIGT(I),I=1,NSO Elevation of each story from the base,
beginning with the first floor level.

CARD #7 : FLOOR WEIGHTS

WIGT(1,J),J=1 NFR Weight of floor associated with each
frame for each story level (Fig.A.1).

WIGT{NSO,J),J=1,NFR



CARD #8 : CONFIGURATION OF PLAN

NVYLN(I),i=1,NFR Number of j-coordinate points
in each frame. {see Fig.A.1)

NOTES: A setof NVLN points for each frame should define completely the j-coordinates necessary
to specify every vertical element in that frame.

SET B:
J-COORDINATE LOCATIONS

SPANX{1,1) .. SPANX(1,NVLN(1)) For each frame:
input the ’distance’ of each of the
NVLN points from any reference axis.

SPANX(NFR,1)...SPANX(NFR,NVLN(NFR))

NOTES: Choose areference line, preferably to the left of the leftmost j-coordinate point. Another
convenient location for the reference line would be along the leftmost j-coordinate
location itself. However, there is no restriction as to where this line is located as long
as il is perpendicular to the loading axis.

The x-coordinate refers to the distance of each j-coordinate location from this reference
line (Fig.A.2).

SET C:
CONCRETE PROPERTIES

LFC(),EC(I1),ECR(I), Characteristics of concrete stress-
. EPSO(T), TAUM(I) strain curve (see Fig.A.3):
I = Concrete type number
FC = Concrete compressive strength
. EC = Initial Modulus
MCON,FC(MCON).... [default=57*(1000*FC)0-5]
... TAUM{MCON) ECR = Tensile cracking strain
[default=-0.1*FC/EC]
EPSO= Strain at maximum strength
[default=0.2%)]
TAUM= Bond strength [default=1.2]

NOTES: For each of the 'MCON' iypes of concrete, relevant parameters describing the
stress-strain curve (as listed above) are necessary. Fig.A.3 shows the stress-strain curve
along with the parameters needed to fully define the curve. The equation of the non-linear
function is used primarily in the fiber model analysis of shear walls and slabs.

A-3



i ey e i e

WIGT(L,) wisT(1,2) wigT{,3) WiGT(i,4) wiGT(!,5)
NVLN(I)=2 NVLN(2)=2 NVLN(3)=2 NVLN(4)=2 NVLN(5)=2

FIGURE A-1 Tributary Areas to be Included in Floor Weight Computation and Determination
of J-Coordinate Points

REFERENCE AXIS
SPANX{I,1) ¥y _

SPANX(2,1)

SPANX(!,2)

SPANX(2,2}#—r — — s —

FRAME N2 | FRAME N22
I=i I1=2

FIGURE A-2 Span Length Determination



LS'I'RESS.CT 2
| | 0 _(€
fé -1 /—O.-fc 2 €5 ( €°) FC =f(|:
E EPS®=£,
; EC =E,
| ECR =&,
]
£CI,' 5 o €
, / o -+ STRAIN.
FIGURE A-3 Concrete Stress-Strain Curve
STRESS. O ES =E;
. EPSH =&,
u
fs /@ h ESH =E,
] FS =fs
Eg FSU =fg,

+ STRAIN. €

]
)
/] esh

FIGURE A-4 Stress-Strain Input for Steel



Unless otherwise specified {using the tensile cracking strain option), it is assumed that
the concrete can resist tension upte 1/10 of its strength in compression.
The bond strength of concrete is obtained typically from experimental testing, however,
the program uses a default value of 1.2 ksi if such data is unavailable.

SET D:

PROPERTIES OF REINFORCEMENT

LFS(I),FSU(I),ES(T),
ESH(I), EPSH(I)

MSTL,FS(MSTL) ....

Characteristics of steel siress-strain
for each steel type. (see Fig.A.4):

I

= Steel type number

FS = Yield strength

FSU = Ultimate strength
..EPSH(MSTL) ES = Modulus of elasticity (default: 29000 ksi)
ESH = Modulus of strain hardening (default: 500 ksi)
EPSH= Strain at start of hardening (%)
{default: 3%)
NOTES: A trilinear curve (as shown in Fig.A.4) is used to define the siress-strain characteristics

of the steel reinforcement. The properties are assumed to be identical in both tension

and compression.

A set of MSTL cards is required in this input as specified in card #2 of set A.

SET E:
COLUMN PROPERTIES

SKIP THIS INPUT IF THE STRUCTURE HAS NO COLUMNS

M,IMC,IMS,AN,SIGCB(M),
SIGCT(M),D,B,BC,AT,PE,
PW.RW,AMLC(M),
RAMCI(M),RAMC2(M)

MCOL,IMC,IMS......
PW,RW..........
RAMC2(MCOL)

Properties of each column type
(see Fig.A.5):

M = Column type number
IMC = Concrete type number
IMS = Steel type number

AN = Axial load

SIGCB = Initial moment at bottom
SIGCT = Initial moment at top

D = Depth of column

B = Width of column

BC = Distance from centroid of
reinforcement to face of column

AT = Area of tension reinforcement

PE = Total perimeter of all tension reinf.

PW = Web reinforcement ratio (%)

RW = Confinement ratio (%)

AMLC = Center-to-center column height
RAMCI1 = Rigid zone length at bottom
RAMC?2 = Rigid zone length at top
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NOTES:

|#2]

ET F:

|

The basic properties of each of the MCOL columns (input in card #3) is required in
this input section.

IMC and IMS refer to the concrete and steel stress-sirain curves respectively, that are
to be used in establishing the strength parameters of the column.

The axial load is determined from the ef fective vertical load acting on the column. The
initial moments input here are in addition to the dead and live load moments computed
later using input data SET . The user can ignore inpuits for initial loading (which are
somewhal approximate) and instead input the actual initial moment values in this section
(possibly from another static analysis program in which true 3-d effects are reflected ).
The length AMLC of a column is normally the center-to-center length.

The parameter 'AT’ is the total area of the lension reinforcement. The analysis, however,
assumes that the area of the tension and compression reinforcement are equal. The
confinement ratio ‘RW’ is the volumetric ratio of the hoops to the core concrete,

BEAM PROPERTIES

SKIP THIS INPUT IF THE STRUCTURE HAS NO BEAMS

M,IMC,IMS,SIGBL(M),SIGBR(M), Properties of each beam type
D,B,BSL,TSL,BC1,ATI1,AT2, (see Fig.A.6):
PE1,PE2,PW,RW,AMLB(M), M = Beam type number
RAMBI(M),RAMB2(M) IMC = Concrete type number

IMS = Steel type number
SIGBL = Initial bending moment
at left section

MBEM,IMC,IMS.......... SIGBR = Initial bending moment

D,B,BSL....ceooonne. at right section
RAMBI(MBEM),RAMB2(MBEM) D = Overall depth
B = Lower width

BSL = Effective slab width

TSL = Slab thickness

BCl = Distance from bottom bars
to lower face

ATl = Area of bottom bars

AT2 = Area of top bars

PE1 = Perimeter of bottom bars
PE2 = Perimeter of top bars
PW = Web reinforcement ratio (%)

RW = Confinement ratio (%)
AMLB = Member length

RAMBI = Rigid zone length (left)
RAMB2 = Rigid zone length (right)



NOTES:

SET G:

The above input is required for each of the '"MBEM’ beams input in card #3.
IMC and IMS define the concrete and steel stress-strain properties previously input
in set C and set D respectively.
SIGBL and SIGBR are the initial bending moments at the left and right section
respectively. The sign convention for the bending moments is shown in Fig.A.6 where
a positive value indicates compression in the top fibers and tension in the bottom fibers.,
As with the columns, these moments are additive to the dead and live load moments
computed by the program if loading is specified in SET .
For beam-slab elements, BSL refers fo the ef fective widih of the slab. For simple frame
structures without slab units:

~ BSL and B assume the same value;

- TSL is input as the cover distance from the top

bars to the upper face of the beam element

SHEAR WALL PROPERTIES
SKIP THIS INPUT IF THE STRUCTURE HAS NO SHEAR WALLS

M,IMC,IMS,AN,D,B,PT,PW, Shear wall properties: (Fig.A.7)
DC,BC.AG,AMLW(M) M = Shear wall type number

IMC = Concrete type number
IMS = Steel type number
AN = Axial load

MWAL,IMC,IMS........... D = Length of shear wall
DC,BC,AG,AMLW(M) B = Wall thickness

NOTES:

PT = Vertical reinforcement ratio (%)
PW = Horizontal reinf ratio (%)

DC = Depth of edge column

BC = Width of edge column

AG = Gross steel area of edge columns
AMLW = Height of shear wall

The above input is required for each of the MWAL shear walls (input in card #3 of
set A).

Two types of shear walls are possible:
(a) shear walls with edge columns

(b) shear walls without edge columns

Details of typical shear wall elements are shown in Fig.A.7. In the absence of any
edge columns set the input parameters BC, DC and AG to zero.
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SET H:
EDGE COLUMN PROPERTIES

SKIP THIS INPUT IF THE STRUCTURE HAS NO EDGE COLUMNS

M, IMC,IMS,AN,D,B,AG, Edge column properties (Fig.A.7):
AMLE,ARME(M) M = Edge column type number
IMC = Concrete type number
IMS = Steel type number
. AN = Axial load
MEDG,IMC,IMS...... DC = Depth of edge column
..ARME(MEDG) BC = Width of edge column
AG = Gross area of main bars
AMLE = Member length
ARME = Arm length

NOTES: Input is required of each of the MEDG edge columns (as specified in card #3 of set
A).

AMLE refers to the center-to-center height of the edge column, while AG is the total
area of all the reinforcing bars in the edge column.

In writing the arm length of an edge column, it is important to consider the sign
convention used. The arm length is the distance from the interior face of the edge
column to the center of the shear wall to which it is anchored.

SET I:
TRANSVERSE BEAM PROPERTIES

THIS INPUT NOT REQUIRED IF STRUCTURE HAS NO TRANSVERSE BEAMS

M,AKV(M),ARV(M),ALV(M) Transverse beam properties:

M = Transverse beam type number
AKY = Vertical Stiffness

ARYV = Torsional Stiffness

ALY = Arm length

MTRN,AKV(MTRN)....ALV(MTRN)

NOTES: Two types of transverse beams can be defined.

{a) beam-to-wall connections
{b) beam-to-beam connections

Details of both types of transverse elements are shown in Fig.A.8. The arm length, for
beam-to-wall connections, refers to the distance from the beam lo the center of the shear
wall to which it is connected. This parameter is set to zero for beam-to-beam connections.

The details of the stiffness computations is also shown graphically in Fig.A.8. However,
any suitable procedure may be used to arrive at these stiffness values depending upon
the nature of the connection.
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SET J:
SLLAB PROPERTIES

JSTYP Modeling of slab types

= 0, Inelastic flexible slab
1, Elastic slab
2, Rigid slab

It

For each of the MSLB slab elements, input the following two daia sets:

M,IMC,AMLS(M),NSECT M = Siab type number
IMC = Concrete type number
AMLS = Slab length (frame-to-frame)
NSECT = Number of sections for fiber
model analysis

For each of the NSECT sections:

IMS,TSL,DSL,PT,PW,NFIB IMS = Steel type aumber
TSL = Thickness of section
DSIL. = Depth of section
PT = Longitudinal reinforcement ratio
PW = Lateral reinforcement ratio
NFIB = Number of fibers for fiber model analysis

REPEAT ABOVE TWO DATA SETS FOR EACH SLAB TYPE

Note. Fig . A.9 shows a section of the slab for the sample building. The length of the slab refers
to the center-to-center distance between parallel frames.

A slab strip can be divided into a number of sections, the divisions being representative
of the variation of reinforcement across the depth of the slab. This permits a more
realistic fiber model analysis for determination of the flexural envelop curve (see Section
3.1).

The user also has the ability to specify the number of fibers to be used in the fiber model
analysis for each section. A finer mesh near the ends and a coarser mesh toward the
middle is recommended.



ELEMENT CONNECTIVITY INPUT

NOTE; Element connectivity is established through 3 coordinate positions. The 7/ coordinate varies
from 1 to the number of frames; the j coordinate varies from 1 to the number of NVLN positions
for each frame: and the / coordinate varies from 0 to the number of stories.

SET K:
COLUMN CONNECTIONS

SKIP THIS INPUT IF THE STRUCTURE HAS NO COLUMNS

M,ITC(M),IC(M),JC(M), Column connectivity data:
LBC(M),LTC(M) M = Column number
ITC = Column type number
. IC = I-Coordinate
NCOL,ITC(NCOL)....... JC = J-Coordinate
LBC(NCOL),LTC(NCOL) LBC = Bottom L-coordinate
LTC = Top L-coordinate

NOTES: IC refers to the frame number, or the i'th coordinate position of the column. JC
is the j'th coordinate position of the column (where 'j’ varies from I to NVLN(i})). LBC
and LTC are the bottom and top L-coordinate position of the column respectively.

SET L:
BEAM CONNECTIVITY

SKIP THIS INPUT IF STRUCTURE HAS NO BEAMS

M,ITB(M),LB(M),IB(M), Beam connectivity data:
JLB(M),JRB(M) M = Beam number
ITB = Beam type number
LB = L-Coordinate
. IB = I-Coordinate
NBEM.,ITB(NBEM)....... JLB = Left J-Coordinate
JLB(NBEM),JRB(NBEM) JRB = Right J-Coordinate

NOTES: Input is required for each NBEM beams as specified in card #4 of set A.



SET M:
SHEAR WALL CONNECTIVITY

SKIP THIS INPUT IF STRUCTURE HAS NO SHEAR WALLS

M,ITW(M),IW(M), JW(M), Shear wall connectivity data:
LBW(M},LTW(M) M = Shear wall number
ITW = Shear wall type number
IW = I-Coordinate
. JW = J-Coordinate
NWAL,ITW{NWAL)...... LBW = Bottom L-Coordinate
LBW(NWAL),LTW(NWAL) LTW = Top L-Coordinate

NOTES: [Input is required for each of the NWAL shear walls.

|€2]

ET N:
EDGE COLUMN CONNECTIVITY

SKIP THIS INPUT IF STRUCTURE HAS NO EDGE COLUMNS

MLITE(M),IE(M),JE(M), Edge column connectivity data:
LBE(M),LTE(M) M = Edge column number
ITE = Edge column type number
IE = I-Coordinate
. ‘ JE = J-Coordinate
NEDG,ITE(NEDG)....... LBE = Bottom L-Coordinate
LBE(NEDG),LTE(NEDG) LTE = Top L-Coordinate

NOTES: Input is required for each of the NEDG edge columns.

SET O:
TRANSVERSE BEAM CONNECTIVITY

SKIP THIS INPUT IF STRUCTURE HAS NO TRANSVERSE BEAMS

M ITT(M),LT(1),IWT(M), Transverse beam connectivity data:
JWT(M),IFT(M),JFT(M) M = Transverse beam number
ITT = Transverse beam type number
LT = L-Coordinate
IWT = I-Coordinate of origin of
transverse beam*
JWT = J-Coordinate of origin of
transverse beam*
NTRN,ITT(NTRN)....... IFT = I-Coordinate of connecting
JWT(NTRN)..JFT(NTRN) wall or column
JFT = J-Coordinate of connecting
wall or column



NOTES: NTRN cards are required in this input section
* FOR BEAM-WALL CONNECTIONS, IWT AND JWT REFER TQ THE [J
COORDINATE LOCATIONS OF THE SHEAR WALL.

SET P;
SLAB CONNECTIVITY

M,ITS,LSL,ISL,ISL2 M = Slab number
ITS = Slab type number
LSL = Story number
ISL1 = Starting frame number
ISL2 = Ending frame number

NOTE: Itisimperative that atleast one slab be defined between a set of parallel frames. Therefore,
unless dummy frames are defined, the number of slabs is one less than the number of

frames.
SET Q: STATIC ANALYSIS FOR INITIAL LOADS
CARD #1
NLU,NLJ,NLM NLU = No of uniformly loaded beams

NLJ = No of laterally loaded joints
NLM = No of specified nodal moments

NOTE: [Initial loading may be specified through beams that are uniformly loaded. Specified
lateral loads may also be input at floor levels. In the presence of overhanging beams, not
accounted for in the analysis, an external nodal moment may be applied at the end of
each beam.

All initial moments are carried forward to the dynamic analysis.

CARD SET #2:
SKIP THIS INPUT IF NLU .EQ. 0

LIBN(I),FU(T) 1 = Load number

IBN = Beam number

. FU = Load value (k/in)
NLU .... FUNLU)

NOTE: NLU cards required in this section
CARD SET #3:
SKIP THIS INPUT IF NLJ EQ. ¢



LLFI)IF(I),FLD) 1 = Load number

NLJ .... FL(NLJ)

LF = Story number
IF = Frame number
FL = Load value

NOTE: NLU cards required in this section

CARD SET #4:

SKIP THIS INPUT IF NLM .EQ. 0

LIBM(I), FMI(I),FM2(1) I = Load number

NLM .... FM2(NLM)

IBM = Beam number
FM1 = Moment value {left)
FM2 = Moment value (right)

NOTE: NLU cards required in this section
NEXT CARD: DYNAMIC ANALYSIS OPTION

IDYN

Dynamic analysis option
0, STOP (Do not perform dynamic analysis)
1 , CONTINUE (Dynamic analysis)

1

L

THE REMAINING CARDS NEED BE INPUT ONLY IF [DYN EQ. I

SET R:

DYNAMIC ANALYSIS CONTROL PARAMETERS

CARD #1
GMAXH,GMAXV,DTCAL, Control parameters for dynamic analysis:
TDUR,DAMP GMAXH = Peak horizontal acceleration {(g’s)
GMAXY = Peak vertical acceleration (g's)
DTCAL = Time step for response analysis (secs)
TDUR = Total duration of analysis (secs)
DAMP = Damping coefficient (% of critical)
NOTES: The input accelerogram is scaled uniformly to achieve the specified peak acceleration.

Set GMAXY io zero if the vertical component of the acceleration is not input.

DTCAL is the user controlled time step for the response analysis. DTCAL should not
exceed the time interval of the input wave., [t may be necessary to use smaller time
steps depending upon the complexity of the structure and the magnitude of the
input wave, However, an extremely small time step may also lead to accumulation of
round-off and truncation errors.

TDUR must be less than or egual to the total time duration of the input wave.

A-17



IWV ,NDATA, ,DTINP IWVY = 0, Vertical component of
acceleration not included
= 1, Vertical component of
acceleration included
NDATA = No. of points in earthquake wave
DTINP = Time interval of input wave

NAMEW Alpha-numeric title for input wave
upto 80 characters

SET S: WAVE DATA - HORIZONTAL COMPONENT

WINPH(I),I=1 NDATA Horizontal component of earthguake
wave (NDATA points)

This data is read from file WAVEH .DAT
SET T : WAVE DATA - VERTICAL COMPONENT
SKIP THIS INPUT IF IWV .EQ. 0

WINPV(1),I=1, NDATA Vertical component of earthquake
wave (NDATA points)

This data is read from file WAVEV .DAT

NOTES: Accelerogram data may be input in any system of units. The accelerogram is scaled
uniformly to achieve the specified peak value in card #1 of set 'O’

Since data is read in free format, as many cards as necessary to read the entire wave
must be input. The data points of the input wave may, therefore, be entered sequentially
until the last (or NDATA) point.

2]

ET U: HYSTERETIC RULE

#1:

®]

AR

)

NHYS Number of types of hysteretic rules
CARD SET #2:
HYSTERETIC MODEL PARAMETERS

HC(M),HS(M),HB(M),HP(M) HC = Degrading coefficient

HS = Slippage coefficient

HB = Deteriorating coefficient

. HP = Post-vyielding stiffness ratio
HC(NHYS)...... HR(NHYS)



NOTES: HC refers to the parameter which defines the stiffness degradation. HS refers to the
slippage or pinching coefficient. If pinching effects are to be ignored, input a large value
for HS (>1) which then forces the yield strength value to be the new maximum point.
HB is the rate of strength degradation.

THE PROGRAM COMPUTES THE VALUE OF THE PARAMETER HB FOR EACH
INELASTIC COMPONENT USING THE FORMULATION DESCRIBED IN SECTION
4.3.2. ANY INPUT FOR THIS VALUE WILL OVERRIDE THE DEFAULTS
COMPUTED BY THE PROGRAM. IF THE USER SHOULD CHOOSE TO USE THE
DEFAULTS THEN A ZERO INPUT IS NECESSARY FOR HB.

Finally, HP defines the post-yielding stif fness ratio. Typical values of this parameter
for reinforced concrete vary from 0.01 to 0.05.

NEXT CARD : COLUMN PARAMETERS

SKIP THIS INPUT IF THE STRUCTURE HAS NO COLUMNS
KHYSC(I),I=1,NCOL Type of hysteretic property for each column

NOTES: For each of NCOL columns, input the number corresponding to the hysteresis rule
that is to be used from the hysteretic model parameters input in set #2 above.

NEXT SET: BEAM PARAMETERS

SKIP THIS INPUT IF STRUCTURE HAS NO BEAMS

KHYSB(I),I=1, NBEM Type of hysteretic property for each beam
NOTES: Specify the hysteresis rule to be used for each of the NBEM beams.
NEXT SET: SHEAR WALL PARAMETERS

SKIP THIS INPUT IF STRUCTURE HAS NO SHEAR WALLS

KHYSW(I,1),KHYSW(I,2) Type of hysteretic property
for flexure and shear respectively

KHYSW(NWAL,1), KHYSW(NWAL,?)

NOTES: For each of the NWAL shear walls in the structure, 2 hysteretic rules are to be defined.
The first defines the flexural behavior while the second defines the shear behavior.

NEXT SET; SLAB PARAMETERS

SKIP THIS INPUT IF STRUCTURE HAS NO SHEAR WALLS
KHYSS(1,1), KHYSS(L,2) Type of hysteretic property

for flexure and shear respectively
KHYSS(NSLB,1),KHYSS(NSLB,2)

NOTES: For each of the NSLB slabs in the structure, 2 hysteretic rules are prescribed, for flexure
and shear respectively.



SET V: OUTPUT CONTROL

NSOUT,.DTOUT NSOUT = No of output histories
DTOUT = Qutput time interval

NEXT SET:

IFRNO(I),ISTNO(I) IFRNO = Frame number
ISTNO = Story number

IFRNO(NSOUT),ISTNO(NSOUT)

NOTES: A set of NSOUT cards define the frame and story level for which an output history
is desired. A typical history is created in four files containing displacement, frame-drifts,
story drifts and story shear information. See Section A.3 for more information on output
details.

NEXT SET:

Note: These outputs produce a moment-curvature history for the specified set of elements. Upto
two elements under each type as listed below is possible. For walls and columns, the history refers
to the bottom section, for beams the history of the left section is produced while for slabs the history
corresponding to the ISLI] coordinate is generated.

JCOLOUT = 0, No column output desired
= 1 , PRINT column output

SKIP NEXT CARD JF JCOLOUT .EQ. 0

INUMCI, INUMC2 INUMC! = Column number 1
INUMC2 = Column number 2

JBEMOUT = 0 , No beam output desired
= 1, PRINT beam output

SKIP NEXT CARD IF JBEMOUT .EQ. 0

INUMBI, INUMB?2 INUMBI1 = Beam number 1
INUMB2 = Beam number 2

NEXT CARD:

JWALOUT = 0, No wall output desired
=1, PRINT wall output
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SKIP NEXT CARD IF JWALOUT .EQ. 0

INUMW1, INUMW2 INUMW1 = Wall number 1
INUMW2 = Wall number 2

NEXT CARD:
SKIP NEXT CARD IF JSLBOUT .EQ. 0

JSLBOUT = , No slab output desired
= 1, PRINT slab output

INUMSI, INUMS2 INUMSI = Slab number 1
INUMS2 = Slab number 2

NEXT CARD:

ISTLEVEL IFRSH,IENDI],IEND2 Story level at which shear-drift
history is desired specified as follows:

ISTLEVEL: refers to the story level

IFRSH: frame at specified story for which shear history is recorded
(shear refers to slab shear)

IEND] and IEND2 refer to the 2 frame numbers between which the

relative drift is measured.

END OF INPUT
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A.2. CURRENT PROGRAM LIMITS

The present version of program IDARC?2 is available for use on DEC/VAX operating systems.

IDARC? uses variable dimensions for all the main arrays. The current settings for these dimensions
are as follows:

- upto 60 beam elements, 60 column elements, 60 transverse beams, 60 edge columns
and 30 shear walls;

- upto 200 global degrees of freedom

- a maximum of 10 stories;

- a maximum of 10 j-coordinate locations per frame

- a maximum of 10 frames (i.e. NFR=10)

- upto 10 different concrete types and 10 different steel types

For buiidings with more elements than specified above, it is necessary to change the dimensions
of the appropriate arrays.

For convenience, all variable arrays are placed in an isolated routine called IDARCS _DEFN.FOR.
Necessary parameters may be changed here.

Two additional parameters that must be checked are the half-band width of the global stiffness
matrix and the total number of degrees of freedom of the structure. Current limits are 200 degrees
of freedom and a half-band width of 50.
Degrees of freedom = NST * [ {NVLN({I) * 2 + 2} + {2 * No. of dummy frames} ]
where NST is the number of stories.
The overall stiffness matrix is stored in the array OST(M,N) where:

M = 200, degrees of freedeom

N = 50, half-band width

This array dimension must be changed to the values computed (as described above) if M > 200
or N > 50,

Exact values can be easily determined by numbering the degrees of freedom
A.3, Files

Data is read from a sequential input file where the data elements are separated by conventional
delimiters. The following convention is adopted:

A-22



A fixed input filename IDARC.DAT is used for the sequential input (format details listed in
Appendix A.1).

Earthquake data is read from files WAVEHILDAT (for horizontal component) and WAVEV . DAT
(for vertical component, if used).

Several output files are generated:

IDARC.OUT containing the descriptive input listing; and the results of the static, dynamic and
damage analysis.

The reamining files are created depending on the number of output histories requested:

DISPL.PRN .... is created for displacement histories
FRDRF.PRN ..., is created for frame-drift histories
STDRF.PRN ..... is created for story-drift histories

SHEAR.PRN ..... is created for story-shear histories

Story drifts are computed relative to the lower story level, Frame drifts are, likewise,
computed relative to the (i-1)th frame.

COL.PRN ....... is created for column moment-curvature histories
BEM.PRN ....... is created for beam moment-curvature histories
WAL.PRN ...... is created for wall moment-curvature histories
SLB.PRN ....... is created for slab moment-curvature histories

SHDRF.PRN ..... is created for the shear-drift history specified by the user.
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APPENDIX B: SAMPLE SUMMARY OF INPUT AND OUTPUT
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ITITIITIEIIINNI
ITIIIIIIIINIL

11

1L

1]

It

1t

11

I

i1

11

11

I

11

It
IFEITIETIIIINI
I RS RRESRREBES B

INPUT DATA;

TITLE:

4 SPAN STRUCTURE WITH END WALLS

opopoDCDORORO

cbODDOCDODDDOD
fo1:] bo
op 3]
[+1:1 [-1-]
po [13+]
oo 3]
oo oo
[:3:] oo
[:34] oo
pD 1]
-1:] oo
Bo op
oo Do
[«]4] =1.]
oDDCOODODOODOR
popooo0DODDD

INELASTIC DAMAGE ANALYSIS OF REINFDRCED CONCRETE STRUCTURES

AAAAAARARALD
ARDAMALAAABAAAL
AL AR
AL Al
AA F-Yy
AA AR
AA Al
RA Ak
Al a4
ARAAARAARAAAAL
AARAAAAAAAALAR
AL Al
AR An
AA A
AA AL
Ad AR
An AA

RRRRRRRRRRRRR

RRRRRRARRRRARR
RR RR
RR RE
R RR
RR RR
RR RR
RR RR
RR RR
RRRRRRRRRRRRRR
ARRRRRRRRRRR A
RR RR

RR RR

RR RR
RR RR

RR RR
R& RR

WITH FLEXIBLE FLODOUR DI{APMRAGMS

STATE UNTYERSITY OF NEW YORK AT SUFFALD
OEPARTMENT OF CIv¥IL ENGINEERING

[1-STORY)

JUNE

1928

sussrwxssws BUILOING CONFIGURATION AND MATERIAL INFORMATION Sss3ssixss

NUMBER
NUMBER

MO, OF
NO. OF

or STORIES ..,....

oar FrAMES

TYPES OF CONCRETE

TYPES OF

STEEL

kizassssars EFLEMENT INFORMATION sassxssras

No. OF
NO. OF

N&. OF
NG. OF
NG. OF

NUMBER
NUMBER
NUMBER
HUMBER
NUMBER
RUMBER

ESTIMATED

CSYSTEM

TYPES QF
TYPES OF
TYPES oOF
TYPES QF
TYPES OF
TYPES QOF

OF COLUMNS ...

OF BEAMS

OF SHEAR WAalLs
OF EDGE CCLUMNS
OF TRANSVERSE BEAMS

COLUMNS
BEAMS

SHEAR WALLS

EDGE COLUMNS ..........

TRANSYERSE BEAMS . .

sLafs ..

OF SLAB ELEMENTS

BASE SHEAR COEFFICIENT 1.
(

% OF TOTAL WEIGHT)

OF UNITS:

INCH,

xizesarxer STURY HEIGHT

STORY

HEIGHT

Reproduced from
best available copy.

W
g

KIPS

FLOGR

NWO = ==

AaoRUS

AKD FLOCR WEIGHTS a*®xsxxsws

cLgeccecoecocrece
CCECCOCCOCToCE

CLeLcococgooreec
ceccogoeoccce

2222222
222222222
222

222
22223322222
22322222222



FROM BASE WEIGHT

212.50¢ 97.380 1e3.020

103.02¢0

1¢3.9020

87.360

sxasessxrr X CO-0ORDINATE DISTANCE OF CCLUMN FRUM REFERENCE POINT Fexzsrexsw

FRAME COLUMN COBROIKATE (IN ORDER)
1 144 .00
2 c.00 288 .00
2 ¢. 00 288,00
4 o.00 288. 060
5 15a.00

dxkxxxxsss CONCRETE PROPERTIES 2rdssxxsss

TYPE STRENGTH MODULYS STRAIN AT
TENSION CRAEK
1 4.600 36048 . 000 -9.000111
xrxexenanz REINFORCEMENT PROFERTIES sasiswasce
TYPE YIELD ULTIMATE YOUNGS
STRENGTH STRENGTH MOOULUS
1 10.000 5,000 20060 .900

.
unrzsesa:

COLUMN TYPES *xw>xxzuzzs

STEEL
TYPE

LOoLUMN
TYPE

CONCRETE
TYPE

DEPTH WIDTH

18.000¢ 18,000

msaax AXIAL LOAD AND REINFDRCEMENT OF COLUMNS es2ess

TYPE AXIAL MOMENT MOMENT STEEL
LEAD {soT) {rap) AREA
1 51.510 ¢.000 ©.000 2. 800
#ssssxsutx BEAM TYPES sassznaxss
BEAM CONCRETE sTEEL CEPTH WIDTH
TYPE TYPS TYPE
1 1 t 22.6060 12.0600
®2ss3 INITIAL MOMENTS AND REINFORCEMENT OF BEAMS *texs
BEAM MOMENT MOMENT STEEL STEEL
TYPE [LEFT) {RIGHT} AREA AREA
{BEOTTOM) {ToP)
1 5.000 6.000 1.580 2.37¢
sxsxsxsnxs SHEAR WALL TYPES #aaaxsxaxx
walt CONCRETE STEEL DIST BET. WALl
TYPE TYPE TYPE EDGE COiS THICKNESS
1 1 1 300.000 12.000

Reproduced from
pest available copy.

STRAIN AT BOND
MAX STRENGTH STRENGTH
{%:
0.200 o0.800
MODBLUS AT STRAIN AT
HARDENING KARDENING
309.9000 3.000
COVER LERGTH RIGID RIGID
IDNE IDNE
[N.2-29] (top)
2.%00 212.%00 0,000 18.500
PERIMETER WES REIMNF CONFINEMENT
fF BARS RATIO RAT1D
T.0T700 t. 1100 1.8700
SLAB SLAB COYER MEMBER RIGID RIGID
WIDTH THICKMESS LENGTH ZONE I0NE
(LEFT) (RIGKT]
42,000 T.000 3.000 z38 . 000 2 ._00¢0 1,000
PERIMEYTER PERIMETER WEB CONFINEMENT
OF BARS OF BARS REINF RATIG
{BOT) {TORP) RATID
8.2800 $.4200 o,.700 1.8008
DEPTH OF WIDTH OF BEPTH OF
EQOGE COL EDGE COL WALL
Q.000Q Q.900 212.5%00



sswrr AXIAL LOUAD AND REINFOGRCEMENT OF SHEAR WALLS w=sxxx

wWALL AxlalL VERTICAL MORIZONTAL GROSS
TYPE LBAD REINF REIKF STEEL AREA
RATEIOD RATID TN EDBGE £0L

1 97.360 ©.667C a.2800 o. 0000

ssassrsazd TRANSVERSE BEAMS stesssxxes

TYPE STIFFNESS STIFFHESS ARM LENGTH
(TORSIONAL)

1 4,132 87210.000 144,000

2 8.131 872106 .000 144 000

3 &.733 57210.000 0.000

meswnzsxxr SLAE PROPERTIES rxwaswxewsn

TYPE CaNC LENGTH
TYPE
¥ 1 283 0000

DATA PCR T SECTIONS:

SECTION $TEEL THICKNESS OEPTH MAIN LATERAL FIBERS
TYPE REINF REINF

1 1 T.0000 L9000 0.001429 ©.002009 10
2 1 2%. 0000 .ad00 6.010%30 0.,00%008 .
a 1 7.0000 .so000 ©.001883 ©.002000 10
4 1 7.0000 0000 9.003178 ©.002009 10
L] 1 T. 0000 . 80060 a.061888 &.002008 10
[ 1 22,0000 L0009 9.010830 ¢.o0z008 s
k] 1 t.0000 42,0000 0.001429 ¢.002008 10

TYPE cONRC LENGTH

TYPE
2 1 288.0000
8ATA FOR 7 SECTIONS:
SECTION STEEL THICKHESS DEPTH MATM LATERAL FIBERS
TYRE REINF REINF

T 1 7.0000 43,0000 0.001428 0.002332 te
2 L] 22.0000 12.0c00 ©.010530 ©.062332 ]
3 ] 7.9900 $5.0000 ©.001888 9.002332 1o
& 1 7.0000 144 0000 ©,063178 0.002332 te
s ] 7.0000 56.0000 o.0031838 0.502332 t0
[ 1 22.0000 12.0000 0.010830 ©.002332 [
7 1 7.0000 42,5000 0. 001429 0.602332 o

ACTIVE OPTION FDR SLAB TYPE: FLEKIBLE

snasssesssssass HNODAL CONNECTIVITY INFORMATION »xsssresxsaumzns

srsarrever COLUMN ELEMENTS ssxstsasss

coL. TYPE 1-500RD J-COORD L-COORD L-COORD
HO . (BGT) fTopr}
1 1 2 1 < 1

z t 3 1 © 1

3 t 4 1 © 1

4 t 2 2 < t

H 1 3 2 L] 1

& ' 4 2 L] T



Skaxwxkdss BEAM ELEMENTS sxsxsxsxsx

BEAM
HO.

BN —

TYPE

-

L-CooRD t-cooro J*COORD J=CeORD
(LEFT} (RIGHT}

1 z 1
1 3 1 2

1 'S 1

IEXTHEE T SHEAR WALL ELEMENTS ssskkdiaxx

waLlL
RO,

-

TYPE

[~COORrRD J-COORD L-CDORD L-CRORD
{EoTTOM} (Tar)

1 1 L 1

s 1 ° 1

ERssasxees TRANSVYERSE BEAM ELEMENTS sésasssins

CETE NI Y TRY

TYPE

BN -

vessanuzssw LA ELEMENTS ressnesssd

SLAS
NG,

BN -

PLAN

PLAN

PLAN

PLAN

PLAN

oF

$Las
TYPE

.-NN .

I.-COoRD 1-CO0ORD J-can T-CODRD J-CcODRD
ses-{WALL//COL)===~ = ------ fCOLUMN]}--- -~
t 1 1 2 1
t 2 1 3 1
1 3 1 4 1
1 [3 1 4 1
1 1 1 2 2
1 H 2 3 ]
1 3 2 4 2
1 s 1 4 H
L=CUORD 1-CODRD I-cooRD
FRAME FRamt J
1 i 2
1 z 3
1 3 -
1 4 3

ERXNINLTRATARRSILSES CONFIGURATION OF PLAN sessbamdshasnns

FRAME

FRAME

FRAME

FRAME

FRAME

s sEsvssEny

AN T IR I E PN BISC AR EOPIE NS IIRRIERCRLES

s T T as T NSt IR ITI 122 RS I TP IIRE TR ICSS 2R 2TRRREIRR ITERISLQ

DTsaaszuaasszassntrsat i i arcsRsTesnTnestersnsIsTEIITEINIITEISQ

BearxuzzsrusrasasrrtIsrsrscstrrer TN RITRTRITASTIRERTINCEIESILQ

EEZEEIEETATIITEORINILIIIIATEIINCOI AT TIC IR I EIINCITINIRIEASRAT



Frrrrx¥xerr FRAME ELEVATION AND ELEMENT TYPES #**¥ssssss

ELEVATION OF FRAME NO. 1

-

w

w

oW

w

w
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
't & COLUMN COLUMN TYPE NUMBERS ON RIGHT
Wz SHEAR waLl SHEAR WALL NUMBERS ON LEFT, AND
1 = EDSE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES

ELEYATION OF FRAME NO. 2

——————
————— -

o1 o1
NOTATION:
= oz BEAM NUMBERS INOICATE ELEMENT TYPES
! % CoLUMN COLUMN TYPE NUMBERS ON RIGHT
W 1 SHEAR WALL SHEAR WALL MUMBERS ON LEFT, aNU
I+ EDGE COLUMN BEQGE COLUMN NUMBERS BELOW COLUMN TYPES

ELEYATION OF FRAME NU. 3

Hrmresu +
1 o1 1
1 1
t a1 1 01
1 i
1 1
MOTATION:
- x BEAM NUMBERS INDITATE ELEZMENT TYPES
L] £ COLUMK COLUMN TYPE NUMBERS ON RIGHT
W : SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
1 ¥ ERGE COLUMAN EDGE COLUMN KNUMBERS BELOW COLUMN TYPES

ELEYATIUN OF FRAME WD, 4

R N ] +

' o1 '

' '

[ -2 Poo

! !

1 1
NOTATION:
= :  BEAM NUMBERS INCICATE ELEMENT TYPES
! & COLUMN EOLUMH TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, aND
1 =« EDGE GOLUMN EBRGE COLUMN HKUMBERS BELOW COLUMN TYPES



ELEVATION

XX

oW

£E

NOTATION

—-F s

BEAM
COLUMN
SHEAR Wwatl
EDGE COLUMN

OF FRAME NO, §

NUMBERS INDICATE ELEMENT TYPES

COLUMN TYPE NUMBERS ON RIGHT
SHEAR WALL NUMBERS ON LEFY, AKD
EOGE COLUMN NUMBERS BELOW COLUMN TYPES

sererrerrwrxuzzxssns LOADING DATA ®seswsxmxacxsaassnzs

HO. DOF UNTFCRMLY LOADED BREAMS 3
NO. OF LATERAL LODADING POINTS Q@
NG. OF APPLIED MNODAL MOMENTS ..., o 2
UNIFORM %0AD DATA:
LoaAD BEAM Loap
NO. NQ. YALUE
’ 1 .23t
2 2 6.231
3 3 Q.23
NODAL MOMENTS DATA:
LoAD GEAM LEFT RIGHT
NO. 111N MOMENT MOMENT
1 1 -2E5. B30 263 . 830
F] 2 ~265.480
3 3 -285.880
sasassasasxdsks O U T P U T cr

OUTPUT MNOTATION:

RESULTS saskss

AXTIAL STIFFNESS 5 2 Al/L H KI®/IN
FLEXURAL STIFFNESS = (E1) H Ks1I

FryEEEEy

NO,

AREUN=

FERTEIEY

BEAM
NO.

x*

COLUMN PROPERTIES ss=syxways

MEMBER AXIAL
LERGTH STIFFRESS
Q. 1B4QE+03 Q.SAA3E+QL
0.1940£+073 0.5489F+04
O.1940E+03 O.S5439E+0R
0. 1#40E+03 C.EABYE»OH
O _.1940E+03 O.S483E+04
Q.194CE+03 C.5483E+04
*¢ BEAM PRUPERTIES *rsrmeexxy
MEMBER INITIAL
LENGTH MOMERT
(LEFT)
Q. 2700E+03 "C.3935E+92 -0
0.2700E+03 0. 3838802 -9
O .2T700E+03 ~3.3935E+02 -0

CRACKINS
MOMENT

9.3380E+023
0,3386E+03
©.93IB80E+03
Q.93I60E+03
O_2IS0E+LT
©0.9350E+02

YIRLD
MOMENT

C. 14888404
O.1468E+4
O.1&458E+04
C,1368E+0s
O.TABBE+D4
C.14BBE+04

IEITTITRY)

®rerr POSITIYE MOMENYS,CURYATURES rrrey

INITIAL
MOMENT
{RIGHT)

J1SESE+OS
. 1585E+04
-158SE+04

CRACKING
MOMENT
+)

©.8T84E+QD
C.ETB4E+O]
©.38784E+013

INITIAL posT Y1ELD
FLEXURAL YIELBING CURVATURE
STIFFNESS STIFFNESS
©.2506E+08 ©. 1753506 ©.2562E-03
6.3508E+08 0. 1753E408 ©,2833E-03
0 .3508E*CE C.175JE+06 ©.2562E-03
0.35086+08 ¢.1783EvCE ©.3270E-¢3
6.3508E+08 6. 1759E+08 ©.3248E-03
O.3S06E+08 D.17SIE+0E ©._3276FE-03
YI1ELD CRACK INITIAL POST
MOMENT CLOSING FLEXURAL YIELDBING
(+) MOMENT STIFFHNESS STIFFNESS
(+)
Q.1154E+08 0. 1154E+04 ©.B285E+08 O .Z1ITE+0E
0. 1154E+04 “O. 1 1B4E+C4 Q.5288E+08 ©.3133E+08
o 1154E+04 -G 11848404 6.82882408 o.3t33E+08

YIELD
CURYATURE
t+)

0.1332E-03
9.1832E-02
©,.8328-03



#3834 NEGATIVE MOMENTS,
BEAM CRACKINE YIELD
ND . MOMENT MOMENT
1=} (=)
1 -0, 1404E+04 +&.1588E+0&
2 -~Q.140&8E+04 *Q.1553E+08&
3 c0.1804E+0s 0. 18558E+04

Tererrrres SHEAR WALL PROPERTIES s=xvxxsrxs

sxx3sx FLEXURAL PROPERTIES ®xxxx

CURVATURES *s3sx

POST
¥IELDING
STIFFNESS
(-}

0.31338+08
©.3133E+06
O.3133E+06

waLk MEMEBER AXlat CRACKING YIiELD INITIAL POST YIELD
NO . LENGTH STIFFNESS MOMENT MOMENT FLEXURAL YIELDING CURVATURE
STIFFNESS STIFFNESS
1 0.2125E+03 0.6099E+05 C.8318E+085 Q. 13188+08 O, T06TE+12 ©.2689E+1Q Q.87F1E~OS
2 ©.21258+03 0. 6099E+08 O_8413E+0S 0. 1338806 Q. 108TE+12 O.2669E+10 O.LT7BIE~CS
akkks SHEAR PROPERTIES #azas
NOTATION:
SHEAR STIFFMNESS + [GA) KIFS
SHEAR DEFORMATION s NOMDIMENSIOMAL AV. STRAINW
WALL CRACKING YIELD INITIAL rFOST YIELD
ND. SHEAR SHEAR SHEAR YIELD SMEAR
STIFENESS SHEAR DEFORMATIGN
STIFFHESS
H C.11T7T4E+CR Q.11C4E+04 C.5134E+07 0.2592E+05 D.TIBRE-QR
2 Q. 11TAE+*CA Q.13048+04 ©.5184E+07 0,2582E+08% 0. t1848-02
wsxsessrvs TRANSYERSE BEAM PROPERTIES srxsswasms
NO. STIFFHESS 'STIFFNESS ARM LENGTH
{VERTICAL] (TORS1ONAL ) .
1 0.8T83QE+Q1 Q. BET2I10E+0E ~Q.18400E+D3
2 U.31830E+01 ©.87210Ee0% 0.0000QE+00
2 G.81A30E+01 0.867210E+08 G .GON0QE+00
- C.31830E+Q1 Q.6721CE+0S “Q. 188008402
| ] O.81830E+01 G.872108408 6. 14400E+03
L3 -] 1830E+01 o 210E+0% ©.000008+00
T O.81830E+01 O.ET210E*0K 0.00000E+00
3 O.81830E+01 C_B7218E+05 O.14400E+03
ssassvsats SLAE ELZMENT PROPERTIES ssserssnss
SLan SHEAR PROPERTIES FLEXURAL PROPERTIES
CRACKING ¥YIELD TRACKING YIELD YIELD
SHEAR SHEAR MOMENT MOMENT EURYATURE
1 O.S4145E+03 ©.£76a5£+03 Q.24807E+0S ©.TASIBE+QS 0.3804C6E-05
2 ¢.38128E~03 ©.45157E+0 0. 2489 TE+0OS ©.T4832E+05 ©,38048K-08%
3 6. 3IB125E+03 G.4515TE+03 0.2483TE+0S © . TARIEE+OS O.3804BE-085
- O.S4145EYQT Q. 6TEBEE+Q] Q.24887E+0S ©,TABALE+QS O.3E0ABE-O5
EEREWREFTEERITTEIRAAIENREA R xEA AR xxxmax O Y N A M I C AN AL Y § 1 5 S5snsssssstnssssasnynssssrsrssIcesesssnsy

INPUT DATA:

xssassexen DETALILS OF

IBPUT BASE MOTION *r®ssrxsers

MAX SCALED YALUE OF MORI2ONTAL COMPONENT [gl:

MAX SCALED YALUE OF YERTICAL COMPONENT (gl:

TIME INTERVAL OF ANALYSIS ([SEC): 6.0
TOTAL DURATION OF RESPONSE ANALYSIS [{SEC): 2

DAMPING CREFFICIENT (% OF CRITICAL):

Reproduced from
best avaitable copy.

o.700
o.000
o0800
0,000

2.0cC0

YIELD
CURYATURE
()

<0.1545K-03
~0.1545E-03
~0.1545E-03



VERTICAL COMPONENT OF BASE MOYION: o

{30, NOT INCLUCED; =i, INCLUDED)

WAVYE NAME: ELCENTRO EH WAVE O.78

NQ. DF POIRTS IN INPUT BASE MOTION: 1500

TIME INTERVAL OF INPUT WAVE (SEL}: 0.020000

»xmxxxxsss PROPERTIES FOR HYSTERETIC RULE =vswsxxexs

NO., OF TYPES OF HWYSTERETIC RULES; L
RULE DEGRADING SLIPPAGE CETERIQRATING POST-YIELD
KO, COEFFICIENT COEFFICIENT COEFFICIENT STIFFNESS
RATIO
1 2.000 1.000 0.000 4.01500
2 2.90¢ 1.000 ©.000 ¢.01500
3 3._a00 1.000 ©.000 0.01006
L ©.920 1.000 ©.00% o.81000
L] 1,000 1.000 €. 100 Q.%100¢

sxsssssxzy MYSTERETIC RULE FOR GOLUMNS =sxwaxexss

COLUMN HYSTERESIS
NO . RULE

L X NTY U

sessssmaca HYSTERETIC RULE FOR BEAMS sasssususr

BEAM MYSTERES1S
KO . RULE
NOD.
T 2
2 2
3 2

skkssisns HYSTERETIC RULE FOR SHEAR WALLS ssxssszsase

watt HYSTERESIS HYSTERESTS
NT. RULE RULE
(FLEXURE) {SHEAR)
1 3 4
2 3 4

ddkdskksud HYSTERETIC RULE FOR SLABS #*sskxsssx

SLABR  HYSTERESIS HYSTERESIS
NO. RULE RULE
(FLEXURE} (SHEAR]
1 H 4
z s I3
3 s 4
4 s %

sxamxxrsss COMMENCING DYNAMIC ANALYSIS akasassded

*xxtxxenxn MAXIMUM RESPONSE ®essran «s.. FRAME NO. 1



1 ©.1317E-01 C.1317E-01 ©.992B6E+0Q Q.3219E+03 Q.18SBE+Q1
#¥sarrerErrs MANIMUM RESPONSE *xrrxss .-.. FRAME HND. 2
STORY STORY DRIFTY DISPLACEMENT VELDCITY ACCELERATION STORY SHEAR
ND

1 O.1641E+00 0.1541E+00 0.505EE+01 ©.3765E+03 Q.1079E+02
xarrrvvrxx MAXIMUM RESPONSE asxxxexs <.+, FRAME NKO. 2

sr::v """ “sromv oriFr arseLacemenT T Neteerry | acceLeraTion STORY snEAR

1 $.2435E+00 0.243524+00 O.Ta93E+01 0.507T9E+03 0. 1474E+02
Sssasasass MAXIMUM RESPONSE ssazass .... FRAME NO. Ll

;}ési"""Q?SQG'SR;F;"'"';I;;Cnéé;éﬁ T elecisy T accElemavion  sTomv sear

1 Q. 1841E«00 O.1841E+00 O.508EE+C? 0.1788E+0) Q. 107T9E+02
dssssusxnns MAXIMUM RESPONSE zssasses .... FRAME HO, 5
STORY STORY DRIFT DISPLACEMENT VELBCITY ACCELERATION STORY SHEAR
NO .

1 ¢.1317€-01 0. 1I1TE-OL ©.9925E%00 0.3219E+01 O.13458E+0]

EreReanre? MAX STORY SHEARS =Tssssrssee

STORY BASE SHEAR TIME OF
QCCURENCE
1 C.40265E+03 ©.2&8395E+01

Asxazuksss MAXIMUM MOMENTS AND SHEARS sasssazassa

{TIME OF QCCURENCE SHOWN IN PARANTHESIS)

xxxxx COLUMNS =xexs

coL ex MAXIMUM MOMENTS «x MAX SHEAR
ND. sat ToP

1 -.8120E+0% [ 2.17)0.9889E+03 { 2.17) -0.9283F4+01 [ 2.17)
2 -.9383E+03 { 2.16)0.1037E+04 | 2.15) -@.%023E+02 [ 2.15])
3 -.81208+03 { 2.17)0.9889E+03 | 2,17} ~0.9283%+01 [ 2.17)
4 O.9ATIE4DT | 4.58)- 1014E+04 { 4.54) ©.1018E+02 [ &.54)
5 C.52158+03 [ S.08)-.7080E+04 { #,.54) @.1068E+0Z [ 5.05)
8 O.9411E+03 [ 4.54)+,1034E+04 { 4, 54} 0.1018E+02 ( 4.54)

*ubda BEAMS sxsss



BEAM Tx MAXIMUM MOMENTS =*x
LEFY RIGHT

1 -.1184F+04 { 2,37}~ 1214E+04 [ 4.54)
2 - 1tB8E+04 ( 2.%58)-.1243E+04 { 4.58)
3 -, 71S4E+08 { 2.17}-,1214E+0a ( 4,54)

ksxsdx WALLS ssask

walLL & MAXIMUM MOMENTS &3
NG. BOT Topr

T ©.3946E+05 ( 2Z.50)0.3253E+02 ( 5.95)
2 0,2948E+05 [ 2.50)0.3259E+02 ( 5,08}

*R22x SLABS ®esvx

SLAB T MAXIMUM MOMENTS 2=

NG FRAME I FRAME J
1 0,2%23E-10 (10.72)- . 349 1E+08 [ 2.%1)
2 +.3431E+05 [ 2.51)- ASTAE+0S [ 2.51}
3 -.4978E+05 [ 2.51)-.3491E+05 { 2.5}
4 = JRPI1E«0% [ 2.81)-.4939E-10 {15.95}

G .38T0B+01
©.4888E+01
C.3I57QE+Q1

C.1BS6E+03
Q. 1856E+0T

0. 1231 E+0]
0.8t TIE+O2
~O.81TIE+Q2
“0.1231E%01

$HEAR

SHEAR

NN
"
N1

SHEAR

[ RN
o
w
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I =] 8p
11 an oo
II 0o [:34]
I o0 oo
I oD oB
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TNELASTIC DAMAGE AMALYSIS OF REINFORCED CONCRETE STRUCTURES
WITH FLEXIBLE FLOOR DIAPHRAGMS

STATE UNIVYERSITY OF KEW YORK AT BUFFALQD
DEPARTHMENT OF CIVIL ENGINEERING

INPUT DATA:

TITLE: SCALED MODEL WITH STIFF END TRAMES (80X LL]

srszswanxt BUILDING CONFIGCURATION AND MATERIAL INFORMATION ssxsaszscas

NUMBER OF STORIES .
NUMBER OF FRAMES

NO. OF TYPES OF CONCRETE ..... 1
NO. DF TYPES OF STEEL ........ 2

zaessnsnae RELEMENT INFORMATION *xwexesscy

N0, OF TYPES OF COLUMNS ....... 2
NO. 8F TYPES OF SBEAMS ... ..... 2
NO., OF TYPES OF SHEAR WALLS .. ¥
NO. OF TYPES OF EDCE COLUMNS ... 3
NCO. BF TYPES OF TRANSVERSE BEAMS 3
NG. OF TYPES OF SLABS 3
NUMBER OF COLUMNS .. .... £
NUMBER OF BEAMS ....... s
NUMBER OF SHEAR WALLS 4
NUMBER OF EDGE COLUMNS o
NUMBER OF TRANSVERSE BEAMS 8
NUMBER OF S_LAB ELEMENTS ...... L]
ESTIMATED BASE SHEAR COEFFICIENT 1.0

(% OF TOTAL WEIGHTI)

SYSTEM OF UNEITS: INCH, K1PS

AALAGABAALAR
AAAAAAAAAAAAAL
&aa an
aa A4
Ab LYY
aa aa
aa aa
An AA
aa aA
AAARARAARAAAAR
ABAAAAAAAAAALA
LY a8
aAA aa
aa An
aA aa
.3 aa
a4 aAa

JUNE

szsexsakax STORY HEIGHT AND FLOOR WEIGHTS sxswerxxss

STORY MEIGHT PLOOR
FROM BASE WEIGHT
Ll 35,440 2.12%2 1.854
2.252

Reproduced from
best available copy.

1.434

1983

1.434

RRRRRRRRRRARR
RRRRRRRRARRRAR
RR RR
RR RR
RR RE
RR RR
an RR
/R RR
RR R
RRRRRRRRRRRRRR
RRRRRRRARRRARRR
RR RR
RR RR
RR RR
L33 RR
RR RR
RE RR

1.274

coreccccocecec
geececeocecconed

ccoccoccocLccoce
ccccoooccccet

1.434

1.434

1.852



xxassxaxxsr X CO-ORDINATE DISTANCE OF COLUMN FROM REFERENCE POINT ssisssxszs

FRAME

DO LB RN

[ZIE RS EE Y

TYPE

COLUMN CCORDINATE [IN GRDER}

z.00 45.00
.00 48.00
©.00 45.00
.00 48 .00
.90 48.90
Q.00 48, 00
o.00 44 .00
G.00 48 .00
2.00 46.00

CONCRETE PROPERTIES *¥wsxxxraxx

STRENGTH MODULUS

4.000 ~3000.000

RETHFORCEMENT PROPERYIES sezs1fasas

STRAIN AT
TENSION CRACK

+Q.000133

TYPFE YIELD ULTIMATE YOUMNSS
STAENGTH STRENGTH MDOULUS

1 40,0006 50,000 28000, 000

2 0. 000 80. 000 28000 . 000

TxazaEERRY

COLUMK
TYPE

COLUMN TYPES s2esaresxx

LONCRETE STEREL GEPTH WwIDTH
TY® TYPE

1 2 3.000 3.900

1 2 3. o000 3.000

wesse AXIAL LCAD AND REINFORCEMENT OF COLUMNS Feers

TYPE AX1aL MOMENT HOMENT STEEL
LGAD (BOT) {rapr} AREA
T 1.840 0.006 o.000 O.080
2 z.070 9.000 Q.000 9.05¢
Eyxwrrvamz REAM TYPES ¥xsewgzasxs
BEAM CONCRETE STEEL DEPTH WIDTH
TYPE TYRE TYPE
1 1 2 3.87¢0 2.000
2 1 2 3.870 2.000
awere INITIAL MOMENTS AND REINFORCEMENT OF BEAMS kx¥s2
BEAM MOMENT MOMENT STEEL STEEL
TYPE {LEFT) IRIGHT! AREA AREA
[BOTTOM] (YoR)
1 0. 000 0.000 ¢.080 0.080
2 9.000 ¢.¢00 0.0%0Q 0.050
FErreTET RS SHEAR WALL TYPES xxsaxssexs
WALL CONCRETE STEEL DisT BET. walLL
TYPE TYPE TYPE EZDGCE {DLS THICKNESS
1 1 2 17.8600 2.000

STRAIN AT
MAX STRENGTH
(%

Q.300

MODULYS AT
HARDENING

3060.000
300 000

CTOVER

0.800
. 400

FERIMETER
oFf BARS

1.3800
1.38Q00

SLAN

WIDTH THI

7.990

1.
7.600 1.

PERIMETER
OF BARS
{saT)

2.0000
1.9000

DEPTH OF
RDGE COL

3.000

BOND
STRENGTH
3.200
STRAIN AT
HARDENING
2.000
1.800
LENSTH RIG1D R1CID
Z0NE ZONE
{eoT) {1or)
35 . 440 ©.000 3.088%
38,440 ©.000 3.088
WEB REINF COMFINEMENT
RATIO RATIO
1.28500 2.0800
1.2%9¢ 2.0800
sLAB COYER MEMBER RIGID RiGl0
CKNESS LENGTH 2ONE TONE
[LEFT} fRIGHT)
187 ¢.800 44 000 10.900 10.000
187 5,500 43 000 f.500 1.%00
PERIMETER weB CONFINEMENT
OF BARS REINF RATLIO
(voP) RATIOD
2.00060 1,000 2.78060
1.2%Q0 ©.867 1.8500
WIDTH oF DEPTH OF
EDGE COL WALL
2.000 18 . 440



xexxx AXIAL LOAD AND REINFORCEMENT OF SHEAR WALLS srxxx

WALL AXIAL YERTICAL HORIZDNTAL GROSS
TYPE LOAD REINF REINF STEEL AREA
RATID RATIO IN EDGE COL

1 1.125 o . 4000 o.2800 °.1000

t¥xxexInss TRANSVERSE BEAMS Fssesaress

TYPE STIPFNESS STIFFNESS ARM LERGTH
{TORSIONAL}

1 1.i40 258.000 =2.000
2 1.140 25% . 008 2.008
3 1.18¢0 259.00¢ 0.000

sxxsswxErz SLAB PROPERTIES ¥xx=ssuxsx

TYPE CeNC LENGTH
TYPE
1 1 24,0000
DATA FODR 7 SECTIONS:
SECTION STEEL THICKNESS DEPTH MAIN LATERAL FIBERS
TYSE REINF REINT
1 t 1.18670 7.0000 9.001420 0.003340 19
2 2 3.8700 2.0000 5.011000 0,003340 &
3 1 1.1870 11.000C ©.C01420 0.003340 1c
4 1 1.187¢ 24,0000 0. 0035480 0.003X40 29
3 1 1.1870 11.00086 0.001420 0 .003340 10
s 2 3.8700 2.0000 ©.011000 0.003340 &
? 1 1.t870 7T.0000 o, 001420 0.003340 1o
TYrE COMC LENGTH
TYPE
2 1 48 . 0040

CATA FOR 7 SECTIONS:

SECTION STEEL THICKNEZSS CEPTH MAIN LATERAL FIBERS
TYrE REINF AEINF

t 1 1.1879 7.0000 2.001820 0.002600 10
2 2 3.4700 2.0000 9. 911000 ©.002280 s
3 1 t1.1870 11.¢c000 0. 001420 &.002800 10
4 1 1.1870 24,0000 ¢.004270 Q.902800 29
L] 1 1.18%0 11,0600 0,.001420 ¢, 002600 10
& 1 3.8700 2.0000 d.0t11000 ©.002800 3
1 1 1.1870 7.9000 2.0014290 ©.002800 10

TYPE CONC LENGTH

TYPE
3 1 12,0000
DATA POR 7 SECTIONS:
SECTION STEEL THICKNESS DEPTH MAIN LATERAL FIBERS
TYPE RELINF REINF

1 1 t.1879 7T.00c0 Q.902100 0.003340 1¢
2 2 3.8700 2.0000 0.0136800 0. 003340 &
I 1 1.1870 11.0000 8.002100 ¢ . 003340 10
L] 1 1.187¢ 24.90000 ©.0064800C €.003340 20
s 1 1.1870 11.0000 ©.002300 ¢, 003340 10
& 2 3.8700 2.0000 &6.013600 £.003340 8
7 T 1.187Q 7.0000 ¢.002100 ©.003340 10

ACTIVE OPTIiON FOR SLAS TYPE: FLEXIBLE

EREssTHscINESSS NODAL CONKRECTIVITY INFORMATIDN S88ss3xsssrrsss

ek 23884 COLUMN EBELEMENTS assxdassss

£otL. TYPE 1-CDORD »-CTOORD L-COORD L-COORD



{BoT) (Tap)

NO.
1 1 2 1 < 1
2 2 L H o 1
- 4 T & 1 o 1
% 1 2 2 4 1
1.1 2 s 2 -] 1
& 1 & 2 o 1
Esssazasia BEAM ELEMENTS skssvecass
BEAM TYPE L-COTRD I -COoDRD J+COORD J~COORD
KO, (LEFT} (RIGHT)
1 1 1 1 1 2
2 ? 1 2 1 2
3 z 1 s 1 2
I 3 1 s 1 2
s 1 t ) 1 2
zesssrnsrr SHEAR WALL ELEMENTS >ssxzssxsy
WALI TYPE I-COORD J4=COO0RD L=COORD L-CBORD
ND 1BOTTOM]) (Ter)
1 1 1 1 o 1
2 1 1 2 < 1
3 1 1 1 -] 1
- 1 1 2 o 1
yEE*Reenas TRANSVERSE BEAM ELEMENTS s2otvrsesy
No. TYPE L-COGRD 1-COCRD J-COORD 1-cuoRp 4+COORT
sess(WALLS/COL)me- cneceos [COLUMN)==c==
1 1 1 ] 1 2 1
2 3 1 2 1 5 1
3 3 1 [ 3 1 ) 1
& 1 1 ] 1 4 1
5 z 1 1 2 2 z
& 3 t 2 2 5 e
T 3 A s 2 ] 2
3 K 1 L] 2 a 2
xxxxxvasss SLAB ZLEMENTS zazsdazssx
sLan SLABR L-CDORD 1-COORD I-COORD
NO . TYPE FRAME 1 FRAME J
3 z T ¥ 2
2 3 t 2 3
3 1 t 3 4
4 3 T . s
L] 3 1 L] ¢
[ 1 ' ] 7
7 3 1 T ]
L 2 t 2 *
kksabdinssshers CONPFIGURATION QF PLAN ssisubtdidanaan
PLAN OF FRAME TEEDITIINSasrsasEsdfiasREtibiEdddsMtaserasTTTARIGSa L0
PLAN CF FRAME DN K F R 0274282222333 32328T 8020808 %asnsasbsstzezlzsssaznzal
PLAN OF FRAME DEZE2BS LS4 342N 22323230838 astznsdsddsnatsdssesessd
PLAN OF FRANE BessidsitsszearaasstasasasInsASIINIAss A eI Rk axD



PLAN

PLAN

FLAN

PLAN

PLAN

OF

FRAME

FRAME

FRAME

FRAME

FRAME

Reproduced from

best avdilable copy.

DZ3233aasss63 FRNT TSN st EN L EE3 L3I RSSO 23:8223230

Diasscassasasfascsdsdbacacrassszsascetagasastsdacasastasgzssl

Bcsesainsxsstzdrsdst8i83 L0833 ERTTI1020TIS3s5aR a2 E0222(

aza0stacacsastaddeIFIsasadtisbtansanassciddsitAarcazasssasxs



*xxxyxwepxy FRAME ELEYATION AND ELEMENT TYPES srarxsxwer

ELEYATION OF FRAME KO,

NOTATION:

BEAM
COLUMN
SHEAR WALL
EDGE COLUMN

g~

ELEYATION OF FRAME NO

PP Y

! o2 1
! L
e H
) '
1 H

NOTATION:

= = BEAM

J & COLUMN

w s SHEAR WALL

I +r EOGE COLUMK

Q1

ELEVATION OF FRAME NO.

MOTAYION:

- z VEAM

f 3 cDLUMK

w3 SHEAR Wallt
It EDGE COLUMM

ELEVATION OF FRAME NO.

NOTATION:

- 1 BEAM

? T COLUMN
W3 SHEAR WALL
1 L EDGE COLUMN

Reproduced from
best available copy.

MUMBERS INDICATE ELEMEXNT TYPES

LOLUMN TYPE NUMBERS ON RIGHT

SHEAR WALL NUMBERS ON LEFT, AND

EDGE COLUMN MUMBERS BELOW COLUMN TYPES

NUMBERS INDICATE ELEMENT TYPES

COLUMK TYPE MUMBERS ON RIGKT

SHEAR WALL NUMBERS ON LEFY, AND

EOGE COLUMN NUMEBERS BELOW COLUMN TYPES

NUMBERS INDICATE ELEMENT TYPES

COLUMN TYPE MUMBERS ON RIGHT

SHEAR WALl NUMBERS ON LEFT, AKD

EDGE COLUMN NUMBERS BSELOW COLUMN TYPES

NUMBERS INDICATE ELEMENT TYPES

COLUMN TYPE MUMBERS ON RIGHT

SHEAR WALL NUMBERS OWH LEFT, AND

EDGE COLUMN NUMBERS BELOW CDLUMK TYPES

B-17



ELEYATION OF FRAME NO. 5

drm +

] o2 ]

] '

Yool LI}

' '

] '
NOTATION:
- ] BEAM NUMBERS INDICATE ELEMENT TYPES
3 *  COLUMN COLUMN TYRE NUMBERS ON RIGHT
w s SHEAR WALL SHEAR WALL NUMBERS DN LEFT, AND
1 a EDGE COLUMN EDGE COLUMN NUMEERS BELOW CULUMN TYPES

ELEVATION OF FRAME WC. 8

NOTATLION:

- 5 PBEAM NUMBERS 1MDICATE ELEMENT TYPES

+ = COLUMN COLUMK TYPE NUMBERS ON RIGHT

w £ SHEAR WALL SHEBR WALL NUMBERS CN LEFT, AND

T L] EDGE COLUMH EDGE COLUMN NUMBERS BELOW ECOLUMN TYPES

ZLEVATION OF FRAME NO, 7

NOTATION:

- = BEAM NUMBERS INDICATE ELEMENT TYPES

] z COLUMN COLUMN TYPE NUMBERS ON RIGHT

w s SHEAR WALL SHEAR WALL NUMBERS ON LEFT, aANO

1 x EDGE COLUMN EDGE COLUMN NUMBERS BELOW LQLUMN TYPES

ELEVATION OF FRAME NO. 3

Ao -,

! 02 ]

1 '

(] ! e

[} I

§ +
NOTATION:
- 3 BEaM NUMBERS INDIGATE ELEMENT TYPES
t oz COLUMN COLUMN TYPE NUMBERS ON RIGHT
W 1 SHEAR wall SHEAR WALl RUMBERS ON LEFT, AND
I ¢ EDGE COLUMN EDGE COLUMH MUMBERS BELOW COLUMN TYPES

ELEVATION OF FRAME NOD. ]

ommemamaaan .

w ot W

w

oW QW

w

w w
NOTATION:
- 1 BEAM NUMBERS IKDICATE ELEMENT TYPES
! = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W SHEAR WALL SHEAR WALL MUMBERS ON LEFT, AND
1 s EDGE COLUMN EDGCE COLUMH NUMBERS BELOW COLUMN TYPES



BEEESITEXRATITELESET LOLDING DATA *FEXIFAOTAXENERTEREES

NO. COF UNIFORMLY LOADED BEAMS 5
NG, OF LATERAL LOADING POINTS &
NO. BF APPLIED NODAL MOMENTS s
UNIFORM LOAD DATA:
LDAD BEAM Loab
1N LI VALUE
1 1 o.018
2 2 ©.036
2 a 0.0487
& n &.636
s H °o.018
NDCAL MQMENTS DATA:
LOAD sEaM LEFT RIGHT
"N NO . MOMENT MOMENT
1 1 -6.881 o881
2 2 1,169 1.1390
3 3 =1.500 1.800
. 4 -1.150 f.180
] s 0. 8681 o.881



*EsITETEETIRRES

ACTIY¥E SYSTEM OF UNITS:

EFXTECTFFXRRCNTLNEAS

YIELDIKG

FLEXURAL

FLEXURAL

YIELDING

YIELDING

YIELDING

YIELDING
YIELDING

YIELDING

YIELDING

¥1ELOINRG

FLEXURAL

FLEXURAL

DETECTED

YIELDING

Y1ELDING

DETECTED

DETECTED

DETECTED

OETECTED
DEYECTED

DETECTED

DETECTED

OETECTED

YIELDING

YIELDING

EEsaszasRTAERES

N
iN

N
1.1

-
=

i)

oy rPUT

INECH,

o F

KI1PS

RESULTS

EERAFIEXFRAEIESY

FAILURE SEQUENCE STSfTPresssrrassrsases

BEAM

SLAB

SLAB

BEAM

BEAM

COLUMN

COLUMN

COLUMN

LOLUMN

COLUMN

COLUMN

SLag

SLAS

ouUuTPUT

AT BASE

AT BAasg
AT BASE

AT BASE

AT BASE

AT RASE

AT BASE

AT BASE

T
AT BASE

AT BASE
AT BASE

AT BASE

AT BASE

oF

FUNDAMENTAL PERIDD UF STAUCTURE (SEC):

MAX IMUM

BASE SHEAR COEPFICIENT:

MAXIMUM DEFORMATION AT Top
(% DOF BUILDING HEIGHT)

FRAME

FRAME
FRAME
FRAME
FRAME
FRANE
FRAME
FRAME
FRAME

CEIRA RN

SHEAR

SHEAR

SHEAR

SHEAR

SHEAR

SHEAR

SHEAR

SNEAR

SHEAR

SHEAR

SHEAR

SHEAR

COEFF

COEFF

CQEFF

COo=FF

COEFF

COEFF

COEFF

COEFF

COEFF

COEFF

COEFF

COEFF

COEFF

YALUE :

YALUE;

YAaLUE:

VALUE :

VALUE;

vaLUE:

YALUE:

YALUE:

VALUE:

YALUE:
YALUE:

¥YALUE:

YALUE:

RESULTS

L

1

-]

-1 3]

428

L0319

.229
L8524
-820
921
-820
. 524
. 229
-018

0.825

1.200

1.228

1.228

1.27%

1.300

1,300

1.42%

t.428

wrrssaswrsraxaw

B-20



sxasxasxxx PLOT OF BASE SHEAR VS. TOP DEFORMATION sacsss FRAME 11

1.80%

1.3%+

IpmMmIN MUupw

IR N NN RER]

nwmon

¢.§0

R A R T

Q
>
LA B———

-
P L L T T R T W rmr et —eeeen deemamm= Cetegaccenam hedemmac et a g

nieo ©.2%, o.50 0.78 1.00 1.2% 1.%Q 1.78 2.00
1
|
!
i
seesxsxase PLOT OF CGASE SHEAR VS, TOP ODEPORMATION ssausas PRAME

1.80%

1.209 *

MAMON APMIH MUPSE
-
"

1.084

IR R RN

———
PR RN

¢, 459

IE NN EREE]

o.30+

PEEEREEER]

..... g L L L L L T T T e N T TR )

0.00 ©.28 ©.50 ©.8 t.00 1.28 1.80 t.7% 2.60

TOP DEFORM. (% OF MT.)

B-21



DUTPUT NOTATION:

AX1AL STIFFNESS
FLEXVURAL STIFFNESS

x
z

(E al/L
[ET] B

KIP/IN
KS1

wexvmxszrs COLUMN PROPERTIES mwesxzxxzw

NO . MEMBER

LENGTH

<. 32388402
©.32388+02
©.323GE+02
©.3236E+02
0.3238802
G.323GE+02

AR UN

Esysarexe® BEAM PROPERTIES XREEncirzs

BEAM
WO.

MEMBER
LENGTH

6.2800E+02
C.4500E+02
¢.48300E+02
6. 45008+02
C.2400E+02

LE XY

[ETTTTTYTYY

AXIAL
STIFFNESS

76198+03
TE8igES03
TEI1SE+03
.TE1SE+03
-TBIGE«O]
-TE1SE+D3

000000

INITIAL
MOHENT
(LEFT)

G, T9880+0
.4%24E+00
.4524E«Q0C
LASTAELOD
0.7899E+0

wail MEMBER axiai

LN LENGTYH STIFFNESS

1 0.3844F+02 0.33808+04

2 ©.35a8Ev02 Q.33IBBEE+0s

3 0.3544E402 0. 3T84E+04

4 ©.3544E+02 ©.IIBBE+04
NOTATION:

SHEAR STIFFNESS + (GA)

SHEAR DEFORMATION T NOND

watL CRACKING YIELD

NO. SHEAR SHEAR

1 Q.1177E+02 . 1307802

z o.11778+02 6. 1307E«02

3 ©.1177E+02 o.1307E+02

4 o.11778%02 €. 13078+02

CRACKING
MOMENT

Q. 4874E+01
O, ABASE4D1
0. 84T4E+D
0,48 T4EsO 1
O, ABBIE+D1
0. ARTAE+D

INITIAL
MOMENT
(RIGHT)

-BSO1E+O?
.BESIE+OY
.E9ERESO)
L BIIIEFO
.SI01E+CY

xx

BEAM
Na.

CX R

SHEAR WALL PROFPERT[ES sssxsdionw

CRACKING
MOMENT

0. 80008402
Q. 80008+02
0, 80008402
9.8000E+62

YI1ELD
MOMENT

C.T1681E%0O 1
o, 81808401
©.7ES1E+01
0.78318+01
&.8180E+01Y
O .TEB1ETOT

INITIAL ROST YIELD

FLEXURAL YIELDING CURVATURE

STIFFMNESS STIFFNESS
©.2277E+0% C.113SE+0T C.1857E-02
0.22TTE 0% Q. 11388403 G.18680-02
0.227TE+0OS O.113I3E+01 Q.1857E£-02
Q.2277E+»95 ©.1139E+03 ©.2146€-02
0.227T7E+0S O.1138E+03 ©.211828-02
0.22TTE+O5 0.1138E+013 0.21846E-02

rrexr POSITIYE MOMENTS,CURYATURES wxerr

CRAGKING YIELD CRACK INITIAL POST
MOMENT MOHENRT CLOSLHG FLEXURAL YTELOINE
te) (+] MOMENT STIFFNESS STIFFNESS
{+}
O . 4074401 O. 11558402 =0. 11368402 0.38a9E+00 C.1844E+03
Q. 40T78E+O ©.8002E+01 -0.B002E+01 ©.4CIDE+OS 0. 2020F+03
O, 40T4ECO] . 80028%01 ~0.800IZ+01 ¢.4030Ee0E ©.2020E+93
0.40748+01 0. 80028401 0. 8002E+0t O 4039E#O8 ©.20208+03
O.8Q74E+0Q ©.1155E+02 ~-Q.T135E+D2 ©.3833E+05 0. 1848E+GY
ssx NECATIYE MOMENTS, GURYATURES cssmws
CRACKING YIELD POsST
MOMENT MOMENT YIELDING
-1 (=1 STIFFNESS
(R]
-6.7801E+01 -8.1070E+02 0.134404+012
SIETELOL “0.8878E1Q 9.20Z0E+03
1878+01 ©.2020E+03
-0.B187E+01 ©.2020E+01
0. T80 1E*01 "0, 1070802 ©. 13448403
«assxs FLEXURAL PROPERTIES xssss
YIELD INTTEAL POST YIELD
MOMENT FLEXURAL YIELDING CURYATURE
STIRFNESS STIFFNESS
0. 1737E+403 0.827IE+07 O, 1SESE+OS 6. 1427803
¢.1737E*03 ©.5273E+07 0. 15E2E+06 C.1427E-23
0. 173TE+03 6.42738+07 0.18688*08 ©.14278-03
6. 1737E+03 ©.8273E+07 o.15888+08 6.1427€-0%

#rs*r SMEAR PROPERTIES *sexs

KIFS
IMENSIONAL AY. STRAIN
INITIAL rOST
SHEAR YIELD
STIFFNESS SHEAR
STIFFNESS

©.8800E+0%
G.48008408
©.4B800E+0D5
©.4800E+08

sreyexraxs TRANSVERSE BEAM PROPERTIES *»s¥yxxsaxxy

STIFFNESS
{VERTICAL)

1400E+01
1400E+0
14008+0 1
t400E+01
IA0CE+Q1
T40QE+¢
1400E+0)

@A RN

o.1
.1
.1
.1
Q.1
0.1
.1

Reproduced fram
best available copy.

STIFFNESS
(TORSIONAL)

0. 25900E+07
0.25900E+03
0. 259008+03
0. 25900E+0Y
0.25800E+QT
¢.25900E+03
O._28300F+03

0.2400E*03
¢.2400E+03
9.2400E+03
Q.2400E+Q2

ARM LENGTH

=0, 20000E+01
©.00000E+20
0.00000E+00
~0.20000E+01
©.20000E+01
Q.00000E+C0
0., 00000E+00
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YiELo
SHEAR
BEFORMATION

Q.5839E-03
O.5839E+03
©.5839E-03
©.5635E8-03

YIELD
CURVATURE
(+)

0,22828-02
0.1288E-072
Q.1288E-02
0,1298£-02
0.22862£-02

YIELD
CURVATURE
-

0. 1311E-02
-o.1087E-02
"Q.1087E-03
6. 10972-02
Q. 1IN1E~9Z



8 e.11400E+01 9.23800E+23

*LEE223%32 SLAB ELEMENT PROPERTIES assxat¥sas

SLAB SHEAR PROPERTIES

CRACKING YIELD CRACKING

SHEAR SHEAR MOMENT

1 ©.18300E+02 O._1975GE+D2 0.12338E+01
2 O.18802E+02 Q.18502E+02 0.158574E+03
3 ©.11683E+02 ©.14588K«02 0. 12112E+03
4 0. 83854E+01 0. 10432E8+02 O.t58T4R+02
E G.83854E+01 C.TOARZE+O2 O.1S5ETS4E+03
t ©.118538+02 O, 14588802 ©.121128+03
k) 0. 14802E+02 6. 18502E+02 0. 158T74AE+3
] 0. 15800E+02 Q. 13T75CE+02 Q.123S8E4+03

AEETEEERRFAWSEREAT A RAAREw e ansssxnxnxes 0 ¥ N A M L €

INPUT DATA:

verrsssass DETAILS OF INPUT BASE MOTION sxus»sasss

MAX SCALED VALUE OF HORIZONTAL COMPONENT (g): o.450
MAX SCALED YALUE OF YERTICAL COMPONENT (g): ¢.000
TIME INTERVAL OF ANALYSIS ([SEC]: ©.000408
TCTAL DURATIDN OF RESPONIE ANALYSIS [SEC): 3 .a00
DAMPING COEFFICIENT {% OF CRITICAL): 2.000
VERTICAL COMRONENT OF BASE MOTION: [
{=z0, NOT INCLUDED; «1, INCLUDED)

WAVE NAME: TarT EARTHGUAKE

HO. OF POINTS IN INPUT BASE MOTIDK: 1800
TIME INTERvVAL OF INPUT WAVE (S€C): o.908180

sFRRResEvy PAUPERTYIES FOR HYSTERETIC RULE sxa2rra3sss

NO. OF TYFES OF WYSTERETIC RULES: L]
RULE DEGRADING SLIPPAGE DETERIORATING
Na . COEFFICIENT COEPFIZIENT CREFFICIENT

1 2.900 1.999 Q.900
2 2. 000 1.000 ©.000
3 3.000 1.800 6.000
- 0,020 1.000 Q.000
] 1.000 1,000 &.100

samasssssy HYSTERETIC RULZ FOR COLUMNS ssxsasswns

COLUMN HYSTERESIS

NO . RULE
NO.

1 1

2 1

3 1

& 1

§ 1

L 1

esexcxrsss HYSTERETIC RULE FOR SEAMS xsxrssusex

G.373702+03
O.4TAIBE+QD
©.30702E+03
6. 4T4AFBEHOT
Q.47455E+0Y
0.35702E+02
O . 4TABEE+O3
©.371570E+03

. 20000E+01

FLEXURAL PROPERTIES

YIELD
CURVATURE

YIELD
MOMERT

0.Z8BI4E-D4&
C.29018E-04
0.285752-04
. 236015E-04
©O.29015E-04&
0. I857S5E-CA
O.23015E~-04
C.28534E-04

AN ALY S 1 § ststsazsnacstssancanneaantuasstssanssnsys

POST-YIELD

STIFFNESS
RATID

0.01%90
o. 01500
©0.01060
9.01000
0.01000
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BEAM HYSTERESIS
ND. RULE
NO.

LE N 2
LT

Fexsaxes®sr NYSTERETIC RULE FOR SHEAR WALLS =wrswzeses

waLL HYSTERESIS MYSTERESIS
WO . RULE RULE
[FLEXURE) (SHEAR)
1 3 a
2 K] Ll
3 3 4
. 3 a

kxssanxass HYSTERETIC RULE FOR SLABS sssszazdsss

SLAB HYSTERESIS HYSTERESIS
NG . RULE RULE
[FLEXURE) {sHEAR)

LEX B NN X
LR EY YT
X RN WA WY

sesxexznes COMMENCING DYNAMID ANALYSIS 4ascssssas

YIELDING DETECTED IN JLlAB NG. 3

YIELDING DETECTED IN SLAS NO. &

PRINTING FORCES AT TIME....... 1.888582

sxxes COLUMNS #kasa

caL MOMENT MOMENT SHEAR
Ne . teoT) {Tor)
1 -0.S&81S1E¢01 0.84197E+01 -0.33487Ev00
2 0. 88265801 O, 52939E+010 -6.39933E00
3 -0 541812401 ©.34137E+01 -8.33437E+00
. <0 .34E4E*O1T ©.383120E+00  -0.15258E+00
5 0. 459818%0) “0.9T843E400 -0 105TSE+0O
s -0, 39484E401 0.98820E408  -0.15254E+00

wsxns BEAME ssiazw

BEAM MOMENT MOMENT SHEAR
NO . (LEFT) [RIGHT)
1 -0.458587E+01 0.37981E+01 -g.24795E+00
z -0.88080E401 Q.10258E+01 «0,. 165 15E%00
3 =0.70604K+01 -0, 1581 1E+01 -0.12043E+00
4 -0.68053E+81 0.10253E401 -0.18515E+00
5 0. 45567E%01 ©.378418+01 =0.34795E+00

*EXRE WALLS rr=es

wALL MOMENT MOMENT SHEAR
NO. {soT1} {Tor}

1 “0.101208+03 0. 80883E+01 “0.32388E+01

2 -0.,72918E+07 ©.SEIBOE+O1 ~0.23199E+01

3 ~0.10120E+01 0.90923E*Q1 +0.32368E+01

. 0,720 18E+02 ©. 5383808 +01 “0.23193E+01

Reproduced from

pest available COpy.



FRser SLABS rrerx

sSLaR MOMENT MOMENT SHEAR
HO. {FRONT] {REAR)
1 Q. IETHIE-13 C.253018+03 ~Q.52TT2E+01
2 0,25201€+03 ©,.20562£+01 0. 41965801
3 9.300938E+0) €. 3G7089E+03 ~0.25821E+01
4 ©.38T13E+403 Q.37458£+03 ~0.81589E+00
L] O.3T458E4+0] 0.3E71IE+03 O.31599E+00
L] Q. .38T09E+0] ¢.33E638E+C3 0.25821E+01
7 O.I0SBZE+02 ©.25291E+03 Q. 81965E+07
L 0.253912+03 G ATI11E-13 ©.53T728+01
daksasasdss MANXIMUM RESPONSE s2xxxas .... FRAME NO. 1

STURY DRIFT DISPLACEMENT

1 ©0.3188E-Q) Q. 3193E-Q1? Q.1T62E+0 ©.8210E+03 ©.8222E401
ssesvesexs MAXIMUM RESPONSE *f¥xuse cx.. FRAME No. 2
£¥ii?""";;;i;';;E;¥""";};;IEQELEL;"""'"'JEIEE}§;"""iéééliii;};;'""";;;;;';;;;i'
i ¢.12338+00 0.1233F+00 0.80%58E+0) ¢. 81142503 O.87T3E+00
sesssrasms MAXIMUM RESPONSE sessass .... PRAME KD. 13
SToRY  SToRY DRIFT  DISRLACEMENT | WELOGITY | ACCELERATION | STORY SHEAR

1 0. 1423E%00 ©.14238+00 0. 8357840 0.5501E+03 0.0000R+00
sassshagze MAXIMUM RESPDHNSE saasass <... FRAME #40. &

;;éi?..- STORY DRIFT DISPLAEE;;;;... VELOCITY .-IC;;EEI;;;;;--. .-;;0!;.;;;;;.

1 0. 1848E+00 0. 1548800 O.2178E+0 0. B594E403 0.0000E+00
sxxasnzaaz MAXTMUM RESPONSE sazazas oo FRAME NO, &

;fggfizi"";};;;';;i}}""";;;;L;é;;fffi'"':":;QQE;%E};'""'i££;£;;;§3;; """ “stony snzan

1 G.1885EK+00 0. 1EBSE+DO @ . BITOE+O1 O.T201E+07 6.5181E+00
syerssrrxs MAXIMUM RESPONSE ®3RFKes .... FRAME NO. L

1 0. 1B48E+Q0 C.1848E+00 C.8184E¢0) ©.8715E403 0.00Q0E+00
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dsdassssas MAXTIMUM RESPONSE asssssa ce.- FRAME ND . 7

STORY ORIFT DISPLACEMENT ¥ELGCITY ACCELERATION STORY SHEAR

1 a.1421E+00 6_1421E+00 0.6383E+01 0.55508+0% ©.0000E+00
®seF¥TIFEY MAXIMUM RESPONSE *vx=3xy ... FRAME HO. 8

STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR

1 ©.12308+00 9., 1230800 Q. B0TIE+OY O.5114E+03 0. 64 78E*00

xzxxaraxxs MAXIMUM RESPONSE *2sxxay v.. FRAME NQ. 9

STORY STORY ORIFT DISPLACEMENT YELDCITYY ACCELERATION STQRY SHEAR
NG .
13 Q. 3IHR0E+Q 0.313RE-01 o.1738E+01 0.&210E+02 O.8222E+01

srxxnnxssn MAX STORY SHEARS xexsszsxxs

sToRY BASE SHEAR TiME oF
OCCURENCE

.
1 ©.18091E+02 0.28888E+0)

TvesyernyE MAXIMUM MOMENTS AMD SHEARS sesxsresss

(TIME OF ODCCURENCE SHOWN IN PARANTHESIS]

sexsr COLUMNS »xss»

coL *r MAXIMUM MOMENTS »¥ MAX SHMEAR
MO, BoT Tor
t -.70722£+4061 ( 3.18)0.3517B+01 { 2.25) -0.I880E+00 ( 3.18]
2 -.89948F+01 ( 3. 84)0.8587TE+01 { 2.25) -C.4585E+400 ( 3.84)
3 +.7022g+01 ( 3.18)0.83817E+0t ( 2.2%) ~0.3850E%00 ( 3.18)
4 0,72022+01 ( 5.47}-.8308£+01 { 3.78) 0.3813E400 ([ 2.70)
S o.8783E+01 ( 3,.78)-.3875&+01 { 2.70) ©.4723E+00 [ 3.78)
6 0.7760E~01 ( 6.63)- .8T83E+01 { 8.14) 0. 4070800 ([ §.83)
ssxym BEAMS Xxxxx
BEAM == MAXIMUM MOMENTS »» MAX SHEAR
NG LEFT RIGHT
T -.7T80E+01 [ 2.2%)-.7780B«0! [ 3.79) 0.8%22E+00 { 2.701}
2 -.8535E+01 [ 2.25)-.8574E+0Y [ 2.70) -0.Z1B5E+80 | 1.84)
3 - TRE*QT ( 3.84)-.793aE+01 [ 5.47) 0.1457E+00 { 3.78)
4 - BIISESOL [ 2.25)+.8574E+01 [ 2.70) 0.22938+00 { §.14}
S -.77ROE+OF [ 2.25)- . 7637E+01 [ 2.79) ©.5922E+006 { 2.76)
“xxmw WALLS sssss
WALL aa MAXIMUM MOMENTS «» MAX SMNEAR
ND. BOT Tor
1 -.13T1E+00 { 3. 18[0.1837E+02 [ 2.25) -0_4289E+401 { 3_18)
2 0.1528E+03 [ 2.70)-.14388+02 ( 2.70) 0.4730E+01 { 2.70}
7 -.1331E+03 [ 3.18)0.14378+02 ( 2.2%) ~0.42598401 { 3.16]
4 0.1528€403 { 2.70)-.1438E402 ( 2.70) ©.4730E+01 { 2.70]
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sLAB

B IDREUN

ssaks SLABS Fsxik

a5 MAXIMUM MOMENTS =x

FRAME [ FRAME J
O.5425E-12 ( 4.84)0.28851E+03 ( 3.34)
©.287BE+03 ( 2.84)-.3427E%03 { 3.78)
- AEADEHOT [ T, 78)0.4181E+03 { 3.84)

AISEE+03 ( 3.781-.4251E403 ( 3.78)
“.4251E+03 [ 3.78)~.4154E+03 ( 3.78)
O.41T7SE+03 [ 3 84}-.3424E+03 ( 2.70)
~.3422E+03 [ 2.70)-.28B61E+03 ( 2.70}
©.2866E+03 | 3.84)-.3828E-12 ([ 4.80}

i Reproduced from
best available copy.

MAX

-0 .S983E+01
©.53883E+Q1
©. 34008401

~C.1084E+01
C.118SE+Q)

~0. . I42ZE+01

-0 . ABISE+O1

“9.SITAE+O
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LIST OF PUBLISHED TECHNICAL REPORTS

The National Center for Earthquake Engineering Research (NCEER) publishes technical reports on a variety of subjects related
to earthquake engineering written by authors funded through NCEER. These reports are available from both NCEER'’s
Publications Department and the National Technical Information Service (NTIS). Requests for reports should be directed to the
Publications Department, National Center for Earthquake Engineering Research, State University of New York at Buffalo, Red
Tacket Quadrangle, Buifalo, New York 14261. Reports can also be requested through NTIS, 5285 Port Royal Road, Springfield,
Virginia 22161. NTIS accession numbers are shown in parenthesis, if available.
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NCEER-87-0002

NCEER-87-0003

NCEER-87-0004

NCEER-87-0005

NCEER-87-0006

NCEER-87-0007

NCEER-87-0008
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NCEER-87-0010

NCEER-87-0011

NCEER-87-0012

NCEER-87-0013

NCEER-87-0014

NCEER-87-0015

NCEER-87-0016

"First-Year Program in Research, Education and Technology Transfer,” 3/5/87, (PB88-134275/A8).

"Experimental Evaluation of Instantaneous Optimal Algorithms for Structural Control," by R.C. Lin,
T.T. Soong and A.M. Reinhorn, 4/20/87, (PB88-134341/AS).

"Experimentation Using the Earthquake Simulation Facilities at University at Buffalo,” by AM.
Reinhorn and R.L. Ketter, to be published.

"The System Characteristics and Performance of a Shaking Table,” by J.S. Hwang, K.C. Chang and
G.C. Lee, 6/1/87, (PB88-134259/AS).

" A Finite Element Formulation for Nenlinear Viscoplastic Material Using a Q Model,” by O. Gyebi and
G. Dasgupta, 11/2/87, (PB88-213764/AS).

"Symbelic Manipuvlation Program (SMP) - Algebraic Codes for Two and Three Dimensional Finite
Element Formulations,” by X. Lee and G. Dasgupta, 11/9/87, (PB88-219522/AS).

"Instantaneous Optimal Control Laws for Tall Buildings Under Seismic Excitations,” by J.N. Yang, A.
Akbarpour and P. Ghaemmaghami, 6/10/87, (PB88-134333/AS).

"IDARC: Inelastic Damage Analysis of Reinforced Concrete Frame - Shear-Wall Structures,” by Y.J.
Park, A.M. Reinhorn and $.K. Kunnath, 7/20/87, (PB88-134325/A8). '

“Liquefaction Potential for New York State: A Preliminary Report on Sites in Manhattan and Buffalo,"”
by M. Budhy, V. Vijayakumar, R.F. Giese and L. Baumgras, 8/31/87, (PB88-163704/AS). This report
is available only through NTIS (see address given above).

"Vertical and Torsional Vibration of Foundations in Inhomogeneous Media,” by A.S. Veletsos and
K.W. Dotson, 6/1/87, {PB88-134291/AS),

"Seismic Probabilistic Risk Assessment and Seismic Margins Studies for Nuclear Power Plants,” by
Howard HM. Hwang, 6/15/87, {PB88-134267/AS). This report is available only through NTIS (see
address given above).

“Parametric Studies of Frequency Response of Secondary Systems Under Ground-Acceleration
Excitations," by Y. Yong and Y.K. Lin, 6/10/87, (PB88-134305/AS).

"Frequency Response of Secondary Systems Under Seismic Excitation,” by J.A. HoLung, I. Cai and
Y.K. Lin, 7/31/87, (PB88-134317/AS).

"Modejling Earthquake Ground Motions in Seismically Active Regions Using Parametric Time Series
Methods," by G.W. Ellis and A S. Cakmak, 8/25/87, (PB88-134283/AS).

"Detection and Assessment of Seismic Structural Damage,” by E. DiPasquale and A.S. Cakmak,
8/25/87, (PB88-163712/A8).

"Pipeline Experiment at Parkfield, California,” by J. Isenberg and E. Richardson, 9/15/87,
(PB88-163720/AS).
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NCEER-88-0001

NCEER-§8-0002
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NCEER-88-0006

NCEER-88-0007

"Digital Simulation of Seismic Ground Motion,” by M. Shinozuka, G. Deodatis and T. Harada, 8/31/87,
(PB88-155197/AS). This report is available only through NTIS (see address given above).

"Practical Considerations for Structural Control: System Uncertainty, System Time Delay and Trunca-
tion of Small Control Forces," J.N. Yang and A. Akbarpour, 8/10/87, (PB88-163738/AS).

"Modal Analysis of Nonclassically Damped Structural Systems Using Canonical Transformation,” by
IN. Yang, S. Sarkani and F.X. Long, 9/27/87, (PB88-187851/AS).

"A Nonstationary Solution in Random Vibration Theory,” by J.R. Red-Horse and P.D. Spanos, 11/3/87,
(PB88-163746/A83).

"Horizontal Impedances for Radially Inhomogeneous Viscoelastic Soil Layers,” by A.S. Veletsos and
K.W. Dotson, 10/15/87, (PB88-150859/A8).

"Seismic Damage Assessment of Reinforced Concrete Members,” by Y.S. Chung, C. Meyer and M.
Shinozuka, 10/9/87, (PB88-150867/AS). This report is available only through NTIS (see address given
above).

"Active Structural Control in Civil Engineering,” by T.T. Soong, 11/11/87, (PB88-187778/AS).

Vertical and Torsional Impedances for Radially Inhomogeneous Viscoelastic Soil Layers,” by K.W.
Dotson and A.S. Veletsos, 12/87, (PB88-187786/AS).

“Proceedings from the Symposium on Seismic Hazards, Ground Motions, Soil-Liquefaction and
Engineering Practice in Eastern North America," October 20-22, 1987, edited by K.H. Jacob, 12/87,
(PB88-188115/AS).

“Report on the Whittier-Narrows, California, Earthquake of October 1, 1987," by 1. Pantelic and A.
Reinhorn, 11/87, (PB88-187752/AS). This report is available only through NTIS (see address given
above).

"Design of a Modular Program for Transient Nonlinear Analysis of Large 3-D Building Structures,” by
S. Srivastav and J.F. Abel, 12/30/87, (PB88-187950/AS).

"Second-Year Program in Research, Education and Technology Transfer," 3/8/88, (PB88-2194B0/AS).
"Workshop on Seismic Computer Analysis and Design of Buildings With Interactive Graphics,” by W.
McGuire, J.E. Abel and C.H. Conley, 1/18/88, (PB88-187760/AS).

"Optimal Control of Nonlinear Flexible Structures,” by J.N. Yang, F.X. Long and D. Wong, 1/22/88,
(PB88-213772/AS).

"Substructuring Techniques in the Time Domain for Primary-Secondary Structural Systems,” by G.D.
Manolis and G. Juhn, 2/10/88, (PB88-213780/AS).

"Tterative Seismic Analysis of Primary-Secondary Systems,” by A. Singhal, L.D. Lutes and P.D.
Spanos, 2/23/88, (PB88-213798/AS).

"Stochastic Finite Flement Expansion for Random Media,” by P.D. Spanos and R. Ghanem, 3/14/88,
(PBB8-213806/AS).

"Combining Structural Optimization and Structural Control,” by E.Y. Cheng and C.P. Pantelides,
1/10/88, (PB88-213814/A8).

"Seismic Performance Assessment of Code-Designed Structures,” by H.H-M. Hwang, J-W. Jaw and
H-I. Shau, 3/20/88, {PB88-219423/AS).
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NCEER-38-0027

"Reliability Analysis of Code-Designed Structures Under Natwral Hazards," by H.H-M. Hwang, H.
Ushiba and M. Shinozuka, 2/29/288, (PBR88-229471/A8).

"Seismic Fragility Analysis of Shear Wall Structures,” by J-W Jaw and H.H-M. Hwang, 4/30/88,
(PB89-102867/AS).

"Base Isolation of a Multi-Story Building Under & Harmonic Ground Motion - A Comparison of
Performances of Various Systems,” by F-G Fan, G. Ahmadi and 1.G. Tadjbakhsh, 5/18/88,
(PBB9-122238/AS).

"Seismic Floor Response Spectra for a Combined System by Green's Functions,” by F.M. Lavelle, L.A.
Bergman and P.D. Spanos, 5/1/88, (PB89-102875/A8).
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