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Floor and roof systems are designed to carry gravity loads and transfer these loads to
supporting beams, columns or walls. Furthermore, they play a key role in distributing
earthquake-induced loads to the lateral load resisting systems by diaphragm action. In
reinforced concrete buildings, the in-plane flexibility of the floor diaphragms is often
ignored for simplicity in practical design (i.e., the floor systems are frequently treated as
perfectly rigid diaphragms). In recent building standards (ASCE-7, 2005), it is
acknowledged that this assumption can result in considerable errors when predicting the
seismic response of reinforced concrete buildings with diaphragm plan aspect ratio of 3:1
or greater. However, the influence of floor diaphragm openings (typically for the
purpose of stairways, shafts, or other architectural features) has not been considered. In

order to investigate the influence of diaphragm openings on the seismic response of



reinforced concrete buildings; several 3-story reinforced concrete buildings are designed
as a Building Frame System according to the International Building Code (2006). Each
building is assumed to be in the Saint Louis, Missouri area, and it’s analyzed using
IDARC2, a non-commercial program capable of conducting nonlinear analysis of RC
buildings with rigid, elastic, or inelastic floor diaphragms, under both static lateral loads
(pushover) and dynamic ground motions (time-history), where a suite of three well-
known earthquakes is scaled to model moderate ground motions in the Saint Louis
region. The comprehensive analytical study conducted involves placing different
opening sizes (none, 11%, 15% and 22% of total floor area) in various floor plan
locations with respect to the location of the shear walls (located at end frames or at the
interior frames), where three types of floor diaphragm models (rigid, elastic, and

inelastic) are assumed. Building floor plan aspect ratios of 3:1 and 4:1 are investigated.

IDARC?2 is enhanced by modifying the fiber model (strain compatibility) computation
routine involved in obtaining the idealized moment-curvature curves of floor slabs with
openings (symmetric and nonsymmetric). Also, a new option is added so that the user
can over-ride IDARC?2 idealized moment-curvature curves for slabs with openings and
by defining their own. The results are then presented and discussed. It is concluded that
in order to capture the seismic response of reinforced concrete buildings with floor
diaphragm openings accurately; it is necessary to use an inelastic diaphragm model for
floor diaphragm aspect ratio of 3:1 or greater. Thus, using a rigid diaphragm assumption,
as specified by ASCE7-05 for buildings concrete floor diaphragms with aspect ratio of
3:1, and elastic diaphragm assumption, as allowed by ASCE7-05 for floor diaphragm
with aspect ratio of 4:1, can result in significant underestimations of the lateral loads
resisted by the interior building frames and building maximum frame displacements,
particularly when the diaphragm openings are located in the middle two-thirds of the
building plan. The base shear redistribution due to inelastic slab deformations increases
the load subjected to the interior frames significantly. Hence, the influence of inelastic
inplane diaphragm deformations due to floor openings cannot be overlooked in such
buildings. Simple design recommendation is given for determining proper diaphragm
chord reinforcement to prevent in-plane floor slab yielding when openings are present.
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Chapter 1

Introduction

Floor and roof systems are designed to carry gravity loads and transfer these loads to
supporting beams, columns or walls. Furthermore, they play a key role in distributing
lateral loads by exhibiting diaphragm-like behavior. Hence, the structural behavior of
horizontal diaphragms such as floors and roofs is often considered similar to that of an I-
beam, where the flanges and the web resist bending and shear, respectively. Because
floors systems (horizontal diaphragms) are typically deep beams with short spans, they
have very high inplane stiffness and strength in comparison with other types of structural
components and are often considered to be infinitely rigid in building structures if they

were reinforced concrete (RC).

Cast-in-place concrete and concrete filled metal decks are normally considered rigid
diaphragms unless their plan aspect ratio is greater than 3:1 (ASCE 7-05, [7]). The
concept of rigid floor diaphragms for building type structures was introduced nearly 40
years ago as a means to simplify the solution process. In the case of rigid floor
diaphragms, the floor plate is assumed to translate in plan and rotate about a vertical axis
as a rigid body, the basic assumption being that there are no in-plane deformations in the
floor plate. For diaphragms assumed to be infinitely stiff (rigid), the force distribution
depends only on the relative stiffness between the vertical resisting elements. Another
type of diaphragm is flexible diaphragm. These diaphragms are usually made of either
plywood or un-topped light gage metal deck, where the lateral force distribution to the

vertical resisting elements is based on tributary areas.

Openings in diaphragms for purposes of stairways, shafts, and other architectural
applications cause stress concentration around these discontinuities. These openings can



also reduce the stiffness of the diaphragm unless adequate reinforcement is provided.
Diaphragms with openings are usually designed without stress calculations and are

considered to be adequate ignoring any opening effects.

Past research [41, 42] has indicated that the distribution of lateral seismic forces is greatly
affected by in-plane deformation of the floor diaphragms in rectangular buildings with
end shear walls and moment resisting interior frames. This is particularly true when
significant cracking and yielding occurs in the floor-slab system. Also, experimental and
analytical investigations at the University of New York at Buffalo and Lehigh University
[51] have clearly shown that cracking and even in-plane yielding of RC floor systems can
be expected to occur in low-rise rectangular buildings with end shear walls and moment
resisting interior frames when the plan aspect ratio exceeds 3:1. In these types of
buildings, the collapse can occur after failure of the interior columns due to excessive

strength and ductility demands caused by the in-plane behavior of floor diaphragms.

The collapse of Taiyo Fisheries Plant in Japan (a three story RC frame building with end
walls) was observed to have followed this type of failure. The failure of the interior
columns in the middle of the building was considered to be the cause of the collapse of
the central portion of the structure although the end walls remained standing.

In this research effort all three types of diaphragms (elastic, inelastic and rigid) will be
addressed in order to fully evaluate the effect of in-elastic diaphragm deformations on the
seismic response of buildings with frames and shear walls. The inelastic dynamic
response of the buildings will be evaluated using an enhanced computer program;
IDARC2 [56], using a suite of earthquakes as the input ground motion. This program
uses macro-modeling schemes to account for in-plane deformations due to shear and
flexure in the diaphragm while considering stiffness deterioration, strength degradation,
and bond-slip/pinching of the reinforced concrete beams, columns, shear walls and slabs

due to inelastic cyclic loadings caused by the ground motion.



1.1 Motivation and Objectives

Although numerous publications have dealt with the behavior and design of concrete
diaphragms, it is clear that there are several issues that have not yet been resolved.

Openings in diaphragms are often unavoidable and their presence can significantly
modify the behavior of the diaphragm. At present, and in many cases the designer
assumes that the diaphragm is a rigid element, totally ignoring in-plane deformations — an
assumption that can lead to erroneous results. Nor is it satisfactory to assume that the
diaphragm acts as a continuous elastic beam over the shear walls and frames running in
the transverse direction for low-rise rectangular buildings with longer floor aspect ratios
(greater than 3:1 ratio) without accounting for in-plane nonlinear deformation of the
diaphragms. It is possible that the lateral load distribution of diaphragm inertia forces to
the vertical frame elements may be compromised in a manner yielding an outcome
contrary to what is assumed. This issue is considered vitally important, as it is the least
understood subject in this area, since there is no quantification of the error in diaphragm
and frame shears as a result of ignoring openings. Therefore, a systematic study of a set
of carefully devised scenarios covering a spectrum of typical configurations is crucial
where diaphragm in-plane deformations are incorporated in the analysis in order to
capture the “real” behavior of the structural members as opposed to the “assumed” one.

Even though a total collapse of the diaphragm is unlikely to be the first major event in the
failure of a building, a deterioration of its stiffness may result in a shift in the lateral loads
distribution to the load carrying vertical elements causing some members to be
overloaded resulting in a failure at that locality, thus jeopardizing the safety of the

building structure and compromising the expected diaphragm action.

The proposed research will investigate the aforementioned issues in depth and will offer
pertinent insights and better understanding of the structural behavior and design of RC

buildings with floor diaphragm openings when subjected to strong ground motion.



The main goal of this research effort is to gain in-depth understanding of inelastic seismic
response of rectangular RC buildings with diaphragms with openings through the

following objectives:

1. To enhance IDARC2 [56] -developed in 1988- to account for RC buildings with
diaphragm openings. Special attention will be given to the algorithms used in obtaining

the in-plane idealized moment-curvature curves from the current fiber model.

2. To investigate the influence of estimated hysteretic parameters for slabs with openings.

3. To investigate the applicability of rigid floor assumption (neglecting their in-plane
deformations) to modeling of floor diaphragms with openings of various sizes placed in
symmetric and asymmetric plan locations. Also, to investigate the influence of floor
diaphragms on the distribution of lateral loads among the frames and shear walls
considering the floors’ inelastic-in-plane deformations. This will result in establishing a
criterion as to when floor diaphragm openings in earthquake resistance design of RC

rectangular buildings with shear walls can be ignored.

Hence, by using a suite of actual earthquake accelerations as ground motion input for the
dynamic analysis, the true behavior of the diaphragm will be better captured, which will
lead to a deeper understanding of diaphragm behavior during a seismic event in RC
buildings with flexible (elastic and inelastic) diaphragms with openings. It will also
provide a timely and enhanced computational tool for the research community to use.

1.2 Organization and Outline

This dissertation is divided into seven chapters, followed by an Appendix. Chapter 1
gives a short background on the shortcoming and assumptions used by the structural
engineering community in regards to rigid or elastic diaphragms with openings. It also

covers the motivation behind this research effort, followed by the objectives.



Chapter 2 sheds light on all the previous literature to-date about diaphragms.
Diaphragms of all types are looked into, plywood, reinforced concrete and metal decks.

Chapter 3 outlines the theory and assumptions governing the analysis, starting with the
individual elements’ model, followed by the global approach, including period
determination, and the inelastic dynamic analysis.

Chapter 4 presents the different diaphragm models, design parameters and the building
scenarios investigated. It also presents the proposed IDARC2 [56] enhancement to
account for diaphragms with openings.

Chapter 5 will furnish the results of the analytical investigation described in Chapter 4
regarding the seismic response of the proposed buildings with diaphragms’ openings
including the influence of the estimated hysteretic parameters of slab elements.

Chapter 6 provides the discussion of all obtained results, and in Chapter 7, a summary of
the findings, important conclusions, and suggestions for future research needs are
presented. Appendix A contains the accepted doctoral proposal, followed by all
published papers pertaining to this research and a sample IDARC2 [56] input and output

file. Finally, quoted references are listed, followed by the Vita.

1.3 Major Research Contributions

The major research contributions of this research effort can be summarized as follows:

1. Enhanced/modified IDARC2 [56] source code so that (i) the fiber model module
and the corresponding procedure used to obtain the idealized in-plane moment-
curvature curves for slab elements with openings (with symmetrical cross-
sections) is conducted accurately; and (ii) to provide the user with the capability
to define the idealized moment-curvature curve for any type of slab elements (i.e.,

with or without openings, and having a symmetric or asymmetric cross section).



Investigated the influence of openings in floor diaphragms on the inelastic seismic
response of reinforced concrete buildings including inelastic in-plane diaphragm
deformations and subsequent redistribution of the lateral loads to frames and

shear walls.

Examined the influence of the estimated slab hysteretic parameters involved in

the analytical study floor diaphragms with openings.

Identified the limitations of the current building codes in the context of reinforced
concrete slab diaphragms when openings are present, and provided
analysis/design suggestions to practicing structural engineers on addressing this

deficiency in the building codes.



Chapter 2

Literature Review

In this chapter, available literature to date will be reviewed and addressed by area.
Although there has been a lot of work done in the area of diaphragms - ranging from
analysis assumptions to design recommendations - none provide in-depth understanding
of the seismic response of reinforced concrete (RC) buildings with floor diaphragm
openings. Nor any research was done in order to provide simplified guidelines for
analysis and design of such buildings as desired by the structural engineering community.
In the present study, the applicability of rigid, elastic and inelastic floor diaphragm
models for RC buildings with floor openings is investigated and some suggested design

recommendations are provided.

2.1 National Building Codes Criteria

International Building Code (IBC) 2006 [28], Section 1616.5.1, requires the diaphragm
with abrupt discontinuities or variations in stiffness, including those having cutout or
open areas greater than 50 percent of the gross enclosed diaphragm area, or change in
effective diaphragm stiffness of more than 50 percent from one story to the next, to be
considered as irregular in plan. For structures with this diaphragm discontinuity, the code
prescribes an increase of 25 percent in the design forces determined for connections of
diaphragms to vertical elements and to collectors, and for connections of collectors to the
vertical elements. The code does not ascribe any criteria pertaining to the diaphragm
design itself.

As for the area of steel design, American Institute of Steel Construction (AISC) Steel

Design Guide No.2 [5] shows some insight into designing steel beams with web



openings. Unfortunately, it cannot be extrapolated to concrete diaphragms, since its

theory is calibrated using experimental results for steel beams only.

However, in the area of concrete design, American Concrete Institute (ACI) Building
Code, ACI 318-08 [2], Section 11.11.6, addresses the effect of an opening on slabs in
local terms. It restricts opening size in column strips and limits the allowable maximum
openings size in middle strips. The interrupted reinforcement by an opening must be
placed at one-half on each side of the opening. ACI 318-08 [2] does not address the
overall effect of an opening on the floor. This reinforcement replacement criterion has no
restriction on the opening size as long as it is within the prescribed column and middle

strips requirement.

ASCE 7-05 [7], Section 12.3.1.2, and the Guide to the Design of Diaphragms [60]
permits diaphragms of concrete slabs or concrete filled metal decks with span-to-depth
ratios of 3:1 or less in structures that have no horizontal plan irregularities to be idealized
as rigid, otherwise, the structural analysis shall explicitly include consideration of the

stiffness of the diaphragm without explaining how.

2.2 Structural Concrete Members with Web Openings

In the field of concrete beams with web openings, Nasser et al. [49], Mansur et al. [47]
and Abdalla & Kennedy [1] shed light on how an opening in rectangular RC or pre-
stressed beams affects stress distributions and capacity of a concrete beam.
Unfortunately, the theory provided was calibrated against available experimental results
with no proof that it can be extended to include other configurations. Kato et al. [39],
Taylor et al. [63] and Daisuke et al. [19], investigated the design of RC shear walls with

one opening. Again, the results were only applicable to the pertinent cases.

Other studies were conducted in the area of concrete panels, in particular in the area of
buckling. Swartz & Rosebraugh [61], Aghayere & MacGregor [4], and Park & Kim [52]

addressed buckling of concrete plates under combined in-plane and transverse loads.



Since concrete diaphragms can be considered as concrete plates with beams as web
stiffeners, this buckling approach does not address openings.

2.3 Seismic Behavior/Design of RC Buildings with Flexible Diaphragms

Other available literature is in the area of seismic behavior of RC buildings are
summarized in this section. ACI Committee 442 [3] provided a summary of available
methods to date for designing buildings to resist lateral loads. Although the report
provided a compact reference, it did not touch upon openings and their effects on
diaphragm design. Aktan & Nelson [6] simulated real-life seismic response of RC
structures by experimentally testing scaled down prototypes of two existing buildings.
Despite the fact that the proposed analytical models accurately simulated two existing

buildings, diaphragm opening effects were not incorporated.

Button et al. [15] investigated the influence of floor diaphragm flexibility on three
different types of buildings; large plan aspect ratio, three-winged (Y-shaped) and separate
towered. Regardless of the insight given into how lateral force distribution differs from
rigid to flexible diaphragms, openings were not considered. Basu [11,12], Jain [30, 31,
32, 33, 34, 35] and Tao [62] had analyzed different types of structures ranging from V-
shaped, Y-shaped to long and narrow buildings. Though these studies proved to be
conducive to understanding the dynamics of such structures, they did not address the
effects of diaphragm openings.

Kunnath et al. [41] developed a modeling scheme for the inelastic response of floor
diaphragms, and Reinhorn et al. [56] and Panahshahi et al. [51] verified it, using shake-
table testing for two single-story RC, 1:6 scaled model structures, nonetheless, opening
effects were not incorporated in the model and the proposed model’s ability to account
for in-plane diaphragm deformations, confirmed the possibility of building collapse, as a
result of diaphragm vyielding for low rise (one-, two-, and three-story) rectangular
buildings with end shear walls and building plan aspect ratio greater than 3:1. Nakashima
et al. [48] analyzed a seven story RC building using linear and non-linear analysis

concluding that the inclusion of diaphragm flexibility did not significantly change the
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actual period of the structure and the maximum total base shear. Effects of diaphragm
openings were not part of that analysis.

As for the domain of diaphragm performance-based design, Anderson et al. [8] developed
analytical models using commercial computer programs, SAP 2000 [17] and ETABS [18]
to evaluate the seismic performance of low-rise buildings with concrete walls and flexible
diaphragms. Again, openings were not part of the models devised. Barron & Hueste [10]
evaluated the impact of diaphragm flexibility on the structural response of four buildings
having 2:1 and 3:1 plan aspect ratios and were three and five stories in height,
respectively. The building diaphragms did not yield and the buildings in question did not
have diaphragm openings. Hueste & Bai [27] analyzed a prototype five-story RC frame
office building designed for the mid-1980s code requirements in the Central United
States. Recommending an addition of shearwalls and RC columns jackets led to decrease
in the probability of exceeding the life safety (LS) limit state. Unfortunately, retrofitting
recommendations were specific to this structure only and no diaphragm opening effects

were looked into.

Kunnath et al. [42] developed an analytical modeling scheme to assess the damageability
of RC buildings experiencing inelastic behavior under earthquake loads. The results of
the response analysis, expressed as damage indices, did not give any regard to diaphragm
openings. Jeong & EINashai [36] proposed a three-dimensional seismic assessment
methodology for plan-irregular buildings. The analysis showed that plan-irregular
structures suffer high levels of earthquake damage due to torsional effects. The analysis
also proved that normal damage monitoring approaches might be inaccurate and even

unconservative. However, the assessment did not account for diaphragm openings.

Ju & Lin [37] and Moeini [46] investigated the difference between rigid floor and flexible
floor analyses of buildings, using the finite element method to analyze buildings with and
without shear walls. An error formula was generated to estimate the error in column
forces for buildings with plan symmetric arrangement of shear walls under the rigid floor
assumption. Although 520 models were generated, none dealt with diaphragm openings.
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Kim & White [40] proposed a linear static methodology applicable only to buildings with
flexible diaphragms. The procedure is based on the assumption that diaphragm stiffness
is small compared to the stiffness of the walls, and that flexible diaphragms within a
building structure tend to respond independently of one another. Although the proposed
approach gave insight into the limitations of current building codes, it did not deal with

diaphragm opening effects.

Other related research addresses the consequence of assuming a rigid floor on lateral
force distribution. Roper & Iding [58] briefly examined the appropriateness of assuming
that floor diaphragms are perfectly rigid in their plane. Two models were used, the first
was for a cruciform-shape building and the second was for a rectangular building. Both
models showed discrepancy between rigid and flexible floor diaphragm lateral force
distribution. In particular, when shear walls exhibit an abrupt change in stiffness. Still,
effects of openings on lateral force distribution were not explored. Tokoro et al. [65]
replicated an existing instrumented three story building using ETABS [18] and compared
the model’s diaphragm drift to the code allowable drift and judged the structure to be

within the code’s given drift limit; without considering any diaphragm opening effects.

Saffarini & Qudaimat [59] analytically investigated thirty-seven buildings, establishing
diaphragm lateral deflection and inter-story shears as a comparison criterion between
rigid and flexible diaphragms assumptions. The analysis showed considerable difference
in the diaphragms’ deflections and shears. The investigation briefly addressed opening
effects as part of other parameters being studied. It was concluded that an opening
definitely decreased the floor stiffness, and hence increased the inadequacy of the rigid
floor assumption. Easterling & Porter [24] presented the results of an experimental
research program in which thirty-two full-size composite (steel-deck and reinforced
concrete floor slabs) diaphragms were loaded to failure. The research major contribution
was the development of a better design approach for composite floor systems and
stressing the importance of deformed bars reinforcing to improve ductility and control

cracking associated with concrete failure around headed studs. The recommendations
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were only pertinent to the cantilevered diaphragms tested and no opening effects were

examined.

Lastly, in the area of precast concrete and parking structures, Rodriguez et al. [57]
compared ASCE 7-05 [7] seismic forces to generated shake table forces for a particular
systems in question without investigating openings. Lee & Kuchma [43] and Wan et al.
[67] looked into precast concrete diaphragm parking structures accounting for the ramp

cavity and diaphragm connections but ignoring slab out-of-plane property and its effects.

2.4 Behavior/Design of Plywood and Light Gage Steel Diaphragms

Different agencies and research groups have investigated analysis techniques and
behavior of diaphragms. American Plywood Association (APA) research report 138 [64]
has devised an approximate method for obtaining shear stresses at any point within

plywood diaphragms and around openings.

The analysis assumes that a plywood diaphragm with openings behaves similar to a
Vierendeel Truss. Chord elements between shear webs of the Vierendeel Truss are
assumed to have points of contraflexure at their mid-lengths. Diaphragm segments
outside the openings are analyzed first, and then segments around the openings analyzed
second assuming no openings are present. The procedure is carried-out again with the
openings considered. Finally the net change in chord forces due to openings is achieved
by superimposing both results. This methodology though intuitive and does satisfy
equilibrium conditions, is not altogether reliable. Faherty & Williamson [25] clearly
stated that this method is a simple analytical approach with no experimental verification.
Kamiya & Itani [38] investigated the APA method by horizontally test-loading three
plywood-sheathed floor diaphragms designed to the same load. The tests conducted
yielded diaphragm shear and deflection equations instead of the lengthy APA method for
those three diaphragms; there was no indication on how their effort can be extended to

include other configurations.
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Philips et al. [54] studied how walls transverse to the loading direction in wood-framed
buildings share lateral loads. The study shows that such interaction between transverse
walls and plywood-sheathed diaphragms can go up as high as 25 percent; the percentage
decreased with increasing applied load and no opening effects were investigated.
Gebremedhin & Price [26] examined how plywood sheathed diaphragms distributed
lateral loads to frames. Opening effects were looked at in a manner only to state that for
walls with openings, the stiffness decrease is not linear with the opening size. For a 25
percent loss in frame area, the wall stiffness decreased by 17 percent and for a 50 percent

loss in frame area the stiffness of the same wall decreased by 64 percent.

Carney [16] provided a bibliography on wood and plywood diaphragms research going
back as far as the 1920’s and virtually none addressed diaphragm openings. Peralta et al.
[53] experimentally investigated in-plane behavior of existing wood floor and roof
diaphragms in un-reinforced masonry buildings consistent with elements and connection
details typical for pre-1950 construction. The outcome was design curves defining the
relationship between the applied lateral force and the diaphragm mid-span displacement.

Opening effects on diaphragm stiffness were not addressed either.

Itani & Cheung [29] introduced a finite element model to analyze the non-linear load-
deflection behavior of sheathed wood diaphragms. The model is general and is in good
agreement with experimental measurements. Nonetheless it is does not deal with
openings and how to extend the developed model to account for them. Pudd & Fonseca
[55] developed a new state-of-the-art analytical model for sheathing-to-framing
connections in wood shear walls and diaphragms. Although the new model is unlike
previous analytical models, being suitable for both monotonic and cyclic analysis, it did

not account for the effects of openings on neither shear walls nor diaphragms.

Degenkolb [22] investigated pitched and curved timber diaphragms emphasizing that
boundary stresses exist at any break in the sheathing plane and should be provided in the

design of an efficient diaphragm - no opening effects were considered. Bower [13]
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published plywood deflection formulas under lateral loading, stating that they can be
modified to apply to any diaphragm shape or loading pattern without giving examples.

Westphal & Panahshahi [66] used three-dimensional finite element models to obtain in-
plane deformations of wood roof diaphragms and story drift due to seismic load for
buildings with plan aspect ratio ranging from 1.2 to 1.6. The results obtained show that
the predicted diaphragm deflections by the International Building Code (IBC) [28] are

conservative. However, effects of openings on this conclusion were not investigated.

As for the area of light gage steel deck (or metal decks), Nilson [50] set the benchmark
for all future experimental work in metal diaphragms. Although the full-scale tests were
extensive, with emphasis on shear strengths and diaphragm deflections, openings effects
were never addressed. Bryan & El-Dakhakhni [14] further developed Nilson [50] work
to a more general theory for determining stiffness and strength of light gage metal deck.
Nonetheless the theory developed did not account for diaphragm openings. Easley [23]
focused on the buckling aspect of corrugated metal shear diaphragms. It was concluded
that for most applications, buckling occurs when the number of fasteners is plenty so that
localized failure at the fasteners does not occur. However, opening effects on diaphragm
buckling were not looked into.

Davies [20, 21] developed a method to replace a metal deck diaphragm by a series of
frame elements connected by springs. This method can also be extended to account for
openings. A major disadvantage of this method is that results obtained are purely linear.
Atrek & Nilson [9] established a non-linear analysis method for light gage steel decks.
Results resembled closely available experimental data, nonetheless openings were not
addressed and no insight was given on how to extend this method to cover diaphragms
other than the tested ones.

Luttrell [44, 45] suggested a method to obtain shear stress distribution around an opening
in metal deck diaphragms. The method developed would ratio the shear distribution
around the opening by the percentage of diaphragm length lost parallel to the loading
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direction. A linear increase in shear concentration may be acceptable for metal decks but
no evidence confirms that this method can be applied to concrete diaphragms.
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Chapter 3

Theory and Modeling Used in IDARC2

Computer modeling has proven to be not only fast, but also a reliable means for structural
analysis and assessment. With numerical modeling being used extensively in structural
investigations as a more economical approach to expensive laboratory testing, a non-
linear structural analysis program will be used for this research, namely IDARC2 [56], a
non-commercial program that is available for the research community interested in the
further development of diaphragm analysis and design. Main concepts used in IDARC2
[56] are highlighted here. Part of this research effort will be dedicated to enhancing
IDARC?2 [56] by obtaining the nonlinear flexural properties of slabs with openings as
well allowing user-specified diaphragm properties. With these improvements
incorporated -Chapter 4, Section 3- the enhanced IDARC2 will provide an effective
nonlinear modeling tool for obtaining the seismic response of RC buildings carrying

diaphragms with openings.

3.1 IDARC2 Component Framework and Modeling

A typical reinforced concrete building is modeled by IDARC2 [56] using the following
six element types: 1) beams, 2) columns, 3) shear walls, 4) floor slabs (elastic, inelastic,
and rigid), 5) edge columns and 6) transverse beams as shown in a discretized section in

Figure: 3-1.
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Figure 3-1: Typical Structure and Component Modeling [42]
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3.2 Structural Elements Modeling

For the purpose of dynamic analysis, floor and frames masses are lumped at the floor
level. While the beams and columns are modeled as continuous equivalent shear-flexure
springs. The floor slabs and shear walls are modeled using a pair of shear and flexure
springs connected in series. Inelastic axial springs are used to model edge column
elements separately. Transverse elements are connected and modeled using elastic linear
and rotational springs - contributing to the stiffness of the building — will have an effect

on both the vertical and rotational deformation of the shear walls and the main beams.

Distributed Flexibility Model (DFM) — In order to account for the spread of plasticity at
member’s ends; a distributed flexibility approach is used for modeling the inelastic
behavior of beams, columns, floor slabs and shear walls. In Figure 3-2, the flexibility
factor, 1/El, is linearly distributed along the member’s length between the point of
contraflexure and the two critical sections at the ends. Throughout the analysis, the
flexural factors at the critical sections are monitored in order to update the inelastic
behavior of the components during the load history. The inelastic distributed flexibility

model is illustrated in Figure 3-2.

(Moment Distribution)

A
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Case (a) Case(b)

(Flexibility Distribution)

Figure 3-2: Distributed Flexibility Model [42]
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3.3 Flexible Floor Slab Diaphragm Models

A comparison can be made between the diaphragm action in floor slabs and the action of
shear walls placed in a horizontal position. Hence, if a slab is modeled as a horizontal
shear wall, its response to in-plane loading would be captured accurately. A major
difference arises; however, while the response of shear walls to vertical loads is planar
tension or compression, the behavior of floor slabs to vertical loads is out-of-plane
bending, resulting in a more complicated response. This response to out-of-plane

bending is adapted on the basis of available experimental results [41].

A typical floor slab element connecting two parallel frames is shown in Figure 3-3. Two
degrees of freedom (DOF) per node are assumed: an in-plane rotation, 6, and a lateral

translation, u.

Linear variation of flexibility is assumed in deriving the flexibility matrix for all

component of the building, with the exception of transverse beams.
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Figure 3-3: Details of Slab Modeling [42]
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 (Figure 3-2).

Hence:

AB, | ]AMa o
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where the flexibility matrix [ f,]is given by:

ﬁl ﬁZ
=] Eq. 3-2

For the case where the contra-flexure point lies within the element (case a):

£, = ! (6o —4a” +a’)+ ! (1-3a+3a” —a’)+ !
12(ED), 12(ED), 12(EI),

3-3a+a’)

[Eq.3-3]

! (20° +a’) + (-l+a+a’—a’)+ !

f12 = le =
12(ED), 12(EID), 12(EI),

(-l1—a+a?)

[Eq.3-4]

£, = L ooy B-a-a’-a’)+ 1
12(ED), . 12(ED), 12(EI)

(I+a+a’) [Eq.3-5]

and for the case where the contra-flexure point lies outside the element (case b):

1 1

f = =+ E .3‘6
" TAED, | 12(ED), [Eq.3-6]
f, =1, =- S— [Eq.3-7]
12(ED), 12(El),
P S [Eq.3-8]
12(ED),  4(EI),
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where:

AM
g=—° [Eq.3-9]
AM, +AM,

The inclusion of the inelastic shear spring in series with the flexural spring necessitates

the following modification of the flexibility matrix,

[ﬁv]=L{f” f”}+ 1 {1 _1} [Eq.3-10]

f21 fzz GA*L -1 1

where G is the shear modulus, A” is the effective shear area, and L is the length of the

member under consideration. For slabs and shear walls, A" is significant and cannot be
ignored as in the case of beams or columns. Thus, for inelastic slab elements, Eq. 3-1 is

rewritten as:

A9, = M, Eq.3-11
Aeb_fSAMb [Eq.3-11]

3.4 Stiffness Matrix Development

The M- relationship has an inverse form of the flexibility relation of Eq.3-11:

AM"—k’ A0, Eq.3-12
AM, _[]Aﬁh [Eq.3-12]

where [k ']is the inverted flexibility matrix.
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From force-equilibrium:

AXa
AM AM

“1=[R “ Eq.3-13
AX, [ S][AM,)] [Eq ]
AM,
where:

L
(R1=| 1y () [Eq.3-14]
i) (i)
0 1

AM Y,

‘=1, [Eq.3-15]
AX, Av,
AM, A6,

where the element stiffness matrix can be obtained by:

[K,1=[R k1R, ] [Eq.3-16]

3.5 Frame Torsion Modeling

Any floor system that experiences twisting due to differential movement of slab edges

undergoes inplane bending (Figure 3-3b). The relative stiffness of the horizontal to
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vertical structural systems affects the torsional resistance of the frames and the in-plane
rotation of the slabs. In general, the effect of frames in restraining the floor slab system
from in-plane rotation is very small and could be ignored.

Also, shear walls arranged perpendicular to the lateral loading direction could result in
sizeable floor slab rotational restraint. This behavior must be incorporated in the
structural analysis. Modeling of torsional restraint is accomplished in IDARC2 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 0¢ about the center, the frame moment My is given by:
M, =k0, [Eq.3-17]

The restraint provided by the columns due to the lateral deflection shown in Figure 3-3c

1s evaluated as:
P = 3(%) 1,0, [Eq.3-18]
fi

where EI and h, refer to the flexural rigidity and height of the element respectively.

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

moment about the center of the frame axis:
k, =Y Pl, [Eq.3-19]

where P; is obtained from Eq.3-18 by setting 0¢= 1.
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3.6 Beam-Column Elements

With the beam-column elements forming a vertical plane in the direction of loading, they
are modeled as simple flexural springs, with shear-deformation effects coupled by means
of an equivalent spring. A typical element with rigid panel zones is show in Figure 3-4.
The inclusion of rigid zones necessitates a transformation of the flexibility matrix as

follows:

AXIAL ' :
— -
FORCE .
I r L )
A, =ta AneSD
o °L b= "y

Figure 3-4: Typical Beam-Column Element with Degrees of Freedom [42]

[k]=[BI[k (BT [Eq.3-20]
where:

g | 1-4, A o
[]_1—%—1b A, 1-4, [Eq.3-21]

3.7 Shear Walls and Edge Columns

The modeling of a shear wall element is similar to a floor slab except for the

incorporation of edge columns at the wall boundaries (if they exist) and the addition of
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axial effects. The edge columns may be included only for strength computations for
setting up envelope curves. The bending deformation of the wall element to be caused by
the vertical movements of the boundary columns is allowed by the ability to treat each

wall as an equivalent column with inelastic axial springs at the edges.
3.8 Transverse Beams

Each transverse T-beam is modeled using elastic springs with one vertical and one
rotational (torsional) degree-of-freedom to incorporate the effects of transverse elements
on the inplane response of the main frames, as shown in Figure 3-1. There are two types
of transverse elements. First, are beams that connect to shear walls and the other are
beams that connect to the main beams in the direction of loading. Contributions arising
from the direct stiffness of these springs are added to the corresponding terms in the
overall structure stiffness matrix. The purpose of modeling transverse beams in this

manner is to account for their restraining behavior.
3.9 Fundamental Natural Period

The building structural system’s fundamental natural frequency is calculated using the
Rayleigh quotient method. The general form of the Rayleigh quotient is found by

equating the maximum potential energy to the kinetic energy of the structural system:

) _ {t//TT}[K 1y} [Eq.3-22]
v My}

Where [K] and [M] are the stiffness and mass matrix of the system, respectively, o is the
fundamental frequency, and {y} is the shape vector of fundamental mode of vibration of
the system. An inverse triangular lateral load is applied to the structure, and the
magnitude of the base of the triangle is obtained from the distribution of floor weights to

respective frames using the tributary area concept
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Therefore, the application of Eq.3-22 is direct and in a discretized form, for a multi-story

building, this may be written as:

N M
szijA“yz

R e E— [Eq.3-23]

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.

3.10 Three-Parameter Hysteretic Model

For the inelastic analysis, a proper selection of hysteretic models for the constituent
components is one of the critical factors in successfully predicting the dynamic response
under strong earthquake motions. A three-parameter hysteretic model is used in the
inelastic dynamic analysis to duplicate the various aspects of reinforced concrete

behavior under inelastic loading.

Through the combination of a tri-linear envelope and the three parameters, referred to as
a, B, and v, a variety of hysteretic properties can be achieved. The main characteristics
represented by these three parameters are stiffness degradation, strength deterioration and
pinching or bond slip, respectively (Figure 3-5). The stiffness degradation factor a
specifies the degree of reduction in the unloading stiffness and the reduction in area
enclosed by the hysteresis loops for consecutive loading cycles. The pinching factor
v reduces the stiffness of the reloading paths as well as the area of the hysteresis loops
and the amount of dissipated energy. The strength deterioration factor B is the ratio
computed as the amount of incremental damage caused by the increase of the maximum

response divided by the normalized incremental hysteresis energy.
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Appropriate combinations of a, 3, and y given in Table 3-1 below are used to achieve the

hysteretic behavior observed in the experimental tests of typical reinforced concrete

members.
Table 3-1: Hysteretic Parameters Used in Dynamic Analysis

Element Stiffness D§gradati0n Bond—Sl.ippage Strength De‘terioration Pgst-Yielding

Coefficient, o Coefficient, y Coefficient, 3 Stiftness Ratio
Beam 4.00 0.80 0.01 0.015
Column 2.00 0.80 0.01 0.015
Wall Bending 3.50 1.00 0.15 0.015
Wall Shear 0.10 1.00 0.15 0.015
Slab Bending 2.50 0.80 0.15 0.015
Slab Shear 0.10 0.80 0.15 0.015

P,,’.

- .

////f.\ Common Point
j RS (Modal Rule)
f” .f‘r ///

-
o

/ Tep,

mm:l Target Point

B: New Target Point
(also erack closing point)

(Model Rule)

{c) Bond-slip

Figure 3-5: Three-Parameter Hysteretic Model [42]
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3.11 Inelastic Static (Pushover) and Dynamic Analysis

After IDARC2 [56] initially determines the internal member forces due to gravity loads

applied, by solving the following equilibrium equation:
[K W au}={4F} [Eq.3-24]
where:

[K] = Assembled global stiffness matrix,
{Au} = Required solution vector of incremental nodal displacement,

{AF} = Incremental load vector.

it proceeds with pushover (inelastic static) analysis and subsequently inelastic dynamic
analysis. Then, the lateral load that is computed from the base shear coefficient using the

following expression:

Wj hj *

fj = w,
S
i=1

[Eq.3-25]

t

is applied as an inverted triangular load applied to the building at every story, where:

Subscript j = Story level under consideration,

W = Floor weight,

h = Height of corresponding story from the base of the building,
W¢* = Factored total weight of the building,

n = Total number of stories.
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IDARC2 [56] step-by-step dynamic response analysis involves the solution of the

following equation of motion;
My+Cy+Ky=F [Eq.3-26]
where:

F = Vector of effective loads resulting from earthquake ground motion,
M = Lumped mass matrix,

C = Damping matrix,

K = Stiffness matrix,

y = Relative displacement of the structure with respect to the ground, y is the relative

speed and ¥ is the relative acceleration.

Expressing Eq.3-26 in an incremental format yields:
MAYy, + CAy, + K.y, =AF, [Eq.3-27]

The Newark Beta method is used to determine the solution of Eq.3-25. Using a constant
average acceleration, the following equations are used to obtain incremental velocity and

incremental displacement:

Ay, =y At +%Ayim2 [Eq.3-28]
and,

Ay, ZYiAt+%yiAt2 +iA'§"iAt2 [Eq.3-29]
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The solution of Eq.3-29 for Ay, and its substitution into Eq. 3-28 results in:

4 4

Ay. = Ay, ——v. —2V. Eq.3-30

v (v (o [Eq ]

Ay =2 Ay -2 [Eq.3-31]
VA At VA Y q.

The substitution of Egs.3-30 and 3-31 into the incremental equation of motion, Eq.3-27

results in an equation to calculate the incremental displacement Ay, namely:

K{Ay, = AF; [Eq.3-32]

where K7and AFSare defined as the effective stiffness matrix and incremental force
vector, respectively. This method is unconditionally stable, and it yields accurate results

when a small time interval (At) of 0.005 sec. or smaller is used in the dynamic analysis.

The numerical methodology involved in this research will involve studying the effects of
various parameters of interest. Those parameters are:
o Floor rigidity type; namely, rigid, elastic or inelastic.
o Three parameters (a., 3, y) used in the slab hysteretic model for diaphragms
with openings.
o Lateral member supports location; namely frames and shear walls.
o Opening size and locations.

. Floor-plan aspect ratio.
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Chapter 4

Analytical Investigations of RC Buildings with Diaphragm Openings

In this research, 20 buildings where investigated, namely A1-9, B1-7, C1, D1, P1 and P2.
All buildings were 3-story; 39 ft high (i.e., 13 ft story height) reinforced concrete
buildings. All elements were designed and detailed to meet ACI 318-08 [2] and IBC
2006 [28] prescribed forces. The lateral force resisting system in both directions consists
of “Building Frame System” in which ordinary shear walls will resist the entire seismic
load while ordinary moment resisting frames will carry gravity loads. The equivalent
lateral forces generated were based on a site class C, seismic design category (SDC) C

and seismic use group I.

4.1 Geometry and Design

The structure’s plan was either twelve 20 ft bays in length (240 ft total) and three 20 ft
bays in depth (60 ft total) — 4:1 plan aspect ratio, or nine 20 ft bays in length (180 ft total)
and three 20 ft bays in depth (60 ft total) — 3:1 plan aspect ratio. Two symmetrically
placed shear walls locations were investigated, at the ends (ESW) or in the middle (ISW).
In all the cases investigated, 8 in. thick shear walls were placed at every floor level. The
columns were 14 in. x 14 in. and the girders were 14 in. x 24 in. As for the floor slab
diaphragm, it is a one-way 5 in. slab spanning across the frames with intermediate 14 in.

x 14 in. supporting beams, i.e., 10 ft slab span.
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Figure 4-12: Building B3 Diaphragm Plan
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Figure 4-20: Building D1 Diaphragm Plan
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detailed accordingly with the seismic parameters shown in Table 4-1. Figure 4-21 shows
the spectral acceleration that was developed from IBC [28] for the site. The enlarged
portion of the initial part of the spectrum (Fig.4-22) shows that the “flat” region where
both Tn.s and Te.w lay. Hence the seismic coefficient, Cs will not be affected and will

All buildings were assumed to be in Saint Louis, Missouri, and hence are designed and
remain at 8.9%.
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Figure 4-21: IBC 2006 [28] Site Specific Acceleration Response Spectra
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Figure 4-22: Flat Region of IBC 2006 [28] Site Specific Acceleration Response Spectra

All elements were designed using concrete compressive strength of 4000 psi and grade
60 reinforcing steel with an applied uniform live load of 50 psf and super imposed dead
load of 20 psf. Members’ structural reinforcing details are given in Table 4-2.



Table 4-1: Seismic Parameters per IBC 2006 [28]

Parameter Value
Short Period Acceleration, Se 0.57
Long Period Acceleration, S 0.19
Short Period Site Coefficient, Fa 1.17
Long Period Site Coefficient, Fv 1.59
Short Period Spectral Response Acceleration Parameter, Sps| 0.45
Long Period Spectral Response Acceleration Parameter, Sp;| 0.20
Response Modification Factor, Ry.s & Re.w 5.00
Over-strength Factor, Qo n-s & Qo E-w 2.50
Deflection Amplification Factor, Cy n-s & Cy e-w 4.50
Fundamental Period of Structure, Ty, n-s 0.31 sec.
Fundamental Period of Structure, Ty e-w 0.31 sec.
Base Shear Seismic Coefficient, Cs 8.9 %

Table 4-2: Reinforced Concrete Elements Details per ACI 318-08 [2]

Element Type

Element Size

Steel Reinforcing

Slab 5in. #3 @ 12 in. one-way

Columns 14 in. X 14 in. [8-#6 verticals w/#3 @ 6 in. ties

Walls 8in. #6 @ 12 in. each way vertical & horizontal
3-#5 top & bottom w/#3 @ 10 in. stirrups —

Girders 141n.x241n ge;(é tt%sogdbcs)lt?gh w/#3 @ 10 in. stirrups —
next to open slab.

Beams 14 in. x 14 in. |6-#5 top & bottom w/#3 @ 6 in. stirrups

41
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4.2 Parameters Investigated

The following parameters influencing floor diaphragms behavior are investigated in this

research:
I. Diaphragm aspect ratio,
ii. Floor opening location,
iii. Shear wall locations,
iv. Hysteretic parameters,
V. Diaphragm models (rigid, elastic and inelastic), and
Vi, Ground motions.

4.2.1 Diaphragm Aspect Ratio

The diaphragms’ aspect ratio of 3:1 and 4:1 were chosen to investigate the applicability
of various floor diaphragm type assumptions (i.e., rigid, elastic, inelastic). For example,
rigid diaphragm assumption is not only a common industry practice but also a code
requirement in ASCE 7-05 [7] section 12.3.1.2 for buildings with diaphragm aspect ratio
of 3:1 or less; however, the effect of diaphragm openings is ignored in such buildings.

4.2.2 Floor Opening Locations

Several scenarios of diaphragm opening locations are investigated: openings at the
building ends (more vulnerable to shear yielding and less to flexural yielding in buildings
with end shear walls), quarter points, third points and in the center (more vulnerable to
flexural yielding), where different floor diaphragm area losses are studied, 11%, 15% and
22%. Also, diaphragm openings locations placed symmetrically and non-symmetrically
placed in the building (with respect to the centerline of the building plan as well as

diaphragm cross-section) are investigated.
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4.2.3 Shear Wall Locations

Shear walls are used as the main lateral force resisting system in N-S and E-W directions.
In this research 8 in. thick ordinary concrete shear walls are used in two locations, at the
ends and at the mid-region of the buildings and their effect on lateral load distribution

and displacement examined.

4.2.4 Idealized Inplane Trilinear Moment-Curvature Curves

Flexural behavior of slabs is established using fiber model analysis. In this analysis, the
entire cross section is divided into a number of smaller sections. Each section is then
further discretized into fibers for the monotonic inelastic analysis. At the start of the
analysis, a displacement controlled loading is applied in small increments. The purpose
of this analysis is to set up a trilinear envelope that defines slab cracking and yielding.
This was done in the past by idealizing in-plane tri-linear moment-curvature curves to fit
the experimental envelope with the presence of out-of-plane loads for floor slabs without
openings [42 and 51] as shown in Figures 4-25 and 4-26, where Mc/Myieiq Of 1/3 is used.
In the present study, due to lack of available experimental results for floor slabs with
openings, a sensitivity study is conducted where the effect of Mc/Myieig ranging from 1/4

to 1/2 is investigated.

4.2.5 Hysteretic Parameters

Strength deterioration under cyclic loading in nonlinear dynamic analysis is achieved
through three parameter hysteretic model where a combination of hysteretic properties
referred to as a, 3, and y, and the idealized trilinear envelopes. The stiffness degradation
factor o specifies the degree of reduction in the unloading stiffness and the reduction in
area enclosed by the hysteresis loops for consecutive loading cycles. The pinching factor
v reduces the stiffness of the reloading paths as well as the area of the hysteresis loops

and the amount of dissipated energy. The strength deterioration factor (3 is the ratio
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computed as the amount of incremental damage caused by the increase of the maximum

response divided by the normalized incremental hysteresis energy.

The value of these parameters have been obtained through experimental observation and
engineering judgment for floor slab diaphragms without openings in the past [42 and 51].
In this current study, the effects of these three hysteretic parameters on dynamic analysis
are investigated as part of a sensitivity study . The hysteretic parameters are changed as
follows: 1.25a, a, 0.75a; 1.25y, v, 0.75y; 1.258, B, 0.753 where the average values of

these parameters were used as the base values for all other cases analyzed.

4.2.6 Diaphragm Models (Rigid, Elastic, and Inelastic)

All three types of diaphragms models are investigated: rigid, elastic and inelastic. In the
case of rigid floor diaphragms, the diaphragm is assumed to translate in plan and rotate
about a vertical axis as a rigid body with the basic assumption being that there are no in-
plane deformations in the slab-beam floor system. Hence, the force distribution in the
vertical lateral load resisting frames depends only on the relative stiffness between these
frames. When using elastic diaphragm model, the in-plane linear elastic shear and
flexural springs are used in series (i.e., in-plane yielding is not allowed). In the case of an
inelastic diaphragm model, nonlinear flexural spring (based on the idealized tri-linear
moment-curvature models explained in Section 4.2.4) are connected with inelastic shear
spring in series. Thus, deformations of the floor diaphragms after yielding of the inelastic
springs provide a more accurate prediction of the force distribution in the vertical lateral

load resisting frames.

4.2.7 Ground Motions

Since there are no available records of any severe earthquakes for the Saint Louis area,
earthquakes were chosen with a period close to that of the building in question. Three
earthquakes were selected as shown in Table 4-3 and their peak ground accelerations

(PGA) were scaled down to represent the value expected at a site in the Saint Louis area
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based on the IBC 2006 [28] value of 0.27g. Of particular interest is the Loma Prieta
(1989). It was selected since its dominant period of 0.34 seconds is close to T, n-s Of
0.31 seconds. This selection was made to maximize any resonance that may take place
during an earthquake. Since Loma Prieta’s PGA was recorded as 0.41g, thus, it was
scaled down by a factor of 0.27/0.41 or 66% as its acceleration history is shown in Figure
4-23. Fast Fourier Transform (FFT) for this earthquake record shows the dominant
frequency occurs at 2.95 Hz (Figure 4-24), which is equivalent to a dominant period of
0.34 sec.

Table 4-3: Earthquakes Characteristics Used in Dynamic Analysis

Earthquake PGA, ¢ Ty, sec. Scale
Loma Prieta - Corralitos - 1989 0.41 0.34 sec. 0.659
San Fernando - Pacoima -1971 1.15 0.40 sec. 0.235
Parkfield - Cholane -1966 0.48 0.40 sec. 0.563

Il i| \H‘\.“nla ||||‘.UL‘I PRSI Al o e b e i vt ”
‘“ ' ‘ U |$M | ‘” w 1 16 18 20 pr) 24 26 2 30 32 34 36 38

Figure 4-23: Scaled Loma Prieta Acceleration Time History



46
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Figure 4-24: Scaled Loma Prieta Fast Fourier Transform (FFT)

4.3 Modification of IDARC2 for Slab Elements with Openings

IDARC2 [56] is a program that was developed to conduct inelastic static and seismic
simulations of rectangular plan structures with inelastic diaphragms with symmetrical
floor cross-sections. The proposed analytical enhancements listed in the following
sections, will contribute to the state-of-the-art and practice in structural engineering. It
will also provide an enhanced computational tool for both the research and practicing

community to use.

4.3.1 Moment-curvature ldealization from Fiber Model Procedure

The original idealization approach in IDARC2 [56] was applicable to the building profile
tested on the shake table where the floor system consisted of a single bay in the testing
direction with symmetrical floor cross-section [51]. It was calibrated to reflect the
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behavior of the test building investigated. The tri-linear idealization envelope of the

moment curvature curves was accurate for such buildings [42, 51 & 56].

In the enhanced approach presented in this study, the program is modified so that it
would use the yielding curvature corresponding to the smaller of the curvature of the
moment-curvature slope of 0.05 of the initial slope obtained from the theoretical fiber
model or six times the cracking curvature (as shown in tests [56]), and its corresponding
yielding moment on the theoretical moment-curvature curve is used to establish the
theoretical yielding criteria. Then, for idealization of nominally reinforced slabs, where
the theoretical fiber model cracking moment is typically larger than this yield moment,
the idealized yield moment is set equal to the theoretical cracking moment. For heavily
reinforced slabs where the theoretical fiber model cracking moment is typically smaller
than the theoretical yielding moment, the idealized yield moment is taken as the average
of the theoretical yielding moment and the theoretical cracking moment (this will
represent the strength loss due to the presence of out-of plane loads, which is confirmed

with laboratory testing [48]).

Regarding the trilinear idealization of the moment curvature curve, the variation from the
initial stiffness slope is taken to be one-third of the idealized slab yielding strength when
vertical loads (out-of-plane) loads are applied (as it was observed in test results [48]).
Figures 4-25 and 4-26 show typical moment-curvature plots for such floor systems. The
fitted enhanced idealized trilinear moment-curvature curve envelope will accurately
account for the behavior of floor slab diaphragms under both inplane and out-of-plane
loads. A post-yielding stiffness of 0.0025 (El,) is used to prevent numerical instabilities

within the flexibility matrix computation used in the enhanced program.
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Figure 4-25: Idealized Moment-Curvature Envelope Curve - Nominally Reinforced Slabs
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Figure 4-26: Idealized Moment-Curvature Envelope Curve - Heavily Reinforced Slabs
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4.3.2 User Defined Idealized Moment-Curvature Curves

IDARC2 [56] had no means to account for unsymmetrical trilinear moment-curvature
properties.  This was satisfactory for the type of building tested in its original
development [42, 51 & 56]. This shortcoming particularly limits analysis of buildings
with diaphragm openings placed non-symmetrically with respect to centerline of
diaphragm cross-section. This limitation has been overcome by modifying the program
so that it can accept user-defined idealized moment-curvature curves for unsymmetrical

floor diaphragm cross-sections.

Unsymmetrical trilinear moment-curvature properties can be input in the enhanced

IDARC2 version by allowing all of the following parameters to be recognized:

e Positive and negative cracking moments, M*,, & M.
e Positive and negative yield moments, M*y & M.

e Positive and negative yield curvature, ¢*y & ¢'y.

e Initial flexural stiffness, El,.

e Post-positive flexural stiffness - 0.0025 El, minimum.

e Post-negative flexural stiffness - 0.0025 El, minimum.

Figure 4-27 shows case P1 and P2 open slab section unsymmetrical user-input trilinear

moment-curvature curve.
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Figure 4-27: Case P1/P2 Open Slab Unsymm. Trilinear Moment-Curvature Curve

4.3.3 Shear Spring Limitation

As mentioned earlier, in-plane behavior of a typical floor slab element is modeled by
inelastic flexural and shear springs connected in series (Sections 3.3). This is analogous
to behavior of a deep beam, except the effect of out-of-plane loading is also considered.
This approach will ensure that if a shear-type failure is to occur, it is captured and taken
into account. Also, in the enhanced program, trilinear shear force-deformation properties

can be user-input by specifying the following properties;

e Cracking shear force.
e Yielding shear force.
e Initial shear stiffness.
e Post-yielding shear stiffness.

e Yield shear deformation.
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However, based on the analytical and parametric investigation conducted in this research,
it is observed that the in-plane diaphragm shear forces obtained from dynamic analysis
fall below the in-plane shear capacity of the concrete slab-beam system i.e., the largest
shear force observed on any slab element with or without openings did not exceed the
shear capacity of that slab element. Therefore, use of an elastic shear spring (with GA as
the spring constant) connected in series with inelastic flexural would be adequate for
capturing the inelastic seismic behavior of reinforced concrete buildings with diaphragm
openings. Thus, user defined idealized values of extremely large magnitude for cracking
and yielding shear forces would be appropriate in modeling the inelastic behavior of the
floors slab as a combined inelastic flexural spring and elastic spring connected in series.
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Chapter 5

Analytical Study Results

In this chapter, results obtained from the pushover (inelastic static) analysis, inelastic

dynamic analysis, and the corresponding sensitivity studies are presented.

Table 5-1 presents all the different scenarios investigated. There are 20 buildings in total,
Al-A9, B1-B7, P1, P2, Cl and D1. For the analytical study (as explained in Section 4.2),
several parameters are investigated: plan aspect ratio, floor opening locations, shear wall
locations, diaphragm models, and ground motions (in total, 120 cases). Also, a
sensitivity study was conducted on a base reference case where the effect of the location
of the initial slope change location in the idealized tri-linear moment-curvature curve and
the changing of magnitudes of the three hysteretic parameters on dynamic response of the
buildings are investigated (8 additional cases). In total, results of 129 cases are analyzed
using the enhanced IDARC2 program.
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Table 5-1: All Scenarios Investigated*

Group A2 [11%]

Group A3 [11%]
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Group A4 [11%]

1AT-41-ESW-Solid-IE-LP

1A2-41-ESW-(8&5-T&E)-IE-LP

1A3-4:1-ESW-(6&7-T&E)-IE-LP

14A4-41-ESW-(1&12-T&B)-IE-LP

241-4:1-ESW-5olid-EL-LP

2A2-4:1-ESW-(8&5-T&E)-EL-LP

2A3-41-ESW-(6&7-T&E)-EL-LP

244-41-ESW-(1&12-T&B)-IE-5F

3A1-41-E5W-Zehd-RD-LP

3A2-41-E5W-(8&9-T&E)-BD-LP

3A3-41-E5W-(6&7-T&B)-BD-LP

3A4-41-E5W-(18&12-T&B)-IE-PF

441-41-E5W-Sohd-IE-BF

442-41-E5W-(B&9-T&B)-IE-SF

443-4:1-ESW-(6&7-T&B)-IE-5F

Group AS [11%]

SA1-4:1-ESW-5elid-EL-5F

S5A2-4:1-ESW-(8&5-T&E)-EL-5F

SA3-41-ESW-(6&7-T&E)-EL-5F

1A5-4:1-ESW-(2&11-T&B)-IE-LP

EA1-41-EEW-Sckd-RD-8F

6A2-41-EEW-(B&0-T&E)-ED-5F

G6A3Z-41-ESW-(6&7-T&EB)-ED-5F

2A5-41-EEW-(2&11-T&B)-IE-5F

TA1-4:1-ESW-Solid-IE-PF

TA2-41-ESW-(8&93-T&E)-IE-PF

TA3-4:1-ESW-(6&7-T&E)-IE-PF

345-41-ESW-(2&11-T&E)-IE-PF

841-4:1-ESW-5olid-EL-PF

BAZ2-4:1-ESW-(8&5-T&E)-EL-PF

BA3-41-ESW-16&7-T&E)-EL-PF

Group A6 [11%]

8A1-4:1-ESW-3olid-BD-PF

S8A2-41-ESW-(8&%-T&E)-RD-PF

943-4:1-ESW-($&7-T&E)-RD-PF

1A6-41-ESW-(3&10-T&B)-IE-LP

Group P1 [11%] - USER

Group P2 [11%] - USER

Group A9 [22%]

246-41-ESW-(3&10-T&B)-IE-3F

1P1-4:1-E5W-(8&3-M&E)-IE-LP

1P2-4:1-ESW-(6&7-M&E)-IE-LP

1AS-41-ESW-(5 67 8-T&B)-IE-LP

3A6-41-ESW-(3&10-T&B)-IE-PF

2P1-4:1-ES"W-(88&5-M&B)-EL-LP

2P2-4:1-ESW-(6&7-M&B)-EL-LP

248-4:1-ESW-(5 67 8-T&B)-EL-LP

Group A7 [11%]

3P1-41-ESW-(B&9-MEE)-ED-LP

3P2-41-ESW-(6&7-M&EE)-ED-LP

3A9-41-EEW-(56 7 8-T&B)-RD-LP

147-41-ESW-(4&5-T&R)-IE-LP

4P1-4:1-ESW-(B&-M&ER)-IE-5F

4P2-4:1-ESW-(6&7-M&R)-IE-5F

4459-41-EZW-(5 6 7 8-T&B)-IE-5F

2AT7-41-EEW-(4&5-T&B)-IE-SF

5P1-4:1-ESW-(B&5-M&E)-EL-5F

SP2-4:1-ESW-(6&7-M&E)-EL-5F

JSA-41-ESW-(5 & 7 B-T&E)-EL-5F

347-41-ESW-(4&5-T&E)-IE-PF

6P1-4:1-EXW-(8&9-M&E)-FED-5F

6P2-4:1-ESW-(6&7-M&E)-FED-5F

6AR-41-ESW-(5 6 7 B-T&E)-ED-5F

Group A8 [11%]

TP1-41-ESW-(8&9-M&B)-IE-PF

TP2-41-ESW-(6&7-M&B)-IE-PF

TAS-41-ESW-(5 6 7 8-T&E)-IE-PF

1AB-41-ESW-(5&8-T&B)-IE-LP

8P1-4:1-E3W-(88:8-M&B)-EL-PF

8P2-4:1-E3W-(687-M&B)-EL-PF

8A8-41-E5W-(5 6 7 8-T&E)-EL-FF

2A8-41-E5W-(5&8-T&B)-IE-5F

9P1-41-E5W-(8&3-M&E)-ED-FF

9P2-41-E5W-(6&7-M&E)-ED-FF

9A9-41-E5W-(5 67 8-T&B)-RD-PF

3AB-41-ESW-(5&8-T&B)-IE-PF

Group Bl [0%]

Group B2 [11%]

Group B3 [11%]

1B1-4:1-I5W-5elid-TE-LP

1B2-41-I5W-(6&7-T&R)-IE-LP

1B3-41-IW-(1&12-T&E)-IE-LP

2B1-41-ISW-3Folid-EL-LP

2B2-41-ISW-($&7-T&B)-EL-LP

2B3-41-ISW-(1&11-T&E)-IE-5F

3B1-4:1-I8W-5olid-ED-LP

3B2-41-ISW-(6&7-T&E)-FD-LP

3B3-41-I5W-(1&12-T&E)-IE-PF

4B1-4:1-ISW-Selid-[E-5F

4B2-4:1-ISW-(6&7-T&E)-IE-5F

Group B4 [11%]

SB1-4:1-I3W-5ohd-EL-5F

SB2-41-I3W-(68&7-T&B)-EL-5F

1B4-4:1-I5W-(28&11-T&E)-I[E-LP

6B 1-4:1-I5W-5ohd-ED-SF

6B2-4:1-I5W-(6&7-T&E)-ED-5F

2B4-41-I5W-(2&11-T&B)-[E-5F

TB1-4:1-I5W-5lid-IE-PF

TB2-41-I5W-(6&7-T&E)-IE-PF

3B4-41-IEW-(2&11-T&RB)-IE-PF

8B1-41-I3W-Solid-EL-PF

8B2-41-I3W-(6&7-T&E)-EL-PF

Group B5 [11%]

SB1-4:1-I5W-5olid-ED-PF

SB2-41-ISW-(6&7-T&E)-FD-PF

1B5-4:1-I5W-(3&10-T&E)-IE-LP

Group C1 [15%]

Group D1 [22%]

2B5-41-ISW-(3&10-T&E)-IE-5F

1C1-3:1-ESW-(4&6-T&E)-IE-LP

1D1-3:1-ESW-(4 5 6-T&E)-IE-LP

3B5-4:1-I5W-(3&10-T&E)-IE-PF

2C1-31-ESW-{4&6-T&E)-EL-LP

2D1-31-E3W-(4 5 6-T&B)-EL-LP

Group B6 [11%%]

3C1-3:1-E3W-(4&6-T&E)-FD-LP

3D1-3:1-ESW-(4 5 6-T&B)-FED-LP

1B6-41-I3W-i4&3-T&E)-IE-LP

4C1-3:1-E3W-(486-T&B)-IE-SF

4D1-3:1-ESW-(4 5 6-T&B)-IE-5F

2B6-4:1-I5W-(4&5-T&B)-IE-SF

5C1-31-ESW-(4&6-T&E)-EL-5F

SD1-31-EEW-(4 5 6-T&E)-EL-5F

3B6-4:1-I5W-(4&08-T&E)-TIE-PF

6C1-31-EEW-(4&6-T&E)-BD-5F

6D1-3:1-ESW-(4 5 6-T&E)-ED-5F

Group B7 [11%]

7C1-31-ESW-(48:6-T&E)-IE-PF

TD1-31-ESW-(4 5 6-T&E)-IE-PF

1B7-4:1-ISW-(5&8-T&E)-IE-LP

B8C1-31-ESW-(4&6-T&E)-EL-PF

8D1-31-ESW-(4 5 6-T&B)-EL-PF

2B7-41-ISW-(5&8-T&E)-IE-5F

8C1-31-ESW-(4&6-T&E)-RD-PF

SD1-3:1-E3'W-(4 5 6-T&E)-FD-PF

3B7-41-ISW-(5&8-T&E)-IE-PF

* Definition of terms and notations used:

First number used in the building scenario name is the scenario’s number (e.g., 9 scenarios are considered

for Building Al)

4:1 or 3:1 = Diaphragm plan aspect ratio.
Shear wall frame locations: ESW = End shear wall, ISW = Intermediate shear wall
Floor panel opening locations are given within parentheses: bay numbers are followed by M = Middle

panel, T = Top, B = Bottom

Diaphragm model used: IE = Inelastic, El = Elastic, Rd = Rigid
Scaled earthquake used: LP = Loma Prieta, SF = San Fernando, PF = Parkfield (as given in Table 4-3)
Percentages given are the diaphragm plan area reduction due to openings
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5.1 Pushover Analysis Results

The results of inelastic static analysis of all 20 buildings subjected to a lateral load with
inverted triangular distribution due to amplification of floor accelerations with increasing
height from the base of the building (i.e., pushover analysis) are presented in tabular
format in Table 5-2 and then graphical format in Figures 5-1 thru 5-20. The Inelastic
diaphragm model option of IDARC?2 [56] is selected where simplified idealized bi-linear
moment-curvature curves for all nonlinear elements are used. It is observed that the
overall nonlinear response of the buildings is mainly dominated by the yielding of the
shear wall elements at the base of building and then the top story slab elements, hence
their yielding sequence is presented in Table 5-2, followed by the graphical presentation
of the lateral load normalized by the building weight (i.e., the base shear coefficient)
versus the maximum building lateral displacement (lateral drift in % of building height)

of the most critical frame pertaining to the building investigated.

Table 5-2: Results of Building Pushover Analysis: Wall and Slab Yield Sequence

Base Shear Coefficient

Seenario Wall Tielding | Slab Vielding
141-4:1-ESW-Solid-IE 0.180 0.420
142-4:1-ESW-(3&9-T&B)-IE 0.170 0.250
143-4:1 ESW-(5&7-T&B)-IE 0.180 0.240
144-4:1-ESW-(1&12-T&B)-IE 0.170 0.380
145-4:1 ESW-(2&11-T&B)-IE 0.180 0.390
146-4:1-ESW-(3&10-T&B)-IE 0.150 0.320
147-4:1 ESW-(4&9-T&B)-IE 0.180 0.260
148-4:1-ESW-(5&8-T&B)-IE 0.150 0.240
149 41 ESW-(5678-T&B)}IE |  0.190 0.280
1B1-4:1-ISW-Solid-IE 0.170 0.490
1B2-4:1-ISW-(6&7-T&B)-IE 0.200 0.300
1B3-4:1-ISW-(1&12-T&B)-IE 0.190 0.540
1B4-4:1-ISW-(2811-T&B)-IE 0.220 _
1B5-4:1-ISW-(38&10-T&B)-IE 0.230 0.630
1B6-4:1-ISW-(489-T&E)-IE 0.230 0.520
1B7-4:1-ISW-(5&8-T&B)-IE 0.220 0.310
1P1-4:1 - ESW-(8&9-M&R)-IE 0.170 0.170
1P2-4:1-ESW-(6&7-M&B)-IE 0.170 0.170
101-3:1-ESW-(486-T&B)-IE 0.230 0.530
1D1-3:1-ESW-(4 5 6-T&B)-IE 0.240 0.590
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Figure 5-1: Pushover Results for Building 1A1 (Lateral load-vs-Drift at Frame 7)
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Figure 5-2: Pushover Results for Building 1A2 (Lateral load-vs-Drift at Frame 8)
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Figure 5-3: Pushover Results for Building 1A3 (Lateral load-vs-Drift at Frame 7)
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Figure 5-4: Pushover Results for Building 1A4 (Lateral load-vs-Drift at Frame 7)
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Figure 5-5: Pushover Results for Building 1A5 (Lateral load-vs-Drift at Frame 7)
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Figure 5-6: Pushover Results for Building 1A6 (Lateral load-vs-Drift at Frame 7)
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Figure 5-7: Pushover Results for Building 1A7 (Lateral load-vs-Drift at Frame 7)
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Figure 5-8: Pushover Results for Building 1A8 (Lateral load-vs-Drift at Frame 7)
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Figure 5-9: Pushover Results for Building 1A9 (Lateral load-vs-Drift at Frame 7)
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Figure 5-10: Pushover Results for Building 1B1 (Lateral load-vs-Drift at Frame 13)
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Figure 5-11: Pushover Results for Building 1B2 (Lateral load-vs-Drift at Frame 13)
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Figure 5-12: Pushover Results for Building 1B3 (Lateral load-vs-Drift at Frame 13)
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Figure 5-13: Pushover Results for Building 1B4 (Lateral load-vs-Drift at Frame 13)
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Figure 5-14: Pushover Results for Building 1B5 (Lateral load-vs-Drift at Frame 13)
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Figure 5-15: Pushover Results for Building 1B6 (Lateral load-vs-Drift at Frame 13)
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Figure 5-16: Pushover Results for Building 1B7 (Lateral load-vs-Drift at Frame 13)
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Figure 5-17: Pushover Results for Building 1P1 (Lateral load-vs-Drift at Frame 8)
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Figure 5-18: Pushover Results for Building 1P2 (Lateral load-vs-Drift at Frame 7)
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Figure 5-19: Pushover Results for Building 1C1 (Lateral load-vs-Drift at Frame 5)
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Figure 5-20: Pushover Results for Building 1D1 (Lateral load-vs-Drift at Frame 5)
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In building 1A1 where the plan aspect ratio is 4:1 and the shear walls are at the ends and
the floor diaphragms have no openings (see Fig. 4-1), and they behave as deep beams
with end supports, the shear wall elements at the base of building yielded first at base
shear coefficient of 0.180 and the slab elements at middle of the third floor diaphragm
yielded at a much higher (133% higher) base shear coefficient of 0.420 (Figure 5-1). As
for building 1A2, keeping the end shear walls and the aspect ratio the same, however,
openings are introduced non-symmetrically (with respect to the plan of the building) at
bays 8 and 9 (see Figure 4-2), the wall elements yielded first at base shear coefficient of
0.170, followed by the slab elements at 47% higher base shear coefficient of 0.250
(Figure 5-2). Similar yielding pattern is observed in building 1A3, where the end shear
walls and a diaphragm aspect ratio of 4:1 is maintained, but openings are interjected in
the middle bays of the building symmetrically, the wall elements yielded first at base
shear coefficient of 0.180, followed by the slab elements at 33% higher base shear
coefficient of 0.240 (Figure 5-3). In building 1A4 — where the openings are moved
towards the ends - the shear wall elements at the base of building yielded first at base
shear coefficient of 0.170 and the slab elements at middle of the third floor diaphragm
yielded at a much higher (124% higher) base shear coefficient of 0.380 (Figure 5-4).
While in building 1A5, the shear wall elements at the base of building yielded first at
base shear coefficient of 0.180 and the slab elements at middle of the third floor
diaphragm vyielded at a much higher (116% higher) base shear coefficient of 0.390
(Figure 5-5). However, building 1A6, the shear wall elements at the base of building
yielded first at base shear coefficient of 0.180 and the slab elements at middle of the third
floor diaphragm yielded at a higher (78% higher) base shear coefficient of 0.320 (Figure
5-6). For building 1A7, the shear wall elements at the base of building yielded first at
base shear coefficient of 0.180 and the slab elements at middle of the third floor
diaphragm yielded at a higher (44% higher) base shear coefficient of 0.260 (Figure 5-7).
Then again in building 1A8, the shear wall elements at the base of building yielded first
at base shear coefficient of 0.180 and the slab elements at middle of the third floor

diaphragm yielded at a higher (33% higher) base shear coefficient of 0.240 (Figure 5-8).



66

Compared to building 1A8, building 1A9 where the plan aspect ratio is 4:1 and the shear
walls are at the ends and the floor diaphragms have 8 openings — twice as in building 1A8
- the shear wall elements at the base of building yielded first at base shear coefficient of
0.190 — within 5% of 1A8 - and the slab elements at middle of the third floor diaphragm
yielded at 47% higher base shear coefficient of 0.280 (Figure 5-9). Similarly, for
building 1B1 where the plan aspect ratio is also 4:1, however, the shear walls were
shifted to the interior frames - floor diaphragms behaving as deep cantilever beams - the
walls at the base of the building yielded first at base shear coefficient of 0.170 — 11%
lower than in building 1Al - and the slabs at the middle bays of the third floor yielded at
a higher (188% higher) base shear coefficient of 0.490 — 17% higher than in building 1Al
- (Figure 5-10). As for building 1B2, where the openings are introduced symmetrically in
the middle bays of the building, the walls yielded first at base shear coefficient of 0.200
and the slab elements with openings yielded at a higher (50% higher) base shear
coefficient of 0.300 (Figure 5-11). For building 1B3 where openings are moved to the
ends of the building, the walls yielded first at base shear coefficient of 0.190 and the
middle bay slab yielded at a higher (84% higher) base shear coefficient of 0.540 (Figure
5-12). But for building 1B4 the walls yielded first at base shear coefficient of 0.220 and
none of the slab elements yielded when the building was subjected to a lateral drift of 2%
of the building height (Figure 5-13). As for building 1B5 the walls yielded first at base
shear coefficient of 0.230 and the slab yielded next at a higher (74% higher) base shear
coefficient of 0.630 (Figure 5-14). While for building 1B6 the walls yielded first at base
shear coefficient of 0.230 and the slab yielded next at a higher (126% higher) base shear
coefficient of 0.520 (Figure 5-15). Finally, for building 1B7, the wall yielded at base
shear coefficient of 0.220, followed by the yielding of the slab with opening at a base
shear coefficient of 0.310 - 41% higher - (Figure 5-16).

For buildings 1P1 and 1P2 with end shear walls and diaphragm plan aspect ratio of 4:1, at
bays 8 and 9 (Figure 4-17) and bays 6 and 9 (Figure 4-18) respectively, the 11% floor
openings are placed non-symmetrically with respect to the centerline of the floor
diaphragm cross-section.  Hence causing the slab and the shear wall to yield
simultaneously at a base shear coefficient of 0.170 (Figures 5-17 & 5-18).



67

For buildings 1C1 and 1D1 where the diaphragm plan aspect ratio is 3:1 and the shear
walls are located at the ends, the effects of reducing the floor area by 15% and 22%,
respectively, by placing the slab openings symmetrically in the floor diaphragms were
investigated (Figures 4-19 and 4-20). For building 1C1, the walls yielded first at a base
shear coefficient of 0.230 and the slabs yielded at a 130% higher base shear coefficient of
0.530 (Figure 5-19). For building 1D1, the wall yielded first at base shear coefficient of
0.240 and the slab yielded again at a 130% higher base shear coefficient of 0.590 (Figure
5-20).
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5.2 Dynamic Analysis Outcome

The outcomes gathered for the inelastic dynamic analysis of all 129 scenarios
investigated for all 20 building groups considered are presented in tabular and graphical
format in this section. A rundown of all the inelastic dynamic summary results for every
scenario is presented in Table 5-3, where the total building base shear and its distribution
to the beam-column frames and shear wall frames, henceforth are referred to as the
frames and shear walls, are given in absolute values and percentages of the total building
base shear along with the buildings periods. Subsequently, Figures 5-21 to 5-32 show the

shear distribution across frames.

Table 5-3: Inelastic Dynamic Analysis Result Summary

Scenario |Base Shear, k | %o Walls Shear| % Frames Shear | Walls Shear, k | Frames Shear, k | Period, T, sec. |
Group Al [0%]
141-4:1-ESW-Solid-IE-LP 15859.60 71.38 28.62 1141.80 457.80 0.286
241-4:1-EZW-Sohd-EL-LP 173260 73.47 26.53 1272.90 45870 0.286
341-4:1-E5W-3olid-ED-LP 1708.80 77.38 22.62 1322.20 386.60 0.247
441-4:1-ESW-Solid-IE-SF 863.31 74.57 2543 643.80 219.51 0.286
541-4:1-E3W-3olid-EL-SF 959.66 76.40 23.60 733.20 226.46 0.286
641-4:1-E5W-3olid-ED-5F 902.66 79.87 20.03 721.90 180.76 0.247
7A1-4:1-ESW-Sohd-IE-PF 930.50 76.35 23.65 710,40 220.10 0.286
841-4:1-E3W-Solid-EL-PF 1024.60 7703 22.97 789.20 235.40 0.286
941-4:1-E5W-30lid-ED-PF 1125.30 81.32 18.68 918.30 211.00 0.247
Group A2 [11%]
1A2-4:1-ESW-(8&5-T&E)-IE-LP 1533.80 69.07 30.93 105540 474.40 0.284
2A2-4:1-ESW-(8&9-T&B)-EL-LP 173740 72.82 2718 1265.20 472.20 0.284
342-41-E5W-(8&9-T&B)-ED-LP 1700.00 78.10 21.80 132770 372.30 0.237
442-4:1-ESW-(8&9-T&E)-IE-SF 771.99 72.25 27775 557.80 214.19 0.284
542-4:1-E3W-(8&9-T&E)-EL-5F 831.16 75.01 24.98 668.50 222.66 0.284
642-41-E5W-(8&9-T&B)-ED-5F 860.74 80.34 19.66 6591.50 169.24 0.237
TA2-4:1-ESW-(8&9%-T&EB)-IE-PF 867.22 73.33 26.67 £33.90 231.32 0.284
842-4:1-E3W-(8&9-T&E)-EL-PF 911.84 76,72 23.28 6599.60 212.24 0.284
942-41-ESW-(8&9-T&E)-ED-PF 972.64 80.40 19.60 782.00 190.64 0.237
Group A3 [11%]
1A3-4:1-ESW-(6&7-T&E)-IE-LP 1545.50 59.14 30.86 1068.60 476.90 0.285
243-41-E5W-(6&7-T&B)-EL-LP 1800.50 73.88 26.12 1330.20 470.30 0.285
343-41-ESW-(6&7-T&B)-ED-LP 1583.00 77.80 22.10 1241.00 352.00 0.237
443-4:1-ESW-(6&7-T&EB)-IE-5F 72433 70.82 29.18 513.00 211.33 0.285
S5A3-41-ESW-(6&7-T&B)-EL-5F 851.04 74.47 25.53 663.60 227.44 0.285
643-41-ESW-(6&7-T&B)-ED-5F 874.08 79.65 20.35 6536.20 177.88 0.237
TA3-41-ESW-(6&7-T&RB)-IE-PF 833.87 76.14 23.86 680.60 213.27 0.285
B8A3-41-ESW-(6&7-T&E)-EL-PF 952.59 7171 22.28 740,60 212.39 0.285
SA3-41-ESW-(6&7-T&E)-RD-PF 1074.40 81.65 18.35 877.20 137.20 0.237
Group Ad [11%]
144-4:1-E5W-(14812-T&E)-IE-LP 1586.80 59,66 30.34 110540 481.40 0.280
244-41-E5W-(1&12-T&E)-IE-SF 798.22 7371 26.28 588.40 209.52 0.280
344-41-E5W-(1&12-T&E)-IE-PF 858.46 54.70 35.30 555.40 303.06 0.280
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Scenario |Base Shear, k | %o Walls Shear| % Frames Shear | Walls Shear, k | Frames Shear, k | Period, T, sec.
Group AS [11%]
145-41-ESW-(2&11-T&B)-IE-LP 1578.10 70.64 2936 1114.80 463.30 0.281
24854 1-EZW-(2&11-T&B)-IE-5F 811.02 7398 26.02 600.00 211.02 0.281
345-4:1-E3W-(2&11-T&B)-IE-PF 851.64 65.26 3474 555.80 29584 0.281
Group A6 [11%]
146-41-ESW-(3&10-T&B)-IE-LP 1553.40 69,72 30.28 1083.10 470.30 0.282
246-4:1-E3W-(3&10-T&B)-IE-SF 801.63 73.59 2641 589.90 21173 0.282
346-4:1-E3W-(3&10-T&R)-IE-PF 853.66 6473 35.27 552.60 301.06 0.282
Group A7 [11%]
147-41-ESW-(4&5-T&B)-IE-LP 1570.80 69.68 3032 1054.60 476.20 0.284
247-4:1-E3W-(4&9-T&B)-IE-SF 763.36 72.10 27.90 550.40 212.96 0.284
347-4:1-E3W-(4&9-T&B)-IE-PF 87543 74.34 25.66 £50.80 224.63 0.284
Group A8 [11%]
148-41-ESW-(5&8-T&B)-IE-LP 1571.60 69.81 30.1% 10597.20 474.40 0.285
248-4:1-EZW-(5&8-T&B)-IE-5F 77982 7271 27.28 567.00 212.82 0.285
3A8-4:1-E3W-(5&8-T&B)-IE-PF 917.08 74.58 2542 £34.00 233.08 0.285
Group A9 [22%]
149-41-ESW-(5 6 7 8-T&E)-IE-LP 1541.10 69.15 30.85 1065.60 475.50 0.282
249-4:1-E3W-(5 67 8-T&B)-EL-LP 16599.80 72.02 27.98 1224.20 475.60 0.282
3A9-4:1-E3W-(5 67 8-T&B)-RD-LP 1630.70 7974 20.26 1300.40 330.30 0.229
449-41-E3W-(5 6 7 3-T&B)-IE-5F 751.10 75.68 2432 568.40 182.70 0.282
5A9-4:1-E3W-(5 67 8-T&B)-EL-5F 862.63 7389 26.11 £37.40 22523 0.282
649-4:1-E3W-(5 6 7 8-T&B)-RD-3F 853.67 20.80 19.20 £39.80 163.87 0.229
TAY-41-ESW-(5 6 7 8-T&B)-IE-PF 94336 7270 27.30 £35.80 257.56 0.282
8A9-4:1-ESW-(5 6 7 8-T&E)-EL-PF 90639 69.77 3023 632,40 27399 0282
949-4:1-E3W-(5 6 7 8-T&B)-RD-PF 1096.90 81.78 18.22 8397.00 199.90 0.229
Group B1 [0%]
1B1-4:1-ISW-Solid-IE-LP 159443 78.74 21.26 125540 339.03 0.190
2B1-4:1-ISW-8olid-EL-LP 1601.99 80.36 19.64 1287.40 314.59 0.190
3B1-4:1-ISW-Solid-RD-LP 1703.91 83.87 16.13 1429.00 274.91 0.162
4B1-4:1-ISW-Solid-IE-SF 983.64 82.04 17.96 807.00 176.64 0.190
5B1-4:1-ISW-Solid-EL-SF 1000.21 87.36 12.64 873.80 126.41 0.190
6B1-4:1-I1SW-Solid-RD-SF 923.25 83.70 16.30 772.80 150.45 0.162
7B1-4:1-ISW-Solid-IE-PF 1145.60 81.54 18.46 934.10 211.50 0.190
8B1-4:1-ISW-Solid-EL-PF 1204.96 83.67 16.33 1008.20 196.76 0.190
9B1-4:1-ISW-Solid-RD-PF 1527.92 86.90 13.10 1327.70 200.22 0.162
Group B2 [11%]
1B2-4:1-ISW-(6&7-T&B)-IE-LP 1539.77 73.29 26.71 1128.50 411.27 0.200
2B2-4:1-ISW-(6&7-T&B)-EL-LP 1642.49 77.90 22.10 1279.50 362.99 0.200
3B2-4:1-1SW-(6&7-T&B)-RD-LP 1624.02 82.76 17.24 1344.10 279.92 0.156
4B2-4:1-ISW-(6&7-T&B)-IE-SF 873.87 77.03 2297 673.10 200.77 0.200
5B2-4:1-1SW-(6&7-T&B)-EL-SF 1076.19 78.23 21.77 841.90 23429 0.200
6B2-4:1-1SW-(6&7-T&B)-RD-SF 813.56 79.58 2042 647.40 166.16 0.156
7B2-4:1-1SW-(6&7-T&B)-IE-PF 929.33 7541 2459 700.80 228.53 0.200
8B2-4:1-ISW-(6&7-T&B)-EL-PF 1051.34 79.48 20.52 835.60 215.74 0.200
9B2-4:1-ISW-(6&7-T&B)-RD-PF 1404.37 8451 1549 1186.80 217.57 0.156
Group B3 [11%]
1B3-4:1-ISW-(1&12-T&B)-IE-LP 1611.43 79.44 20.56 1280.20 331.23 0.183
2B3-4:1-1SW-(1&12-T&B)-IE-SF 917.45 79.86 20.14 732.70 184.75 0.183
3B3-4:1-1SW-(1&12-T&B)-IE-PF 1202.34 79.05 20.95 950.50 251.84 0.183
Group B4 [11%]
1B4-4:1-ISW-(2&11-T&B)-IE-LP 1502.44 80.05 19.95 1202.70 299.74 0.166
2B4-4:1-ISW-(2&11-T&B)-IE-SF 759.32 75.00 25.00 569.50 189.82 0.166
3B4-4:1-1SW-(2&11-T&B)-IE-PF 1277.28 79.11 20.89 1010.40 266.88 0.166
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Scenario | Base Shear. k | % Walls Shear | % Frames Shear | Walls Shear, k | Frames Shear, k | Period, T, sec.
Group B5 [11%]
1B5-4:1-ISW-(3&10-T&B)-IE-LP 1443.86 78.89 21.11 1139.00 304.86 0.172
2B5-4:1-ISW-(3&10-T&B)-IE-SE 755.02 75.93 24.07 573.30 181.72 0.172
3B5-4:1-ISW-(3&10-T&B)-IE-PE 1191.76 80.04 19.96 953.90 237.86 0.172
Group B6 [11%]
1B6-4:1-ISW-(4&9-T&B)-IE-LP 1419.11 76.22 23.78 1081.70 33741 0.180
2B6-4:1-ISW-(4&9-T&B)-IE-SE 911.92 78.38 21.62 714.80 197.12 0.180
3B6-4:1-ISW-(4&9-T&B)-IE-PE 976.33 76.17 23.83 743.70 232.63 0.180
Group B7 [11%]
1B7-4:1-ISW-(5&8-T&B)-IE-LP 1432.98 73.98 26.02 1060.10 372.88 0.191
2B7-4:1-ISW-(5&8-T&B)-IE-SF §38.55 7642 23.58 640.80 197.75 0.191
3B7-4:1-ISW-(5&8-T&B)-IE-PE 783.49 71.16 28.84 557.50 22599 0.191
Group P1 [11%] - USER
1P1-4:1-ESW-(8&9-M&B)-IE-LP 1568.40 70.72 20.28 1109.10 459.30 0.279
2P1-4:1-ESW-(8&9-M&B)-EL-LP 1803.80 75.12 24.88 1355.10 448.70 0.279
3P1-4:1-ESW-(8&9-M&B)-RD-LP 1739.70 79.48 20.52 1382.80 356.90 0.237
4P1-4:1-ESW-(8&9-M&B)-IE-SF 794.52 70.12 20.88 557.10 23742 0.279
5P1-4:1-ESW-(8&9-M&B)-EL-SF 894.59 76.44 23.56 683.80 210.79 0.279
6P1-4:1-ESW-(8&9-M&B)-RD-SF 914.74 80.86 19.14 739.70 175.04 0.238
TP1-4:1-ESW-(8&9-M&B)-IE-PE 859.64 72.07 27.93 619.50 240.14 0.279
8P1-4:1-ESW-(8&9-M&B)-EL-PF 909.63 76.51 23.49 696.00 213.63 0.279
9P1-4:1-ESW-(8&9-M&B)-RD-PF 972.52 80.38 19.62 781.70 190.82 0.237
Group P2 [11%] - USER
1P2-4:1-ESW-(6&7-M&B)-IE-LP 1508.70 69.97 30.03 1055.60 453.10 0.279
2P2-4:1-ESW-(6&7-M&B)-EL-LP 1775.50 74.68 2532 1326.00 449.50 0.279
3P2-4:1-ESW-(6&7-M&B)-RD-LP 1631.20 78.70 21.30 1283.70 347.50 0.236
4P2-4:1-ESW-(6&7-M&B)-IE-SF 780.06 69.46 30.54 541.80 238.26 0.279
5P2-4:1-ESW-(6&7-M&B)-EL-SF 871.86 7421 25.79 647.00 22486 0.279
6P2-4:1-ESW-(6&7-M&B)-RD-SF 941.94 80.88 19.12 761.80 180.14 0.236
TP2-4:1-ESW-(6&7-M&B)-IE-PE 916.95 69.29 30.71 635.40 281.55 0.279
8P2-4:1-ESW-(6&7-M&B)-EL-PF 94442 7142 28.58 674.50 269.92 0.279
9P2-4:1-ESW-(6&7-M&B)-RD-PF 1071.30 80.87 19.13 866.40 204.90 0.236
Group C1 [15%]
1C1-3:1-ESW-(4&6-T&B)-IE-LP 1297.00 81.49 18.51 1056.90 240.10 0.229
2C1-3:1-ESW-(4&6-T&B)-EL-LP 1305.80 8236 17.64 1075.40 230.40 0.229
3C1-3:1-ESW-(4&6-T&B)-RD-LP 1424.60 93.07 6.93 1325.90 98.70 0.209
4C1-3:1-ESW-(4&6-T&B)-IE-SF 771.08 80.86 19.14 623.50 147.58 0.229
5C1-3:1-ESW-(4&6-T&B)-EL-SF 773.08 81.07 18.93 626.70 146.38 0.229
6C1-3:1-ESW-(4&6-T&B)-RD-SF 704.29 85.55 14.45 602.50 101.79 0.209
7C1-3:1-ESW-(4&6-T&B)-IE-PE 899.00 79.00 21.00 710.20 188.80 0.229
8C1-3:1-ESW-(4&6-T&B)-EL-PF 942.18 79.26 20.74 746.80 195.38 0.229
9C1-3:1-ESW-(4&6-T&B)-RD-PF 866.90 97.29 271 843.40 23.50 0.209
Group D1 [22%]
1D1-3:1-ESW-(4 5 6-T&B)-IE-LP 1292.80 81.54 18.46 1054.10 238.70 0.226
2D1-3:1-ESW-(4 5 6-T&B)-EL-LP 1306.40 82.56 17.44 1078.50 227.90 0.226
3D1-3:1-ESW-(4 5 6-T&B)-RD-LP 1435.10 92.78 7.22 1331.50 103.60 0.204
4D1-3:1-ESW-(4 5 6-T&B)-IE-SF 745.09 80.14 19.86 597.10 147.99 0.226
5D1-3:1-ESW-(4 5 6-T&B)-EL-SF 745.51 80.23 19.77 598.10 14741 0.226
6D1-3:1-ESW-(4 5 6-T&B)-RD-SE 740.94 85.82 14.18 635.90 105.04 0.204
7D1-3:1-ESW-(4 5 6-T&B)-IE-PF 866.03 77.65 2135 672.50 193.53 0.226
8D1-3:1-ESW-(4 5 6-T&B)-EL-PF 907.03 79.16 20.84 718.00 189.03 0.226
9D1-3:1-ESW-(4 5 6-T&B)-RD-PE 841.14 97.38 2.62 819.10 22.04 0.204
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In the Figures 5-21 through 5-32, the first graph on the top represents the base shear
distribution amongst the shear wall frames and the moment frames in percent per
scenario, i.e. 1 through 9, while the second graph on the bottom represents the base shear
distribution in absolute values with the first bar (blue) as the total building base shear, the
second bar (red) as the shear wall frames base shear, and the third bar (green) as the
moment frame base shear — per scenario, i.e. 1 through 9.
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All buildings were investigated using the three different earthquakes. For building group
Al [0%] — without openings -, with scaled Loma Prieta earthquake used as the input
dynamic load, frames took about 29% of the base shear for the inelastic, about 27% for
the elastic case and about 23% for the rigid case. While with the scaled San Fernando
earthquake, frames took about 25% of the base shear for the inelastic, about 24% for the
elastic case and about 20% for the rigid cases. As for the scaled Parkfield earthquake,
frames took about 24% of the base shear for the inelastic case, about 23% for the elastic
case and about 19% for the rigid case. It is observed that the frames are subjected to the
largest lateral loads (457.80 kips, which is about 29% of the total lateral load) in the first
scenario where inelastic slab model is used in conjunction with the scaled Loma Prieta
earthquake. This is mainly due to the fact that the dominant period of the earthquake
(0.34 sec.) was closest to the fundamental period of the building (0.31 sec.) and the floor
diaphragms experienced the largest in-plane deformations. It is also noteworthy that
using the rigid diaphragm vyields a higher total base shear of the building, but it also
results in decreased load demand on the frames since diaphragms are not allowed to

deform.

As for building group A2 [11%] — openings placed at bays 8 & 9 unsymmetrical with
respect to building plan centerline -, with scaled Loma Prieta earthquake used as the input
dynamic load, frames took about 31% of the base shear for the inelastic case, about 27%
for the elastic case and about 22% for the rigid case. While with the scaled San Fernando
earthquake, frames took about 28% of the base shear for the inelastic case, about 25% for
the elastic case and about 20% for the rigid case. As for the scaled Parkfield earthquake,
frames took about 27% of the base shear for the inelastic case, about 23% for the elastic
case and about 20% for the rigid case. It is again observed that the frames are subjected
to the largest lateral loads (474.40 kips, which is about 31% of the total lateral load) in
the first scenario when inelastic slab model is used in conjunction with the scaled Loma

Prieta earthquake, where both, walls and slab elements have yielded..

As for building group A3 [11%] — openings placed symmetrically at bays 6 & 7 with
respect to building plan centerline -, with scaled Loma Prieta earthquake used as the input

dynamic load, frames took about 31% of the base shear for the inelastic case, about 26%
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for the elastic case and about 22% for the rigid case. While with the scaled San Fernando
earthquake, frames took about 29% of the base shear for the inelastic case, about 26% for
the elastic case and about 20% for the rigid case. As for the scaled Parkfield earthquake,
frames took about 24% of the base shear for the inelastic case, about 22% for the elastic
case and about 18% for the rigid case. It is again observed that the frames are subjected
to the largest lateral loads (476.90 kips, which is about 31% of the total lateral load) in
the first scenario when inelastic slab model is used in conjunction with the scaled Loma

Prieta earthquake, where the slabs and walls have yielded.

As for building groups A4 to A8 [11%], the scaled Loma Prieta earthquake yielded the
highest frame shear in all cases where frames took about 30% of the base shear for the
inelastic case. As for the scaled San Fernando earthquake, frames took about 26% of the
base shear for the inelastic cases. As for the scaled Parkfield earthquake, frames took
about 35% of the base shear for the inelastic case. Lastly, when walls yielded under the
Loma Prieta earthquake, the frames were subjected to the largest lateral load of 481.4

Kips.

As for building group A9 [22%] — openings placed symmetrically at bays 5, 6, 7 &8 with
respect to building plan centerline -, with scaled Loma Prieta earthquake used as the input
dynamic load, frames took about 31% of the base shear for the inelastic case, about 28%
for the elastic case and about 20% for the rigid case. While with the scaled San Fernando
earthquake, frames took about 24% of the base shear for the inelastic case, about 26% for
the elastic case and about 19% for the rigid case. As for the scaled Parkfield earthquake,
frames took about 27% of the base shear for the inelastic case, about 30% for the elastic
case and about 18% for the rigid case. It is again observed that the frames are subjected
to the largest lateral loads (475.50 kips, which is about 31% of the total lateral load) in
the first scenario when inelastic slab model is used in conjunction with the scaled Loma

Prieta earthquake, where both the slab and wall elements have yielded.

As for building group B1 [0%] —without openings -, with scaled Loma Prieta earthquake
used as the input dynamic load, frames took about 21% of the base shear for the inelastic

case, about 20% for the elastic case and about 16% for the rigid case. While with the
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scaled San Fernando earthquake, frames took about 18% of the base shear for the
inelastic case, about 13% for the elastic case and about 16% for the rigid case. As for the
scaled Parkfield earthquake, frames took about 18% of the base shear for the inelastic
case, about 16% for the elastic case and about 13% for the rigid case. It is again observed
that the frames are subjected to the largest lateral loads (339.03 kips, which is about 21%
of the total lateral load) in the first scenario when inelastic slab model is used in
conjunction with the scaled Loma Prieta earthquake, where the walls yielded at the

building base.

As for building group B2 [11%] — openings placed at bays 6 & 7 symmetrically -, with
scaled Loma Prieta earthquake used as the input dynamic load, frames took about 27% of
the base shear for the inelastic case, about 22% for the elastic case and about 17% for the
rigid case. While with the scaled San Fernando earthquake, frames took about 23% of
the base shear for the inelastic case, about 22% for the elastic case and about 20% for the
rigid case. As for the scaled Parkfield earthquake, frames took about 25% of the base
shear for the inelastic case, about 21% for the elastic case and about 15% for the rigid
case. It is again observed that the frames are subjected to the largest lateral loads (411.27
kips, which is about 27% of the total lateral load) in the first scenario when inelastic slab
model is used in conjunction with the scaled Loma Prieta earthquake, where both the slab

and wall elements have yielded.

As for building groups B3 to B7 [11%)], the scaled Loma Prieta earthquake yielded the
highest frame shear in all cases where frames took about 26% of the base shear for the
inelastic case. As for the scaled San Fernando earthquake, frames took about 25% of the
base shear for the inelastic cases. As for the scaled Parkfield earthquake, frames took
about 29% of the base shear for the inelastic case at most and about 21% of the base
shear at the least. The frames were subjected to the largest lateral load (372.9 kips) when
building B7 was subjected to the scaled Loma Prieta earthquake, where both the slab and

wall elements have yielded.
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As for building group P1 [11%] — openings placed at bays 8 & 9 unsymmetrically -, with
scaled Loma Prieta earthquake used as the input dynamic load, frames took about 30% of
the base shear for the inelastic case, about 25% for the elastic case and about 21% for the
rigid case. While with the scaled San Fernando earthquake, frames took about 30% of
the base shear for the inelastic case, about 24% for the elastic case and about 19% for the
rigid case. As for the scaled Parkfield earthquake, frames took about 28% of the base
shear for the inelastic case, about 23% for the elastic case and about 20% for the rigid
case. It is again observed that the frames are subjected to the largest lateral loads (459.30
kips, which is about 30% of the total lateral load) in the first scenario when inelastic slab
model is used in conjunction with the scaled Loma Prieta earthquake, where both the slab

and wall elements have yielded.

As for building group P2 [11%] — openings placed at bays 6 & 7 unsymmetrically -, with
scaled Loma Prieta earthquake used as the input dynamic load, frames took about 30% of
the base shear for the inelastic case, about 25% for the elastic case and about 21% for the
rigid case. While with the scaled San Fernando earthquake, frames took about 31% of
the base shear for the inelastic case, about 26% for the elastic case and about 19% for the
rigid case. As for the scaled Parkfield earthquake, frames took about 31% of the base
shear for the inelastic case, about 29% for the elastic case and about 19% for the rigid
case. It is again observed that the frames are subjected to the largest lateral loads (453.10
Kips, which is about 30% of the total lateral load) in the first scenario when inelastic slab
model is used in conjunction with the scaled Loma Prieta earthquake, where both the slab
and wall elements have yielded.

As for building group C1 [15%] - openings placed at bays 4 & 6 symmetrically -, with
scaled Loma Prieta earthquake used as the input dynamic load, frames took about 19% of
the base shear for the inelastic case, about 18% for the elastic case and about 7% for the
rigid case. While with the scaled San Fernando earthquake, frames took about 19% of
the base shear for the inelastic case, about 19% for the elastic case and about 15% for the
rigid case. As for the scaled Parkfield earthquake, frames took about 21% of the base
shear for the inelastic case, about 21% for the elastic case and about 3% for the rigid

case. It is observed that the frames are subjected to the largest lateral loads (240.10 Kips,
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which is about 19% of the total lateral load) in the first scenario when inelastic slab
model is used in conjunction with the scaled Loma Prieta earthquake. However, these
frame loads were significantly less than the ones in building groups, A, B and P since the

building plan aspect ratio is 3:1, and the slab elements did not yield.

As for building group D1 [22%] — openings placed at bays 4, 5 & 6 symmetrically -, with
scaled Loma Prieta earthquake used as the input dynamic load, frames took about 18% of
the base shear for the inelastic case, about 17% for the elastic case and about 7% for the
rigid case. While with the scaled San Fernando earthquake, frames took about 20% of
the base shear for the inelastic case, about 20% for the elastic case and about 14% for the
rigid case. As for the scaled Parkfield earthquake, frames took about 22% of the base
shear for the inelastic case, about 21% for the elastic case and about 3% for the rigid
case. Itis again observed that the frames are subjected to the largest lateral loads (238.70
kips, which is about 18% of the total lateral load) in the first scenario when inelastic slab
model is used in conjunction with the scaled Loma Prieta earthquake, where only the

walls have yielded.

With regards to building periods, it is of note to mention that for building groups Al
[0%)], A2 [11%)], A3 [11%)], A9 [22%)], B1 [0%)], B2 [11%], P1 [11%], P2 [11%], C1
[15%] and D1 [22%] the building period was 10%-15% higher when the rigid slab model
is used, as compared to elastic and inelastic models, due to the higher building overall

stiffness.

As for building groups A4 [11%], A5 [11%], A6 [11%], A7 [11%], A8 [11%], the
periods were not a function of the location and size of floor openings, however, with
group B3 [11%], B4 [11%], B5 [11%], B6 [11%] and B7 [11%], the periods changed
from 0.166 sec. in the case of building group B4 to 0.191 sec. in the case of building
group B7 (15% difference), indicating that moving the openings to the mid-region of the

building, decreases the building stiffness by more than 30% as reflected in Table 5-4.



Table 5-4: Inelastic Dynamic Analysis Building Frame Displacements Summary

Gmu;: “:f a5 Bldz. Max. Top Dizpl., in. | Diaph. Max, Inplane Defl., in.
1A1-4:1-ESW-Sclid-IE-LP 1.2040 0.5920
2A1-4:1-ESW-Solid-EL-LP 1.1180 0.1830
3A14:1-ESW-Solid-RD-LP 0.8234 0.0291
441-4:1 ESW-Solid-IE-SF 0.3422 0.1906
5A1-4:1-ESW-Solid-EL-8F 0.3237 0.146%
6A1-4:1-ESW-Solid-RD-SF 0.2329 0.0154
7A1-4:1-ESW-Solid-IE-PF 0.3943 0.2636
8A1-4:1-ESW-Solid-EL-PF 03776 0.1927
9A1-4:1-ESW-Solid-RD-PF 02364 0.0233

Group A2 [11%]
1424:1-ESW-(8&2-T&B)-[E-LP 1.3230 1.0612
24241 ESW-(8&3-T&B)-EL-LP 1.0610 0.2312
3A42-4:1-ESW-(8&5-T&B)-RD-LP 0.7500 0.0812
4A24:1-ESW-(8&9-T&B)-IE-SF 0.3243 02175
5A2-4:1-ESW-(8&5-T&B)-EL-SF 0.3185 0.1938
6A2-4:1 ESW_(8&5-T&B)-RD-SF 0.2186 0.0322
742-4:1-ESW-(8&3-T&B)-IE-PF 0.4102 0.2791
§A2-4:1 ESW-(8&3-T&B)-EL-PF 0.3333 0.2328
54241 ESW-(3&3-T&B)-RD-PF 0.2436 0.0400

Group A3 [11%]

143 4:1-ESW-(6&7-T&B)-IE-LP 1.2740 0.8264
2A3-4:1-ESW-(6&7-T&B)-EL-LP 1.0660 0.2230
343-4:1 ESW-(6&7-T&B)-RD-LP 0.7190 0.0194
44341 ESW-(6& - T&B)-[E-3F 0.332 02668
543.4:1-ESW-(6&7-T&B)-EL-3F 0.3411 0.2016
6A3-4:1 ESW-(6&7-T&B)-RD-SF 0.2163 0.0128
743 4.1 ESW-(6&7-T&B)-IE-PF 04396 0.3003
8A3-4:1-ESW-(6&7-T&B)-EL-PF 0.4099 0.248%
5A3-4:1-ESW-(6&7-T&B)-RD-PF 02314 0.022

Group A4 [11%]

144 4:1-ESW-(1&12-T&B).IELP 1.0530 03383
24441 ESW-(1&12-T&B)-IE-SF 0.3109 0.1636
344.4:1.ESW-(1&12-T&B)-IE-BF 0.4083 0.2795
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Table 5-4 (Cont’d): Inelastic Dynamic Analysis Building Frame Displacements Summary

Group A5 [11%]
1454;1-ESW-(2&11-T&E)-[ELP 1.0870 0.5491
245-4:1-ESW-(2&11.T&B)-IE-SF 03134 0.1714
3A5-4:1-ESW-(2&11-T&B)-IE-PF 0.3840 02666

Group A6 [11%]
1464:1.ESW-(3&10-T&B).[ELP 1.0760 0.5128
246-4:1 ESW-(3&10-T&B)-IE-5F 03176 1933
346-4:1-E3W-(3&10-T&B)-IE-BF 03918 270

Group A7 [11%]
1474;1-ESW-(4&2-T&B)-[E-LP 237 0.8333
2A7-4:1-ESW-(4&5-T&B)-IE-SF 03233 0.2148
3A7-4:1-ESW-(4&5-T&B)-IE-PF 0.3886 02651

Group A8 [11%]

148 4:1-ESW-(3&8-T&B)-[E-LD 1.2260 0.8130
2A8-4:1-ESW-(5&8-T&B)-IE-3F 03281 0.2342
348-4:1-ESW-(3&8-T&B)-IE-PF 0.4090 02727

Group A9 [22%]
1494;1.ESW(3 6 7 8-T&B)-[E-LP 1.1970 0.7775
2A5-4:1-ESW-(5 6 7 8-T&B).EL.LP 1.0560 02394
3A5-4:1-ESW-(5 6 7 8-T&B)-RD-LP 0.5962 0.0126
4A9 4:.1.ESW-(5 6 7 8-T&B)-IESF 03494 0.2630
5AG.4:1 ESW-(3 6 7 8-T&B)-EL-SF 03371 02313
6A5-4:1-ESW-(5 6 7 8-T&B)-RD-3F 0.1986 0.0106
7A5.4:1.ESW-(5 6 7 8-T&B)-IE-BF 0.4044 03828
BAG4:1-ESW-(5 6 7 8-T&B)-EL-BF 0.3921 0.2294
34541 ESW-(5 6 7 8-T&B)-RD-PF 0.2107 0.0138

Croup B1 [0%]

1B1-4:1 SW-Sclid IELP 0.5964 0.2302
7B1-4:1-15W Solid-EL-LP 0.5719 0.1236
3B1-4:1-I5W Sohia-RD-LP 0.4750 0.022

4B1-4:1-1SW Solid-IE-SF 0.1053 0.0414
5B1-4:1-I5W-Solia-ELSF 0.0982 0.0283
6B1-4-1-I5W-Solia-RD-SF 0.0617 0.0086
7B1-4:1-I5W-Solid-[E-PF 0.2466 0.1718
8B1-4:1-ISW _Solid-EL-PF 0.2231 0.1175
OB1-4:1-ISW -Solid-RD-PF 0.2263 0.0213
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Table 5-4 (Cont’d): Inelastic Dynamic Analysis Building Frame Displacements Summary

Group B2 [11%]
1B2-4:1-18W-(6& -T&B)-IE-LP 0.6730 0.4054
2B2-4:1-15W-(6&7-T&B)-EL-LD 0.4933 0.1173
3B24:1-5W-(6&7-T&B)-RD-LP 04333 0.0266
4B2-4:1-ISW(6& 7-T&B)-IE-SF 0.1403 0.0944
5B2-4:1-1SW-(6& 7-T&B)-ELSF 02636 02034
6B2-4:1-ISW-(6& 1-T&B)-RD-SF 0.0565 0.0080
7B2-4:1-I5W-(6& 7-T&B)-IE-PF 10110 0.9270
8B2-4:1-15W-(6& 1-T&B)-EL-PF 0.0729 0.1841
5B2-4:1-15W-(6& ]-T&B)-RD-PF 0.2172 0.0236
Group B3 [11%]
1B3-4:1-18W-(1&12-T&B)-[E-LP 0.5040 0.1960
2B34:1-I5W-(1&11-T&B)-[E-5F 0.0382 0.0997
3B3-4:1-ISW-(1&12-T&B)-IE-PF 02173 0.1225
Group B4 [11%]
1B4-4:1-1SW-(2&11-T&B)-IE-LP 0.4033 0.1338
JB44:1-I5W-(2&11-T&B)-[E-5F 0.0353 0.0636
3B4-4:1-15W-(2&11-T&B)-[E-FF 0.2766 0.1606
Group B3 [11%]
1B3-4:1-18W-(3&10-T&B)-[E-LP 0.4746 0.2300
2B5-4:1-I5W-(3&10-T&B)-[E-5F 0.0430 0.0976
3B5-4:1-ISW-(3&10-T&B)-IE-PF 0.2150 0.1378
Group B6 [11%]
1B6-4:1-1SW-(4&9-T&B)-[E-LP 0.5348 03404
1B6-4:1-5W-(4&8-T&B)-IE-SF 0.0450 0.1278
3B6-4:1-15W-(44&8-T&B)-IE-PF 0.0745 0.1267
Group BT [11%]
1B7-4:1 18W-(3&8-T&B)-IE-LP 0.5003 0.2960
2B7-4:1-I5W-(3&8-T&B)-IESF 0.0462 0.1461
3B7-4:1-1SW-(5&8-T&B)-IE-PF 0.0557 0.2000
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Table 5-4 (Cont’d): Inelastic Dynamic Analysis Building Frame Displacements Summary

Croup P1 [11%] - USER

121-4:1-E8W-(8&%-M&AR)-IE-LP 1.2410 0.8535
2P1-4:1-E8W-(8&5-M&E)-EL-LP 1.0430 03120
3P1-4:1-ESW-(8&5-M&EB)-RD-LP 0.7402 0.0744
4P1-4:1-E8W-{84&5-LI&B)-IE-SF 03926 0.2738
3P1-4:1-EEW(8&%-M&B)-EL-EF 0.3371 0.1612
6P 1-4:1-EEW-(3&%-M&RB)-FD-EF 0.2423 00338
TP1-4:1-EEW (845 -M&R)-IE-PF 03774 02367
8P1-4:1-E8W-{3&5-M&RB)-EL-PF 03773 02105
SP1-4:1-EFW-(8&5-M&B)-FD-PT 0.2437 0.0401
Croup P2 [11%)] - USER
1P2-4:1-E8W-(8& 7-M&E)-IE-LP 1.2820 0.8233
2024 1-EEW{h&7-M&ER)-EL-LP 1.0510 02226
3P2-4:1-E8W-(6&7-M&B)-FD-LP 07252 0.0222
422-4:1-E8W-(pa 7T-M&RB)-IE-EF 04326 0.3260
3P2-4:1-E8W-(6& 7-M&EB}-EL-EF 0.3413 0.1571
602 -4:1-EEW-(h& 7-M&B}-RD-EF 02366 00150
TP2-4:1-E8W-(6&7-M&B)-IE-PF 0.3528 03521
3024 1-EEW-(h&7-M&B)-EL-PF 0.3840 0.2177
GP2-4.1-EFW-(6&7-M&B)-FD-PF 0.2323 00227
Group C1 [15%]
101-3:1-E3W-(4&6-T&B)-IE-LP 0 6649 02627
2C1-21-EZW-(4&6-T&R)-EL-LP 0601 01775
3C1-31-EXW-(4&6-T&E)-ED-LF 04765 0023
4C1-31-ESW-(4&6-T&E)-IE-SF 02241 0.0725
2C1-E21-EZW-(4&6-T&R)-EL-SF 02236 0.0705
6C1-31-EXW-(4&6-T&E)-ED-5F 01586 0 0085
TC1-31-ESW-(4&6-T&E)-IE-PF 02722 01273
2C1-21-E=W-(4&6-T&R)-EL-PF 0262 01048
9C1-51-EXW-(4&6-T&E)-ED-PF 02123 00199
Group D1 [22%]
101-21-EZW-i4 5 6-T&E)-IE-LP 05912 0,191
2D1-31-EZW-(4 5 6-T&E)-EL-LP 05783 01723
3D1-21-E=W-(4 5 6-T&E)-ED-LP 0427 0.0308
4D1-31-EZW-(4 5 6-T&E)-IE-ZF 02227 00743
2D1-31-EZW-(4 5 6-T&E)-EL-5F 02224 00733
6D1-21-EZW-(4 5 6-T&E)-ED-SF 01442 0.0065
JD1-31-ESW-(4 5 6-T&E)-IE-FF 02659 01183
801-31-EZW-(4 5 6-T&E)-EL-FF 02545 00962
9D1-21-E=W-(4 5 6-T&E)-ED-PF 02168 0.0145




92

Top Jory Frame Dicplacement

Frame Displacemmerd
=
[==}
=

0.60
0 .40
n.20
n.oo . . r r r r r . r r r r )
1 2 3 4 5 fi 7 3 9 10 11 12 13
Frame#
—+—141-4:1-ESW -5 1d-IE-LP ——241-4:1.-E5W- 50 lid- EL-LP —=—34l-4:1-ESW-50lid-FD-LP
Top Qory Frame Disp lacement
140
1.20
g 100
% 080
E 0.60
E 040
010 | et = ___-‘EE::E%_
n.0n r r r . r . r . . r . r )
1 1 3 4 5 & 7 g q 10 11 12 13
Frame#
—+— 4 41-4:1-E5W - Solid-IE- 5F —8—541-4:1-ESW- 50 1id-EL- 5F —— 6 Al-4:1-E5W- Solid-FD - 5F
Top Story Frame Diep lacement
140
1.0
S 1.00
i 080
E 060
E 040
P s o=
020 e e
oo
1 2 3 4 5 fi 7 g 9 10 11 12 13

Fram e

——T41-4:1.ESW-S0 il IE-PF ——241-4:1-ESW- S0 Lid- EL-PF —— 0 41-4:1-EQW -5 14 R0 -PF
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Figure 5-42: Building B1 [0%] Top Story max. Frame Deflection vs. Frame Numbers
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Figure 5-46: Building B5 [11%] Top Story max. Frame Deflection vs. Frame Numbers
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105

Top Xory Framne Displacement

140
120 P aa—
i o e T
5 00 '_—J’7 M
2 oa :,f*” “‘k:
E 040
0.20
0.00 . . . . . . . . . . . . .
1 2 3 4 5 us 7 3 9 w1 12 13
Fram:#

—+—1P1-4:1-ESW-(6 &7 -M&R)-IE-LP ——2P2-4:1-ESW-(64&7-M&R)-EL-LP ——3P2-4:1.-ESW-(6&T-M&RB)-ED-LP

Top Story Frame Displacement

1.40
1.20
S‘ 1.00
5 080
'E' 060
E 040 T
020 4 HS‘MM
0.00
1 2 3 4 3 6 7 8 0 10 11 12 13
Frame#

—+—4P1-4:1-EEW-(6& 7-M&RB)-IE-5F —— 5P2-4:1-ESW-(6& 7-M&B)-EL-F —— 6P2-4:1-ESW-(6& T-M&B)-ED-5F

Top Sory Frame Diplacement

Frame Drisplacemnend |:

Frame®

—+—7D02-4:1-EEW-(6&7-M&E)-IE-PF —=—8P2-4:1-ESW-(6&7-M&E)-EL-PF ——9P2-4:1.ESW-(6&7-M&E»RD-T'F
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Building frame maximum displacements and maximum diaphragm inplane deflections
occurred at the top story in all buildings investigated when either elastic or inelastic slab
models are used, imposing a higher ductility demand on the interior frames. Table 5-4,
presented these displacements for all cases studied. It is evident that Loma Prieta
earthquake had caused the maximum frame displacements and maximum diaphragm

inplane deflection when using the inelastic diaphragm assumption.

5.3 Sensitivity Study Findings

As mentioned previously, a three-parameter hysteretic model is used in the inelastic
dynamic analysis to duplicate the various aspects of reinforced concrete behavior under
inelastic dynamic loading. These three-parameter hysteretic variables as mentioned
earlier are referred to as a, B, and y. The effects of stiffness degradation (through o),
strength deterioration (through B), and bond-slip pinching (through vy) on the hysteretic

behavior of the reinforced slab element was investigated through different combinations

Combination of the varying hysteretic properties and changing the shape of the idealized
trilinear moment-curvature envelopes were investigated as part of a sensitivity analysis
for the base case 1A3-4:1-ESW-(6&7-T&B)-IE-LP. This reference case was chosen
because it gave one of the highest frame displacements due to extensive inplane yielding
of the floor diaphragm compared to other cases examined, and it is symmetric in plan and
section. The sensitivity analysis commenced by increasing the stiffness degradation
factor a, 25% and then decreasing it to 75% the base value. Similarly, the pinching
factor yis increased by 25% and then reduced to 75% the base value. Finally, the
strength deterioration factor B is increased by 25% and then reduced to 75% the base

value.

Regarding the trilinear idealization for moment-curvature, several approximations are
reported by testing results for diaphragms without openings where the variation from the
initial location for change of slope is taken to be one-third of the slab yield strength when
vertical loads (out-of-plane) loads are applied [48].  This variation of the apparent

cracking is changed from one-third to one-fourth to one-half the yielding moment. Also,



109

a bilinear idealization for the moment-curvature envelope was included by setting the

cracking moment to equal the yielding moment.
Thus, the sensitivity analysis required IDARC2 [56] source code modification to
implement the different moment-curvature envelope idealizations. All the sensitivity

study results are presented herein in Table 5-5.

Table 5-5: Sensitivity Study Analysis Results Summary

Scenatio Base Shear, k| %0V to Walls | %0V to Frames | V to Frames, k| Bldg Max Top Displ, .

1A3-4:1-ESW-(6&7-T&E)-IE-LP 1545.51 £69.14 30.86 476.90 1.274
1.25x 1554.10 £9.60 30.40 472,50 1.265
0.75x 1580.50 £9.75 30.25 478.10 1.277
1.25y 1542.90 £9.22 3078 474.90 1.302
0.75 1553.50 £9.44 30,56 474,70 1.298
1.258 1580.60 69.88 30,12 476.00 1.277
0.758 1546.50 69.14 30.86 47730 1.251
0.25My 1487.10 £3.48 31.52 468.70 1.567
0,500y 1644.40 70.80 29.20 480.20 1.187
1.0020y 1778.40 7353 26.47 470.80 1.104

It is apparent that the maximum top story frame displacement and building base shear did
not change significantly (less than 4% and 3% respectively). Also, the base shear

distribution to the interior frames had changed by no more than 3%.

Subsequent to the modification in the hysteretic parameters, a variation of the cracking
moment from one-quarter My to one-half My to My, i.e. bilinear idealization, was also
examined. Hence, it was noticed that the maximum top story frame displacement

changed by more than 23 % for the smallest cracking moment (0.25My).

However, the building base shears and the base shear distribution to the interior frames
were within 6% and 5% of the reference case, respectively, with the exception of the case
using the bilinear idealization assumption, where the total building base shear was
overestimated by 15% and the distribution to the interior frames was underestimated by
15%.
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These results clearly show the inadequacy of using a bilinear moment-curvature
assumption for the floor diaphragm, and the need for future verification of the actual

location of cracking moment using the idealized trilinear curve.



111

Chapter 6

Analytical Study Discussion

This research effort portrays a comprehensive picture of the in-plane behavior of
reinforced concrete floor slab diaphragms subjected to different earthquake loadings, and
the effects of their characteristics on the overall building seismic response, in particular
diaphragms with openings. In this chapter, a summary of all the findings of the inelastic
(pushover) analysis, inelastic dynamic (time-history) analysis and sensitivity study are
discussed, and design guidelines of reinforced concrete buildings with diaphragm

openings are presented.

6.1 Pushover Analysis

This section will discuss the key observations relating to the pushover analysis for all
diaphragm scenarios investigated. For building groups Al thru A9 where the floor
diaphragm plan aspect ratio is 4:1 with end shear walls, the yield sequence is shear walls
followed by slab yielding. Again, for building groups B1, thru B7 where the floor
diaphragm plan aspect ratio is 4:1 with intermediate shear walls, the yield sequence is

also shear walls followed by slab yielding.

Interestingly, for building groups P1 and P2 where the floor diaphragm plan aspect ratio
is 4:1 with end shear walls, the yield sequence is simultaneous, i.e. shear walls and slab
yield at the same time at a base shear coefficient of 0.170. This synchronized yielding is
due to the presence of openings in the bottom two bays of the slab cross-section as
compared to being symmetrically placed, i.e. top and bottom. Thus, the slab yielding
moments for open sections is reduced by 25% (from 136560 Kkip-in to 109370 Kkip-in).
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Finally, for cases C1 and D1, with end shear walls and diaphragm plan aspect ratio of
3:1, the yield sequence is shear wall yielding followed by the slab yielding.

From the preceding inelastic pushover results presented and discussed; it is evident that
the dominant yield failure mode is first shear walls and then slabs. This is the preferred
sequence, since slab diaphragms are not typically detailed for ductile behavior. Table 6-1
shows a pushover summary for all the cases investigated, showing the value for slab
displacement when slab yielding occurs and also when wall yielding takes place, hence,
illustrating how yielding of either one elements (slab or wall) influences the overall
response of the buildings.

Table 6-1: Pushover Analysis Slab Displacement Summary at Slab and Wall Yielding

Scenario _ _ At Slab '}.Tieldj.na : S— Stab Yielding Coeff. / |__ — At Wall XTield#lE : —
‘Wall Drift, %H | Frame Drift, %H | Slab Displ., in. | Wall Vielding Coeff. | Wall Drift, %H | Frame Drift, %H | Slab Displ., in.
1A1-4:1-ESW-Solid-IE 1.188 1.248 0.282 2.333 0.0409 0.0772 0.1699
1A2-4-1-ESW-(8&9-T&RB)-IE 0.282 0312 0.141 1471 0.0372 0.0783 0.1923
1A3-4:1-ESW-(6&7-T&B)-1IE 0.212 0.268 0.265 1.333 0.0387 0.0848 0.2157
1A4-4:1-ESW-(1&12-T&B)-IE 0.663 0.733 0.332 2235 0.0363 0.0748 0.1802
LAS-4:1-ESW-(2&11-T&B)-IE 0.663 0.736 0.342 2.167 0.0386 0.0794 0.1909
1A6-4:1-ESW-(3&10-T&B)-IE 0.453 0.516 0.294 1.778 0.0386 0.0804 0.1956
LAT-4:1-ESW-(4&9-T&B)-1IE 0.272 0.327 0.257 1.444 0.0386 0.0824 0.2050
LAB-4:1-ESW-(5&8-T&B)-IE 0.211 0.265 0.252 1.333 0.0385 0.0845 0.2153
1A9-4:1-ESW-(5 6 7 8-T&B)-IH 0.285 0.356 0.330 1474 0.0380 0.0936 02602
1B1-4:1-ISW-5olid-IE 1.561 1.569 0.039 2882 0.0146 0.0364 0.1020
1B2-4:1-ISW-(6&7-T&B)-1IE 0.275 0.309 0.160 1.500 0.0146 0.0500 0.1657
1B3-4:1-ISW-(1&12-T&B)-IE 1.700 1.697 0.012 2.842 0.0151 0.0347 0.0917
1B4-4:1-ISW-(2&11-T&B)-IE 1.939 1.943 0.016 - 0.0147 0.0324 0.0828
1B5-4:1-I1SW-(3&10-T&B)-IE 1.603 1.618 0.074 2.739 0.0153 0.0391 0.1114
1B6-4:1-1SW-(4&9-T&B)-1IE 0.991 1.026 0.163 2261 0.0153 0.0453 0.1404
1B7-4:1-1SW-(5&8-T&B)-1E 0.212 0.247 0.165 1.409 0.0149 0.0506 0.1671
1P1-4:1-ESW-(8&9-M&B)-IE 0.037 0.074 0.172 1.000 0.0373 0.0740 0.1718
1P2-4:1-ESW-(6&7-M&B)-IE 0.036 0.075 0.182 1.000 0.0364 0.0752 0.1816
1C1-3:1-ESW-(4&6-T&B)-IE 0.777 1.004 1.062 2304 0.0383 0.0598 0.1006
1D1-3:1-ESW-(4 5 6-T&B)-IE 0.856 1.169 1.465 2458 0.0382 0.0619 0.1109

6.2 Dynamic Response of Buildings

This section will discuss the key findings related to the inelastic dynamic analysis of all
the building scenarios examined. Yielding of the floor diaphragm slabs is reached when
the slab yields due to either inplane bending or shear yielding. However, from the
dynamic analyses; the slab shear forces were smaller than what is required to yield the

diaphragm in shear, hence, diaphragms yielded flexurally. The largest slab diaphragm
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inplane bending moments occurred at the mid-span for cases with end shear walls and at
the walls for cases with intermediate shear walls. The discussion herein will revolve
around the major parameters investigated, namely; the diaphragm plan aspect ratio,
influence of floor openings size and location, wall locations, slab diaphragm models and

earthquake type, concluded by an error index estimate for frame displacements.

Diaphragm Plan Aspect Ratio — Two ratios were examined; 3:1 (groups C and D) and 4:1

(groups A, B and P). Clearly, there was no slab yielding in the 3:1 cases. This is due to
the fact that the shear walls have yielded at significantly lower lateral loads (see Table 6-
1).. However, the influence of inplane diaphragm deformation is noticeable due to slab
in-plane cracking, resulting in the frame shear re-distribution of 81% to end walls and 9%
to interior frames, which is considerably different from the values (93% and 7%)

obtained using the rigid slab assumption, as specified by ASCE7-05 [7].

Also, for the 4:1 case, for the solid cases, i.e. Al and B1, the solid slab did not yield but
the walls did. But in the remaining 4:1 cases where openings were present, the slab
yielded when openings were in the middle third of the diaphragm plan as noticed in cases
A2, A3, A6, A7, A8, A9,B2, B6, B7, P1 and P2.

Diaphragm Opening Size (% are of the floor plan) and Location — Examined diaphragm

openings sizes varied from 0% to 22% of the floor plan area, and they were placed
within various bays in the floor plan either symmetrically or non symmetrically with
respect to the floor plan’s centerline axis in both directions (see Figures 4-1 through 4-
20). Based on assessment of dynamic analysis results (i.e., frame displacements, slab
deformations, frame shear redistributions and in-plane diaphragm displacement) the

following observations were made with respect to the slab inplane behavior;

1. Slab yielding occurred when openings were placed at bays in the middle two-
thirds of the floor plan in building groups A and P, and middle half of the floor
plan in building group B.
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2. The influence of diaphragm yielding on the seismic response of buildings is more
prominent when openings are placed non-symmetrically with respect to the floor
plan centerline axis in the N-S direction (cases A2 & P1) and in the E-W direction
(cases P1 & P2).

3. It is noted that when the slab cross-section becomes non-symmetric due to
openings, the yield capacity of the slab is significantly lower than the symmetrical
case, thus, its influence become more pronounced. Case P2 resulted in the highest

base shear frame redistribution (30%) due to slab yielding.

4. When the openings were placed at the end bays of the building with end walls, it
is noted that high percentage of base shear was gained by the interior frame using
the scaled Parkfield earthquake when neither slabs nor walls had yielded. Careful
examination of the dynamic results indicate that for this particular case, the inner
frames vibrated in and out-of-phase with respect to the end frames due to
significant reduction in the end bay slab stiffness caused by openings, resulting in
a higher percentage of the earthquake load in the inner frame. However, the total
shear force in these frames was considerably less than the other cases since the
walls and slabs had not yielded, as observed in cases 3A4 and 3Ab5.

Shear wall Location — For shear walls placed symmetrically either at the ends or in the

middle of the building; their effect on base shear distribution between shear walls and
frames was generally similar amongst the two different shear wall layouts for a given
earthquake type.

Slab Diaphragm Models — For all three floor diaphragm types investigated (inelastic,

elastic and rigid), the frame shear is shown to be much higher in the inelastic floor slab
diaphragm model than the elastic case, and the least for the rigid model. This difference
is more evident for buildings with plan aspect ratio of 4:1 than it is for 3:1. Since shear
walls are designed to take the entire base shear, nonetheless, the use of elastic or rigid

diaphragm models undervalues the base shear forces taken by the interior frames.
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Additionally, the effects of energy dissipation due to slab cracking and hysteretic action
in the inelastic model, and hence, longer period, resulted in lower base shear compared to
the elastic or rigid slab models. Henceforth, it is evident from the frame displacement
results that the maximum displacement occurred at the top story and also under the
inelastic floor diaphragm assumption, which allows for inplane slab cracking and
yielding. This generally results in additional earthquake loads carried by the interior

frames.

Types of Scaled Earthquakes — Three different scaled earthquakes were used, namely,

Loma Prieta, San Fernando and Parkfield. Loma Prieta, yielded the highest building base
shears and frame displacements. However, as explained earlier, Parkfield’s dynamic
results in cases 3A4 and 3A5 had exhibited an out-of-phase dynamic behavior between
the end frames and the interior frames where the interior frames took the highest share of
total building base (35%).

Maximum Building Frame Displacement Error Index — An error index relating the

maximum interior frame inelastic displacement to the ASCE 7-05 [7] prescribed inelastic
frame displacements, which is obtained by multiplying the elastic frame displacement by
Cq of 4.5 to account for the inelastic behavior of the building. Hence, for buildings with
plan aspect ratio of 4:1 with end walls, an error Index for the top story maximum inelastic

displacement relative to the code prescribed one is given by:

Aop.Level Interior-Frame Maimum Inelastic.Di —A pscer-
Error . |ndeX — ( Top-Level-Interior-Frame-Maximum:Inelastic-Displacement ASCE7 05) [Eq6'1]

A ASCE 7-05

Table 6-3 illustrates that the error index varies from a minimum of about 16% up to a
high of 56%, when 11% floor openings are placed non-symmetrically with respect to
both axis of the building. It is evident that the building code [28] clearly underestimates
the inelastic displacements. Hence for this reason, it is recommended that the Deflection
Amplification Factor, Cq4, for this type of structure as defined in IBC 2006 [28] be

increased from the prescribed value of 4.5 to 1.56 x 4.5= 7.0, conservatively, if yielding
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of the slab diaphragms was to be allowed. Also, as it was pointed out in the previous
section, the interior frames should be designed to resist at least 30% of total lateral load
(case P2). These design recommendations are typically prohibitive, and thus more
practical recommendation are provided in Section 6.4, to insure that slab diaphragm

yielding does not occur in such buildings.

Table 6-2: Error Index for all Inelastic Building Cases Investigated

Scenatio Bldg. Max. ASCE7-05 | Bldg. Max. Dynamic Ervor Index. %
Top Displ., in. Top Displ.. in. :
1A1-4:1-ESW-Sold-IE 0.80 1.204 4977
1A2-4:1-ESW-(8&9-T&B)-1IE 0.86 1.323 53.25
1A3-4:1-ESW-(6&7-T&B)-1IE 0.88 1.274 4428
1A4-4:1-ESW-(1&12-T&B)-IE 0.82 1.053 27.68
1A5-4:1-ESW-(2&11-T&B)-1E 0.83 1.087 3147
1A6-4:1-ESW-(3&10-T&B)-1E 0.84 1.076 28.52
1A7-4:1-ESW-(4&9-T&B)-1E 0.86 1.237 4417
1A8-4:1-ESW-(5&8-T&B)-1IE 0.88 1226 39.33
1A9-4:1-ESW-(5 6 7 8-T&B)-IE 0.92 1.197 29 64
1B1-4:1-ISW-Solid-IE 0.40 0.596 48.61
1B2-4:1-ISW-(6&7-T&B)-1IE 047 0.673 43.62
1B3-4:1-ISW-(1&12-T&B)-1IE 0.34 0.504 47.23
1B4-4:1-ISW-(2&11-T&B)-1E 0.28 0405 46.83
1B5-4:1-ISW-(3&10-T&B)-1IE 032 0475 48.95
1B6-4:1-ISW-(4&9-T&B)-1E 037 0.535 44 87
1B7-4:1-ISW-(5&8-T&B)-1E 043 0.500 16.05
1P1-4:1-ESW-(8&9-M&B)-1E 0.82 1.241 52.10
1P2-4:1-ESW-(6&7-M&B)-1E 0.83 1.292 55.83
1C1-3:1-ESW-(4&6-T&B)-1IE 0.49 0.665 36.44
1D1-3:1-ESW-(4 5 6-T&B)-IE 048 0.591 2229
6.3 Sensitivity Study

As stated previously, a three-parameter hysteretic model along with an idealized trilinear
moment-curvature envelope of the slabs were used in the inelastic dynamic analysis to
duplicate the various aspects of reinforced concrete behavior under inelastic dynamic
loading. Figure 6-1 shows a typical time history plot for the top story slab element in bay
8 in building case 1P1-4:1-ESW-(8&9-M&B)-IE-LP to illustrate the hysteretic loops in
slab with unsymmetrically placed openings. It is observed that the slab element is only
subjected to two cycles of inelastic loading.  Hence, the impact of changing the



117

hysteretic parameters, o, B, y will not have a remarkable effect on the floor slab

diaphragm inelastic deformation outcome.
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Figure 6-1: Moment-Curvature time history for 1P1-4:1-ESW-(8&9-M&B)-IE-LP

When using the idealized trilinear moment curvature envelopes, the overall change in the
base shear distribution amongst the frames and shear walls was only 5% and 6%
respectively. However, frame displacements where different by 23% because of larger
inplane slab deformation due to the early cracking moment of ¥ My. This will have an
impact on architectural detailing of exterior components like glass facades and stone

claddings and must be accounted for in design.

Also, using a bilinear approximation for moment-curvature properties of slabs is not
acceptable as the maximum top story frame displacement is underestimated by more than
15%, and the base shear distribution to the interior frames is again underestimated by

more than 14%, both unconservatively.
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6.4 Suggested Design Recommendations

Based on the extensive analytical results obtained herein, it is very interesting to point out
that for all the cases evaluated in this study, the walls yielded first and then the slab as
reflected in Table 5-2.

Since all the buildings in question are in the Saint Louis area, and referencing Figure 4-
22, they all fall in the “flat region” of IBC 2006 [28] site-specific acceleration response
spectra. Hence, for all buildings studied, the building code design base shear coefficient,
Cs, is 8.9% as shown in Table 4-1.

Also, since the building periods calculated using Rayleigh’s method were all less than 0.5
sec. (Table 5-3), the exponent related to the structure period, Kk, is taken to be unity.
Thus, from IBC 2006 [28], the base shear seismic coefficient, Cy is:

k
= Wb , Wwhere k=1.0 [Eq.6-2]

Cvx K
zWi hi

and h; = h, h, = 2*h and hs = 3*h, and h is typical story height, hence, the following
algorithm is formulated,

at the first story, C,=1/6 or Fi= % [Eqg. 6-3]
\Y/

at the second story, C,=1/3 or F, :5 [Eq. 6-4]
\/

and at the roof Cs3=1/2 or Fs= 3 [Eq. 6-5]
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Figure 6-2: Seismic Force Distribution per IBC 2006 [28]

Since all floor weights are approximately equal and taking the overturning moments at

the base, per Figure 6-3;

3Vh 2Vh N Vh

Mpase = — + —=2.33Vh Eq. 6-6
Base 2 3 6 [ q ]

Using elastic wall and slab deformations (given in Table 6-1) and ASCE 7-05 [7] section
12.3 diaphragm type classification based on diaphragm inplane deformations being less
or greater than 2 times the average wall displacements, as defined in Figure 6-3, the floor
diaphragm behavior in these buildings range between stiff (elastic) to flexible, as shown
in Table 6-3.

Diaphragm

Vertical
seismic
framing

Figure 6-3: Diaphragm and Wall Displacement Terminology [7]
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Table 6-3: ASCE 7-05 [7] Diaphragm Type Classification

Scenatio Diaph. Type
1A1-4:1-ESW-Solid-IE STIFF
1A2-4:1-ESW-(8&9-T&B)-1IE STIFF
1A3-4:1-ESW-(6&7-T&B)-IE STIFF
1A4-41-ESW-(1&12-T&B)-IE STIFF
1A5-4:1-ESW-(2&11-T&B)-1E STIFF
1A6-4:1-ESW-(3&10-T&B)-1E STIFF
1A7-4:1-ESW-(4&9-T&B)-IE STIFF
1A8-41-ESW-(5&8-T&B)-IE STIFF
1A9-4:1-ESW-(5 6 7 §-T&B)-IE STIFF
1B1-4:1-ISW-Solid-1E STIFF
1B2-4:1-ISW-(6&7-T&B)-IE FLEXIBLE
1B3-4:1-ISW-(1&12-T&B)-IE STIFF
1B4-4:1-ISW-(2&11-T&B)-IE STIFF
1B53-4:1-ISW-(3&10-T&B)-IE STIFF
1B6-4:1-ISW-(4&9-T&B)-IE STIFF
1B7-4:1-ISW-(5&8-T&B)-IE FLEXIBLE
1P1-4:1-ESW-(8&9-M&B)-IE STIFF
1P2-4:1-ESW-(6&7-M&B)-IE STIFF
1C1-3:1-ESW-(4&6-T&B)-1IE STIFF
1D1-3:1-ESW-(4 5 6-T&B)-IE STIFF

With the maximum occurring load at the top story for the buildings assumed to be a
parabolic load distribution per FEMA 356 [68] as shown in Figure 6-4, applied over the
full span of the diaphragm from end shear wall to end shear wall, L, with x being the
distance from the center line of the diaphragm, and ws is the inertial load per unit length

of the floor diaphragm, hence;

15F,|, (2xY i
w, =19 {1 (L” [Eq. 6-7]

Similarly, the interior frame resistance is considered to vary parabolically over the length

of the building as shown in Figure 6-4 with interior frames taking an average of 30% of
the lateral load.
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Figure 6-4: Top Floor Diaphragm Load per FEMA 356 [68]

Henceforth, the maximum inplane slab moment assuming a conservative simple-span and
ignoring end shear walls torsional stiffness, can be obtained by calculating the area under

the shear diagram in Figure 6-4 as such;

Miogmmg = %(0.355 )(%j = 0.13125F,L = 0.065625VL = 1;% [Eq. 6-8]

With the careful examination of the inelastic static (pushover) analysis and dynamic (time
history) analysis of buildings with plan ratio of 4:1 with end walls; it is noted that to
prevent inplane slab floor diaphragm flexural yielding ( according to time history analysis
results), the ratio of the base shear coefficient corresponding to the initial yielding of the
floor diaphragm (at the top story), 0.39, to the base shear coefficient corresponding to the
initial yielding of the shear walls (at the base of the building), 0.18, should be at least
2.17 (based on the results of building 1A5). Thus, the slab moment capacity should be
increased by combining the above factor times that of the value given in Equation 6-8 as
such;

VL
MSIab(max) =2.17x 15 24

=0.143VL [Eq. 6-9]
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Combining Equation 6-9 with Equation 6-6, slab moment capacity can also be written in

terms of design over-turning moment at the base of structure:

L

Base .
h

Mgimag = 0-061M [Eq. 6-10]

Thus, it is recommended that if the provided inplane diaphragm moment capacity at the
critical slab section - as it was based on fiber model idealization moment capacities
observed in the buildings studied and as closely estimated by using inplane cracking
moment computed based on the plain concrete cross-section as specified by Equation 9.9
of the ACI 318-08 [2] - is less than the required moment given by Equation 6-10 or 6-11,
then the diaphragm chords should be reinforced as follows;

Mgjapmay =1-13M [Eq. 6-11]

Base

Again, by closely examining all the results obtained from the dynamic analysis for all the
building cases where the slab diaphragm had yielded due to the applied earthquakes;
building case 1A5-4:1-ESW-(2&11-T&B)-IE had resulted in the largest difference
amongst all the A-Group between it’s wall yielding base shear coefficient of 0.18 and
slab yielding base shear coefficient, 0.39. Thus, this case was taken as the starting point
for a series of dynamic runs, where the slab diaphragm reinforcing was increased
incrementally until the slab yielded no more. Hence; for buildings were analysis bring to
light cracking in floor slabs reinforced for nominal gravity loads, chords should be

reinforced so as eliminate slab yielding assuming a plain concrete slab as follows;

I\/lslab(max)
= Eq. 6-12
A< o [Eq. 6-12]

Where As is the area of chord reinforcement required to prevent floor slab diaphragms
from yielding, and D is the diaphragm over all depth.
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Chapter 7

Summary and Conclusions

There is a significant void in published literature on the subject of analysis and behavior
of reinforced concrete floor slab diaphragms with openings. All the cases investigated in
this research effort gave insight into the influence of diaphragm deformation assumptions
(inelastic, elastic and rigid) on the nonlinear seismic response of buildings with floor slab
openings. IDARC2 [56], a program that was developed to conduct inelastic static and
seismic simulations of rectangular plan structures with inelastic diaphragms, is enhanced
to account properly for floor openings (symmetric or non-symmetric). Summary and
conclusions of this study along with the suggestions for future research work are

presented in this chapter.

7.1 Summary

Floor and roof systems are designed to carry gravity loads and transfer these loads to
supporting beams, columns or walls. Furthermore, they take a major part in distributing
earthquake-induced loads to the lateral load resisting systems by diaphragm action. In
reinforced concrete buildings, inplane floor diaphragms deformations are often ignored
for simplicity in practical design (i.e., the floor systems are frequently treated as perfectly
rigid diaphragms). Past research, which is acknowledged in recent building standards,
has shown that this assumption can result in considerable error when predicting seismic
response of reinforced concrete buildings when diaphragm plan aspect ratio is greater
than 3:1 [41 & 7]. However, the influence of floor diaphragm openings (typically for the
purpose of stairways, shafts, and other architectural applications) has not been
considered. In order to investigate the influence of diaphragm openings on the seismic

response of reinforced concrete buildings, 3-story reinforced concrete buildings are
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designed as a Building Frame System with either end or interior shear walls to resist
100% of the earthquake load according to the International Building Code [28] in the
Saint Louis, Missouri, and they are analyzed with and without floor openings located at
different locations. The inelastic behavior of all the buildings is investigated under both
static lateral loads (pushover) and dynamic ground motions (time-history), where a suite
of three well-known earthquakes is scaled to model moderate ground motions in the Saint

Louis region. The findings were presented in this research effort and discussed.

7.2 Conclusions

The findings of this research along with recommendations may be cataloged as follows:

1. Results of pushover analysis indicate that end shear walls yield prior to floor
diaphragms in the building with solid floor slabs is the preferred yield sequence

and the same should be observed in building with diaphragm openings.

2. The proposed analytical enhancements to IDARC2 [56] program is achieved for
inelastic floor slab diaphragms with openings where appropriate trilinear moment-
curvature idealization algorithms are used. Also, the enhanced program is now
fully capable to analyzing unsymmetrical floor slab diaphragm thru user-defined
floor slab diaphragm properties.

3. By examining the inelastic seismic response of the reinforced concrete buildings -
with and without floor diaphragm openings - it is evident that current design
practices in ASCE 7-05 [7] and IBC 2006 [28] of disregarding diaphragm inplane
inelastic deformations for diaphragms with plan aspect ratio of 3:1 (by specifying
the use of rigid diaphragm assumption) and with floor diaphragm plan aspect ratio
of 4:1 (by allowing the use of elastic diaphragm assumption) is an inappropriate
representation of the diaphragm’s true behavior. Hence, the influence of inelastic

inplane diaphragm deformations due to floor openings cannot be overlooked in
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such buildings, particularly when the diaphragm openings are located in the
middle two-thirds of the building.

Results of dynamic analysis show that combined effects of inelastic floor
diaphragm deformation with shear wall yielding shifts the base shear to the
frames by up to 30%.

From dynamic analysis, it is observed that the inplane yielding of floor diaphragm

is controlled by flexure and not shear.

The shears taken by interior frames is much higher in the inelastic floor slab
diaphragm model than the elastic case, and more prominent for the rigid model.
Thus, the rigid floor assumption significantly underestimates the base shear of the

frames.

The maximum building frame displacement occurred at the top story under the

inelastic floor diaphragm assumption.

The maximum frame inelastic displacement was compared to the ASCE 7-05 [7]
predicted value, which is obtained by multiplying the elastic frame displacement
by the Displacement Amplification Factor (C4) to account for the inelastic
behavior of the building. It is observed that the ASCE 7-05 underestimates the
building frame displacement by up to 56% when floor diaphragms yield.

The effect of shear walls location (either at the end frames or at interior frames)

on base shear redistribution due to yielding of floor diaphragms was minimal.

The sensitivity study of the three-parameter hysteretic model used in IDARC2
[56] to account for the stiffness degradation (o), the pinching factor (y), and the
strength deterioration (B) indicates that variations of these parameters by + 25%

resulting in insignificant (less than 4%) change in the dynamic results.
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The sensitivity study of the idealized tri-linear moment curvature used for the
diaphragms was conducted by changing the variation of the cracking moment
from the initial stiffness slope of one-third the yielding moment (as specified in
IDARC?2 [56] for solid slabs) to 0.25, 0.5 and 1.0 of the yielding moment (i.e.,
bilinear idealization). It was noticed that for the smallest cracking moment
(0.25My) used, the maximum top story frame displacement changed the most (by
23%), indicating the occurrence of the largest inplane diaphragm deformation,

however, the frame base shear distribution changed only by 5%.

Using bilinear idealization for moment curvature envelope of slabs is found to be
unacceptable since it resulted in the total building base shear being overestimated
by 15%, shear distribution to the interior frames being underestimated by 15%,
and maximum frame displacement being underestimated by 14%.

To capture the proper dynamic response of buildings with diaphragm opening at
bays adjacent to the end shear walls, special care should be given to the modeling
of diaphragm deformations so that the potential out-of-phase vibration of end
frames and interior frames (due to significant reduction of slab stiffness near end

walls) is properly captured by the dynamic analysis.

Simplified design recommendation were provided for the proper amount of
reinforcing steel to be used in chord members of floor diaphragms to prevent
diaphragm yielding in such buildings.
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7.3 Suggestions for Future Research

To extend the scope limitations of this study, the following additional research is
suggested for proper understanding of inelastic seismic response of reinforced concrete
buildings with floor diaphragm openings.

1. Further investigation is needed on buildings located in more severe seismic
regions in the country where diaphragm slabs may be subjected to a larger

number of inelastic cyclic loadings.

2. More accurate moment-curvature envelopes are needed for diaphragms with
openings, where slab cracking moments are properly estimated by using
combined experimental and computational methods.

3. Inplane behavior due to heavy out-of-plane loading should be examined closely,
as the intensity of the vertical load may be very well alter the inplane behavior of

the floor slab diaphragm.
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Forward

Following the doctoral proposal defense presentation on Thursday May 12" 2005, the doctoral
committee comprising:
e Kevin Z. Truman, Ph.D., Chairman and Doctoral Supervisor,
Thomas G. Harmon, Ph.D.,
Philips L. Gould, Ph.D.,
Shirley J. Dyke, Ph.D.,
Srinivasan Sridharan, Ph.D.,
Hiroaki Mukai, Ph.D.

collectively had suggestions to better define the research scope. Hence the proposal document
was thoroughly reworked incorporating all the committee’s valuable suggestions. The
suggestions may be summarized as:

e Exploring other published literature venues on diaphragms (Dr. Gould).

e Make the research scope more precise, delineating the essential issues associated with
diaphragms-frames interaction (Dr. Harmon).

e Identifying the critical parameters of the problem and quantify their relative influence on
the diaphragms-frames interaction (Dr. Dyke).

e Other committee members had technical and textual corrections.

Dr. Gould suggested looking for more publications related to diaphragms; thirty seven new
references were obtained from PEER (Pacific Earthquake Engineering Research Center), ACI
(American Concrete Institute) Structural Journal, 8" and 13" WCEE (World Conference on
Earthquake Engineering), Engineering Structures Magazine, ASCE (American Society of Civil
Engineers) Structural and Mechanics Journals, Mid-America Earthquake Center and MCEER
(Multidisciplinary Center for Earthquake Engineering Research Information Center). A
complete literature review is found in Chapter 3.

Dr. Harmon suggested narrowing down the scope of work to only rectangular reinforced
concrete (RC) buildings and investigating the applicability of the rigid-floor assumption beyond
the elastic range. He also suggested not using SAP 2000 [15] or ETABS [16], because of their
inability to capture post-elastic behavior of concrete. Hence, IDACR2 [1] will be used instead.

The overall objectives are now defined as:

1. To develop a simplified methodology for the inelastic analysis of RC buildings with frames,
shear walls and diaphragms with openings. This methodology utilizes a local-global approach.
This approach will combine detailed local finite element analyses of diaphragms with openings
using ABAQUS [58] and calibrated inelastic hysteretic parameters for cyclic response. A
simplified and well-tested inelastic nonlinear (static and dynamic) global analysis program,
IDARC [1] (Inelastic Dynamic Analysis of Reinforced Concrete Structures) is selected for the
global analysis in the present work. In this approach, response to cyclic loading is encapsulated
in terms of three hysteretic parameters, o, 3 and y. These parameters will be calibrated for
diaphragms with openings by using available detailed experimental results [59]. Hence,



objective 1 can be viewed as enhancing IDARC [2] for the analysis of diaphragms with
openings. The enhancement shall include changing the current tedious test-input format to a
user-friendly visual-based one.' Using the newly enhanced analysis tool in calculating the
flexural and shear properties of slabs with openings; objectives 2 and 3 will be carried out.

2. To investigate the influence of openings in floor diaphragms on the lateral load distribution to
frames and shear walls considering diaphragms’ in-plane inelastic deformations, so that a
criterion can be established to judge under what conditions such openings need to be specifically
considered in a global earthquake resistant design.

3. To investigate whether ductility demands for RC buildings dictated by current building codes
[3, 25] are adequate in the context of diaphragm inelastic in-plane deformations when openings
are present and to propose appropriate design guidelines to ensure adequate performance during
an earthquake.

Dr. Dyke suggested identifying the parameters that will be studied. Virtually all parameters
influencing diaphragms behavior will be investigated in this research. In particular;

1. In-plane floor diaphragm models used in inelastic seismic response analysis. (i.e.
rigid, elastic and inelastic);

1. Lateral frame and shear wall stiffness and their locations;

iii. Floor diaphragm opening size and location;

1v. Floor plan aspect ratio.

While most of this research effort will be conducted on symmetric representative models, effects
of plan asymmetry will also be examined on small, more typical models.

Regarding objectives (2) and (3); preliminary detailed analyses have been conducted on a typical
3-D 3 story low-rise building using IDARC2 [1]. Interesting new findings are reported in
chapter 5 entitled “Methodology and Preliminary Investigations”, clearly exhibiting current
building codes [3, 25] shortcomings.

With the above suggestions and remarks accounted for, the proposed research will have a more
definitive scope that complies with the Doctoral Committee requirements.

" The source code for IDARC2 [1] has been provided by Dr. Nader Panahshahi of Southern Illinois University
Edwardsville and Dr. Sashi Kunnath of the University of California at Davis. See Appendix B for their supporting
letters.



1. Introduction

Floor and roof systems are designed to carry gravity loads and transfer these loads to supporting
beams, columns or walls. Furthermore, they play a key role in distributing lateral loads by
exhibiting diaphragm-like behavior. For that, the structural behavior of horizontal diaphragms
such as floors and roofs is often considered similar to that of an I-beam, where the flanges and
the web resist bending and shear, respectively. Because floors systems (horizontal diaphragms)
are typically deep beams with short spans, they have very high stiffness and strength in
comparison with other types of structural components and are often considered to be infinitely
rigid in reinforced concrete buildings.

Cast-in-place concrete and concrete filled metal decks are normally considered rigid diaphragms.
The concept of rigid floor diaphragms for building type structures was introduced nearly 40
years ago as a means to simplify the solution process. In the case of rigid floor diaphragms, the
floor plate is assumed to translate in plan and rotate about a vertical axis as a rigid body, the
basic assumption being that there are no in-plane deformations in the floor plate. The
disadvantage of such an assumption is that the solution will not produce any information on the
diaphragm shear stresses or recover any axial forces in horizontal members that lie in the plane
of the floors. However, this assumption has serious limitations for buildings with flexible
diaphragms. For diaphragms assumed to be infinitely stiff (rigid), the force distribution depends
only on the relative stiffness between the vertical resisting elements. With the recent advances in
numerical methods and computer technology the reasons that justified the use of rigid floor
diaphragm models may no longer be valid. Therefore, it is maybe important in some cases that
floor systems be modeled as an inelastic diaphragm so that diaphragm deformations are included
in the analysis. These deformations are important not only for the evaluation of the diaphragm
shear stresses but also to capture axial forces in members in the plane of the diaphragm. Another
type of diaphragm is the flexible diaphragm. Flexible diaphragms are usually made of either
plywood or light gage metal deck. For flexible diaphragms, diaphragm shears and moments are
typically obtained by familiar procedures for continuous beams or by tributary area method.

Openings in diaphragms for purposes of stairways, shafts, and other architectural applications
cause stress concentration around these discontinuities. These openings can also reduce the
stiffness and strength of the diaphragm unless adequate reinforcement is provided. Diaphragms
with openings are usually designed without stress calculations and are considered to be adequate
ignoring any opening effects.

Past research has indicated that the distribution of lateral seismic forces is greatly affected by in-
plane deformation of the floor diaphragms in rectangular buildings with end shear walls and
moment resisting interior frames [38]. This is particularly true when significant cracking and
yielding occurs in the floor-slab system. Also, experimental and analytical investigations at the
University of New York at Buffalo and Lehigh University have clearly shown that cracking and
even in-plane yielding of RC floor systems can be expected to occur in low-rise rectangular
buildings with end shear walls and moment resisting interior frames where the plan aspect ratio
exceeds 3 [38, 46]. In these types of buildings, the collapse can occur after failure of the interior
columns due to excessive strength and ductility demands caused by in-plane behavior of floor
diaphragms.



The collapse of Taiyo Fisheries Plant in Japan (a three story RC frame building with end walls)
was observed to have followed this type of failure. The failure of the interior columns in the
middle of the building was considered to be the cause of the collapse of the central portion of the
structure although the end walls remained standing [57].

In this research effort all three types of diaphragms (elastic, inelastic and rigid) will be addressed
in order to fully evaluate the effect of in-elastic diaphragm deformations on the seismic
performance of buildings with frames and shear walls. The inelastic dynamic response of the
buildings will be evaluated using an enhanced computer program (IDARC2 [1]) using a suite of
earthquakes as the input ground motion. This program uses macro-modeling schemes to account
for in-plane deformations due to shear and flexure in the diaphragm while considering stiffness
deterioration and strength degradation of the reinforced concrete beams, columns, shear walls
and slabs due to inelastic cyclic loadings caused by the ground motion.



2. Motivation

Although numerous publications dealt with the behavior and design of diaphragms, it is clear
that there are several issues that have not yet been resolved.

Openings in diaphragms are often unavoidable and their presence can significantly modify the
behavior of the diaphragm. At present and in many cases the designer assumes that the
diaphragm is a rigid element, totally ignoring in-plane deformations — an assumption that can
lead to erroneous results [33, 36]. Nor is it satisfactory to assume that the diaphragm acts as a
continuous elastic beam over the intermediate shear walls and frames running in the transverse
direction for low-rise rectangular buildings with longer floor aspect ratio [36, 46]. It is possible
that the effectiveness of the diaphragm can be compromised in a manner yielding an outcome
contrary to what is assumed. This issue is considered vitally important, as it is the least
understood subject in this area, since there is no quantification of the error in diaphragm shears
and frame members as a result of ignoring openings. Therefore, a systematic study of a set of
carefully devised scenarios covering a spectrum of typical configurations used in practice is
crucial where diaphragm in-plane deformations are incorporated in the analysis in order to
capture the “real” behavior of the structural members as opposed to the “assumed” one.

Even though a total collapse of the diaphragm is unlikely to be the first major event in the failure
of a building, a deterioration of its stiffness may result in a shift in the lateral loads distribution to
the load carrying vertical elements causing some members to be overloaded resulting in a failure
at that locality, thus jeopardizing the safety of the building structure and compromising the
expected diaphragm action. Focusing attention on the progressive damage of diaphragms alone,
one may anticipate a continuously evolving pattern of load distribution until failure occurs at the
location of one of the load carrying members to the diaphragm.

The proposed research will investigate the aforementioned issues in depth and will be able to

offer pertinent insights and better understanding of the structural behavior and design of RC
buildings with floor diaphragm openings when subjected to strong ground motion.

3. Literature Review

Complete review and evaluation of all available literature to date is presented and addressed by
area in Appendix B.



4. Objectives

The main goal of this research effort is to gain in-depth understanding of diaphragm behavior in
seismic response of rectangular RC buildings through the following objectives:

1. To enhance IDARC2 [1] (developed in 1988) to account for RC buildings with diaphragm
openings. Special attention will be given to the algorithms and mechanics principles governing
the in-plane behavior of diaphragms and enhancement of the current global model along with
estimated hysteretic parameters for slabs with openings. The calibration of the hysteretic
parameters to reflect diaphragm with openings will be carried out thru a more detailed local
analysis using ABAQUS [58] and available test results for shear walls with openings [59].
Simultaneously, IDARC2 [1] will be upgraded from its current text based-input pre-processing
state to a more user-friendly visual based application. IDARC2 [1] source code (in FORTRAN)
is made available thru Dr. Nader Panahshahi at Southern Illinois University Edwardsville —
SIUE, and Dr. Sashi Kunnath of the University of California at Davis — UCD (see Appendix C
for their supporting letters).

2. To investigate the applicability of rigid floor assumption (neglecting their in-plane
deformations) to modeling of floor diaphragms with openings of various sizes placed in
symmetric and asymmetric plan locations. Also, to investigate the influence of floor diaphragms
on the distribution of lateral loads among the frames and shear walls with consideration of
floors’ inelastic-in-plane deformations. This will result in establishing a criterion as to when
floor diaphragm openings in earthquake resistance design of RC rectangular buildings with shear
walls can be ignored.

3. To determine appropriate design guidelines for RC buildings with significant inelastic in-plane
diaphragm deformation to ensure that slab, frame, shear wall ductility demands due to seismic
loads are within the building codes [3, 25] acceptable range and to provide the reinforcement
detailing required to ensure adequate performance due to seismic loading.

The preliminary investigation presented in the next chapter has clearly demonstrated that floor
diaphragms ductility demands are exceeded during an earthquake and using rigid diaphragm
models is unacceptable for buildings with shear walls.

Hence, by using a suite of actual earthquake accelerations as ground motion input for the
dynamic analysis, the true behavior of the diaphragm will be better captured, which will lead to a
deeper understanding of diaphragm behavior and will result in valuable design recommendations
for the seismic design of RC buildings with flexible (elastic and inelastic) diaphragms with
openings. It will also provide a timely and enhanced computational tool for the research
community to use.



5. Methodology and Preliminary Investigation

Computer modeling has proven to be not only fast, but also a reliable means for structural
analysis and assessment. With numerical modeling being used extensively in structural
investigations as a more economical approach to expensive laboratory testing, a three-
dimensional non-linear analysis program will be used for this research, namely IDARC2 [1].
IDARC2 [1] is a non-commercial program that is available exclusively for the research
community interested in the further development of diaphragm analysis and design. Part of this
research effort will be dedicated to enhance IDARC?2 [1] fiber models to obtain the shear and
flexural properties of slabs with openings. Furthermore, finite element simulations will be
carried-out to calibrate the macro-model in-order to estimate the hysteretic parameters (o, B, v)
for slabs with openings. With the above improvements incorporated, coupled with a user-
friendly data-input pre-processor, IDARC2 [1] will provide simplified modeling for RC
buildings with walls, frames and diaphragms with openings.

5.1 IDARC2 [1] Component Framework and Modeling
A typical reinforced concrete building is modeled by IDARC2 [1] using the following six

element types: 1) Beams, 2) Columns, 3) Shear Walls, 4) Flexible (Elastic and Inelastic) or Rigid
Floor Slabs, 5) Edge Columns and 6) Transverse Beams as shown below in a discretized section:
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Figure 5-1: Typical Structure and Component Modeling [1]



5.1.1 Modeling of Structural Systems

Floor and frames masses are lumped at the floor level. 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 that 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 (DFM) — 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, 1/EL, in this model is linearly distributed along the member between the
two critical sections at the ends and the point of contraflexure. The flexural factors at the critical
sections are monitored throughout the analysis to keep the inelastic behavior of the components
during the load history; an elastic property is given to the section at the contraflexure point. The
inelastic distributed flexibility model used in the analysis of beams, columns, walls and slabs is
illustrated below as:

AMY aM

(Moment Distribution)

I ] A

Case (a) Case(b)

(Flexibility Distribution)

Figure 5-2: Distributed Flexibility Model [1]

5.1.2 Flexible Floor Slabs Models — 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 of floor slabs to vertical loads is primarily one of out-of-plane
bending leading to a more complex three-dimensional response.

A typical floor slab element connecting two parallel frames is shown in Figure 5-3. Two degrees
of freedom (DOF) per node are assumed: an in-plane rotation, 0 and a lateral translation, u. A
linear variation of flexibility is assumed in deriving the flexibility matrix.
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Figure 5-3: Details of Slab Modeling [1]
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

(Figure 5-2).

Hence:

A0, ) o AM, _
{Aeb}_[k]{AMb} [Eq. 5-1]
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where the flexibility matrix [k]is given by:

£, f 11
Kl=L{ " e [Eq. 5-2]
f,, f,| GAL|-1 1

and G is the shear modulus, A" is the effective shear area, and L is the length of the member
under consideration. For slabs and shear walls, A" is significant and cannot be ignored as in the
case of beams or columns.

For the case where the contra-flexure point lies within the element (case a):

f, = ! (6o —40’ +0’) + (1-30+3a° —a’)+ B-3a+a’)
12(ED), 12(ED), 12(ED),
[Eq.5-3]
f,="f, = ! (20 +a’) + (-l+a+a’—a’)+ ! (-l-a+a?)
12(ED), 12(ED), 12(ED),
[Eq.5-4]
f, = L et GB-a—-a’—a’)+ (I+a+a’) [Eq.5-5]
12(ED), 12(EI), 12(ED),
and for the case where the contra-flexure point lies outside the element (case b):
1 1
1= + [Eq.5-6]
4(ED), 12(EID),
f,=1f, =- Lo [Eq.5-7]
27 I2(ED,  12(ED), '
1 1
2= + [Eq.5-8]
12(EI), 4(EID),
where:
AM
a=—-=2— [Eq.5-9]
AM, +AM
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5.1.3 Development of the Stiffness Matrix

The M-0 relationships has an inverse form of the flexibility relation of Eq.5-1:

AM =[k' A0, Eq.5-10
AMb-{ ]Mb [Eq.5-10]

where [k ]is the inverted flexibility matrix.

From force-equilibrium:

AX,

AM, —[R]ANIa [Eq.5-11]
AX, | am, &
AM,

where

L

? [Eq.5-12]
s

I

[Rs] = 1
(0
0

AX, Av,

AM, AG,
=[K,] [Eq.5-13]

AX, Av,

AM, A6,
where: [K,]=[R,][K I[R,]", is the element stiffness matrix. [Eq.5-14]

5.1.4 Modeling of Frame Torsion

Any floor slab system that undergoes in-plane bending also experiences twisting due to
differential movement of the slab edges (Figure 5-3). 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 in-plane rotation is negligible and can be ignored.
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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 [46]. Modeling of torsional restraint is achieved in IDARC2 [1] 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 ¢ about the center, the frame moment My is given by:

M, =k, 0, [Eq.5-15]

The restraint provided by the columns due to the lateral deflection shown in Figure 5-3c is
evaluated as:

e:gfgj¢ﬁf [Eq.5-16]

where EI 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:

K =3Pl [Eq.5-17]
where P; is obtained from Eq.5-16 by setting 0¢= 1.

5.1.5 Beam-Column Elements

Main beam-column elements form a vertical plane in the direction of loading. They are modeled
as simple flexural springs in which shear-deformation effects have been coupled by means of

equivalent spring. A typical element with rigid panel zones is show in Figure 5-4. The inclusion
of rigid zones necessitates a transformation of the flexibility matrix as follows:
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Figure 5-4: Typical Beam-Column Element with Degrees of Freedom [1]
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[k]=[BI[k I[BT [Eq.5-18]

where:

1 1-4, A4
[B]l=—7—— [Eq.5-19]
-4, -4\ 4 1-4

5.1.6 Shear Walls

The modeling of shear wall elements is similar to that for floor slabs except (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 bending
deformation of the wall element to be caused by the vertical movements of the boundary
columns.

5.1.7 Edge Columns and Transverse Beams

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 Figure 5-1. Transverse elements are basically of two
types: beams that connect to shear walls, and beams connected to the main beams in the direction
of loading. Direct stiffness contributions arising 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 actions due to two effects,
should they become significant: (a) the axial movement of vertical elements, especially edge
columns in shear walls, (b) flexural-torsional coupling with main elements.

5.1.8 Fundamental Natural Period

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

ot = WK

= Eq.5-20
W M) 1F6:>-20]

Where [K] and [M] are the stiffness and mass matrix of the system, respectively, ® is the
fundamental frequency, and {y} is the shape vector of fundamental mode of vibration of the
system. 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.
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Therefore, the application of Eq.5-20 is direct. In discrete form, for a multi-story building, this
may be written as:

= [Eq.5-21]

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.

5.1.9 Three-Parameter Hysteretic Model

For the inelastic analysis, a proper selection of hysteretic models for the constituent components
is one of the critical factors in successfully predicting the dynamic response under strong
earthquake motions. To duplicate the various aspects of reinforced concrete behavior under
inelastic loading reversals, a three-parameter hysteretic model will be used in the inelastic
dynamic analysis.

A variety of hysteretic properties can be achieved through the combination of a tri-linear
envelope and the three parameters, referred to as o, 3, and y. The main characteristics
represented by these three parameters are stiffness degradation, strength deterioration and
pinching or bond slip, respectively (Figure 5-5). The stiffness degradation factor o specifies the
degree of reduction in the unloading stiffness and the reduction in area enclosed by the hysteresis
loops for consecutive loading cycles. The pinching factor y reduces the stiffness of the reloading
paths as well as the area of the hysteresis loops and the amount of dissipated energy. The
strength deterioration factor [ is the ratio computed as the amount of incremental damage caused
by the increase of the maximum response divided by the normalized incremental hysteresis
energy.

Appropriate combinations of o, B, and y given in Table 5-1 below are used to achieve the
hysteretic behavior observed in the experimental tests of typical reinforced concrete members.

Table: 5-1: Hysteretic Parameters Used in Dynamic Analysis [10, 46]

Element Stiffness I_Dggradation Bond-_SI_ippage Strength [?e_terioration Pgst-YieIdin_g
Coefficient, a Coefficient, y Coefficient, B Stiffness Ratio
Beam 2.00 1.00 0.00 0.015
Column 2.00 1.00 0.00 0.015
Wall Bending 3.00 1.00 0.00 0.010
Wall Shear 0.02 1.00 0.00 0.010
Slab Bending 1.00 1.00 0.10 0.010
Slab Shear 0.02 1.00 0.00 0.010
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Figure 5-5: Three-Parameter Hysteretic Model [1]
5.1.10 Inelastic Dynamic Analysis

IDARC2 [1] step-by-step dynamic response analysis involves the solution of the following
equation of motion;

My +Cy + Ky = F [Eq.5-22]
where:

F = Vector of effective loads resulting from earthquake ground motion,

M = Lumped mass matrix,

C = Damping matrix,

K = Stiffness matrix,

y = Relative displacement of the structure with respect to the ground, y is the relative speed and

yis the relative acceleration.
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Expressing Eq. 5-22 in an incremental format yields:
MAYy, + CAy; + K.y, =AF, [Eq.5-23]
The Newark Beta method is used to determine the solution of Eq. 5-23. Using a constant

average acceleration, the following equations are used to obtain incremental velocity and
incremental displacement:

Ay, =§,At +%Ayim2 [Eq.5-24]
and,
Ay, :yiAt+%'yiAt2 +%A'yim2 [Eq.5-25]

The solution of Eq. 5-25 for Ay, and its substitution into Eq. 5-24 results in:

4 4

Ay, =—— Ay, ——y. — 2§, Eq.5-26
Yi = m i T Yi T2 [Eq.5-26]
2. .

Ay; = EAyi -2y, [Eq.5-27]

The substitution of Eqgs. 5-26 and 5-27 into the incremental equation of motion, Eq. 5-23 results
in an equation to calculate the incremental displacement Ay, namely:

KAy, = AF; [Eq.5-28]

where Kiand AFSare defined as the effective stiffness matrix and incremental force vector,
respectively. This method is unconditionally stable, and it yields accurate results when a small
time interval (At) of 0.005 sec. is used in the analysis.

The methodology involved in this research being numerical in nature will involve studying
effects of various parameters of interest. Those parameters are; floor rigidity (rigid, elastic or
inelastic), three parameters (o, B3, v) used in slab hysteretic model for diaphragms with openings,
lateral member supports size and location (columns, frames, braces and shear walls), opening
size and location, number of stories, floor slab systems (one-way vs. two-way), floor-plan aspect
ratio and regularity of building plan.
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5.2 Preliminary Investigation

In the present study, a 3-story, 39ft high reinforces concrete building is devised with a diaphragm
aspect ratio of 4:1. The structure’s footprint is 12-20ft bays in length (240 ft total) and 3-20ft
bays in depth (60ft total), with w-8in. thick shear walls at each end and 14in.x14in. —13ft high
columns. The beams are 14in.x14in. and the girders are 14in. wide x 24in. deep. Floor
diaphragm is a one-way 5in. slab spanning across 13 frames with intermediate supporting beams,
1.e., 10ft span. All elements were designed and detailed to meet ACI 318-05 [3] and IBC 2006
[25] prescribed forces. The lateral force resisting system in the N-S direction (short direction)
consists of “Building Frame System” in which the end shear walls (8 total) will resist the entire
seismic load. While in the E-W direction (long direction), intermediate moment resisting frames
(IMRF) are selected. The equivalent lateral forces generated were based on a site class C,
seismic design category (SDC) C and seismic use group I. Two scenarios will be investigated, a
solid diaphragm and an open diaphragm, i.e., with floor opening.
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Figure 5-7: Typical Open Diaphragm Floor Plan
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All elements were designed using 4000 psi at 28 days strength concrete and 60 ksi reinforcing
steel with an applied uniform live load of 50 psf and super imposed dead load of 20 psf.

Table: 5-2: Reinforced Concrete Elements Details per ACI 318-05 [3]

Element Type | Element Size Steel Reinforcing

Slab 5in. #3 @ 12 in. One-Way

Columns 14 in. x 14 in. |8-#6 Verticals w/#3 @ 6 in. Ties

Walls 8 in. #6 (@ 12 in. Each Way Vertical & Horizontal
Girders 14 in. x 24 in [5-#6 Top & Bottom w/#3 @ 10 in. Stirrups
Beams 14 in. x 14 in. |6-#5 Top & Bottom w/#3 @ 6 in. Stirrups

The building is assumed to be in the Saint Louis, Missouri, and hence is designed and detailed
accordingly using the following seismic parameters:

Table: 5-3: Seismic Parameters Per IBC 2006 [25]

Parameter Value
Short Period Acceleration, S 0.57
Long Period Acceleration, S, 0.19
Short Period Site Coefficient, Fa 1.17
Long Period Site Coefficient, Fv 1.59
Short Period Spectral Response Acceleration Parameter, Sps| 0.45
Long Period Spectral Response Acceleration Parameter, Sp;| 0.20
Base Shear Seismic Coefficient, Cs 8.9 %
Response Modification Factor, Ry_s 5.00
Response Modification Factor, Rg.w 5.00
Over-strength Factor, Q, n_s 2.50
Over-strength Factor, Q, g-w 2.50
Deflection Amplification Factor, Cy, n-s 4.50
Deflection Amplification Factor, Cy g-w 4.50
Fundamental Period of Structure, T, n-s 0.31 sec.
Fundamental Period of Structure, T, gw 0.43 sec.
Building Seismic Weight, W 5150 k
Long Period, Tr 12 sec.
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Since there is no available record of any severe earthquakes for the Saint Louis area, an
earthquake is chosen with a period close to that of the building in question. Loma Prieta (1989)
was selected since its dominant period of 0.34 seconds is close to T, n.s of 0.31 seconds. This
selection was made to maximize any resonance that may take place during an earthquake. Since
Loma Prieta’s peak ground acceleration (PGA) was recorded at 0.41g and the PGA for the site in
question is 0.27g, the seismic input for the dynamic analysis was scaled down by a factor of
0.27/0.41 or 66% (Fig. 5-8). Fast Fourier Transform (FFT) of the earthquake record used shows
the dominant frequency occurs at 2.95 Hz (Fig. 5-9) which is equivalent to a period of 0.34 sec.
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Figure 5-10 shows the spectral acceleration that was developed from IBC [25] for the site. The
enlarged portion (Fig.5-11) shows the “flat” region were both Tn.s and Tg.w lay. Hence the
seismic coefficient, C; will not be affected and will remain at 8.9%. The investigation will
proceed by establishing the initial member forces due to gravity loads followed by Pushover
analysis and finishing with dynamic analysis. Both case studies (solid and open) will give
insight into how different diaphragm rigidity assumptions (inelastic, elastic and rigid) will yield
different seismic responses, frame displacements and member forces.
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Figure 5-10: IBC 2006 [25] Site Specific Spectral Acceleration Response Spectra
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5.2.1 First Case Study: Solid Diaphragm

In this investigation, the solid floor plan shown in Figure 5-6 is subjected to the scaled Loma
Prieta earthquake mentioned earlier. It is noteworthy to mention that rigid and elastic
diaphragms are assumed to remain as such during an earthquake, i.e. diaphragms are not allowed
to yield.

The pushover analysis divides the ultimate base shear coefficient into load steps, and then
applies those steps incrementally. The structure ultimate base shear coefficient is assumed to
take place when the structure at any given location displaces more than 2% of the overall
building height or 9.36 in.

For the solid diaphragm case, the pushover analysis using inelastic diaphragms shows that
structure failure occurs when the interior middle frame (Frame #7) displaced 1.9% of the total
building height at a base shear coefficient value of 0.34 or 34% (compare to IBC estimate of

Q,Cs = 2.5x0.089 = 0.22 or 22%). Figure 5-12 shows top story frames displacement as a
function of base shear coefficient.
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Figure 5-12:  Solid Diaphragm Case Base Shear vs. Top Story Frames Displacement
Using Inelastic Diaphragms

From Figure 5-12, it is evident that the end shear walls yielded first (Frame 1 & 13) at base shear
coefficient value of 0.16 or 16%. The yielding then shifts towards the interior where the middle
slab panel has yielded on the top floor (third level).

Before proceeding to the dynamic analysis part, the structure’s period in the loading direction
(North-South or short direction) is determined. The rigid diaphragm structure period is 0.26 sec.
as compared to 0.301 sec. for both elastic and inelastic diaphragm structure. This is because the
period is computed using the Rayliegh method (see Eq. 5-20) where the structure stiffness
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matrix, [K] for buildings with elastic and inelastic diaphragms models are equal because they are
based on the initial stage of loading, i.e. before the diaphragm has yielded.

With the dynamic analysis consummated and the inelastic diaphragm yielding, Figure 5-13
shows that at the top floor the inelastic diaphragm frames displacements vary from 0.42 in. at the
ends (shear walls) to .38 in. at the center (Frame #7). While the elastic diaphragm frames
displacements varied from 0.96 in. to 1.25 in. Notice that the rigid diaphragm frame
displacements remained approximately the same at 1.00 in. as expected since in-plane diaphragm
deformations are not allowed to occur.

160 q

140
1204
E" 1.00 4 ~a
_i 0.80 4
g 060
i
0.40
020 4
0.00 T
1 2 3 4 3 & 7 3 9 10 11 12 13
Frame #
[+ In-Blastic —=— Blastic  Rigid]
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From Figure 5-13, for inelastic diaphragm model the maximum frame displacement is 1.38 in.
and the shear wall displacement is 0.40 in., hence the diaphragm displacement is 0.98 in. From
the pushover analysis, the interior slab yielding occurred at a base shear coefficient value of 0.22,
at that load step the displacement difference between Frames 1 and 7 is 1.96 in. — 1.74 in = 0.22
in. Thus, the ductility demand imposed on the inelastic diaphragm is 0.98/0.22 = 4.40, which is
significantly larger than the ductility provided in such floor systems, 3.0, [46]. Figure 5-15
shows the frames shear distribution for the different diaphragms types. It is clear that interior
frames do share the seismic load, which is contradictory to the prevalent assumption that end
shear walls take the entire lateral load. Even more, Figure 5-16 shows the base shear distribution
amongst the frames. Table 5-4 shows the frames base shear as a percentage of the total lateral
load.
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Table 5-4: Solid Diaphragm Case Frames Base Shear as a Percentage of the Total Lateral Load

Solid Diaphragm Maximum Base Shear Distribution, kips
Slab End Walls Interior Frames Base
Model | Shear | % Total | Shear | % Total | Shear
Inelastic | 979.80 | 75.53 |317.49| 24.47 | 1297.29
Elastic | 1120.80 | 79.33 |291.96| 20.67 | 1412.76
Rigid | 1165.20 | 81.33 |267.55| 18.67 | 1432.75

It is apparent that all the interior frames are to resist anywhere from 18% to 25% of the total
lateral seismic load. This demand is not accounted for in current design practices. The base
shear being highest for the rigid floor assumption, 1433 k is due to the period being the smallest.
While the base shear for the elastic diaphragm case is 1412 k due to a higher period. However,
for the inelastic diaphragm case, since the diaphragm has undergone cracking and yielding, the
structure has become more flexible and dissipated more energy resulting in a lower base shear,
1297 k. In spite of lowest value of total base shear (Table 5-4) interior frames are subjected to
the highest value of frame shears when inelastic slab model is used (317.49 k which is 19% and
8.7% more than the case with rigid and elastic slab models, respectively). Appendix A shows all
the figures and results relating to the first and second stories, along with hysteretic results for the
top story end shear wall and interior frame.

25



5.2.2 Second Case Study: Open Diaphragm

Pushover analysis for this case shows that yielding of frames is no longer following a symmetric
pattern using elastic, inelastic or rigid diaphragm models as compared to the solid case. This is
due to unsymmetrical stiffness and mass distribution of the floor system with the presence of the
opening (see Fig. 5-7). Note that the overall structure strength is less due to the loss of
diaphragm floor area, which resulted in a reduced in-plane bending moment capacity of the floor
diaphragm (see Fig. 5-17).
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Figure 5-17: Open Diaphragm Case Base Shear vs. Top Story Frames Displacements

From this preliminary pushover analysis, the yielding started at the slab panel between frames 8
and 9 on the first floor, then the second and then the third floor. Later, the shear walls yielded at
the lower level. It is interesting to compare the yielding pattern to that of the solid diaphragm
case. In the open case, the diaphragm yielded first because its strength was less than the solid
case due to the floor area lost by the opening, subsequently, the inelastic deformation in the
diaphragm redistributed the lateral forces to the frames from the walls. For this case, the slab
yielding occurred at base shear coefficient value of 0.08 or 8% and the pushover analysis was
stopped at a base shear coefficient value of 0.23 or 23%, which is approximately 33% less than
the solid diaphragm case for an opening size that is only about 10% of the floor area. Current
building codes [25] allow a reduction in the diaphragm area of up to 50% before regarding the
condition as a plan irregularity.

Moving to the dynamic analysis, the interior frames were subjected to almost 30.55% of the total
lateral load using the inelastic diaphragm model (compared to 24.47% in the solid case). Note
that the period is higher, 0.309 sec. as compared to 0.301 sec. due to the decreased diaphragm
stiffness in the case with opening Also, the total base shear in the open case is 29% less than the
solid case where the inelastic diaphragm model is used while no significant change in total base
shear was observed when using rigid or elastic diaphragm models. Table 5-5 shows the
complete base shear distribution results.
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Table 5-5: Open Diaphragm Case Frames Base Shear as a Percentage of the Total Lateral Load

Open Diaphragm Maximum Base Shear Distribution, kips
Slab End Walls Interior Frames Base
Model | Shear | % Total | Shear | % Total | Shear
Inelastic | 698.30 | 69.45 |307.21| 30.55 | 1005.51
Elastic | 1066.90 | 77.28 |313.63 | 22.72 | 1380.53
Rigid | 1243.80 | 83.61 |243.87| 16.39 | 1487.67

As for frames displacement, the maximum frames displacements is higher, 1.57 in. at Frame #8
as compared to 1.38 in. for the solid diaphragm case. As for the elastic and rigid diaphragm
assumption, the frame displacements were almost equal to the solid case. The slight discrepancy
(less than 1%) is due to numerical computations.
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From the normalized frame displacements (Fig. 5-19), the ductility demand on the inelastic
diaphragm is 15.32, which is significantly larger that 4.40 obtained in the solid case.

Appendix A shows all the figures and results relating to the first and second stories, along with
hysteretic results for the top story end shear wall and interior frame.
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6. Concluding Remarks and Anticipated Future Results

There is a significant void in the published literature on the subject of analysis and behavior of
diaphragms with openings. Similarly, the preliminary investigation of inelastic seismic response
of a typical three-story reinforced concrete building with end shear walls with or without
diaphragm openings (a total of six cases of dynamic time history and six cases of push-over
static analyses using IDARC2 [1]) shows that current design practices [3, 25] of ignoring
diaphragm in-plane flexibility (rigid) is an incorrect representation of the diaphragm’s true
behavior. Hence, floor openings for elevator shafts or stairs cannot be overlooked in such
buildings.

From the preliminary investigation, it is clear that interior frames resisted a significant part of
lateral loads contrary to engineering practice. For the open case, the interior frames resisted 16%,
23% and 31% for the Rigid, Elastic and Inelastic models, respectively. For the solid case, the
interior frames resisted 19%, 21% and 25% for the Rigid, Elastic and Inelastic models,
respectively. This clearly shows that in real-life, the end shear walls are over-designed while the
frames are under-designed. Also, the base shears were significantly different, 1006 k for the
open case and 1297 k for the solid case — as much as 30%. Though the building period was the
same under the rigid floor assumption for the open and solid case, the period was different for
the flexible (elastic or inelastic) floor assumption - 0.301 sec. for the solid case and 0.309 sec. for
the open case. Also, in-plane displacement ductility demand for floor diaphragms with openings
(15.3) was significantly higher than for floors without openings (4.40).

Based on examining the preliminary investigation results, it is concluded that to accurately
obtain the seismic response of RC buildings with diaphragm openings, it is necessary to use the
inelastic diaphragm model. In other words, the use of rigid or elastic diaphragm assumptions
does not capture the influence of floor opening on the seismic response of RC buildings.

Hence, this will require enhancing the current fiber model procedure in IDARC2 [1] to capture
the flexural and shear properties of slabs with openings more accurately and to properly account
for the hysteretic parameters for slabs with openings. The results will be validated with available
test data for shear walls with openings [59]. Once IDARC2 [1] inelastic algorithms are updated
to accurately account for flexible (elastic and inelastic) diaphragms with openings, a variety of
structural configurations will be studied for diaphragms with openings at various locations. It is
anticipated that clear insights will emerge on the lateral load distribution patterns to the lateral
load resisting members in scenarios of practical interest. These findings will be encapsulated in a
form of design recommendations for engineers. A criterion for as to when diaphragm in-plane
behavior and openings can be ignored will be part of those recommendations.

A clear description of the role of the diaphragm and the effect of its stiffness deterioration on the
lateral load distribution will be formulated. Such results would provide a basis for assessing the
viability of the current design procedures in the context of severe seismic loading. It is
anticipated that this research effort will be completed within 2 years.
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Appendix A — IDARC2 [1] Case Study Detailed Results

Solid Diaphragm Base Shear VS Overall Top Deformation (% Of Building Height)

STEP |Base V| Frame #1 | Frame #2 | Frame #3 | Frame #4 | Frame #5 | Frame #6 | Frame #7 | Frame #8 | Frame #9 | Frame #10 | Frame #11 | Frame #12 | Frame #13
1 0.00 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000 0.00000 0.00000
2 0.01 | 0.00220 | 0.00270 | 0.00310 | 0.00350 | 0.00380 | 0.00400 | 0.00410 | 0.00400 | 0.00380 | 0.00350 0.00310 0.00270 0.00220
3 0.02 | 0.00460 | 0.00570 | 0.00670 | 0.00750 | 0.00820 | 0.00850 | 0.00870 | 0.00850 | 0.00820 | 0.00750 0.00670 0.00570 0.00460
4 003 | 000700 | 0.00870 | 0.01020 | 0.01150 | 001250 | 0.01310 | 0.01330 | 0.01310 | 001250 | 0.01150 0.01020 0.00870 0.00700
5 0.04 | 0.00940 | 0.01170 | 0.01380 | 0.01550 | 0.01680 | 0.01760 | 0.01790 | 0.01760 | 0.01680 | 0.01550 0.01380 0.01170 0.00940
6 0.05 | 0.01190 | 0.01470 | 0.01730 | 0.01950 | 0.02120 | 0.02220 | 0.02250 | 0.02220 | 0.02120 | 0.01950 0.01730 0.01470 0.01190
7 006 | 001430 | 0.01770 | 0.02090 | 0.02350 | 0.02550 | 0.02670 | 0.02710 | 0.02670 | 0.02550 | 0.02350 0.02090 0.01770 0.01430
8 0.07 | 0.01670 | 0.02070 | 0.02440 | 0.02750 | 0.02980 | 0.03130 | 0.03180 | 0.03130 | 0.02980 | 0.02750 0.02440 0.02070 0.01670
9 0.08 | 0.01910 | 0.02380 | 0.02800 | 0.03160 | 0.03430 | 0.03590 | 0.03650 | 0.03590 | 0.03430 | 0.03160 0.02800 0.02380 0.01910
10 0.09 | 0.02160 | 0.02690 | 0.03170 | 0.03570 | 0.03880 | 0.04060 | 0.04130 | 0.04060 | 0.03880 | 0.03570 0.03170 0.02690 0.02160
11 0.10 | 0.02410 | 0.03000 | 0.03540 | 0.03990 | 0.04330 | 0.04540 | 0.04610 | 0.04540 | 0.04330 | 0.03990 0.03540 0.03000 0.02410
12 011 | 002660 | 0.03310 | 0.03910 | 0.04410 | 004790 | 0.05020 | 0.05100 | 0.05020 | 0.04790 | 0.04410 0.03910 0.03310 0.02660
13 0.12 | 0.02910 | 0.03630 | 0.04280 | 0.04830 | 0.05250 | 0.05510 | 0.05600 | 0.05510 | 0.05250 | 0.04830 0.04280 0.03630 0.02910
14 0.13 | 0.03160 | 0.03940 | 0.04660 | 0.05260 | 0.05710 | 0.05990 | 0.06090 | 0.05990 | 0.05710 | 0.05260 0.04660 0.03940 0.03160
15 0.14 | 0.03410 | 0.04260 | 0.05030 | 0.05680 | 0.06170 | 0.06480 | 0.06580 | 0.06480 | 0.06170 | 0.05680 0.05030 0.04260 0.03410
16 0.15 | 0.03670 | 0.04580 | 0.05410 | 0.06110 | 0.06630 | 0.06960 | 0.07070 | 0.06960 | 0.06630 | 0.06110 0.05410 0.04580 0.03670
17 0.16 | 0.03920 | 0.04900 | 0.05790 | 0.06330 | 0.07100 | 0.07450 | 0.07570 | 0.07450 | 0.07100 | 0.06530 0.05790 0.04900 0.03920
18 0.17 | 0.07720 | 0.08730 | 0.09650 | 0.10420 | 0.11000 | 0.11360 | 0.11490 | 0.11360 | 0.11000 | 0.10420 0.09650 0.08730 0.07720
19 0.18 | 0.12900 | 0.13930 | 0.14860 | 0.15650 | 0.16250 | 0.16620 | 0.16740 | 0.16620 | 0.16250 | 0.15650 0.14860 0.13930 0.12900
20 019 | 018980 | 0.20070 | 0.21060 | 021890 | 022520 | 022910 | 0.23050 | 022910 | 022520 | 0.21890 0.21060 0.20070 0.18980
21 0.20 | 0.25070 | 0.26210 | 0.27250 | 0.28130 | 0.28790 | 0.29210 | 0.29350 | 0.29210 | 0.28790 | 0.28130 0.27250 0.26210 0.25070
22 021 | 031150 | 032350 | 0.33450 | 034370 | 035070 | 0.35500 | 0.35650 | 0.35500 | 0.35070 | 0.34370 0.33450 0.32350 0.31150
23 022 | 037230 | 0.38490 | 0.39640 | 040610 | 041340 | 0.41800 | 0.41950 | 0.41800 | 041340 | 0.40610 0.39640 0.38490 0.37230
24 023 | 043190 | 044880 | 0.46450 | 047840 | 048990 | 0.49860 | 0.50350 | 0.49860 | 048990 | 0.47840 0.46450 0.44880 0.43190
25 024 | 049160 | 051260 | 0.53260 | 0.55060 | 056630 | 0.57910 | 0.58750 | 0.57910 | 056630 | 0.55060 0.53260 0.51260 0.49160
26 025 | 0.55120 | 0.57650 | 0.60070 | 0.62290 | 0.64270 | 0.65970 | 0.67150 | 0.65970 | 0.64270 | 0.62290 0.60070 0.57650 0.55120
27 026 | 061090 | 064040 | 0.66870 | 0.69520 | 0.71910 | 0.74020 | 0.75550 | 0.74020 | 0.71910 | 0.69520 0.66870 0.64040 0.61090
28 0.27 | 0.66530 | 0.70710 | 0.74780 | 0.78650 | 0.82280 | 0.85610 | 0.88150 | 0.85610 | 0.82280 | 0.78650 0.74780 0.70710 0.66530
29 028 | 0.71740 | 0.77600 | 0.83330 | 0.88870 | 0.94160 | 0.99060 | 1.02160 | 0.99060 | 0.94160 | 0.88870 0.83330 0.71740
30 029 | 077050 | 0.84570 | 0.91970 | 099170 | 106120 | 112590 | 116240 | 1.12590 | 106120 | 099170 0.91970 0.77050
31 030 | 0.82430 | 091620 | 1.00690 | 1.09560 | 1.18170 | 1.26210 | 1.30420 | 1.26210 | 1.18170 1.09560 1.00690 0.91620 0.82430
32 031 | 0.87980 | 098860 | 1.09610 | 1.20160 | 130440 | 140070 | 1.44830 | 140070 | 1.30440 1.20160 1.09610 0.98860 0.87980
33 032 | 093700 | 106290 | 118750 | 131010 | 143010 | 154250 | 159580 | 154250 | 143010 131010 1.18750 1.06290 0.93700
34 033 | 099620 | 1.14020 | 1.28300 | 1.42380 | 1.56190 | 1.69130 | 1.75070 | 1.69130 | 1.56190 1.42380 1.28300 1.14020 0.99620
35 034 | 1.05870 | 122110 | 1.38230 | 1.54150 | 169790 | 1.84470 | 1.91030 | 1.84470 | 1.69790 1.54150 1.38230 1.22110 1.05870

Open Diaphragm Base Shear VS Overall Top Deformation (% Of Building Height)

STEP |Base V| Frame #1 | Frame #2 | Frame #3 | Frame #4 | Frame #5 | Frame #6 | Frame #7 | Frame #8 | Frame #9 | Frame #10 | Frame #11 | Frame #12 | Frame #13
1 0.00 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 | 0.00000 0.00000 0.00000 0.00000
2 0.01 | 0.00220 | 0.00270 | 0.00320 | 0.00370 | 0.00400 | 0.00430 | 0.00440 | 0.00430 | 0.00420 | 0.00380 0.00330 0.00280 0.00220
3 0.02 | 0.00460 | 0.00580 | 0.00690 | 0.00790 | 0.00860 | 0.00910 | 0.00940 | 0.00930 | 0.00890 | 0.00810 0.00710 0.00590 0.00460
4 0.03 | 0.00700 | 0.00890 | 0.01060 | 0.01210 | 0.01320 | 0.01400 | 0.01440 | 0.01430 | 0.01370 | 0.01240 0.01080 0.00900 0.00700
5 0.04 | 0.00940 | 0.01190 | 0.01430 | 0.01630 | 0.01780 | 0.01890 | 0.01940 | 0.01930 | 0.01840 | 0.01670 0.01460 0.01210 0.00940
6 005 | 001180 | 0.01500 | 0.01800 | 0.02050 | 002240 | 0.02380 | 0.02440 | 0.02430 | 002320 | 0.02100 0.01830 0.01520 0.01180
7 0.06 | 0.01420 | 0.01810 | 0.02160 | 0.02470 | 0.02710 | 0.02860 | 0.02940 | 0.02920 | 0.02790 | 0.02530 0.02210 0.01830 0.01420
8 0.07 | 0.01660 | 0.02110 | 0.02530 | 0.02890 | 0.03170 | 0.03350 | 0.03440 | 0.03420 | 0.03270 | 0.02970 0.02580 0.02140 0.01660
9 008 | 001900 | 0.02430 | 0.02910 | 0.03320 | 003640 | 0.03860 | 0.03960 | 0.03940 | 003760 | 0.03410 0.02970 0.02460 0.01900
10 0.09 | 0.02120 | 0.02890 | 0.03630 | 0.04290 | 0.04850 | 0.05300 | 0.05640 | 0.05850 | 0.05420 | 0.04710 0.03900 0.03030 0.02110
11 0.10 | 0.02330 | 0.03370 | 0.04360 | 0.05270 | 0.06080 | 0.06780 | 0.07360 | 0.07810 | 0.07110 | 0.06030 0.04860 0.03610 0.02320
12 011 | 0.02500 | 0.04270 | 0.05980 | 0.07620 | 009150 | 0.10560 | 0.11850 | 0.13010 | 0.11550 | 0.09410 0.07170 0.04840 0.02470
13 0.12 | 0.02660 | 0.05590 | 0.08470 | 0.11260 | 0.13950 | 0.16530 | 0.18970 | 0.21280 | 0.19760 | 0.15720 0.11420 0.07040 0.02620
14 0.13 | 0.02830 | 0.07170 | 0.11450 | 0.15640 | 0.19730 | 0.23690 | 0.27520 | 0.31220 | 0.29720 | 0.23380 0.16580 0.09710 0.02780
15 0.14 | 0.02980 | 0.09460 | 0.15890 | 022230 | 028450 | 0.34550 | 0.40500 | 0.46320 | 044850 | 0.34990 0.24370 0.13670 0.02910
16 0.15 | 0.03130 | 0.11770 | 0.20360 | 0.28850 | 0.37220 | 0.45450 | 0.53540 | 0.61480 | 0.60030 | 0.46650 0.32190 0.17640 0.03040
17 0.16 | 0.03280 | 0.14080 | 0.24830 | 0.35470 | 045990 | 0.56360 | 0.66580 | 0.76650 | 0.75220 | 0.58310 0.40010 0.21620 0.03170
18 0.17 | 0.03430 | 0.16390 | 0.29290 | 0.42090 | 0.54750 | 0.67270 | 0.79620 | 0.91820 | 0.90410 | 0.69970 0.47830 0.25590 0.03300
19 0.18 | 0.03580 | 0.18750 | 0.33850 | 0.48850 | 0.63700 | 0.78400 | 0.92930 | 1.07300 | 1.06180 | 0.82790 0.56420 0.29950 0.03420
20 0.19 | 0.03730 | 0.21100 | 038410 | 0535600 | 0.72650 | 0.89530 | 1.06250 | 122790 | 121940 | 0.95620 0.65010 0.34310 0.03540
21 0.20 | 0.06930 | 0.26110 | 0.45220 | 0.64210 | 0.83040 | 1.01710 | 1.20210 | 1.38520 | 1.37780 1.08530 0.73660 0.38690 0.03660
22 021 | 010770 | 031690 | 0.52540 | 0.73270 | 0.93840 | 1.14240 | 1.34460 | 1.54490 | 1.53970 1.22260 0.83730 0.45090 0.06390
23 022 | 0.15080 | 037680 | 0.60220 | 0.82630 | 1.04870 | 1.26940 | 1.48830 | 1.70520 | 1.70230 1.36150 0.94110 0.51960 0.09750
24 023 | 019330 | 043720 | 0.68030 | 092210 | 116230 | 140060 | 163700 | 187150 | 187130 1.50670 1.05070 0.59360 0.13590
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Solid Diaphragm Frames Displacements, inches

LEVEL 1 LEVEL 2 LEVEL 3
Frame # | In-Elastic| Elastic Rigid | In-Elastic| Elastic Rigid |In-Elastic| Elastic Rigid
1 0.09539 | 0.22440 [ 0.24320 | 0.25590 | 0.58480 | 0.60940 | 0.42380 | 0.96320 | 0.9922
2 011830 |0.21290 [ 0.23860 | 0.39310 | 0.62520 | 0.61370 | 0.64850 | 1.03800 | 1.0010
3 0.14160 | 0.20200 [ 0.23510 | 0.52770 | 0.66200 | 0.61770 | 0.86990 | 1.10800 | 1.0080
4 0.16560 | 0.19200 [ 0.23290 | 0.65230 | 0.69300 | 0.62070 | 1.07200 | 1.16700 | 1.0130
3 0.18690 | 0.18430 [ 0.23160 | 0.75340 | 0.71610 | 0.62290 | 1.23600 | 1.21200 | 1.0170
6 020140 | 0.17940 [ 0.23080 | 0.81920 | 0.73050 | 0.62420 | 1.34400 | 1.24000 | 1.0200
Critical-7| 0.20630 | 0.17780 | 0.23050 | 0.84090 | 0.73560 | 0.62450 [ 1.38200 | 1.25000 | 1.0210
8 020140 | 0.17940 [ 0.23080 | 0.81920 | 0.73050 | 0.62420 | 1.34400 | 1.24000 | 1.0200
9 0.18690 | 0.18430 [ 0.23160 | 0.75340 | 0.71610 | 0.62290 | 1.23600 | 1.21200 | 1.0170
10 0.16560 | 0.19200 [ 0.23290 | 0.65230 | 0.69300 | 0.62070 | 1.07200 | 1.16700 | 1.0130
11 0.14160 | 0.20200 [ 0.23510 | 0.52770 | 0.66200 | 0.61770 | 0.86990 | 1.10800 | 1.0080
12 0.11830 | 0.21290 [ 0.23860 | 0.39310 | 0.62520 | 0.61370 | 0.64850 | 1.03800 | 1.0010
13 0.09539 | 0.22440 [ 0.24320 | 0.25590 | 0.38480 | 0.60940 | 042380 | 0.96320 | 0.9922
Average | 0.15576 | 0.19752 | 0.23499 | 0.58801 | 0.67375 | 0.61859 | 0.96695 | 1.13126 | 1.00949
Solid Diaphragm Frames Shears, kips
LEVEL 1 LEVEL 2 LEVEL 3
Frame # |In-Elastic| Elastic Rigid | In-Elastic | Elastic Rigid |In-Elastic| Elastic Rigid
1 48990 | 56040 | 58260 | 39220 [ 47960 | 4361 22720 | 307.80 | 3607
2 20.96 2372 2396 16.78 2062 14 86 13.54 20.56 1924
3 25.14 2529 24.14 21.19 23.33 15.07 14.20 22.65 2201
4 2913 2651 2436 2572 26.13 15 49 14 36 2277 2193
5 32.08 27.69 24 42 2860 27 85 15.62 13.78 2308 2183
6 3409 2839 2459 30.54 28 88 15.79 13 45 2311 2185
Critical-7| 34.69 2876 24 61 31.06 29.18 16.01 13.13 23.10 2195
8 34.09 2839 24.59 30.54 28.88 15.79 13.45 2311 21.85
9 32.08 27.69 24 42 28.60 27.85 15.62 13.78 23.08 2183
10 2913 2651 24 36 2572 26.13 1549 14 36 2277 2193
11 2514 2529 2414 21.19 2333 15.07 1420 2265 2201
12 20.96 2372 2396 16.78 2062 14 86 13.54 20.56 1924
13 48990 | 56040 | 382.60 | 39220 [ 479.60 | 436.1 22720 | 307.80 | 360.7
¥ 129729 | 141276 | 143275 | 1061.12 | 1242.00 | 1041 87 | 606.19 | 863.04 | 957.07
Solid Diaph. Base Shear, kips Normalized Solid Diaph. Frames Displacements, inches
Frame # |In-Elastic| Elastic Rigid | In-Elastic | Elastic | In-Elastic| Elastic | In-Elastic | Elastic
1 48990 | 5604 | 38260 | 4039 95.49 41.37 9454 4198 9541
2 2096 2372 2396 50.34 90.60 63.55 101.07 | 6424 | 102.82
3 2514 2529 2414 60.26 8396 8531 107.02 | 86.17 109.76
4 2913 2651 2436 7047 81.70 10545 [ 112.03 | 106.19 | 11560
5 32.08 27.69 24 42 79.53 7843 12179 [ 11576 | 12244 | 12006
6 34.09 2839 24.59 85.70 76.34 13243 | 118.09 | 133.14 | 122.83
Critical-7| 34.69 2876 24 61 87.88 75.66 13594 [ 11892 | 13690 | 12382
8 34.09 2839 24.59 85.70 76.34 132,43 | 118.09 | 133.14 | 122.83
9 32.08 27.69 24 42 79.53 7843 121.79 | 11576 | 12244 | 12006
10 2913 2651 24 36 7047 81.70 10545 [ 112.03 | 106.19 | 11560
11 2514 2529 2414 60.26 8596 8531 107.02 | 86.17 109.76
12 2096 2372 2396 50.34 90.60 63.55 101.07 | 6424 | 102.82
13 48990 | 5604 [ 38260 | 40359 9549 41.37 9454 41.98 9541
¥ 129729 | 141276 | 143275 1 100.00 1 100.00 1 100.00
13 100.00 13 100.00 13 100.00
Solid Diaph. Max. Base Shear Distribution, kips
Slab End Walls Interior Frames Base n 4.40 Period, seconds
Model Shear | % Total | Shear | % Total | Shear Damage Index Model Solid
In-Elastic| 979.80 | 7553 [ 31749 | 2447 |129729 |In-Elastic| 0100 |In-Elastic| 0301
Elastic | 112080 | 7933 | 29196 | 2067 [141276| Elastic 0.207 Elastic 0301
Rigid | 116520 | 8133 | 267.35 1867 | 143275 | Rigd 0227 Rigid 0.260
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Open Diaphragm Frames Displacements, inches

LEVEL 1 LEVEL 2 LEVEL 3
Frame # | In-Elastic | Elastic Rigid | In-Elastic Elastic Rigid In-Elastic | Elastic Rigid
1 0.03029 | 022760 | 0.22160 | 0.06766 | 058080 | 0.57480 | 0.10450 | 0.94840 | 0.94470
2 0.05309 | 021270 | 0.21790 | 020380 | 061910 | 0.57940 | 034720 | 1.02500 | 0.95250
3 0.07749 1019790 | 0.21420 | 033990 | 065400 | 0.58270 | 058960 | 1.09500 | 0.95910
4 0.10270 | 0.183500 | 0.21150 | 047450 | 0.68330 | 058530 | 082700 | 1.15700 | 0.96410
3 0.12730 | 0.17540 | 0.20990 | 0.60230 | 0.70670 | 0.58690 | 1.05200 | 1.20600 | 0.96760
6 0.14960 | 0.17000 | 0.20870 | 0.71850 | 0.72330 | 0.58740 | 125400 | 1.24000 | 0.96980
7 0.16610 | 0.16830 | 0.20810 | 0.81650 | 0.73220 | 058720 | 142800 | 1.25800 | 0.97050
Critical-8| 0.17480 | 0.17000 | 0.20800 | 0.89280 | 0.73320 | 058640 | 156300 | 125800 | 0.96940
9 0.16710 | 0.17580 | 0.20880 | 0.86690 | 0.72380 | 0.58420 | 151100 | 123600 | 0.96420
10 0.14000 | 0.18750 | 0.21070 | 0.69190 | 0.70270 | 0.58030 | 1.20700 | 1.19000 | 0.93620
11 0.10340 | 020260 | 0.21220| 048640 | 067490 | 0.57670 | 084220 | 1.13100 | 0.95060
12 0.06592 | 0.21990 | 0.21500 | 027740 | 064170 | 0.57260 | 047440 | 1.06200 | 0.94320
13 0.02860 | 023730 | 0.21840| 0.06759 | 060510 | 0.56750 | 0.10720 | 0.98770 | 0.93430
Average | 0.10665 | 0.19462 | 021269 050047 | 067545 | 058088 | 086993 | 1.13801 | 0.95740
Open Diaphragm Frames Shears, kips
LEVEL 1 LEVEL 2 LEVEL 3
Frame # | In-Elastic | Elastic Rigid | In-Elastic Elastic Rigid In-Elastic | Elastic Rigid
1 36500 | 53520 | 62570 | 28430 46020 478 40 12470 299 40 38910
2 16.97 23.93 2229 10.57 2049 14 81 1529 2024 18.58
3 21.85 26.26 2247 13.42 2340 14 .48 19.79 2224 21.09
4 25.92 28.29 2211 16.85 26.90 15.12 24 52 22.14 2149
5 29 48 2993 2215 2024 28 68 15.47 27 89 2196 2194
6 3232 31.18 2204 2321 30.26 15.73 31.07 2204 22.06
7 3476 31.65 2199 25.03 31.11 1593 33.19 2232 22.07
Critical-8| 35.73 31.59 22.04 27.51 30.97 15.83 35.03 2238 21.94
9 35.13 30.73 2211 2622 2942 15.52 34 41 22.50 2186
10 3134 29.01 2225 2232 2745 14 94 31.64 2243 2131
11 2533 2684 2218 17.23 23 88 14 69 26.67 2204 2084
12 18.38 2422 2224 13.11 20.99 14 56 2097 20.39 18.22
13 33330 | 331.70 | 618.10 | 273.70 466.30 479.20 178.10 300.00 383.60
¥ 100551 | 1380.53 | 148767 | 773.71 122005 | 112468 60327 840.08 | 1004.10
Open Diaph. Base Shear, kips Normalized Open Diaph. Frames Displacements, inches
Frame # | In-Elastic | Elastic Rigid | In-Elastic Elastic | In-Elastic Elastic | In-Elastic | Elastic
1 365.00 | 33520 | 62570 14.24 107.01 11.65 99.99 10.91 99.06
2 16.97 23.93 2229 24 96 100.00 35.08 106.58 36.26 107.06
3 2185 26.26 2247 3643 93.05 5851 112 59 65158 11437
4 2592 28.29 2211 4829 86.98 81.69 11763 86.38 120.85
5 29 48 2993 2215 59 85 8247 103.69 121.66 109.88 125.97
6 3232 31.18 22.04 70.34 79.93 123.69 12452 130.98 129.52
7 3476 31.65 2199 78.09 79.13 14056 126.05 14915 131.40
Critical-8| 35.73 31.59 22.04 82.18 79.93 153.70 126.22 163.46 131.40
9 35.13 30.73 2211 78.56 8265 149 24 124 60 157.82 129.10
10 3134 29.01 2225 6582 88.16 119.11 12097 126.07 12429
11 2533 2684 2218 48 61 9525 8374 116.19 87.97 118.13
12 18.38 2422 2224 30.99 103.39 47.76 11047 49.55 110.93
13 33330 | 331.70 | 618.10 13.45 111.57 11.64 104.17 11.20 103.16
¥ 100551 | 1380.53 | 1487.67 1 100.00 1 100.00 1 100.00
13 100.00 13 100.00 13 100.00
Open Diaph. Max. Base Shear Distribution, kdps
Slab End Walls Interior Frames Base Shear L 15.32 Period, seconds
Model Shear | % Total | Shear % Total Damage Index Model Open
In-Elastic| 69830 6945 | 30721 30.55 100551 | In-Elastic 0.051 In-Elastic | 0309
Elastic | 106690 | 7728 | 313.63 2272 1380.53 Elastic 0207 Elastic 0.309
Rigid | 124380 | 8361 | 24387 16.39 1487 67 Rigid 0212 Rigid 0.260
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Appendix B — Complete Evaluation of Available Publications to Date

3. Literature Review
In this chapter, available literature to date will be reviewed and addressed by area.
3.1 Plywood Diaphragms

Different agencies and research groups have investigated analysis techniques and behavior of
diaphragms. American Plywood Association (APA) research report 138 [54] has devised an
approximate method for obtaining shear stresses at any point within plywood diaphragms and
around openings.

The analysis assumes that a plywood diaphragm with openings behaves similar to a Vierendeel
Truss. Chord elements between shear webs of the Vierendeel Truss are assumed to have points
of contraflexure at their mid-lengths. Diaphragm segments outside the openings are analyzed
first, and then segments around the openings second assuming no openings are present. The
procedure is carried-out again with the openings considered. Finally the net change in chord
forces due to openings is achieved by combining both results. This methodology though
intuitive and does satisfy equilibrium conditions, is not altogether reliable. Faherty [22] clearly
stated that this method is a simple analytical approach with no experimental verification.
Kamiya [35] investigated the APA method [54] by horizontally test-loading three plywood-
sheathed floor diaphragms designed to the same load. The tests conducted yielded diaphragm
shear and deflection equations instead of the lengthy APA method for those three diaphragms;
there was no indication on how their effort can be extended to include other configurations.

Philips [49] studied how lateral load is shared by walls transverse to the loading direction in
wood-framed buildings. The study shows that such interaction between transverse walls and
plywood sheathed diaphragms can go up as high as 25 percent; the percentage decreased with
increasing applied load and no opening effects were investigated. Gebremedhin [23] examined
how plywood sheathed diaphragms distributed lateral loads to frames. Opening effects were
looked at in a manner only to state that for walls with openings, the stiffness decrease is not
linear to the opening size. For a 25 percent loss in frame area, the wall stiffness decreased by 17
percent and for a 50 percent loss in frame area the stiffness of the same wall decreased by 64
percent.

Carney [14] provided a bibliography on wood and plywood diaphragms research going back as
far as the 1920’s. Virtually none addressed diaphragm openings. Peralta [48] experimentally
investigated in-plane behavior of existing wood floor and roof diaphragms in un-reinforced
masonry buildings consistent with elements and connection details typical for pre-1950
construction. The outcome was curves defining the relationship between the applied lateral force
and the diaphragm mid-span displacement. Opening effects on diaphragm stiffness were not
addressed either.
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Itani [26] introduced a finite element model to analyze the non-linear load-deflection behavior of
sheathed wood diaphragms. The model is general and is in good agreement with experimental
measurements. Nonetheless it is does not deal with openings and how to extend the developed
model to account for them. Pudd [50] developed a new state-of-the-art analytical model for
sheathing-to-framing connections in wood shear walls and diaphragms. Although the new model
is unlike previous analytical models, being suitable for both monotonic and cyclic analysis, it did
not account for effects of openings on neither shear walls nor diaphragms.

Degenkolb [19] investigated pitched and curved timber diaphragms emphasizing that boundary
stresses exist at any break in the sheathing plane and should be provided in the design of an
efficient diaphragm - no opening effects were considered. Bower [11] published plywood
deflection formulas under lateral loading, stating that they can be modified to apply to any
diaphragm shape or loading pattern without giving examples.

Westphal [56] used three-dimensional finite element models to obtain in-plane deformations of
wood roof diaphragms and story drift due to seismic load for buildings with plan aspect ratio
ranging from 1.2 to 1.6. The results obtained show that the predicted diaphragm deflections by
the International Building Code (IBC) [25] are conservative. However, effects of openings on
this conclusion were not investigated.

3.2 Light gage Diaphragms

In the area of light gage steel deck (or metal decks), Nilson [44, 45] set the benchmark for all
future experimental work in metal diaphragms. Although the full-scale tests were extensive,
with emphasis on shear strengths and diaphragm deflections, openings effects were never
addressed. Bryan [12] further developed Nislon [44,45] work to a more general theory for
determining stiffness and strength of light gage metal deck. Nonetheless the theory developed
did not account for diaphragm openings. Easley [20] focused on the buckling aspect of
corrugated metal shear diaphragms. It was concluded that for most applications, buckling occurs
when the number of fasteners is sufficient so that localized failure at the fasteners does not occur.
However, opening effects on diaphragm buckling were not looked into.

Davies [17, 18] developed a method to replace a metal deck diaphragm by a series of frame
elements connected by springs. This method can also be extended to account for openings. A
major disadvantage of this method is that results obtained are purely linear.

Atrek [9] established a non-linear analysis method for light gage steel decks. Results resembled
closely available experimental data, nonetheless openings were not addressed and no insight was
given on how to extend this method to cover diaphragms other than the tested ones.

Luttrell [39, 40] suggested a method to obtain shear stress distribution around an opening in
metal deck diaphragms. The method developed would ratio the shear distribution around the
opening by the percentage of diaphragm length lost parallel to the loading direction. A linear
increase in shear concentration may be acceptable for metal decks but no evidence confirms that
this method can be applied to concrete diaphragms.
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3.3 National Building Codes Criteria

International Building Code (IBC) [25] section 1616.5.1 mandates that a diaphragm with abrupt
discontinuities or variations in stiffness, including those having cutout or open areas greater than
50 percent of the gross enclosed diaphragm area, or change in effective diaphragm stiffness of
more than 50 percent from one story to the next, shall be considered as irregular in plan. For
structures with this diaphragm discontinuity, the code prescribes an increase of 25 percent in the
design forces determined for connections of diaphragms to vertical elements and to collectors,
and for connections of collectors to the vertical elements. The code does not ascribe any criteria
pertaining to the diaphragm design itself.

In the area of steel design, American Institute of Steel Construction (AISC) [6] steel design guide
No.2 shows some insight into designing steel beams with web openings. Unfortunately, it
cannot be extrapolated to diaphragms, since its theory is calibrated using experimental results for
steel beams only.

However, in the area of concrete design, American Concrete Institute (ACI) building code, ACI
318-05 [3] addresses the effect of an opening on slabs in local terms. It restricts opening size in
column strips and limits the allowable maximum openings size in middle strips. The interrupted
reinforcement by an opening must be placed at one-half on each side of the opening. ACI 318-
05 [3] does not address the overall effect of an opening on the floor. This reinforcement
replacement criterion has no restriction on the opening size as long as it is within the prescribed
column and middle strips requirement.

3.4 Structural Concrete Design

In the field of concrete beams with web openings, Nasser [43], Mansur [41] and Abdalla [2],
shed light on how an opening in rectangular RC or pre-stressed beams affects stress distributions
and capacity of a concrete beam. Unfortunately, all the examined beams were governed by
flexure and not by shear as in the case of diaphragms, not to mention that the theory provided
was calibrated against available experimental results with no proof that it can be extended to
include other configurations. Other studies were conducted in the area of concrete panels, in
particular in the area of buckling. Swartz [53], Aghayere [5], and Park [47] addressed buckling
of concrete plates under combined in-plane and transverse loads. Since concrete diaphragms can
be considered as concrete plates with beams as web stiffeners, this buckling approach does not
address openings.

3.5 Seismic Behavior of Reinforced Concrete Buildings

Other available literature is in the area of seismic behavior of RC buildings. ACI committee 442
[4] provided a summary of available methods to date for designing buildings to resist lateral
loads. Although the report provided a compact reference, it did not touch upon openings and
their effects on diaphragm design. Aktan [7] simulated real-life seismic response of RC
structures by experimentally testing scaled down prototypes of two existing buildings. Despite
the fact that those analytical models proposed to achieve real-life similitude of those two existing
buildings were accurate, opening effects were not incorporated.
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Button [13] investigated the influence of floor diaphragm flexibility on three different types of
buildings; large plan aspect ratio, three-winged (Y-shaped) and separate towered. Regardless of
the insight given into how lateral force distribution differs from rigid to flexible diaphragms,
openings were not considered. Jain [27, 28, 29, 30, 31, 32] analyzed different types of structures
ranging from V-shaped, Y-shaped to long and narrow buildings. Though the study proved to be
conducive to understanding the dynamics of such structures, it did not address the effects of
openings.

Kunnath [38] developed a modeling scheme for the inelastic response of floor diaphragms. The
proposed model ability to account for in-plane diaphragm deformations, confirmed the
possibility of building collapse, as a result of diaphragm yielding for the class of buildings
studied. Nonetheless, opening effects were not incorporated in the model. Nakashima [42]
concluded after analyzing a seven story RC building using linear and non-linear analysis that
inclusion of diaphragm flexibility changed little the actual period of the structure and the
maximum total base shear. Effects of diaphragm openings were not integrated as part of the
analysis.

Panahshahi [46] combined an experimental and analytical approach to study the effect of flexible
floor diaphragms on the inelastic seismic response of RC buildings. Using shake-table testing of
a single-story 1:6 scale model structure, an analytical modeling scheme was developed. The test
revealed that for rectangular buildings, interior frames ductility demands may be exceeded. The
tests however did not address diaphragm openings at all.

3.6 Diaphragm Performance Based Design

In the domain of diaphragm performance-based design, Anderson [8] developed analytical
models using commercial computer programs [15, 16] to evaluate the seismic performance of
low-rise buildings with concrete walls and flexible diaphragms. Again, openings were not part
of the models devised. Barron [10] evaluated the impact of diaphragm flexibility on the
structural response of four buildings having 2:1 and 3:1 plan aspect ratio and were three and five
stories in height respectively. The buildings in question did not have any diaphragm openings.
Hence the models were applicable only for solid diaphragms (no floor openings), which are
uncommon in real-life. Hueste [24] analyzed a prototype five-story RC frame office building
designed for mid-1980s code requirements in the Central United Stated. Recommending an
addition of shear walls and RC columns jackets led to decrease in the probability of exceeding
the life safety (LS) limit state. Unfortunately, retrofitting recommendations were specific to this
structure only and no diaphragm opening effects were looked into.

Kunnath [37] developed an analytical modeling scheme to assess the damage ability of RC
buildings experiencing inelastic behavior under earthquake loads. The results of the response
analysis, expressed as damage indices, were geared towards framed buildings only without any
regards to diaphragm openings. Jeong [33] proposed a three-dimensional seismic assessment
methodology for plan-irregular buildings. The analysis showed that plan-irregular structures
suffer high levels of earthquake damage due to torsional effects. The analysis also proved that
normal damage monitoring approaches may be inaccurate and even unconservative. However,
the assessment did not account for diaphragm openings.
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Ju [34] investigated the difference between the rigid floor and flexible floor analysis of
buildings, using Finite Element Method to analyze buildings with and without shear walls. An
error formula was generated to estimate the error in column forces for buildings with plan
symmetric arrangement of shear walls under the rigid floor assumption. Although 520 models
were generated, none dealt with diaphragm openings. Kim [36] proposed a linear static
methodology applicable only to buildings with flexible diaphragms. The procedure is based on
the assumption that the diaphragm stiffness is small relative to the stiffness of the walls, and that
flexible diaphragms within the structure tend to respond independently on one another.
Although the proposed approach gave insight into the limitations of current building codes, it did
not tackle any diaphragm opening effects.

Other related research addresses the consequence of assuming a rigid floor on lateral force
distribution. Roper [51] briefly examined the appropriateness of assuming that floor diaphragms
are perfectly rigid in their plane. Two models were used, the first was for a cruciform-shape
building and the second was for a rectangular building. Both models showed discrepancy
between rigid and flexible floor diaphragm lateral force distribution. In particular, when shear
walls exhibit an abrupt change in stiffness. Still, effects of opening on lateral force distribution
were not explored. Tokoro [55] replicated an existing instrumented three story building using
ETABS [16] and compared the model’s diaphragm drift to the code allowable drift and judged
the structure as within the code’s given drift limit; without considering any diaphragm opening
effects.

Saffarini [52] analytically investigated thirty-seven buildings establishing diaphragm lateral
deflection and interstory shears as comparison criteria between assuming rigid or flexible
diaphragms. The analysis reflected considerable difference in diaphragm deflections and shears.
The investigation briefly addressed opening effects as part of other parameters under
investigation. It was concluded that an opening definitely decreased the floor stiffness, and
hence increased the inadequacy of the rigid floor assumption. Easterling [21] presented the
results of an experimental research program in which thirty-two full-size composite (steel-deck-
reinforced concrete floor slabs) diaphragms were loaded to failure. The research major
contribution was the development of a better design approach for composite floor systems. Also
stressing the importance of deformed bar reinforcing to improve ductility and restrain the
cracking associated with concrete failure around headed studs. The recommendations were only
pertinent to the cantilevered diaphragms tested and no opening effects were examined.

In the present study, the applicability of rigid, elastic and inelastic floor diaphragm models for
RC buildings with floor openings is investigated. In turn the influence of in-plane floor
deformations on the lateral force distribution and the overall seismic response and possible
modes of failure of the structure are studied. Although there has been a lot of work done in the
area of diaphragms, ranging from analysis assumptions to design recommendations, none
provide in-depth understanding of diaphragm to frame or diaphragm to shear wall interaction
especially in the presence of openings in RC buildings. Nor was any research done in order to
provide simplified accurate techniques for analysis and design of such buildings as desired by the
structural engineering community.
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UNIVERSITY OF CALIFORNIA

BERKELEY « DAVIS « IRVINE « LOS ANGELES « RIVERSIDE - SAN DIEGO « SAN FRANCISCO

COLLEGE OF ENGINEERING DAVIS, CALIFORNIA 95616-5924
DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

530-754-6428
530-752-7872(FAX)

July 25, 2007

Dr. Kevin Z. Truman, Chair and The Albert P. and

Blanche Y. Greensfelder Professor of Civil Engineering
Department of Civil Engineering, Urbauer Hall Room #211
Washington University in St. Louis, St. Louis, MO 63130

Dear Dr. Kevin Truman,

This letter is written in support of Mr. Mohamed T. Al Harash’s doctoral proposal titled “Inelastic
Seismic Response of RC Buildings with Floor Diaphragm Openings.”

Mr. Al Harash plans to use IDARC2 for his analytical study — a software tool which | authored at
the University at Buffalo. The program was developed as part of a larger project co-supervised by
Drs. Reinhorn and Panahshahi to conduct inelastic static and seismic simulations of rectangular
plan structures with inelastic diaphragms.

Mr. Al Harash proposes to enhance IDARC2 by:
e incorporating floor diaphragms with openings
o develop a preprocessor for IDARC2 to enable a more user friendly visual based input

I would like to suggest that Mr. Al Harash also include the following tasks to ensure a reliable
and robust evaluation of such buildings:
e a routine to estimate the flexural and shear properties of slabs with openings — this will
require enhancement of the current fiber model program in IDARC2
e separate identification studies to estimate hysteretic parameters for slabs with openings —
this may include finite element simulations to calibrate macro-model based analyses

It is my opinion that a detailed study of RC buildings with floor openings which include the
analytical developments/enhancements listed above will contribute to the state-of-the-art and
practice in structural engineering. It will also provide an enhanced computational tool for both the
research and practicing community to use.

Please do not hesitate to contact me at (530) 754-6428 or skkunnath@ucdavis.edu if you have
any questions regarding this matter.

Sincerely,

Sashi K. Kunnath, Ph.D., P.E.
Professor
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Dr. Kevin Z. Truman, Chair and The Albert P. and
Blanche Y. Greensfelder Professor of Civil Engineering
Department of Civil Engineering, Urbauer Hall Room #211
Washington University in St. Louis, St. Louis, Mo 63130

July 23, 2007

Dear Dr. Kevin Truman,

I am writing in support of Mr. Mohamed T. Al Harash’s doctoral proposal (July 2007) entitled
“Inelastic Seismic Response of R/C Buildings with Floor Diaphragm Openings.”

After a thorough literature review of the subject, Mr. Al Harash has identified the existing gap in
the state-of-the- practice of design of reinforced concrete building with floor diaphragms with
openings where floor deformations significantly influence the seismic response of the buildings.
Design guidelines are needed to address this category of RC buildings.

Mr. Al Harash has successfully conducted a preliminary investigation of the inelastic seismic
response of a typical low-rise reinforced concrete building with floor diaphragm opening using
IDARC2, an inelastic computer program (developed at SUNY/Buffalo by N. Panahshahi, S.
Kunnath, and A. Reinforn, 1988) which is capable of conducting pushover and inelastic dynamic
(time-history) analysis of reinforced concrete building with rigid, elastic, or inelastic floor
diaphragms subjected to ground motions. His results clearly indicate that to properly obtain the
dynamic response of the building with diaphragm openings, the use of inelastic diaphragm model
is necessary. His proposal highlights the main characteristic of the analytical procedures used in
IDARC2. Mr. Al Harash made an hour-long presentation of the results of his preliminary study
as a guest lecturer in my Earthquake Engineering class (CE 549) on May 2, 2007, and he
addressed the audience’s questions and comments effectively. '

Mr. Al Harash proposal also includes an enhancement of IDARC2 to incorporate modeling of
diaphragms with openings and at the same time to reformat IDARC2 pre-processing from a
tedious text-input to a more user friendly visual based input. Completion of this task will
demonstrate a strong knowledge of the inelastic algorithms used in IDARC2 program for
conducting seismic response of RC buildings with flexible diaphragms.

In summary, I believe successful completion of the proposed research will contribute to the state-
of-the-practice for structural engineers by providing valuable design guidelines for seismic design
RC buildings with flexible diaphragms with openings, and it will also provide a timely enhanced
computational tool for the research community to use.

Please do not hesitate to contact me at (618) 650-2819 or npanahs@siue.edu if you have any
questions regarding this matter.

Sincerely,

Nader Panahshahi, Ph.D.
Professor

School of Engineering, Department of Civil Engineering, Edwardsville, Illinois 62026-1800, 618/650-2533, Fax: 618/650-2555
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The 14  World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

INELASTIC SEISMIC RESPONSE OF REINFORCED CONCRETE
BUILDINGS WITH FLOOR DIAPHRAGM OPENINGS

M.T. Al Harashl, N. Panahshahiz, and K.Z. Truman3
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ABSTRACT

Floor and roof systems are designed to carry gravity loads and transfer these loads to supporting beams,
columns or walls.  Furthermore, they play a key role in distributing earthquake-induced loads to the lateral load
resisting systems by diaphragm action. In reinforced concrete buildings, the in-plane flexibility of the floor
diaphragms is often ignored for simplicity in practical design (i.e., the floor systems are frequently treated as
perfectly rigid diaphragms). Past research, which is acknowledged in recent building standards, has shown that
this assumption can result in considerable error when predicting seismic response of reinforced concrete
buildings when diaphragm plan aspect ratio is greater than 3:1 (Kunnath, 1991 & ASCE-7, 2005). However,
the influence of floor diaphragm openings (typically for the purpose of stairways, shafts, and other architectural
applications) has never been considered. In order to investigate the influence of diaphragm openings on the
seismic response of reinforced concrete buildings; two 3-story reinforced concrete buildings are designed as a
Building Frame System according to the International Building Code (IBC, 2006). Each building is assumed
to be in the Saint Louis, Missouri area and it’s analyzed with and without floor openings -4 cases. The
inelastic behavior of the buildings is investigated under both static lateral loads (push-over) and dynamic ground
motions (time-history), where a suite of three well-known earthquakes is scaled to model moderate ground
motions in the Saint Louis, Missouri region. The diaphragm parametric study conducted involves two opening
size/locations and two lateral load resisting frames stiffness/locations, where three types of floor diaphragm
models (rigid, elastic, and inelastic) are assumed. The result summary is presented in this paper and discussed.
It was concluded that in order to capture the seismic response of reinforced concrete buildings with floor
diaphragm openings accurately; it is necessary to use an inelastic diaphragm model.

KEYWORDS: Inelastic, seismic, response, concrete, diaphragm, openings



The ACI Fall 2008 Convention November 2-6, 2008, St. Louis, MO

SEISMIC RESPONSE OF REINFORCED CONCRETE
BUILDINGS WITH FLOOR DIAPHRAGM OPENINGS

Anamika Rathore®, Nader Panahshahi?, and Mohamed T. Al Harash®,
ABSTRACT

Floor and roof systems are designed to carry gravity loads and transfer these loads to
supporting beams, columns and walls. Furthermore, they play a key role in distributing
earthquake-induced loads to the lateral load resisting systems by the diaphragm action.
Past research, which is acknowledged in recent ASCE7-05 building standard, has shown
that the commonly practiced rigid diaphragm assumption (i.e., ignoring in-plane
diaphragm deformations) can result in considerable error when predicting seismic
response of reinforced concrete buildings when diaphragm plan aspect ratio is greater
than 3:1. However, the influence of floor diaphragm openings (typically for the purpose
of stairways, shafts, and other architectural applications) is not considered. In order to
investigate the influence of diaphragm openings on the seismic response of reinforced
concrete buildings, a comprehensive analytical study is currently in progress. In this
presentation, two three-story RC buildings are designed as if in St. Louis, Missouri, as a
Dual Braced System according to the IBC (2006), one with floor openings and the other
without. The inelastic behavior of the buildings is investigated under static push-over
analysis and dynamic ground motions, where a suite of three well-known earthquakes is
scaled to model moderate ground motions in the St. Louis region. Three types of floor
diaphragm models (rigid, elastic, and inelastic) are included in this study, and the results
are presented and compared. It is concluded that in order to capture the accurate response
of the reinforced concrete buildings with floor openings, the use of an inelastic
diaphragm model is necessary.
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Inelastic Seismic Response of Rectangular RC Buildings with
Plan Aspect Ratio of 3:1 with Floor Diaphragm Openings

M.T. Al Harashl, A. Rathorez, and N. Panahshahi3
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3Professor, Dept. of Civil Eng., Southern Illinois Univ. Edwardsville,
Edwardsville, IL, 62026; PH (618) 650-2819; email: npanahs@siue.edu

ABSTRACT

Floor and roof systems are designed to carry gravity loads and transfer these loads
to supporting beams, columns or walls, and distribute earthquake-induced loads to
the lateral load resisting systems by diaphragm action. In reinforced concrete
buildings, the inplane flexibility of the floor diaphragms is often ignored for
simplicity in practical design (i.e., floor systems are frequently treated as perfectly
rigid diaphragms). Past research has shown that this assumption can result in
considerable error when predicting seismic response of low-rise rectangular RC
buildings with end shear walls with large diaphragm plan aspect ratio (>3.0). This
error is further amplified when the influence of floor diaphragm openings (i.e.,
stairways, shafts, etc.) is not considered (Al Harash 2008). The ASCE/SEI 7-05,
“Minimum Design Loads for Buildings and Other Structures” allows the use of a
rigid floor assumption in buildings with plan aspect ratio of 3:1 or less, where no
plan irregularities exist. In order to investigate the influence of diaphragm
openings on the inelastic seismic response of reinforced concrete buildings, four
3-story reinforced concrete building with end shear walls are designed, as if in St.
Louis, Missouri, as a Building Frame System according to International Building
Code (IBC 2006). The buildings are 9 bays by 3 bays in plan - 3:1 aspect ratio -
and carry openings symmetrically placed at bays 1 and 9, 2 and 8, 3 and 7, 4 and 6,
respectively. The inelastic behavior of the building is investigated under both
static lateral loads (pushover analysis) and dynamic (time-history) ground motions,
where a well-known earthquake, having a dominant period close to the
fundamental period of the building, is scaled down to model moderate ground
motions in the St. Louis region. A parametric study involving diaphragm’s
opening location (4 locations) is conducted with three types of floor diaphragm
models (rigid, elastic, and inelastic). The analysis summary of all twelve cases is
presented and compared. It is observed that the base shear redistribution due to
inelastic slab deformations increases the load subjected to the interior frames
significantly (up to 49%), when diaphragm openings are located within the middle
half of the building. It is concluded that, the true response of such RC buildings
can only be captured if an inelastic diaphragm model is utilized; hence, assuming
a rigid floor diaphragm assumption per ASCE/SEI 7-05 is inappropriate.

KEYWORDS: Inelastic, seismic, response, concrete, diaphragm, openings
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Inelastic Seismic Response of Reinforced Concrete (RC)
Buildings with Floor Diaphragm Openings

M. T. AL HARASHl, Sc.D., P.E., S.E. and Nader Panahshahi, M.ASCE?

Abstract: In RC buildings, in-plane flexibility of floor diaphragms is often ignored for, along with the effects of
any openings present. Hence several 3-story reinforced concrete buildings are designed as a Building Frame
System according to the ASCE 7-05 and International Building Code (2006). Each building is assumed to be in
the Saint Louis, Missouri area, and it’s analyzed using the enhanced fiber model (strain compatibility)
computation routine in IDARC2 software where a suite of three well-known earthquakes is scaled to model the
Midwest region. The comprehensive analytical study conducted involves placing different opening in various
floor plan locations with respect to the location of the shear walls, where three types of floor diaphragm models
(rigid, elastic, and inelastic) are assumed. Building floor plan aspect ratios of 3:1 and 4:1 were investigated and
the results are then presented and discussed. It is concluded that in order to capture the seismic response of
reinforced concrete buildings with floor diaphragm openings accurately; it is necessary to use the inelastic
diaphragm model.

CE Database subject headings: Seismic; Inelastic; Pushover; Compatibility; Fiber; Diaphragm, Opening.
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Sample IDARC2 Input File

InElastic-Loma Prieta, Open Bays 6 and 7, 3-13'-Story, 240'x60' 4:1 Aspect Ratio, Dynamic, 12x3-20' Bays, 13 Frames, 2-
2 End Shearwalls

3,13,1,1
18,1,6,0,3,2

132,105,12,0,144,36

0.4

156.0,312.0,468.0
123.68,146.78,146.78,146.78,146.78,120.32,95.52,120.32,146.78,146.78,146.78,146.78,123.68
123.68,146.78,146.78,146.78,146.78,120.32,95.52,120.32,146.78,146.78,146.78,146.78,123.68
96.17,141.47,141.47,141.47,141.47,115.0,84.40,115.0,141.47,141.47,141.47,141.47,96.17
2,4,4,4,4,44,4,444.42

120.0,600.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

0.0,240.0,480.0,720.0

120.0,600.0

1,4.0,3605.0,-0.000111,0.3,1.0

1,60.0,75.0,29000.0,870.0,3.0
1,1,1,68.8,168.00,-439.2,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,0.0,7.0
2,1,1,149.0,18.0,-37.2,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,0.0,7.0
3,1,1,45.5,439.2,-471.6,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
4,1,1,98.0,37.2,-20.4,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
5,1,1,21.8,471.6,-631.2,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
6,1,1,49.0,20.4,-86.4,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
7,1,1,56.1,136.8,-358.8,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,0.0,7.0
8,1,1,121.5,14.4,-30.0,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,0.0,7.0

9,1,1,37.1,358.8,-307.2,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0



10,1,1,80.5,30.0,-36.0,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
11,1,1,17.8,420.0,-513.6,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
12,1,1,39.8,16.8,-70.8,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
13,1,1,43.7,109.2,-289.2,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,0.0,7.0
14,1,1,94.6,12.0,-25.2,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,0.0,7.0
15,1,1,28.5,289.2,-297.6,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
16,1,1,61.3,22.8,-27.6,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
17,1,1,13.1,297.6,-380.4,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
18,1,1,29.2,14.4,-51.6,14.0,14.0,2.25,3.52,18.85,0.262,0.64,156.0,7.0,7.0
1,1,1,-580.00,-580.00,24.0,14.0,60.0,5.0,2.0,1.00,1.00,5.84,5.84,0.262,0.64,240.0,7.0,7.0
1,1,1,174.0,240.0,8.0,0.458,0.458,0.0,0.0,0.0,156.0
2,1,1,111.0,240.0,8.0,0.458,0.458,0.0,0.0,0.0,156.0
3,1,1,48.0,240.0,8.0,0.458,0.458,0.0,0.0,0.0,156.0
4,1,1,135.0,240.0,8.0,0.458,0.458,0.0,0.0,0.0,156.0
5,1,1,85.5,240.0,8.0,0.458,0.458,0.0,0.0,0.0,156.0
6,1,1,36.0,240.0,8.0,0.458,0.458,0.0,0.0,0.0,156.0

1,90.36,77279.78,-120.0

2,90.36,77279.78,120.0

3,90.36,77279.78,0.0

0

1,1,240.0,7

1,24.0,14.0,0.006,0.00183,10

1,5.0,221.0,0.00183,0.00183,20

1,24.0,14.0,0.006,0.00183,10

1,5.0,222.0,0.00183,0.00183,20

1,24.0,14.0,0.006,0.00183,10

1,5.0,221.0,0.00183,0.00183,20

1,24.0,14.0,0.006,0.00183,10

2,1,240.0,7

1,24.0,14.0,0.004,0.004,10

1,0.01,221.0,0.00001,0.00001,20

1,24.0,14.0,0.004,0.004,10

1,5.0,221.0,0.00183,0.00183,20

1,24.0,14.0,0.004,0.004,10

1,0.01,221.0,0.00001,0.00001,20



1,24.0,14.0,0.004,0.004,10

1 1 2
2 1 3
3 1 4
4 1 5
5 7 6
6 13 7
7 7 8
8 1 9
9 1 10
10 1 11
11 1 12
12 2 2
13 2 3
14 2 4
15 2 5
16 8 6
17 14 7
18 8 8
19 2 9
20 2 10
21 2 11
22 2 12
23 2 2
24 2 3
25 2 4
26 2 5
27 8 6
28 14 7
29 8 8
30 2 9
31 2 10
32 2 11
33 2 12

34 1 2



35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

10

16

10

10

11

12

10

11

12

10

11

12



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

10

16

10

11

17

11

12

10

11

12

10

11

12

10

11

12



105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

18

12

12

18

12

11

17

11

10

11

12

10

11

12

10

11

12



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

10

11

12

10

11

12

10

11

12

13



43

a4

45

46

a7

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

10

11

12

10

11

12

10

11

12

13



78 1
79 1
80 1
81 1
82 1
83 1
84 1
85 1
86 1
87 1
88 1
89 1
90 1
91 1
92 1
93 1
94 1
95 1
96 1
97 1
98 1
99 1
100 1
101 1
102 1
103 1
104 1
105 1
1,1,1,10,1

2,11,2,0,1

3,1,13,10,1
4,1,13,2,0,1
521,112

6,2,1,2,1,2

7,2,13,1,1,2

10

11

12

10

11

12

10

11

12

13



8,2,13,2,1,2

9,3,1,123
10,3,1,2,2,3
11,3,13,1,2,3
12,3,13,2,2,3
1 2
2 3
3 3
4 3
5 3
6 3
7 3
8 3
9 3
10 3
11 3
12 2
13 1
14 3
15 3
16 3
17 3
18 3
19 3
20 3
21 3
22 3
23 3
24 1
25 2
26 3
27 3
28 3
29 3

30

10

11

13

10

11

13

10

11

12

12

10

11

12

12



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

10

11

13

10

11

13

10

11

13

10

11

12

12

10

11

12

12

10

11

12

12



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

10

11

13

10

11

13

10

11

13

10

11

12

12

10

11

12

12

10

11

12

12



101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

10

11

13

10

11

13

10

11

13

10

11

12

12

10

11

12

12

10

11

12

12



136

137

138

139

140

141

142

143

144

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

10

11

13

10

11

12

10

11

12

10

11

12

13

10

11

12

13

10

11

12

12



27
28
29
30
31
32
33
34
35

36

105,0,0

O©CoO~NOODWNPE

O©CoO~NOODWNPE

0.16
0.16
0.16
0.16
0.08
0.08
0.08
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.16
0.08
0.08
0.08
0.16
0.16
0.16
0.16
0.08
0.08
0.16
0.16
0.16
0.16
0.08
0.08
0.08
0.16
0.16
0.16
0.16

10

11

12

10

11

12

13



47 47 0.16

48 48 0.16
49 49 0.16
50 50 0.16
51 51 0.16
52 52 0.16
53 53 0.16
54 54 0.16
55 55 0.16
56 56 0.16
57 57 0.16
58 58 0.16
59 59 0.16
60 60 0.16
61 61 0.16
62 62 0.08
63 63 0.08
64 64 0.08
65 65 0.16
66 66 0.16
67 67 0.16
68 68 0.16
69 69 0.08
70 70 0.08
71 71 0.16
72 72 0.16
73 73 0.16
74 74 0.16
75 75 0.08
76 76 0.08
77 77 0.08
78 78 0.16
79 79 0.16
80 80 0.16
81 81 0.16
82 82 0.16
83 83 0.16
84 84 0.16
85 85 0.16
86 86 0.16
87 87 0.16
88 88 0.16
89 89 0.16
90 90 0.16
91 91 0.16
92 92 0.16
93 93 0.16
94 94 0.16
95 95 0.16
96 96 0.16
97 97 0.08
98 98 0.08
99 99 0.08
100 100 0.16
101 101 0.16
102 102 0.16
103 103 0.16
104 104 0.08
105 105 0.08
1

0.27, 0.0, 0.005, 5.0, 5.0
0, 7990, 0.005

SCALED LOMA PRIETA
6

2.0, 0.8, 0.01,

4.0, 0.8, 0.01,

EQ WAVE 0.27G

0.015

0.015



3.5, 1.0,
0.1, 1.0,
2.5, 0.8,
0.1, 0.8,

1,1,1,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
1,1,11,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
1,1,1,1,1,1,1,1,1,1,1
2,2222222222
2,2,2,2,2,2,2,2,2,2,2
2,2,2,2,2,2,2,2,2,2,2
2,2222222222
2,2,2,2,2,2,2,2,2,2,2
2,2,2.2,22,2,2,2,2,2
2,2222222222
2,2,2,2,2,2,2,2,2,2,2
2,2,2,2,2,2,2,2,2,2,2
222222

34

34

34

34

34

34

3.4

3.4

3,4

0.15,
0.15,
0.15,

0.15,

0.015

0.015

0.015

0.015



3,4
3,4
34
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6
5,6

5,6



5,6
5,6
5,6
5,6
2,0.005

1,3

25,0

3,117



Sample IDARC2 Output File

DDDDDDDDDDDDD
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DD DD
DD DD
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DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DD DD
DDDDDDDDDDDDDD

DDDDDDDDDDDDD

AAAAAAAAAAAA

AAAAAAAAAAAAAA
AA AA
AAAAAAAAAAAAAA
AAAAAAAAAAAAAA
AA AA

AA AA
AAAAAAAAAAAAAA
AAAAAAAAAAAAAA
AA AA

AA AA
AAAAAAAAAAAAAA
AAAAAAAAAAAAAA
AA AA

AA AA
AAAAAAAAAAAAAA
AAAAAAAAAAAAAA
AA AA

AA AA
AAAAAAAAAAAAAA
AAAAAAAAAAAAAA
AA AA

AA AA
AAAAAAAAAAAAAA
AAAAAAAAAAAAAA
AA AA

AA AA
AAAAAAAAAAAAAA
AAAAAAAAAAAAAA
AA AA

AA
AA
AA
AA
AA

2EEEZ

RRRRRRRRRRRRR
RRRRRRRRRRRRRR
RR RR
RRRRRRRRRRRRRR
RRRRRRRRRRRRR
RR RR

RR RR
RRRRRRRRRRRRRR
RRRRRRRRRRRRR
RR RR

RR RR
RRRRRRRRRRRRRR
RRRRRRRRRRRRR
RR RR

RR RR
RRRRRRRRRRRRRR
RRRRRRRRRRRRR
RR RR

RR RR
RRRRRRRRRRRRRR
RRRRRRRRRRRRR
RR RR

RR RR
RRRRRRRRRRRRRR
RRRRRRRRRRRRR
RR RR

RR RR
RRRRRRRRRRRRRR
RRRRRRRRRRRRR

ccceececceececececc
cccececcecececececcc

Cccceecececececcececc
ccceecccecececececc



VERSI1ON 2

INELASTIC DAMAGE ANALYSIS OF REINFORCED CONCRETE STRUCTURES
WITH FLEXIBLE FLOOR DIAPHRAGMS

STATE UNIVERSITY OF NEW YORK AT BUFFALO
DEPARTMENT OF CIVIL ENGINEERING

SEPTEMBER 1988

INPUT DATA:

TITLE: InElastic-Loma Prieta, Open Bays 6 and 7, 3-13"-Story, 240°x60" 4:1 Aspect Ratio

Fxxxxxxxxx BUILDING CONFIGURATION AND MATERIAL INFORMATIQN ks

NUMBER OF STORIES ............ 3
NUMBER OF FRAMES ............. 13
NO. OF TYPES OF CONCRETE ..... 1
NO. OF TYPES OF STEEL ........ 1

Fxkxxkxxxkx E| EMENT INFORMATIQON ****Fsskkxx

NO. OF TYPES OF COLUMNS ............... 1
NO. OF TYPES OF BEAMS ... ... ... ........
NO. OF TYPES OF SHEAR WALLS ...........
NO. OF TYPES OF EDGE COLUMNS ..........
NO. OF TYPES OF TRANSVERSE BEAMS ......
NO. OF TYPES OF SLABS ... ... ... ....

NWOORFR



NUMBER OF
NUMBER OF
NUMBER OF
NUMBER OF
NUMBER OF
NUMBER OF

ESTIMATED

SYSTEM OF

COLUMNS ... iiiiiiiiiaaa 132
BEAMS ... 105
SHEAR WALLS .. ... .. ... ....... 12
EDGE COLUMNS ... ... .......... 0
TRANSVERSE BEAMS .. .......... 144
SLAB ELEMENTS ............... 36
BASE SHEAR COEFFICIENT : -4

(% OF TOTAL WEIGHT)

UNITS: INCH, KIPS

Hsckscskdskdx STORY HEIGHT AND FLOOR WEIGHTS sscasass

STORY

HEIGHT FLOOR
FROM BASE WEIGHT
468.000 96.170 141.470
141.470 141.470
312.000 123.680 146.780
146.780 146.780
156.000 123.680 146.780
146.780 146.780

141.
141.
146.
146.
146.
146.

470
470
780
780
780
780

141.
141.
146.
146.
146.
146.

FxxxxxXXX* X CO-ORDINATE DISTANCE OF COLUMN FROM REFERENCE POINT

FRAME

O WNPE

COLUMN COORDINATE (IN ORDER)

120.00 600.00
.00 240.00
.00 240.00
.00 240.00

.00 240.00

480.00
480.00
480.00
480.00

720.00
720.00
720.00
720.00

470
470
780
780
780
780

141.

96.
146.
123.
146.
123.

FhKkhkhdk Ak ki

470
170
780
680
780
680

115.000 84.400
120.320 95.520
120.320 95.520

115.000

120.320

120.320



6 .00 240.00 480.00 720.00
7 .00 240.00 480.00 720.00
8 .00 240.00 480.00 720.00
9 .00 240.00 480.00 720.00
10 .00 240.00 480.00 720.00
11 .00 240.00 480.00 720.00
12 .00 240.00 480.00 720.00
13 120.00 600.00

TYPE STRENGTH MODULUS STRAIN AT STRAIN AT BOND
TENSION CRACK  MAX STRENGTH STRENGTH
(€D)
1 4.000 3605.000 -.000111 -300 1.000

Hxxsxskrxk REINFORCEMENT PROPERTIES ks

TYPE YIELD ULTIMATE YOUNGS MODULUS AT STRAIN AT
STRENGTH STRENGTH MODULUS HARDENING HARDENING
1 60.000 75.000 29000.000 870.000 3.000

Fxkxkkxxxx COLUMN TYPES ****Fskskrxx

COLUMN  CONCRETE  STEEL DEPTH WIDTH COVER LENGTH RIGID RIGID
TYPE TYPE TYPE ZONE ZONE
(BOT) (TOP)

1 1 1 14.000 14.000 2.250 156.000 .000 7.000

2 1 1 14..000 14..000 2.250 156.000 .000 7.000

3 1 1 14..000 14..000 2.250 156.000 7.000 7.000



4
5
6
7
8
9

10

11

12

13

14

15

16

17

18

RPRRRRRRRRRRRRERER

*xxxx AXIAL LOAD

TYPE

©CoOoO~NOUAWNE

AXTAL

LOAD

-800
-000
.500
.000
.800
.000
-100
-500
.100
-500
-800
-800
.700
.600
-500
-300
.100
.200

RPRRRRRRRRRPRRRRRER

14.000
14.000
14.000
14.000
14.000
14.000
14.000
14.000
14.000
14.000
14.000
14.000
14.000
14.000
14.000

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

AND REINFORCEMENT OF COLUMNS *****

MOMENT
(BOT)

168.
18.
439.
37.
471.
20.
136.
14.
358.
30.
420.
16.
109.
12.
289.

22

297.

14

000
000
200
200
600
400
800
400
800
000
000
800
200
000
200
.800
600
.400

MOMENT
(TOP)

-439.200
-37.200
-471.600
-20.400
-631.200
-86.400
-358.800
-30.000
-307.200
-36.000
-513.600
-70.800
-289.200
-25.200
-297.600
-27.600
-380.400
-51.600

STEEL
AREA

.520
.520
.520
.520
.520
.520
.520
.520
.520
.520
.520
.520
.520
.520
.520
.520
.520
.520

WWWWWWWWwWwWwwWwwWwwwwwww

NNNNNNNNNNNNNNDN

.250
-250
.250
.250
250
.250
-250
.250
.250
250
-250
.250
.250
.250
-250

PERIMETER

OF

BARS

.8500
-8500
.8500
.8500
.8500
.8500
-8500
.8500
.8500
.8500
-8500
.8500
.8500
.8500
-8500
.8500
.8500
.8500

156.
156.
156.
156.
156.
156.
156.
156.
156.
156.
156.
156.
156.
156.
156.

000 7

000 7

000 7
000
000

000 7

000 7

000 7

000 7
000
000

000 7

000 7

000 7

000 7

WEB REINF

RATIO

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.2620

.000
-000
.000
.000
.000
.000
-000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

NNNNNNNNSNNNNSNSNN

CONFINEMENT
RATIO

.6400
.6400
.6400
.6400
.6400
.6400
-6400
.6400
.6400
.6400
-6400
.6400
.6400
.6400
.6400
.6400
.6400
.6400



BEAM  CONCRETE  STEEL DEPTH WIDTH SLAB SLAB COVER MEMBER RIGID
TYPE TYPE TYPE WIDTH THICKNESS LENGTH ZONE
(LEFT)
1 1 1 24._000 14.000 60.000 5.000 2.000 240.000 7.000
*xx%% INITIAL MOMENTS AND REINFORCEMENT OF BEAMS ****x*
BEAM MOMENT MOMENT STEEL STEEL PERIMETER PERIMETER WEB CONFINEMENT
TYPE (LEFT) (RIGHT) AREA AREA OF BARS OF BARS REINF RATI0
(BOTTOM) (ToP) (BOT) (TOP) RATIO
1 -580.000 -580.000 1.000 1.000 5.8400 5.8400 .262 .6400
WALL ~ CONCRETE  STEEL DIST BET. WALL DEPTH OF  WIDTH OF DEPTH OF
TYPE TYPE TYPE EDGE COLS THICKNESS EDGE COL  EDGE COL WALL
1 1 1 240.000 8.000 .000 .000 156.000
2 1 1 240.000 8.000 .000 .000 156.000
3 1 1 240.000 8.000 .000 .000 156.000
4 1 1 240.000 8.000 .000 .000 156.000
5 1 1 240.000 8.000 .000 .000 156.000
6 1 1 240.000 8.000 .000 .000 156.000
*xx%% AXIAL LOAD AND REINFORCEMENT OF SHEAR WALLS ****x
WALL AXIAL VERTICAL HOR1ZONTAL GROSS
TYPE LOAD REINF REINF STEEL AREA
RATIO RATIO IN EDGE COL
1 174.000 .4580 .4580 .0000
2 111.000 .4580 .4580 .0000
3 48.000 .4580 .4580 .0000

RIGID
ZONE
(RIGHT)

7.000



4 135.000 .4580 .4580 .0000
5 85.500 -4580 -4580 .0000
6 36.000 .4580 .4580 .0000

TYPE STIFFNESS STIFFNESS ARM LENGTH
(TORSIONAL)

1 90.360 77279.780 -120.000

2 90.360 77279.780 120.000

3 90.360 77279.780 .000

TYPE CONC LENGTH
TYPE
1 1 240.0000

DATA FOR 7 SECTIONS:

SECTION STEEL  THICKNESS DEPTH MAIN LATERAL FIBERS
TYPE REINF REINF
1 1 24.0000 14.0000 .006000 .001830 10
2 1 5.0000 221.0000 .001830 .001830 20
3 1 24.0000 14.0000 .006000 .001830 10
4 1 5.0000 222.0000 .001830 .001830 20
5 1 24.0000 14.0000 .006000 .001830 10
6 1 5.0000 221.0000 .001830 .001830 20
7 1 24.0000 14.0000 .006000 .001830 10

TYPE CONC LENGTH



2

TYPE

1

240.0000

DATA FOR 7 SECTIONS:

SECTION

NO O~ WNE

STEEL
TYPE

RPRRPRRPRRRER

THICKNESS

24.
.0100
.0000
5.
24.
.0100
24.

24

0000

0000
0000

0000

DEPTH

.0000
.0000
.0000
.0000
.0000
.0000
.0000

ACTIVE OPTION FOR SLAB TYPE: FLEXIBLE

MAIN
REINF

.004000
-000010
.004000
.001830
.004000
-000010
.004000

FHFFAAAAAAAIAX* NODAL CONNECTIVITY

FxkxxkFxxxkx COLUMN ELEMENTS F**xxkskskskox

COL.
NO.

O~NO U WNE

TYP

=
RPNWNRRRR

E

1-COORD

Co~NOURAWN

J-COORD

RPRRRRRRR

L-COORD
(BOT)

[eNoNoNoNoNoNoNa]

LATERAL FIBERS

REINF
.004000 10
-000010 20
.004000 10
.001830 20
.004000 10
-000010 20
.004000 10

INFORMAT ION F**FFskkkkskdhrrk

L-COORD
(TOP)

RPRRRRERRPR



AT A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AN NNNNNNNNNNNNNN
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ANANNNNNNNNNNNNNNNNANNANNNANNNANNANNODOOMONOOONOOMOONOMOMOOHOOOOHNOOHOOHONHOO

AT A A A A A A A A A A A AAAAAAAAAAAATATNNNNNNNNNNNNNNNNNNNNNN

NANNNANNNDONOOONONN N TTTTTTTITTTITT A A A A AAAAAAANNNNNNNNNNN

OMNOVOOTANNMNMSTONDONMNOVDOODOANNMTIOLONMNODODOANNMNMTTOHLONMNODOODOANNMNMTHOONWOOOO AN
— — — — —
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111 6 2 3 2 3
112 6 3 3 2 3
113 6 4 3 2 3
114 6 5 3 2 3
115 12 6 3 2 3
116 18 7 3 2 3
117 12 8 3 2 3
118 6 9 3 2 3
119 6 10 3 2 3
120 6 11 3 2 3
121 6 12 3 2 3
122 5 2 4 2 3
123 5 3 4 2 3
124 5 4 4 2 3
125 5 5 4 2 3
126 11 6 4 2 3
127 17 7 4 2 3
128 11 8 4 2 3
129 5 9 4 2 3
130 5 10 4 2 3
131 5 11 4 2 3
132 5 12 4 2 3
BEAM  TYPE L-COORD 1-COORD J-COORD J-COORD
NO. (LEFT) (RIGHT)
1 1 1 2 1 2

2 1 1 3 1 2

3 1 1 4 1 2
4 1 1 5 1 2

5 1 1 6 1 2

6 1 1 7 1 2

7 1 1 8 1 2

8 1 1 9 1 2

9 1 1 10 1 2
10 1 1 11 1 2
11 1 1 12 1 2
12 1 1 2 2 3
13 1 1 3 2 3
14 1 1 4 2 3
15 1 1 5 2 3
16 1 1 6 2 3



OO ITITITTITTTTTTTANANNNNNNNNNNNNDODOOONOONONONOISITITITTITIITT T T

NANNNANNOOOOONONMNMOMOMOMAddddddd A A ddddNNNNNNNNNNNNDOOOOOHOOOONOONOM
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10
11
12
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— — — — —
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68 1 2 12 3 4
69 1 2 1 1 2
70 1 2 13 1 2
71 1 3 2 1 2
72 1 3 3 1 2
73 1 3 4 1 2
74 1 3 5 1 2
75 1 3 6 1 2
76 1 3 7 1 2
77 1 3 8 1 2
78 1 3 9 1 2
79 1 3 10 1 2
80 1 3 11 1 2
81 1 3 12 1 2
82 1 3 2 2 3
83 1 3 3 2 3
84 1 3 4 2 3
85 1 3 5 2 3
86 1 3 6 2 3
87 1 3 7 2 3
88 1 3 8 2 3
89 1 3 9 2 3
90 1 3 10 2 3
91 1 3 11 2 3
92 1 3 12 2 3
93 1 3 2 3 4
94 1 3 3 3 4
95 1 3 4 3 4
96 1 3 5 3 4
97 1 3 6 3 4
98 1 3 7 3 4
99 1 3 8 3 4
100 1 3 9 3 4
101 1 3 10 3 4
102 1 3 11 3 4
103 1 3 12 3 4
104 1 3 1 1 2
105 1 3 13 1 2
WALL TYPE 1-COORD J-COORD L-COORD L-COORD

NO. (BOTTOM) (TOP)
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FxxxXXXXX* TRANSVERSE BEAM ELEMENTS sk

J-COORD
——————(COLUMN) -—-—-

1-COORD

J-COORD

1-COORD

L-COORD

TYPE

NO.

————(WALL//COL)----

A AT A A A A A A A TN NANANNNNNNNNNOOO®M

NOTOLONMNOOOANNNMNMTLONOOOANNNMS
o o

A A A A A A A A A A AATNNNNNNNNNNANONO
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— —

AT A A A A A A A A A A A AAA A A A A A A A A A A

NOOOOOOOOMOHOMOHMOANATNONOONOHONOHOHOOHOMOHMHANMNM

ANMNMITOLONODOODOANMSTNHONOOO
A A A A A A A A AN
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130
131
132
133
134
135
136
137
138
139
140
141
142
143
144

POWWWWWWWWWE,ENW®W

WWWWWWWWwwWwwWwwwwww
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SLAB
NO.

OCoOoO~NOUDMWNE

SLAB
TYPE

RPRRRPRRPRNNRPRRPRRPRRPRRPRRRRRPRERNNRRRRR

L-COORD

NNNNNNNNNNNNRRRPRRRRERRRPRRERRPR

1-COORD
FRAME 1

R
NRPNROOONOUAWNR

NARAAMAMDMDMDIMIADAMDIANNW®

1-COORD
FRAME J

B
WNNN P

el
NMNNROOONO® UM

AAAAMADMDMDIMIADIAMDDWOWOW



PLAN

PLAN

PLAN

PLAN

PLAN

1 3 1 2
1 3 2 3
1 3 3 4
1 3 4 5
1 3 5 6
2 3 6 7
2 3 7 8
1 3 8 9
1 3 9 10
1 3 10 11
1 3 11 12
1 3 12 13

OF FRAME 13:

OF FRAME 12: o]

OF FRAME 11: 0

OF FRAME 10: o]

OF FRAME 9: 0




PLAN

PLAN

PLAN

PLAN

PLAN

PLAN

PLAN

PLAN

OF

OF

OF

OF

OF

OF

OF

OF

FRAME

FRAME

FRAME

FRAME

FRAME

FRAME

FRAME

FRAME

FrxxxxIAA* FRAME ELEVATION AND ELEMENT TYPES ki



ELEVATION OF FRAME NO. 1

R +
W 01 W
W W
o3w o3w
W W
W W
O +
W 01 W
W W
o2w o2w
W W
W W
o +
W 01 W
W W
01w 01w
W W
W W
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
I = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
I = EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES

ELEVATION OF FRAME NO. 2

o
=

05 06 06 05

R

YR
[ T Y

o
=



1 1 1 1

1 03 1 04 1 04 1 03

1 1 ! !

1 1 ! !

o o o +

1 01 1 01 1 01 1

1 1 1 1

1 01 1 02 1 02 1 01

1 1 ! !

1 1 1 !
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
! = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
I = EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES
ELEVATION OF FRAME NO. 3

o o o +

! 01 1 01 1 01 1

! 1 1 1

1 05 1 06 1 06 1 05

! 1 1 !

1 1 1 1

o o o +

1 01 1 01 1 01 1

1 1 1 1

1 03 1 04 1 04 1 03

1 1 1 1

1 1 ! !

o o o +

1 01 1 01 1 01 1

1 1 1 !

1 01 1 02 1 02 1 01

1 1 ! 1

1 1 1 !

NOTATION:



BEAM NUMBERS INDICATE ELEMENT TYPES

I = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
I = EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES

ELEVATION OF FRAME NO. 4

+ +
1 01 1 01 1 01 1
1 1 ! !
1 05 1 06 1 06 1 05
1 1 ! !
1 1 1 1
o o o +
1 01 1 01 1 01 !
1 1 ! !
1 03 1 04 1 04 1 03
1 ! ! !
1 1 ! !
o o o +
1 01 1 01 1 01 1
1 1 ! 1
1 01 1 02 1 02 1 01
1 1 ! !
1 1 ! !
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
! = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
I = EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES

ELEVATION OF FRAME NO. 5



o

05
0
01

01
01
INDICATE ELEMENT TYPES
01
12
01

06
02

EDGE COLUMN NUMBERS BELOW COLUMN TYPES
11
0

COLUMN TYPE NUMBERS ON RIGHT
SHEAR WALL NUMBERS ON LEFT, AND

NUMBERS

01
06

01
02

6

01
12

01

S &
01

NOTATION:
= BEAM
= COLUMN
SHEAR WALL
EDGE COLUMN
ELEVATION OF FRAME NO.

1
W =
1 =

S



! 01 ! 01 ! 01 !

! ! ! !

1 07 1 08 1 08 1 07

! ! ! !

! ! ! !
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
I = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
I = EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES
ELEVATION OF FRAME NO. 7

o o o +

1 01 1 01 1 01 1

1 1 ! !

117 118 118 117

1 1 1 1

1 1 1 1

o O o +

1 01 1 01 ! 01 !

1 1 1 1

115 1 16 1 16 1 15

1 1 ! !

1 1 ! !

T T T +

! 01 ! 01 ! 01 !

! ! ! !

113 114 114 113

! ! ! !

! ! ! !
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
I = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
1 =

EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES



ELEVATION OF FRAME NO. 8

o o o +

! 01 1 01 1 01 1

1 1 ! !

111 112 112 111

! 1 1 1

1 ! ! !

o o o +

1 01 1 01 1 01 1

1 1 1 1

1 09 110 110 1 09

1 1 ! !

1 1 1 !

o o o +

1 01 1 01 1 01 1

1 1 1 !

1 07 1 08 1 08 1 07

1 1 1 1

1 1 ! !
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
! = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
I = EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES
ELEVATION OF FRAME NO. 9

o o o +

1 01 1 01 1 01 1

1 ! ! !

105 1 06 1 06 1 05



et

01

01

01

03

04

04

ot

01

01

NOTATION

INDICATE ELEMENT TYPES

NUMBERS

BEAM

COLUMN TYPE NUMBERS ON RIGHT

SHEAR WALL NUMBERS ON LEFT, AND

SHEAR WALL

EDGE COLUMN NUMBERS BELOW COLUMN TYPES

EDGE COLUMN

10

ELEVATION OF FRAME NO.

ot

01

¢

01

03

04

01

01



NOTATION:

- = BEAM NUMBERS INDICATE ELEMENT TYPES

I = COLUMN COLUMN TYPE NUMBERS ON RIGHT

W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND

I = EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES

ELEVATION OF FRAME NO. 11

+ +

! 01 ! 01 ! 01 !

! ! ! !

105 1 06 1 06 105

! ! ! !

1 ! ! !

S oo oo +

' o1 1 o1 1 o1 1

! ! ! !

1 03 1 04 1 04 1 03

1 ! ! !

' ' ' '

S — S — S — +

! 01 ! 01 ! 01 !

! ! ! !

1 01 102 1 02 1 01

' ! ! !

1 1 1 1
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
1 = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
1 =

EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES



ELEVATION OF FRAME NO. 12

o o o +
I 01 1 01 1 01 1
1 1 1 1
1 05 1 06 1 06 1 05
I I 1 !
I 1 1 1
o o o +
1 01 1 01 1 01 !
I I I !
1 03 1 04 1 04 1 03
1 1 1 1
1 1 ! 1
o o o +
I 01 1 01 1 01 !
1 1 1 1
101 102 102 1 01
I I ! !
I 1 1 !
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
1 = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
I = EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES

ELEVATION OF FRAME NO. 13

o +
W 01 W
W W

o3w o3w
W W
W W
o +
W 01 W



W W

W W

S +

W 01 W

W W

01w 01w

W W

W W
NOTATION:
- = BEAM NUMBERS INDICATE ELEMENT TYPES
1 = COLUMN COLUMN TYPE NUMBERS ON RIGHT
W = SHEAR WALL SHEAR WALL NUMBERS ON LEFT, AND
I = EDGE COLUMN EDGE COLUMN NUMBERS BELOW COLUMN TYPES

LOADING DATA

NO. OF UNIFORMLY LOADED BEAMS ......... 105
NO. OF LATERAL LOADING POINTS ......... 0
NO. OF APPLIED NODAL MOMENTS .......... 0

UNIFORM LOAD DATA:

LOAD BEAM LOAD
NO. NO. VALUE

-160
.160
.160
.160
.080
.080
.080
.160

O~NO U WNE
oO~NO U WNE



.160
.160
.160
.160
.160
.160
.160
.160
.160
.160
-160
.160
.160
.160
-160
.160
.160
.160
.080
.080
.080
.160
.160
.160
.160
.080
.080
.160
.160
.160
.160
.080
.080
.080
.160
-160
.160
.160
.160
.160
.160
.160
.160
-160
.160
.160
.160
-160
.160
.160
.160



60 60 .160

61 61 .160
62 62 .080
63 63 .080
64 64 .080
65 65 .160
66 66 .160
67 67 .160
68 68 .160
69 69 .080
70 70 .080
71 71 .160
72 72 .160
73 73 .160
74 74 -160
75 75 .080
76 76 .080
77 77 .080
78 78 -160
79 79 .160
80 80 .160
81 81 .160
82 82 .160
83 83 .160
84 84 .160
85 85 .160
86 86 -160
87 87 .160
88 88 .160
89 89 .160
90 90 .160
91 91 -160
92 92 .160
93 93 .160
94 94 .160
95 95 -160
96 96 .160
97 97 .080
98 98 .080
99 99 .080
100 100 .160
101 101 .160
102 102 .160
103 103 -160
104 104 .080
105 105 .080

1



ACTIVE SYSTEM OF UNITS:

INCH, KIPS

Hxxsrskrxk RESULTS OF STATIC ANALYSIS *sssxsssx

STORY DISPLACEMENTS:

STORY LATERAL DISPLACEMENTS
NO.

FRAME: 1 2

FRAME: 11 12

1 .00058 .00028

.00004 .00028

2 .00185 .00233

.00278 .00233

3 .00339 .00497

.00641 .00497

Fkkxkkkgkrkx COLUMN QUTPUT **F*dkkkik

CoL --- LATERAL DISPL ---
NO. BOT TOP
1 .00000 .00028
2 .00000 .00004
3 .00000 -.00016
4 .00000 -.00030
5 .00000 -.00040

.00004
.00058
.00278
.00185
.00641
.00339

1.027
1.073
1.087
1.085

.551

-.00016

.00318

.00765

-1.027
-1.073
-1.087
-1.085

-.551

-.00030

.00351

.00865

6 7
-.00040 -.00043
.00376 .00386
00939 00969
————— MOMENT —----
BOT TOP
115.179 -339.047
112.452 -334.837
111.466 -333.699
111.397 -334.091
107.769 -305.778

-.00040

.00376

.00939

-.00030

.00351

.00865

10

-.00016

.00318

.00765



.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00028
.00004
.00016
.00030
.00040
.00043
.00040
.00030
.00016
.00004
.00028
.00028

.00043
.00040
.00030
.00016
.00004
.00028
.00028
.00004
.00016
.00030
.00040
.00043
.00040
.00030
.00016
.00004
.00028
.00028
.00004
.00016
.00030
.00040
.00043
.00040
.00030
.00016
.00004
.00028
.00028
.00004
.00016
.00030
.00040
.00043
.00040
.00030
.00016
.00004
.00028
.00233
.00278
.00318
.00351
.00376
.00386
.00376
.00351
.00318
.00278
.00233
.00233

R RR e

NNNBE

.541
.551
.085
.087
.073
.027
.331
.345
.357
.374
.594
.604
.594
.374
.357
.345
.331
.896
.933
.945
.935
.365
.350
.365
.935
.945
.933
.896
.452
.482
.470
.436
.700
.674
.700
.436
.470
.482
.452
.019
.046
.023
-990
.942
.921
.942
-990
.023
.046
.019
.726

IR R PR

RPRER

I RPNNNR R R

I NNNPE I

.541
.551
.085
.087
.073
.027
.331
.345
.357
.374
.594
.604
.594
.374
.357
.345
.331
.896
.933
.945
.935
.365
.350
.365
.935
.945
.933
.896
.452
.482
.470
.436
.700
.674
.700
.436
.470
.482
.452
.019
.046
.023
-990
.942
.921
.942
-990
.023
.046
.019
.726

80

-16.

-30.

.609
.769
.397
.466
.452
.179

.186
.697
.779
.862
.853
862
.779
.697
.186
.214
.049
.294
.157
837
.016
.657
.016
.837
.157

.049
.578
.813

.982
.536
.547
.536
.982

.813
.578
.873
.955
.726
.531
971
.120
971
.531
.726
.955
.873
.283

.135
.778
.091
.699
.837
.047
.666
.643
.699
-190
.207
.985
.207
-190
.699
.643
.666
.244
.551
.458
.337
.978
.223
.978
.337
.458
.551
.244
.984
.209
.253
.130
.312
.237
.312
.130
.253
.209
.984
.287
.358
.764
.759
-300
.867
.300
.759
.764
.358
.287
.206



.00004
.00016
.00030
.00040
.00043
.00040
.00030
.00016
.00004
.00028
.00028
.00004
.00016
.00030
.00040
.00043
.00040
.00030
.00016
.00004
.00028
.00028
.00004
.00016
.00030
.00040
.00043
.00040
.00030
.00016
.00004
.00028
.00233
.00278
.00318
.00351
.00376
.00386
.00376
.00351
.00318
.00278
.00233
.00233
.00278
.00318
.00351
.00376
.00386
.00376
.00351

.00278
.00318
.00351
.00376
.00386
.00376
.00351
.00318
.00278
.00233
.00233
.00278
.00318
.00351
.00376
.00386
.00376
.00351
.00318
.00278
.00233
.00233
.00278
.00318
.00351
.00376
.00386
.00376
.00351
.00318
.00278
.00233
.00497
.00641
.00765
.00865
.00939
.00969
.00939
.00865
.00765
.00641
.00497
.00497
.00641
.00765
.00865
-00939
.00969
.00939
.00865

PR

RRRe

NNNNEFRPRFRPENNDNDDN

.695
.663
.649
.022
.026
.022
.649
.663
.695
.726
.716
.713
.680
.617
-393
.350
.393
.617
.680
.713
.716
.021
.136
.163
.139
.682
.646
.682
.139
.163
.136
.021
.268
.306
.275
.234
.130
.107
.130
.234
.275
.306
.268
.682
.632
.585
.563
-995
-999
.995
.563

.695
.663
.649
.022
.026
.022
.649
.663
.695
.726
.716
.713
.680
.617
-393
.350
.393
.617
.680
.713
.716
.021

3.136

WWWWRrRPRPRPRWOW

U L U
NNNEFEPRFRPENNNDN

.163
.139
.682
.646
.682
.139
.163
.136
.021
.268
.306
.275
.234
.130
.107
.130
.234
.275
.306
-2.
.682
.632
.585
.563
-995
-999
.995
.563

268

-9

-7.
-6.
-41.

-41.
-6.
-7.
-9.

-12.

-87.

-87.

-85.

-80.

.786

.329
-150
.068
.302
.868
.302
.068
.150
.329
.206
.067
.707
.374
.029
.079
.664
.079
.029
.374
.707
.067
.411
-988
.691
.073
-960
.932
-960
.073
.691
.988
-411
-998
.670
-909
.102
-350
.974
.350
.102
-909
.670
-998
.213
.081
.412
.762
.542
.250
.542
.762



108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

.00318
.00278
.00233
.00233
.00278
.00318
.00351
.00376
.00386
.00376
.00351
.00318
.00278
.00233
.00233
.00278
.00318
.00351
.00376
.00386
.00376
.00351
.00318
.00278
.00233

.00765
.00641
.00497
.00497
.00641
.00765
.00865
.00939
.00969
.00939
.00865
.00765
.00641
.00497
.00497
.00641
.00765
.00865
-00939
.00969
.00939
.00865
.00765
.00641
.00497

Fkkkkkkkkx BEAM OUTPUT Fr**kkdkixx

BEAM

NO.

OCoO~NOURAWNE

--- VERTICAL DISPL ---

LEFT

-.00968
-.01027
-.01028
-.00994
-.00530
-.00499
-.00530
-.00994
-.01028
-.01027
-.00968
-.01200
-.01292

RIGHT

.01200
.01292
.01299
.01292
.01228
.01221
.01228
.01292
.01299
.01292
.01200
.01435
.01540

R R R R

.585
.632
.682
.889
.882
.833
.742
.310
.248
.310
.742
.833
.882
.889
-530
.695
.734
.699
.006
.953
.006
.699
.734
.695
.530

.720
.667
.661
.689
.369
-400
-369
.689
.661
.667
.720
.074
.024

-1

w

.585
.632
.682
-1.
-1.
-1.
-1.
.310
.248
.310
-1.
.833
.882
-1.
.530

889
882
833
742

742

889

3.695

WWWWNEFENWW

.734
.699
.006
.953
.006
.699
.734
.695
.530

.680
.733
.739
.711
.831
-800
.831
.711
.739
.733
.680
.326
.376

-23.
-26.
-30.
-105.
-104.
-101.
-95.
-2.
-1.

-95.
-101.
-104.
-105.

706.

716.

719.

717.

553.

428.

553.

717.

719.

716.

706.

-754.
-745.

-744

-749.
-648.
-654.
-648.
-749.
-744.
-745.
-754.
-913.
-910.

718
960
193
811
835
409
396
971
364
971
396
409
835
811
405
854
499
611
809
277
809
611
499
854
405

381
268
.356
451
763
195
763
451
356
268
381
907
502

-1540.
-1543.
-1544.
-1542.
-1153.
-1151.
-1153.
-1542.
-1544.
-1543.
-1540.
-1620.
-1628.

.412
.081
.213
.592
.623
.129
.189
.527
.167
.527
.189
.129
.623
.592
.711
.633
.475
-430
.609
.114
.609
.430
.475
.633
.711

848
740
274
888
006
350
006
888
274
740
848
461
323



.01299
.01292
.01228
.01221
.01228
.01292
.01299
.01292
.01200
.01435
.01540
.01545
.01501
.00923
.00883
.00923
.01501
.01545
.01540
.01435
.00083
.00083
.01604
.01709
.01711
.01651
.00889
.00833
.00889
.01651
.01711
.01709
.01604
.01989
.02154
.02167
.02153
.02043
.02030
.02043
.02153
.02167
.02154
.01989
.02377
.02563
.02572
.02495
.01547
.01475
.01547

.01545
.01501
.00923
.00883
.00923
.01501
.01545
.01540
.01435
.01114
.01196
.01200
.01162
.00636
.00600
.00636
.01162
.01200
.01196
.01114
.00088
.00088
.01989
.02154
.02167
.02153
.02043
.02030
.02043
.02153
.02167
.02154
.01989
.02377
.02563
.02572
.02495
.01547
.01475
.01547
.02495
.02572
.02563
.02377
.01847
.01994
.02002
.01933
.01067
.01002
.01067

.015
.001
.445
.435
.445
.001
.015
.024
.074
.275
.307
.301
.283
.322
.309
.322
.283
.301
.307
.275
.476
.476
.984
.921
.891
-905
.633
.664
.633
.905
.891
.921
.984
.374
.319
.295
.248
.393
.362
.393
.248
.295
.319
.374
797
.769
.736
.715
.937
.934
.937

.385
-399
.955
.965
.955
-399
.385
.376
.326
.125
.093
.099
2117
.878
.891
.878
2117
.099
.093
.125
.724
.724
.416
.479
.509
.495
.567
.536
.567
.495
.509
479
.416
.026
.081
.105
.152
.007
.038
.007
.152
.105
.081
.026
.603
.631
.664
.685
.263
.266
.263

-909.
-905.
-880.
-877.
-880.
-905.
-909.
-910.
-913.
-1112.
-1109.
-1108.
-1111.
-877.
-879.
-877.
-1111.
-1108.
-1109.
-1112.
-882.
-882.
-804.
-795.
-791.
-792.
-677.
-681.
-677.
-792.
-791.
-795.
-804.
-926.
-920.
-917.
-910.
-863.
-858.
-863.
-910.
-917.
-920.
-926.
-1094.
-1088.
-1084.
-1085.
-856.
-859.
-856.

508
328
552
038
552
328
508
502
907
403
640
922
090
446
894
446
090
922
640
403
019
019
473
506
453
937
420
125
420
937
453
506
473
151
224
292
329
834
635
834
329
292
224
151
589
126
933
900
657
216
657

-1629.
-1628.
-1503.
-1501.
-1503.
-1628.
-1629.
-1628.
-1620.
-869.
-859.
-860.
-866.
-714.
-719.
-714.
-866.
-860.
-859.
-869.
-910.
-910.
-1531.
-1536.
-1539.
-1537.
-1121.
-1118.
-1121.
-1537.
-1539.
-1536.
-1531.
-1564.
-1571.
-1573.
-1577.
-1498.
-1500.
-1498.
-1577.
-1573.
-1571.
-1564.
-959.
-959.
-963.
-969.
-780.
-783.
-780.

246
292
264
833
264
292
246
323
461
366
382
193
310
172
592
172
310
193
382
366
100
100
398
587
397
635
898
665
898
635
397
587
398
852
229
912
526
105
064
105
526
912
229
852
729
531
852
589
411
751
411



65 -.02495

66 -.02572
67 -.02563
68 -.02377
69 -.00140
70 -.00140
71 -.01912
72 -.02042
73 -.02045
74 -.01970
75 -.01065
76 -.00997
77 -.01065
78 -.01970
79 -.02045
80 -.02042
81 -.01912
82 -.02383
83 -.02587
84 -.02603
85 -.02586
86 -.02451
87 -.02434
88 -.02451
89 -.02586
90 -.02603
91 -.02587
92 -.02383
93 -.02859
94 -.03090
95 -.03101
96 -.03005
97 -.01871
98 -.01782
99 -.01871
100 -.03005
101 -.03101
102 -.03090
103 -.02859
104 -.00169
105 -.00169

.01933
.02002
.01994
.01847
.00150
.00150
.02383
.02587
.02603
.02586
.02451
.02434
.02451
.02586
.02603
.02587
.02383
.02859
-03090
.03101
.03005
.01871
.01782
.01871
.03005
.03101
-03090
.02859
.02202
.02383
.02393
.02308
.01277
.01197
.01277
.02308
.02393
.02383
.02202
.00182
.00182

Fhkkkkkgkkk \WALL OQUTPUT Fr**sddkixx

WALL --- LATERAL DISPL ---

19.715
19.736
19.769
19.797

9.406

9.406
15.280
15.196
15.177
15.212

7.216

7.261

7.216
15.212
15.177
15.196
15.280
15.821
15.751
15.735
15.702
15.973
15.951
15.973
15.702
15.735
15.751
15.821
20.568
20.612
20.594
20.562
10.539
10.518
10.539
20.562
20.594
20.612
20.568

9.388

9.388

.685
.664
.631
.603
.794
.794
.120
.204
.223
.188
.984
-939
.984
.188
.223
.204
.120
.579
.649
.665
.698
427
.449
.427
.698
.665
.649
.579
.832
.788
.806
.838
.661
.682
.661
.838
.806
.788
.832
.812
.812

-1085.
-1084.
-1088.
-1094.
-874.
-874.
-679.
-664.
-661.
-667.
-612.
-620.
-612.
-667.
-661.
-664.
-679.
-904.
-899.
-897.
-889.
-822.
-815.
-822.
-889.
-897.
-899.
-904.
-1086.
-1081.
-1079.
-1083.
-881.
-885.
-881.
-1083.
-1079.
-1081.
-1086.
-871.
-871.

900
933
126
589
022
022
350
139
229
031
933
032
933
031
229
139
350
153
809
810
825
492
825
492
825
810
809
153
562
216
429
361
088
760
088
361
429
216
562
517
517

-969.589
-963.852
-959.531
-959.729
-917.763
-917.763
-1565.159
-1568.957
-1570.493
-1568.280
-1151.650
-1148.651
-1151.650
-1568.280
-1570.493
-1568.957
-1565.159
-1667.788
-1679.172
-1680.997
-1680.338
-1551.720
-1550.136
-1551.720
-1680.338
-1680.997
-1679.172
-1667.788
-777.362
-762.086
-764.488
-775.612
-668.967
-678.194
-668.967
-775.612
-764.488
-762.086
-777.362
-919.340
-919.340



NO.

OCoOoO~NOOUDWNE

BOT

.00000
.00000
.00000
.00000
.00058
.00058
.00058
.00058
.00185
.00185
.00185
.00185

SLAB

NO.

©CoO~NOUA~AWNE

--- LATERAL DISPL ---

FRONT

.00058
.00028
.00004
.00016
.00030
.00040
.00043
.00040
.00030
.00016
.00004
.00028
.00185
.00233
.00278
.00318
.00351
.00376
.00386
.00376
.00351
.00318

TOP BOT

.00058 -1.399
.00058 -3.372
.00058 -1.399
.00058 -3.372
.00185 -.838
.00185 -5.241
.00185 -.838
.00185 -5.241
.00339 .622
.00339 -5.483
.00339 .622
.00339 -5.483

REAR FRONT
.00028 1.308
.00004 .670
.00016 .221
.00030 -.062
.00040 -.220
.00043 -.085
.00040 .085
.00030 .220
.00016 .062
.00004 -.221
.00028 -.670
.00058 -1.308
.00233 -1.218
.00278 -1.086
.00318 -.893
.00351 -.648
.00376 -.372
.00386 -.125
.00376 .125
.00351 .372
.00318 .648
.00278 .893

T

al WkFkE WPk

[6) B¢ ) BN |

e

OoP

-399
.372
-399
.372
.838
.241
.838
.241
.622
.483
.622
.483

.308
.670
.221
.062
.220
.085
.085
.220
.062
.221
.670
.308
.218
.086
.893
.648
.372
.125
.125
.372
.648
.893

BOT

1220

1067.
1220.
1067.
652.
925.
652.
925.
207.
484 .
207.
484.

.798
497
798
497
917
997
917
997
248
625
248
625

FRONT

313.
474.
527.
512.
460.
439.
460.
512.
527.
474.
313.

-292.
-552.
-767.
-922.
-1012.
-1042.
-1012.
-922.
-767.

.000
884
780
926
935
193
810
193
935
926
780
884
.000
236
964
192
792
038
155
038
792
192

TOP

1002.
541.
1002.
541.
522.
108.
522.
108.
304.
-370.
304.
-370.

313.
474.
527.
512.
460.
439.
460.
512.
527.
474.
313.
.000
-292.
-552.
-767.
-922.
-1012.
-1042.
-1012.
-922.
-767.
-552.

603
470
603
470
193
475
193
475
260
680
260
680

884
780
926
935
193
810
193
935
926
780
884

236
964
192
792
038
155
038
792
192
964



.00278
.00233
.00339
.00497
.00641
.00765
.00865
.00939
.00969
.00939
.00865
.00765
.00641
.00497

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

YIELDING

DETECTED 1IN

DETECTED IN

DETECTED 1IN

DETECTED IN

DETECTED IN

DETECTED IN

DETECTED IN

DETECTED IN

DETECTED IN

DETECTED IN

DETECTED 1IN

DETECTED IN

DETECTED IN

DETECTED IN

DETECTED IN

.00233 1.086 -1
.00185 1.218 -1
.00497 -4.861 4
.00641 -3.553 3
.00765 -2.429 2
.00865 -1.469 1
.00939 -.629
.00969 -.200
.00939 .200 -
.00865 .629 -
.00765 1.469 -1.
.00641 2.429 -2
.00497 3.553 -3.
.00339 4.861 -4.
FAILURE SEQUENCE
BEAM 1 AT BASE SHEAR COEFF VALUE:
BEAM 2 AT BASE SHEAR COEFF VALUE:
BEAM 3 AT BASE SHEAR COEFF VALUE:
BEAM 4 AT BASE SHEAR COEFF VALUE:
BEAM 8 AT BASE SHEAR COEFF VALUE:
BEAM 9 AT BASE SHEAR COEFF VALUE:
BEAM 10 AT BASE SHEAR COEFF VALUE:
BEAM 11 AT BASE SHEAR COEFF VALUE:
BEAM 12 AT BASE SHEAR COEFF VALUE:
BEAM 13 AT BASE SHEAR COEFF VALUE:
BEAM 14 AT BASE SHEAR COEFF VALUE:
BEAM 15 AT BASE SHEAR COEFF VALUE:
BEAM 16 AT BASE SHEAR COEFF VALUE:
BEAM 17 AT BASE SHEAR COEFF VALUE:
BEAM 18 AT BASE SHEAR COEFF VALUE:

.086
.218
.861
.553
.429
.469
.629
.200
.200
.629

469

.429

553
861

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

.010

-552.
-292.
.000
-1166.
-2019.
-2602.
-2954.
-3105.
-3153.
-3105.
-2954.
-2602.
-2019.
-1166.

964
236

604
364
276
894
836
907
836
894
276
364
604

-292.
.000
-1166.
-2019.
-2602.
-2954.
-3105.
-3153.
-3105.
-2954.
-2602.
-2019.
-1166.
.000

236

604
364
276
894
836
907
836
894
276
364
604



YIELDING DETECTED IN BEAM 19 AT BASE SHEAR COEFF VALUE: .010

YIELDING DETECTED IN BEAM 20 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 21 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 22 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 36 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 37 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 38 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 39 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 43 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 44 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 45 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 46 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 47 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 48 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 49 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 50 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 51 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 52 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 53 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 54 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 55 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 56 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 57 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 71 AT BASE SHEAR COEFF VALUE: .010

YIELDING DETECTED IN BEAM 72 AT BASE SHEAR COEFF VALUE: .010



YIELDING DETECTED IN BEAM 73 AT BASE SHEAR COEFF VALUE: .010

YIELDING DETECTED IN BEAM 74 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 78 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 79 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 80 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 81 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 82 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 83 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 84 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 85 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 86 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 87 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 88 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 89 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 90 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 91 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 92 AT BASE SHEAR COEFF VALUE: .010
YIELDING DETECTED IN BEAM 5 AT BASE SHEAR COEFF VALUE: .020
YIELDING DETECTED IN BEAM 6 AT BASE SHEAR COEFF VALUE: .020
YIELDING DETECTED IN BEAM 7 AT BASE SHEAR COEFF VALUE: .020
YIELDING DETECTED IN BEAM 40 AT BASE SHEAR COEFF VALUE: .030
YIELDING DETECTED IN BEAM 41 AT BASE SHEAR COEFF VALUE: .030
YIELDING DETECTED IN BEAM 42 AT BASE SHEAR COEFF VALUE: .030
YIELDING DETECTED IN BEAM 75 AT BASE SHEAR COEFF VALUE: .030
YIELDING DETECTED IN BEAM 77 AT BASE SHEAR COEFF VALUE: .030

YIELDING DETECTED IN BEAM 76 AT BASE SHEAR COEFF VALUE: .040



YIELDING DETECTED IN BEAM 69 AT BASE SHEAR COEFF VALUE: .050

YIELDING DETECTED IN BEAM 70 AT BASE SHEAR COEFF VALUE: .050
YIELDING DETECTED IN BEAM 104 AT BASE SHEAR COEFF VALUE: .050
YIELDING DETECTED IN BEAM 105 AT BASE SHEAR COEFF VALUE: .050
YIELDING DETECTED IN BEAM 34 AT BASE SHEAR COEFF VALUE: .070
YIELDING DETECTED IN BEAM 35 AT BASE SHEAR COEFF VALUE: .070
YIELDING DETECTED IN BEAM 60 AT BASE SHEAR COEFF VALUE: .070
YIELDING DETECTED IN BEAM 61 AT BASE SHEAR COEFF VALUE: .070
YIELDING DETECTED IN BEAM 65 AT BASE SHEAR COEFF VALUE: .070
YIELDING DETECTED IN BEAM 66 AT BASE SHEAR COEFF VALUE: .070
YIELDING DETECTED IN BEAM 59 AT BASE SHEAR COEFF VALUE: .080
YIELDING DETECTED IN BEAM 67 AT BASE SHEAR COEFF VALUE: .080
YIELDING DETECTED IN BEAM 26 AT BASE SHEAR COEFF VALUE: .090
YIELDING DETECTED IN BEAM 30 AT BASE SHEAR COEFF VALUE: .090
YIELDING DETECTED IN BEAM 58 AT BASE SHEAR COEFF VALUE: .090
YIELDING DETECTED IN BEAM 68 AT BASE SHEAR COEFF VALUE: .090
YIELDING DETECTED IN BEAM 25 AT BASE SHEAR COEFF VALUE: .100
YIELDING DETECTED IN BEAM 31 AT BASE SHEAR COEFF VALUE: .100
YIELDING DETECTED IN BEAM 62 AT BASE SHEAR COEFF VALUE: .100
YIELDING DETECTED IN BEAM 63 AT BASE SHEAR COEFF VALUE: .100
YIELDING DETECTED IN BEAM 64 AT BASE SHEAR COEFF VALUE: .100
YIELDING DETECTED IN BEAM 27 AT BASE SHEAR COEFF VALUE: .110
YIELDING DETECTED IN BEAM 28 AT BASE SHEAR COEFF VALUE: .110
YIELDING DETECTED IN BEAM 29 AT BASE SHEAR COEFF VALUE: .110

YIELDING DETECTED IN BEAM 24 AT BASE SHEAR COEFF VALUE: .120



YIELDING DETECTED IN BEAM 32 AT BASE SHEAR COEFF VALUE: .120

YIELDING DETECTED IN BEAM 23 AT BASE SHEAR COEFF VALUE: .140
YIELDING DETECTED IN BEAM 33 AT BASE SHEAR COEFF VALUE: .140
FLEXURAL YIELDING IN WALL 1 AT BASE SHEAR COEFF VALUE: .180
FLEXURAL YIELDING IN WALL 2 AT BASE SHEAR COEFF VALUE: .180
FLEXURAL YIELDING IN WALL 3 AT BASE SHEAR COEFF VALUE: .180
FLEXURAL YIELDING IN WALL 4 AT BASE SHEAR COEFF VALUE: .180
YIELDING DETECTED IN BEAM 93 AT BASE SHEAR COEFF VALUE: .200
YIELDING DETECTED IN BEAM 103 AT BASE SHEAR COEFF VALUE: .200
YIELDING DETECTED IN BEAM 94 AT BASE SHEAR COEFF VALUE: .210
YIELDING DETECTED IN BEAM 95 AT BASE SHEAR COEFF VALUE: .210
YIELDING DETECTED IN BEAM 96 AT BASE SHEAR COEFF VALUE: .210
YIELDING DETECTED IN BEAM 100 AT BASE SHEAR COEFF VALUE: .210
YIELDING DETECTED IN BEAM 101 AT BASE SHEAR COEFF VALUE: .210
YIELDING DETECTED IN BEAM 102 AT BASE SHEAR COEFF VALUE: .210
YIELDING DETECTED IN BEAM 97 AT BASE SHEAR COEFF VALUE: .220
YIELDING DETECTED IN BEAM 98 AT BASE SHEAR COEFF VALUE: .220
YIELDING DETECTED IN BEAM 99 AT BASE SHEAR COEFF VALUE: .220
FLEXURAL YIELDING IN SLAB 30 AT BASE SHEAR COEFF VALUE: .240
FLEXURAL YIELDING IN SLAB 31 AT BASE SHEAR COEFF VALUE: .240
FLEXURAL YIELDING IN SLAB 18 AT BASE SHEAR COEFF VALUE: .260
FLEXURAL YIELDING IN SLAB 19 AT BASE SHEAR COEFF VALUE: .260
FLEXURAL YIELDING IN SLAB 30 AT BASE SHEAR COEFF VALUE: .270
FLEXURAL YIELDING IN SLAB 31 AT BASE SHEAR COEFF VALUE: .270
FLEXURAL YIELDING IN SLAB 6 AT BASE SHEAR COEFF VALUE: -380

FLEXURAL YIELDING IN SLAB 7 AT BASE SHEAR COEFF VALUE: .380



YIELDING DETECTED IN COLUMN 4 AT BASE SHEAR COEFF VALUE: .410

YIELDING DETECTED IN COLUMN 5 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 6 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 7 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 8 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 28 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 36 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 37 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 38 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 39 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 40 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 41 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 42 AT BASE SHEAR COEFF VALUE: .410
YIELDING DETECTED IN COLUMN 2 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 3 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 9 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 10 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 16 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 17 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 18 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 27 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 29 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 34 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 35 AT BASE SHEAR COEFF VALUE: .420

YIELDING DETECTED IN COLUMN 43 AT BASE SHEAR COEFF VALUE: .420



YIELDING DETECTED IN COLUMN 44 AT BASE SHEAR COEFF VALUE: .420

YIELDING DETECTED IN BEAM 63 AT BASE SHEAR COEFF VALUE: .420
YIELDING DETECTED IN COLUMN 1 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 11 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 14 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 15 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 19 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 20 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 25 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 26 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 30 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 31 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 50 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 72 AT BASE SHEAR COEFF VALUE: -430
YIELDING DETECTED IN COLUMN 116 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN BEAM 41 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN BEAM 62 AT BASE SHEAR COEFF VALUE: -430
YIELDING DETECTED IN BEAM 64 AT BASE SHEAR COEFF VALUE: .430
YIELDING DETECTED IN COLUMN 12 AT BASE SHEAR COEFF VALUE: .440
YIELDING DETECTED IN COLUMN 13 AT BASE SHEAR COEFF VALUE: .440
YIELDING DETECTED IN COLUMN 21 AT BASE SHEAR COEFF VALUE: -440
YIELDING DETECTED IN COLUMN 22 AT BASE SHEAR COEFF VALUE: .440
YIELDING DETECTED IN COLUMN 23 AT BASE SHEAR COEFF VALUE: .440
YIELDING DETECTED IN COLUMN 24 AT BASE SHEAR COEFF VALUE: .440
YIELDING DETECTED IN COLUMN 32 AT BASE SHEAR COEFF VALUE: .440

YIELDING DETECTED IN COLUMN 33 AT BASE SHEAR COEFF VALUE: .440



YIELDING DETECTED IN COLUMN 49 AT BASE SHEAR COEFF VALUE: .440

YIELDING DETECTED IN COLUMN 51 AT BASE SHEAR COEFF VALUE: .440
YIELDING DETECTED IN BEAM 40 AT BASE SHEAR COEFF VALUE: .440
YIELDING DETECTED IN BEAM 42 AT BASE SHEAR COEFF VALUE: .440
1

ACTIVE SYSTEM OF UNITS: INCH, KIPS

FUNDAMENTAL PERIOD OF STRUCTURE (SEC): .286
MAXIMUM BASE SHEAR COEFFICIENT: .440
MAXIMUM DEFORMATION AT TOP ... FRAME 1: .652
(% OF BUILDING HEIGHT)
FRAME 2: .857
FRAME 3: 1.060
FRAME 4: 1.261
FRAME 5: 1.460
FRAME 6: 1.656
FRAME 7: 1.752
FRAME 8: 1.656
FRAME 9: 1.460
FRAME10: 1.261
FRAME11: 1.060
FRAME12: .857

FRAME13: .652



Fkkkxkxkkk VARIATION OF BASE SHEAR VS. OVERALL DEFORMATION (PERCENT) ik

STEP BASE SHEAR OVERALL TOP DEFORMATION (% OF BLDG. HEIGHT)

FRA #: 1 2 3 4 5 6 7 8 9 10
FRA #: 11 12 13

1 -0000 .0000 .0000 .0000 .0000 .0000 .0000 -0000 -0000 -0000 -0000
.0000 .0000 -0000

2 .0100 .0017 .0022 .0027 .0031 .0035 .0037 .0038 .0037 .0035 .0031
.0027 .0022 .0017

3 -0200 -0036 .0047 .0057 .0066 .0073 .0078 .0080 .0078 .0073 .0066
.0057 .0047 .0036

4 .0300 .0056 .0073 .0088 .0101 .0112 .0120 .0123 .0120 .0112 .0101
.0088 .0073 .0056

5 .0400 .0076 .0098 .0120 .0138 .0153 .0164 .0168 .0164 .0153 .0138
.0120 .0098 .0076

6 .0500 .0095 .0124 .0151 .0174 .0193 .0207 .0213 .0207 .0193 .0174
.0151 .0124 .0095

7 -0600 .0116 .0151 .0183 .0212 .0235 .0251 .0258 .0251 .0235 .0212
.0183 .0151 .0116

8 .0700 .0136 .0178 .0216 .0249 .0276 .0296 .0304 .0296 .0276 .0249
.0216 .0178 .0136

9 .0800 .0157 .0205 .0249 .0288 .0319 .0342 .0352 .0342 .0319 .0288
.0249 .0205 .0157

10 .0900 .0179 .0233 .0284 .0328 .0363 .0389 .0400 .0389 .0363 .0328
.0284 .0233 .0179

11 .1000 .0201 .0262 .0319 .0368 .0408 .0437 .0449 .0437 .0408 .0368
.0319 .0262 .0201

12 .1100 .0224 .0292 .0355 .0410 .0455 .0488 .0501 .0488 .0455 .0410
.0355 .0292 .0224

13 .1200 .0247 .0322 .0392 .0453 .0503 .0539 .0554 .0539 .0503 .0453
.0392 .0322 .0247

14 .1300 .0270 .0353 .0430 .0496 .0551 .0590 .0607 .0590 .0551 .0496
.0430 .0353 .0270

15 .1400 .0293 .0383 .0467 .0539 .0598 .0642 .0660 .0642 .0598 .0539
.0467 .0383 .0293

16 .1500 .0317 .0414 .0504 .0583 .0647 .0693 .0713 .0693 .0647 .0583
.0504 .0414 .0317

17 -1600 .0340 .0445 .0542 .0626 .0695 .0745 .0766 .0745 .0695 .0626
.0542 .0445 .0340

18 .1700 .0363 .0475 .0579 .0669 .0743 .0797 .0819 .0797 .0743 .0669
.0579 .0475 .0363

19 .1800 .0387 .0506 .0616 .0712 .0791 .0848 .0872 .0848 .0791 .0712



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

-1900

.2000

.2100

.2200

.2300

.2400

-2500

.2600

.2700

.2800

-2900

-3000

.3100

.3200

.3300

-3400

.3500

-3600

.3700

-3800

.3900

-4000

.4100

-4200

.4300

.0616
.0661
.0895
.0936
.1175
.1217
.1461
.1512
.1762
.1814
.2074
.2117
.2385
.2404
.2715
.2690
.3045
.2928
.3423
.3161
.3806
.3394
.4190
.3627
.4573
.3860
.4957
-4093
.5341
.4326
.5724
.4559
.6108
.4792
.6491
.5025
.6875
.5258
. 7259
.5491
.7642
.5664
.8041
.5838
.8439
.6011
.8838
.6180
-9280
.6347
.9802

.0506
.0783
.0783
.1060
-1060
.1344
.1344
.1642
.1642
.1949
.1949
.2256
.2256
.2565
.2565
.2873
.2873
.3181
.3181
.3489
.3489
.3797
.3797
.4106
.4106
.4414
.4414
.4722
.4722
.5031
.5031
.5339
.5339
.5648
.5648
.5956
.5956
.6264
.6264
.6573
.6573
.6859
.6859
.7145
.7145
.7431
.7431
.7736
.7736
.8081
.8081

.0387
.0895
.0661
.1175
.0936
.1461
.1217
.1762
.1512
.2074
.1814
.2385
.2117
.2715
.2404
.3045
.2690
.3423
.2928
.3806
.3161
.4190
.3394
.4573
.3627
.4957
.3860
.5341
.4093
.5724
.4326
.6108
.4559
.6491
4792
.6875
.5025
.7259
.5258
.7642
.5491
.8041
.5664
.8439
.5838
.8838
.6011
.9280
.6180
.9802
.6347

-0994

.1275

.1563

.1867

.2183

.2498

.2849

.3201

.3648

.4106

.4565

.5024

.5482

.5941

.6400

.6858

. 7317

7776

.8234

-8693

.9204

.9715

1.0225

1.0804

1.1502

.1073

.1356

.1646

.1952

.2271

-2590

.2962

.3335

.3851

.4384

.4918

.5452

.5985

.6519

.7052

. 7586

.8120

-8653

.9187

-9720

1.0343

1.0966

1.1589

1.2304

1.3179

.1132

.1416

.1707

.2015

.2336

.2657

.3050

.3444

.4029

.4638

.5246

.5854

.6463

.7071

.7680

.8288

.8896

.9505

.0113

.0721

.1456

.2191

.2925

.3776

.4828

.1157

.1441

.1732

.2041

.2363

.2685

-3095

.3506

.4149

4791

.5434

.6077

.6720

.7362

.8005

-8648

.9291

-9933

.0576

.1219

.2006

.2793

.3580

-4496

.5633

.1132

.1416

.1707

.2015

.2336

.2657

-3050

.3444

.4029

.4638

.5246

.5854

.6463

.7071

.7680

.8288

.8896

-9505

.0113

.0721

.1456

.2191

.2925

.3776

.4828

.1073

.1356

.1646

.1952

.2271

-2590

.2962

.3335

.3851

.4384

.4918

.5452

.5985

.6519

.7052

. 7586

.8120

-8653

.9187

-9720

1.0343

1.0966

1.1589

1.2304

1.3179

-0994

.1275

.1563

.1867

.2183

.2498

.2849

.3201

.3648

-4106

.4565

.5024

.5482

.5941

.6400

.6858

. 7317

7776

.8234

-8693

.9204

.9715

1.0225

1.0804

1.1502
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SLAB FRONT MIDDLE REAR

1 E E E
2 E E E
3 E E E
4 E E E
5 E E E
6 Y E Y
7 Y E Y
8 E E E
9 E E E
10 E E E
11 E E E
12 E E E
13 E E E
14 E E E
15 E E E
16 E E E
17 E E E
18 Y E Y
19 Y E Y
20 E E E
21 E E E
22 E E E

23 E E E



1

24

25
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28

29

30

31

32

33

34
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36

OUTPUT NOTATION:

AXTAL STIFFNESS
FLEXURAL STIFFNESS

(E A)/L
ED

KIP/ZIN
KS1

NO.

O WNE

MEMBER
LENGTH

.1490E+03
.1490E+03
-1490E+03
-1490E+03
.1490E+03

AXTAL
STIFFNESS

.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04

CRACKING
MOMENT

.6057E+03
.6057E+03
.6057E+03
.6057E+03
.5761E+03

YIELD
MOMENT

.2372E+04
.2372E+04
.2372E+04
.2372E+04
.2318E+04

INITIAL
FLEXURAL
STIFFNESS

.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08

POST
YIELDING
STIFFNESS

-3051E+06
.3035E+06
-3024E+06
.3013E+06
.2773E+06

YIELD
CURVATURE

.7261E-03
.6941E-03
.6711E-03
.6424E-03
.6150E-03



.1490E+03
.1490E+03
-1490E+03
-1490E+03
.1490E+03
.1490E+03
.1490E+03
-1490E+03
-1490E+03
.1490E+03
.1490E+03
.1490E+03
-1490E+03
.1490E+03
.1490E+03
-1490E+03
-1490E+03
.1490E+03
.1490E+03
.1490E+03
-1490E+03
.1490E+03
.1490E+03
.1490E+03
-1490E+03
.1490E+03
.1490E+03
.1490E+03
-1490E+03
-1490E+03
-1490E+03
.1490E+03
.1490E+03
-1490E+03
.1490E+03
.1490E+03
.1490E+03
-1490E+03
.1490E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03

.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
-4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04

.5471E+03
.5761E+03
.6057E+03
.6057E+03
.6057E+03
.6057E+03
. 7928E+03
. 7928E+03
.7928E+03
. 7928E+03
. 7287E+03
.6659E+03
.7287E+03
. 7928E+03
. 7928E+03
. 7928E+03
.7928E+03
. 7928E+03
. 7928E+03
. 7928E+03
.7928E+03
.7287E+03
.6659E+03
.7287E+03
.7928E+03
. 7928E+03
. 7928E+03
. 7928E+03
.6057E+03
.6057E+03
.6057E+03
.6057E+03
.5761E+03
.5471E+03
.5761E+03
.6057E+03
.6057E+03
.6057E+03
.6057E+03
.5513E+03
.5513E+03
.5513E+03
.5513E+03
.5317E+03
.5117E+03
.5317E+03
.5513E+03
.5513E+03
.5513E+03
.5513E+03
.6738E+03

.2264E+04
.2318E+04
.2372E+04
.2372E+04
.2372E+04
.2372E+04
.2702E+04
.2702E+04
.2702E+04
.2702E+04
.2591E+04
.2481E+04
.2591E+04
.2702E+04
.2702E+04
.2702E+04
.2702E+04
.2702E+04
.2702E+04
.2702E+04
.2702E+04
.2591E+04
.2481E+04
.2591E+04
.2702E+04
.2702E+04
.2702E+04
.2702E+04
.2372E+04
.2372E+04
.2372E+04
.2372E+04
.2318E+04
.2264E+04
.2318E+04
.2372E+04
.2372E+04
.2372E+04
.2372E+04
.2272E+04
.2272E+04
.2272E+04
.2272E+04
.2235E+04
.2198E+04
.2235E+04
.2272E+04
.2272E+04
.2272E+04
.2272E+04
.2495E+04

.1543E+08
.1543E+08
.1543E+08
-1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
-1543E+08
.1543E+08
.1543E+08
.1543E+08
-1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1543E+08
.1533E+08
.1533E+08
-1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
-1533E+08
.1533E+08

.2484E+06
.2773E+06
-3013E+06
.3024E+06
-3035E+06
-3051E+06
.3230E+06
-3230E+06
.3181E+06
.3167E+06
.3329E+06
.3271E+06
.3329E+06
.3167E+06
.3181E+06
.3230E+06
.3230E+06
.3241E+06
.3242E+06
-3190E+06
.3176E+06
.3348E+06
.3283E+06
.3348E+06
.3176E+06
-3190E+06
.3242E+06
.3241E+06
.3055E+06
.3040E+06
-3026E+06
-3014E+06
.2769E+06
.2485E+06
.2769E+06
.3014E+06
-3026E+06
.3040E+06
-3055E+06
.2563E+06
.2557E+06
.2559E+06
.2561E+06
.2315E+06
.2202E+06
.2315E+06
.2561E+06
.2559E+06
.2557E+06
.2563E+06
.3480E+06

-5965E-03
.6150E-03
.6424E-03
.6711E-03
.6941E-03
.7261E-03
.6719E-03
.6723E-03
.6289E-03
.6151E-03
.5848E-03
.5822E-03
.5848E-03
.6151E-03
.6289E-03
.6723E-03
.6719E-03
.6807E-03
.6813E-03
.6376E-03
.6246E-03
.6078E-03
.6020E-03
.6078E-03
.6246E-03
.6376E-03
.6813E-03
.6807E-03
.7331E-03
.7036E-03
.6741E-03
.6449E-03
.6002E-03
.5819E-03
.6002E-03
.6449E-03
.6741E-03
.7036E-03
.7331E-03
.8357E-03
.8550E-03
.8472E-03
.8394E-03
.8306E-03
.8273E-03
.8306E-03
.8394E-03
.8472E-03
.8550E-03
.8357E-03
-8030E-03



.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03

.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
-4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04

.6738E+03
.6738E+03
.6738E+03
.6330E+03
.5882E+03
.6330E+03
.6738E+03
.6738E+03
.6738E+03
.6738E+03
.6738E+03
.6738E+03
.6738E+03
.6738E+03
.6330E+03
.5882E+03
.6330E+03
.6738E+03
.6738E+03
.6738E+03
.6738E+03
.5513E+03
.5513E+03
.5513E+03
.5513E+03
.5317E+03
.5117E+03
.5317E+03
.5513E+03
.5513E+03
.5513E+03
.5513E+03
-4960E+03
-4960E+03
-4960E+03
-4960E+03
.4867E+03
.4757E+03
.4867E+03
-4960E+03
-4960E+03
-4960E+03
-4960E+03
.5595E+03
.5595E+03
.5595E+03
.5595E+03
.5380E+03
.5133E+03
.5380E+03
.5595E+03

.2495E+04
.2495E+04
.2495E+04
.2422E+04
.2340E+04
.2422E+04
.2495E+04
.2495E+04
.2495E+04
.2495E+04
.2495E+04
.2495E+04
.2495E+04
.2495E+04
.2422E+04
.2340E+04
.2422E+04
.2495E+04
.2495E+04
.2495E+04
.2495E+04
.2272E+04
.2272E+04
.2272E+04
.2272E+04
.2235E+04
.2198E+04
.2235E+04
.2272E+04
.2272E+04
.2272E+04
.2272E+04
.2168E+04
.2168E+04
.2168E+04
.2168E+04
.2150E+04
.2129E+04
.2150E+04
.2168E+04
.2168E+04
.2168E+04
.2168E+04
.2287E+04
.2287E+04
.2287E+04
.2287E+04
.2247E+04
.2201E+04
.2247E+04
.2287E+04

.1533E+08
.1533E+08
.1533E+08
-1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
-1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
-1533E+08
.1533E+08
.1533E+08
.1533E+08
-1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
-1533E+08
.1533E+08

.3510E+06
.3508E+06
-3509E+06
-3301E+06
.2953E+06
-3301E+06
-3509E+06
.3508E+06
.3510E+06
.3480E+06
.3510E+06
.3507E+06
.3509E+06
.3510E+06
-3303E+06
.2955E+06
.3303E+06
.3510E+06
.3509E+06
.3507E+06
.3510E+06
.2561E+06
.2557E+06
.2559E+06
.2561E+06
.2317E+06
.2203E+06
.2317E+06
.2561E+06
.2559E+06
.2557E+06
.2561E+06
.2243E+06
.2249E+06
.2250E+06
.2248E+06
.2268E+06
.2292E+06
.2268E+06
.2248E+06
.2250E+06
.2249E+06
.2243E+06
.2669E+06
.2662E+06
.2651E+06
.2647E+06
.2397E+06
.2205E+06
.2397E+06
.2647E+06

.8372E-03
.8474E-03
.8410E-03
-8358E-03
.8311E-03
.8358E-03
.8410E-03
.8474E-03
.8372E-03
-8030E-03
.8365E-03
.8491E-03
.8404E-03
.8358E-03
.8307E-03
.8265E-03
.8307E-03
.8358E-03
.8404E-03
.8491E-03
.8365E-03
.8424E-03
.8559E-03
.8467E-03
.8397E-03
.8261E-03
.8231E-03
.8261E-03
.8397E-03
.8467E-03
.8559E-03
.8424E-03
-8088E-03
.7954E-03
. 7805E-03
.7624E-03
.7614E-03
.7592E-03
.7614E-03
.7624E-03
. 7805E-03
.7954E-03
.8088E-03
-8093E-03
.7882E-03
. 7589E-03
.7441E-03
.7370E-03
.7501E-03
.7370E-03
.7441E-03



1

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

BEAM
NO.

©CoO~NOUA~AWNE

.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03
.1420E+03
.1420E+03
.1420E+03
-1420E+03

MEMBER
LENGTH

.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03

.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
-4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04
.4529E+04

INITIAL
MOMENT
(LEFT)

. 7544E+03
. 7453E+03
. 7444E+03
. 7495E+03
.6488E+03
.6542E+03
.6488E+03
. 7495E+03
. 7444E+03
. 7453E+03
. 7544E+03
-9139E+03
-9105E+03
-9095E+03

.5595E+03
.5595E+03
.5595E+03
-5595E+03
.5595E+03
.5595E+03
.5595E+03
.5380E+03
.5133E+03
.5380E+03
.5595E+03
.5595E+03
.5595E+03
.5595E+03
-4960E+03
-4960E+03
-4960E+03
-4960E+03
.4867E+03
.4757E+03
.4867E+03
-4960E+03
-4960E+03
-4960E+03
-4960E+03

.2287E+04
.2287E+04
.2287E+04
.2287E+04
.2287E+04
.2287E+04
.2287E+04
.2247E+04
.2201E+04
.2247E+04
.2287E+04
.2287E+04
.2287E+04
.2287E+04
.2168E+04
.2168E+04
.2168E+04
.2168E+04
.2150E+04
.2129E+04
.2150E+04
.2168E+04
.2168E+04
.2168E+04
.2168E+04

.1533E+08
.1533E+08
.1533E+08
-1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
-1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08
.1533E+08

.2651E+06
.2662E+06
.2669E+06
.2666E+06
.2658E+06
.2650E+06
.2646E+06
.2398E+06
.2207E+06
.2398E+06
.2646E+06
.2650E+06
.2658E+06
.2666E+06
.2243E+06
.2249E+06
.2250E+06
.2246E+06
.2264E+06
.2286E+06
.2264E+06
.2246E+06
.2250E+06
.2249E+06
.2243E+06

*xxxx POSITIVE MOMENTS,CURVATURES *****

INITIAL
MOMENT
(RIGHT)

.1541E+04
.1544E+04
.1544E+04
-1543E+04
-1153E+04
-1151E+04
-1153E+04
-1543E+04
.1544E+04
.1544E+04
.1541E+04
-1620E+04
.1628E+04
-1629E+04

CRACKING
MOMENT

(6D

-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04

YIELD
MOMENT

(6D

.1262E+04 -.
-1262E+04 -.
.1262E+04 -.
-1262E+04 -.
.1262E+04 -.
-1262E+04 -.
.1262E+04 -.
-1262E+04 -.
.1262E+04 -.
-1262E+04 -.
.1262E+04 -.
-1262E+04 -.
.1262E+04 -.
.1262E+04 -.

CRACK
CLOSING
MOMENT S

1262E+04
1262E+04
1262E+04
1262E+04
1262E+04
1262E+04
1262E+04
1262E+04
1262E+04
1262E+04
1262E+04
1262E+04
1262E+04
1262E+04

. 7589E-03
.7882E-03
-8093E-03
. 7989E-03
.7771E-03
.7533E-03
.7419E-03
.7443E-03
. 7605E-03
.7443E-03
.7419E-03
.7533E-03
.7771E-03
.7989E-03
.8091E-03
.7957E-03
. 7758E-03
.7516E-03
.7236E-03
.7124E-03
.7236E-03
.7516E-03
.7758E-03
.7957E-03
.8091E-03

INITIAL
FLEXURAL
TIFFNESS

.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08

POST
YIELDING
STIFFNESS

(6D

-4891E+06
.4891E+06
.4891E+06
-4891E+06
.4891E+06
-4891E+06
.4891E+06
-4891E+06
.4891E+06
-4891E+06
.4891E+06
-4891E+06
-4891E+06
-4891E+06

YIELD
CURVATURE

™

.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04



.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03

-9053E+03
.8806E+03
.8770E+03
-8806E+03
-9053E+03
-9095E+03
-9105E+03
-9139E+03
-1112E+04
-1110E+04
-1109E+04
-1111E+04
.8774E+03
.8799E+03
.8774E+03
-1111E+04
-1109E+04
-1110E+04
-1112E+04
.8820E+03
.8820E+03
.8045E+03
. 7955E+03
. 7915E+03
. 7929E+03
.6774E+03
.6811E+03
.6774E+03
. 7929E+03
. 7915E+03
. 7955E+03
.8045E+03
-9262E+03
-9202E+03
-9173E+03
-9103E+03
.8638E+03
.8586E+03
.8638E+03
-9103E+03
-9173E+03
-9202E+03
-9262E+03
-1095E+04
-1088E+04
.1085E+04
-1086E+04
.8567E+03
.8592E+03
.8567E+03
-1086E+04

-1628E+04
-1503E+04
-1502E+04
-1503E+04
-1628E+04
-1629E+04
.1628E+04
-1620E+04
.8694E+03
.8594E+03
.8602E+03
.8663E+03
. 7142E+03
. 7196E+03
.7142E+03
.8663E+03
.8602E+03
.8594E+03
.8694E+03
-9101E+03
-9101E+03
.1531E+04
.1537E+04
-1539E+04
.1538E+04
-1122E+04
-1119E+04
-1122E+04
.1538E+04
.1539E+04
.1537E+04
.1531E+04
-1565E+04
.1571E+04
.1574E+04
.1578E+04
-1498E+04
.1500E+04
.1498E+04
.1578E+04
.1574E+04
.1571E+04
.1565E+04
-9597E+03
-9595E+03
-9639E+03
-9696E+03
. 7804E+03
. 7838E+03
. 7804E+03
-9696E+03

-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04

-1262E+04
.1262E+04
-1262E+04
-1262E+04
-1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
.1262E+04

-1262E+04
.1262E+04
-1262E+04
-1262E+04
-1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
.1262E+04
.1262E+04
-1262E+04
.1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04

.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08

.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
-4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
-4891E+06
.4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
.4891E+06
-4891E+06
.4891E+06
-4891E+06
.4891E+06
-4891E+06
.4891E+06
-4891E+06
-4891E+06
-4891E+06

-9287E-04
.9287E-04
-9287E-04
.9287E-04
-9287E-04
-9287E-04
.9287E-04
-9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04



.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03
.2260E+03

-1085E+04
-1088E+04
-1095E+04
.8740E+03
.8740E+03
.6794E+03
.6641E+03
.6612E+03
.6670E+03
.6129E+03
.6200E+03
.6129E+03
.6670E+03
.6612E+03
.6641E+03
.6794E+03
-9042E+03
.8998E+03
.8978E+03
.8898E+03
.8225E+03
.8158E+03
.8225E+03
.8898E+03
-8978E+03
.8998E+03
-9042E+03
-1087E+04
.1081E+04
-1079E+04
-1083E+04
.8811E+03
.8858E+03
.8811E+03
-1083E+04
-1079E+04
-1081E+04
.1087E+04
.8715E+03
.8715E+03

-9639E+03
-9595E+03
-9597E+03
-9178E+03
.9178E+03
.1565E+04
.1569E+04
.1570E+04
.1568E+04
-1152E+04
-1149E+04
-1152E+04
.1568E+04
.1570E+04
.1569E+04
-1565E+04
.1668E+04
-1679E+04
.1681E+04
-1680E+04
.1552E+04
.1550E+04
.1552E+04
-1680E+04
.1681E+04
-1679E+04
.1668E+04
. 7774E+03
.7621E+03
. 7645E+03
. 7756E+03
.6690E+03
.6782E+03
.6690E+03
. 7756E+03
. 7645E+03
.7621E+03
. 7774E+03
-9193E+03
-9193E+03

BEAM
NO.

-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04
-1136E+04

-1262E+04
.1262E+04
-1262E+04
-1262E+04
-1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04

-1262E+04
.1262E+04
-1262E+04
-1262E+04
-1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
.1262E+04
.1262E+04
-1262E+04
.1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04
-1262E+04
.1262E+04

*xxxx NEGATIVE MOMENTS, CURVATURES *****

CRACKING
MOMENT

(@)

YIELD
MOMENT

(@)

.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08
.9782E+08

.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
-4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
-4891E+06
.4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06

POST
YIELDING
STIFFNESS

Q)

-9287E-04
.9287E-04
-9287E-04
.9287E-04
-9287E-04
-9287E-04
.9287E-04
-9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04
.9287E-04
.9287E-04
-9287E-04
.9287E-04

YIELD
CURVATURE

(@)



OCoO~NOOURWNE

-1072E+04
-1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
.1072E+04
-1072E+04
-1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
-1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04

-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04

.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06

.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04



.1072E+04
-1072E+04
-1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
.1072E+04
-1072E+04
-1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
-1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04
.1072E+04
-1072E+04

-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04
-1191E+04

.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
.4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06
.4891E+06
-4891E+06
-4891E+06
.4891E+06

.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04
.8767E-04



102
103
104
105

Fhkxkkxxkx GHEAR WALL PROPERTIES *****xkkkk

WALL
NO.

OCoOoO~NOOUDWNE

WALL
NO.

A WNPE

MEMBER
LENGTH

-1560E+03
-1560E+03
.1560E+03
.1560E+03
.1560E+03
-1560E+03
.1560E+03
.1560E+03
.1560E+03
-1560E+03
.1560E+03
.1560E+03

NOTATION:

SHEAR STIFFNESS
SHEAR DEFORMATI

CRACKING
SHEAR

.6617E+03
.6629E+03
.6617E+03
.6629E+03

AXTAL
STIFFNESS

.4437E+05
.4437E+05
.4437E+05
.4437E+05
.4437E+05
.4437E+05
.4437E+05
.4437E+05
.4437E+05
.4437E+05
.4437E+05
.4437E+05

ON

YIELD
SHEAR

. 7352E+03
. 7366E+03
. 7352E+03
. 7366E+03

(GA) :
NONDIMENSIONAL AV. STRAIN

CRACKING
MOMENT

.3628E+05
.3628E+05
.3628E+05
.3628E+05
-3362E+05
.3362E+05
-3362E+05
.3362E+05
-3091E+05
.3091E+05
-3091E+05
.3091E+05

KIPS

INITIAL
SHEAR
STIFFNESS

.2769E+07
.2769E+07
.2769E+07
.2769E+07

.1072E+04
-1072E+04
-1072E+04
-1072E+04

*xxxx FLEXURAL PROPERTIES *****

YIELD
MOMENT

.6876E+05
.6876E+05
.6876E+05
.6876E+05
.6290E+05
.6290E+05
.6290E+05
.6290E+05
.5600E+05
.5600E+05
-5600E+05
.5600E+05

-1191E+04
-1191E+04
-1191E+04
-1191E+04

INITIAL
FLEXURAL
STIFFNESS

.2801E+11
.2801E+11
.2801E+11
.2801E+11
.2844E+11
.2844E+11
.2844E+11
.2844E+11
.2895E+11
.2895E+11
.2895E+11
.2895E+11

#xkax SHEAR PROPERTIES s

POST
YIELD
SHEAR

STIFFNESS

.1384E+05
.1384E+05
.1384E+05
.1384E+05

YIELD
SHEAR
DEFORMATION

.9773E-03
-9865E-03
.9773E-03
-9865E-03

POST
YIELDING
STIFFNESS

.7002E+09
.7002E+09
.7002E+09
.7002E+09
.7110E+09
. 7110E+09
.7110E+09
.7110E+09
. 7237E+09
. 7237E+09
. 7237E+09
. 7237E+09

.4891E+06
.4891E+06
-4891E+06
-4891E+06

YIELD
CURVATURE

.8640E-05
.8640E-05
.8640E-05
.8640E-05
. 7886E-05
. 7886E-05
. 7886E-05
. 7886E-05
.7123E-05
.7123E-05
.7123E-05
.7123E-05

.8767E-04
.8767E-04
.8767E-04
.8767E-04



©oo~NO U

10

11

12
1

. 7583E+03
. 7592E+03
. 7583E+03
. 7592E+03
_7777E+03
. 7768E+03
_7T777E+03
. 7768E+03

.8426E+03
.8435E+03
.8426E+03
.8435E+03
.8641E+03
.8631E+03
.8641E+03
.8631E+03

.2769E+07
.2769E+07
.2769E+07
.2769E+07
.2769E+07
.2769E+07
.2769E+07
.2769E+07

Hxxsxskkxk TRANSVERSE BEAM PROPERTIES *#ssssix

NO.

OCoOoO~NOUR~AWNE

STIFFNESS
(VERTICAL)

-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02

STIFFNESS
(TORSIONAL)

. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05

.1384E+05
.1384E+05
.1384E+05
-1384E+05
.1384E+05
.1384E+05
.1384E+05
.1384E+05

ARM LENGTH

.12000E+03
-00000E+00
.00000E+00
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
-0O0000E+00
.00000E+00
-00000E+00
.0O0000E+00
-12000E+03
-12000E+03
.00000E+00
-00000E+00
.00000E+00
.0O0000E+00
.00000E+00
-00000E+00
.00000E+00
.0O0000E+00
.00000E+00
-00000E+00
.12000E+03
-12000E+03
.00000E+00
-00000E+00
.0O0000E+00
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
.0O0000E+00
.00000E+00

.1953E-02
-1964E-02
.1953E-02
-1964E-02
.2263E-02
.2251E-02
.2263E-02
.2251E-02



-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02

.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05

-00000E+00
-12000E+03
-.12000E+03
-.0O0000E+00
-00000E+00
.00000E+00
-00000E+00
.0O0000E+00
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
-0O0000E+00
-.12000E+03
-12000E+03
.00000E+00
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
-0O0000E+00
.12000E+03
-.12000E+03
.0O0000E+00
-0O0000E+00
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
.0O0000E+00
.00000E+00
-00000E+00
.00000E+00
-.12000E+03
.12000E+03
-00000E+00
.00000E+00
.0O0000E+00
.00000E+00
-00000E+00
.0O0000E+00
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
-12000E+03
-.12000E+03



-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02
-90360E+02

.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
.77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05
. 77280E+05

-00000E+00
-00000E+00
.0O0000E+00
-.0O0000E+00
-00000E+00
.00000E+00
-00000E+00
.0O0000E+00
-0O0000E+00
.00000E+00
-12000E+03
.12000E+03
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
-0O0000E+00
.00000E+00
-12000E+03
.12000E+03
-0O0000E+00
.00000E+00
-00000E+00
.0O0000E+00
-0O0000E+00
-0O0000E+00
.00000E+00
-00000E+00
.00000E+00
.0O0000E+00
.12000E+03
-12000E+03
.00000E+00
.0O0000E+00
.00000E+00
-00000E+00
.00000E+00
.0O0000E+00
.00000E+00
-00000E+00
.0O0000E+00
-0O0000E+00
.12000E+03
-12000E+03
.00000E+00
.0O0000E+00
.00000E+00



137 -90360E+02 . 77280E+05 -00000E+00

138 -90360E+02 . 77280E+05 .00000E+00
139 -90360E+02 . 77280E+05 .0O0000E+00
140 -90360E+02 . 77280E+05 -00000E+00
141 -90360E+02 . 77280E+05 -00000E+00
142 -90360E+02 . 77280E+05 -00000E+00
143 -90360E+02 . 77280E+05 .00000E+00
144 -90360E+02 . 77280E+05 -.12000E+03

Hksrsksxk S| AB ELEMENT PROPERTIES *ssssiorsx

SHEAR PROPERTIES

NO. CRACKING SHEAR YIELD SHEAR SHEAR STIFFNESS
1 -107291E+04 .134114E+04 .672549E+07
2 -911514E+03 -113939E+04 .672549E+07
3 .817465E+03 .102183E+04 .672549E+07
4 . 722550E+03 -903187E+03 .672549E+07
5 .627754E+03 .784692E+03 .672549E+07
6 .184148E+03 .251752E+03 .353783E+07
7 .184148E+03 .251752E+03 .353783E+07
8 .627754E+03 . 784692E+03 .672549E+07
9 . 722550E+03 -903187E+03 .672549E+07

10 .817465E+03 .102183E+04 .672549E+07
11 -911514E+03 -113939E+04 .672549E+07
12 .107291E+04 .134114E+04 .672549E+07
13 -107291E+04 .134114E+04 .672549E+07
14 .818407E+03 .102301E+04 .672549E+07
15 .659314E+03 .824142E+03 .672549E+07
16 .533870E+03 .667337E+03 .672549E+07
17 .400115E+03 -500144E+03 .672549E+07
18 .219981E+03 .274976E+03 .353783E+07
19 .219981E+03 .274976E+03 .353783E+07
20 .400115E+03 .500144E+03 .672549E+07
21 .533870E+03 .667337E+03 .672549E+07
22 .659314E+03 .824142E+03 .672549E+07
23 .818407E+03 -102301E+04 .672549E+07
24 .107291E+04 .134114E+04 .672549E+07
25 -107291E+04 .134114E+04 .672549E+07
26 .830648E+03 .103831E+04 .672549E+07
27 .688112E+03 .860139E+03 .672549E+07
28 .569209E+03 .711511E+03 .672549E+07

29 .428882E+03 .536102E+03 .672549E+07



.173058E+03
.173058E+03
.428882E+03
.569209E+03
.688112E+03
.830648E+03
-107291E+04

FLEXURAL PROPERTIES

NO.

OCoOoO~NOUR~AWNE

CRACKING
MOMENT

.77735E+05
. 77735E+05
. 77735E+05
. 77735E+05
. 77735E+05
-45056E+05
.45056E+05
. 77735E+05
.77735E+05
. 77735E+05
. 77735E+05
. 77735E+05
. 77735E+05
.77735E+05
. 77735E+05
. 77735E+05
. 77735E+05
.45056E+05
-45056E+05
. 77735E+05
. 77735E+05
.77735E+05
. 77735E+05
. 77735E+05
. 77735E+05
.77735E+05
. 77735E+05
. 77735E+05
. 77735E+05
.45056E+05
-45056E+05
. 77735E+05
. 77735E+05
.77735E+05

.248653E+03
.248653E+03
.536102E+03
.711511E+03
.860139E+03
-103831E+04
.134114E+04

YIELD
MOMENT

.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
-13653E+06
.13653E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.13653E+06
-13653E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.23556E+06
.13653E+06
-13653E+06
.23556E+06
.23556E+06
.23556E+06

INITIAL
STIFFNESS

.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
-30838E+12
-30838E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.30838E+12
-30838E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.70668E+12
.30838E+12
-30838E+12
.70668E+12
.70668E+12
.70668E+12

.353783E+07
.353783E+07
.672549E+07
.672549E+07
.672549E+07
.672549E+07
.672549E+07

YIELD
CURVATURE

.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.21922E-05
.21922E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.21922E-05
.21922E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.22233E-05
.21922E-05
.21922E-05
.22233E-05
.22233E-05
.22233E-05

POST-YIELD
STIFFNESS

.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.77096E+10
.77096E+10
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.77096E+10
.77096E+10
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.17667E+11
.77096E+10
.77096E+10
.17667E+11
.17667E+11
.17667E+11



35 . 77735E+05 .23556E+06 .70668E+12
36 . 77735E+05 .23556E+06 .70668E+12

DYNAMIC

INPUT DATA:

skssekskskx DETAILS OF INPUT BASE MOTION oo

MAX SCALED VALUE OF HORIZONTAL COMPONENT (g): .270
MAX SCALED VALUE OF VERTICAL COMPONENT (g): .000
TIME INTERVAL OF ANALYSIS (SEC): .005000
TOTAL DURATION OF RESPONSE ANALYSIS (SEC): 5.000
DAMPING COEFFICIENT (% OF CRITICAL): 5.000
VERTICAL COMPONENT OF BASE MOTION: 0

(=0, NOT INCLUDED; =1, INCLUDED)

WAVE NAME: SCALED LOMA PRIETA EQ WAVE 0.27G

NO. OF POINTS IN INPUT BASE MOTION: 7990

TIME INTERVAL OF INPUT WAVE (SEC): .005000

Hxxsrsksxx PROPERTIES FOR HYSTERETIC RULE ks

.22233E-05 .17667E+11
.22233E-05 .17667E+11

ANALYSIS



NO. OF TYPES OF HYSTERETIC RULES:

RULE

O WNEP

DEGRAD
COEFFICI

whDN

ING
ENT

.000
-000
.500

.100

-500

-100

SLIPPAGE
COEFFICIENT

.800
-800
1.000
1.000
.800
.800

DETERIORATING
COEFFICIENT

.010
.010
.150
.150
.150
.150

sk HYSTERETIC RULE FOR COLUMNS e

COLUMN
NO.

OCoOoO~NOUDMWNE

HYSTERESIS

RU
N

RPRRRRRPRRPRRPRRPRRRRRRERRRRRRR

LE
0.

POST-YIELD
STIFFNESS
RATIO

.01500
-01500
.01500
.01500
.01500
.01500



RPRRRPRRPRRPRRPRRPRRPRRPRRRRRRRRRPRRPRRPRRPRPRRPRRRRERRERRRRPRRRPRRPRRPRRPRRRRERRERRRRRRRRPRRRRREER



RPRRRPRRPRRPRRPRRPRRPRRPRRRRRRRRRPRRPRRPRRPRPRRPRRRRERRERRRRPRRRPRRPRRPRRPRRRRERRERRRRRRRRPRRRRREER



123
124
125
126
127
128
129
130
131
132

RPRRRRRRPRRERER

Hxxsrsksxk HYSTERETIC RULE FOR BEAMS s

BEAM HYSTERESIS
NO. RULE
NO.

OCoOoO~NOOUDWNE

=
(&)]
NNNNNNNNPDNONNNNNNNNNNNNDNNNNNNNNDN
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Hksxscksxk HYSTERETIC RULE FOR SHEAR WALLS ks

WALL  HYSTERESIS HYSTERESIS
NO. RULE RULE
(FLEXURE) (SHEAR)
1 3 4
2 3 4
3 3 4
4 3 4
5 3 4
6 3 4
7 3 4
8 3 4
9 3 4
10 3 4
11 3 4
12 3 4



Hsckscsdsckdx HYSTERETIC RULE FOR SLABS o

SLAB  HYSTERESIS HYSTERESIS
NO. RULE RULE
(FLEXURE) (SHEAR)

OCoOoO~NOOUDMWNE

=
©

goooooooaoaaoaoooooaaaaoaooooaaaaoaoaoiototoooa

[N oNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoN N N N N Ne e Ne NeNeNeNe) e le)l

FxFxxAxxxxxX COMMENCING DYNAMIC ANALYSIS sk



YIELDING DETECTED

YIELDING DETECTED

YIELDING DETECTED

YIELDING DETECTED

PRINTING FORCES AT TIME

CoL

OCoOo~NOOUDWNE

MOMENT
(BOT)

.64544E+03
. 71456E+03
.78743E+03
-85094E+03
.88314E+03
.88279E+03
.88314E+03
-85094E+03
.78743E+03
. 71456E+03
.64544E+03
.67468E+03
.84044E+03
.92233E+03
-98796E+03

IN SLAB NO. 18

IN SLAB NO. 19

IN SLAB NO. 30

IN SLAB NO. 31

....... 3.400000

MOMENT
(TOP)

.70840E+03
. 79060E+03
.85948E+03
-90239E+03
.89846E+03
.88524E+03
.89846E+03
-90239E+03
.85948E+03
. 79060E+03
.70840E+03
-52029E+03
.69296E+03
.80170E+03
.85809E+03

*kxk

SHEAR

-90861E+01
-10102E+02
-11053E+02
-11767E+02
.11957E+02
-11866E+02
.11957E+02
-11767E+02
-11053E+02
-10102E+02
-90861E+01
-80199E+01
-10291E+02
-11571E+02
.12390E+02



-99353E+03
-96860E+03
-99353E+03
-98796E+03
.92233E+03
.84044E+03
.67468E+03
.67851E+03
.83878E+03
.92137E+03
-98586E+03
-99621E+03
-96670E+03
-99621E+03
-98586E+03
.92137E+03
.83878E+03
.67851E+03
.65482E+03
. 71895E+03
. 77953E+03
.84134E+03
-85091E+03
.84646E+03
.85091E+03
.84134E+03
. 77953E+03
. 71895E+03
.65482E+03
.62381E+03
.65294E+03
.68073E+03
.68828E+03
.66623E+03
.63219E+03
.66623E+03
.68828E+03
.68073E+03
.65294E+03
.62381E+03
-46039E+03
-53964E+03
.59242E+03
.62077E+03
.58867E+03
.58907E+03
.58867E+03
.62077E+03
-59242E+03
-53964E+03
.46039E+03

.84686E+03
.82854E+03
.84686E+03
.85809E+03
.80170E+03
.69296E+03
-52029E+03
.52747E+03
.68331E+03
. 79658E+03
.85564E+03
.88649E+03
.88354E+03
.88649E+03
.85564E+03
. 79658E+03
.68331E+03
.52747E+03
.77381E+03
.82504E+03
.86802E+03
.92074E+03
-82982E+03
.83701E+03
.82982E+03
.92074E+03
-86802E+03
.82504E+03
.77381E+03
.66304E+03
.68917E+03
.71854E+03
.73732E+03
.69422E+03
.68669E+03
.69422E+03
.73732E+03
. 71854E+03
.68917E+03
.66304E+03
.45778E+03
.59575E+03
.67908E+03
.71091E+03
.67487E+03
.66520E+03
.67487E+03
.71091E+03
.67908E+03
.59575E+03
.45778E+03

.12352E+02
-12061E+02
.12352E+02
-12390E+02
.11571E+02
-10291E+02
-80199E+01
-80938E+01
-10215E+02
-11530E+02
-12359E+02
.12636E+02
-12418E+02
.12636E+02
-12359E+02
.11530E+02
-10215E+02
.80938E+01
-95881E+01
.10362E+02
-11057E+02
.11826E+02
-11280E+02
.11298E+02
-11280E+02
.11826E+02
-11057E+02
.10362E+02
-95881E+01
-90623E+01
.94515E+01
-98540E+01
.10039E+02
-95806E+01
.92879E+01
-95806E+01
.10039E+02
-98540E+01
.94515E+01
-90623E+01
.64660E+01
.79957E+01
.89542E+01
-93780E+01
-88982E+01
.88329E+01
.88982E+01
-93780E+01
.89542E+01
.79957E+01
.64660E+01



.46693E+03
-52547E+03
.57337E+03
.61391E+03
.65269E+03
.63775E+03
-65269E+03
.61391E+03
.57337E+03
.52547E+03
-46693E+03
.66699E+03
.67815E+03
.68183E+03
.67907E+03
.60398E+03
.57757E+03
.60398E+03
.67907E+03
.68183E+03
.67815E+03
.66699E+03
.57072E+03
.56294E+03
-56379E+03
.57085E+03
-56198E+03
.52616E+03
-56198E+03
.57085E+03
.56379E+03
-56294E+03
.57072E+03
.32840E+03
.31699E+03
-30153E+03
.31704E+03
.27513E+03
.32371E+03
.27513E+03
.31704E+03
-30153E+03
.31699E+03
-32840E+03
.35842E+03
-30901E+03
.28137E+03
-30930E+03
.43403E+03
-44468E+03
.43403E+03

.45996E+03
.58257E+03
.67592E+03
.71028E+03
.73027E+03
.68412E+03
.73027E+03
.71028E+03
.67592E+03
.58257E+03
-45996E+03
.67541E+03
.70831E+03
.72974E+03
. 73997E+03
.69978E+03
.68102E+03
.69978E+03
.73997E+03
.72974E+03
.70831E+03
.67541E+03
.62288E+03
.62398E+03
.62249E+03
.63086E+03
.61137E+03
.57137E+03
.61137E+03
.63086E+03
.62249E+03
.62398E+03
.62288E+03
-45075E+03
.45640E+03
-45367E+03
.46965E+03
-42966E+03
.44331E+03
-42966E+03
.46965E+03
-45367E+03
.45640E+03
-45075E+03
-50936E+03
-45197E+03
.43709E+03
-46254E+03
.54244E+03
.52922E+03
.54244E+03

.65274E+01
.78031E+01
.87978E+01
-93253E+01
.97392E+01
-93089E+01
-97392E+01
.93253E+01
.87978E+01
.78031E+01
.65274E+01
.94535E+01
-97638E+01
-99407E+01
-99932E+01
.91814E+01
.88634E+01
.91814E+01
-99932E+01
-99407E+01
-97638E+01
-94535E+01
-84057E+01
.83586E+01
.83541E+01
.84628E+01
-82630E+01
.77291E+01
.82630E+01
.84628E+01
.83541E+01
-83586E+01
.84057E+01
.54870E+01
.54464E+01
-53183E+01
.55400E+01
-49633E+01
-54016E+01
-49633E+01
.55400E+01
.53183E+01
.54464E+01
-54870E+01
.61111E+01
.53590E+01
-50596E+01
-54355E+01
.68765E+01
.68584E+01
.68765E+01



118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

BEAM

©CoOoO~NOURMAWNE

-30930E+03
.28137E+03
-30901E+03
-35842E+03
.62536E+03
.62885E+03
.62135E+03
.62508E+03
-59610E+03
.56133E+03
-59610E+03
.62508E+03
.62135E+03
.62885E+03
.62536E+03

MOMENT
(LEFT)

. 79005E+02
.17223E+03
.25489E+03
.35074E+03
.46835E+03
-48868E+03
.46835E+03
.35074E+03
.25489E+03
-17223E+03
. 79005E+02
.65104E+02
.16578E+03
-31024E+03
.35319E+03
-40342E+03
.36663E+03
-40342E+03
.35319E+03
-31024E+03
.16578E+03
.65104E+02
-39194E+02
-10807E+03
.22199E+03

-.46254E+03
-.43709E+03
-.45197E+03
-.50936E+03
-.69410E+03
-.68734E+03
-.68671E+03
-.69101E+03
-.65667E+03
-.63733E+03
-.65667E+03
-.69101E+03
-.68671E+03
-.68734E+03
-.69410E+03

.54355E+01
-50596E+01
-53590E+01
.61111E+01
-92920E+01
-92690E+01
-92117E+01
-92682E+01
.88224E+01
.84413E+01
.88224E+01
.92682E+01
.92117E+01
-92690E+01
-92920E+01

MOMENT
(RIGHT)

-.12267E+04
-.12502E+04
-.12819E+04
-.13013E+04
-.13150E+04
-.13190E+04
-.13150E+04
-.13013E+04
-.12819E+04
-.12502E+04
-.12267E+04
-.12270E+04
-.12893E+04
-.13239E+04
-.13463E+04
-.13547E+04
-.13519E+04
-.13547E+04
-.13463E+04
-.13239E+04
-.12893E+04
-.12270E+04
-.12084E+04
-.12422E+04
-.12757E+04

SHEAR

.57774E+01
.62937E+01
.67998E+01
.73101E+01
.78910E+01
. 79986E+01
.78910E+01
.73101E+01
.67998E+01
.62937E+01
.57774E+01
-51409E+01
.64382E+01
.72307E+01
.75200E+01
. 77794E+01
.76039E+01
. 77794E+01
.75200E+01
.72307E+01
.64382E+01
-51409E+01
.51735E+01
.59745E+01
.66269E+01



.31219E+03
-43702E+03
.41752E+03
-43702E+03
.31219E+03
.22199E+03
-10807E+03
-39194E+02
-16514E+03
.16514E+03
-83100E+02
.12520E+03
.65613E+02
.32851E+02
-83209E+02
.12809E+03
-83209E+02
.32851E+02
.65613E+02
.12520E+03
-83100E+02
.19418E+03
-32623E+02
.13535E+02
-42489E+02
.46844E+02
-14578E+02
.46844E+02
-42489E+02
-13535E+02
.32623E+02
-19418E+03
-99132E+02
-11647E+03
.57234E+02
-41528E+02
.11827E+03
-11517E+03
.11827E+03
-41528E+02
.57234E+02
-11647E+03
-99132E+02
.23363E+03
.23363E+03
-40393E+03
.47344E+03
-45142E+03
.46397E+03
.39578E+03
.33877E+03

.12943E+04
-13064E+04
-12992E+04
-13064E+04
.12943E+04
.12757E+04
-12422E+04
-12084E+04
-12396E+04
.12396E+04
-12039E+04
-12009E+04
-12074E+04
.12113E+04
-12185E+04
-12131E+04
-12185E+04
.12113E+04
-12074E+04
-12009E+04
-12039E+04
.12095E+04
-12352E+04
.12503E+04
-12490E+04
.12582E+04
-12544E+04
.12582E+04
-12490E+04
-12503E+04
.12352E+04
-12095E+04
.12152E+04
-12044E+04
.12224E+04
-12314E+04
.11769E+04
-11773E+04
.11769E+04
-12314E+04
.12224E+04
-12044E+04
.12152E+04
-12608E+04
.12608E+04
-11461E+04
.11267E+04
-11248E+04
-11269E+04
-11186E+04
.11291E+04

.71086E+01
.77140E+01
.75962E+01
.77140E+01
.71086E+01
.66269E+01
-59745E+01
.51735E+01
.62155E+01
.62155E+01
-49594E+01
.47596E+01
.50522E+01
.52143E+01
-57596E+01
.59345E+01
.57596E+01
.52143E+01
-50522E+01
.47596E+01
-49594E+01
.44926E+01
.53211E+01
.55922E+01
.57146E+01
.57745E+01
-56150E+01
.57745E+01
.57146E+01
.55922E+01
.53211E+01
-44926E+01
-49382E+01
-48136E+01
.51557E+01
-52649E+01
.57307E+01
.57189E+01
.57307E+01
-52649E+01
.51557E+01
-48136E+01
.49382E+01
.66125E+01
.66125E+01
.32838E+01
.28903E+01
-29796E+01
.29332E+01
.31984E+01
.34971E+01



POOOO~NOOUDMWNE

R

.39578E+03
-46397E+03
.45142E+03
-47344E+03
.40393E+03
.53207E+03
.52871E+03
.54392E+03
-52006E+03
.46966E+03
-44420E+03
-46966E+03
-52006E+03
.54392E+03
.52871E+03
.53207E+03
-45933E+03
.61964E+03
.63188E+03
.62619E+03
-44269E+03
.45982E+03
-44269E+03
.62619E+03
.63188E+03
.61964E+03
-45933E+03
.23249E+03
.23249E+03

MOMENT
(BOT)

. 72815E+05
. 72806E+05
.72815E+05
. 72806E+05
.37958E+05
.37941E+05
.37958E+05
-37941E+05
.12622E+05
-12642E+05
.12622E+05

.11186E+04
-11269E+04
-11248E+04
-11267E+04
.11461E+04
-11190E+04
-11491E+04
-11505E+04
-11510E+04
.11570E+04
-11588E+04
.11570E+04
-11510E+04
.11505E+04
-11491E+04
-11190E+04
-10318E+04
-90015E+03
-91407E+03
-94000E+03
.83176E+03
.84501E+03
.83176E+03
-94000E+03
-91407E+03
-90015E+03
-10318E+04
.12661E+04
-12661E+04

MOMENT
(TOP)

.36488E+05
-36468E+05
.36488E+05
-36468E+05
-92054E+04
-91662E+04
.92054E+04
-91662E+04
-.34816E+04
-.35849E+04
-.34816E+04

.31984E+01
-29332E+01
.29796E+01
.28903E+01
.32838E+01
.25970E+01
.27450E+01
.26842E+01
.27917E+01
.30413E+01
-31620E+01
.30413E+01
.27917E+01
.26842E+01
.27450E+01
.25970E+01
.25332E+01
.12412E+01
-12486E+01
.13886E+01
.17215E+01
.17044E+01
-17215E+01
.13886E+01
.12486E+01
.12412E+01
.25332E+01
.66307E+01
.66307E+01

SHEAR

.26647E+03
.26625E+03
.26647E+03
.26625E+03
.20104E+03
.20152E+03
.20104E+03
-20152E+03
.10323E+03
-10402E+03
-10323E+03



12 .12642E+05 -.35849E+04 -10402E+03

Fhkkk GABS FHRFAKX

SLAB MOMENT MOMENT SHEAR
NO. (FRONT) (REAR)
1 -.11863E-09  -.31721E+05 .13217E+03
2 -.31721E+05  -.60028E+05 .11794E+03
3 -_60028E+05  -.80962E+05 .92672E+02
4 -.80962E+05  -.95753E+05 .57482E+02
5 -.95753E+05  -.99132E+05 .25735E+02
6 -.92494E+05  -.96946E+05 .52764E+01
7 -_96946E+05  -.92494E+05  -_52764E+01
8 -.99132E+05  -.95753E+05  -.25735E+02
9 -.95753E+05  -.80962E+05  -_57482E+02
10 -.80962E+05  -.60028E+05  -_92672E+02
11 -_60028E+05  -.31721E+05  -_11794E+03
12 -.31721E+05  -.31750E-09  -.13217E+03
13 _34250E-10  -.44021E+05 .18342E+03
14 -.44021E+05  -.80966E+05 .15933E+03
15 -_B0966E+05  -.10994E+06 .12613E+03
16 -.10994E+06  -.12572E+06 .85968E+02
17 -.12572E+06  -.13253E+06 .40919E+02
18 -.13386E+06  -.13655E+06 .11101E+02
19 -.13655E+06  -.13386E+06  -.11101E+02
20 -.13253E+06  -.12572E+06  -_40919E+02
21 -.12572E+06  -.10994E+06  -_85968E+02
22 -.10994E+06  -.80966E+05  -_12613E+03
23 -_80966E+05  -.44021E+05  -_15933E+03
24 - .44021E+05 _42378E-09  -_18342E+03
25 .10850E-09  -_44717E+05 .18632E+03
26 -.44717E+05  -.77516E+05 .14558E+03
27 -_77516E+05  -.10096E+06 .10907E+03
28 -.10096E+06  -.12049E+06 .86176E+02
29 -.12049E+06  -.12579E+06 .29538E+02
30 -.13227E+06  -.13702E+06 .12239E+02
31 -.13702E+06  -.13227E+06  -_12239E+02
32 -.12579E+06  -.12049E+06  -._29538E+02
33 -.12049E+06  -.10096E+06  -.86176E+02
34 -.10096E+06  -.77516E+05  -_10907E+03
35 -_77516E+05  -.44717E+05  -_14558E+03
36 -_44717E+05  -.80048E-11  -.18632E+03

YIELDING DETECTED IN SLAB NO. 18



YIELDING DETECTED

PRINTING FORCES AT TIME

coL

©CoOoO~NOUR~AWNE

MOMENT
(BOT)

.64610E+03
.71632E+03
. 79059E+03
.85561E+03
.88893E+03
.88864E+03
.88893E+03
.85561E+03
. 79059E+03
.71632E+03
.64610E+03
.67432E+03
.83988E+03
.92465E+03
-99159E+03
-99821E+03
.97524E+03
-99821E+03
-99159E+03
.92465E+03
.83988E+03
.67432E+03
.67833E+03
.83793E+03
-92256E+03
-98940E+03
-10030E+04
.97362E+03
-10030E+04
-98940E+03

-.70829E+03
-.79100E+03
-.86046E+03
-.90401E+03
-.90062E+03
-.88701E+03
-.90062E+03
-.90401E+03
-.86046E+03
-.79100E+03
-.70829E+03
-.51455E+03
-.68465E+03
-.79967E+03
-.85600E+03
-.84495E+03
-.83112E+03
-.84495E+03
-.85600E+03
-.79967E+03
-.68465E+03
-.51455E+03
-.52207E+03
-.67405E+03
-.78959E+03
-.85349E+03
-.89009E+03
-.88719E+03
-.89009E+03
-.85349E+03

IN SLAB NO. 19

....... 3.405000

*xxxx COLUMNS **

MOMENT
(TOP)

e

SHEAR

-90898E+01
-10116E+02
.11081E+02
-11809E+02
.12010E+02
-11917E+02
.12010E+02
-11809E+02
-11081E+02
-10116E+02
-90898E+01
.79790E+01
-10232E+02
.11573E+02
-12400E+02
.12370E+02
-12123E+02
.12370E+02
-12400E+02
.11573E+02
-10232E+02
.79790E+01
-80564E+01
.10148E+02
-11491E+02
.12368E+02
-12706E+02
.12489E+02
.12706E+02
.12368E+02



.92256E+03
-83793E+03
.67833E+03
.65505E+03
.71992E+03
.78168E+03
-84484E+03
.85495E+03
.85061E+03
.85495E+03
.84484E+03
.78168E+03
.71992E+03
.65505E+03
.63063E+03
.66201E+03
.69162E+03
.70113E+03
.68072E+03
.64725E+03
.68072E+03
.70113E+03
.69162E+03
.66201E+03
.63063E+03
.48599E+03
.57231E+03
.62148E+03
.65440E+03
.62592E+03
.60441E+03
.62592E+03
.65440E+03
.62148E+03
.57231E+03
-48599E+03
-49303E+03
.55707E+03
.60364E+03
.64873E+03
.66854E+03
.65452E+03
.66854E+03
.64873E+03
.60364E+03
.55707E+03
.49303E+03
.67192E+03
.68444E+03
.68906E+03
.68764E+03

. 78959E+03
.67405E+03
.52207E+03
.77267E+03
.82357E+03
.86660E+03
-91960E+03
.82593E+03
.83271E+03
.82593E+03
-91960E+03
.86660E+03
.82357E+03
.77267E+03
.66992E+03
.69853E+03
. 73006E+03
.75120E+03
.70942E+03
.70259E+03
.70942E+03
.75120E+03
. 73006E+03
.69853E+03
.66992E+03
.48068E+03
.62769E+03
.69204E+03
. 72654E+03
.69295E+03
.68008E+03
.69295E+03
. 72654E+03
.69204E+03
.62769E+03
-48068E+03
.48333E+03
.61408E+03
.69003E+03
.72731E+03
. 74585E+03
. 70059E+03
. 74585E+03
.72731E+03
.69003E+03
.61408E+03
.48333E+03
.67965E+03
. 71409E+03
.73628E+03
.74782E+03

-11491E+02
-10148E+02
.80564E+01
-95820E+01
-10359E+02
-11062E+02
-11842E+02
.11281E+02
-11297E+02
.11281E+02
-11842E+02
.11062E+02
-10359E+02
.95820E+01
-91588E+01
.95813E+01
-10012E+02
.10228E+02
-97897E+01
-95059E+01
.97897E+01
.10228E+02
-10012E+02
.95813E+01
-91588E+01
.68075E+01
-84507E+01
.92501E+01
.97249E+01
.92878E+01
.90457E+01
-92878E+01
.97249E+01
-92501E+01
.84507E+01
.68075E+01
.68757E+01
.82476E+01
-91104E+01
-96904E+01
-99605E+01
-95430E+01
-99605E+01
-96904E+01
-91104E+01
.82476E+01
.68757E+01
-95181E+01
.98488E+01
-10038E+02
-10109E+02



.61407E+03
-58840E+03
.61407E+03
.68764E+03
.68906E+03
.68444E+03
.67192E+03
.57489E+03
.56797E+03
.57047E+03
.57813E+03
.56878E+03
.53295E+03
.56878E+03
.57813E+03
.57047E+03
.56797E+03
.57489E+03
-33610E+03
.32711E+03
-31943E+03
.33510E+03
-29369E+03
.34492E+03
.29369E+03
.33510E+03
-31943E+03
.32711E+03
-33610E+03
-36836E+03
.32002E+03
-30420E+03
.33421E+03
-45468E+03
.46587E+03
-45468E+03
.33421E+03
-30420E+03
.32002E+03
-36836E+03
.62758E+03
.63111E+03
.62403E+03
.62730E+03
.59743E+03
-56246E+03
.59743E+03
.62730E+03
.62403E+03
.63111E+03
.62758E+03

.70874E+03
.69064E+03
.70874E+03
.74782E+03
.73628E+03
.71409E+03
.67965E+03
.62749E+03
.62954E+03
.62995E+03
.63923E+03
.62015E+03
.58029E+03
.62015E+03
.63923E+03
.62995E+03
.62954E+03
.62749E+03
-46294E+03
.47353E+03
.47817E+03
.49542E+03
-45563E+03
.47074E+03
-45563E+03
.49542E+03
-47817E+03
.47353E+03
-46294E+03
.52537E+03
.47046E+03
-46515E+03
.49354E+03
.55468E+03
.54160E+03
-55468E+03
.49354E+03
-46515E+03
.47046E+03
.52537E+03
.69849E+03
.69230E+03
.69332E+03
.69814E+03
.66377E+03
.64453E+03
.66377E+03
.69814E+03
.69332E+03
.69230E+03
.69849E+03

-93156E+01
-90073E+01
-93156E+01
-10109E+02
-10038E+02
.98488E+01
-95181E+01
.84675E+01
.84332E+01
.84536E+01
.85730E+01
.83727E+01
.78397E+01
.83727E+01
.85730E+01
.84536E+01
.84332E+01
.84675E+01
.56271E+01
-56383E+01
-56169E+01
.58487E+01
.52769E+01
.57440E+01
.52769E+01
.58487E+01
-56169E+01
-56383E+01
.56271E+01
.62939E+01
.55668E+01
-54180E+01
.58292E+01
.71082E+01
.70949E+01
.71082E+01
.58292E+01
.54180E+01
.55668E+01
.62939E+01
-93385E+01
-93198E+01
.92772E+01
-93341E+01
.88816E+01
-84999E+01
.88816E+01
-93341E+01
.92772E+01
-93198E+01
-93385E+01



BEAM

OCoOo~NOOUDWNE

MOMENT
(LEFT)

.87134E+02
.18254E+03
.26749E+03
-36581E+03
.48598E+03
.50577E+03
.48598E+03
-36581E+03
.26749E+03
.18254E+03
.87134E+02
-45828E+02
.18734E+03
-33348E+03
.37900E+03
-42971E+03
.38442E+03
-42971E+03
-37900E+03
.33348E+03
-18734E+03
.45828E+02
.20985E+02
.12443E+03
.23930E+03
-33343E+03
-45250E+03
.43316E+03
-45250E+03
.33343E+03
.23930E+03
.12443E+03
-20985E+02
.17297E+03
.17297E+03
.69477E+02
-10991E+03
.46508E+02
-98113E+01
.10574E+03

Fhkkk BEAMS FFFx*x

MOMENT
(RIGHT)

.12293E+04
-12539E+04
.12866E+04
-13073E+04
-13219E+04
-13246E+04
.13219E+04
-13073E+04
.12866E+04
-12539E+04
.12293E+04
-12315E+04
.12953E+04
-13308E+04
.13545E+04
-13617E+04
.13571E+04
-13617E+04
-13545E+04
.13308E+04
-12953E+04
.12315E+04
-12128E+04
.12469E+04
-12813E+04
-13014E+04
-13125E+04
.13055E+04
-13125E+04
-13014E+04
-12813E+04
.12469E+04
-12128E+04
.12418E+04
-12418E+04
.12080E+04
-12055E+04
-12130E+04
-12179E+04
.12253E+04

SHEAR

.58248E+01
.63559E+01
.68765E+01
.74031E+01
. 79995E+01
-80989E+01
.79995E+01
.74031E+01
.68765E+01
.63559E+01
.58248E+01
.52462E+01
-65605E+01
.73640E+01
.76702E+01
.79266E+01
.77061E+01
.79266E+01
.76702E+01
.73640E+01
.65605E+01
.52462E+01
.52734E+01
.60679E+01
.67283E+01
.72336E+01
. 78096E+01
.76932E+01
.78096E+01
.72336E+01
.67283E+01
.60679E+01
.52734E+01
.62599E+01
.62599E+01
.50376E+01
-48478E+01
.51613E+01
.53455E+01
.58896E+01



.15162E+03
-10574E+03
-98113E+01
-46508E+02
-10991E+03
.69477E+02
-16547E+03
.31198E+01
-41398E+02
.71818E+02
. 78836E+02
.45926E+02
. 78836E+02
.71818E+02
-41398E+02
-31198E+01
-16547E+03
.70499E+02
-82646E+02
.24465E+02
-48618E+01
.14739E+03
-14547E+03
.14739E+03
-48618E+01
.24465E+02
.82646E+02
. 70499E+02
.24617E+03
.24617E+03
-39657E+03
-46775E+03
.44375E+03
-45531E+03
.38637E+03
-32953E+03
.38637E+03
-45531E+03
.44375E+03
-46775E+03
-39657E+03
.52057E+03
.51220E+03
-52108E+03
.49575E+03
-44603E+03
.41915E+03
-44603E+03
.49575E+03
.52108E+03
.51220E+03

.12200E+04
.12253E+04
.12179E+04
-12130E+04
.12055E+04
.12080E+04
-12162E+04
.12444E+04
-12574E+04
.12566E+04
-12662E+04
.12623E+04
-12662E+04
.12566E+04
.12574E+04
.12444E+04
-12162E+04
.12220E+04
-12125E+04
.12311E+04
-12414E+04
.11865E+04
-11874E+04
-11865E+04
-12414E+04
.12311E+04
-12125E+04
.12220E+04
-12645E+04
-12645E+04
.11482E+04
-11283E+04
.11271E+04
-11295E+04
.11217E+04
-11322E+04
.11217E+04
-11295E+04
.11271E+04
-11283E+04
-11482E+04
-11214E+04
.11528E+04
-11557E+04
-11564E+04
-11615E+04
.11636E+04
-11615E+04
-11564E+04
-11557E+04
.11528E+04

.60692E+01
-58896E+01
.53455E+01
.51613E+01
.48478E+01
.50376E+01
-46492E+01
.55202E+01
.57471E+01
.58780E+01
-59516E+01
.57887E+01
.59516E+01
.58780E+01
.57471E+01
.55202E+01
-46492E+01
.50953E+01
-49995E+01
-53391E+01
.54714E+01
.59022E+01
-58975E+01
.59022E+01
.54714E+01
.53391E+01
-49995E+01
-50953E+01
.66843E+01
.66843E+01
.33259E+01
.29228E+01
.30236E+01
.29830E+01
.32535E+01
-35516E+01
.32535E+01
.29830E+01
.30236E+01
.29228E+01
.33259E+01
.26584E+01
.28344E+01
-28080E+01
.29233E+01
.31660E+01
.32939E+01
-31660E+01
.29233E+01
.28080E+01
.28344E+01



92 -.52057E+03 -.11214E+04 .26584E+01

93 -_.44334E+03  -.10391E+04 .26360E+01

94 -.60449E+03  -.90444E+03 .13272E+01

95 -_60871E+03  -.92028E+03 .13786E+01

96 -_60117E+03  -.94693E+03 .15299E+01

97 -_.43342E+03  -_83858E+03 .17927E+01

98 -_45184E+03  -_85198E+03 .17706E+01

99 -.43342E+03 - .83858E+03 .17927E+01

100 -_60117E+03  -.94693E+03 .15299E+01

101 -_60871E+03  -.92028E+03 .13786E+01

102 -_60449E+03  -.90444E+03 .13272E+01

103 -_.44334E+03  -.10391E+04 .26360E+01

104 .24494E+03  -.12698E+04 .67023E+01

105 .24494E+03  -.12698E+04 .67023E+01

WALL MOMENT MOMENT SHEAR
NO. (BOT) (TOP)

1 .72859E+05 .37944E+05 .26213E+03

2 .72850E+05 .37928E+05 .26188E+03

3 .72859E+05 .37944E+05 .26213E+03

4 .72850E+05 .37928E+05 .26188E+03

5 .39468E+05 .95377E+04 .20859E+03

6 .39447E+05 .95059E+04 .20900E+03

7 .39468E+05 .95377E+04 .20859E+03

8 .39447E+05 .95059E+04 .20900E+03

9 .13050E+05  -.35809E+04 .10661E+03

10 .13065E+05  -.36747E+04 .10731E+03

11 .13050E+05  -.35809E+04 .10661E+03

12 .13065E+05  -.36747E+04 .10731E+03

SLAB MOMENT MOMENT SHEAR
NO. (FRONT) (REAR)

1 -.11136E-09  -.28292E+05 .11788E+03

2 -_28292E+05  -_57504E+05 .12172E+03

3 -.57504E+05 -.80758E+05 .10234E+03



4 -.80758E+05
5 -.96987E+05
6 -.94076E+05
7 -.97966E+05
8 -.10071E+06
9 -.96987E+05
10 -.80758E+05
11 -.57504E+05
12 -.28292E+05
13 -92467E-10
14 -.44766E+05
15 -.81203E+05
16 -.11037E+06
17 -.12783E+06
18 -.13657E+06
19 -.13712E+06
20 -.13556E+06
21 -.12783E+06
22 -.11037E+06
23 -.81203E+05
24 -.44766E+05
25 .13761E-09
26 -.43091E+05
27 -.75341E+05
28 -.10368E+06
29 -.12318E+06
30 -.13576E+06
31 -.13772E+06
32 -.12928E+06
33 -.12318E+06
34 -.10368E+06
35 -.75341E+05
36 -.43091E+05

-.96987E+05
-.10071E+06
-.97966E+05
-.94076E+05 -.
-.96987E+05 -.
-.80758E+05 -.
-.57504E+05 -.
-.28292E+05 -.
-.30295E-09 -.
-.44766E+05

-.81203E+05

-.11037E+06

-.12783E+06

-.13556E+06

-.13712E+06

-.13657E+06 -
-.12783E+06 -
-.11037E+06 -.
-.81203E+05 -.
-.44766E+05 -.

-.43091E+05
-.75341E+05
-.10368E+06
-.12318E+06
-.12928E+06
-.13772E+06
-.13576E+06 -
-.12318E+06 -
-.10368E+06 -
-.75341E+05 -.
-.43091E+05 -.
-.22557E-10 -.

.36557E-09 -.

YIELDING DETECTED IN SLAB NO. 30

YIELDING DETECTED IN SLAB NO. 31

PRINTING FORCES AT TIME

....... 3.410000

Fxxxx COLUMNS **

.63473E+02
-27180E+02
.29374E+01

29374E+01
27180E+02
63473E+02
10234E+03
12172E+03
11788E+03

.18653E+03
-15721E+03
.12691E+03
-93007E+02
.44734E+02
-83571E+00
.83571E+00
-44734E+02

93007E+02
12691E+03
15721E+03
18653E+03

.17955E+03
-14330E+03
.12948E+03
.86051E+02
.32865E+02
-59604E+00
.59604E+00
.32865E+02
.86051E+02

12948E+03
14330E+03
17955E+03

e



CoL
NO.

OCoOoO~NOUDMWNE

MOMENT
(BOT)

.64451E+03
. 71489E+03
. 78942E+03
.85553E+03
-89006E+03
-89029E+03
-89006E+03
.85553E+03
. 78942E+03
. 71489E+03
.64451E+03
.66659E+03
.82928E+03
-91999E+03
-98795E+03
-99598E+03
-97736E+03
-99598E+03
-98795E+03
-91999E+03
.82928E+03
.66659E+03
.67065E+03
.82636E+03
.91740E+03
-98553E+03
-10046E+04
-97591E+03
.10046E+04
-98553E+03
.91740E+03
.82636E+03
.67065E+03
.65351E+03
.71782E+03
.77967E+03
.84382E+03
.85470E+03
.85085E+03
.85470E+03
.84382E+03
.77967E+03
.71782E+03
.65351E+03
.63685E+03

MOMENT
(TOP)

.70434E+03
. 78863E+03
.85764E+03
-90159E+03
-89889E+03
.88525E+03
.89889E+03
-90159E+03
.85764E+03
. 78863E+03
.70434E+03
.50341E+03
.66754E+03
.78411E+03
.84031E+03
.83055E+03
-82996E+03
.83055E+03
.84031E+03
.78411E+03
.66754E+03
.50341E+03
.51103E+03
.65508E+03
.77225E+03
.83700E+03
.88906E+03
.88663E+03
.88906E+03
.83700E+03
. 77225E+03
.65508E+03
.51103E+03
. 76890E+03
.81781E+03
-85966E+03
.91282E+03
-81849E+03
.82502E+03
.81849E+03
.91282E+03
-85966E+03
.81781E+03
. 76890E+03
.67591E+03

SHEAR

-90527E+01
-10091E+02
-11054E+02
.11793E+02
-12006E+02
.11916E+02
-12006E+02
.11793E+02
-11054E+02
.10091E+02
-90527E+01
.78524E+01
-10046E+02
.11437E+02
.12270E+02
.12259E+02
-12130E+02
.12259E+02
.12270E+02
.11437E+02
-10046E+02
.78524E+01
.79307E+01
-99425E+01
-11340E+02
-12232E+02
.12709E+02
-12500E+02
.12709E+02
-12232E+02
.11340E+02
-99425E+01
.79307E+01
-95463E+01
.10306E+02
-11002E+02
-11790E+02
-11229E+02
.11247E+02
-11229E+02
-11790E+02
-11002E+02
.10306E+02
-95463E+01
.92448E+01



.67098E+03
.70298E+03
.71419E+03
.69523E+03
.66330E+03
.69523E+03
.71419E+03
.70298E+03
.67098E+03
.63685E+03
-50880E+03
.60593E+03
.65618E+03
.67671E+03
.63875E+03
.62099E+03
.63875E+03
.67671E+03
.65618E+03
.60593E+03
-50880E+03
.51632E+03
-59068E+03
.63783E+03
.67597E+03
.68418E+03
.67209E+03
.68418E+03
.67597E+03
.63783E+03
-59068E+03
-51632E+03
.67727E+03
.69253E+03
.69906E+03
.69866E+03
.62591E+03
.60170E+03
.62591E+03
.69866E+03
.69906E+03
.69253E+03
.67727E+03
.57836E+03
.57310E+03
.57650E+03
.58479E+03
-57536E+03
.53878E+03
.57536E+03
.58479E+03

.70758E+03
.74163E+03
.76476E+03
.72408E+03
.71896E+03
.72408E+03
.76476E+03
.74163E+03
.70758E+03
.67591E+03
-49998E+03
.65584E+03
.70637E+03
.74316E+03
.71144E+03
.69576E+03
.71144E+03
.74316E+03
.70637E+03
.65584E+03
-49998E+03
-50342E+03
.64482E+03
.70516E+03
. 74520E+03
.76084E+03
.71771E+03
. 76084E+03
.74520E+03
.70516E+03
.64482E+03
-50342E+03
.68357E+03
.72017E+03
.74365E+03
. 75614E+03
.71775E+03
.70123E+03
.71775E+03
. 75614E+03
. 74365E+03
.72017E+03
.68357E+03
.63133E+03
.63509E+03
.63673E+03
.64692E+03
.62859E+03
.58820E+03
.62859E+03
.64692E+03

.97082E+01
-10173E+02
-10415E+02
-99951E+01
.97342E+01
-99951E+01
-10415E+02
.10173E+02
-97082E+01
.92448E+01
.71040E+01
.88857E+01
-95954E+01
-99991E+01
-95084E+01
.92729E+01
-95084E+01
-99991E+01
-95954E+01
.88857E+01
.71040E+01
.71813E+01
.87007E+01
.94577E+01
-10008E+02
.10176E+02
-97873E+01
.10176E+02
-10008E+02
-94577E+01
.87007E+01
.71813E+01
.95834E+01
-99486E+01
-10160E+02
-10245E+02
.94624E+01
-91756E+01
-94624E+01
-10245E+02
.10160E+02
-99486E+01
.95834E+01
-85189E+01
.85083E+01
.85438E+01
.86740E+01
.84786E+01
.79365E+01
.84786E+01
.86740E+01



BEAM

A WNPE

.57650E+03
-57310E+03
.57836E+03
-34123E+03
.33344E+03
.33441E+03
-35101E+03
-31171E+03
.36367E+03
.31171E+03
-35101E+03
.33441E+03
-33344E+03
.34123E+03
-37610E+03
-33062E+03
.32454E+03
.35681E+03
-47514E+03
.48498E+03
.47514E+03
.35681E+03
-32454E+03
-33062E+03
.37610E+03
.62923E+03
.63327E+03
.62583E+03
.62873E+03
-59840E+03
-56249E+03
-59840E+03
.62873E+03
.62583E+03
.63327E+03
.62923E+03

MOMENT
(LEFT)

-90808E+02
.18949E+03
.27653E+03
.37694E+03

-.63673E+03
-.63509E+03
-.63133E+03
-.47197E+03
-.48854E+03
-.50013E+03
-.51927E+03
-.48141E+03
-.49591E+03
-.48141E+03
-.51927E+03
-.50013E+03
-.48854E+03
-.47197E+03
-.53832E+03
-.48863E+03
-.49053E+03
-.52210E+03
-.56666E+03
-.55289E+03
-.56666E+03
-.52210E+03
-.49053E+03
-.48863E+03
-.53832E+03
-.70206E+03
-.69720E+03
-.69911E+03
-.70450E+03
-.67051E+03
-.65076E+03
-.67051E+03
-.70450E+03
-.69911E+03
-.69720E+03
-.70206E+03

.85438E+01
-85083E+01
.85189E+01
.57268E+01
.57886E+01
.58770E+01
.61287E+01
-55854E+01
.60534E+01
.55854E+01
.61287E+01
.58770E+01
.57886E+01
.57268E+01
.64396E+01
.57693E+01
.57399E+01
.61895E+01
.73366E+01
. 73089E+01
.73366E+01
.61895E+01
-57399E+01
.57693E+01
.64396E+01
.93753E+01
-93695E+01
-93306E+01
-93889E+01
-89360E+01
.85440E+01
-89360E+01
-93889E+01
-93306E+01
-93695E+01
-93753E+01

MOMENT
(RIGHT)

-12306E+04
.12564E+04
-.12899E+04
.13116E+04

SHEAR

.58471E+01
.63976E+01
.69311E+01
.74715E+01



-49966E+03
-51989E+03
-49966E+03
-37694E+03
.27653E+03
.18949E+03
-90808E+02
-34440E+02
.20190E+03
.35003E+03
-39795E+03
.44967E+03
-39902E+03
.44967E+03
-39795E+03
.35003E+03
.20190E+03
.34440E+02
-10146E+02
.13503E+03
.25140E+03
.34816E+03
-46402E+03
.44582E+03
-46402E+03
.34816E+03
-25140E+03
.13503E+03
-10146E+02
.17654E+03
.17654E+03
.58257E+02
-94768E+02
.28141E+02
.48762E+01
-12759E+03
.17450E+03
.12759E+03
.48762E+01
-28141E+02
-94768E+02
.58257E+02
.14224E+03
.32977E+02
.68518E+02
-10057E+03
.11081E+03
.76219E+02
-11081E+03
-10057E+03
.68518E+02

.13271E+04
-13291E+04
.13271E+04
-13116E+04
.12899E+04
.12564E+04
-12306E+04
.12341E+04
-12995E+04
.13358E+04
-13605E+04
.13671E+04
-13616E+04
.13671E+04
-13605E+04
.13358E+04
-12995E+04
.12341E+04
-12150E+04
-12494E+04
-12845E+04
.13057E+04
-13166E+04
-13102E+04
-13166E+04
.13057E+04
-12845E+04
.12494E+04
-12150E+04
-12428E+04
.12428E+04
-12114E+04
-12104E+04
-12183E+04
.12243E+04
-12320E+04
.12267E+04
-12320E+04
.12243E+04
-12183E+04
-12104E+04
-12114E+04
.12216E+04
-12520E+04
.12643E+04
-12641E+04
.12742E+04
.12700E+04
.12742E+04
-12641E+04
.12643E+04

.80831E+01
-81815E+01
-80831E+01
.74715E+01
.69311E+01
.63976E+01
-58471E+01
-53084E+01
.66433E+01
.74596E+01
.77808E+01
-80388E+01
.77903E+01
.80388E+01
.77808E+01
. 74596E+01
.66433E+01
.53084E+01
-53313E+01
.61259E+01
.67962E+01
.73179E+01
.78788E+01
. 77698E+01
.78788E+01
.73179E+01
.67962E+01
.61259E+01
.53313E+01
.62801E+01
.62801E+01
-51024E+01
.49365E+01
.52663E+01
.54386E+01
-60159E+01
.61999E+01
.60159E+01
.54386E+01
-52663E+01
.49365E+01
.51024E+01
.47758E+01
-56857E+01
.58976E+01
.60382E+01
.61283E+01
-59566E+01
.61283E+01
.60382E+01
.58976E+01



.32977E+02
-14224E+03
.46277E+02
-48515E+02
.27737E+01
-11191E+02
-17568E+03
.17478E+03
.17568E+03
-11191E+02
.27737E+01
.48515E+02
-46277E+02
.25349E+03
-25349E+03
-39079E+03
-46212E+03
.43680E+03
-44733E+03
.37741E+03
.32133E+03
.37741E+03
-44733E+03
-43680E+03
-46212E+03
-39079E+03
.51257E+03
.49821E+03
-50060E+03
.47317E+03
.42257E+03
-39581E+03
.42257E+03
.47317E+03
-50060E+03
-49821E+03
.51257E+03
-43033E+03
.58920E+03
.58775E+03
.57816E+03
-42468E+03
.44460E+03
-42468E+03
.57816E+03
.58775E+03
.58920E+03
-43033E+03
.25240E+03
.25240E+03

.12520E+04
-12216E+04
.12279E+04
-12208E+04
.12397E+04
.12512E+04
-11957E+04
.11970E+04
-11957E+04
.12512E+04
-12397E+04
.12208E+04
-12279E+04
.12666E+04
-12666E+04
-11500E+04
-11299E+04
.11291E+04
-11318E+04
-11245E+04
-11349E+04
.11245E+04
-11318E+04
-11291E+04
-11299E+04
.11500E+04
-11230E+04
-11559E+04
-11603E+04
-11615E+04
.11661E+04
-11681E+04
-11661E+04
-11615E+04
.11603E+04
-11559E+04
-11230E+04
-10446E+04
-90883E+03
-92556E+03
-95313E+03
-84494E+03
.85809E+03
-84494E+03
-95313E+03
-92556E+03
-90883E+03
-10446E+04
.12720E+04
.12720E+04

.56857E+01
-47758E+01
.52284E+01
.51870E+01
.54975E+01
.55859E+01
.60681E+01
.60696E+01
.60681E+01
.55859E+01
-54975E+01
.51870E+01
.52284E+01
.67263E+01
.67263E+01
.33592E+01
.29549E+01
-30633E+01
.30287E+01
.33057E+01
.35997E+01
.33057E+01
-30287E+01
.30633E+01
.29549E+01
.33592E+01
.27009E+01
.29102E+01
.29192E+01
.30457E+01
-32901E+01
.34171E+01
.32901E+01
.30457E+01
.29192E+01
-29102E+01
.27009E+01
.27178E+01
.14143E+01
-14947E+01
.16592E+01
.18596E+01
.18296E+01
-18596E+01
.16592E+01
-14947E+01
.14143E+01
.27178E+01
.67452E+01
.67452E+01



WALL

OCoOoO~NOUDMWNE

SLAB

©CoOoO~NOUA~AWNE

MOMENT
(BOT)

. 72654E+05
. 72645E+05
. 72654E+05
. 72645E+05
-40507E+05
.40485E+05
-40507E+05
.40485E+05
-13481E+05
.13493E+05
-13481E+05
.13493E+05

MOMENT
(FRONT)

-11136E-09
.24795E+05
-52469E+05
. 76468E+05
-96557E+05
-95198E+05
-99908E+05
-10184E+06
-96557E+05
. 76468E+05
-52469E+05
.24795E+05
.63363E-10
.44721E+05
-81349E+05
-11099E+06
.12827E+06
.13656E+06

MOMENT
(TOP)

-38962E+05
.38947E+05
.38962E+05
.38947E+05
-99176E+04
-98907E+04
-99176E+04
.98907E+04
-36363E+04
.37236E+04
-.36363E+04
.37236E+04

SHEAR

.25429E+03
.25403E+03
.25429E+03
.25403E+03
.21282E+03
.21318E+03
.21282E+03
.21318E+03
-10973E+03
.11037E+03
-10973E+03
.11037E+03

Fhkkk G| ABS FHRFAKX

MOMENT
(REAR)

-.24795E+05
-.52469E+05
-.76468E+05
-.96557E+05
-.10184E+06
-.99908E+05
-.95198E+05
-.96557E+05
-.76468E+05
-.52469E+05
-.24795E+05
-.30249E-09
-.44721E+05
-.81349E+05
-.11099E+06
-.12827E+06
-.13554E+06
-.13862E+06

SHEAR

-10331E+03
-11531E+03
-10545E+03
- 79554E+02
-33650E+02
.63543E+01
.63543E+01
.33650E+02
. 79554E+02
.10545E+03
-11531E+03
.10331E+03
.18634E+03
.15801E+03
-12891E+03
.92241E+02
.42831E+02
.71585E+01



19 -.13862E+06 -.13656E+06 -.71585E+01

20 -.13554E+06 -.12827E+06 -.42831E+02
21 -.12827E+06 -.11099E+06 -.92241E+02
22 -.11099E+06 -.81349E+05 -.12891E+03
23 -.81349E+05 -.44721E+05 -.15801E+03
24 -.44721E+05 .38012E-09 -.18634E+03
25 .10850E-09 -.41839E+05 .17433E+03
26 -.41839E+05 -.78001E+05 .16007E+03
27 -.78001E+05 -.10629E+06 -12881E+03
28 -.10629E+06 -.12374E+06 . 77506E+02
29 -.12374E+06 -.13157E+06 .40067E+02
30 -.13669E+06 -.13901E+06 -.35945E+01
31 -.13901E+06 -.13669E+06 -35945E+01
32 -.13157E+06 -.12374E+06 -.40067E+02
33 -.12374E+06 -.10629E+06 -.77506E+02
34 -.10629E+06 -.78001E+05 -.12881E+03
35 -.78001E+05 -.41839E+05 -.16007E+03
36 -.41839E+05 -.80048E-11 -.17433E+03

raxrwxkxxH NAXIMUM RESPONSE ***x*xx . FRAME NO. 1
STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR
NO.
1 .1178E+00 .1178E+00 .1624E+01 .1449E+03 .5578E+03
(  3.4050) (  3.4050) (  3.3450) (  3.6450) (  3.3900)
2 .1735E+00 .2908E+00 .3729E+01 .1366E+03 .4260E+03
(  3.4100) (  3.4100) (  3.3500) (  4.0500) (  3.4100)
3 .1812E+00 .4715E+00 .6004E+01 .2139E+03 .2321E+03
(  3.4150) (  3.4100) ( 3.3250) (  4.2050) (  3.4200)
raxrrxkxxH NAXIMUM RESPONSE ***x*xx . FRAME NO. 2
STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR

NO.



1 .2060E+00 .2060E+00 .2676E+01 -1196E+03 .3479E+02

(  3.4050) (  3.4050) (  3.3400) (  3.3450) (  3.4000)

2 .2466E+00 . 4448E+00 .5488E+01 .1493E+03 .3425E+02
(  3.4250) (  3.4150) (  3.3400) (  3.3800) (  3.4250)

3 .1902E+00 .6337E+00 _7771E+01 .2082E+03 .3058E+02
(  3.4200) (  3.4200) (  3.3350) (  3.4200) (  3.4200)

*wxwxwaxs AXIMUM RESPONSE ******* ____ FRAME NO. 3
STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR
NO.

1 .2920E+00 .2920E+00 .3890E+01 .1263E+03 .4097E+02
(  3.4050) (  3.4050) (  3.4500) (  3.3450) (  3.4000)

2 .3296E+00 .5981E+00 .7229E+01 .1335E+03 .4018E+02
(  3.4450) (  3.4200) (  3.3400) ( 3.3850) (  3.4550)

3 .2063E+00 .7994E+00 .9655E+01 .2038E+03 .3084E+02
(  3.4300) (  3.4250) (  3.3400) (  3.3950) (  3.8800)

Fwxwxwrxw \MAXIMUM RESPONSE ******x ____ FRAME NO. 4
STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR
NO.

1 .3725E+00 .3725E+00 .4950E+01 .1435E+03 .4521E+02
(  3.4050) (  3.4050) (  3.4500) (  3.7800) (  3.4000)

2 .4275E+00 .7433E+00 .8764E+01 .1662E+03 .4329E+02
(  3.4550) (  3.4250) (  3.3400) (  3.3950) (  3.4600)

3 .2379E+00 .9603E+00 .1132E+02 .2245E+03 .3639E+02

( 3.8800) (  3.4300) (  3.3400) (  3.3900) ( 3.8850)



FsrswwxHkw MAXIMUM RESPONSE **xsxx . FRAME NO. 5
STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR
NO.
1 .4454E+00 .4454E+00 .6215E+01 .1646E+03 .4842E+02
(  3.4100) (  3.4100) (  3.7450) (  3.6900) (  3.4050)
2 .5108E+00 .8715E+00 .1022E+02 .1746E+03 .4568E+02
(  3.4550) (  3.4250) ( 3.3350) (  3.4300) (  3.4550)
3 .2898E+00 .1106E+01 .1309E+02 .2399E+03 .3823E+02
( 3.8800) (  3.4350) ( 3.5150) (  3.5900) ( 3.8850)
stk \AXIMUM RESPONSE s . FRAME NO. 6
STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR
NO.
1 .5029E+00 .5029E+00 .7238E+01 .1774E+03 .4837E+02
(  3.4100) (  3.4100) (  3.7450) (  3.4200) (  3.4050)
2 .5744E+00 .9727E+00 .1172E+02 .2032E+03 .4551E+02
(  3.4500) (  3.4300) (  3.4950) (  3.4400) (  3.4550)
3 .3398E+00 .1228E+01 .1496E+02 .4068E+03 .3992E+02
( 3.8800) (  3.4350) ( 3.5100) (  3.4650) ( 3.8850)
sk \AXIMUM RESPONSE s . FRAME NO. 7



STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR
NO.
1 .5279E+00 .5279E+00 .7648E+01 .2526E+03 .4783E+02
(  3.4100) (  3.4100) ( 3.7500) (  3.4250) (  3.4050)
2 .6079E+00 .1023E+01 .1274E+02 .2748E+03 .4500E+02
(  3.4500) (  3.4300) (  3.4950) (  3.4450) (  3.4550)
3 .3661E+00 .1290E+01 .1592E+02 .4912E+03 .4066E+02
( 3.8850) (  3.4400) (  3.5200) (  3.4550) ( 3.8850)
Farrwxwaxw MAXIMUM RESPONSE **#xxx . FRAME NO. 8
STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR
NO.
1 .5029E+00 .5029E+00 .7238E+01 .1774E+03 .4837E+02
(  3.4100) (  3.4100) (  3.7450) (  3.4200) (  3.4050)
2 .5744E+00 .9727E+00 .1172E+02 .2032E+03 .4551E+02
(  3.4500) (  3.4300) (  3.4950) (  3.4400) (  3.4550)
3 .3398E+00 .1228E+01 .1496E+02 .4068E+03 .3992E+02
( 3.8800) (  3.4350) ( 3.5100) (  3.4650) ( 3.8850)
Faxraxwaxw MAXIMUM RESPONSE **#xkxx . FRAME NO. 9
STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR
NO.
1 - 4454E+00 . 4454E+00 .6215E+01 .1646E+03 . 4842E+02
(  3.4100) (  3.4100) (  3.7450) (  3.6900) (  3.4050)
2 .5108E+00 .8715E+00 .1022E+02 .1746E+03 .4568E+02



(  3.4550)
3 .2898E+00
( 3.8800)

STORY STORY DRIFT
NO.

1 .3725E+00

(  3.4050)

2 .4275E+00

(  3.4550)

3 .2379E+00

( 3.8800)

STORY STORY DRIFT
NO.

1 .2920E+00

(  3.4050)

2 .3296E+00

(  3.4450)

3 .2063E+00

(  3.4300)

FkkxxkkAkxkx MAXIMUM RESPONSE *****x**

(
(

3.4250)
.1106E+01
3.4350)

DISPLACEMENT
.3725E+00

(  3.4050)
.7433E+00

(  3.4250)
.9603E+00

(  3.4300)

DISPLACEMENT
.2920E+00

(  3.4050)
.5981E+00

(  3.4200)
.7994E+00

(  3.4250)

( 3.3350) (  3.4300)

.1309E+02 .2399E+03

( 3.5150) (  3.5900)
. FRAME NO. 10

VELOCITY ACCELERATION

.4950E+01 .1435E+03

(  3.4500) ( 3.7800)

.8764E+01 .1662E+03

(  3.3400) (  3.3950)

.1132E+02 .2245E+03

(  3.3400) (  3.3900)
. FRAME NO. 11

VELOCITY ACCELERATION

.3890E+01 .1263E+03

(  3.4500) (  3.3450)

.7229E+01 .1335E+03

(  3.3400) ( 3.3850)

.9655E+01 .2038E+03

(  3.3400) (  3.3950)
. FRAME NO. 12

(  3.4550)
.3823E+02
( 3.8850)

.4521E+02
(  3.4000)
.4329E+02
(  3.4600)
.3639E+02
( 3.8850)

.4097E+02
(  3.4000)
.4018E+02
(  3.4550)
.3084E+02
(  3.8800)



1 .2060E+00 .2060E+00 .2676E+01 .1196E+03 .3479E+02

(  3.4050) (  3.4050) (  3.3400) (  3.3450) (  3.4000)

2 .2466E+00 . 4448E+00 .5488E+01 .1493E+03 .3425E+02

(  3.4250) (  3.4150) (  3.3400) (  3.3800) (  3.4250)

3 .1902E+00 .6337E+00 .7771E+01 .2082E+03 .3058E+02

(  3.4200) (  3.4200) ( 3.3350) (  3.4200) (  3.4200)

FrAxxHFARFE NAXIMUM RESPONSE *****xx .... FRAME NO. 13

STORY STORY DRIFT DISPLACEMENT VELOCITY ACCELERATION STORY SHEAR
NO.

1 .1178E+00 .1178E+00 .1624E+01 .1449E+03 .5578E+03

(  3.4050) (  3.4050) (  3.3450) (  3.6450) (  3.3900)

2 .1735E+00 .2908E+00 .3729E+01 .1366E+03 .4260E+03

(  3.4100) (  3.4100) (  3.3500) (  4.0500) (  3.4100)

3 .1812E+00 .4715E+00 .6004E+01 .2139E+03 .2321E+03

(  3.4150) (  3.4100) (  3.3250) (  4.2050) (  3.4200)

Fhkxkkxxxkx MAX STORY SHEARS ***xkkskskskx

STORY BASE SHEAR TIME OF
OCCURENCE

1 .15914E+04 -33900E+01

2 .12745E+04 .34150E+01

3 .80453E+03 .34200E+01



***** DISPL AT FRAMES AT MAX TOP DISPL *****

STORY FRAME NUMBERS

111213
1 -9815E-01 -1662E+00 .2330E+00 .2958E+00 -3520E+00 -3966E+00 -4165E+00 -3966E+00 .3520E+00 .2958E+00
.2330E+00 .1662E+00 .9815E-01
2 .2401E+00 .4023E+00 .5624E+00 . 7150E+00 .8481E+00 -9534E+00 .1007E+01 -9534E+00 .8481E+00 . 7150E+00
-5624E+00 -4023E+00 .2401E+00
3 .3889E+00 .5789E+00 . 7648E+00 -9421E+00 -1099E+01 .1227E+01 -1290E+01 .1227E+01 -1099E+01 -9421E+00
. 7648E+00 .5789E+00 .3889E+00

Fxx*k* SHEAR DISTRIBUTION ACROSS FRAMES *****

STORY FRAME NUMBERS

111213
1 .5578E+03 .3410E+02 .4056E+02 -4467E+02 .4766E+02 .4752E+02 -4679E+02 .4752E+02 .4766E+02 -4467E+02
-4056E+02 .3410E+02 .5578E+03
2 .4241E+03 -3369E+02 .3829E+02 .4031E+02 .4141E+02 -3998E+02 -3892E+02 -3998E+02 .4141E+02 -4031E+02
.3829E+02 .3369E+02 .4241E+03
3 .2321E+03 .3058E+02 .3028E+02 -3063E+02 .3167E+02 -3151E+02 -3092E+02 .3151E+02 .3167E+02 -3063E+02
.3028E+02 -3058E+02 .2321E+03

FxFAAAx** SHEAR DISTRIBUTION AT MAX BASE SHEAR s

TIME OF OCCURENCE = 3.3900
LEVEL STORY SHEAR

1 .159137E+04

2 -115953E+04

3 .659759E+03

Fxxxx COLUMNS *****



CoL

OCoOoO~NOUDMWNE

** MAXIMUM MOMENTS **

BOT

.6461E+03
.7163E+03
. 7906E+03
.8556E+03
.8901E+03
-8903E+03
-8901E+03
.8556E+03
. 7906E+03
.7163E+03
.6461E+03
.6747E+03
.8404E+03
-9246E+03
-9916E+03
-1063E+04
-1060E+04
-1063E+04
-9916E+03
-9246E+03
.8404E+03
.6747E+03
.6785E+03
.8388E+03
-9226E+03
-9894E+03
-1011E+04
-1061E+04
-1011E+04
-9894E+03
-9226E+03
.8388E+03
.6785E+03
.6551E+03
. 7199E+03
. 7817E+03
.8448E+03
.8549E+03
.8794E+03
-8549E+03
.8448E+03
.7817E+03
. 7199E+03
.6551E+03
.6473E+03

AN

WWWWWWWWWwWwWwWwWwWwWwwWwwWwWwWwWwwWwwWwWwwWwwWwwWwWwWwwWwwWwWwwWwwWwwwWwwwWwwwwwwwww

.40)-.
.40)-.
.40)-
.40)-.
J41)-.
J41)-
J41)-.
.40)-.
.40)-.
.40)-.
.40)-.
.40)-.
.40)-.
.40)-
.40)-
.68)

.68)

.68)

.40)-
.40)-
.40)-.
.40)-
.40)-.
.40)-.
.40)-.
.40)-.
.68)-
.68)

.68)-
.40)-
.40)-.
.40)-.
.40)-.
.40)-.
.40)-
.40)-
.40)-.
.40)-.
.68)-
.40)-.
.40)-.
.40)-
.40)-
.40)-.
.42)-.

TOP

7084E+03
7910E+03

.8605E+03

9040E+03
9006E+03

.8870E+03

9006E+03
9040E+03
8605E+03
7910E+03
7084E+03
5203E+03
6940E+03

.8017E+03
.8581E+03
.9727E+03
.9769E+03
.9727E+03
.8581E+03
.8017E+03

6940E+03

.5203E+03

5275E+03
6855E+03
7967E+03
8556E+03

-8901E+03
-9193E+03
-8901E+03
.8556E+03

7967E+03
6855E+03
5275E+03
7738E+03

.8250E+03
.8680E+03

9207E+03
8400E+03

.8382E+03

8400E+03
9207E+03

.8680E+03
.8250E+03

7738E+03
6846E+03

AN

WWWWWWWWWwWwWwWwWwWwWwwWwwWwWwWwWwwWwwWwWwwWwwWwwWwWwwWwwWwwWwWwwWwwWwwwWwwwWwwwwwwwww

.40)
.40)
.40)
.40)
.40)
.40)
.40)
.40)
.40)
.40)
.40)
.40)
.39)
.40)
.40)
.68)
.68)
.68)
.40)
.40)
.39)
.40)
.40)
.39)
.39)
.40)
.40)
.68)
.40)
.40)
.39)
.39)
.40)
.40)
.40)
.40)
.40)
.39)
.39)
.39)
.40)
.40)
.40)
.40)
.42)

MAX SHEAR
.9090E+01 ( 3.40)
.1012E+02 ( 3.40)
.1108E+02 ( 3.40)
.1181E+02 ( 3.40)
.1201E+02 ( 3.40)
.1192E+02 ( 3.40)
.1201E+02 ( 3.40)
.1181E+02 ( 3.40)
.1108E+02 ( 3.40)
.1012E+02 ( 3.40)
.9090E+01 ( 3.40)
.8020E+01 ( 3.40)
.1029E+02 ( 3.40)
.1157E+02 ( 3.40)
.1240E+02 ( 3.40)
.1367E+02 ( 3.68)
.1367E+02 ( 3.68)
.1367E+02 ( 3.68)
.1240E+02 ( 3.40)
.1157E+02 ( 3.40)
.1029E+02 ( 3.40)
.8020E+01 ( 3.40)
.8094E+01 ( 3.40)
.1022E+02 ( 3.40)
.1153E+02 ( 3.40)
.1237E+02 ( 3.40)
.1271E+02 ( 3.41)
.1329E+02 ( 3.68)
.1271E+02 ( 3.41)
.1237E+02 ( 3.40)
.1153E+02 ( 3.40)
.1022E+02 ( 3.40)
.8094E+01 ( 3.40)
.9588E+01 ( 3.40)
.1036E+02 ( 3.40)
.1106E+02 ( 3.40)
.1184E+02 ( 3.40)
.1131E+02 ( 3.39)
.1130E+02 ( 3.40)
.1131E+02 ( 3.39)
.1184E+02 ( 3.40)
.1106E+02 ( 3.40)
.1036E+02 ( 3.40)
.9588E+01 ( 3.40)
.9380E+01 ( 3.42)



. 7180E+03
. 7863E+03
.8268E+03
-8305E+03
.8120E+03
.8305E+03
.8268E+03
. 7863E+03
. 7180E+03
.6473E+03
.5436E+03
.6872E+03
. 7353E+03
.7801E+03
-9011E+03
.8935E+03
-9011E+03
.7801E+03
. 7353E+03
.6872E+03
-5436E+03
.5527E+03
.6848E+03
.7331E+03
. 7761E+03
.8144E+03
.8246E+03
-8144E+03
. 7761E+03
. 7331E+03
.6848E+03
.5527E+03
.6896E+03
. 7424E+03
. 7847E+03
.8118E+03
. 7654E+03
. 7527E+03
. 7654E+03
.8118E+03
.7847E+03
. 7424E+03
.6896E+03
.5839E+03
.6284E+03
.6664E+03
.7211E+03
.7301E+03
.7119E+03
.7301E+03
.7211E+03

AN

WWWWWWWWWwWwWwWwWwWwWwwWwwWwWwWwwWwwWwwWwWwWwwWwWwWwWwwWwWwWwwWwwWwwWwwWwWwwWwwWwWwwWwwWwwwwwwwwwww

.46)-.
.46)-
.46)-
.46)-
.46)-.
.46)-
.46)-
.46)-
.46)-.
.42)-.
L42)-.
.45)-.
.45)-.
.45)-
.59)

.58)

.59)

.45)-
.45)-_
.45)-.
.42)-
.42)-.
.45)-_
.46)-.
.45)-
.45)-
.58)-.
.45)-
.45)-.
.46)-.
.45)-_
.42)-.
.43)-.
.46)-.
.46)-.
.46)-
.46)-.
.46)-.
.46)-.
.46)-
.46)-.
.46)-.
.43)-.
.42)-.
.88)-.
.88)-.
.89)-.
.88)-.
.88)-.
.88)-.
.89)-.

7405E+03

-8009E+03
.8458E+03
-8280E+03

8354E+03

.8280E+03
.8458E+03
-8009E+03

7405E+03
6846E+03
5254E+03
6982E+03
7642E+03

.8200E+03
.8371E+03
-8211E+03
.8371E+03
.8200E+03

7642E+03
6982E+03

.5254E+03

5305E+03
6925E+03
7627E+03

.8214E+03
.8701E+03

8433E+03

.8701E+03

8214E+03
7627E+03
6925E+03
5305E+03
6905E+03
7463E+03
7872E+03

.8115E+03

7859E+03
7783E+03
7859E+03

.8115E+03

7872E+03
7463E+03
6905E+03
6375E+03
6719E+03
7236E+03
7775E+03
7991E+03
7726E+03
7991E+03
7775E+03

AN

WWWWWWWWWwWwWwWwWwWwWwwWwwWwWwWwWwwWwwWwWwwWwwWwWwwWwWwwWwWwWwwWwwWwwWwwWwWwwWwwWwWwwWwwWwwwwwwwwwww

.45)
.45)
.45)
.45)
.45)
.45)
.45)
.45)
.45)
.42)
.42)
.45)
.45)
.45)
.60)
.60)
.60)
.45)
.45)
.45)
.42)
.42)
.45)
.45)
.45)
.45)
.45)
.45)
.45)
.45)
.45)
.42)
.43)
.45)
.45)
.45)
.45)
.44)
.45)
.45)
.45)
.45)
.43)
.42)
.88)
.88)
.88)
.88)
.88)
.88)
.88)

.1027E+02
-1118E+02
.1177E+02
-1167E+02
-1160E+02
.1167E+02
.1177E+02
-1118E+02
.1027E+02
-9380E+01
. 7528E+01
-9756E+01
-1056E+02
-1127E+02
.1224E+02
.1207E+02
.1224E+02
-1127E+02
-1056E+02
-9756E+01
.7528E+01
.7628E+01
-9699E+01
-1053E+02
-1125E+02
-1186E+02
-1168E+02
-1186E+02
-1125E+02
-1053E+02
-9699E+01
.7628E+01
-9719E+01
.1048E+02
-1107E+02
-1141E+02
-1090E+02
.1071E+02
-1090E+02
-1141E+02
-1107E+02
-1048E+02
-9719E+01
.8601E+01
-9154E+01
.9785E+01
-1055E+02
.1076E+02
-1045E+02
.1076E+02
-1055E+02

ANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

WWWWWWWWWwWwWwWwWwWwWwwWwwWwWwWwwWwwWwwWwWwwWwwWwWwWwwWwwWwwWwWwwWwwWwwWwwWwwWwwWwwWwwWwwWwwWwwwWwwwwwwwww

.46)
.46)
.46)
.45)
.45)
.45)
.46)
.46)
.46)
.42)
.42)
.45)
.45)
.45)
.59)
.60)
.59)
.45)
.45)
.45)
.42)
.42)
.45)
.45)
.45)
.45)
.45)
.45)
.45)
.45)
.45)
.42)
.43)
.46)
.46)
.46)
.45)
.45)
.45)
.46)
.46)
.46)
.43)
.42)
.88)
.88)
.88)
.88)
.88)
.88)
.88)



BEAM

A WNPE

.6664E+03
.6284E+03
.5839E+03
-5411E+03
.5841E+03
.6089E+03
.6065E+03
.6203E+03
. 7679E+03
.6203E+03
.6065E+03
.6089E+03
.5841E+03
.5411E+03
.4887E+03
.5732E+03
.6020E+03
.6041E+03
.6433E+03
.6398E+03
.6433E+03
.6041E+03
.6020E+03
.5732E+03
.4887E+03
.6319E+03
.6510E+03
.6649E+03
.6808E+03
.6761E+03
.6556E+03
.6761E+03
.6808E+03
.6649E+03
.6510E+03
.6319E+03

** MAXIMUM MOMENTS **

LEFT RIGHT

AN

WWWWWWWWWWwWwWwWwWwWwWwWwWwwWwwWwWwWwWwwWwwWwwWwwWwwWwwwwwwwww

.88)-.
.88)-.
42)-.
_61)-
.61)

.61)-.
.60)-.
.60)-.
.88)-.
.60)-.
.60)-.
.61)-.
.61)

.61)-
.61)-.
.61)-
.61)-.
.60)-.
.88)-.
.88)-.
.88)-.
.60)-.
.61)-.
.61)-
.61)-
.42)-.
.88)-.
.89)-.
.89)-.
.88)-.
.89)-.
.88)-.
.89)-.
.89)-.
.88)-.
.42)-.

7236E+03
6719E+03
6375E+03

.4852E+03
.5648E+03

6646E+03
6546E+03
7408E+03
7361E+03
7408E+03
6546E+03
6646E+03

.5648E+03
.4852E+03

5576E+03

.5385E+03

7278E+03
6570E+03
7143E+03
6993E+03
7143E+03
6570E+03
7278E+03

.5385E+03
.5576E+03

7073E+03
7100E+03
7471E+03
7959E+03
7926E+03
7904E+03
7926E+03
7959E+03
7471E+03
7100E+03
7073E+03

AN

WWWWWWWWWWwWwWwWwWwWwWwWwWwwWwwWwwWwwWwWwwWwwWwwWwwWwwWwwwwwwwww

.88)
.88)
.42)
.42)
.61)
.88)
.88)
.88)
.88)
.88)
.88)
.88)
.61)
.42)
.42)
.43)
.88)
.88)
.88)
.88)
.88)
.88)
.88)
.43)
.42)
.42)
.43)
.88)
.88)
.88)
.88)
.88)
.88)
.88)
.43)
.42)

_1169E+04 ( 3.64)-.1231E+04 ( 3.41)
.1217E+04 ( 3.65)-.1257E+04 ( 3.41)
.1251E+04 ( 3.66)-.1290E+04 ( 3.41)
.1269E+04 ( 3.66)-.1312E+04 ( 3.41)

.9785E+01 ( 3.88)
.9154E+01 ( 3.88)
.8601E+01 ( 3.42)
.7224E+01 ( 3.61)
.8090E+01 ( 3.61)
.8391E+01 ( 3.61)
.8635E+01 ( 3.88)
.9263E+01 ( 3.88)
.1059E+02 ( 3.88)
.9263E+01 ( 3.88)
.8635E+01 ( 3.88)
.8391E+01 ( 3.61)
.8090E+01 ( 3.61)
.7224E+01 ( 3.61)
.6665E+01 ( 3.42)
_7777E+01 ( 3.61)
.8452E+01 ( 3.88)
.8656E+01 ( 3.88)
.9561E+01 ( 3.88)
.9430E+01 ( 3.88)
.9561E+01 ( 3.88)
.8656E+01 ( 3.88)
.8452E+01 ( 3.88)
_7777E+01 ( 3.61)
.6665E+01 ( 3.42)
.9431E+01 ( 3.42)
.9524E+01 ( 3.88)
.9943E+01 ( 3.88)
.1039E+02 ( 3.88)
.1034E+02 ( 3.88)
.1018E+02 ( 3.88)
.1034E+02 ( 3.88)
.1039E+02 ( 3.88)
.9943E+01 ( 3.88)
.9524E+01 ( 3.88)
.9431E+01 ( 3.42)
MAX SHEAR
.5847E+01 ( 3.41)
.6398E+01 ( 3.41)
.6931E+01 ( 3.41)
.7472E+01 ( 3.41)



-1268E+04
.1272E+04
-1268E+04
-1269E+04
-1251E+04
.1217E+04
-1169E+04
-1119E+04
-1153E+04
-1184E+04
-1215E+04
-1215E+04
-1219E+04
-1215E+04
-1215E+04
-1184E+04
-1153E+04
-1119E+04
-1180E+04
-1202E+04
-1239E+04
-1258E+04
.1237E+04
.1242E+04
.1237E+04
-1258E+04
-1239E+04
-1202E+04
-1180E+04
-1184E+04
-1184E+04
-1200E+04
.1212E+04
.1234E+04
-1268E+04
.1235E+04
-1230E+04
.1235E+04
-1268E+04
-1234E+04
.1212E+04
-1200E+04
-1113E+04
-1129E+04
-1134E+04
-1156E+04
-1169E+04
-1178E+04
-1169E+04
-1156E+04
-1134E+04

AN

WWWWWWWWWwWwWwWwWwWwWwwWwwWwWwWwwWwwWwwWwWwWwwWwWwWwWwwWwWwWwwWwwWwwWwwWwWwwWwwWwWwwWwwWwwwwwwwwwww

.67)-.
_67)-.
.67)-.
.66)-.
.66)-.
.65)-.
.64)-.
.22)-.
.22)-.
.23)-.
.23)-.
.23)-.
_67)-.
.23)-.
.23)-.
.23)-.
.22)-.
.22)-.
.64)-.
.23)-.
.23)-.
.23)-.
.23)-.
.23)-.
.23)-.
.23)-.
.23)-.
.23)-.
.64)-.
.64)-.
.64)-.
.62)-.
.61)-.
.60)-.
.60)-.
.60)-.
.60)-.
.60)-.
.60)-.
.60)-.
.61)-.
.62)-.
.62)-.
.61)-.
.61)-.
.60)-.
.60)-.
.60)-.
.60)-.
.60)-.
.61)-.

1328E+04
1331E+04
1328E+04
1312E+04
1290E+04
1257E+04
1231E+04
1235E+04
1302E+04
1338E+04
1361E+04
1368E+04
1364E+04
1368E+04
1361E+04
1338E+04
1302E+04
1235E+04
1215E+04
1250E+04
1285E+04
1306E+04
1318E+04
1312E+04
1318E+04
1306E+04
1285E+04
1250E+04
1215E+04
1243E+04
1243E+04
1216E+04
1223E+04
1241E+04
1260E+04
1282E+04
1281E+04
1282E+04
1260E+04
1241E+04
1223E+04
1216E+04
1228E+04
1267E+04
1290E+04
1305E+04
1324E+04
1323E+04
1324E+04
1305E+04
1290E+04

AN

WWWWWWWWWwWwWwWwWwWwWwwWwwWwWwWwWwwWwwWwWwwWwwWwWwwWwWwwWwWwWwwWwwWwwWwwWwWwwWwwWwWwwWwwWwwwwwwwwwww

.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.42)
.43)
.45)
.46)
.46)
.45)
.46)
.46)
.45)
.43)
.42)
.42)
.43)
.45)
.45)
.46)
.45)
.46)
.45)
.45)

.8106E+01
.8218E+01
.8106E+01
. 7472E+01
.6931E+01
.6398E+01
.5847E+01
.5326E+01
.6688E+01
. 7508E+01
. 7785E+01
.8057E+01
. 7826E+01
.8057E+01
. 7785E+01
.7508E+01
.6688E+01
.5326E+01
.5505E+01
.6148E+01
.6818E+01
.7318E+01
. 7900E+01
. 7806E+01
.7900E+01
.7318E+01
.6818E+01
.6148E+01
.5505E+01
.6280E+01
.6280E+01
.5181E+01
.5178E+01
.5700E+01
.6131E+01
.6991E+01
.7281E+01
.6991E+01
.6131E+01
.5700E+01
.5178E+01
.5181E+01
-4932E+01
.6015E+01
.6429E+01
.6880E+01
. 7272E+01
. 7194E+01
.7272E+01
.6880E+01
.6429E+01

ANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

WWWWWWWWWwWwWwWwWwWwWwwWwwWwWwWwwWwwWwwWwWwwWwwWwWwWwwWwwWwwWwWwwWwwWwwWwwWwwWwwWwwWwwWwwWwwWwwwWwwwwwwwww

.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.64)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.41)
.64)
.41)
.41)
.42)
.43)
.45)
.46)
.46)
.45)
.46)
.46)
.45)
.43)
.42)
.42)
.43)
.45)
.45)
.46)
.45)
.46)
.45)
.45)



-1129E+04
-1113E+04
-1180E+04
-1179E+04
-1187E+04
-1201E+04
-1174E+04
-1173E+04
.1174E+04
-1201E+04
.1187E+04
-1179E+04
-1180E+04
-1203E+04
-1203E+04
-1109E+04
-1102E+04
-1115E+04
-1121E+04
-1120E+04
-1110E+04
-1120E+04
-1121E+04
-1115E+04
-1102E+04
-1109E+04
-9611E+03
-1074E+04
.1077E+04
.1075E+04
-9659E+03
-9618E+03
-9659E+03
.1075E+04
-1077E+04
-1074E+04
-9611E+03
-1133E+04
-1117E+04
-1116E+04
-1119E+04
-1092E+04
-1091E+04
-1092E+04
-1119E+04
-1116E+04
-1117E+04
-1133E+04
-1209E+04
-1209E+04

AN

WWWWWWWWWwWwWwWwWwWwWwwWwwWwWwWwWwwWwWwWwwWwwWwWwWwWwwWwwWwWwWwWwWwwWwWwwWwwWwwwWwwWwwwwwwwwww

.61)-.
.62)-.
.62)-.
.61)-.
.60)-.
.60)-.
.60)-.
.60)-.
.60)-.
.60)-.
.60)-.
.61)-.
.62)-.
.63)-.
.63)-.
.62)-.
.61)-.
.99)-.
.99)-.
.60)-.
.60)-.
.60)-.
.99)-.
.99)-.
.61)-.
.62)-.
.20)-.
.61)-.
.61)-.
.59)-.
.60)-.
.99)-.
.60)-.
.59)-.
.61)-.
.61)-.
.20)-.
.62)-.
.61)-.
.60)-.
.60)-.
.99)-.
.99)-.
.99)-.
.60)-.
.60)-.
.61)-.
.62)-.
.63)-.
.63)-.

1267E+04
1228E+04
1236E+04
1242E+04
1272E+04
1303E+04
1262E+04
1268E+04
1262E+04
1303E+04
1272E+04
1242E+04
1236E+04
1267E+04
1267E+04
1152E+04
1135E+04
1146E+04
1155E+04
1157E+04
1168E+04
1157E+04
1155E+04
1146E+04
1135E+04
1152E+04
1125E+04
1163E+04
1175E+04
1181E+04
1191E+04
1191E+04
1191E+04
1181E+04
1175E+04
1163E+04
1125E+04
1050E+04
9213E+03
9955E+03
1041E+04
9752E+03
1025E+04
9752E+03
1041E+04
9955E+03
9213E+03
1050E+04
1272E+04
1272E+04

AN

WWWWWWWWWwWwWwWwWwWwWwwWwWwWwWwWwwWwwWwWwwWwwWwWwWwWwwWwwWwWwWwwWwwWwWwWwwWwwWwwWwwWwwWwwwwwwwwww

.43)
.42)
.42)
.43)
.45)
.46)
.46)
.45)
.46)
.46)
.45)
.43)
.42)
.41)
.41)
.42)
.43)
.88)
.88)
.88)
.88)
.88)
.88)
.88)
.43)
.42)
.42)
.43)
.48)
.48)
.47)
.88)
47)
.48)
.48)
.43)
.42)
.42)
.43)
.88)
.88)
.88)
.88)
.88)
.88)
.88)
.43)
.42)
.41)
.41)

.6015E+01
.4932E+01
.5410E+01
.5604E+01
.6061E+01
.6450E+01
.7161E+01
.7208E+01
.7161E+01
.6450E+01
.6061E+01
.5604E+01
.5410E+01
.6730E+01
.6730E+01
-3396E+01
.3232E+01
.3577E+01
.3957E+01
.4386E+01
.4689E+01
.4386E+01
.3957E+01
.3577E+01
.3232E+01
-3396E+01
.2753E+01
-3092E+01
.3661E+01
.3545E+01
.4363E+01
.4383E+01
-4363E+01
.3545E+01
.3661E+01
-3092E+01
.2753E+01
.4164E+01
.4202E+01
.4343E+01
.4532E+01
.5120E+01
-5093E+01
.5120E+01
.4532E+01
.4343E+01
.4202E+01
.4164E+01
.6752E+01
.6752E+01

ANAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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.43)
.42)
.42)
.43)
.45)
.46)
.46)
.45)
.46)
.46)
.45)
.43)
.42)
.41)
.41)
.42)
.88)
.88)
.88)
.88)
.88)
.88)
.88)
.88)
.88)
.42)
.42)
.43)
.88)
.48)
.88)
.88)
.88)
.48)
.88)
.43)
.42)
.62)
.61)
.61)
.60)
.60)
.60)
.60)
.60)
.61)
.61)
.62)
.41)
.41)



WALL

OCoOoO~NOUDMWNE

SLAB

©CoOoO~NOUA~AWNE

** MAXIMUM MOMENTS **

BOT

. 7286E+05
. 7285E+05
. 7286E+05
. 7285E+05
.4088E+05
.4085E+05
.4088E+05
.4085E+05
.1447E+05
.1448E+05
.1447E+05
.1448E+05

AN

WWWWWWWwwWwwww

.40) .
.40)
.40)
.40)
.41)
.41)
.41)
.41)
.42)-
.42)-
.42)-
.42)-.

TOP

3935E+05

-3933E+05
-3935E+05
-3933E+05
.1097E+05
-1094E+05
-1097E+05
-1094E+05
.3636E+04
.3724E+04
.3636E+04

3724E+04

Fhkkk G| ABS FHRFAKX

** MAXIMUM MOMENTS **

FRAME 1

.2087E-09
.3382E+05
.6086E+05
-8096E+05
-9699E+05
.9528E+05
.1032E+06
-1019E+06
-9699E+05
-8096E+05
.6086E+05
.3382E+05
.8613E-09
.4529E+05
.8160E+05
-1114E+06
-1283E+06
.1368E+06

AN

WWWWWPAWWWWWWWWWWWW

.73)-.
.39)-.
.39)-
.40)-.
.40)-.
J41)-.
.42)-.
J41)-.
.40)-
.40)-.
.39)-.
.39)-.
J72)-.
.38)-
J41)-.
J41)-.
J41)-.
.43)-.

FRAME J

3382E+05
6086E+05

.8096E+05

9699E+05
1019E+06
1032E+06
9528E+05
9699E+05

.8096E+05

6086E+05
3382E+05
7338E-09
4529E+05

.8160E+05

1114E+06
1283E+06
1361E+06
1448E+06

AN

AN

WWWWWWWwwWwwww

WWWWWWWWwWwWwwWwwwwwwww

.41)
.41)
.41)
.41)
.42)
.42)
.42)
.42)
.41)
.41)
.41)
.41)

.39)
.39)
.40)
.40)
.41)
.42)
.41)
.40)
.40)
.39)
.39)
.72)
.38)
.41)
.41)
.41)
.43)
.44)

MAX SHEAR
.2790E+03 ( 3.39)
.2788E+03 ( 3.39)
.2790E+03 ( 3.39)
.2788E+03 ( 3.39)
.2128E+03 ( 3.41)
.2132E+03 ( 3.41)
.2128E+03 ( 3.41)
.2132E+03 ( 3.41)
.1157E+03 ( 3.42)
.1164E+03 ( 3.42)
.1157E+03 ( 3.42)
.1164E+03 ( 3.42)

MAX SHEAR
.1409E+03 ( 3.39)
.1217E+03 ( 3.40)
.1054E+03 ( 3.41)
.9712E+02 ( 3.42)
.7290E+02 ( 3.42)
.2914E+02 ( 3.42)
.2914E+02 ( 3.42)
.7290E+02 ( 3.42)
L9712E+02 ( 3.42)
.1054E+03 ( 3.41)
.1217E+03 ( 3.40)
.1409E+03 ( 3.39)
.1887E+03 ( 3.38)
.1627E+03 ( 3.42)
.1473E+03 ( 3.43)
.1211E+03 ( 3.43)
.7954E+02 ( 3.44)
.2913E+02 ( 3.44)



.1448E+06
.1361E+06
.1283E+06
-1114E+06
.8160E+05
.4529E+05
.4331E-09
.5036E+05
.8555E+05
-1111E+06
.1279E+06
.1405E+06
-1512E+06
.1357E+06
.1279E+06
-1111E+06
.8555E+05
-5036E+05

ANAAAAAAAAAAAAAAAAAAAAA
WWWWWWWWwWwWwWwwwwwwww

FrFFxIxxXXE MAXIMUM MOMENTS AND SHEARS

.44)-
.43)-.
J41)-.
.41)-
J41)-.
.38)
.52)-.
.42)-
.42)-.
.43)-.
.43)-.
L44)-.
.45)-.
J44)-.
.43)-.
.43)-
.42)-.
.42)-

.1368E+06
1283E+06
1114E+06
-8160E+05
4529E+05
.6421E-09
5036E+05
.8555E+05
1111E+06
1279E+06
1357E+06
1512E+06
1405E+06
1279E+06
1111E+06
.8555E+05
5036E+05
.4125E-09

ANAAAAAAAAAAAAAAAAAAAAA
PLWWWWWWWWWWWWWWWWwW

.43)
.41)
.41)
.41)
.38)
.33)
.42)
.42)
.43)
.43)
.44)
.45)
.44)
.43)
.43)
.42)
.42)
.06)

-.2913E+02
-.7954E+02
-.1211E+03
-.1473E+03
-.1627E+03
-.1887E+03
.2098E+03
.1747E+03
-1544E+03
.1438E+03
.1054E+03
.4217E+02
-.4217E+02
-.1054E+03
-.1438E+03
-.1544E+03
-.1747E+03
-.2098E+03

(AT MAXIMUM DISPLACEMENT OF MID FRAME )

MAX DISPLACEMENT =

CoL

~NoOo O~ WNE

MOMENT
(BOT)

.50651E+03
-51300E+03
.52790E+03
-54132E+03
.54387E+03
.52713E+03
.54387E+03

1.2904

AT TIME : 3.4400

MOMENT
(TOP)

-.58483E+03
-.61043E+03
-.62169E+03
-.61373E+03
-.57120E+03
-.53951E+03
-.57120E+03

SHEAR

.73244E+01
. 75398E+01
.77154E+01
.77520E+01
.74837E+01
.71586E+01
.74837E+01

.44)
.44)
.43)
.43)
.42)
.38)
.42)
.43)
.45)
.46)
.46)
.45)
.45)
.46)
.46)
.45)
.43)
.42)

ANANAAAAAAAAAAAAAAAAAAD
WWWWWWWWwWwWwWwwwwwwww

FhKkhdk Ak ki

AT ACCLN :

.188 G



.54132E+03
-52790E+03
.51300E+03
-50651E+03
.51317E+03
-59620E+03
.62578E+03
.64096E+03
.61125E+03
.58521E+03
.61125E+03
.64096E+03
.62578E+03
-59620E+03
.51317E+03
.51794E+03
.58888E+03
.62026E+03
.63297E+03
.62351E+03
-58066E+03
.62351E+03
.63297E+03
.62026E+03
.58888E+03
.51794E+03
-52664E+03
.53235E+03
-53660E+03
.54579E+03
.51781E+03
-50284E+03
.51781E+03
.54579E+03
.53660E+03
.53235E+03
.52664E+03
.63381E+03
.70496E+03
.76263E+03
.79972E+03
.80461E+03
.78744E+03
-80461E+03
.79972E+03
.76263E+03
.70496E+03
.63381E+03
.52092E+03
.68306E+03
.72199E+03

.61373E+03
.62169E+03
.61043E+03
.58483E+03
.35767E+03
.43704E+03
-49445E+03
-50153E+03
.45371E+03
.44016E+03
-45371E+03
.50153E+03
-49445E+03
.43704E+03
.35767E+03
.36661E+03
-41634E+03
.47675E+03
-48708E+03
.50643E+03
-49016E+03
.50643E+03
-48708E+03
.47675E+03
-41634E+03
.36661E+03
.67002E+03
.67044E+03
.66020E+03
.65807E+03
.52586E+03
-51634E+03
.52586E+03
.65807E+03
.66020E+03
.67044E+03
.67002E+03
.66796E+03
. 73485E+03
.78947E+03
.83267E+03
.81384E+03
.82264E+03
.81384E+03
.83267E+03
. 78947E+03
. 73485E+03
.66796E+03
.50189E+03
.69598E+03
. 75500E+03

.77520E+01
.77154E+01
. 75398E+01
.73244E+01
.58446E+01
.69345E+01
.75183E+01
.76678E+01
.71474E+01
.68817E+01
.71474E+01
.76678E+01
.75183E+01
.69345E+01
-58446E+01
.59366E+01
.67465E+01
.73624E+01
.75172E+01
. 75835E+01
.71867E+01
.75835E+01
.75172E+01
.73624E+01
.67465E+01
.59366E+01
-80312E+01
.80724E+01
.80322E+01
.80796E+01
.70045E+01
.68402E+01
.70045E+01
.80796E+01
.80322E+01
-80724E+01
.80312E+01
-91674E+01
-10140E+02
-10930E+02
.11496E+02
-11398E+02
-11339E+02
-11398E+02
.11496E+02
-10930E+02
-10140E+02
-91674E+01
.72029E+01
.97115E+01
.10401E+02



.76191E+03
. 74839E+03
. 74479E+03
. 74839E+03
.76191E+03
.72199E+03
.68306E+03
.52092E+03
-53001E+03
.67939E+03
.71837E+03
. 75914E+03
. 79444E+03
.79761E+03
. 79444E+03
. 75914E+03
.71837E+03
.67939E+03
-53001E+03
.68359E+03
. 72868E+03
.75920E+03
.78153E+03
. 73385E+03
.72298E+03
. 73385E+03
.78153E+03
. 75920E+03
. 72868E+03
.68359E+03
.54913E+03
.57820E+03
-59609E+03
.61016E+03
.60785E+03
.57293E+03
.60785E+03
.61016E+03
-59609E+03
.57820E+03
.54913E+03
-30684E+03
.34415E+03
-39131E+03
-43029E+03
-41408E+03
.46469E+03
-41408E+03
-43029E+03
-39131E+03
.34415E+03

.80960E+03
.79841E+03
. 79698E+03
.79841E+03
.80960E+03
. 75500E+03
-69598E+03
-50189E+03
-50639E+03
.68997E+03
.75293E+03
.81084E+03
.85529E+03
.82898E+03
-85529E+03
.81084E+03
.75293E+03
.68997E+03
-50639E+03
.68223E+03
.74013E+03
.77591E+03
-80253E+03
.78078E+03
. 77535E+03
.78078E+03
-80253E+03
.77591E+03
.74013E+03
.68223E+03
-59908E+03
.64177E+03
.66177E+03
.68213E+03
.67265E+03
.63506E+03
.67265E+03
.68213E+03
.66177E+03
.64177E+03
.59908E+03
-43962E+03
.51297E+03
-56453E+03
.58869E+03
.57110E+03
.56515E+03
-57110E+03
.58869E+03
.56453E+03
.51297E+03

.11067E+02
-10893E+02
.10858E+02
-10893E+02
-11067E+02
-10401E+02
-97115E+01
.72029E+01
.72986E+01
-96433E+01
-10361E+02
.11056E+02
-11618E+02
.11455E+02
-11618E+02
.11056E+02
-10361E+02
-96433E+01
.72986E+01
-96185E+01
-10344E+02
.10811E+02
-11155E+02
.10666E+02
-10552E+02
-10666E+02
-11155E+02
.10811E+02
-10344E+02
-96185E+01
.80860E+01
-85913E+01
-88582E+01
-91007E+01
-90176E+01
-85070E+01
-90176E+01
-91007E+01
.88582E+01
-85913E+01
-80860E+01
.52568E+01
.60360E+01
.67313E+01
.71759E+01
.69379E+01
.72524E+01
.69379E+01
.71759E+01
.67313E+01
.60360E+01



110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

BEAM

©CoOoO~NOUR~AWNE

.30684E+03
-34418E+03
.34804E+03
-38512E+03
.44033E+03
.55544E+03
-54513E+03
.55544E+03
-44033E+03
.38512E+03
-34804E+03
.34418E+03
.59580E+03
.62998E+03
.62412E+03
.62318E+03
.58728E+03
.54597E+03
.58728E+03
.62318E+03
.62412E+03
.62998E+03
-59580E+03

MOMENT
(LEFT)

-41049E+02
-38301E+02
-90675E+02
-16535E+03
.27033E+03
.28617E+03
.27033E+03
-16535E+03
-90675E+02
-38301E+02
-41049E+02
-96222E+02
.12125E+03
-22969E+03
.25501E+03
.29391E+03
.24325E+03

-.43962E+03
-.51015E+03
-.52514E+03
-.56579E+03
-.59270E+03
-.62647E+03
-.61164E+03
-.62647E+03
-.59270E+03
-.56579E+03
-.52514E+03
-.51015E+03
-.66476E+03
-.70156E+03
-.71841E+03
-.73217E+03
-.70377E+03
-.68572E+03
-.70377E+03
-.73217E+03
-.71841E+03
-.70156E+03
-.66476E+03

.52568E+01
.60164E+01
.61491E+01
.66965E+01
.72749E+01
.83233E+01
-81463E+01
.83233E+01
.72749E+01
.66965E+01
.61491E+01
.60164E+01
.88772E+01
.93770E+01
-94544E+01
-95447E+01
-90919E+01
.86739E+01
-90919E+01
-95447E+01
-94544E+01
.93770E+01
.88772E+01

MOMENT
(RIGHT)

-.11478E+04
-.11839E+04
-.11986E+04
-.11943E+04
-.12091E+04
-.12096E+04
-.12091E+04
-.11943E+04
-.11986E+04
-.11839E+04
-.11478E+04
-.11859E+04
-.12538E+04
-.12719E+04
-.12888E+04
-.12934E+04
-.12878E+04

SHEAR

.48973E+01
-54080E+01
.57049E+01
.60164E+01
.65459E+01
.66185E+01
.65459E+01
.60164E+01
.57049E+01
-54080E+01
.48973E+01
-48215E+01
.60843E+01
.66443E+01
.68311E+01
.70233E+01
.67747E+01



.29391E+03
-25501E+03
.22969E+03
-12125E+03
-.96222E+02
-.10219E+03
-29789E+02
.97830E+02
-14704E+03
.25967E+03
-24090E+03
.25967E+03
-14704E+03
.97830E+02
-29789E+02
-.10219E+03
-.74646E+02
-.74646E+02
-.10530E+03
-.57547E+02
-40507E+02
.10074E+03
-25686E+03
.31799E+03
.25686E+03
.10074E+03
-40507E+02
-.57547E+02
-.10530E+03
-.14018E+03
.81824E+02
-15978E+03
.22391E+03
.26804E+03
.24335E+03
.26804E+03
.22391E+03
.15978E+03
.81824E+02
-.14018E+03
-.73233E+02
.21793E+02
-92095E+02
-12538E+03
.32020E+03
-32096E+03
.32020E+03
-12538E+03
-92095E+02
.21793E+02
-.73233E+02

.12934E+04
-12888E+04
.12719E+04
-12538E+04
.11859E+04
.11120E+04
-11337E+04
-11405E+04
-11236E+04
.11263E+04
-11126E+04
-11263E+04
-11236E+04
.11405E+04
-11337E+04
-11120E+04
-10405E+04
.10405E+04
-11694E+04
.12219E+04
-12392E+04
.12525E+04
-12689E+04
.12670E+04
-12689E+04
.12525E+04
-12392E+04
.12219E+04
-11694E+04
-12119E+04
.12608E+04
-12888E+04
.12976E+04
-13135E+04
.13106E+04
-13135E+04
.12976E+04
-12888E+04
.12608E+04
-12119E+04
.11878E+04
-12411E+04
.12696E+04
-12920E+04
.12462E+04
-12500E+04
.12462E+04
-12920E+04
-12696E+04
-12411E+04
.11878E+04

.70233E+01
.68311E+01
.66443E+01
.60843E+01
.48215E+01
.44681E+01
-51482E+01
.54795E+01
.56222E+01
.61327E+01
-59888E+01
.61327E+01
.56222E+01
.54795E+01
.51482E+01
.44681E+01
.42739E+01
.42739E+01
-47085E+01
.51518E+01
.56623E+01
.59876E+01
.67510E+01
.70132E+01
.67510E+01
.59876E+01
-56623E+01
.51518E+01
.47085E+01
.47423E+01
-59410E+01
.64098E+01
.67325E+01
.69978E+01
.68761E+01
.69978E+01
.67325E+01
.64098E+01
-59410E+01
-47423E+01
.49315E+01
.55878E+01
.60252E+01
.62715E+01
.69309E+01
.69510E+01
.69309E+01
.62715E+01
.60252E+01
.55878E+01
.49315E+01



69 -.62477E+02 -.10402E+04 .43264E+01

70 -.62477E+02  -.10402E+04 .43264E+01
71 -.43705E+03  -.11025E+04 .29443E+01
72 -.45410E+03  -.11309E+04 .29945E+01
73 -.41049E+03  -.11374E+04 .32163E+01
74 -.41125E+03  -.11416E+04 .32318E+01
75 -.33198E+03  -.11369E+04 .35618E+01
76 -.27296E+03  -.11471E+04 .38678E+01
77 -.33198E+03  -.11369E+04 .35618E+01
78 -.41125E+03  -.11416E+04 .32318E+01
79 -.41049E+03  -.11374E+04 .32163E+01
80 -.45410E+03  -.11309E+04 .29945E+01
81 -.43705E+03  -.11025E+04 .29443E+01
82 -_50957E+03  -.11227E+04 .27129E+01
83 -.47491E+03  -.11563E+04 .30149E+01
84 -.43620E+03  -.11741E+04 .32651E+01
85 -.40326E+03  -.11765E+04 .34215E+01
86 -.33176E+03  -.11844E+04 .37727E+01
87 -.32349E+03  -.11828E+04 .38021E+01
88 -_.33176E+03  -.11844E+04 .37727E+01
89 -.40326E+03  -.11765E+04 .34215E+01
90 -.43620E+03  -.11741E+04 .32651E+01
91 -.47491E+03  -.11563E+04 .30149E+01
92 -.50957E+03  -.11227E+04 .27129E+01
93 -.47071E+03  -.99188E+03 .23061E+01
94 -.55253E+03  -.91289E+03 .15945E+01
95 -.51938E+03  -.94360E+03 .18771E+01
96 -.51074E+03  -.97951E+03 .20742E+01
97 -.38039E+03  -.87548E+03 .21907E+01
98 -.39894E+03  -.89170E+03 .21803E+01
99 -.38039E+03  -.87548E+03 .21907E+01
100 -.51074E+03  -.97951E+03 .20742E+01
101 -.51938E+03  -.94360E+03 .18771E+01
102 -.55253E+03  -.91289E+03 .15945E+01
103 -.47071E+03  -.99188E+03 .23061E+01
104 -.65894E+02  -.10398E+04 .43094E+01
105 -.65894E+02  -.10398E+04 .43094E+01
WALL MOMENT MOMENT SHEAR
NO. (BOT) (TOP)
1 .48237E+05 .26871E+05 .17528E+03
2 .48210E+05 .26797E+05 .17528E+03

3 .48237E+05 .26871E+05 .17528E+03



©oo~NO Uh
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SLAB

©CoOoO~NOOUAWNE

.48210E+05
.27717E+05
.27724E+05
.27717E+05
.27724E+05
-10792E+05
-10841E+05
.10792E+05
-10841E+05

MOMENT
(FRONT)

.11312E-10
.18618E+05
-39145E+05
.53492E+05
.62897E+05
-56903E+05
.61244E+05
.63541E+05
.62897E+05
.53492E+05
.39145E+05
-18618E+05
.26618E-09
.32030E+05
.66120E+05
-98262E+05
.12067E+06
.13589E+06
.14483E+06
-13516E+06
.12067E+06
-98262E+05
.66120E+05
-32030E+05
.10850E-09
-40759E+05
. 73908E+05
-10461E+06
.12705E+06
-13994E+06
.14644E+06

.26797E+05
-80841E+04
. 79924E+04
-80841E+04
.79924E+04
-.27593E+04
.29550E+04
.27593E+04
-.29550E+04

.17528E+03
-14258E+03
.14356E+03
-14258E+03
.14356E+03
.86869E+02
-88434E+02
-86869E+02
.88434E+02

Fhkkk GLABS FHRFAKX

MOMENT
(REAR)

-.18618E+05
-.39145E+05
-.53492E+05
-.62897E+05
-.63541E+05
-.61244E+05
-.56903E+05
-.62897E+05
-.53492E+05
-.39145E+05
-.18618E+05
-.31159E-09
-.32030E+05
-.66120E+05
-.98262E+05
-.12067E+06
-.13516E+06
-.14483E+06
-.13589E+06
-.12067E+06
-.98262E+05
-.66120E+05
-.32030E+05

.31191E-09
-.40759E+05
-.73908E+05
-.10461E+06
-.12705E+06
-.13516E+06
-.14644E+06
-.13994E+06

SHEAR

. 77576E+02
.85528E+02
.65228E+02
.35040E+02
-14336E+02
.48184E+01
-48184E+01
.14336E+02
.35040E+02
.65228E+02
.85528E+02
. 77576E+02
.13346E+03
.14743E+03
.13932E+03
-11362E+03
. 79542E+02
.27989E+02
.27989E+02
. 79542E+02
.11362E+03
-13932E+03
.14743E+03
-13346E+03
.16983E+03
.14752E+03
.13883E+03
-10832E+03
-39654E+02
-40127E+01
.40127E+01
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FxFAxxxxEE MAXIMUM MOMENTS AND SHEARS ks

MAX MOMENT

CoL
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13516E+06
12705E+06
10461E+06
73908E+05
40759E+05

.12705E+06
-10461E+06
. 73908E+05
-40759E+05
.44385E-10

-39654E+02
-10832E+03
.13883E+03
-14752E+03
-16983E+03

(AT MAXIMUM RECORDED VALUE OF WALL MOMENT )

= . 7286E+05 ON WALL :

MOMENT
(BOT)

.64610E+03
.71632E+03
. 79059E+03
.85561E+03
.88893E+03
.88864E+03
.88893E+03
.85561E+03
- 79059E+03
.71632E+03
.64610E+03
.67432E+03
.83988E+03
.92465E+03
-99159E+03
-99821E+03
-97524E+03
-99821E+03
-99159E+03
.92465E+03

1 AT TIME :

MOMENT
(TOP)

.70829E+03
.79100E+03
.86046E+03
-90401E+03
-90062E+03
.88701E+03
-90062E+03
-90401E+03
.86046E+03
.79100E+03
.70829E+03
.51455E+03
.68465E+03
.79967E+03
.85600E+03
.84495E+03
-83112E+03
.84495E+03
.85600E+03
.79967E+03

SHEAR

-90898E+01
.10116E+02
-11081E+02
-11809E+02
-12010E+02
-11917E+02
-12010E+02
-11809E+02
-11081E+02
.10116E+02
-90898E+01
.79790E+01
-10232E+02
.11573E+02
-12400E+02
.12370E+02
-12123E+02
.12370E+02
-12400E+02
.11573E+02

3.40500



.83988E+03
.67432E+03
.67833E+03
.83793E+03
.92256E+03
-98940E+03
-10030E+04
.97362E+03
-10030E+04
-98940E+03
-92256E+03
.83793E+03
.67833E+03
.65505E+03
. 71992E+03
.78168E+03
.84484E+03
.85495E+03
-85061E+03
.85495E+03
.84484E+03
.78168E+03
. 71992E+03
.65505E+03
.63063E+03
.66201E+03
.69162E+03
.70113E+03
.68072E+03
.64725E+03
.68072E+03
-70113E+03
.69162E+03
.66201E+03
.63063E+03
-48599E+03
.57231E+03
.62148E+03
.65440E+03
.62592E+03
.60441E+03
.62592E+03
.65440E+03
.62148E+03
.57231E+03
-48599E+03
.49303E+03
.55707E+03
.60364E+03
.64873E+03
.66854E+03

.68465E+03
-51455E+03
.52207E+03
.67405E+03
. 78959E+03
.85349E+03
-89009E+03
.88719E+03
-89009E+03
.85349E+03
. 78959E+03
.67405E+03
.52207E+03
.77267E+03
.82357E+03
.86660E+03
-91960E+03
.82593E+03
.83271E+03
.82593E+03
-91960E+03
.86660E+03
.82357E+03
.77267E+03
.66992E+03
.69853E+03
. 73006E+03
.75120E+03
.70942E+03
.70259E+03
.70942E+03
.75120E+03
. 73006E+03
.69853E+03
.66992E+03
-48068E+03
.62769E+03
.69204E+03
.72654E+03
.69295E+03
.68008E+03
.69295E+03
.72654E+03
.69204E+03
.62769E+03
-48068E+03
.48333E+03
.61408E+03
.69003E+03
.72731E+03
. 74585E+03

-10232E+02
-79790E+01
.80564E+01
-10148E+02
-11491E+02
.12368E+02
-12706E+02
.12489E+02
.12706E+02
.12368E+02
-11491E+02
.10148E+02
-80564E+01
.95820E+01
-10359E+02
.11062E+02
-11842E+02
.11281E+02
-11297E+02
.11281E+02
-11842E+02
-11062E+02
-10359E+02
.95820E+01
-91588E+01
.95813E+01
-10012E+02
.10228E+02
.97897E+01
-95059E+01
.97897E+01
-10228E+02
.10012E+02
-95813E+01
.91588E+01
.68075E+01
.84507E+01
-92501E+01
.97249E+01
-92878E+01
-90457E+01
.92878E+01
.97249E+01
-92501E+01
.84507E+01
.68075E+01
.68757E+01
.82476E+01
-91104E+01
-96904E+01
-99605E+01



.65452E+03
.66854E+03
.64873E+03
.60364E+03
.55707E+03
.49303E+03
.67192E+03
.68444E+03
.68906E+03
.68764E+03
.61407E+03
.58840E+03
.61407E+03
.68764E+03
.68906E+03
.68444E+03
.67192E+03
.57489E+03
-56797E+03
.57047E+03
.57813E+03
.56878E+03
-53295E+03
.56878E+03
.57813E+03
.57047E+03
-56797E+03
.57489E+03
-33610E+03
.32711E+03
.31943E+03
-33510E+03
.29369E+03
-34492E+03
.29369E+03
-33510E+03
.31943E+03
.32711E+03
.33610E+03
-36836E+03
.32002E+03
-30420E+03
.33421E+03
-45468E+03
.46587E+03
-45468E+03
.33421E+03
-30420E+03
.32002E+03
-36836E+03
.62758E+03

.70059E+03
. 74585E+03
.72731E+03
.69003E+03
.61408E+03
.48333E+03
.67965E+03
. 71409E+03
.73628E+03
.74782E+03
.70874E+03
.69064E+03
.70874E+03
.74782E+03
.73628E+03
. 71409E+03
.67965E+03
.62749E+03
.62954E+03
.62995E+03
.63923E+03
.62015E+03
-58029E+03
.62015E+03
.63923E+03
.62995E+03
.62954E+03
.62749E+03
-46294E+03
.47353E+03
.47817E+03
-49542E+03
.45563E+03
.47074E+03
.45563E+03
-49542E+03
.47817E+03
.47353E+03
.46294E+03
.52537E+03
.47046E+03
-46515E+03
.49354E+03
-55468E+03
.54160E+03
.55468E+03
.49354E+03
-46515E+03
.47046E+03
.52537E+03
.69849E+03

-95430E+01
-99605E+01
-96904E+01
-91104E+01
.82476E+01
.68757E+01
-95181E+01
-98488E+01
-10038E+02
-10109E+02
-93156E+01
-90073E+01
-93156E+01
-10109E+02
-10038E+02
.98488E+01
-95181E+01
.84675E+01
-84332E+01
.84536E+01
.85730E+01
.83727E+01
.78397E+01
.83727E+01
.85730E+01
.84536E+01
-84332E+01
.84675E+01
.56271E+01
-56383E+01
.56169E+01
.58487E+01
.52769E+01
.57440E+01
.52769E+01
.58487E+01
.56169E+01
-56383E+01
.56271E+01
.62939E+01
-55668E+01
.54180E+01
.58292E+01
.71082E+01
.70949E+01
.71082E+01
.58292E+01
-54180E+01
-55668E+01
.62939E+01
-93385E+01



123
124
125
126
127
128
129
130
131
132

BEAM

©CoOoO~NOUR~AWNE

.63111E+03
.62403E+03
.62730E+03
.59743E+03
.56246E+03
.59743E+03
.62730E+03
.62403E+03
.63111E+03
.62758E+03

MOMENT
(LEFT)

.87134E+02
-18254E+03
.26749E+03
-36581E+03
.48598E+03
-50577E+03
.48598E+03
-36581E+03
.26749E+03
.18254E+03
-87134E+02
.45828E+02
.18734E+03
.33348E+03
-37900E+03
.42971E+03
.38442E+03
.42971E+03
-37900E+03
.33348E+03
.18734E+03
.45828E+02
-20985E+02
.12443E+03
.23930E+03
.33343E+03
-45250E+03
.43316E+03
-45250E+03
.33343E+03

-.69230E+03
-.69332E+03
-.69814E+03
-.66377E+03
-.64453E+03
-.66377E+03
-.69814E+03
-.69332E+03
-.69230E+03
-.69849E+03

-93198E+01
-92772E+01
-93341E+01
.88816E+01
.84999E+01
.88816E+01
-93341E+01
.92772E+01
-93198E+01
-93385E+01

Fhkkk BEANS FHRFxx

MOMENT
(RIGHT)

-.12293E+04
-.12539E+04
-.12866E+04
-.13073E+04
-.13219E+04
-.13246E+04
-.13219E+04
-.13073E+04
-.12866E+04
-.12539E+04
-.12293E+04
-.12315E+04
-.12953E+04
-.13308E+04
-.13545E+04
-.13617E+04
-.13571E+04
-.13617E+04
-.13545E+04
-.13308E+04
-.12953E+04
-.12315E+04
-.12128E+04
-.12469E+04
-.12813E+04
-.13014E+04
-.13125E+04
-.13055E+04
-.13125E+04
-.13014E+04

SHEAR

.58248E+01
.63559E+01
.68765E+01
.74031E+01
.79995E+01
-80989E+01
. 79995E+01
.74031E+01
.68765E+01
.63559E+01
-58248E+01
.52462E+01
.65605E+01
.73640E+01
.76702E+01
.79266E+01
.77061E+01
.79266E+01
.76702E+01
.73640E+01
.65605E+01
.52462E+01
.52734E+01
.60679E+01
.67283E+01
.72336E+01
. 78096E+01
.76932E+01
. 78096E+01
.72336E+01



.23930E+03
-12443E+03
.20985E+02
.17297E+03
.17297E+03
.69477E+02
-10991E+03
.46508E+02
-98113E+01
.10574E+03
-15162E+03
.10574E+03
-98113E+01
.46508E+02
-10991E+03
.69477E+02
-16547E+03
.31198E+01
-41398E+02
.71818E+02
. 78836E+02
.45926E+02
. 78836E+02
.71818E+02
-41398E+02
.31198E+01
-16547E+03
. 70499E+02
-82646E+02
.24465E+02
.48618E+01
-14739E+03
.14547E+03
-14739E+03
.48618E+01
.24465E+02
.82646E+02
. 70499E+02
.24617E+03
.24617E+03
-39657E+03
-46775E+03
.44375E+03
-45531E+03
.38637E+03
.32953E+03
.38637E+03
-45531E+03
.44375E+03
-46775E+03
-39657E+03

.12813E+04
-12469E+04
.12128E+04
-12418E+04
.12418E+04
.12080E+04
-12055E+04
-12130E+04
-12179E+04
.12253E+04
-12200E+04
.12253E+04
-12179E+04
.12130E+04
-12055E+04
.12080E+04
-12162E+04
.12444E+04
.12574E+04
.12566E+04
-12662E+04
.12623E+04
-12662E+04
.12566E+04
-12574E+04
.12444E+04
-12162E+04
.12220E+04
-12125E+04
-12311E+04
.12414E+04
-11865E+04
.11874E+04
-11865E+04
.12414E+04
-12311E+04
-12125E+04
-12220E+04
.12645E+04
-12645E+04
-11482E+04
-11283E+04
.11271E+04
-11295E+04
.11217E+04
-11322E+04
.11217E+04
-11295E+04
.11271E+04
-11283E+04
.11482E+04

.67283E+01
.60679E+01
.52734E+01
.62599E+01
.62599E+01
.50376E+01
-48478E+01
.51613E+01
.53455E+01
.58896E+01
.60692E+01
-58896E+01
.53455E+01
.51613E+01
-48478E+01
.50376E+01
-46492E+01
.55202E+01
.57471E+01
.58780E+01
.59516E+01
.57887E+01
-59516E+01
.58780E+01
.57471E+01
.55202E+01
-46492E+01
-50953E+01
-49995E+01
.53391E+01
.54714E+01
-59022E+01
.58975E+01
.59022E+01
.54714E+01
-53391E+01
-49995E+01
.50953E+01
.66843E+01
.66843E+01
.33259E+01
.29228E+01
.30236E+01
-29830E+01
.32535E+01
.35516E+01
.32535E+01
-29830E+01
.30236E+01
.29228E+01
.33259E+01



WALL

OCoOoO~NOUDMWNE

R
N O

.52057E+03
-51220E+03
.52108E+03
-49575E+03
.44603E+03
.41915E+03
-44603E+03
.49575E+03
.52108E+03
.51220E+03
-52057E+03
.44334E+03
.60449E+03
.60871E+03
.60117E+03
.43342E+03
-45184E+03
.43342E+03
.60117E+03
.60871E+03
.60449E+03
.44334E+03
.24494E+03
.24494E+03

MOMENT
(BOT)

. 72859E+05
. 72850E+05
. 72859E+05
. 72850E+05
-39468E+05
-39447E+05
-39468E+05
.39447E+05
-13050E+05
.13065E+05
-13050E+05
.13065E+05

.11214E+04
-11528E+04
-11557E+04
-11564E+04
.11615E+04
.11636E+04
-11615E+04
-11564E+04
-11557E+04
.11528E+04
-11214E+04
-10391E+04
-90444E+03
-92028E+03
-94693E+03
.83858E+03
.85198E+03
.83858E+03
-94693E+03
.92028E+03
-90444E+03
.10391E+04
-12698E+04
-12698E+04

.26584E+01
-28344E+01
.28080E+01
.29233E+01
.31660E+01
-32939E+01
-31660E+01
.29233E+01
.28080E+01
.28344E+01
-26584E+01
.26360E+01
.13272E+01
.13786E+01
-15299E+01
.17927E+01
.17706E+01
.17927E+01
-15299E+01
.13786E+01
.13272E+01
.26360E+01
.67023E+01
.67023E+01

MOMENT
(TOP)

-37944E+05
.37928E+05
.37944E+05
.37928E+05
-95377E+04
-95059E+04
-95377E+04
.95059E+04
-35809E+04
.36747E+04
-35809E+04
.36747E+04

SHEAR

-26213E+03
.26188E+03
.26213E+03
.26188E+03
-20859E+03
.20900E+03
.20859E+03
.20900E+03
-10661E+03
.10731E+03
-10661E+03
.10731E+03



Fhkkk G ABS FHRAAKX

SLAB MOMENT MOMENT SHEAR
NO. (FRONT) (REAR)
1 -.11136E-09  -.28292E+05 .11788E+03
2 -.28292E+05  -.57504E+05 .12172E+03
3 -.57504E+05  -.80758E+05 .10234E+03
4 -_.80758E+05  -.96987E+05 .63473E+02
5 -.96987E+05  -.10071E+06 .27180E+02
6 -.94076E+05  -.97966E+05 .29374E+01
7 -.97966E+05  -.94076E+05  -_29374E+01
8 -.10071E+06  -.96987E+05  —_27180E+02
9 -.96987E+05  -.80758E+05  -_63473E+02
10 -.80758E+05  -.57504E+05  -_10234E+03
11 -_.57504E+05  -.28292E+05  -_12172E+03
12 -.28292E+05  -.30295E-09  -_11788E+03
13 _92467E-10  -.44766E+05 .18653E+03
14 -.44766E+05  -.81203E+05 .15721E+03
15 -.81203E+05  -.11037E+06 .12691E+03
16 -.11037E+06  -.12783E+06 .93007E+02
17 -.12783E+06  -.13556E+06 .44734E+02
18 -.13657E+06  -.13712E+06 .83571E+00
19 -.13712E+06  -.13657E+06  -.83571E+00
20 -.13556E+06  -.12783E+06  -_44734E+02
21 -_12783E+06  -.11037E+06  -.93007E+02
22 -.11037E+06  -.81203E+05  -_12691E+03
23 -.81203E+05  -.44766E+05  -_15721E+03
24 - .44766E+05 .36557E-09  -_18653E+03
25 .13761E-09  -_43091E+05 .17955E+03
26 -.43091E+05  -.75341E+05 .14330E+03
27 -.75341E+05  -.10368E+06 .12948E+03
28 -.10368E+06  -.12318E+06 .86051E+02
29 -.12318E+06  -.12928E+06 .32865E+02
30 -.13576E+06  -.13772E+06 .59604E+00
31 -.13772E+06  -.13576E+06  -.59604E+00
32 -.12928E+06  -.12318E+06  -.32865E+02
33 -.12318E+06  -.10368E+06  -.86051E+02
34 -.10368E+06  -.75341E+05  -_12948E+03
35 -.75341E+05  -.43091E+05  -_14330E+03
36 -.43091E+05  -.22557E-10  -.17955E+03

FrFFFIEFEE MAXIMUM MOMENTS AND SHEARS ki

(AT MAXIMUM RECORDED VALUE OF SLAB MOMENT )



MAX MOMENT

coL

OCoOoO~NOUDMWNE

= -.1512E+06 ON SLAB :

MOMENT
(BOT)

-38194E+03
.32953E+03
.29264E+03
.25938E+03
-23610E+03
.20868E+03
.23610E+03
.25938E+03
-29264E+03
.32953E+03
-38194E+03
.37636E+03
.38264E+03
-35397E+03
.32709E+03
.27060E+03
.23688E+03
.27060E+03
.32709E+03
.35397E+03
.38264E+03
.37636E+03
.38153E+03
.37894E+03
.35033E+03
-31514E+03
.28032E+03
.22918E+03
.28032E+03
-31514E+03
.35033E+03
.37894E+03
.38153E+03

30 AT TIME :

MOMENT
(TOP)

-47931E+03
.45611E+03
-41908E+03
.35951E+03
-29072E+03
.24829E+03
.29072E+03
.35951E+03
-41908E+03
.45611E+03
.47931E+03
.23170E+03
.23220E+03
.23032E+03
-19698E+03
-12269E+03
-10122E+03
-12269E+03
-19698E+03
.23032E+03
.23220E+03
.23170E+03
.24140E+03
.21846E+03
.21607E+03
-17456E+03
.16867E+03
.14485E+03
.16867E+03
.17456E+03
.21607E+03
.21846E+03
.24140E+03

SHEAR

.57802E+01
.52728E+01
.47767E+01
.41536E+01
.35357E+01
.30670E+01
.35357E+01
.41536E+01
-47767E+01
.52728E+01
.57802E+01
-40809E+01
.41264E+01
-39214E+01
.35172E+01
.26395E+01
.22691E+01
-26395E+01
.35172E+01
-39214E+01
.41264E+01
-40809E+01
.41807E+01
-40094E+01
.38013E+01
-32866E+01
.30134E+01
.25103E+01
.30134E+01
-32866E+01
.38013E+01
-40094E+01
.41807E+01

3.45500



.40479E+03
-35208E+03
.30869E+03
.28205E+03
.22690E+03
.20174E+03
-22690E+03
.28205E+03
-30869E+03
.35208E+03
-40479E+03
.62109E+03
.71608E+03
.78253E+03
.82205E+03
.82948E+03
.81177E+03
.82948E+03
.82205E+03
. 78253E+03
.71608E+03
.62109E+03
-49058E+03
.68715E+03
. 73534E+03
.78014E+03
.76756E+03
.76283E+03
.76756E+03
.78014E+03
. 73534E+03
.68715E+03
-49058E+03
-50029E+03
.68482E+03
.73272E+03
.77610E+03
-81436E+03
.81654E+03
.81436E+03
.77610E+03
.73272E+03
.68482E+03
-50029E+03
.67575E+03
. 74069E+03
.78187E+03
-80907E+03
. 76330E+03
.75028E+03
.76330E+03

.56952E+03
-52206E+03
.47287E+03
-44061E+03
.28362E+03
.26573E+03
.28362E+03
.44061E+03
.47287E+03
.52206E+03
-56952E+03
.64872E+03
.74047E+03
.80090E+03
.84585E+03
.82799E+03
.83511E+03
.82799E+03
.84585E+03
.80090E+03
.74047E+03
.64872E+03
-47011E+03
.69816E+03
.76421E+03
.81982E+03
-80600E+03
.80236E+03
-80600E+03
.81982E+03
.76421E+03
.69816E+03
.47011E+03
.47472E+03
.69250E+03
.76270E+03
.82133E+03
.87014E+03
.84261E+03
.87014E+03
.82133E+03
.76270E+03
.69250E+03
-47472E+03
.66936E+03
.74634E+03
.78718E+03
-81149E+03
. 78415E+03
. 76895E+03
.78415E+03

.65390E+01
-58667E+01
.52454E+01
-48501E+01
.34263E+01
.31374E+01
-34263E+01
-48501E+01
.52454E+01
.58667E+01
-65390E+01
.89423E+01
-10257E+02
-11151E+02
-11746E+02
-11672E+02
-11598E+02
.11672E+02
-11746E+02
.11151E+02
-10257E+02
.89423E+01
.67654E+01
.97557E+01
-10560E+02
.11267E+02
-11081E+02
-11022E+02
-11081E+02
-11267E+02
.10560E+02
-97557E+01
.67654E+01
.68663E+01
-96994E+01
-10531E+02
.11250E+02
-11863E+02
-11684E+02
-11863E+02
.11250E+02
-10531E+02
-96994E+01
.68663E+01
-94726E+01
-10472E+02
-11050E+02
-11412E+02
.10898E+02
-10699E+02
-10898E+02



.80907E+03
.78187E+03
. 74069E+03
.67575E+03
.46369E+03
.53158E+03
-59097E+03
.61899E+03
.62943E+03
.60610E+03
.62943E+03
.61899E+03
-59097E+03
.53158E+03
-46369E+03
.21556E+03
.28874E+03
.38404E+03
-45214E+03
.46787E+03
.52524E+03
.46787E+03
-45214E+03
.38404E+03
.28874E+03
.21556E+03
.25212E+03
.29144E+03
.37943E+03
-46792E+03
.58187E+03
-58392E+03
.58187E+03
-46792E+03
.37943E+03
-29144E+03
.25212E+03
.51831E+03
.58580E+03
.61142E+03
.62318E+03
-59904E+03
.57174E+03
-59904E+03
.62318E+03
.61142E+03
.58580E+03
-51831E+03

.81149E+03
.78718E+03
.74634E+03
.66936E+03
.50783E+03
.59447E+03
-65909E+03
.69313E+03
.69676E+03
.67086E+03
.69676E+03
.69313E+03
.65909E+03
.59447E+03
-50783E+03
.34577E+03
.45720E+03
.55880E+03
.60128E+03
.60044E+03
.60702E+03
.60044E+03
.60128E+03
.55880E+03
.45720E+03
.34577E+03
-41527E+03
.46863E+03
.56207E+03
.60843E+03
.65437E+03
-65196E+03
.65437E+03
.60843E+03
.56207E+03
-46863E+03
.41527E+03
.57885E+03
.65546E+03
.71296E+03
.74073E+03
.72572E+03
.72084E+03
.72572E+03
.74073E+03
.71296E+03
.65546E+03
.57885E+03

-11412E+02
-11050E+02
.10472E+02
-94726E+01
.68417E+01
.79299E+01
-88032E+01
-92403E+01
-93394E+01
.89927E+01
-93394E+01
.92403E+01
.88032E+01
.79299E+01
.68417E+01
-39530E+01
.52531E+01
.66397E+01
.74185E+01
.75233E+01
.79737E+01
.75233E+01
.74185E+01
.66397E+01
.52531E+01
-39530E+01
-46999E+01
.53526E+01
.66302E+01
.75799E+01
.87059E+01
.87034E+01
.87059E+01
.75799E+01
.66302E+01
.53526E+01
.46999E+01
. 77265E+01
.87413E+01
-93266E+01
-96050E+01
-93293E+01
.91027E+01
-93293E+01
-96050E+01
-93266E+01
.87413E+01
.77265E+01



BEAM

©CoOoO~NOUA~AWNE

MOMENT
(LEFT)

.17204E+03
-10046E+03
.61625E+02
-13584E+02
-19099E+01
.63026E+01
-19099E+01
-13584E+02
.61625E+02
.10046E+03
-17204E+03
.16552E+03
.70983E+01
.79196E+02
.85241E+02
.10800E+03
.52617E+02
.10800E+03
.85241E+02
. 79196E+02
.70983E+01
-16552E+03
.21445E+03
-80370E+02
.44378E+02
-11692E+02
.25032E+02
-14260E+00
.25032E+02
-11692E+02
.44378E+02
-80370E+02
.21445E+03
.23959E+03
.23959E+03
.22250E+03
-99215E+02
.47345E+02
.12357E+03
-29512E+03
.36428E+03
.29512E+03
.12357E+03

Fhkkk BEANS FHF*x

MOMENT
(RIGHT)

-10501E+04
.10901E+04
-10910E+04
-10699E+04
-10746E+04
.10703E+04
-10746E+04
-10699E+04
-10910E+04
.10901E+04
-10501E+04
-11317E+04
-11787E+04
.11827E+04
-12019E+04
-12026E+04
-11954E+04
.12026E+04
-12019E+04
.11827E+04
-11787E+04
-11317E+04
-99191E+03
-99123E+03
-96945E+03
-92555E+03
-90614E+03
-88079E+03
-90614E+03
-92555E+03
-96945E+03
-99123E+03
-99191E+03
.88289E+03
.88289E+03
-10737E+04
-11914E+04
-12410E+04
.12595E+04
-12809E+04
.12813E+04
-12809E+04
.12595E+04

SHEAR

.38851E+01
.43792E+01
-45547E+01
.46740E+01
.47631E+01
.47637E+01
-47631E+01
.46740E+01
.45547E+01
.43792E+01
-38851E+01
.42751E+01
.52467E+01
.55836E+01
-56952E+01
.57990E+01
.55220E+01
.57990E+01
-56952E+01
.55836E+01
.52467E+01
.42751E+01
.34401E+01
-40304E+01
-40932E+01
-40436E+01
.41202E+01
-38967E+01
.41202E+01
-40436E+01
.40932E+01
-40304E+01
.34401E+01
.28464E+01
.28464E+01
.37664E+01
.48328E+01
.57005E+01
.61196E+01
.69735E+01
.72811E+01
.69735E+01
.61196E+01



.47345E+02
-99215E+02
.22250E+03
-18002E+03
.57115E+02
-16233E+03
-25027E+03
.31671E+03
-30261E+03
.31671E+03
.25027E+03
-16233E+03
.57115E+02
.18002E+03
-17982E+03
.17363E+02
-97846E+02
.15256E+03
-35454E+03
.36111E+03
.35454E+03
.15256E+03
-97846E+02
.17363E+02
.17982E+03
.25310E+03
-25310E+03
.54590E+03
-50228E+03
-41325E+03
-39966E+03
-30637E+03
.23749E+03
-30637E+03
-39966E+03
-41325E+03
.50228E+03
-54590E+03
.51849E+03
-49353E+03
.44082E+03
-39298E+03
.30752E+03
-28949E+03
.30752E+03
-39298E+03
.44082E+03
-49353E+03
.51849E+03
.57403E+03
.59671E+03

.12410E+04
-11914E+04
.10737E+04
-11822E+04
.12464E+04
.12895E+04
-13045E+04
.13238E+04
-13232E+04
.13238E+04
-13045E+04
.12895E+04
-12464E+04
.11822E+04
-10876E+04
.12038E+04
-12719E+04
.13023E+04
-12616E+04
.12680E+04
-12616E+04
.13023E+04
-12719E+04
-12038E+04
-10876E+04
.84017E+03
-84017E+03
-10032E+04
-10919E+04
-11363E+04
.11449E+04
-11436E+04
-11559E+04
-11436E+04
.11449E+04
-11363E+04
-10919E+04
-10032E+04
.11164E+04
-11421E+04
-11689E+04
-11783E+04
.11888E+04
-11892E+04
.11888E+04
-11783E+04
.11689E+04
-11421E+04
-11164E+04
.88861E+03
.86579E+03

.57005E+01
-48328E+01
.37664E+01
-44342E+01
.57676E+01
.64239E+01
.68796E+01
.72587E+01
.71941E+01
.72587E+01
.68796E+01
.64239E+01
.57676E+01
.44342E+01
-40166E+01
.52497E+01
.60609E+01
.64374E+01
. 71509E+01
.72084E+01
.71509E+01
.64374E+01
-60609E+01
.52497E+01
-40166E+01
.25976E+01
-25976E+01
.20235E+01
.26090E+01
-31992E+01
.32973E+01
.37047E+01
.40639E+01
.37047E+01
.32973E+01
-31992E+01
.26090E+01
.20235E+01
.26456E+01
-28696E+01
.32217E+01
.34749E+01
.38994E+01
-39809E+01
.38994E+01
.34749E+01
.32217E+01
-28696E+01
.26456E+01
-13919E+01
-11906E+01



WALL

OCoO~NOUDMWNE

SLAB

OO WNPEP

.51858E+03
-49608E+03
.35617E+03
-36533E+03
.35617E+03
.49608E+03
-51858E+03
.59671E+03
.57403E+03
.26814E+03
.26814E+03

MOMENT
(BOT)

.27392E+05
.27356E+05
.27392E+05
.27356E+05
-14541E+05
.14550E+05
-14541E+05
. 14550E+05
.35063E+04
.35523E+04
-35063E+04
-35523E+04

MOMENT
(FRONT)

.54171E-10
. 78395E+04
-15642E+05
.21573E+05
.29053E+05
.24275E+05

-.93753E+03
-.98801E+03
-.89791E+03
-.92649E+03
-.89791E+03
-.98801E+03
-.93753E+03
-.86579E+03
-.88861E+03
-.82571E+03
-.82571E+03

.18538E+01
.21767E+01
.23971E+01
.24830E+01
.23971E+01
.21767E+01
-18538E+01
-11906E+01
-13919E+01
.24671E+01
.24671E+01

MOMENT
(TOP)

-14195E+05
.14116E+05
-14195E+05
-14116E+05
-14627E+04
.13780E+04
-14627E+04
-13780E+04
-.20419E+04
.22244E+04
-.20419E+04
.22244E+04

SHEAR

-12291E+03
.12289E+03
-12291E+03
.12289E+03
-10056E+03
.10150E+03
-10056E+03
-10150E+03
.35565E+02
-37030E+02
-35565E+02
.37030E+02

Fhkkk G ABS FHRFAKX

MOMENT
(REAR)

-.78395E+04
-.15642E+05
-.21573E+05
-.29053E+05
-.30913E+05
-.27996E+05

SHEAR

-32665E+02
.32512E+02
-30160E+02
.27017E+02
-19404E+02
.22316E+01



7 -.27996E+05 -.

8 -.30913E+05 -.
9 -.29053E+05 -.
10 -.21573E+05 -.
11 -.15642E+05 -.
12 -.78395E+04 -
13 .31347E-09 -
14 -.33436E+05 -
15 -.65723E+05 -.
16 -.97608E+05 -.
17 -.11693E+06 -.
18 -.12509E+06 -
19 -.12942E+06 -.
20 -.12436E+06 -.
21 -.11693E+06 -.
22 -.97608E+05 -
23 -.65723E+05 -

24 -.33436E+05
25 -.72943E-10 -.
26 -.24654E+05 -
27 -.54586E+05 -
28 -.89024E+05 -.
29 -.11602E+06 -.
30 -.13551E+06 -.
31 -.15117E+06 -.
32 -.13074E+06 -.
33 -.11602E+06 -
34 -.89024E+05 -
35 -.54586E+05 -.
36 -.24654E+05 -.
DA

FINAL STATE OF FRAME NO.

osm=mim=m=m+

|

|

|

|

|

|

:

|

<
O=EmM=m+m=m=m+

24275E+05
29053E+05
21573E+05
15642E+05
78395E+04

.47166E-09
-33436E+05

65723E+05
97608E+05
11693E+06
12436E+06
12942E+06
12509E+06
11693E+06
97608E+05
65723E+05

-33436E+05
.29736E-09

24654E+05

.54586E+05
-89024E+05

11602E+06
13074E+06
15117E+06
13551E+06
11602E+06

-89024E+05
.54586E+05

24654E+05
11714E-09

MAGED

1

-.22316E+01
-.19404E+02
-.27017E+02
-.30160E+02
-.32512E+02
-.32665E+02
-13932E+03
-13992E+03
.13825E+03
.10075E+03
-50118E+02
.87916E+01
-.87916E+01
-.50118E+02
-.10075E+03
-.13825E+03
-.13992E+03
-.13932E+03
-10272E+03
.13411E+03
-15441E+03
.12727E+03
.67187E+02
.42174E+02
-.42174E+02
-.67187E+02
-.12727E+03
-.15441E+03
-.13411E+03
-.10272E+03

STATE

OF

FRAMES




O —— Y+
C C
W W
E E
W W
Y Y

NOTATION:

- = BEAM E = ELASTIC

I = COLUMN C = CRACK

W = SHEAR WALL Y = YIELD

I = EDGE COLUMN

FINAL STATE OF FRAME NO. 2
+C————————- C+E--——————- C+C-———————- E+
C E E C
1 1 1 1
1 1 1 1
1 1 1 1
C E E C
A Y+C-———————— Y+C-———————— Y+
C E E C
1 1 1 1
1 1 1 1
1 1 1 1
C E E C
+C-——————- Y+C-—mmm == Y+C-—mmm == Y+
C E E C
1 1 1 1
1 1 1 1
1 ! 1 1
C E E C

NOTATION:

- = BEAM E = ELASTIC

1 = COLUMN C = CRACK

W = SHEAR WALL Y = YIELD

1 =

EDGE COLUMN



3

FINAL STATE OF FRAME NO.

+C-——=—====C+Cm—m—— == ——C+Cm—=—=————E+

C
1

C
1

C
1

C C
S VP oSS VA o S

c

c

C
1

C
1

C
1

NOTATION:

LASTIC

RACK
1ELD

w o >

HEAR WALL
DGE COLUMN

| == -
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FINAL STATE OF FRAME NO.

+C=———=====C+C=—m——=—==C+C-=———————E+

C
1

C
1

C
1



NSV VY D VAo

C
1

C
1

C
1

c c
S Y o VS

c

c

C
1

C
!

C
!

NOTATION:

LASTIC

RACK
1ELD

w o >

| - = -

5

FINAL STATE OF FRAME NO.

+C-——=—=—==C+C=——————=——C+C-—=——————E+

C
1

C
1

C
1

C C
S Y S VS A ——

c

c

C
1

C
1

C
1



NOTATION:

BEAM

COLUMN
SHEAR WALL
EDGE COLUMN

-_= -
I nn

FINAL STATE OF FRAME
+C-—————- C+E
C C
! 1
! 1
1 1
C C
Y- Y+C
C C
1 1
1 !
! 1
C C
Yo Y+
C C
1 !
! 1
! 1
C C

NOTATION:

- = BEAM

I = COLUMN

W = SHEAR WALL
1 =

EDGE COLUMN

FINAL STATE OF FRAME

NO.

NO.

<om

6

<om

<

O mimim )+ Ottt () + ()t i O

ELASTIC
CRACK
YIELD

(@]

ELASTIC
CRACK
YIELD

Oimimim )+ Ottt () + () 1ot 1w O



+C-———====~C+E-———————-Y+C----————-E+

C
1

C
1

C
1

c c
S Y D V2o O

c

c

C
1

C
!

C
!

c c
T S v 2SS 24

c

c

C
1

C
1

C
1

NOTATION:

LASTIC

RACK
1ELD

w o >

HEAR WALL
DGE COLUMN

| == -
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FINAL STATE OF FRAME NO.

+C-mmmmmmm=C+E-mmm === Y+Cm - ——————E+

C
1

C
1

C
1

c c
T v 2SS Y

c

c

C
1

C
1

C
1



NOTATION:

- = BEAM

I = COLUMN

W = SHEAR WALL
1 =

EDGE COLUMN

FINAL STATE OF FRAME NO.

+C——m———- C+C
C C
1 1
1 !
! 1
C C
Y Y+C
C C
1 !
! 1
! 1
C C
+Y - Y+Y
C C
! !
1 !
1 1
C C

NOTATION:

- = BEAM

1 = COLUMN

W = SHEAR WALL

1 =

EDGE COLUMN
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<om

<om

< < o
< < e

Ottt () () e v i () ()t e ()

ELASTIC
CRACK
YIELD

ELASTIC
CRACK
YIELD

O 1= = - O+

O 1t ) F O e i - ()



FINAL STATE OF FRAME NO. 10

+Cm=—=—====C+C=—mm— == —=C+C=—=—=————E+

C
1

C
!

C
!

c c
T ¢ B V¥ o S Y

c

c

C
1

C
1

C
1

c c
S Y o D V2

c

c

C
1

C
!

C
!

NOTATION:

LASTIC
RACK
1ELD

E
C
Y

HEAR WALL
DGE COLUMN

| - = -

FINAL STATE OF FRAME NO. 11

+C-——=—=—==C+C=————————C+C-—=——————E+

C
1

C
1

C
1

C C
S VY oSS VA S

c

c

C
1

C
1

C
1



!
C

1
c
Yoo Y4 mmmm o YAY o mmm oY

1
C

-0

o

E
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NOTATION

ELASTIC
CRACK
YIELD

w o >

BEAM
COLUMN
SHEAR WALL

|-

EDGE COLUMN

12

FINAL STATE OF FRAME NO.

+C=—=—=——=—C+E-—————=—=C+C—————=———E+

C

E

C

-0

-0+ O =
>
i
|
|
|
|
|
|
[
(@]
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>
1
1
1
1
1
1
1
1
1
O
- F L e
>
1
1
1
1
1
1
1
1
1
(@]
-0 F Q=

NOTATION

ELASTIC

E

BEAM



I = COLUMN C = CRACK
W = SHEAR WALL Y = YIELD
I = EDGE COLUMN
FINAL STATE OF FRAME NO. 13

+Y - ———— Y+

E E

W W

E E

W W

E E

+Y-————— Y+

E E

W W

E E

W W

C C

+C—mm———— Y+

C C

W W

E E

W W

Y Y
NOTATION:
- = BEAM E = ELASTIC
I = COLUMN C = CRACK
W = SHEAR WALL Y = YIELD
1 =

EDGE COLUMN

SLAB FRAME 1 MIDDLE FRAME J
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Doctor of Science
Defense

INELASTIC SEISMIC RESPONSE OF REINFORCED CONCRETE
BUILDINGS WITH FLOOR DIAPHRAGM OPENINGS

Presented by: Mohamed Al Harash

March 4, 2011
3:30 P.M.
Jolley Hall, Room 306

Floor and roof systems are designed to carry gravity loads and transfer these loads to supporting beams,
columns or walls. Furthermore, they play a key role in distributing earthquake-induced loads to the lateral
load resisting systems by diaphragm action. In reinforced concrete buildings, the in-plane flexibility of
the floor diaphragms is often ignored for simplicity in practical design (i.e., the floor systems are
frequently treated as perfectly rigid diaphragms.). In recent building standards (ASCE-7, 2005), it is
acknowledged that this assumption can result in considerable errors when predicting the seismic response
of reinforced concrete buildings with diaphragm plan aspect ratio of 3:1 or greater. However, the
influence of floor diaphragm openings (typically for the purpose of stairways, shafts, or other
architectural features.) has not been considered. In order to investigate the influence of diaphragm
openings on the seismic response of reinforced concrete buildings; several 3-story reinforced concrete
buildings are designed as a Building Frame System according to the International Building Code (2006).
Each building is assumed to be in the Saint Louis, Missouri area, and it’s analyzed using IDAEC2, a
non-commercial program capable of conducting nonlinear analysis of RC buildings with rigid, elastic, or
inelastic floor diaphragms, under both static lateral loads (pushover) and dynamic ground motions (time-
history), where a suite of three well-known earthquakes is scaled to model moderate ground motions in
the Saint Louis region. The comprehensive analytical study conducted involves placing different opening
size (none, 11%, 15% and 22% of total floor area) in various floor plan locations with respect to the
location of the shear walls (located at end frames or at the interior frames), where three types of floor
diaphragm models (rigid, elastic, and inelastic) are assumed. Building floor plan aspect ratios of 3:1 and
4:1 are investigated.
IDARC?2 is enhanced by modifying the fiber model (strain compatibility) computation routine involved in
obtaining the idealized moment-curvature curves of floor slabs with openings (symmetric and
nonsymmetrical). Also, a new option is added so that the user can over-ride IDARC2 idealized moment-
curvature curves for slabs with openings and by defining their own. The results are then presented and
discussed. It is concluded that in order to capture the seismic response of reinforced concrete buildings
with floor diaphragm openings accurately; it is necessary to use an inelastic diaphragm model for floor
diaphragm aspect ration of 3:1greater. Thus, using a rigid diaphragm assumption, as specified by
ASCE7-05 for buildings concrete floor diaphragms with aspect ratio of 3:1, and elastic diaphragm
assumption, as allowed by ASCE7-05 for floor diaphragm with aspect ratio of 4:1, can result in
significant underestimations of the lateral loads resisted by the interior building frames and building
maximum frame displacements, particularly when the diaphragm openings are located in the middle two-
thirds of the building plan. The base shear redistribution due to inelastic slab deformations increases the
load subjected to the interior frames significantly. Hence, the influence of inelastic inplane diaphragm
deformations due to floor openings cannot be overlooked in such buildings. gE==x s
Simple design recommendation is given for determining proper diaphragm ecaS]ﬂlrlgton
hord reinforcement to prevent in-plane floor slab yielding when openings ~University in St.Louis
it esent. SCHOOL OF ENGINEERING
& APPLIED SCIENCE
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Inelastic Seismic Response of Reinforced Concrete
Buildings with Floor Diaphragm Openings

N
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# Analytical Investigation
= Buildings Investigated
s Geometry & Design
= Lateral Load System(s)

# Inelastic Analysis
s |[DARC?2 - Enhanced
= Parameters Studied
# Results
= Pushover & Dynamic

= Sensitivity Study
+ M/¢ Idealization
+ Hysteretic Parameters

4 Design Recommendations
# Summary & Conclusions
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# Diaphragms
s Gravity
= Lateral
s Deep Beam

= IDARC?2 (1988)

m TYypes
+ Rigid
+ Elastic
+ Inelastic

Introduction

0

Y

y
0
:
:

=l X Applied Uniform Load

Diaphragm Deflection (ICC — Design of Diaph. 2009)
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Introduction (Cont.)

# Openings

m Stairs & Elevators, etc.

# Building Codes

= |IBC 2006 & ACI 318

= ASCE 7-05
= Rigid - 3:1

= Plan Irregularity
+ 50% Openings

Diaphragm Openings (ICC — Design of Diaph. 2009)



N

ODbjectives

# To Investigate Diaphragm Openings Influence on the
Seismic Response of RC Buildings.

# To Enhance IDARC2 to Account for Diaphragm
Openings.

# To Investigate the Influence of Hysteretic Parameters on
Slabs with Openings.




Literature Review

N

# Building Codes: IBC, AISC, ACI, ASCE

# Flexible - Plywood/Metal Deck

# Moeini, et al. - 14WCEE, 2008 — latest !

» 196 Rectangular RC Buildings w/ Symmetric
Slab Openings and End Walls

= |If Displacement Difference Ratio b/w Rigid and
Elastic Floor Analyses < 30% - Rigid




Literature Review (Cont. )

N

# Joint PCI-NEES Seismic Design of
Buildings with Precast Concrete
Diaphragms (2005) -
http://www.viddler.com/explore/PCleducati
on/videos/96/ 12:00

# NCEER Study of RC Buildings with
Inelastic Diaphragms (1987-1990)

s IDARC2 - Kunnath, Panahshahi, and Reinhorn
(ASCE J. Struct. Eng. 1991)

= Experimental and Analytical Study of
Rectangular Buildings with End Walls

m Plan aspect ratio > 4:1 = Inelastic Diaphragm




Analytical Investigation

Buildings Investigated

N

# 20 Bldgs./129 Scenarios
s AL1-A9 (sym. & non-sym. 4:1-End Shear Walls)
s B1-B7 (sym. 4:1-Inter. Shear Walls)
s P1 & P2 (non-sym. 4:1-ESW)
s C1 & D1 (sym. 3:1-ESW)
@ Location
= Saint Louis, MO
x PGA =0.27¢

# Current Practices
= IBC 2006/ ASCE 7-05
s ACI 318-08




Analytical Investigation (Cont.)

Geometry and Design

N

Seismic Parameters per IBC 2006.

Parameter Value
Short Pariod Acceleration, §, 0.57
L ongPeriod Accalaration, § 0.19
Short Pariod Sita Coafficient, Fa 1.17
[ ong Pariod Site Coafficient, Fv 1.59

Short Period Spactral Rasponse Accaleration Paramataer, Spd 0.43

L ongPariod Spectral Response Acceleration Paramater, §5;| 0.20

Response Modification Factor, Rus & Rew 5.00
|Over-strangth Factor, Q. v & Q. sw 2.50
Deflaction Amplification Factor, (3 xs & C3 ew 4.50
Fundamental Period of Structure, Ty xs 0.31sec
Fundamental Period of Structure, T, sw 0.31 sec

Base Shear Seismic Coafficient, Cs 8.9%




Analytical Investigation (Cont.)

N

Reinforcement Details

Reinforced Concrete Elements Details per ACI 318-08.

Element Type| Element Size Steel Reinforcing

Slab 5in. =3 @ 12 in. one-way

Columns 14 in.x 14 in. |8-26 verticals w/=3 @ 6 in. ties

Walls S in. 26 @ 12 in. each way vertical & horizontal
3-#5 top & bottom w23 @ 10 in. stirrups -

Gicders 14in %24 in nextto solid slab.

2-25 top & bottom w/23 @ 10 in. sticrups -
naxtto opan slab.

Beams

14in.x 14 in.

6-=3 top & bottom w/23 @ 6 in. stirrups
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Building Al Diaphragm Plan.
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Building A2 Diaphragm Plan.
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Building A3 Diaphragm Plan.
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Building A4 Diaphragm Plan.
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Building A5 Diaphragm Plan.
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Building A6 Diaphragm Plan.
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Building A7 Diaphragm Plan.
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Building A8 Diaphragm Plan.
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Building A9 Diaphragm Plan.
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Building B1 Diaphragm Plan.
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Building B2 Diaphragm Plan.
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Geometry: Building P1
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Building P2 Diaphragm Plan.
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Geometry: Building D1
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Analytical Investigation (Cont.)

Lateral Load System

N

# All buildings:
= Building Frame System — Shear Walls: Both directions
= 4 ksi concrete & 60 ksi reinforcing steel
m 50 psf LL & 20 psf superimposed DL + Self Weight
= “Site class C
m SDC: C
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Inelastic Analysis
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IDARC?2 Structure and Component Modeling (Kunnath, et al. 1991)




Inelastic Analysis (Cont. )

N
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IDARC2 Program Organization (Kunnath, et al. 1990 & 1991)




Inelastic Analysis (Cont.)

N

IDARC2 - Enhanced
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0.000000

0.000001 0.000002 0.000003 0.000004 0.000005 0.000006 0.000007 0.000008 0.00000% 0.000010

IDARC2 ldealized Moment-Curvature Envelope Curve - Nominally

Reinforced Slabs.




Inelastic Analysis (Cont.)

IDARC2 - Enhanced

N
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0.000000 0.000002 0.000004 0.000006 0.000008 0.000010 0.000012 0.000014

IDARC2 ldealized Moment-Curvature Envelope Curve - Heavily
Reinforced Slabs.

0.000016




Inelastic Analysis (Cont.)
IDARC2 - Enhanced

N
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100000 A
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-50080

-125000 4
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Un-symmetric Moment-Curvature Curve.
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Inelastic Analysis (Cont.)
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Inelastic Analysis (Cont. )
Parameters Studied

N

# Stiffness degradation factor o,

m Degree of reduction in the unloading stiffness and the reduction in
area enclosed by the hysteresis loops for consecutive loading
cycles.

# Pinching factor y

» Reduces the stiffness of the reloading paths as well as the area of
the hysteresis loops and the amount of dissipated energy.

# Strength deterioration factor 3

= Ratio computed as the amount of incremental damage caused by
the increase of the maximum response divided by the normalized
Incremental hysteresis energy.




Inelastic Analysis (Cont. )

Hysteretic Parameters

N

] py-W M
i = e
/] //
,’.a" /A:COMMDN
e POt POINT
- !,’/:""// (LOOPS)

W (MODEL RULE!}
I

STIFFNESS DEGRADATION

X
¥: Crack closing
point
(MODEL RULE)

PINCHING BEHAVIOR

(LOOPS)

(MCDEL RULE!

STREMNGTH DETERIORATION

IDARC2 Three Parameter Model (Kunnath, et al. 1991)
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Inelastic Analysis (Cont. )

Hysteretic Parameters

Reference Hysteretic Parameters Used in Dynamic Analysis.

F lem ent Bitffness Dggradatinn B nnd-.Sllippage nirength D e.terinratinn P I.:lst-‘fieldin.g
Coefficient, o Coefficient, Coefficient, ntiffness R atio

E e ath 4.01 0.30 0.01 0.015

Column 4.00 0.20 0.01 0.013

W all Bending 3.50 1.00 0.15 0.015

W7 all heat 0.10 1.00 0.15 0.015

bilah Bending 4.50 0.20 0.15 0.015

lab Bheat 0.10 0.20 0.15 0.015

Sensitivity studies conducted using
e 1.25q, a, 0.75q,
e 1.25y,7v, 0.75y,
o -1.2503; B, 0.715B.




Inelastic Analysis (Cont. )

Scaled Ground-motions

N
¥

e i ||l.|l‘a| IJ.I||,LL-JJ |||J_u|__..i_.|,_..; ML LT Y OO T 1 PP O VL T T n
oo "| "|l"lf ]! |TI||~ AT E e L L o o 3

Time, sec.

Scaled Loma Prieta Acceleration Time History.

Earthquake Characteristic Used in IDARC2 Analysis.

Earthguake PGA, o T sec. Scale
Loma Prieta - Corralitog - 1389 041 0.34 zec. 0659
san Fernando - Pacoima -1971 1.15 0.40 zec. 0235
Parkfield - Cholane -1944 0.4% 0.40 zec. 0.563




Inelastic Analysis (Cont. )
Parameters Studied

N

Diaphragm Aspect Ratio (3:1 & 4:1)

Floor Opening Location (Symmetric & Un-symm.)
Opening Area (0%, 11%0, 15%, 22%)

Shear Wall Locations (ESW & ISW)

Diaphragm Models (Rigid, Elastic and Inelastic)




Results: Pushover Analysis

Summary Results of Pushover Analysis: Wall/Slab Yield Sequence.

Seenario Basa. Sh.ear Coeﬂic.ient.
Wall Tielding| Slab Tielding
P 141-4:1-ESW-Scld-IE 0180 0.420
142-41-ESW-(8&2-T&RE)-1IE 0.170 0.250
> 1A3-4:1-E5W-(68&7-T&E)-IE 0180 0.240
144-41-E3W-{1&12-T&E)-IE 0.170 0380
145-4:1-EZW-(2&11-T&E)-IE 0180 0.390
1A6-41-EZW-3&10-T&E)-1IE 0180 0.220
1A7-41-ESW-(4&2-T&E)-IE 0180 0.260
1A8-4:1-EZW-(5&8-T&E)-TE 0180 0.240
14A9-4:1-E3W-(5 67 8-T&E)-IE 0.150 0.280
1B1-4:1-I8W-Sohd-TE 0.170 0.490
1B2-4:1-I5W-(6&7-T&E)-IE 0.200 0.300
1B2-4:1-I5W-({1&12-T&E)-1IE 0.150 0.540
1B4-4:1-I5W-(2&11-T&E)-1E 0.220 -
1B5-4:1-I5W-(3&10-T&E)-IE 0.230 0630
1B6&-4:1-I5W-{4&59-T&E)-IE 0.230 0.520
1B7-4:1-I5W-(2&8-T&E)-IE 0.220 0.310
1P1-4:1-EW-{8&9-ME&R)-TE 0.170 0.170
> 1P2-41-E5W-(6&7-MME&R)-IE 0.170 0.170
1C1-3:1-E5W-(486-T&E)-TE 0.2320 0.530
1D1-3:1-E5W-{4 5 6-T&R)-IE 0.240 0.5%0




Results: Pushover Analysis (Cont.)

N

Group A3 [11%] Frame #7

Slab Wield at 0.24

020
/Wau Yieldat 0.18
.10

Pushover Results for Building 1A3 (Lateral load-vs-Drift at Frame 7).




Results: Pushover Analysis (Cont.)

N

L
# Plan Aspect Ratio 4:1
m Solid: Slab/End Wall = 2.5
= Solid: Slab/Int. Wall = 2.8
= Symmetric Openings in Middle 2/3: Slab/End Wall = 1.3
= Symmetric Openings in Middle 1/2: Slab/Int. Wall = 1.5
s Symmetric Openings at End 1/3: Slab/End Wall = 2.0
s Symmetric Openings at End 1/3: Slab/Int. Wall = 2.8
s UnSymmetric Openings in Mid-region:
+ Slab & End Wall - Yield Simultaneously

# Plan Aspect Ratio 3:1
= Openings in Middle 2/3: Slab/End Wall = 2.3




Results: Dynamic Analysis

N

Max. Building Displacement with Inelastic Diaphragm Model

Scenario Bldg. Max. Top Displ_in. | Diaph. Max. Inplane Defl | in.
» 1A1-4:1-ESW-Solid-IE-LP 1.2040 0.5920
p 1A2-4:1-ESW-(8&9-T&B)-IE-LP 1.3230 1.0612
1A3-4:1-ESW-(6&7-T&B)-1IE-LP 1.2740 0.8264
1A4-4-1-ESW-(1&12-T&B)-1IE-LP 1.0530 0.3583
1A5-4:1-ESW-(2&11-T&B)-1IE-LP 1.0870 0.5491
1A6-4:1-ESW-(3&10-T&B)-1IE-LP 1.0760 05128
1A7-4:1-ESW-(4&9-T&B)-IE-LP 1.2370 0.8853
1A8-4:1-ESW-(5&8-T&B)-IE-LP 1.2260 08150
P 1A9-4:1-ESW-(56 7 8-T&B)-IE-LP 1.1970 0.7775
1B1-4:1-ISW-Solid-IE-LP 0.5964 0.2302
1B2-4:1-ISW-(6&7-T&B)-EL-LP 0.6730 0.4054
1B3-4:1-ISW-(1&12-T&B)-IE-LP 0.5040 0.1960
1B4-4:1-ISW-(2&11-T&B)-IE-LP 0.4053 0.1358
1B5-4:1-ISW-(3&10-T&B)-IE-LP 04746 0.2300
1B6-4:1-ISW-(4&9-T&B)-IE-LP 0.5348 0.3404
IB7-4:1-ISW-(5&8-T&B)-IE-LP 0.5003 0.2960
1P1-4:1-ESW-(8&9-M&B)-IE-LP 1.2410 0.8939
p 1P2-4:1-ESW-(6&7-M&B)-IE-LP 1.2920 0.8253
1C1-3:1-ESW-(4&6-T&B)-1IE-LP 0.6649 0.2627
1D1-3:1-ESW-(4 5 6-T&B)-IE-LP 0.5012 0.1910
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Results: Dynamic Analysis (Cont.)

Error Index for All Inelastic Building Cases

S Bldg. Max. ASCE7-05 | Bldg Max Dynamic | o . .
Top Displ., in. Top Displ_, in_ o
1A1-4-1-ESW-Sokd-IE 0.80 1.204 4977
1A2-4:1-ESW-(8&9-T&B)-IE 0.86 1.323 53.25
1A3-4:1 ESW-(6&7-T&B)-IE 0.88 1.274 4428
1A4-4-1-ESW-(1&12-T&B)-IE 0.82 1.053 27.68
1A5-4:1-ESW-(2&11-T&B)-IE 0.83 1.087 31.47
1A6-4:1 ESW-(3&10-T&B)-IE 0.84 1.076 28.52
1A7-4:1 ESW_(4&9-T&B)-IE 0.86 1.237 44.17
1A8-4:1-ESW-(5&8-T&B)-IE 0.88 1.226 39.33
1A9-4:1 ESW-(5 6 7 8-T&B)-IE 0.92 1.197 29.64
1B1-4-1-ISW-Solid-TE 0.40 0.596 18 61
1B2-4:1-ISW-(6&7-T&B)-IE 047 0.673 4362
1B3-4:1-ISW-(1&12-T&B)-IE 0.34 0.504 47.23
1B4-4:1-ISW-(2&11-T&B)-IE 0.28 0.405 46.83
1B5-4:1-ISW-(3&10-T&B)-IE 0.32 0.475 48.95
1B6-4:1-ISW-(4&9-T&B)-IE 037 0.535 4487
1B7-4:1-ISW-(5&8-T&B)-IE 043 0.500 16.05
1P1-4:1 ESW-(8&9-M&B)-IE 0.82 1.241 52.10
1P2-4-1-ESW-(6&7-M&B)-IE 083 1.292 (558D
1C1-3:1-ESW-(4&6-T&B)-IE 0.49 0.665 36.44
1D1-3:1-ESW_(4 5 6-T&B)-IE 0.48 0.591 22.29
E}‘?‘G}‘ . Iﬁ{fex _ l.é‘ra;- Lavat]-Trktrionr - FrameMevsmbon-Tud keeic -Diiglecd 1ﬂL'_.. ASCE T-05 |

A

ASCE T-05
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Results: Dynamic Analysis (Cont.)

N

L
# Diaphragm Aspect Ratio
= 4:1 Yielding of Slabs with Openings
= 3:1 No Slab Yielding with Openings — Inplane Cracking Observed

# Floor Opening Size & Location
= Slab Opening Location more Significant than Opening Size
= Slab Yielding Occurs when Opening Located in Middle 2/3




Results: Dynamic Analysis (Cont.)

N

D
# Ground Motion
m Scaled Loma Prieta - Most Severe Case

# Shear Wall Location
s End Walls — More Critical

# Diaphragm Slab Models
m Best Overall Building Response Obtained by Inelastic Slab Model

# Slab Elements Subjected to 1-2 Cycle of Inelastic Loading
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Results: Dynamic Analysis (Cont.)

Moment, k=
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1. 0E+06& * Curvature, ¢

Yield
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Results: Sensitivity Study (Cont.)

Sensitivity Study Analysis Results Summary.

Sensitivity Analvsis

Scenario Base Shear, k| %V to Walls | %0V to Frames | V to Frames, k | Bldg. Max. Top Displ., in. Diaph. Max. Inplane Defl | in.
1A3-4:1-ESW-(6&7-T&B)-IE-LP 1545.51 69.14 30.86 476.90 1.274 0.826

1250 1554.10 69.60 30.40 472.50 1.265 0825

075 1580.50 69.75 30.25 478.10 1.277 0.867

1.25 1542.90 69.22 30.78 474.90 1.302 0.896

0.75y 1553.50 69 44 30.56 474.70 1.298 0.897

1.255 1580.60 69 88 30.12 476.00 1.277 0874

0.758 1546.50 69.14 30.86 477.30 1.251 0.767

0.25My 1487.10 68 48 31.52 468.70 1.567 1351

0.50My 1644 .40 70.80 29.20 480.20 1.187 0.629




Results: Sensitivity Study (Cont.)
M/¢ Idealization and Hysteretic Parameters

N

# Slab 1s Subjected to 1-2 Cycle of Inelastic Loading

# o, B3, y effects:

= Frame Displacement: 4%
s Frame Shear: 3%

@ (1/4, 1/3, 1/2) My effects:

= Frame Displacement: 6%
m Frame Shear: £5%




Design Recommendations

N

L

# Objectives

= To provide simplified design guidelines to reduce the
likelihood of diaphragm inplane yielding, by adequately
reinforcing the diaphragm chord members to resist the

design seismic loads using the results obtained In this
study.




Design Recommendations (Cont.)

N

— Diaphragm
® Agiapn/Ayan >2 2 Flexible pgces o5

Ay @ Agiaph [ Dwan <U2 2 RIgid gy 356

Diaphragm Classification/Wall Displacement Terminology.
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Design Recommendations (Cont.)

ASCE 7-05/ FEMA 356 (2000) Diaphragm Type Classification.

Scenario Diaph. Type
1A1-4.1-ESW-Solid-IE STIFF
1A2-41-ESW-(3&9-T&B)-IE STIFF
1A3-4:1-ESW-(6&7-T&B)-IE STIFF
1A4-41-ESW-(1&12-T&B)-IE STIFF
1A5-4:1-ESW-(2&11-T&B)-IE STIFF
1A6-4:1-ESW-(3&10-T&B)-IE STIFF
1A7-4:1-ESW-(4&9-T&B)-IE STIFF
1A8-4:1-ESW-(5&8-T&B)-IE STIFF
1A9-4:1-ESW-(5 6 7 8-T&B)-IE STIFF
1B1-4:1-ISW-Sokd-IE STIFF
1B2-41-1SW-(6&7-T&B)-IE FLEXIBLE
1B3-41-ISW-(1&12-T&B)-IE STIFF
1B4-4-1-ISW-(2&11-T&B)-IE STIFF
1B5-4-1-ISW-(3&10-T&B)-IE STIFF
1B6-4-1-ISW-(4&9-T&B)-IE STIFF
1B7-4-1-ISW-(5&8-T&B)-IE FLEXIBLE
1P1-4:1-ESW-(3&9-M&B)-IE STIFF
1P2-4:1-ESW-(6&7-M&B)-IE STIFF
1C1-3:1-ESW-(4&6-T&B)-IE STIFF Per FEMA 356
1D1-3:1-ESW-(4 5 6-T&B)-IE STIFF ¢




Design Recommendations (Cont.)

N

L/
C_ = WA, — ,wherek =10
2Wh,
v x
C=1}6 or F= r3 [Eq. 6-3]
- v
Cy=1/3 or F:=§ [Eq. 6-4]
- . - v 5
C3=1/2 or F_:—E [Eq. 6-5]
ROOF F3
h
2nd FLR. F2
h
1st FLR. 2
h
1 L L L v

SN _3Vh 2Vh Vh

= —— s+ -233Vh [Eq. 66
. TG [Eq. 6-6]

Seismic Loading Distribution per IBC 2006.
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Design Recommendations (Cont.)

Applied force

1 5F, 22
W1= L 1_ L

Qeax
¥
0353F; 035 F;
Wall Shear / "
ar rce
and Frame Shears
Based on Current ,
Study 0.35F;
L]
3, . +L ] e VL
M g =E[ﬂ'3f~’* {E) =0.13125EL =0.065625VL =—— [Eq. 6-8]

Top Floor Diaphragm Loading per FEMA 356.




Design Recommendations (Cont.)

N

# A margin of safety of 2.17 is introduced in Eg. 6-8,
to reduce the likelihood of yielding In slabs prior to
yielding of shearwalls, as observed In the obtained
pushover and dynamic results.

M =2 17x

I, " =0_143VL . 6-9
Slab e 15 24 I.-E'q. ]




Design Recommendations (Cont.)

A
N

# If slab inplane cracking moment, per ACI 318-08,
Is greater than Mg,,may given In Eq. 6-9, the
following chord reinforcement area, A,, should be

used.

M.. .
P _6-12
=75 D [Eq. 6-12]

where D is the diaphragm overall depth and f, Is the
reinforcement yielding strength.




Summary

N

X 4

@

@®

_Iterature void exists on the seismic response of
RC buildings with diaphragm openings.

RC floor diaphragms are typically designed for
gravity but not lateral; with the effects of slab
opening being typically ignored.

3-Story rectangular RC buildings with/ without
diaphragm openings with shear walls were
designed per current building codes in St. Louis,
MO.




Summary (Cont.)

N

L

# Inelastic Seismic Response of these buildings was
studies using an enhanced computational tool.

# Findings were presented and discussed.




N

Conclusions

» For floor diaphragm aspect ratio of 3:1 or greater, It Is

necessary to use an inelastic diaphragm model to capture
the seismic response of reinforced concrete buildings
with floor diaphragm openings accurately.

The base shear redistribution due to Inelastic slab
deformations increases the load subjected to the interior
frames significantly (up to 30%).

The influence of inelastic inplane diaphragm
deformations due to floor openings cannot be overlooked
In such buildings, particularly when the diaphragm
openings are located in the middle two-thirds of the
building.




Conclusions

N

= Inplane yielding of the floor diaphragm is controlled by
shear and not flexure, and it occurs when diaphragm
openings are placed within the middle 2/3 of the
building.

= Hysteretic parameters obtained from experimental
research on solid diaphragms are found to be adequate
for diaphragms with openings.

= Simplified design guidelines were provided to ensure the
likelihood of wall yielding prior to slab yielding.
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Questions




Appendix A.5

IDARC [69] & IDARC?2 [68] Component Modeling
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TABLE 3-1 PROGRAM ORGANIZATION

1. SYSTEM
IDENTIFICATION

2. DYNAMIC
RESPONSE
ANALYSIS
(OPTIONAL)

[/ INPUT DATA

ESTABLISH
COMPONENT
PROPERTIES

|

STRUCTURAL
MODELING AND
ANALYSIS

EQUATIONS OF
MOTION

1

RESPONSE ANALYSIS
INCLUDING
HYSTERETIC BEHAVIOR
OF COMPONENTS

Structural configuration
Material properties
Element Information
Base Excitation
Related Parameters

Yield curvature, moment
Ultimate strength, etc.

Fundamental period
Ultimate failure mode
Store results for ensuing
dynamic analysis

Newmark-Beta Algorithm
Three-parameter model

mnm-nmn-munu---mmlmnmnnmmnmuuammunnn-m-In-|

3. APPLICATIONS
(OPTIONAL)

SUBSTRUCTURE
ANALYSIS

+

DAMAGE ANALYSIS

Response of selected
structures

Damage index for
independent components as
well as total building



TABLE 3-1I PROGRAM FLOW AND RELATED APPLICATIONS

-

Y

L

(STATIC Structural Material Component
(ANALYSIS) Configuration Properties Data
Determine Structural Modal Monotonic Modify
component modeling analysis —3! loading component
properties analysis properties
Static Mode and Failure Component
model period mode and properties
strength
r
(DYNAMIC "Base | Parameters
ANALYSIS) motion (o, B, V)
® ~ 3 3T
Modify __Q Set up Set up initial _épj Response Damage
structural equation P condition analysis analysis
model of motion
APPLICATIONS
(LABORATORY TESTING OF
k SUBASSEMBLAGES)
|
Select Select Determine Perform
prototype sub-structure’ loading experiment
structure |_history
(DAMAGE ASSESSMENT) :
1 |
Design Inspect Estimate Damage
drawings material ‘—# base motion inspection
properties
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