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ABSTRACT

CALCULATION AND COMPARISON OF PERIODS OF TALL
STRUCTURES WITH FORCE METHOD - GROUP LOADING AND
ETABS

AL-DULAIMI, Nimr Hatem

M.Sc., Civil Engineering, Altinbas University,
Supervisor: Prof. Dr. Zeki HASGUR
Date: April / 2023
Pages: 85

In view of the huge possibility for the deployment of current reliability systems in the
structures, it is imperative that the efficiency of each method be evaluated, analyzed, and
demonstrated in order to persuade the firms that design buildings to adopt them. Attributed
to the reason that time history impulses recorded at a specific location are the result of a
random process that is nearly impossible to replicate, a substantial amount of effort has been
invested in recent years into the processing of actual records in order to make them
"representative™ of future input histories to construction that is already in place as well as
construction that is planned to be built in areas that are prone to earthquakes. In this
investigation a G+20 story structure with various structural systems including moment
frame, bracing system and shear wall was analyzed to find the actual structural response
under the dynamic analysis. Further the brace frame and the shear wall model were analyzed
according to the site dependent spectra and for this the EI-Centro earthquake data was taken
for the analysis. From the analytical result both the model consists of shear-wall and bracing
system depicted significant improvement in the stability and the time period of the structure
in the linear dynamic analysis. While comparing the nonlinear time-history analysis against
the EI-Centro earthquake data both the shear wall and brace frame model was comparable

and depicted enough structural stability, however, the shear-wall depicted the over-all



performance improvement when comparing the data against the earthquake time

acceleration.

Keywords: Ground Accelerations, Nonlinear Dynamic Response, Story Drift, Seismic

Analysis.
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1. INTRODUCTION

1.1 GENERAL

Seismic design of any structural systems is typically comprised the design elements that
provide the greatest degrees of hazards, difficulties, as well as unpredictability towards the
design. The Equivalent Static Force Procedure (ESFP) is a widely used code-based seismic
design method that determines overall earthquake forces of normal structures (ESFP).
Similar to any simplified techniques, The ESFP method possesses restrictions such as the
evaluation of a building's fundamental period, the lack of tools to determine response metrics
apart from force and displacement, the exclusion of higher modes, as well as the inability to

incorporate the multi-directional characteristics of large earthquakes.
1.2 BACKGROUND OF THIS STUDY

It has become widely accepted that response spectra generated from elastic assessments of
structures exposed to earthquake events frequently fail to accurately forecast overall
hierarchies of fatigue damage. The energy intake as well as pressure transfer processes that
arise from a building's slow plastic hinge creation are equally difficult to measure. It is
essential in evaluating newly constructed or existing infrastructures having great
significance such as nuclear power plants and holding tanks, uncertainty like unusual
structures and coupled soil-structure processes, greater standard of inelasticity like systems
intended to demonstrate crack propagation, as well as dimensional nonlinear effects like
base-isolated infrastructures. Investigating the inelastic structure reaction inside this time
domain is the sole way to learn such data. Whenever dominant modes of vibration are
narrowly divided apart [1] or for multiple-supported infrastructures such as bridges in which
higher modes can be generated [2] by the approaching seismic activity’s asynchronous
character, the dynamic time history analysis as well as the linear elastic analysis is

particularly helpful.

LTHA can be utilized for significantly lessening the ESFP's drawbacks as well as

accompanying uncertainty. The application of time history analysis is frequently used in

investigation, but technical experts have not completely embraced it as a useful analytical

technique. The numerical work required to conduct analysis of time history for the
1



infrastructure’s designing and retrofitting has already been reduced as a result of improved
hardware processing capacity and the advanced computer-aided development tool’s
accessibility. As a result, time history analysis may be used as an industry's main analytical

technique, resulting in more effective and affordable solutions.

Because of the exponential increase throughout computing power as well as the
advancement of software packages over the past years, complex structures involving
numerous degrees of freedom are now subjected to elastic and inelastic dynamic assessments
in the time domain. Time-domain analysis is therefore required by the maximum existing
seismic provisions. In contrast, current research has demonstrated that the seismically
ground motion appears to be the greatest unforeseeable event [3] and exerts a major effect
upon that fluctuation seen in the structural behavior [4] across all uncertainties that are
arising from the designing concept, the components characteristics such as quality of the
supporting soil, steel and concrete, , as well as the seismic activity itself. Because of the
natural intricacy of the pathway which prone to earthquakes produced vibrations take while
these pass from the fault-plane base into substrate [5] and subsequently through the subsoil
to approach its foundational layer of a building [6], ground motions really behave

unpredictably in spatial and temporal.

Despite the aforementioned unpredictability, as well as the comparatively simple seismic
code template considering transient dynamic assessment, it remains the designer's duty to
establish a "satisfactory” method for choosing a collection of "adequate™ seismic response.
This work is both technologically simple as well as challenging at the same time because
any imbalance inside the calculated structural behavior should be avoided as much as
possible. Without a grasp of the fundamental ideas underlying both choice and sizing the
seismic recordings used for dynamic analysis, it is a difficult operation which cannot be
completed by using "trial and error.” Additionally, the existing code guideline for seismic
activity record collection has been thought to be relatively standardized considering the
possible implications of the selection upon that dynamic analysis, offering the mistaken
perception that structural analytical results are as reliable as the refined finite element model
utilized.



Therefore, the objective of this thesis is to display a quantitative evaluation of presently
offered dynamic analytical techniques to identify ground motion documentation, examine
the conceptual basis of the issue as well as explore its consequences for the evaluation of
large-scale structures with numerous engineering structures. In this investigation a G+20
story structure with various structural system including moment frame, bracing system and
shear wall was analyzed to find the actual structural response under the dynamic analysis.
Further the brace frame and the shear wall model were analyzed according to the site
dependent spectra and for this the EI-Centro earthquake data was taken for the analysis. The
performance of the models was analyzed under the nonlinear time history analysis. The
analytical assessment also shows the variation of the time period of the same structure under

the linear dynamic and non-linear dynamic analysis.
1.3 OBJECTIVES

The objectives are as follows.
a. To investigate overall response of a G+20 story structure against the dynamic analysis.

b. To examine the models according to the site dependent spectra and for this the EI-Centro

earthquake data was taken for the analysis.

c. Todetermine the variation of the lateral response, displacements, structural integrity and
time period of the same structure under the linear dynamic and non-linear dynamic

analysis.



1.4 ORGANIZATION OF THE THESIS

The thesis paper contains the following chapters:

Chapter 1: Introduction

This section discusses the research significance on that investigation topic. It also includes
overall purpose of the investigation as well as the outline of research.

S~

Chapter 2: Literature Review

This section includes the background of this research. It describes the terms and
conceptions related to this study briefly. It also shows the procedure how this research is

important and how the research is processing.

S~

Chapter 3: Research Methods

This section is related with the processes and consequences adopted in the research. This
section also discusses about the details of methodology which have been used in this
research work. This shows various properties of the materials, analysis procedures and

adopted analytical method. This section shows that how the work has been done.

.~

Chapter 4: Results and Discussion

This section shows all test findings which have been done. The necessary graphs and
tables are also shown here. The explanation of these results is also described in this

chapter.

N~

Chapter 5. Conclusions and Recommendations

This section includes overall outputs, decisions, and consequences. It also includes

references. This also mentions advice for further studies about the topic.




2. LITERATURE REVIEW
2.1 GENERAL

This chapter includes an evaluation of earlier work and focuses on the scope of doing new
& advanced research. Typical analysis systems of moment frame, brace frame, shear walls,
design procedures and analysis methods that can be utilized to design shear wall are all

discussed comprehensively in this chapter.
2.2 ANALYTICAL PROCEDURES ABOUT MRF MODELS

Because of the frequent incident of rapid deterioration of beam-to-column connections,
recent earthquakes around the earth (Kobe, 1995; Van, 2011) have generated several
questions concerning the seismic response of moment resistant frames (MRF) [7, 8]. The
impact of brittle fractures upon that earthquake capability of preexisting moment frames was
reviewed in several numerical investigations [9-12]. That compelled this field of earthquake
engineering to develop better structural solutions in order to prevent rapid catastrophe [13,
14].

Conversely, whenever put through many inelastic repetitions because of low cycle fatigue,
new methodologies to calculate such hazard might not be unbeatable [15-20]. It's especially
obvious in high-rise structures that are susceptible to long-lasting ground motions which take
place close nearby the subduction zones. The principal lengths of such ground movement
often last for a few minutes, whereas its prominent periods ranging from many to ten seconds
[21, 22]. High-rise structures with primary natural durations greater than 2 s have a tendency
to resonance with these ground vibrations. Recently available shaking table studies which
simulated typical Japanese high-rise construction supported that finding [23]. At EDefense,
the world's biggest shaking table center, several experiments were carried out. This
resonance curves brought on by ground motion is shown in Figure 1. That very same finding
was also supported by earlier computational research [24] involving tall structures exposed

to lengthy ground vibrations.
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Figure 2.1: Resonance Effect Due to Ground Motion.

Numerous experiments and numerical investigations have focused on the effect of crack
upon that MRF's earthquake endurance over the previous several decades as a result of
earthquake loads. The impact of moment redistribution brought about by beams crack in
metal MRF depending upon static loading was examined by Nakashima et al. [25] The major
finding of this research was that whenever twists related to crack is relatively significant,
consecutive cracks become less probable to occur throughout static moment redistribution.
As a component of a SAC phase Il project undertaken in the United States, making extensive
use of MRFs.

Luco and Cornell [9] evaluated the impact of connections brittle cracks upon earthquake
drifting needs of metal MRFs by implementing a numerical analytical model. They came up
with the conclusion that at larger drift requirement levels, the impacts of shear crack are

much more noticeable.

2.3 PREVIOUS ANALYTICAL ASSESSMENTS OF BRACED FRAME
STRUCTURES

Correctly predicting seismic vulnerability as well as the corresponding pressures on the
infrastructures is one of the key aspects of building earthquake assessment. Relatively close
field seismic features must be present in seismic events that are thought to have occurred
nearby faults. One of most significant characteristics include fling and forward directivity

influences, that generate a powerful pulse or perhaps a string of beats with a lengthy time.
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In steel frames featuring V-shaped braces both near- and far-fault seismic, Abdollahzadeh et
al. [26] evaluate hysteretic energy as well as inter-story drifting. Based on the findings,
evenly distributed near-fault data are more important regarding inter-story drift than far-fault
recordings. Additionally, they found that the near-fault recordings contribute more to

hysteretic energy compared to the far-fault records.

Wen et al. [27] investigated the influence of the location on the seismic susceptibility of
high-rise shear wall structures. The findings demonstrate that because of the larger low-
frequency, far-field seismic causes more significant damage to high-rise buildings than near-
field earthquake. Thus, high-rise structures above soft ground that are vulnerable to far-field
seismic events suffer greater losses compared to those on bedrock sites that are vulnerable

to near-field seismic events.

The impact of near-field seismic events upon this performance of moment-resisting
frameworks are assessed by Sharif and Behnamfar [28]. Findings suggest that the reaction
is highly dependent on the proportion of the building's fundamental frequencies to the pulse's
regulating duration, which can sometimes lead toa building's pressure demanding

proportions growing or even transferring to higher storeys.

The consequences of fling phase and forward directivity upon that seismic behavior of
structures were investigated by Kalkan and Kunnath [29]. The greatest demand for pulse-
type input relies on the relationship between the building's fundamental period and the pulse
period. It was discovered that recordings containing fling impacts largely excited
components within their natural frequencies, whereas waves including forward directivity in
the lack of fling engaged higher modes. It is determined that when taken together, the speed
and velocity spectrum can be used to accurately gauge the damage potential of near-fault

recordings.

Alonso-Rodri’guez and Miranda [30] investigated the structural performance under near-
fault ground vibrations by employing streamlined modeling. By conducting a number of test
statistics, this was discovered that the primary important factor affecting flooring speed as
well as inter-story drift requirements whenever near-fault pulse-like ground motion happens

Is time period.



The nonlinear behavior of tall structures under pulse-type intense ground vibrations was
researched by Tehranizadeh and Meshkat-Dini [31]. As per the nonlinear studies, a
structure's maximal structurally need is determined by the proportion of its pulse period

towards its fundamental period.

Nevertheless, it was not until after the Northridge earthquake of 1994 that the conclusions
of such research [32-34], became significantly important in practical application. As a result,
the Northridge earthquake in 1994 primarily caused bracing fracture-related losses to steel-
braced structures. For illustration, harm to one of the conventional steel-braced structures
near Lankershim Boulevard, 17 km to the east-southeast of the core of the Northridge
earthquake, is shown in [35] as a classic example of these casualties. Six bays featuring
chevron framing installed within every orientation were used to withstand severe earthquake
stresses inside the four-story corporate structure, which was built in accordance with the
1980 Los Angeles Building Code [36]. According to the inspection report published [35],

all six N-S-oriented bays of the thin-walled second story braces collapsed during seismic.

As it was previously indicated, seismic pressures must be characterized during the building
designing process either through a homogeneous response spectrum or through documented
velocity time patterns providing inputs to a dynamic analysis. Another scenario requires that
input motions be chosen to reflect local seismic events while also being consistent with
anticipated (as well as planned) seismic events. Therefore, to employ genuine data within
the context of transient dynamic assessment, they must satisfy expected seismic
circumstances. The assessment of certain critical aspects of significant ground movement
anticipated to take place throughout a specified time frame at a chosen area is connected to
the (SHA), that has been the subject of numerous studies that provide ways to identify

seismic possibilities [37].

The deterministic and probabilistic techniques are the two primary techniques for SHA.
Strong-motion parameters are determined inside the (DSHA) for the highest seismic events,
that is supposed to happen just at nearest available distance from location, taking into
account the seismotectonic characteristics of the nearby region as well as all statistical
evidence on previous earthquakes from this geographical area [38, 39]. The DSHA findings

that may be employed towards document choosing are the intensity as well as distance pair



which leads to he maximum ground movement magnitude at the area of interest. On the
contrary, the formulation of the designing seismic situation is no simpler whenever PSHA is
used to predict seismic pressures. To offer any prediction of strong-motion characteristics
with a specified probability value, PSHA specifically performs an integration over the
forecasting seismic events within a certain period of exposure [40-42]. A location
specified homogeneous hazards reaction spectrum which is utilized for generating spectral
compatibility with the pre-selected data can be produced through using PSHA to create
hazardous contours, and graphs of spectral acceleration across different implementation
times [43]. However, a PSHA obscures overall strong relevance of a seismic in terms of
magnitude, source-to-site distances, and ground shaking divergence (e). Finding a sample
seismic event that is consistent with the PSHA approach's outcomes is preferable in order to
facilitate the practical assessment of the findings and to allow for engineering-type
judgments [44]. The calculated probable magnitude of an earthquake can be de-aggregated
(or disaggregated) to accomplish this [45, 46]. This approach can therefore be used to specify

the M-R-e groups which represent the most frequent seismic events at a chosen area.
2.4 PREVIOUS ANALYTICAL ASSESSMENTS ABOUT SHEAR WALL

The aim of seismic analysis is to maximize overall structural frameworks' capability during
ground movement by Moment Frames [47-50], Shear-Walls [51, 52], and Braced Frames.
As prediction of collapse during seismic loading has been an important component of
structural engineering, experts may utilize this collapsing probability as a critical decision
criteria when designing new infrastructures as well as assessing the earthquake
resistance capacity of existing structures during earthquakes [53]. According to earlier
research, the higher portions of the structures are the most important since they are impacted
by both subsoil stiffness as well as structural vibrations [50, 54-57]. Therefore, a variety of
analysis methods are employed to anticipate the destruction resulting from ground
movement, including the overall infrastructure simplification to a similar single-degree-of-
freedom method [58-61], the application of processive finite-element evaluation of the entire
system to diagnose an enormous change in structural behaviour [60, 61] as well as suddenly
established accumulative dynamic analysis [62-65]. With regard to the RC structure, the
response spectrum technique particularly permits to use the response spectrum, which is

characterized as a realistic illustration of peak response vs normal time for a particular
9



accelerogram. Dynamic analysis must be performed to determine the maximum
responsiveness to a baseline stimulation for a structure and also to examine its characteristics

throughout ground movement [66].

Assuring that structures meet specific quality standards (such as minimal damage,
considerable harm, and collapse mitigation) while subjected to a seismic attack is a crucial
aspect of high-rise building designs. Different earthquake design and assessment
methodologies were created to overcome this problem. It is hard to foresee the magnitude
and timing of upcoming disasters, despite seismology's ongoing advancements. The use of
probabilistic approaches in the evaluation and planning procedure is essential because of the
earthquake's unpredictable character. One of these statistical models is performance
assessment through dynamic analysis including fragility assessment, that demonstrates the
best structural functionality during earthquake loading in addition to the probability of going
above a specific damage level. That style of dynamic analysis has been utilized to assess the
earthquake vulnerability of structures composed of various building materials. Because of
the perceived significance attached to this type of structure, numerous investigators who
implemented similar approach to high-rise RC structures concentrated on those with more
than 30 floors. To illustrate, Applying linear dynamic simulation with nonlinear time history
assessment, Ji et al. [67] established the analytical behavior of a 54-story RC structure.
Alwaeli, et al. [68] used incremental dynamic analysis (IDA) to produce fragility curves for
a30-storied RC structural model. Deger, et al. [69]; Deger and Wallace [70] investigated the
seismic behavior of a 42-storied reinforced concrete structure with several structural
components, comprising core wall buildings equipped with and without MRF as well as a
duel-system developed utilizing two separate methodologies. Employing IDA tools, Aman,
et al. [71] evaluated the comparative earthquake effectiveness of five 60-storied reinforced
concrete structures of various concrete strengths. It was determined that high-strength
concrete not only reduces building costs but also behave seismically more safely than
conventional concrete strength at higher ground movement intensity ranges. Despite the fact
that mid- to tall structures are crucial to research, their prevalence is typically smaller than
that of regular structures, which are frequently utilized like homes. There is a critical

necessity to investigate the earthquake resistance of lower high-rise structures employing
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dynamic analysis since the collapse and fall of these high-rise structures will have an
immediate effect on the lives of millions of occupants.

There are numerous academic papers regarding shear wall structures' earthquake sensitivity.
However, only few of them covered the connection among shear wall designs and
earthquake behavior of structures. In order to evaluate actual optimum top story
deformations, Firoozabad, et al. [72] performed a linear time history study using structures
containing six different shear wall layouts that had been subjected to two actual seismic
events. It was discovered that stronger seismic activity would not necessarily result from
larger shear barriers. Chandiwala [73] compared the base shear pressures of the five shear
wall places within an identical L-shaped high-rise (random arrangement in plan) and came
to the conclusion that for L-shaped construction drawings, the shear wall at the extreme
ended up giving the greatest result through immediately impeding terminal oscillation
throughout earthquakes as well as lowering bending moment of the high-rise. Sardar and
Karadi [74] analyzed the ELF and response spectrum of five 25-story structures
having identical layout and five different shear walls arrangements. Structures with L-
shaped shear walls around extremities including core shear walls produced minimal base
shear, as shown by evaluating respective story shear forces, drifts, as well as shear
deformations. Three high-rise RC buildings with varying numbers of shear walls and an
identical Y-shaped structure were constructed and assessed by Kim, et al. [75]. The structure
with the greatest number of shear walls seemed to have the greatest strength and offered the
greatest spatial variability freedom, even though additional resources were needed,

according to the IDA and nonlinear static pushover analysis.
2.5 BEHAVIOR OF HIGH-RISE STRUCTURES

Knowing and accurately assessing the behavior of tall structures is essential to construct
analytical models that can adequately represent such specific structures. Skyscrapers are
basically vertical cantilevers that try to be loaded axially from gravity and horizontally from

winds and earthquakes..

Transferring live and dead weights to and from the foundation via structures is generally not

considered a difficult problem. However, load flow and additional shear forces, moments,

and bending in structures that receive horizontal loads may require more complex
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calculations than the first-order response that can be reliably used in vertical load
calculations. Often, the main cause of this complexity is the behavior of the structure and the
assumptions made in the model representation of the actual structure. A satisfactory model

should behave like a structure or prototype under lateral loads.

The resistance of the structure against moments is provided by the response of vertical
members to bending or axial movement. The ratio of the sharing between the axial
movement and bending behavior of the vertical elements due to the moments is related to
the shear stiffness of the elements connecting the vertical elements. The use of more rigid
fasteners contributes to a more rigid and more effective structural behavior by providing a
greater amount of axial loads to be carried on the vertical elements. In this context, the design
of floors, tie beams, floor diaphragms and braces that provide the connection between the

vertical elements in the building is important.

Resistance to horizontal shear forces acting on the floor of tall structures is provided by the
horizontal components of vertical bar shear and traverse shear. The structural members,
which make the connections between the vertical members mentioned in the previous

paragraph, distribute the moments as shear forces to the vertical members.

The bending of the building can vary mainly due to the horizontal component of the axial
force of each diagonal reinforcement due to the irregularity of the vertical members, mass
distribution problems and irregularities from elevators, stairs and auxiliary shafts. If the
bearing elements and shafts to which the torsional stiffness is assigned are designed and

modeled correctly, the torsional stiffness of the structure will also be shown correctly.

Structural analysis aims to realistically represent the behavior of structures under vertical
and seismic loads. This process can be divided into three phases: modelling, analysis and
evaluation. The modeling stage is the most important stage and affects other stages as well.
Different models can be proposed according to different assumptions. Various assumptions
need to be made to predict the response of a structure. These assumptions vary for reasons
such as computer technology development, time management, and program modeling
capabilities. An important point in the modeling phase, which is one of the most important
stages of structural analysis, is to remember that, according to Powell (2010), the structural

analysis model does not have to be a precise and complete model, and there will never be
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such a model. The use of non-linear time history analysis results when evaluating the
performance of skyscrapers is currently considered the most reliable method.

To understand the reasons and reliability of using this method, we first need some
considerations of high-rise behavior and a summary of the above classical analytical
methods. The assumption that the structure remains fully elastic during strong seismic
ground motions cannot satisfy the designer as inelastic deformation occurs beyond the limits.
In classical methods, while performing force-based design, linear elastic responses are
reduced by an “R” response coefficient, which depends on the structural system and ductility
of the structure, and inelastic responses are indirectly taken into account. By directly
considering the inelastic behavior of nonlinear structures, time domain analysis provides the
opportunity to interpret the behavior of structures after different damage limits for different
earthquake probabilities. Unlike conventional linear elastic methods, nonlinear time history
analysis explicitly takes nonlinear behavior into account and, when designed accordingly,

gives very reasonable results under maximum seismic loads (Moehle 2005).
2.6 INVESTIGATIONS ABOUT SITE DEPENDENT SPECTRA

Investigating local seismotectonic characteristics and how significantly they influence
overall ground motions observed throughout an earthquake tremor is a significant topic of
research. Ground movements produced via submerged rupture-type seismic events inside
the time interval approximately 1.0 s are much higher than ground movement produced via
ground rupture occurrences, according to Kawaga et al. [76]. Campbell [77] had shown a
few discrepancies in the expected output spectra obtained from powerful movements in
shallow stable regions (Europe, Eastern USA), which are shallow, whereas Bolt and
Abrahamson [78] along with Lin and Lee [79] ] illustrated that maximum ground motions
from subduction zone seismic events typically deaden more gradually than those caused by
shallow crust seismic events in geologically active areas. Additionally, Kappos et al. [80,
81] examined the elastic and inelastic spectra regarding structural stability as well as
deformations in order to investigate the impact of various seismotectonic settings on seismic
powerful movements. Furthermore, data derived from the NGA program's calculations [82]
showed that seismic activity involving reverse-obliqgue mechanisms share features with

reversal criticizing occurrences.
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Stafford et al. [83] found no considerable variation among ground movement throughout
western North America vs those within Europe and the Middle East after examining the
degree toward which major ground motion prediction formulas from of the NGA might be
implemented to earthquake risk evaluations throughout Europe and the Middle East. It
follows logically that it may be advantageous to amalgamate these two data in order to

expand the total number of records which are accessible for dynamic analyses.
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3. METHODOLOGY

3.1 VARIOUS STRUCTURAL IRREGULARITIES AND THEIR LIMITS
3.1.1 Story Stiffness

When an earthquake strikes, the points of weakness in a structure are the first to give way.
This fragility results from a break in the consistency of the structure's mass, stiffness, and
shape. Structures that have breaks in their continuity are referred to as having an irregular

shape.
3.1.2 Horizontal Irregularity (Soft Story)

It is present if the stiffness of a floor is less than 70 % also, it is present if the above three

floor stiffness is gained not more than 80%.
3.1.3 Horizontal Irregularity (Extreme Soft Story)

To meet the criteria for its existence, a story's lateral stiffness must be either below 60%
compared to the level beneath as well as 70% less than both the mean stiffness.

3.1.4 Weight (Mass) Irregularity

It is said to be present in a location in case the effective weight of one story is greater than
150 percent of the effective index of one of the stories that is adjacent to it. It is not necessary
to take into consideration a roof that is thinner than the floor that is below it.

3.1.5 Story Displacement

Under strength-level design earthquake stresses, the seismic displacement is the actual
horizontal deformation of any location in the structure relative to its base. Figure 3.1

represents an illustration of story displacement.
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Figure 3.1: Story Displacement.
3.1.6 Drift

The lateral displacement of a floor in relation to the floor below is referred to as story drift,
and the story drift ratio is calculated by dividing the amount of story drift by the total height

of the building. Figure 3.2 represents an illustration of story drift.

Figure 3.2 demonstrates how to compute the "story drift,” which is defined as the "relative
elastic displacement™ of one narrative in relation to the tale below it. On the other hand, the

points awarded for this comparison will change depending on the following:

a. For a structure in which the centers of mass are aligned, the narrative drift can be

estimated by looking at the deformations of the cores of mass.

b. It is possible to calculate the drift of a building in which the centers of mass are not
aligned by making a vertical prediction of the mass center of the upper story to the core

of mass of the lower story, and then using the deflection of the projected point.
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Figure 3.2: Story Drift.

The Design A, drift, denoted by the symbol, is determined by subtracting the Design Seismic
Deflections, denoted by the symbol dp, at the centers of mass situated at the top or bottom
of the stories that is being taken into account. It is permissible to calculate the displacement
at the bottom of the tale depending on the vertical projection of the mass's center at the top

of the story in cases when the centers of mass do not line vertically.

When calculating the design story drift, it is possible to ignore the effects of diaphragm
deformation. The rotation of the diaphragm is to be considered in the following manner. For
buildings that are classified as Seismic Category C, D, E, or F and feature horizontal
irregularity, the design story drift, denoted by the symbol, must be calculated using the
biggest difference between the design earthquake and the actual earthquake. repositioning
of collinear points located at the top and bottom of the A under examination along any of the
sides of the building, taking into account the consequences of diaphragm rotation. Table 3.1
outlines the allowable amount of story drift in accordance with ASCE 7-22.
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Table 3.1: Allowable Story Drifts.

Risk Category
Structure type

lorll i v
Structures that are not masonry shear wall structures and that
are fewer than four stories above the foundation and have
internal walls, divisions, and ceilings that have been

. . . 0.025h 0.020h 0.015h

constructed to accommodate the drift associated with the
Design Earthquake Displacements are considered to be
seismically resistant.
Structures made of masonry with cantilever shear walls 0.010h 0.010h 0.010h
Other constructions that use masonry shear walls 0.007h 0.007h 0.007h
Every other type of buildings 0.020h 0.015h 0.010h

3.1.7 Base Shear

Base shear is an estimate of the largest predicted lateral force acting on the base of the
structure as a result of seismic activity. This force acts laterally and causes the structure to

move laterally. For the purpose of computing it, the seismic zone, the soil material, and the

equations for lateral force taken from the building code are utilized (Figure 3.3)

The base shear of a structure, denoted by V, in a certain direction needs to be computed

using the following equation:
V=CW
Here, Response coefficient, denoted by the symbol Cs,

W = The Actual Seismic Weight for Each Section
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Figure 3.3: Base Shear.

3.1.8 Factor of Importance

It is required that each structure be given an Importance Factor, denoted by le, and discussed

in Table 3.2.

Table 3.2: The Flooding, Storm, Tornado, Snowfall, Quake, and Ice Load Categories are Assigned

to Structures and Buildings According to Their Risk.

Category
Use purpose )

of Risk
In the event of their collapse, buildings which pose a minimal threat to human life are |
considered safe.
Every building, with the exception of those that are designated in Risk Types I, 111, and "
v
Types of buildings, the collapse of which could represent a significant threat to human "
life
The term "essential facilities" can be applied to a variety of different types of buildings. | IV
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Table 3.3: le Factor Based on Table 3.2.

Category of Risk le

| 1

I 1

Il 1.25
v 15

3.1.9 Torsional Irregularity

When the maximum story drift, calculated taking unintentional torsion into account, occurs
during one end of the building transverse to an axis and is larger than 1.2 times that average
of the story drifts at the opposite edges of the structure, torsional irregularity is present. This
is the definition of torsional irregularity. Only buildings with rigid or semi-rigid diaphragms

are subject to the criteria for torsional irregularity in their structures.
3.1.10 Extreme Torsional Irregularity

Extreme torsional irregularity is defined as existing when the highest story drift, calculated
which include accidental torsion, at one end of the building transverse to such an axis is
larger than 1.4 times the mean of the story drifts somewhere at two ends of the structure.
This definition applies only when the maximum story drift is measured at one end of the
structure. Only structures with rigid or semirigid diaphragms are capable of having extreme

torsional irregularities.
3.2 THE RESPONSE COEFFICIENT CALCULATION

Method 1 or Method 2 may be used to calculate the seismic response coefficient, Cs, in
situations in which the original spectral acceleration variable Sa was computed in line with
either Chapter 11.4.5.1 (ASCE 7-22). Method 1 and Method 2 must both adhere to the lower
bound specified for the linear dynamic response parameter, Cs, which is specified in Item 3.
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3.2.1 Method 1

The dynamic loading coefficient, denoted by Cs, is to be calculated using the equation that

is provided in the next equation.

Cs ==y (3.2)

Here,

Sa is the response acceleration variable that is defined in the Chapter 12.8.2 (ASCE 7-22);
R represents the response modification factor in Table 3.4 (ASCE 7-22); and

le is the Importance Factor which can be determined through Table 3.2.

Table 3.4: Table Response Modification Factor co-Efficient.

Structural System R
RC shear walls (special) 5
RC ductile coupled walls 8
Ordinary RC shear walls 4
Braced frames 8
Special RC shear walls 6
RC ductile coupled walls 8
RC shear walls (ordinary) 5
RC moment frames (special) 5
RC moment frames (intermediate) 3
Ordinary RC moment frames 8
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3.2.2 Method 2

The coefficient, Cs, have to be calculated following the equation below.

Here,

Sos = Design spectral response acceleration parameter

3.3 THE FUNDAMENTAL TIME PERIOD

(3.3)

The fundamental time limit of the building, T, in the plane that is being considered must be

determined by performing an analysis that is sufficiently supported and making use of the

structural qualities and deformational features of the components that are resisting

deformation. The fundamental period, T, must not be longer than the combination of the

variable for the maximum bound on computed period, Cu, which can be found in Table 3.5,

and the estimated fundamental period, Ta, which can be calculated by using the equation

that is provided in the next sentence.
T, = Cthy

Table 3.5: Determination of Parameter Cu.

Spectral -
. Coefficient Cu

Accelerationat 1s

>04 14

0.3 1.4

0.2 15

0.15 1.6

<0.1 1.7
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3.4 RESPONSE SPECTRUM ANALYSIS (RSA)

The estimation of the structural response to brief, nondeterministic, time - dependent events
can be accomplished through the use of a technique known as response spectrum analysis.
Earthquakes and shocks are two examples of these types of phenomena. Because the precise
time history of the load cannot be determined, it is difficult to carry out an analysis that is
time-dependent. The brief duration of the event precludes the possibility of treating it as an
ergodic (or "stationary") process; hence, a random response strategy is not appropriate for

this situation. either.

The response spectrum approach utilizes a specialized kind of mode superposition as its
fundamental building block. The purpose of providing this input is to establish a limit for
the amount that an eigenmode with a specific resonance frequencies and damping may be
aroused by an action of this kind.

Types of RSA

a. (SDOF)- Single Degree of Freedom System

b. (MDOF)- Multiple Degree of Freedom System
3.4.1 Analysis of an SDOF System

Take into consideration a mass-spring-damper system that is attached to a base that is

moving. The base possesses a predetermined movement denoted by b(t) (Figure 3.7).

Figure 3.4: SODF System.
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If there are no forces acting on the mass from the outside, the motion equation for the mass

may be stated as

mii+c@—b)+k(u—b)=0 (3.5)
Using the conventional system of notation and splitting by the weight,

il + 2¢wotl + wiu = 2{web + wib (3.6)

In this case, the natural (angular) frequency that is undamped is

Wy = 57= (3.7)
Where the damping ratio,
Cc
(=i (3.8)

It is clear that the endorse movement performs the function of a forcing term, while the result
requires solely on the two variables { and, and not on the specific factors m, ¢, and k. This

may be observed for yourself by looking at the diagram.

It is possible to pick the comparative deformation seen among the mass and the base as the
degree of freedom, which is denoted by the equation, u,, = u — b.. This is an alternative to
choosing the relative displacement as the freedom degree. In reality, this is a frame
transformation in which the oscillator is investigated using a coordinate system that is
attached to the base. There will always be inertial forces present in any frame that is

speeding. It is possible to express the motion equation as
il, + 2 wolly + wiu, = —b (3.9)

As a result, the acceleration of the support seems to be a weight similar to gravity. This

depiction offers two distinct benefits, which are as follows:

a. The internal forces of the system, which include elastic and damping forces, are
dependent on the respective displacements and velocities of the system’'s components. A

motion of a rigid body has no effect on these forces.
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b. In many cases, the data that has been measured is presented in the form of an
accelerogram; hence, the underlying deformations are still not available directly.

This equation may be computed for a reasonably long period of time for a variety of different
combinations of w,, ¢ and b(t). The optimum value that are induced by the acceleration

history b are utilized to define the movement, motion, and elastic response spectra b(t).

Sa(wo, ,b(t)) = max,|u,(t)] (3.10)
Sy(wo, {, b(t)) = max, |1, (t)] (3.11)
Sa(wo, §, b(t)) = max,|ii,(t)] (3.12)

Through the utilization of the relative movement u.
Sa+(wo, ¢, b(t)) = max,u,(t) (3.13)
Sa-(wo, ¢, b(t)) = minu,(t) (3.14)
It is common practice to approximation the motion and acceleration response spectra using
Sy & WSq (3.15)
Sq =~ W3Sy, (3.16)
As this types typically called pseudo velocity and pseudo acceleration spectra.

The pseudo acceleration spectrum that is calculated using the relative movement is in fact
equivalent to the actual acceleration spectrum when applied to a system that does not include

any damping. This may be demonstrated by looking at the equation below
il, + wiu, = —b (3.17)
So,
wiu, = —(b +1il,) = —il (3.18)

Therefore, the point in time at which the highest magnitude of the relative motion coincides
with the point in time at which the highest upper bound of the relative acceleration must take

place. The scale factor that differentiates the two is denoted by w3. This correlation will
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remain roughly valid even for systems that have a low level of dampening. It is typical to
make the assumption that such spectra for the actual acceleration as well as the pseudo
acceleration are identical. This is due to the fact that the majority of propulsion parts have a

low damping (generally 2% to 5%).

The Q factor is an additional frequent method that is used to describe the absorption in this

situation. The equation that describes the connection to that same damping ratio is as follows:

Q=— (3.19)

3.4.2 Multiple DOF System

Let's say a numerical equation of a structure is segmented using FEM in such a way which

the motion equations in matrix form are as follows:

Mii + Cu + Ku = f(¢) (3.20)

ﬁ(f}
A T T T T Y

Figure 3.5: MDOF System.

The base motion of the building is determined by the fact that it is connected at a variety of
locations to a single "ground™ (t). This vector is the same size as u, which represents the
entire number of DOFs; however, it only includes three distinct characteristics: : byt), byt),
and byt) . Now, the entity is denoted by the notation u, = u — b. If there is no load from

the outside, the motion equation is.

M(ii, +b) + Ci, + Ku, =0 (3.21)
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or
Mii, + Cu, + Ku, = — Mb (3.22)
Here, viscous forces in the system is used, as a result, Kb = Ch = 0
By solving (K — w?M)¢ = 0
¢ = [, ... Pl (3.23)

In accordance with the conventional procedures for modal overlap, the decoupled modal

solutions are as follows:
ij + 2{;w;d; + w}q; = —¢] Mb (3.24)

It has been taken for granted that perhaps the weight matrix normalizing of the eigenmodes
will be applied, as well as the damping matrix will be able to be diagonalized mostly by
eigenmodes. The normalizing of the mass matrix is not required, however doing so will make

some formulas easier to understand.

Here, qj denotes the fundamental coefficient for mode j; hence, one may express the relative
displacement as a linear function of eigenmodes, with the weighting determined mostly by

modal coordinate values:
u, = @q (3.25)
The support motion
b(t) = by ()1, + by ()1, + b, ()1, (3.26)

The number "1" is assigned to all degrees of freedom (DOFs) that pertain to X-translation,
whereas the value "0" is assigned to all other DOFs. Therefore, the equation of motion for

modes of motion is.

ij + 200;q; + w?q; = —¢TM(be ()1, + by (D)1, + b, ()1,) = —Tybe(t) —
Ty;by, (£) = Tjb, (0) (3.27)
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Here the multipliers ryj, And,
Tyj = ¢ M1, (3.28)

Therefore, when loaded by a fundamental motion in the direction k defined by a response

spectrum, the peak amplitude of mode j equals

Qrj = Sa(wj, ¢j, b () )Tk (3.29)

In another words the pseudo acceleration spectrum

~ Sa(w},¢jbk(t))Tkj
Gij = (3.30)
J

In a nutshell, the peak amplitude of a particular eigenmode is calculated by multiplying the
response spectrum value at the associated natural frequency (which is unaffected by the
structure) by the participation factor.

3.5 CALCULATION PROCEDURE OF RSA IN THIS THESIS
3.5.1 Parameters

35.1.1¢

It is the gravitational Acceleration

3.5.1.2 Site class

It is required that the soil at the site be categorized in line with Table 3.6.

Site Class F: A soil type that contains soils that are susceptible to probable failure during
earthquake loads, such as cohesionless soils, fast and incredibly sensitive clays, and

compressible weakly cemented soils, is called a seismically vulnerable soil profile.

Site Class A: Its measured between the hard rock types of soil. These measurements must
be performed in order to support the category. These measures may be carried out either on
the premises or away from the premises. In regions where it is known that the characteristics

of hard rock are continuous down to a depth of one hundred feet or more (30 m)

28



Site Class B: This sort of terrain will include conditions that are medium hard to soft rock
sites.

Site Class E: When a site does not meet the requirements for Site Class F and there is a total
thickness of soft clay that is greater than 10 feet (3 meters), and when a soft clay layer is
defined as having su that is less than 500 psf (su that is less than 25 kPa), then the site is
considered to be in Site Class G.

Table 3.6: Site Class Values.

Site Class Vs
Hard rock greater than 5,000
Medium hard rock In between 3,000 to 5,000
Soft rock In between 2,100 to 3,000
Medium dense sand or stiff clay In between 700 to 1,000
Loose sand or medium stiff clay In between 500 to 700
Very loose sand or soft clay Less than 500

3513R

According to Table 3.4 of Design Coefficients and Factors for Seismic Force-Resisting
Systems, the response modification coefficient.
3.5.1.4 Risk category

The risk coefficient was calculated based on Table 3.1.

3.5.1.5 Importance factor (le)

Importance factor is calculated according to Table 3.2

3.5.1.6 Seismic design category

Earthquake Design Class E must be allocated to any building in a region with a Risk
Category |, II, or 1l if the calculated spectral response acceleration constant at the 1-s

interval, S1, is more than or equal to 0.75. Structures belonging to Risk Category IV that are
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located in areas in which the estimated spectral response acceleration factor at 1-s period,
S1, is more than or equal to 0.75 must be classified as belonging to Seismic Design Category
F. The seismic design category that should be applied to every other structure is determined
by the risk level associated with it as well as the designed spectral response acceleration
parameters, Ss and Sy, that are calculated. The seismic design category according to Table
3.7 is given below.

Table 3.7: Table for Determining Ss.

Site Class | Ss<0.25 Ss=0.5 S$s=0.75 | Ss=1.0 S:>1.25
A 0.8 0.8 0.8 0.8 0.8

B 1 1 1 1 1

C 1.2 1.2 1.1 1 1

D 16 14 1.2 1.1 1

E 25 1.7 1.2 0.9 0.9

3.5.1.7 Evaluation of response spectrum

The following requirements should be attained by the design RSA

a. Atperiod, T, equal to 0 seconds, 0.01 seconds, 0.02 seconds, 0.03 seconds, 0.05 seconds,
0.075 seconds, 0.1 seconds, 0.15 seconds, 0.2 seconds, 0.25 seconds, 0.3 seconds, 0.4
seconds, 0.5 seconds, 0.75 seconds, 1.0 seconds, 1.5 seconds, 2.0 seconds, 3.0 seconds,
4.0 seconds, 5.0 seconds, 7.5 seconds, and 10 seconds, the 5%-damped design RS

parameter, Sa.

b. If the reaction time, T, is shorter than 10 seconds but is not equal to any of the discrete
data of period, T, provided in Item 1 above, then Sa is selected by linear interpolation

between both the values of Sa, of Item 1 above.
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If T < T, Sais calculated as even the rate of Sa just at period of 10 s of Item 1 above
multiplied by 10/T; and where T > T;, Sa is calculated as that of the value of Sa at the
period of 10 s multiplied by 10 T} /T,.

. The value of the model spectral response acceleration variable, Sa, is to be determined

in accordance with the equation that is shown in the next paragraph.
- I
S, = Sps (0.4 +0.6 To) (3.31)

The model spectral response acceleration factor, S, is to be taken as equal to Sy for all
periods that begin after T, and end before T;. This applies to all periods that begin after

T, and end before T;.

The model spectral response acceleration factor, S,, should be regarded as indicated in
the following equation for periods that are higher than T, and smaller than or equivalent
toT,.
_Sp1
Soe=— (3.32)

T

The Periods higher than T,, S, shall be taken as given in the following equation.

S, =l (3.33)

T2
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Figure 3.6: Parameters for Design Spectrum.

3.5.1.8 Maximum value of T

Tnax = CuTy (3.34)
Cu is taken from Table 3.5
The following is an approximation of the basic time periods that buildings have existed:
Tq = Cehy (3.35)
Here,
Ta is the estimate time period
hn represents the height of the top to the reference floor.

C: as well as the value x obtained from Table 3.8
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Table 3.8: Coefficient for Ct and x.

Structure o X
Steel MRF system 0.0724 0.8
Concrete MRF system 0.0466 0.9

Every single one of the other structural systems | 0.0488 0.75

3.6 TIME HISTORY ANALYSIS

Equivalent static force method is one of the easiest solutions for carrying out linear dynamic
analysis and serves as a representation of linear static analysis. That straightforward
approach adheres to formulas provided in the practice guidelines as well as involves minimal
computing work. Conversely, it also applies to specified structural system categories having
standardized geometries and capped heights [84]. Response spectrum analysis is also far
more efficient than a static equivalent when utilized as a linear dynamic method [85]. The
preferred method to assess structural behavior under seismic events defined through ground
velocity data is time-history analysis, a nonlinear dynamic analysis. One of most potent
method for nonlinear analysis, process integrations, is used to resolve the fundamental
motion equations for active seismic forces that sequentially influence the building
throughout different intervals At. A number of brief time intervals are used to assess the

reaction. The fundamental motion formula is:

MU(t) + CU(t) + KU(t) = —MUgx(t) (3.36)
Here,
M denotes the mass, C denotes the damping and K denotes the stiffness matrices,

The initials U, "U and U, respectively, stand for the vectors of movement, speed, and
acceleration. The ground's acceleration vector is Ug. Through setting the appropriate

interpolated formula, these above vectors as well as matrices can be computed for a single-

dimensional component [86]. The progressive format of the equation is as follows:
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MAU(t) + C(t)AU(t) + K(t)AU(t) = AP(t) (3.37)
Here,

The incremental displacement, velocity, and acceleration vectors are designated by the
symbols AU(t), AU(t) and AU(t), correspondingly. The outer seismic pressure's

incremental vector is represented by the vector AP(t).

The approach presented by Chen and Robinson [87] eliminated any restriction upon this size
of time frames as well as enables lengthier periods, even if the time intervals must be small
enough to offer a precise image of a rapidly moving time-dependent function when using
standard means. The implicit and explicit Runge-Kutta approaches are the foundation of
other strategies for resolving basic motion equations progressively [88, 89]. The dynamical
evaluation of the present investigation will be carried out using a ground stimulation. These
data were collected in EI Centro, nearby the fault, in 1940, at a geographical originating
distance of around 8 kilometers. The velocity time records for the two ground motion
earthquakes considered in this investigation are shown in Figure 3.7. The PEER Strong

Motion Database is where the ground shaking data are found.
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Figure 3.7: El-Centro Seismic Wave Acceleration Time History.
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3.6.1 Characteristics of The Seismic Signal

The earthquake pressures inside a building are often generated by the speed of ground
movement. Using two building models, a dynamic time history evaluation was carried out.
Understanding overall dynamic behavior of the structure under actual seismic load is made
possible through this kind of research. Figure 3.7 shows the results of the nonlinear time
history assessment both in the X and Y directions using the EI Centro (1940) data [90].

The 1940 EI-Centro ground motion had been observed at a ground area about 8 km from the
fault's surface propagation throughout an M-6.9 strike-slip seismic. The El Centro data is
available in a number of variations [91, 92]. Among the earlier and most popular relatively
close ground movement is the EI-Centro ground motion. The records of acceleration, speed,
and movement don't really include any pulses. The maximal ground acceleration for the two
model structure is 0.508 g, and the ground motion has a time evolution of 30 seconds. At a
time, interval of 0.02 seconds, full earth accelerating VS time record was accessible. El
Centro ground motion's amplitudes regarding ground acceleration, velocity, and
displacement (PGA, PGV, and PGD) are as follows: PGA = 0.32 g, PGV = 36 cm/s, and
PGD = 21 cm [93]. The work of Mollaioli et al and Mustafa and Takewaki [94, 95] could
serve as a foundation for additional ground shaking variables for ElI Centro, such as
accumulative velocity 1V, earthquake risk power factor AE1, as well as maximum power
spectral ordinate (E1) max, pertinent towards the fault-normal FN, and fault-parallel FP,

aspects of a ground movement.
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3.7 STRUCTURAL MODEL

ETABS is utilized in order to carry out the analysis for the plan of the high-rise construction.
In the course of the research, a rectangular floor design for a high-rise building of twenty
stories was taken into consideration. The third-dimensional finite element analysis was
applied to a total of three different models, including RCC Moment Resisting Frame (MRF)
model [Figure 3.8], Core shear wall model [Figure 3.9], Bracing frame model [Figure 3.10].

The models are denoted as Case-1, Case-2 and Case-3 respectively.
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Figure 3.8: Moment Resisting Frame Model (Case-1).
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Figure 3.9: Core Shear Wall Model (Case-2).

Figure 3.10: Steel Bracing Model (Case-3).
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Figure 3.11, Figure 3.12, and Figure 3.13 each show an illustration of the three-dimensional
elevations of the Case-1, Case-2, and Case-3 models, respectively.
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Figure 3.11: 3-D view of Case-1.
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Figure 3.12: 3-D View of Case-2.
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Figure 3.13: 3-D view and Bracing Orientation of Case-3.
3.7.1 Material Properties

In this particular analysis, the grade of concrete known as C35 was employed for the columns
and shear walls of all of the mathematical models, while the grade known as C30 was utilized
for the beams, slabs, and outrigger systems. Table 2 outlines the material properties of both
the concrete and the steel reinforcement used in the construction. In every model, the slab
thickness was determined to be 175 millimeters, and the column dimension was determined
to be 600 millimeters by 900 millimeters. In addition, a beam depth of 450 millimeters was

taken into consideration.
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Table 3.9: Mechanical Properties of The Materials.

] Compressive

. Density

Material E (MPa) v £u strength Fy (MPa) | Fu(MPa)
(kg/m?)
(MPa)

C35 27777 0.18 2400 0.002 35 - -
C30 25709 0.18 2400 0.002 30 - -
Rebar 210000 0.2 7850 0.3 250 420

3.7.2 Loading Data

In this investigation, the models are analyzed considering the linear dynamic analysis in
accordance with the requirements of ASCE 7-22. (ASCE-7-22, 2022). In this investigation,
the service dead load was determined to be 3.5 kN per square meter for each model, and the

live load was determined to be 4.0 kN per square meter.
3.7.3 Analysis Procedure

Calculating the maximum response value in each mode of a structure using a spectrum curve
is the first step in the Response Spectrum method. Once this value has been determined, the
method integrates the responses using model superposition. In general, a building's response
is the combination of multiple modes, and the Square Root Sum of the Square technique was
utilized in this particular instance. According to ASCE, [96] code spectral acceleration data
was developed once the modal load case was specified (Figure 3.14). Following that, the
data were reformatted into ETABS using the textual format. The data for all of the seismic
zones were generated using the soft soil condition Sc as the basis. A response spectrum load
case was defined after performing a linear static analysis. The initial scale factor was taken
Ig/R, where ‘g’ is the acceleration due to gravity, ‘I’ is the importance factor and ‘R’ is the
response modification coefficient for different frame categories specified in the above
sections. A modal analysis was performed for all the models based on the data. In light of
the fact that the code permits a minimum of 90% of the static base shear, the scale factor was
modified once more after the analysis was carried out. Because the rule requires a minimum

modal mass participation ratio of 90%, the mode number was also altered in order to comply
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with this requirement. Following each and every revision, the mathematical models

underwent a fresh analysis in accordance with the ASCE code.
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Figure 3.14: Period vs Spectral Acceleration Curve.

Following the completion of the dynamic analysis, both Case-2 and Case-3 data sets
underwent the non-linear dynamic analysis, also known as the time history assessment
(THA). The Takeda hysteretic model was used for the nonlinear TH studies that were done
in this article. When it comes to accurately expressing the nonlinear relationship that exists
between both the force applied as well as the associated deformation of both the structural
components, this model is often regarded as being among the very finest of those that adhere
to hysteretic laws. Figure 3.15 provides a diagrammatic illustration of the force—
displacement connection equations derived from the Takeda hysteretic model. Because it
was one of the most powerful earthquakes in recent history, the acceleration data from the
El-Centro quake were collected so that a reaction could be calculated.
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Figure 3.15: The Connection between Force and Deformation, as Well as a Graphic

The software model begins with the building's initial stiffness kO as its starting point. After
that, the model is loaded gradually until it reaches its linearity limitations. The construction
model enters the nonlinear zone when it surpasses the elasticity limits and arrives just at after
yield stiffness rk0. At this point, the iteration process begins to calculate stresses, deflections,

and stiffness. dy and dm are the displacements that determine both peak and yielding of the

Representation and a Model Constructed in ETABS.

concrete components, respectively.
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4. RESULTS AND DISCUSSION

4.1 RESULTS OF LINEAR DYNAMIC ANALYSIS

4.1.1 Story Displacements
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Figure 4.1: Story Displacement at Both Global X and Y Direction.
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Figure 4.1 represents the results of story displacement for every model that have been
developed. As the dynamic analysis was carried out, the model consisting with shear wall at
the core performed better; the displacement was the lowest for this Case-2 in both global-X
and global-Y direction. The maximum displacement for this model was 440.42 mm and the
lowest displacement was 6.49 mm for global X direction, for global Y direction the
maximum displacement was 142.3 mm which is a significant reduction from the global X.
On the other hand, Case-3 model consisting of shear bracing systems also depicted great
displacement reduction at both directions. The maximum displacement for this model was
527.24 mm and the lowest displacement was 9.50 mm for global-X direction, for global Y
direction the maximum displacement was 366.49 mm. However, case-1, consisting of only
MRF, showed an average of 28% and 76% higher displacement for both global-X and
global-Y direction respectively than the best-performing model at case-2. The maximum
displacement for this model was 566.92 mm and the lowest displacement was 11.50 mm for
global-X direction, for global-Y direction the maximum displacement was 584.43 mm.
Because of the absence of a stiffer system for resisting seismic forces the model consisting
only moment resisting frame depicted the highest displacement. The resilient effect of shear
wall was also observed by Ahamad and Pratap [97]. The study of Bharti et al. [98] also
suggests the effectiveness of bracing system against story displacements. As a result, the
combined effect of shear wall both at core and all the corners on case-3 exhibited the best

performance against seismic forces.
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4.1.2 Maximum Allowable Story Drift
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Figure 4.2: Maximum Allowable Story Drift at both Global X and Y Direction.
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Figure 4.2 depicts the maximum allowable story drift results for each of the generated
models. From the figure it can clearly be seen that the bracing systems and shear wall played
an important role to control the drift in both directions. The Case-1 model, which merely had
moment resisting frame was not able to control the drift values under the allowable limit.
The allowable drift was calculated from the guideline of ASCE 7-22, which is also presented
in Table 3.1. The obtained allowable drift value was 45.5. The highest story drift values for
Case-1 model were 51.8 and 52.08 whereas the minimum value of the story drift for Case-1
model was 12.75 and 11.95 at the global-X direction and Y direction respectively. The
graphical representation illustrates that almost all the story for Case-1 model did not pass

according to allowable limit.

On the other hand, the minimum story drift values for Case-3 model was 11.06 and 10.38
while the maximum value was 44.97 and 28.08 at the X and Y direction respectively.
Additionally, for Case-2 model, the maximum value of the story drift was 40.88 and 11.64
whereas the minimum value was 11.32 and 1.41 at the X and Y direction respectively. Both
Case-2 and Case-3 model consisting shear wall were able to keep the drift under the

allowable limit.
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4.1.3 Story Drift Ratio
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Figure 4.3: Allowable Story Drift Ratio at both Global X and Y Direction.
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Figure 4.3 demonstrates the results of the permissible ratio of drifts for every model that
have been generated. From the figure it can clearly be seen that both the brace frame and
shear wall played an important role to control the drift ratios in the global-X as well as the
global-Y directions. The Case-1 model that merely had moment resisting frame was not able
to control the drift ratio values under the allowable limit. The allowable drift was calculated
from the guideline of ASCE 7-22, which is also presented in Table 3.1. The obtained
allowable drift ratio value was 0.015. For Case-1 model, the largest story drift ratio was
found 0.017 and 0.0168 while the minimum value was 0.0049 and 0.0039 at both the X and
the Y direction, respectively. The graphical representation illustrates that almost all the story
for Case-1 models did not pass according to allowable limit.

Besides, the maximum story drift ratio for Case-2 model was 0.013 and 0.0038 at both X
and Y direction respectively. On the other hand, the minimum story drift ratio for Case-2
model was 0.0037 and 0.00102 at both X and Y direction respectively. Additionally, for
Case-3 model, the maximum value of the story drift ratio was 0.014 and 0.0095 while the

minimum value was 0.0043 and 0.0045 at both X and Y direction respectively.
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4.1.4 Story Stiffness
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Figure 4.4: Story Stiffness at both Global X and Y Direction.
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Figure 4.4 illustrates overall story stiffness values for each of the developed models. The
model with the bracing done much better during the dynamic analysis and for the Case-3,
the stiffness was highest in both global-X and global-Y direction. The maximum story
stiffness for this model was 1142431 kN/m whereas the minimum stiffness was found
123594 kN/m for global X direction, for global Y direction the maximum displacement was
1217306 kN/m which is significantly higher from the global X. The Case-2 model consisting
of shear wall at the core also depicted great stiffness enhancement at both directions. The
maximum story stiffness for this model was 1064025 kN/m while for global-X direction, the
minimum story stiffness was 135056 kN/m and for global Y direction, the maximum
stiffness was 9264284 kN/m. However, case-1, consisting of only MRF, depicted the lowest
story stiffness. The maximum story stiffness for this model was 1042367 kN/m. On the other
hand, the lowest story stiffness was 121503 kN/m for global-X direction, for global-Y

direction the maximum stiffness was 733186 kN/m.
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4.1.5 Stiffness Irregularity
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Figure 4.5: Story Stiffness at both Global X and Y Direction.
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Figure 4.5 demonstrates the acceptable story stiffness ratios for each of the generated
models. From the figure it can clearly be seen that bracing system and the shear wall played
an important role to control the stiffness ratios in the global-X as well as the global-Y
direction. Each of the models including Case-1 model which consisting only moment
resisting frame was also able to control most of the stiffness ratio values under the allowable
limit. The allowable stiffness was calculated from the guideline of ASCE 7-22, which is also
presented in chapter 3. The obtained allowable drift ratio value was 0.8 for soft story and 0.6
for extreme soft story. For Case-1 model, the largest story stiffness ratio was found 1.33 and
1.23 while the lowest value was 1.001 and 1.002 at both X and Y direction respectively. As
per the illustration of graphical representation, all of the story for Case-1 model passed

according to the allowable limit.

Conversely, the maximum story stiffness ratio for Case-2 model was 1.31 and 1.50 while the
minimum value was 1.006 and 1.07 at both X and Y direction respectively. Additionally, for
Case-3 model, the maximum story stiffness ratio was 1.339 and 1.174 at both X and Y
direction respectively. On the other hand, the minimum story stiffness ratio for Case-3 model
was 1.009 and 1.029 at both X and Y direction respectively. Both Case-2 and Case-3 models
consisting bracing and shear wall were able to keep the stiffness ratio value under the

allowable limit.
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4.1.6 Base Shear
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Figure 4.6: Base Shear Value and the % Change of Base Shear.
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Figure 4.6 shows the base shear values for all models that have been constructed. From the
dynamic analysis, it can be found that the model with bracing system depicted much better
and for the Case-3, the base shear has been the minimum in the global-X as well as global-
Y directions. The maximum base shear for this model was 9270 kN. On the other hand,
Case-2 model consisting of shear wall at the core also depicted base shear of 9799 kN under
the seismic load. This base shear value was 2.77% less than the Case-1 model which only
consists of moment resisting frame. The Case-1, which only included MRF, displayed base
shear that was approximately 8% greater than case-3's top-performing model. The base shear
value for this model was 10075 kN. The model consisting only moment resisting frame
depicted the highest base shear under the ground acceleration since it missed a stiffer

structure to prevent earthquake loads.
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4.1.7 Maximum Overturning Moment
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Figure 4.7: Maximum Overturning Moment Value and The % Change of the Value.
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Figure 4.7 illustrates the results of maximum overturning moment for the developed models.
From the dynamic analysis, it can be found that the model having bracing performed better;
the maximum overturning moment was the lowest for this Case-3. The maximum
overturning moment for this model was 443538 kN-m. On the other hand, Case-2 model
consisting of shear wall at the core also depicted the maximum overturning moment which
was 469746 kN-m under the seismic load. This maximum overturning moment value was
3.66% greater than the Case-1 model which only consists of moment resisting frame. The
Case-1, which solely contained MRF, displayed a maximum average overturning moment
that was 0.89% higher than the case-3's top-performing model. For this model, the highest
overturning moment was 453132 kN-m. All the maximum overturning moment was
obtained after the response spectrum analysis, with ensuring more that 90% model mass

participation ratio.
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4.1.8 Torsional Irregularity
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Figure 4.8: Story Mass-Weight Ratio (Torsional Irregularity) at both Global X and Y Direction.
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Figure 4.8 depicts the story mass-weight ratio findings for all developed models. From the
figure it can clearly be seen that bracing and the shear wall was crucial in controlling its
entire story mass-weight ratio in the global-X as well as the global-Y direction. Every model
including Case-1 model which consisting only moment resisting frame was also able to
control the story torsional irregularity under the allowable limit. The allowable story mass-
weight ratio for torsional irregularity was calculated from the guideline of ASCE 7-22, which
is also presented in chapter 3. The obtained allowable story mass-weight ratio value was 1.2
for torsional irregularity and for extreme torsional irregularity, it was 1.4. For Case-1 model,
the maximum story mass-weight ratio was 1.017 and 1.054 whereas the minimum story
stiffness ratio was 0.99 and 0.942 at both the X and Y direction respectively. The graphical
representation illustrates that all of the story for Case-1 model passed according to the

allowable limit.

Conversely, the maximum mass-weight ratio for Case-2 model was 1.03 and 1.06 while the
minimum value was 0.987 and 0.983 at both X and Y direction respectively. Additionally,
the maximum value of the mass-weight ratio for Case-3 model was 1.029 and 1.068 at both
Xand Y direction respectively. On the other hand, the minimum mass-weight ratio for Case-
3 model was 0.988 and 0.936 at both X and Y direction respectively.
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4.1.9 Fundamental Time Period
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Figure 4.9: Fundamental Time Period Value and The % Change of Time Period.




Figure 4.9 illustrates the results of fundamental time period for the generated models. From
the dynamic analysis, it can be observed that the model having shear wall at the core
performed better; the fundamental time period was the lowest for this Case-2. The maximum
fundamental time period for this model was 1.912 s. On the other hand, Case-3 model
consisting of bracing also depicted fundamental time period of 2.17 s under the seismic load.
This fundamental time period value was 20% less than the Case-1 model which only consists
of moment resisting frame. The Case-1, which exclusively used MRF, displayed a
fundamental time period that was 29.6% greater than the Case-2's top-performing model.
The fundamental time period value for this model was 2.71 s. All the fundamental time
period was obtained after the response spectrum analysis, with ensuring more that 90%

model mass participation ratio.
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4.2 RESULTS OF THE TIME HISTORY ANALYSIS

4.2.1 Base Shear
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Figure 4.10: Joint Base Shear for THA.

Base shear stress is shown vs time in Figure 4.10. Incorporating a shear wall has resulted in
a about 5.77 percent (Case-2) reduction in the stress at the bottom. As can be observed, the
base shear force for such shear wall simulation has been reduced for a significant portion of
the period, which demonstrates that the structure goes under a significant amount of stress
when the earthquake is being excited. Therefore, this decrease in generated forces
contributes to a minimization in the construction of the engineering structures, which in turn
results in a considerable reduction in the overall weight of the structure, which in turn results

in a lowering of the cost of building.

62




4.2.2 Energy Dissipation
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The over-all energy dissipation for both the model consisting bracing system (Case-3) and
Shear-wall at the core (Case-2) are depicted at Figure 4.11. From the analysis it can be seen
that the maximum energy dissipation was observed for the bracing model in Case-3. The
maximum energy dissipation was 2642.09 jule, while the minimum energy dissipation for
this model was 6.18 jule. On the other hand the Case-2 model consisting of Shear-wall
depicted great energy reduction performance against the EI-Centro earthquake. The

maximum energy dissipation was 1857.8 jule, while the minimum energy dissipation for this

model was 7.31 jule.
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Figure 4.11: Energy Dissipation for both Case-2 and Case-3 Models.




4.2.3 Absorbed Shear Percentage

a
250 - Case-2
Case-3 /
?200
: |
3
S 150
=
@)
)
-ﬁ 100 //
E 4 /_’N
< 50 //\
0
0 5 10 15 20
Story
b
3759~ Case-2
Case-3 /
300
S
Pl
S 225
=
)
: |
)
2 150
=)
7]
=
< s //
/‘/
1 //
— /\——
0
0 5 10 15 20
Story

Figure 4.12: Absorbed Shear % at both Directions.
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Figure 4.12 shows the absorbed shear percentage values for all models that have been
constructed. Against the EI-Centro earthquake analysis it can be seen that bracing and the
shear wall was crucial in controlling its entire story absorbed shear at both the directions.
For Case-2 model, the maximum absorbed energy % was 173.97 and 204.20 whereas the

minimum absorbed energy % was 4.46 and 26.20 at both the X and Y direction respectively.

Conversely, the maximum absorbed energy % for Case-3 model was 240.89 and 351.77
while the minimum value was 26.20 and 18.35 at both X and Y direction respectively.
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4.2.4 Roof Displacement
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Figure 4.13: Roof Displacement.

The over-all roof displacement for both the model consisting bracing system (Case-3) and
bracing system (Case-2) are depicted at Figure 4.13. From the analysis it can be seen that
the maximum roof displacement was observed for the bracing model in Case-3. The
maximum roof displacement was 71.48, while the minimum roof displacement for this
model was 65.08. On the other hand, the Case-2 model consisting of Shear-wall depicted
great roof displacement performance against the EI-Centro earthquake. The maximum roof

displacement was 61.97, while the minimum roof displacement for this model was 52.
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5. CONCLUSION

In view of the huge possibility for the deployment of current reliability systems in the
structures, it is imperative that the efficiency of each method be evaluated, analyzed, and
demonstrated in order to persuade the firms that design buildings to adopt them. Given this,
the earthquake resistant standards that are used in modern times deliver a somewhat
simplified model of a full view when it comes to evaluating the loads that are caused by
seismic activity. This might or might not be directly proportionate with the comprehensive
mathematical modelling effort that is frequently spent in portraying the structural system.
Therefore, it was possible to compare the various structural systems in both linear dynamic
and the time history scenarios in which substantial amounts of inelastic deformations are

anticipated. The analysis yields the following conclusions:

a. It was found that by stiffening the high-rise structure with a structural model, the

displacement and story drift during ground motion can be kept within limits.

b. Using both brace frames and shear wall at the core has a significant impact on control
structure displacement, horizontal irregularities, and overturning moment over MRF
model. To control the stiffness irregularity of the high-rise structural system. In terms of
story displacement, the model consisting of shear wall at the core (Case-2) depicted 76%
less story displacement than the MRF model (Case-1). Also the Case-2 model consisting
core shear wall depicted 3% less base shear, while the Case-3 model depicted 8% less
base shear than the Case-1 model.

c. Compared to the MRF theory, the model consisting of shear wall at the core (Case-2)
depicted 26% less story drift than the MRF model (Case-1), while the Case-3 model

depicted 15% less base shear than the Case-1 model.

d. Because of the regular rectangular form of the structures, no evidence of torsional

irregularity could be seen in either the global-X or the global-Y direction.

e. In terms of fundamental period, the MRF theory, the model consisting of shear wall at
the core (Case-3) depicted 30% less time period than the MRF model (Case-1), while the
Case-3 model depicted 21% less than the Case-1 model.
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f.

From the data of the non-linear analysis the Case-2 model depicted 11.8% less roof
displacement also the maximum energy dissipation was 39% less than the Case-3 model

which consists of bracing frame

Absorbed shear was significantly less for the shear-wall system than the model consists
of bracing system. Against the EI-Centro earthquake analysis it can be seen that bracing
and the shear wall was crucial in controlling its entire story absorbed shear at both the
directions. For Case-2 model, the maximum absorbed energy % was 173.97 and 204.20
whereas the minimum absorbed energy % was 4.46 and 26.20 at both the X and Y
direction respectively. Conversely, the maximum absorbed energy % for Case-3 model
was 240.89 and 351.77 while the minimum value was 26.20 and 18.35 at both X and Y

direction respectively.
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