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ABSTRACT-This research paper focuses on the
Pushover analysis of structures primarily designed to be
earthquake-resistant. Specific structural elements are
carefully designed to ensure the final building can handle
various loads and remain durable and fonctional
throughout its lifespan. The study involves a comparative
Pushover analysis of two BECC (Reinforced Cement
Concrete) framed structures. Pushover analysis 1s a static,
nonlinear method used to evaluate how a structure
behaves under seismic forces. particularly to vnderstand
displacement and deformation. This research utilizes
ETABS, a widely used structural analysiz and design
zoftware, commonly adopted in the construction industry
for designing buildings.

The main objective of the study iz to conduct a
comparative analysizs using Pushover methodology in
ETABS. The paper presents key results such as changes
in shear force, bending moment, and deflection. The
research also explores the use of simulation tools hike
ETABS for the analysis and design of buildings with
rectangular floor plans, including those with standard
vertical profiles and geometrically irregular multi-storey
configurations. The overall goal is to assess the behavior,
load distribution, and structural stability of the skeletal
framework of the building.

I GENERAL INTRODUCTION

Engineering i3 all about applying innovative
designs to overcome real-world challenges. Engineers
constantly seek efficient and cost-effective solutions to
complete tasks with a focus on achieving maximum
effectiveness. This approach contributes to the creation of
reliable and long-lasting infrastructure in our everyday
lives. In the broader context of engineering and
zpecifically civil engineering structural engineers play a
crucial role in the development of a nation. One of the key
challenges they face is designing structures that are both

acrnrnically ishle and stmctoealls afficient  snourmo

that the final design remains functional and durable
throughout its intended lifespan.

Thiz report provides detailed insights into
Pushover Analysis, with a focus on its application in
seismic load conditions. It explores various aspects of
structural desipn and how they are applied to the
construction of complex and ecritical structures. The
analysis and design work presented in this report has been
carried out using the ETABS software.

A review of several research papers revealed that
when the structure is subjected to Pushover analysis, the
target displacement limit 15 not exceeded, indicating no
failure. Hinge formations were primarily observed in the
beams, with more hinges developing in the X-direction
compared to the Y-direction. These hinges tfypically
formed between the Immediate Occupancy (I0) and Life
Safety (LS) performance levels, suggesting that the
structure remains in a safe condition.

The analysis showed that lateral loads acting on
storeys are higher in seismic Zone III than in Zone IL
However, the results for maximum storey displacement
and storey drift were found to be nearly the same in both
zones. The maximum observed displacement was within
the assumed target displacement, confirming that the
structure performed well apainst lateral forces. The
building’s overall response demonstrated significant
resistance to such loads.

Insights from engineers using various analytical
methods help in identifying potential structural issues.
When evaluating earthquake mmpacts at a particolar
location, seismic data from at least the past 30 years is
considered to estimate the expected magnitude. This
information iz vsed in the design of new buildings to
ensure they can endure seismic shocks. Bazed on analysis
results and the increasing demand for structural safety,
member cross-sections are adjusted accordingly. The
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report ako  details vanious  modifications made o
structural properies. Smectaral enginesring, as a broad
field, encomnpasses the construction of diverse stnictures
such as buikdings, brdges. and fowers. In cases where
I, spans. are regaired and intermediabe sappocts are Bt
feasible, solutions such as prestressed members or
nusrent-resisting franes are implemsented. Moreover, foc
structures  where mininal  material use oo reduced
foatprint s desized, applying such techeanlogics proves
sdvaningeois.

This reseasch haghlights enhacements made o
the latemal load-resisting frame system e Enprove cost-
efficiemcy. Modilkcatices 1o mesber dinsensions  ane
gpplicd w0 reduce structural weight and optinize load
distrifegion. The structure's perfommance wder desd load,
liwe ko, amel seisznic load is thoroughly tesied toevaluate
different design muiloomes.

II OBJECTIVE OF THE EESEARCH

Srnactural design is oo o the core principles in the field
of engizeenzg,. Lipon completizg an exgineering degree,
oo gains the tecluvical knnwledge required for desigming
and delivering projcis. However, excosting a project
invalves much more thas theoesetical understanding @
demands practical knowledge of every aspect, from
desiga codes o planning processes.

It hecame clear that eaming o degree alone woakdn's be
sulficient w0 achicve my camer goals I sneciuzal
engineerizg. There is @ vast ramge of additional skills and
wenls w0 be leamed o gain entry mio thas feld with a
atrong prodessional prafile. Recognizing this | decided o
specialize in oo of the ledisg structural design tools
ETABS. | aolled in full-time training 1o gaim in-depih
experntise in this software and subsequestly chose i as the
foundation for my thesis work.

This expericnce 1wsght me that engiseering is incomplete
without mastening modemy technologica] wools. Through
this research, | kamed o gres deal omed developed
practical skills eritical 1o real-world applications.

The peain ehjecoves of thiz research are:

To malyze a reimfiveed comerete (RC) framed sirucharne
under the effert of earthquake loading.

To sty the Pushower Amalysis resulss of G4, (rH3, and
{12 stovied buildings.

To cbserve hinge Iormations ot varkus structural joinis.
To compare pashover cumves  for eoach huilding
configuratim,

To investigate siorey doilt, momitored displacemens, and
cther response parascters weder the samne loading b
with different buildizg geometries.

Il MOTIVATION OF THE PREESENT EESFARCH

Structural enginesrs ooostasdly seck waps o optinuze
their desiges amd maximize the elficiescy of sneciumal
aysiemns. They frequendy moedify stnaciural elenmenis o
achieve suitahle lnsd dismbation and aim o minimdee

material usage, thereby creating  oosf-effective  and
resnurce-eflicient buikdings

To  achieve inmnovation  asd  significam
improvenents, designs aze often nmde visually stnking
and smectamally comples Modifications are introduced
fom tizne o time when a design mests all the requized
criteria and sdferes o applicable design oodes and
stamdards,  Additionally, rmesearchers  continue o
expeniment @ evolve existing methsds 10 obiain mew
carcomes and compare themn with cumrent ones.
If & desiga i deensed approgeiote and complies with
stnacbaral nomns, it undergoes a therough review process.
Faperts then ansiss its feasdhilizy in dewail, asd i meess
all  necessary  benchmarks,  approsal  for s
implementation is gramed.

| chose this topic for my research due o oy
sfrong inberes? i structural desigm amd my desire o gain
a deeper understanding of the design process. This study
mod anly enhanced sy knowledge in the ficld but also
introdduced me 1o several essential 1pols used o validate
and amalyze structural behavior. Through this joumey, |
discovered that this is cumesrily ome of the most relevam
and widely researched topikes, both @l prestigious
instizations kike the IITs and imsematicnally.

IV OVEEVIEW OF THE METHODRLOGY

This research imvolves examining vanows parameters o
wmcower the focts we ainsed o exploce. The methododagy
wwed must b well-established and practically applicable.
Therefore, ETABS was selected for this sudy, as it is
widely adopted in the Geld of structural analysis and
design today. Addditionally, exper! sapport s neadily
availahle = case of any technical difficulties during the
process.

A et hackgrooemd of the sofiware tools used in stecusal
design and amalysis s provided below. In this fiekd,
sevenal software programs ape comupoaly utilized, such
s

# ETARS

» RAr

» SAFE

# AMEYS

# STAADPRO

# STAAD FOLUNDATION
# STAADRCDC

st architectare albernatives run in padlel with ETABS
‘choud merviees and display  the findizgs in simple
graphical skke-hy - side comparisons. Mosdel for High
seismnic regions or  daily  enwimsuments, using  an
application of the Finite Flements. Optimize the HIM
concrete and  sweel  workflows  wih  complete
incorporation of physical and air.

A INTRODUCTION TO ETARS

The inmovative and sdvanced ETABS is the walinate
integrmted sodtware package for structiral asalysis and
design Built oo over 20 years of eontinucis reseanch and
developmen, the lotest vemion of ETAHS offers

DOI: 10.9790/1684-2202040108

www.iosrjournals.org

2 | Page



Assessment Of Seismic Behavior Of RC Buildings Through Pushover Analysis

wnasched 21F ohject-based necdelling and visualization
wonls. 17 prosides exceptionally st linear and soadinear
analytical capabilivies, alosg  with  advanced  omel
comprehensive desigm feasares for 2 owide mage of
materials,  Adklitcoally, ETABS  presents  inbaitive
graphic displays, repors, and schematic dowings tha
allorw users i quickly and elficiestly interpret and abiain
analysis and design resahs.

ETABS covers every phose of the engineering design
provess, from the imitial desigm creation o the geseration
of sefematic drawings, The model development process
bas never Been simpler mvuitive drawing ooonmands
enghle quick genemation of oor plans and elevation
fmmes. CAM drawings cam be directly isnpomed o
ETABS mmdels or used as femploies for overlaying
ETABS ohjects. The sdvanced Od-bit SAP solver
provides rapid analysis of lage and comples models,
supporing  monlinear msdeling  technigees such s
consmuetis sequescing and time-dependent effecs (e.g.,
creep asd shrinkage i

Structural analysis software plays a crucial ke in
perfoming seismic caloalations for building foasdations.
I today *s medem era whene computers are an istegral
part of every aspect of life relying solely on traditional
restbonk methods for analytical developmen, though still
imporiaed, is w0 looger  sufficient. The field of
construction and desiga has become 50 competigive and
advinced that the wse of computer sodtwarne bas hecome
essential. This section sfrodeces the stnectaral aoalysis
software ETARS, which bas become a key tood i nsodem
sinacbamal exgineering.

YV MODELLING OF STREUCTURE

Sodel creatiom is o fundamsental swep in the process of
chaiming accurate resilts for any construction project. R
invalves developing strctural  componenis sach os
bzams, codumns, and slabe. The modeling process mws
b precise, with sceurate dimensicns @ ensure relinhilizy,
Chice the struciural model is generated, it provides a clear
representation aof the bailding's entire (menework. With
the hielp oof this model, engimeers can idestify critica load-
bearimg weas and hetier amdersiond  the stnactuzal
behavior and type of the buildiag.

A structural enginesr can make mecessary modificatioms
eflficiently withoul wasting resources of labor by utilizing
the structural model. Beams asd columns ane positicned
strategically in cosure a sEnooth e sysiematic fow of
koads, nmintaiming the building's struciural isdegrity ane
functicaalizy.

VI ANALYSIS RESULTS

A. BENDING MOMENT DIAGRAL.

The ey pamameter for determinisg the amount of
reinforcesnent required ina beam is the bendizg momest.
It prroweicdes imsight inte the magnisude and effect of loads
acting on a specific structbanl member. The maxinwam
bendizg momest in oo member guides the meeessary
reinforcenent disign, Bendizg msent., defined & the

foroe mnuliiplied by the perpendicular distanes 51 8 given
point o section, is @ cruciz] factor o structural amalysis.
As ilbsmated = Figure |, beams are subjecied 0
wmilcemedy distributed loads, evidenced by the parabolic
shape of the bending momsent diagram. If a beam’s cross-
section s snaller than mequized, failure may ccos @
points of madioum Bending. Therefore, addizional
reinfomoemnent s provided in aneas sehjected S0 higher
bnads and greater bendisg moments.

.

Y Y

=
=
=
-
L

E.l'

Fig 1: Bendizg Momess Diagram of {et |2 Imegular
buikling.

Abhove high-nise 30 streommral freme with o regular
grid layeas. Consists of Eomeat-rescing ramses oo
braced frames. megdelel in reindorced conerete.
Multiple bays in beth X amd Y directioss,
suggestisg o symmetric of semi-symmetric floor
plan. These golars represent relatime displacement
mapnimde: or mode skepe defermandenz The
deformartion pattern imcrenses with beight, typical of
mode  shapes or pashover  displacensnts. The
structiure s vismlizing firse mode vibration
{fusdimental nwcde), or & puzhorer analyss reznle
The exsggerated defcmmmtion belps idently seft
stories. corsicnal Beksring, of lacersl displacemens
concemiracion. The unifonn gglgg, spread across
levels suggesss reasomably nniform stiffness, though
red zones fowasd comers might imply higher drift or
flewihilizy. The prid plane st the Baze suggess o
regular frundation grid syssenn. The small 50 amis
{hottoim gayers confirms globel X, ¥, E directions
for reference.
Thits visualization shows:

Haow the sinecture respends to dynamic loads.

Dietert irrepularsties in stiflness, mass, or geomeiry.
avd dezign validatgen or recroficong.
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Fig X Bemeding Moment Diagram of GG+ 12 regular
Erailding.

From fig | amed fig 2 we can clearly ohserve that bending
momient result will be greater i cose of mregalar

st s a5 cotppared to regular stnectures. So. we must
always give preferemee o regular geoesetry of huilding.
The bending moment which represents the semal
foroes resisting structumal  deformatics—ends o be
higher i@ frregular strocteres dee w0 their
discominuities, asymmetnic kad disaibaticn. ed varying
afiffbwss across different sections. Here's 2 deeper
Ereak dove

EBending Momsemts sre Hizher in Irregular Seraoture:
becanze of following poines:

L. Uneves Load Dismmibutione Imegular buildings often
baye asymenetnic layows or varying swory heighis, leading
s umeven Bonce distribution throughout the structurne.

P Suddes Changes in Stffness: Features like sethacks,
overhasgs, of imegular floor plans create localized
afiffmss variations., causing aboupt force trassitions

3 Torsiomal Fffects: bregulasities introduce sorsion,
where the buikling experiences rotaticnal forees due o
wmbalanced nmss or knad distribution, inereasing besding
enomeTis i stnectural elements.

4. Sepmic Performance |ssues: During eartbgpakes,
iregular stnaciures exhabit higher sirss comcentratinns,
amplilying bending momends = beams and colwnns,
sltich can weaken the structural istegrity over timne.

Advenmmpes of Regular Geomsetry in Boildinpz
. Uwiform Load Distribeton: More predictable
Ehavior under gravity and lateral fosees, reducing siress

paosdTits.

. Efficient Mlmterinl Uze: Regular siructures
require bess reinforcemsent since forces are beiser
mramaged, kading o cost-elfective consmictis

- Epkanced Fmucrurs]l Srabilor Symemeincal
Feolsetry  mainimizes  unwamed  tosional  effecs,
improving seismie resilience,

. Simplified Desizm & Anabyzic Smactusal
caloalabions and software sinedlations (like ETABS and
BTAAD Pro. which wou're skilled at usizg) waork nwome
efficiently with regular struciures.

Diezige Conziderations
If & irre guilar geometry is unaveidable (for functicnal oo
aesthetic Teasoms L, engineers can:

L Use reinforced shear walls to balance stiffness vaniations,

il Ohptimize columm layvoass 1o nanimize lnsd imbalaswces.
i Fmnploy hase isolaters or dampers o reduce dynamic

siness conoeniratiss.
B. EASE SHEAR VEDISPLACENENT.

e of the primary challenges im achieving an eficiem
stnechural design i controdling deflection.  Dedlection
oxpuirs die to thee loads applied 10 8 stnecture, and it is the
responsibility of a structural engizeer (o mininsee o
within scceptable limis, According 1o 15 45020040, the
peermissible deflection for a stnecteral member shoald s
excend L2230 {mmm), where £ is the effective spam of the
meieker. Adbering to this guideline ensures bath safety
and serviceahility of thee structine.

Monitoned Displacement (mm) Shear
L2
-106.07 1.3557
96 113
-B4 115
-T2 1
-B0 D.E5
-4 0.7
-36 055
-24 04
-12 0.2
a 1]

Tahle 1; Resuli valwes of Hase Shear vs Displacement
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Comparation Craph Bace e o8 Narvorsd Dipiacement

e 1 o b e e —
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e

-2 d — —a - .
B med mgr® G-t o

Fig 3: Base Shear vs Dusplacement {(412).

It is evident tat maumum deflectsom typucally ocows m
high-rise budldings. however, it can be reduced by
mtroducig 2 cobumn &t med-span oc by mwoditying the
cross-sectiooal properties of stuctural members. As
illuszuted in Figure 4, displacement increases with the
nise in base shear. Base shear is a result of laseral forces
acting on the strocture, sach as those caused by wind oc
seismie activity. When a larger partion of the bailding &
in contact with the growod, the magnitude of hase shear
tends w0 be higher.

Detlection is evaluated hased an load combeatsons, and
it typwcally occows in two  directioss:  vertcal and
bocvzontal. Vestical deflection results from gravity-
mduced loads, such as the selfweight of the stnucture and
live loads. On the other hand. hoazoatal deflectsm s
caused by laeral forces, commonly refeved to as

canhquake or seismic loads.

C. AXIAL FORCE DETAILS.

Axsal force refers to the load that columes trunsiut akmng
thetr lezgh, It results from the cumulative effect of
various farces including live load, dead load, seismic
kad. flooc finish load. and the self-weight of stractuzal
clements like beams and columns. These forces ane
cransferred vertically through beans mito the columis and
then camied down to thee foundation and ultimasely 1o the
waderlying sod simata. Foo effickent load trassfer, i@ s
essential that columns ave well-nsegrased with flooe
beams 1o maintain a continoous load path. However, in
this particalar stedy, some codamns were deliberutely
cmitted near the staircase area Lo optimire spatial
efliciency and enhance ussble space.

Fig 4(b): Axial forces on each columin in GHE

Figures 4(a) and (b} cheardy ilbestrate thae axial load
increases progressively from the wop storey to the bottoen.
Thds is due %0 the cumulative effect of loads from cach
suceessive Boor being transferred 50 the colunes below,
resulting in 2 gradual nise in axial force down the height
of the structure.

VII HINGE RESULT
Hinge Rezult: axd Struccursl Capacicy

Hizge resalts can be obsenved at varous pouts of a
strachural member. These results help determime the
capacity of cach part %o resist besding mamesss. This
unalysis provides insight 2o how mvech beading mament
a partksdar structural element can withstand As i
Sz, bending moments occur due 1o applied koads, and
as the load increases. the overall mwoment acting on the
stracbure also increases. When the stractural element
reaches its maumum capacity % resist further loading. o
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F i Pls g Wl il

forms a plastic hisge. Heyond this point, any addizional

bnad mnay bead 1o ailure.

Fig 4: This graph presents the plastic hinge rotation of
caluens during & peshover asalysis. Here's what it
depicts:

& N-dis (Codwrm [Ds)e 1t lists dhe columes (CL
oL L.

& YoAxis (Plastic Hisge Rocation]: |2 guansilbes
the rotatics in radians,

= Key Rafety Limits:

o Life Safety Limit: Represested by a
Faorienntal line at (L0 redians

o Collapse Prevention Limit: Marked a2
O radians,

ez hars sbvow ko each eolumn responds. For examnple:

* U Evceeds the Collapse Prevention Limit: 12
inlicates a high risk of Gilure,

= {hhem Vary: Some remain below the safety
threshiold, while others lie i= berween

I'kis graph effectively highlighes which colenms mighs
szl reindorcement or Teevaluation w0 ensure stouctural
imegrity and safety.

VIII COMCLUSTON

Iis research paper focuses oo the pasbover analysis of
bagildings  with  varving  story  configurations  and
@enieiries w examine their bebavier and resistasce when
subjiected o cathaguke forces. The study was primarily
conducied oo G4, GHE, and GF1Z soned buildings,
both widh regular asd imegalar structares, o adersiand
the effects of pushover analysis on baildings with the
saipe number of stomes but dilferent geometnical designs,
Fig 7 amd ¥ illustrate the sigmitbcant differemces in resuls
alien the geometry of the same structure is altered. even
though the loed remains eomstant.

i 17 et Sa b L e N ]
o o - T ™ ™
e FEE0 | g
e e I ¥ e
e -
i
il
| T
1.
| .
o=
.
is
L e e e T T |
i O W W W B
B i BeraFampal Jim e el ey
e L w Cw
s Yo B Pl B §
S B Y. L LB

Fig t Dhsplacement due o MUSH-X in G (lmregular).

Monitored Displascement Base Shear

{ruma} (k)
-97. 35 1.57E8
-0 149
-al 1.75%
-0 L&
-l 14
-5 1.2
-4 1
-3 075
-0 L5
-1 025
0 0

Fahle 2: Resali values showing Displacement v's Base
shear im Urt mmegular building.

SR ey Se— — T L TN

SRR
.
o

s

i

w

Fig " Comparative Pushover Curve: FUSH X v PUSH
Y.
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1. PUEHX (Elue Corve):

o Shows a higher hase shear capacity
acToss the displacemen range.

o Peaks at around 200 K ot de largesi
megative displaceneent.

o Indicales stoeger perfonmance or
atiffmess i the X-direction.

2. PUSH Y (GFreem Corve):

o Lower base shear values throughout the
range compared to FLSH 5.

o Peaks of about 1.4 B3l suggesting o
relatively more Bexible or wealker
respanse in the ¥.direction.

Interpretation:

®  This gaph is sypically wsed in smectisal
engineenisg i compane hiw o stnectere responids
o lateral boads in two cotbaeggoeal dicections (X
and 1.

#  The PUSH X dizection can resisi move latemal
boad bexfiore sigmilican displacemnent, meaning i
may be stilfer ar betier reimforced than the PLISH
Y dizection.

#  The curvis saggest directional dependency in
the stmictural response, which can indorm
retrofitting, reimfocement, or design locus

Aarsas.
L] au
h_ au_”“ﬂmm
BT fagemd
ke ¥ m i
aarimm Ly
ok s ) L
] 1
N
(1. ™
I-..
i..
| N
L LI
L
Em-
By o 0 1 v ox o oa v bow
A G o JE e R R
e L D T ]
g
|- i el

Fig 4: Displacement due wo PUSH-X in Ged { Regular)

From the resdis of differenmt stroctures with the same
saemiber ol stories, it is clearly ohserved that the hase shear
15 highest in buikdings with o regular condiguration, while
the maximum displacement & more lkely o oocur in
irregular structures. Additicoally, the Bease Shear vz
Momitered Displacement graph shows 2 linear
relationship for irmegular structiires, whereas it lellows a
mre curved, illusiative patiers for regular sructhires s
CeTiain poinis.

Monitored Displacermemt Base Shear
[mm] Lot
-176.79 3.035
-340] 2.8
-300 25
-2 2.2
-2 149
-181 1.6
-140 1.3
-100 1
-&0 0.6
-20 0.2
(1] o

Tahle 3: Hesult vabsis of Bese Shear w's Monitosed
[Hsplacemens

R Mo’ s Mol Dion g sipie=-s]

.-"‘FF...

\

= o T

merm e e

Fig % B Shear w's Monisored Displacensent

Fizavailing Bans hldd’ Delvila s on by Drlpladssasrd P

min's . i R

Fig 10 Estimated dismribution of base shear acroes
different displacemens ranges.

Figures % and 10 ilustraie how the results of a (=12
irregular buildizg differ fraom those of o GHI2

basilding. These figures chearly imdicate the optimal
configuration for structuning the geomelry o essure
safety and resistance to grester loads with mimdmal
effecss. The pushover curve i these two grapbs shows
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results for thineen-saory buikdings with different plans b
wentical loading. While the loading mfbeences each
result, the gevenetry of the structure plays a critical role in
shapizg the s, As seen in the grapbs, hase shear
displocement  increases as the structure's  geometry
changes. In the fimst cese, displacement reaches a
maxizum point, while i the second case, the struchare
collapses s indicated hy the drop im the curve, shewing o
doigbde curve formation.

From these ohservatioss, we gaim isight inte the
bechavior of different sysiems al vanous junciares. Such
fizdings belp in wsderstanding how o address stnaciuzal
failures and better resist exsemal forees. This process,
fmowm s pushover analysis, is typically pesformed on
euisting structures, but in this research, we apply i2 6o mew
stnachares using software so determine the key design
vilues nesded 1o esfanees o buildisg's smength and
resistanee.
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