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Abstract - The response spectrum method has long served
as a critical tool for researchers and engineering professionals
in understanding structural behavior under seismic loading.
With evolving construction practices and increased emphasis
on seismic resilience, response spectrum analysis is gaining
prominence in the design of modern multi-storey buildings.
This research aims to discuss the principles and practical
application of the method for structural engineers,
particularly within the framework of IS 1893 (Part 1): 2002. A
30-storey reinforced concrete (RC) building is analyzed using
ETABS 2016 under dead, live, and seismic loads. The building
is evaluated across seismic zones II, 1II, IV, and V to assess
variations in base shear, axial force, bending moment,
displacement, and tensile forces. The study highlights the
importance of seismic zoning and the integration of response
spectrum analysis in high-rise building design for improved
strength, stability, and serviceability.
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1.INTRODUCTION

Seismic analysis evaluates how structures respond to ground
shaking during earthquakes, considering inertia and
resulting lateral forces. Since real-time earthquake records
aren’t always available, the response spectrum method is
widely used for estimating peak responses. Equivalent static
analysis is suitable for simple structures, while dynamic
analysis is needed for complex ones. Concrete's versatility
makes it a preferred material, but durability factors must be
considered. Structural design should account for building
components like slabs, beams, columns, and footings.
Modern tools support performance-based design, though
complexity limits their use. Manual verification of software
outputs remains essential for safe and reliable designs.

1.1 Objective

1. To perform seismic evaluation of the structure.

2. Toanalyze the structural responses under seismic
loading conditions.

3. To compare the seismic response results of the
structure across different seismic zones (Zone-II,
Zone-IlI, Zone-1V) using E-TABS software.
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4. Toinvestigate a 12-story building model with a
uniform storey height of 10 ft.

1.2 Problem Statement

1. Perform seismic evaluation of a 12-story building
with uniform story height using E-TABS software.

2. Analyze structural responses under seismic loads
across Zone-II, Zone-IIl, and Zone-IV.

3. Useequivalent static lateral load analysis to estimate
seismic forces and mode contributions.

4. Compare seismic responses across zones to assess the
building’s seismic reliability and design implications.

1.3. Scope

1. This method provides a technique for performing an
equivalent static lateral load analysis.

2. Itenables a clear understanding of the contributions
of different vibration modes.

3. It offers a simplified approach for determining
design forces for structural members subjected to
earthquake loads.

4. Itisuseful for the approximate evaluation of the
seismic reliability of structures.

2.LITERATURE REVIEW

Rinkesh R. Bhandarkar (2012)-Studied seismic analysis of
multistory buildings with plan and vertical irregularities
using ETABS. Found buildings on sloping ground more
vulnerable to earthquakes than those on plain ground.

Rahul Ghosh & Debbarma (2017)-Used equivalent static,
response spectrum, and time history methods to analyze
setback buildings and suggested techniques (infill walls,
RCFST columns, shear walls) to mitigate soft storey effects.

Kolasani Rajasekhar & Maganti Janardhana (2019)-
Compared dynamic responses of RC framed buildings on
plain and sloping ground considering infill wall stiffness.

G Ajay & A Gouthami (2019)-Analyzed seismic performance
of regular and vertical irregular RC frames with/without
shear walls on sloping and plain ground using response
spectrum and time history methods.
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Das et al. (2020)-Reviewed seismic behavior of irregular
structures with plan and vertical irregularities, noting failure
risks due to asymmetry in past earthquakes.

Anirudh Raajan et al. (2021)-Studied mass irregularity
effects on storey drift and displacement across seismic zones
111, 1V, and V.

DR. K. Chandrasekhar Reddy & G. Lalith Kumar (2019)
Analyzed a 30-floor high-rise under seismic and wind loads
using ETABS, noting higher lateral displacements and story
shear in higher seismic zones.

Mindala Rohini & T. Venkat Das (2019) -Compared storey
displacement and drift in Zones III and V using response
spectrum and time history methods; found higher values in
Zone V.

Sagar Jamle et al. (2018)-Studied wind effects on irregular L-
shaped buildings, noting drift reduction and need for
detailed wind analysis due to structural projections.

Imad Shakir et al. (2021)-Reviewed structural stability,
safety, and analysis methods of high-rise buildings under
wind and seismic loads, emphasizing innovations for
sustainable megastructures.

Sushil Adhikari et al. (2020)-Analyzed torsional effects in L-
shaped buildings with different lift core locations; concluded
core placement significantly affects torsion and drift.

3.METHODOLOGY
Construction of Plan in AUTOCADD
ad
Import AUTOCADD Plan to
E-Tabs
A4
Elevate the plan to the required Storey level

4

Assign the Beam. Column, and Slab properties
to the structure

4

Assign the required load combination on the
structure

4 N

Analyse the Structure behavior at different
Seismic zones

4.ANALYSIS OF BUILDING
Table -1: Details of Square Building

Sr. No Title Specification
1 Shape of Building Square Shape
2 Dimensions of 20m X 20m

Building

3 Height of Building 41M
4 No of Floors Parking + 12 Story

4.1 Modeling of Buildings

Table -2: Details of Square Building

:]l; Load Title Description
1 Dead Load Self-Weight
2 Parapet Wall Dead Load
Load
3 Wall Load Dead Load
4 Floor Finished Dead Load
5 Live Load Live Load
Earthquake In X-
6 Eqx Direction.(Static Loading)
7 E Earthquake In Y-
v Direction.(Static Loading)
Earthquake In X-
8 Rsx . . . .
Direction.(Dynamic Loading)
Earthquake In Y-
9 Rsy . . . .
Direction.(Dynamic Loading)
Table -3: Grade Use for The Structure
Sr.No Material Grades
1 CONCRETE M30
2 STEEL FE500

4.1 Load Calculations
1- Dead Load-Self wt. of structure calculated by software

2- Parapet Wall Load- Width X height X density of bricks
X Per m.

=023 X 1 X18X1
= 4.14kN/m
3- Wall Load- Width X height X density of bricks X Per m.
=0.23 X 3 X18X1
=12.42kN/m

4- Floor Finished - 01 kN/m?2
5- Live Load- 02 kN/S
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4.2. Manually Calculations Seismic Load

Calculations

Direction and Eccentricity
Direction =X
Factors and Coefficients

Seismic Zone Factor, Z 7=0.16
Response Reduction Factor, R =5
Importance Factor, | I=1

Site Type =11
Seismic Response
Spectral Acceleration Coefficient, Sa /g

S+/g=1.36/T, S./g=1.069973

Equivalent Lateral Forces
Seismic Coefficient, An ~ An=(ZI*Sa/g)/2R

Table -4: Calculated Base Shear for x direct

Period Used Vb (kN)
Direction W (kN)
(sec)
X 1.271 13667.9232 | 233.9889

Direction=Y
Factors and Coefficients
Seismic Zone Factor, Z 7=0.16
Response Reduction Factor, R R=5
Importance Factor, | I=1
Site Type =11
Seismic Response
Spectral Acceleration Coefficient, Sa /g

Sa/g=1.36/T Sa/g=1.069973
Equivalent Lateral Forces
Seismic Coefficient, An  An=(ZI* Sa/g)/2R
Table -5: Calculated Base Shear for Y direct

Period Used Vb (kN)
Direction W (kN)
(sec)
Y 1.271 13667.9232 | 233.9889

4.3. Define Concrete Property

Fig-1: Concrete Property
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4.4. Define Steel (HYSD) Property

Ldy Material Property Data >

General Data
Matenal Name [-ososool
Matenal Type Rebar et

Directional Symmetry Type Uniaxial

Material Display Color Chanoe
Matenal Notes Modify/Show Notes
Material Weight and Mass
@ Specify Weight Density O Specsy Mass Density
Weight per Unit Volume |76.9729 | kM
Mass per Unit Volume 7849.047 kg/m?
Mechanical Property Data
Modulus of Elasticty. E [200000 MPa
Coefficient of Thermal Expansion. A [o.c000117 R =

Design Property Data

Modify /Show Materal Property Design Data

Advanced Matenal Property Data

Nonknear Matenal Data Matenal Damping Properties.

OK Cancel

Fig-2: Steel HYSD Property

4.5. Define Beam Property

14 Frame Section Property Data x |

General Data

Property Name BEAM 300 x 500§
Matonal M0 2
Notional Size Data Modéy/Show Notional Size 3
Deolay Color Ghance *—[
Notes Modéy/Show Netes

Shape
Secton Shape Concrete Ractanguiar

Section Propedy Source

Source: User Defined Propery Modfiers

Section Dmensions

Desth 600 mm

Cusmertly Defaut

Widh 200 mm

Fig -3: Beam Property

4.6. Define Column Property

f, ) Frame Section Property Data x

General Data

Property Name fcoLunn 750 x 759

Matenasl MO

Notonal Size Data Moddy/Show Notional Size.

Diwplay Color == ] Change

Notes Modéy/Show Notes.
Shape

Section Shape Concrete Rectanguiar
Section Property Source

Source. User Defined Property Modiers

Modéy /Show Modfiers.

Section Denensons Curently Defat

Depth 750 mn

Rerforcement
Wiath 750 mm
Moddy/Show Rebaer
OK
Show Section Properties Cancel

Fig-4: Column Section Prope&y
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4.9. Square Building SFD and BMD Diagram
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[ §) Define Load Patters

4.7. Define Load Pattern
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Fig-9: 3D View
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Fig-7:3D View
Impact Factor value: 8.315
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5.RESULT AND DISCUSSION STORY SHEAR IN
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Chart 3: Comparison of story drift ZONE-III
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Chart 3: Comparison of story Shear
ZONE ZONE ZONE ZONE 5 1 Results.
B X-DIRECTION(KN) W Y- e Increasing Trend: The base shear values rise
progressively from Zone 1 to Zone 4, indicating greater
Chart -1: Base Shear Comparison structural force requirements as zones change.

e Directional Consistency: In every zone, the X-
DIRECTION and Y-DIRECTION values remain nearly
equal, suggesting balanced structural responses in both
directions.

e Maximum Base Shear: The highest base shear values
(~500 KN) are observed in Zone 4, meaning structures
in this zone experience the greatest forces.

STORY DISPALCEMENT

5.2. Discussion:
e Theincreasing shear force across zones might be due to

varying seismic conditions or structural loads.
e Since both directions show similar shear values, it
. implies that the design maintains symmetry and

stability across different load conditions.
ZONE ZONE ZONE ZONE e Theresults can be used for engineering decisions, such
as reinforcement needs and structural safety
Chart 2: Comparison of story displacement assessments, especially for areas with higher base
shear.

STORY DRIFTIN 6. CONCLUSION

e Base shear increases gradually with the change in
seismic zone, from Zone Il to Zone V.
e 7Zone II shows the least base shear, while Zone V
I exhibits the highest, indicating greater seismic impact.

e Story displacement increases with higher seismic
zones; Zone V experiences maximum displacement.

e Story drift also increases from Zone II to Zone V,
showing greater structural deformation in higher
zones.

e Seismic parameters like base shear, story displacement,
story drift, and story shear all increase with zone
severity.

e The project provided hands-on experience in analyzing
seismic loads on a multistory building structure.

ZONE N ZONE I ZONE IV ZONEV

& ZONEV
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e It reinforced understanding of structural behaviour
under lateral forces and the application of engineering
principles.

e Both manual and ETABS-based analyses were
performed as per IS 1893 (Part 1): 2002 and 2016.

o ETABS software proved effective in saving time while
delivering accurate results comparable to manual
calculations.

e The manual base shear value was 19271.03 kN, while
the ETABS value was 18271.89 kN, showing minor
variance.

e Lateral loads increased gradually from the bottom to
the top floors in the software analysis.

e Seismic weight of the structure was approximately the
same in both manual and software-based methods.
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