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Abstract: This study presents the seismic analysis and design of a G+6 reinforced cement concrete (RCC) commercial
building located in Amaravati, Andhra Pradesh, which falls under Seismic Zone I11. The structural modelling and analysis
are carried out using ETABS software by considering dead load, live load, and seismic loads in accordance with IS 1893
(Part 1): 2016 and IS 456:2000. The Response Spectrum Method is adopted to evaluate the dynamic response of the
structure. The maximum storey displacement under dead load is observed as 6.1 mm in the X-direction and 4.42 mm in the
Y -direction, while under live load the corresponding values are 4.006 mm and 3.579 mm, respectively. For seismic loading,
the maximum storey displacement under RSX is 0.094 mm in X-direction and 0.100 mm in Y-direction, whereas under RSY
it is 0.078 mm and 0.153 mm, respectively. The computed storey drift values for all load cases are found to be within the
permissible limits specified by IS 1893 (Part 1): 2016. The maximum base shear occurs for load combinations 1.5 (DL +
RSX) and 1.2 (DL + LL + RSY). The fundamental natural time period is obtained as 2.343 seconds in Mode 1. The overall
bending moment and shear force values are within acceptable limits, indicating satisfactory structural behavior. Based on
the analysis results, the G+6 RCC commercial building is structurally safe and stable under seismic loading conditions.
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l. INTRODUCTION slabs, and shear walls forming the primary load-resisting
system. Seismic loads are determined in accordance with IS

The occurrence of earthquakes in different parts of India
highlights the need for earthquake-resistant structural design,
especially in rapidly developing urban regions where
multistory buildings are increasingly common. Ensuring the
safety and stability of such structures during seismic events
has become an important aspect of modern civil engineering
practice. In the present study, a G+6 reinforced cement
concrete (RCC) commercial building is selected for seismic
performance evaluation. A three-dimensional structural
model is developed in ETABS software to simulate the
behavior of the building under earthquake loading
conditions.[2] The study area, Amaravati in Andhra Pradesh,
is classified under Seismic Zone Ill according to IS 1893
(Part 1):2016, which represents a region of moderate seismic
intensity. The building consists of RCC beams, columns,
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1893 (Part 1):2016, while the structural design procedures
follow the provisions of IS 456:2000. Dynamic analysis of
the structure is carried out using the Response Spectrum
Method to evaluate the seismic response of the building.
Parameters such as lateral displacement, inter-storey drift,
natural time period, base shear, and member forces are
analyzed to examine the structural behavior and serviceability
during earthquake action. Seismic analysis plays a significant
role in predicting how structures respond to dynamic ground
motions and helps engineers design buildings capable of
withstanding earthquake-induced forces without major
structural failure. [1, 2]

Seismic analysis is performed to study the behavior,
stability, and structural reliability of buildings subjected to
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earthquake forces. A structure experiences different types of
loading conditions such as dead load, live load, and
earthquake load. Among these, earthquake forces are time-
dependent dynamic loads that significantly influence the
response of the structure during ground motion. The seismic
response of a building is affected by parameters including
structural height, lateral stiffness, soil properties, and the
seismic classification of the location. In the Indian context,
the procedures for seismic evaluation and earthquake-
resistant structural design are governed by IS 1893 (Part
1):2016. The code provides detailed recommendations for
calculating seismic forces and analyzing structures under
earthquake conditions. Important design parameters
considered in seismic analysis include the zone factor,
importance factor, damping ratio, and response reduction
factor, all of which contribute to achieving adequate
structural safety and performance during seismic events. [4]

» Introduction to ETABS

ETABS (Extended Three-Dimensional Analysis of
Building Systems) is a specialized structural analysis and
design software developed by Computers and Structures, Inc.
(CSI). It is widely used by structural engineers for designing
the residential, commercial and Institutional buildings such
as hospitals, malls and multi-storey buildings. ETABS
provides integrated environment for the creation of three-
dimensional structural models by assigning material
properties, defining loads such as live load, dead load, wind
load, snow load, seismic load etc. This software supports both
the linear and non-linear analysis and capable of handling
structural elements such as beams, columns, slabs, shear
walls and bracing systems. [3]

1. LITERATURE REVIEW

Prem Kumar et al. [1] investigated the effect of shear
wall placement on the seismic performance of reinforced
concrete multi-storey buildings. Using response spectrum
analysis, the study compared conventional RCC frames, shear
wall systems, and combined structural configurations under
earthquake loading. The results showed that proper
positioning of shear walls significantly improves structural
stiffness, stability, and resistance to lateral forces by reducing
displacement and enhancing overall seismic performance.

Nafisa Anjum et al. [2] evaluated the seismic behaviour
of a 10-storey reinforced concrete building using ETABS
based on BNBC 2020 provisions. The study compared
pushover analysis and response spectrum analysis,
highlighting that response spectrum analysis is effective for
design-level evaluation, while pushover analysis provides
better understanding of nonlinear structural behavior and
damage progression. Parameters such as storey displacement,
drift, and base shear were assessed, confirming the reliability
of both methods in seismic performance analysis.

Chandrasekhar Reddy Kamasani and Gullapudi Lalith
Kumar [3] studied the analysis of a 30-storey reinforced
concrete building using ETABS software. The building was
subjected to dead, live, and seismic loads, and key structural
responses such as bending moment, shear force, axial force,

IJISRT26JUNO63

International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/26jun063

base shear, and lateral displacement were evaluated. The
study also compared results across seismic zones Il to V,
showing that structural response increases with higher
seismic intensity.

K. Satya Mahesh et al. [5] conducted the design and
analysis of a G+15 commercial RCC building using STAAD
Pro in accordance with Indian Standard Codes. The study
focused on structural safety and stability by evaluating
parameters such as shear force, bending moment, deflection,
and displacement under seismic conditions. The work also
included soil investigation, load estimation, reinforcement
detailing, structural modelling, and preparation of drawings,
along with functional planning features like parking and
green spaces.

> Objectives

e Developed a three-dimensional structural model of the
G+6 commercial building in ETABS by incorporating all
major structural components such as beams, columns,
slabs, and walls.

e Calculated and applied various structural loads, including
dead loads, live loads, and seismic loads, in accordance
with relevant design standards and Performed seismic
analysis of the building using the Response Spectrum
Method as per the provisions of IS 1893 (Part 1): 2016.

e ldentifying the critical structural members governing
seismic response of the building.

e Ensure that the proposed building design meet the
minimum requirements and safety factors prescribed by
Indian Standard codes of practice.

» Scope of Study

e Prepared the floor plans in AutoCAD and defined the
overall geometry of the building, including base area, total
height, and floor heights.

e Analyzed the axial forces, shear forces, and bending
moments developed in beams and columns under seismic
loading conditions.

e Adopted the Response Spectrum Method for seismic
analysis by considering important seismic parameters
such as zone factor, importance factor, response reduction
factor, and soil conditions.

e Conducted seismic analysis of the G+6 commercial
building using ETABS software.

e Interpreted and evaluated the analysis results obtained
from ETABS software.

1. METHODOLOGY

This project focuses on the systematic analysis and
evaluation of a building subjected to seismic loading
Conditions. The study begins with the collection of essential
structural and design data, including geometric details,
loading information, and material specifications. The
building is modelled using ETABS software to simulate its
structural behavior accurately. Material characteristics and
sectional properties for structural elements such as beams,
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columns, and slabs are then assigned based on design
requirements. Different types of loads, namely dead load, live
load, floor finish load, and wall load, are applied in
accordance with the relevant Indian Standard code
provisions. Seismic analysis of the structure is performed
using the Response Spectrum Method to assess the response
of the building during earthquake conditions. The structural
performance is subsequently evaluated by examining
parameters such as storey displacement, storey drift, base
shear, and internal member forces. Finally, the results
obtained from the analysis are interpreted to understand the
seismic behavior and overall structural efficiency of the
building. The functional planning of the structure consists of
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a six-storey hospital building designed to meet the required
spatial and structural requirements. The architectural plan of
the building is prepared using AutoCAD software. The
overall dimensions of the building are 50 m x 40 m, while the
total built-up area measures 19 m x 36 m. The height of each
storey is maintained uniformly at 3.6 m throughout all the
floors to ensure proper functional and structural stability of
the building. Before starting the modelling process, the
necessary data like building details, design data and structural
parameters are collected. This data is important for the
performance and accuracy of the structure. The design and
analysis of the structure is carried out according to the
following Indian Standard Codes.

LT 1] 1)
W Gl
A 1]

Fig 1 Plan, 3D View & 3D Analysis Model of the Building

ETABS software is widely used for the modelling and
analysis of multi-storey structures subjected to various
loading conditions. In the present study, the structural model
of the hospital building is developed systematically using
ETABS. Initially, the grid system is established according to
the architectural layout of the building, which helps in
positioning structural components such as columns, beams,
and slabs accurately. The vertical configuration of the
building is then defined by assigning storey data in the
software. The structure consists of six floors, each having a
uniform storey height of 3.6 m. After defining the geometric
layout, material properties for concrete and reinforcement
steel are assigned based on the selected design grades.
Important material parameters such as density, Poisson’s
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ratio, compressive strength, and modulus of elasticity are
specified to achieve accurate analytical results. Section
properties for beams, columns, and slabs are subsequently
defined, as these properties directly influence the stiffness,
strength, and overall response of the structure under loading
conditions. The modelling of structural elements is then
carried out by placing columns at grid intersections,
connecting them with beams, and assigning slab elements
over the structural framework. To ensure proper transfer and
distribution of lateral loads, rigid diaphragms are assigned at
each floor level. This assumption simplifies the analysis
procedure and effectively represents the in-plane behavior of
reinforced concrete floor slabs during seismic action.
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Fig 2 Dead Load, Live load, Seismic Load in X-Y Direction

V. RESULT AND DISCUSSION

This study focuses on the seismic analysis and structural
design of a G+6 reinforced cement concrete (RCC)
commercial building situated in Amaravati, Andhra Pradesh.
The structural modelling and analytical procedures are

performed using ETABS software by considering various
loads such as dead load, live load, and seismic load in
accordance with the provisions of IS 1893 (Part 1): 2016 and
IS 456:2000. The dynamic behavior of the structure under
earthquake loading is evaluated using the Response Spectrum
Method. [5]

lliill‘.
“nolPd

IJISRT26JUN063

Fig 3 Bending Moment & Shear Force Under Dead Load, Live Load, Seismic Load in X-Y Direction
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Fig 6 Base Shear in X-Y Direction

WWW.ijisrt.com 73


https://doi.org/10.38124/ijisrt/26jun063
http://www.ijisrt.com/

Volume 11, Issue 6,

ISSN No:-2456-2165

June — 2026 International Journal of Innovative Science and Research Technology

https://doi.org/10.38124/ijisrt/26jun063

| e Say Bevtion | Locaton X0 YOr Tower 11 Warmam Sary Dnpiacoment Sy Boviion | Looion XOr YOor
e e n ™ ) ” g o
= ‘ 0 |w A BNl - | e
e S0yt %7 Top 4360951200 | 3342807535 - 308 %7 T 15/ | 3411874851
e o {12 Son7 21 Top IST2IS464.. | 3036164513 (= 097 a1 To 256752741... | 2850585974
o wm -
v L i Son 185 Too 2670236805 . | 255736041 S 185 T 1560636037.. 2256933837,
i -
= o 159 T 1ENETTIEL. 1966120489 - o5 159 To 13645168 . |1 652961683
- St 23 Top 106417821 137223549 - Sapd 3 T 0380780, 1128312,
(i o3 8700000000.. |Top 0422726521.. | 08SITR37. - |ova  [800000000.. |Tep 031370 (0707868
= o2 5100000000 |Top D 111120601.. | 1658786812 o |92 5100000000 | Tep 010679560 |1 21298747,
o =, !
e e e e T Sy 15 o 0026679711, | 0061642608 e e [Son1 15 To 000682342 (00354758
(Duplacement mm R Displacement. mm. T
Tl A e |0 w o T i L O L AN p
Storey Displacement under dead load
e e
|
3s
s
- =30
£ £
e £2s
I 1
] 8
b . I
10
11 om
0s
| omssos  ou &
Us B Smwl oz | Stoy3 oa Boe  Sowl
Fig 7 Storey Displacement Under Dead Load, Live Load
mame s — Bevaton | Locaton *Dr o ey o] Bevaen | Locaton XDr *0r
— Tower T, Maximom Swary Disslacement m mm . Tews: 71, Wazmem Story Dpiacemant " - ™
- 303 Top. 0.034553300... | 0.100851082. 03 Top 0078805774 . |0.142628178.
.:.,_ Sory8 267 Top 0101682856 . |0.094135477. Stond %7 Top 0073702439 .. |0.152332685.
E‘;’i ;,'.':“ : Stary? 21 Top 0100913633 (0091963734 :;'T : Story? 21 Top 003125122 |0.MS413746.
':‘, =: - Sory§ 195 Top. 0.0957457%9... | 0.083812403.. = = Stod 15 Top 0061507960... |0.138266086.
e it StoryS 159 Top 0.084255543... (0070246804, — - Stony 159 Top 0051002733 .. |0.120756226..
: Soryd 123 Top 0.067426856... |0.05215%022.. : Storyd. 123 Top 0038215072 . |0.0S7706432
- Story3 8.700000000.. |Top 0.046500650... |0.031404315 - Stoy3 8700000000 . | Top 002420403 |0.069834388
[ Story2 5.100000000... |Tap 0023340134 | 0015722298 . Stoy2 5.100000000... | Top 0011218738 .. |0.03695625%.
TR Soy1 15 Top 0002493854 . | 0001582730 e Ston! 15 T 0001253049 _ (0.003706008.
e
Bl " e 0 T b v LT b P L :
Storey Displacement under RSY load
016
= Genction
010 mm vouecian i = veacion )
0.4
oom 012
H H
E E
= EO]U
fom H
k| Foos
§ ]
a a
goos goos
H ]
2 é
004
0.02
002
000l 000l
Story 3 Story 4 Story § Story 6 Story 7 Story 8 Story 9 Story 4 Story 5 Seory 6 Story 7 Story 8
Story Level
Fig 8 Storey Displacement Under Seismic Load in X-Y Direction
C—w T ——— - Soy | Bevan | locabon | XOr Y0 —— A oy e Soy | Bevan | Locan [ Yor
T n e L
1 r .
ol 03 Top {0o0s7e20 . 0001000028 | — 03 Top 0000257744.. | 0000353942
Sl %7 T {0co01sass .. |0co0nmssas S | Syt %7 Top 0.000162884...| 000014163
Ston7 a1 oo {00002¢630s... |0.00136263 o i f| ™ Soy7 21 Top 0.000168740...|0.000182148
(o T
Sons 185 T [noo0z3s222 . |0.00208287. e Sorf 195 Top 0000160358.. | 0000195312
Soys 159 Top 0000213127...| 0000240734 - Sos 159 Top 0.000143656...| 0000139551
Sopd 123 T 0.000180561...|0.000222507. - Soyd 123 Top 0.000129606...| 0000176187
Stoyd 8700000000... | Top 9.433535902... |0.000120645. =g Soy3 8.700000000... (Top 7638372704... | 9912634073,
-~
So2 5100000000.. | Top 2282804190.. | 0000102230 = Soy2 5100000000.. Top 2954753083 |BTIZO6RL
Soy1 15 T 1645314080.. | 4103507269, PR Soy1 15 Top 6 S4BSS134 | 2396490574
DA, Unisess
B 0 T® o 0 P ] Bue } Too 0 0
Storey Drift under Dead load Storey Drift under Live load
- X-Dir 0001000
0.0010 oot 0.00035
0.00030
0.0008
0.00025
£
0.0006 s S 0.00020
¢ >
5 g
s
“ 0.00015
0.0008
0.00010
00001230 cont i 2 eion QT 00061
0.0002 ye o187
0.00005
0.00000 -
Base Storyl Story2 Story3 Storyd Storys. Story6 Story? Story8 Story9 Storyl  Story2  Story3
Storey

IJISRT26JUN063

Fig 9 Storey Drift Under Dead Load, Live Load
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Fig 10 Storey Drift Under Seismic Load in X-Y Direction

V. CONCLUSION

The seismic analysis and performance evaluation of the
G+6 RCC commercial building was carried out successfully
using ETABS software in accordance with the provisions of
IS 1893 (Part 1): 2016. The structural model was developed
with appropriate material properties, section properties, and
loading conditions to ensure accurate analysis of the building
behavior under gravity and seismic forces. The Response
Spectrum Method was adopted for seismic analysis, as it
provides a realistic representation of the dynamic response of
the structure during earthquake loading. The analysis results
indicate that the maximum storey displacement gradually
increases from the base to the top storey. Under dead load
conditions, the maximum storey displacement was observed
as 6.1 mm in the X-direction and 4.42 mm in the Y-direction,
whereas under live load conditions, the maximum
displacement was 4.006 mm in the X-direction and 3.579 mm
in the Y-direction. Under seismic loading, the maximum
storey displacement for RSX was 0.094 mm in the X-
direction and 0.100 mm in the Y-direction, while for RSY it
was 0.078 mm in the X-direction and 0.153 mm in the Y-
direction.

The storey drift results also demonstrated satisfactory
structural performance. The maximum storey drift under dead
load was 9.49 mm in the X-direction and 4.10 mm in the Y-
direction. Under live load, the drift values were 7.68 mm in
the X-direction and 9.91 mm in the Y-direction. Similarly,
under seismic loading, the maximum storey drift for RSX was
6.48 mm in the X-direction and 4.89 mm in the Y-direction,
while for RSY it was 8.62 mm in the X-direction and 9.31
mm in the Y-direction. The storey shear values under dead
load were recorded as -34.748 in the X-direction and 11.647
in the Y-direction, whereas under live load the values were -
13.054 in the X-direction and 8.939 in the Y-direction. Under
seismic loading, the maximum storey shear for RSX was 4.75
in the X-direction and 1.05 in the Y-direction, while for RSY
it was 1.18 in the X-direction and 3.93 in the Y-direction.
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The base shear analysis revealed that the maximum base
shear in the X-direction occurred under the load combinations
1.5(DL + RSX) and 0.9DL + 1.5RSY, while the maximum
base shear in the Y-direction was observed for the load
combination 1.2(DL + LL + RSY). Modal analysis showed
that the maximum natural time period was obtained in Mode
1 with a value of 2.343 seconds and a corresponding
frequency of 2.773 cycles/second. Furthermore, the overall
bending moment of the G+6 building was maximum positive
moment at the base with a value of 67 kN-m, while the
maximum negative bending moment was -133 kN-m. The
overall shear force of the building was found to vary between
a maximum of 96 kN and a minimum of 48 kN. Based on the
obtained analytical results, it was observed that the structure
satisfies the required safety criteria, as the lateral
displacements and storey drifts were within permissible limits
and no excessive deformation was observed. The structural
elements were found to be capable of resisting the applied
gravity and seismic loads effectively. Therefore, it can be
concluded that the G+6 RCC commercial building is
structurally safe and stable under seismic loading conditions
as per IS 1893 (Part 1): 2016.
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