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Abstract - In this paper, the response of tall buildings under
wind and seismic load as per IS codes of practice is studied.
Seismic analysis with response spectrum method and wind
load analysis are used for analysis of a BF+GF+18-storey RCC
high rise building as per IS 1893(Part1):2016 and IS
875(Part3) codes respectively. The building is modelled in 3D
using ETABS software. ETABS integrates every aspect of the
engineering design process. The design criteria for high-rise
buildings are strength, serviceability and stability. We are
mainly studying the effects of parameters due to seismic load
and wind load. Parameters that are studied in this paper are
bending moments, shear force, joint displacement and joint
drift on structural system are subjected and also comparing
the results of seismic zones 2 and basic wind speed 44m/s and
55m/s and considering the critical load cases that were
observed after analysis of high-rise building ie.
1.5(DL+SD+EQX),  1.5(DL+SD+EQY), 1.5(DL+SD+WLX),
1.5(DL+SD+WLY),  1.5(DL+SD-EQX),  1.5(DL+SD-EQY),
1.5(DL+SD-WLX) and 1.5(DL+SD-WLY). In this paper,
Response spectrum analysis is carried out. Safety of the
structure is checked against allowable limits prescribed for
inter-storey drifts, accelerations and roof displacements in
codes of practice and other literature for earthquake and
wind. Structural designer must critically understand
provisions of IS Code for appropriate analysis and design of
high rise structures, should consider all load cases in the
analysis of structures and without deeper understanding of
parameters Structural designer cannot design high rise
building.

Key Words: ETABS 2018, IS 1893(Part1):2016, IS
875(Part3):2015, High-rise building, seismic zone, Basic
wind speed, wind analysis, seismic analysis, Response
Spectrum method.

1. INTRODUCTION

Today, Tall buildings are an increasingly common sight
where land is expensive, as in the centres of big cities,
because they provide such a high ratio of rentable floor
space per unit area of land. It is difficult to distinguish the

characteristics of a building which categorized it as tall. Tall
building cannot be defined in a specific terms related to
height or number of floors. There is no consensus on what
constitutes a tall building or what magic height, number of
stories, or proportions a building can be called tall.

Sway or driftis the magnitude of lateral displacement at
the top of the building relative to its base. As building height
increases the forces of nature begin to dominate the
structural system and take on increasing importance in the
overall building system. Structural systems have to be
developed around concepts associated entirely with
resistance to turbulent wind. In contrast to vertical load,
lateral load effects on building are quit variable an increases
rapidly with in height.

In high rise structure, as per the structural designer,
wind and earthquake load is predominant. As height of
building increases it is important to understand the wind
profile. In the past many researchers have carried out wind
load analyses including dynamic wind effect on high rise
structure but also many of the past study cannot be directly
linked to each and every tall building, especially due to
significant variation in the plan configuration and functional
planning requirement.

The foundation of a realistic building can be design after
fully understanding soil strata during excavation and the
forces acting at the base of the building. A realistic project
under structural design gives wide range of related aspects
which includes architectural, geotechnical constraints from
design prospective in office and on site discussion in
modification of structural design and many alternatives such
as shear wall placement, terrain categories; wind speed can
be useful in in understanding the behavior of a structure.

While designing any structural building, the only
concern of the designer is the stability of the structure and
its behavior under internal and external forces. These forces
mainly comprise of dead load of the building, superimposed
load, snow load, or some other loads due to excitation such
as earthquake, wind etc.

As the height of the structure increases the forces acting
on the structure also increases along with the height of the
building increases like wind and earthquake forces. As the
height increases the rigidity and stability of structure gets
affected and it becomes necessary to design the structure

© 2021, IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page 309



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 08 Issue: 07 | July 2021

www.irjet.net

p-ISSN: 2395-0072

preferably for lateral forces, moments, story drift and total
horizontal deflection at top most story level.

Structural design of realistic building and its implication
at construction stages may prove to be highly beneficial in
understanding the structural engineering practices through
this project.

The main parameters considered in this study to
compare the seismic performance of different models are
storey drift, base shear, story deflection and time period. The
aim of design is the achievement of an acceptable probability
that structures being designed will perform satisfactorily
during their intended life.

1.1 Software Used

1. AutoCAD
AutoCAD is a software application for computer-
aided design (CAD) and drafting in both 2D and 3D. It is
developed and sold by Autodesk, Inc. Here, the centre-line
plan of the building is drafted using this software.

2. ETABS
ETABS is a programme for linear, nonlinear, static
and dynamic analysis, and the design of building systems.
For this work, ETABS is used for analysing the structure
using dynamic analysis.

3. MSEXCEL
Microsoft Excel is a commercial spreadsheet
application which features calculation, graphing tools and
pivot tables called Visual Basic for Applications. In this
paper, MS Excel is used for drawing graphs, based on
analysis data given by ETABS.

1.2 Objectives

e To critically study provisions of IS1893 part1 from
dynamic analysis perspective and analyze the
building as per code IS 1893 part I criteria for
earthquake resistant structure.

e To analyze and compare behavior of high rise
buildings with different lateral stiffness systems.

e Tounderstand in which results are predominant as
considering different seismic zones and basic wind
speed.

e To determine of displacements subjected to
earthquake loading from zone to zone.

e Tounderstand lateral load resisting approaches and
their relevance

e Tostudy pattern of increasing loads due to increase
in height of building.

e Toinvestigate relevance oflateral stiffness systems
incorporated in high-rise buildings and their
relevance in limiting storey drifts and deflections.

e To understand effects wind and earthquake in
development of forces and displacements on
different shapes of high-rise buildings.

e To study different seismic parameters like storey
displacement, story drift and storey shear.

e To find out the bending moment and shear force
selecting any one section for various seismic zones.

2. DATA ADOPTED AND SPECIFICATIONS

1. Building type: Residential building
2. No. of storeys: BF+GL+PL+17
3. Geometrical details
a. Ground floor: 3m
b. Floor to Floor height: 3m
c. Podium Floor: 4.667m
d. Basement Floor: 3m
e. Total height above Ground: 63.917m
4. Material details
a. Concrete grade: M35
b. Steel grade: HYSD reinforcement of Fe500
c. Bearing capacity of soil: 400 KN/m?2
5. Type of construction: R.C.C Framed structure
6. Seismic Analysis

As Nagpuris in Zone I, earthquake detailing is carried as per
IS: 13920-2016 and design as per IS1893 Part I: 2016

e Response Reduction factor: 3
e Zone factor: 0.10

e Importance factor: 1.2

e Sitetype: Type 1l

e Soil Type: Medium

e Depth of foundation: Up to Basement Level (3.0m
from G.L.)

7. Wind Analysis

Here, two configuration are
e Basic wind speed : 44 m/s
e Basic wind speed : 55 m/s
e Windward Coefficient: 0.8
e Leeward Coefficient : 0.5
e Importance Factor: 1

e Terrain Category: 1
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e ColumnCi.e.C23
e ColumnDi.e. C10
Considering two types of configuration:
e Zone Il and Basic wind speed of 44 m/s

e Zone Il and Basic wind speed of 55 m/s
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Fig -2: Architectural plan of typical floor Fig -3: Structural plan showing marked columns
2.2 Load Applied on Frame 3. RESULTS AND DISCUSSION
Proper application is necessary for proper analysis of For the results purpose critical loaq cases occurs fiue to
high-rise buildings. Load that acts on high-rise building are earthquake load and wind load are considered. Following are
dead load, wall load acting on beams, live load, staircase, the load cases:
seismic load and wind load. Load should be properly e LC11.5(DL+SD+WLX)
assigned.
e LC21.5(DL+SD+WLY)
e Dead load is self-calculated in software.
e  Floor finish = 1.5 kN/m2 ¢ LC31.5(DL+SD-WLX)
e Terrace Load = 1.5 kN/m2 e LC4 1.5(DL+SD-WLY)
e Impose loads are taken from IS 875: 1987 Part 2

o Room, kitchen, toilet and * LC51.5(DL+SD+EQX)

Wash area = 2 kN/m2 e LC6 1.5(DL+SD+EQY)
o Lobby, staircase, balconies = 3 kN/m2
o Roofload = 0.75 kN/m2 * LC715(DL+SD-EQX)
e Liftload =5 kN/m?2 e LC8 1.5(DL+SD-EQY)

2.3 Approach for Analysis

Considering columns depending upon their condition:
e (Column A (Outer most) i.e. C33

e Column B (Front most) i.e. C1
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Fig -4: Link/Support Element Internal forces and
moments, shown acting at the joints

3.1 Joint Displacement in X Direction

Floor wise variation in Ux for
various load cases

250
—8—LC5 Uxmm
200
= —0—LC6 Uxmm
g 150
§ LC7 Ux mm
=1 100
A
a LC8 Ux mm
=] 50
E
o —8—LC144M/S Ux
10 0 10 20 S
50 —0—LC2 Ux mm
Storey

Fig -5: Joint displacement in X direction in Column B

e The maximum displacementisin X direction for load
cases LC1 55m/s and LC1 44m/s due to wind load
and for load cases LC5 and LC7 due to seismic load,
The displacements depends upon position of
column, especially distance from center of plan area.

e The minimum displacementis in X direction for load
cases LC6, LC8, LC2 44m/s and LC2 55m/s. This is

mainly due to higher stiffness in Y direction.

e Thereislinearincrease in the displacement with the

increase in story height.

e The joint displacement at the top floor for LC1
55m/s is 228.69 mm and LC1 44m/s is 197.73 mm
occurs in Column B and for load cases LC5 105.97

mm and LC7 -75.058 mm occurs in Column A.
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3.2 Joint Displacement in Y Direction
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Fig -6: Joint displacement in Y direction in Column C

The maximum displacementis in Y direction for load
cases LC2 55m/s and LC2 44m/s due to wind load
and for load cases LC6 and LC8 due to seismic load,
The displacements depends upon position of
column, especially distance from center of plan area.

The minimum displacement is in X direction for load
cases LC5,LC7,LC1 44m/s and LC1 55m/s.

There is linear increase in the displacement as
increase in story height.

The joint displacement at the top floor for Load
cases LC2 55m/s is 113.45 mm and LC2 44m/s is -
78.18 mm occurs in Column C and for load cases
LC6 70.644mm and LC8 95.44mm occurs in Column
C.

3.3 Joint Drift in X Direction
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Fig -7: Joint drift in X direction in Column B
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Storey drifts are significantly higher for higher wind
loads

The maximum storey drift is in X direction for load

cases LC1 55m/s and LC1 44m/s due to wind load
and for load cases LC5 due to seismic load, due to
position of column.

The minimum storey drift is in X direction for load
cases LC6, LC8, LC2 44m/s and LC2 55m/s.

There is exponential increase in the displacement as
increase in story height.

Maximum storey drift is observed higher in mid
storey.

Highest storey drift is observed in column B, which
is a corner column, Thus it is essential to check
storey drifts in corner columns.

3.4 Joint Drift in Y Direction
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Fig -8: Joint drift in Y direction in Column B

The maximum storey drift is in Y direction for load
cases LC2 55m/s and LC2 44m/s due to wind load
and for load cases LC6 and LC8 due to seismic load,
due to position of column.

The minimum storey drift is in Y direction for load
cases LC5,LC7,LC1 44m/s and L1 55m/s.

There is exponetial increase in the displacement as
increase in story height.

Maximum storey drift is observed higher in mid
storey.

Highest storey drift is observed in column B

Joint displacements are higher under wind loads,
especially in corner columns.

3.5 Shear Force in X Direction

Shear force

Shear Force in X direction
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Fig -9: Shear force in X direction in Column B

The maximum shear force is in X direction for load
cases LC1 55 m/s and LC1 44 m/s due to wind load
and for load cases LC5 due to seismic load, due to
position of column.

The minimum shear force is in X direction for load
cases LC6, LC8, LC2 44 m/s and LC2 55 m/s.

Spike in shear force is observed in column B because
of wind load.

Sudden increase in shear force is observed in lower
middle floors, care is needed in design of columns
for such floors, especially under wind loads.

3.6 Shear Force in Y Direction

Shear force

Shear Force in Y direction
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Fig -10: Shear force in Y direction in Column B
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¢ The maximum shear force is in Y direction for load
cases LC2 55m/s and LC2 44m/s due to wind load
and for load cases LC6 and LC8 due to seismic load,
due to position of column.

e The minimum shear force is in Y direction for load

3.8 Bending Moment in Y Direction

Bending moment in Y-direction

cases LC5, LC7, LC1 44m/s and L1 55m/s. 1#00
e Spikein shear force is observed in column B because 1200 —e—LC5
of wind load. = 1000 —8—LC6
e There can be sudden increase in shear force at the E 800 LC7
top floor, this indicates while designing support 2
systems for water tanks, due care should be taken oo 600 LCs
so that columns are not subjected to excessive shear —E 400 —e—LC144m/s
forces. & 200 —e—LC2 44m/s
3.7 Bending Moment in X Direction 0 o5 g - LC155mys
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Bending moment in X-direction _ _ —
Fig -12: Bending moment in X direction in Column B

120

_ e The maximum bending moment is in Y direction for

100 —e—1LC5 load cases LC2 55m/s and LC2 44m/s due to wind
= g0 —e—1C6 load and for load cases LC6 and LC8 due to seismic
() load, due to position of column.
S 60 Le7 e The minimum bending moment is in Y direction for
D:n LC8 load cases LC5, LC7, LC1 44m/s and L1 55m/s.
-_g 40 e—1C144m/s e Spike in ben<.iing moment is observed in column B
= because of wind load.
m 20 —8—LC2 44m/s

0 —8—LC155m/s 4. CONCLUSIONS
0 10 20 —e—LC255m/s
-20 st e While working on a realistic building and under
orey

supervision of a consultant. Designer gains confidence
in analysis and design of structure as he comes across
many parameters which are normally not taught in
academic institutions.

Structural designer must critically understand

Fig -11: Bending moment in X direction in Column D

e The maximum bending moment is in X direction for .

© 2021, IRJET |

load cases LC1 55 m/s and LC1 44 m/s due to wind
load and for load cases LC5 due to seismic load, due
to position of column.

e The minimum bending moment is in X direction for
load cases LC6, LC8, LC2 44 m/s and LC2 55 m/s.

e Spike in bending moment is observed in column D
because of wind load.

e Lower middle floors are subjected to higher bending
moments in all cases, adequate care is needed in
design of columns at lower middle levels.
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provisions of IS 1893 :( Part-1) 2016 and IS 875: 2015
Part 3 for appropriate analysis and design of high rise
structures.

Structural designers should consider all load cases in
the analysis of structures as higher values of forces,
story shears, drifts and displacements may depend
upon loading cases.

Thorough understanding and expertise is needed while
using ETabs software, a mistake in modeling and
application of forces may lead to unsafe design of high
rise structures.

Position of columns and their closeness to shear wall
are other parameters governing development of forces
and displacements.

Higher displacements are observed due to wind, thus in
earthquake zone II, all structures must be analysed for
wind forces.

Higher storey drifts and joint displacements are
observed in corner column, thus it is essential to check
storey drifts and joint displacements in corner columns.
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e Sudden increase in shear force is observed in lower
middle floors, care is needed in design of columns for
such floors, especially under wind loads.

e There can be sudden increase in shear force at the top
floor, this indicates while designing support systems for
water tanks, due care should be taken so that columns
are not subjected to excessive shear forces.

e Lower middle floors are subjected to higher bending
moments in all cases, adequate care is needed in design
of columns at lower middle levels.
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