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Abstract- In our country, after every earthquake, we come
across the reality that the earthquake doesn’t kill people; it is
due to unsafe buildings which causes damage to property and
life. In India, about 60% area is susceptible to damaging
levels of seismic hazards. In the present work, an attempt is
made to study seismic behavior of buildings situated on
sloping ground for various types of building configurations
such a set-back, step back-setback buildings with and without
soil structure interaction is considered. Different slopes of
ground such as 0; 55 10; 15; 20"etc are considered. To study
various static and dynamic properties due to variation in
slope, (G +18) building model with and without setbacks are
analysed firstly by equivalent static analysis. Various forces
like axial force, shear force, bending moment for various
groups are compared for both types of buildings. Dynamic
analysis is then carried out by response spectrum method and
dynamic parameters like base shear, frequency are compared
for both types. From the results obtained it is observed that,
the buildings on sloping ground having setback configurations
can be used for better seismic performance rather than
without set back configurations.

Keywords- Building with setback, buildimg without setback,
Bending moment, axial force, base shear, mode shapes.

I. INTRODUCTION

India has track record of catastrophic earthquakes, at
various regions, which left behind loss of many lives and
heavy destruction to property and economy. Analysis of
buildings in hill region is somewhat different than the
buildings on levelled ground, since the column of the hill
building rests at different levels on the slope. Such buildings
have mass and stiffness varying along the vertical and
horizontal planes resulting the centre of mass and centre of
rigidity do not coincide on various floors, hence they demand
torsion analysis, in addition to lateral forces under the action
of earthquakes. The unsymmetrical buildings require great
attention in the analysis and design under the action of seismic
excitation. Past earthquakes in which, buildings located near
the edge of a stretch of hills or on sloping ground suffered
serious damages. The shorter column attracts more forces and
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undergoes damage, when subjected to earthquakes. The other
problems associated with hill buildings are, additional lateral
earth pressure at various levels, slope instability, different soil
profile yielding unequal settlement of foundation

1.1 Seismic Behaviour of Buildings on Slopes in India

North and north-eastern parts of India have large
scales of hilly region, which are categorized under seismic
zone IV and V. In this region the construction of multi-storey
RC framed buildings on hill slopes has a popular and pressing
demand, due to its economic growth and rapid urbanization.
This growth in construction activity is adding increase in
population density. Since there is scarcity of plain ground in
hilly areas, it obligates the construction of buildings on slopes.
During past earthquakes, reinforced concrete (RC) frame
buildings that have columns of different heights within one
storey, suffered more damage in the shorter columns as
compared to taller columns in the same storey. Poor behavior
of short columns is due to the fact that in an earthquake, a tall
columns and a short column of same cross section move
horizontally by same amount which can be seen in the Figure
1.1 below. However, the short column is stiffer as compared to
the tall column, and it attracts larger earthquake force.
Stiffness of a column means resistance to deformation, the
larger is the stiffness, larger is the force required to deform it.
Also due to the varied configurations of buildings in hilly
areas, these buildings become highly irregular and
asymmetric, due to variation in mass and stiffness
distributions on different vertical axis at each floor. Such
construction in seismically prone areas makes them exposed to
greater shear and torsion as compared to conventional
construction.
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Figure- 1.1 Structural behaviour of short column under lateral
loads

1.2 Soil Structure-Interaction Effect

Most of the civil engineering structures involve some
type of structural element with direct contact with ground.
When the external forces, such as earthquakes, act on these
systems, neither the structural displacements nor the ground
displacements, are independent of each other. The process in
which the response of the soil influences the motion of the
structure and the motion of the structure influences the
response of the soil is termed as soil-structure interaction
(SSI).

Il. METHODOLOGY
2.1 Building Considered for the Analytical Study

For present work seismic analysis is carried out for
reinforced concrete moment resisting building frame having
(G+18) storey situated in zone 111 for varying ground slopes.
The analysis is carried out using ETABS.

Two types of buildings considered in the study,
which are

1) Buildings without Setbacks.
2) Buildings with Setbacks.

Various models have been prepared by varying
ground slopes from O degree, 5, 10, 15, 20 degree for both
with and without set back configuration as shown with beams
tying them at various levels.
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Fig 2.1: Plan of the Building at Plinth Level in ETABS
2.2 Modeling of the Buildings

The building is modeled using the finite element
software ETABS. The analytical models of the building
include all components that influence the mass, strength,
stiffness and deformability of structure. The building
structural system consists of beams, columns, slab, walls, and
foundation. The non-structural elements that do not
significantly influence the building behavior are not modeled.
Slopes of building have been varied from 0 to 20 degrees.

A) Buildings without Setbacks

Model 3 Slope=10°

Model 4 Slope=15
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Model 5 Slope=20°
Figure 3.2: Different models of building without Setbacks in
ETABS

B) Buildings with Setbacks

B
Model 2 Slope=5

Model 3 Slope=10°

Model 4 Slope=15

Model 4 Slope=20°
2.3 Seismic Analysis of Buildings Using IS 1893(Part 1) -
2002

At present there are three accepted methods by which
the magnitude and the distribution of the earthquake induced
lateral forces are estimated on the structures. These methods

Page | 981

ISSN [ONLINE]: 2395-1052

of analysis enable the designer to estimate design forces due to
earthquake in multi storied building.

A) Equivalent static method of analysis.
B) Dynamic analysis

The dynamic analysis is of two types

a) Response spectrum method.
b) Time history analysis.

Seismic codes are unique to a particular region or
country. In India, 1S 1893 is the main code that provide outline
for calculating seismic design force. This force depends on the
mass and seismic coefficient of the structure and the latter in
turn depends on properties like seismic zone in which
structure lies, importance of the structure, its stiffness, the soil
on which it rests and its ductility. Part | of IS 1893: 2002 deals
with assessment of seismic loads on various structures and
buildings. Whole code centers on the calculation of base shear
and its distribution over height. Depending on the height of the
structure and zone to which it belongs, type of analysis i.e.
static and dynamic analysis is performed.

2.3.1 Equivalent Static Analysis

The total design lateral force or design base shear
along any principal direction is given in terms of design
horizontal seismic coefficient and seismic weight of the
structure. Design horizontal seismic coefficient depends on the
zone factor of the site, importance of the structure, response
reduction factor of the lateral load resisting elements and the
fundamental period of the structure.

Following procedure is generally used for the
equivalent static analysis:

i) Calculation of lumped weight.
ii) Calculation of fundamental natural period.

The fundamental natural period of vibration (T,) in
seconds of a moment resisting frame building,

T.=0.075h""

T. =0.09 h~d
where
h = Height of the building
d = Base dimension of the building at the plinth level in m,
along the considered direction of the lateral force.

(without brick infill panels)
(with brick infill panels)

iii) Determination of base shear (V) of the building.
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Vi =A xW

where
A -Z1S.
2R g

is the design horizontal seismic coefficient, which
depends on the seismic zone factor (Z), importance factor (1),
response reduction factor (R) and the average response
acceleration coefficient (S)/g). Si/g in turn depends on the
nature of foundation soil (rock, medium or soft soil sites),
natural period and the damping of the structure.

iv) Lateral distribution of design base shear

The design base shear Vg thus obtained is then
distributed along the height of the building using a parabolic
distribution expression:

where Q; is the design lateral force, W; is the seismic
weight, h; is the height of the i" floor measured from base and
n is the number of stories in the building.

2.3.2 Dynamic Analysis of Buildings

Dynamic analysis shall be performed to obtain
design seismic forces, and its distribution to different levels
along the height of the building and to the various lateral load
resisting elements under any of the following conditions

e  For regular buildings, if the height is greater than 40m in
zones IV and V or greater than 90m in zone Il and 111

e  For irregular buildings, if the height is more than 12m in
zone 1V and V and more than 40m in zone Il and Il1.

Dynamic analysis can be performed either by time
history method or response spectrum method.

2.3.2.1 response Spectrum Method

In response spectrum method the peak response of the
structure is calculated from model combination, where the
following two methods can be used.

a) Square Root of Sum of Square (SRSS) Method
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% = T 0K2
k=1
where, Ak = Absolute value of quantity in mode k
r = Number of modes being considered.

b) Complete Quadratic Combination Method

A=

;TTJ"’-.F..A.
|—_ - W o

i=] =l

where, Al = Response quantity in mode
Pij = Cross modal coefficient
Aj = Response quantity in mode j

7, .
Fi = ¢ross-modal coefficient

S;:{_l—ﬁ]ﬁl'j
(1+82) +42280+ )

where, £ = Modal damping ratio in fraction
B = Frequency ratio = mj/mi
i = Circular frequency in i mode
oj = Circular frequency in j™ mode

I1l. STRUCTURAL MODELS
3.1 General

Seismic performance evaluation is a complex
phenomenon as there are several factors affecting the behavior
of the building. The models given in chapter 3 are firstly
analysed for various slopes i.e 0, 5, 10°, 15, 20" respectively
by equivalent static analysis, then the effect of soil structure
interaction is taken into consideration for these models for
various soil conditions as mentioned in the previous chapter.
The dynamic analysis is carried out for Stepback and Setback
building models for various slopes considering the effect of
soil-structure interaction. The main parameters considered in
this study to compare the seismic performance of different
models having varied slope considered are base shear, bending
moment, shear force, and axial force.
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Figure 3.2 Floor beam layout of the building

Following are the load combinations considered in this
analysis
1)1.5(DL+LL)
2)1.2(DL+LL+EQX)
3)1.2(DL+LL-EQX)
4)1.2(DL+LL+EQY)
5)1.2(DL+LL-EQY)
6) DL+1.5EQX
7) DL-1.5EQX
8) DL+1.5EQY
9) DL-1.5EQY]

IV. RESULTS AND DISCUSSIONS
A) Equivalent static method of analysis
The results are shown graphically which are listed below

i) Buildings without Setbacks
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Table-4.1 shows the values of maximum axial force in column
C6, C56, C96 and Graph 4.1 (@), (b) and (c) shows the
variation of axial force in column C6, C56, C96

Table-4.2 shows the values of maximum B.M. in column CB6,
C56, C96 and Graph 4.2 (a), (b) and (c) shows the variation of
B.M. in column C6, C56, C96

Table-4.3 shows the values of maximum S.F. in floor beam
B1, B140, B90 and Graph 4.3 (a), (b) and (c) shows the
variation of S.F. in floor beam B1, B140, B90

Table-4.4 shows the values of maximum B.M. in floor beam
B1, B140, B90 and Graph 4.4 (a), (b) and (c) shows the
variation of B.M. in floor beam B1, B140, B90

ii) Buildings with Setbacks

Table-4.5 shows the values of maximum axial force in
column C6, C56, C96 and Graph 4.5 (a), (b) and (c) shows the
variation of axial force in column C6, C56, C96

Table-4.6 shows the values of maximum B.M. in column CB6,
C56, C96 and Graph 4.6 (a), (b) and (c) shows the variation of
B.M. in column C6, C56, C96

Table-4.7 shows the values of maximum S.F. in floor beam
B1, B140, B90 and Graph 4.7 (a), (b) and (c) shows the
variation of S.F. in floor beam B1, B140, B90

Table-4.8 shows the values of maximum B.M. in floor beam
B1, B140, B90 and Graph 4.8 (a), (b) and (c) shows the
variation of B.M. in floor beam B1, B140, B90

Table-4.1 Values of maximum axial force in column C6, C56,
C96 for without set back building

Mamimum Axtal Force (KIN)
Slope 0 3 10 13 20
angle | depres | degres | degres | degres | degres
Column
6 4137 4157 4168 | 4190 4225
Column
36 J120( 3117 5113 3112 | 53110
Column
il 4125 4137 4150 4168 | 4180
4240
4220
4200 mO0 degree
4180 W5 degree
4160 1 10 degree
4140 -+
W15 degree
4120 -+
W20 degree
4100 -+
4080 -
Column 6

www.ijsart.com



IJSART - Volume 3 Issue 12 - DECEMBER 2017 ISSN [ONLINE]: 2395-1052

5122 155
5120 150
5118 m0 degree B 0degree
5116 - 145
5114 - m5 degree 140 | M 5degree
5112 - w10 degree = 10 degree
=l o W15 degree 135 1 m 15 degree
5108 - 130 - M 20 degree
5106 - w20 degree s
5104 -
Column 56 Column 56
4190 180
4180 160
:izg 0 degree 140 m 0degree
120 ~
4150 - m 5 degree 100 - M 5degree
4140 -
4130 4 m10 degree 80 - M 10 degree
4120 - W15 degree 60 1 B 15 degree
4110 - 20d 401 M 20 degree
4100 - e tegres 20
4090 - 0 -
Column 96 Column 96
Graph 4.1(a), (b) &(c): Variation of A.F. in kN Vs Slope in Graph 4.2(a), (b) &(c): Variation of B.M. in kN Vs Slope in
degree in Columns C6, C56 & C96 for without set back degree in Columns C6, C56 & C96 for without set back
building building
Table-4.2 Values of maximum B.M. in column C6, C56, C96 Table-4.3 Values of maximum S.F. in floor Beams 1, 140 &
for without set back building 90 for without set back building
Meximum Bendimg mement m KN -m Maximum 5.F. in KN
Slope 0 h] 10 13 20 Slope 0 3 10 15 20
angle | degree | degree | degres | degres | degres angle | degres | degree | degree | degree | degres
Column beam 1 913 a2 923 a3 933
6 172 a0 33 33 a1 bezm
Column 140 203 o1 12 92| 824
36 133 140 142 146 152 beam
Column 20 904 | 906| ©08| 1002] 1003
06 112 120 132 144 136
935
95 93
mO0 degree
92.5
92 - m 5 degree
W Odegree 915 - =10 degree
m5d
earee 91 A W 15degree
= 10 degree J
90.5 W20 degree
m 15 degree 90 -
B 20 degree beam 1
Column 6
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93 115
9295 m0 degree 114 m 0 degree
91.5 W5 degree 113 W5 degree
91 -
] 110 degree
90.5 10 degree 112 g
90 - W15 degree 111 - m15 degree
89.5 - W20 degree W20 degree
89 - 110
beam 140 heam 140
100.6 -
100.4
100.2 W0 degree 127 m 0 degree
100
998 - W5 degree 126 m 5 degree
99.6 W 10degree 125 - 110 degree
99.4 1 W 15degree m15 degree
99.2 124 -
99 - W20 degree W20 degree
| 123
98.8 beam 90
beam 90

- - Graph 4.4 (a), (b) and (c) the variation of B.M. in floor beam
Graph 4.3 (a), (b) and (c) shows the variation of S.F. in floor B1, B140, B0 for without set back building

beam B1, B140, B90 for without set back building

) ) Table-4.5 Values of maximum axial force in column C6, C56,
Table-4.4 Values of maximum B.M. in floor Beams 1, 140 & C96 for with set back building

90 for without set back building

- - Mamimum Axial Fores (EIV)
I\-Iairlmum BN m EN -m Slop= i] 3 0 13 i)
Slope 0 J 10 13 20 angle | degree | depree | degres | degres | degres
angle | degres | depree | degree | degree | degres ol
beam 1 1152 1158 1167 | 1172 | 1179 & 1170 113534 | 11973 | 12082 | 12194
bezm column
140 1114 1126 1128 1134 ] 1141 36 37026 37192 37403 | 37763 [ 37013
beam 90 | 1245| 1256 1258) 1269 1272 column
21 1o . % a114|  4130| 41626 | 41708 | 41904
118.5
118 1230
117.5 1220
117 0 degree 1210 m 0 degree
11161: 1 W5 degree :;’gg 5 degree
115.5 - A ldegree 1180 - 210 degree
131:: : e ::;g _ W15 degree
114 - W20 degree 1150 - 20 degree
113.5 - 1140 -
heam 1 column 6
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3800 -
3780
3760 m0 degree
3740 W5 degree
3720

110 degree
3700 -
3680 - m15 degree
3660 W20 degree
3640

column 56

4200
4180

m0 degree
4160 -
4140 - m 5 degree
4120 - w10 degree
4100 - W15 degree
4080 - m 20 degree
4060 -

column 96

Graph 4.5(a), (b) &(c): Variation of A.F. in kN Vs Slope in
degree in Columns C6, C56 & C96 for with set-back building

Table-4.6 Values of maximum B.M. in column C6, C56, C96

for with set-back building

Meximum Bendimg mement n KN -m
Slope 0 3 10 13 20
angle | degres | degree | degree | degree | degree
column
6 122 7132 16.7 783 702
column
36 1652 1724 1842 1903 | 1983
column
o6 20241 2103 ) 2154 2237) 2304
80
78
WO degree
76 -
m5 degree
#5 =10 degree
72 1 m15 degree
70 4 20 degree
68 -
column 6
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250
m 0 degree
W5 degree
M10 degree
m15 degree
20 degree
column 56
235
230
225 -
220 WO degree
215 - m 5 degree
210
205 w10 degree
200 W15 degree
195
20 de :
190 o egree
185
column 96

Graph 4.6(a), (b) &(c): Variation of B.M. in kN Vs Slope in
degree in Columns C6, C56 & C96 for with set-back building

Table-4.7 Values of maximum S.F. in floor Beam 1, 140 & 90
for with set-back building

Maximum shezr force m kN -m
Slope 1] 3 10 13 20
angle | degree | depres | degree | degres | degree
beam
1 123 T0.8 69.2 68.4 67.8
beam
140 803 204 283 872 26.1
beam
o0 1075 1064 ( 1051 | 103.8) 1027
Wm0 degree
W5 degree
W10 degree
W15 degree
W20 degree
beam 1
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beam 140

W0 degree
W5 degree
W10 degree
W15 degree

W20 degree

heam 90

W0 degree
W5 degree
W10 degree
W15 degree

W20 degree

Graph 4.7 (a), (b) and (c) shows the variation of S.F. in floor

beam B1, B140, B90 for with set-back building

Table-4.8 Values of maximum B.M. in floor Beam 1, 140 &

90 for with set-back building

Maximum Bending moment i EN -m
Slope 0 3 10 15 20
anple | degree | depree | degree | depree | degree
bezm 1 832 31.4 802 104 781
beam
140 105.3 1032 1021) 1008 0.8
beam ©0 [ 1183 1164 1144) 1129 1103
84
82 1 WO degree
80 - W5 degree
78 - W10 degree
W15 degree
76 -
W20 degree
74
beam 1
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106
0% Mo degree
102 W5 degree
100 - W10 degree
W15 degree
98
W20 degree
96
beam 140
120
118 -
WO degree
116
114 - W5 degree
112 -~ W10 degree
110 - W15 degree
108 7 20 degree
106
beam 90

Graph 4.8 (a), (b) and (c) shows the variation of B.M. in floor
beam B1, B140, B90 for with-set back building

B) Dynamic Analysis

The dynamic analysis is also carried out by using
Response spectrum analysis for both types of building i.e
buildings with and without setbacks. Also the effect of soil
structure interaction is taken into consideration. Results are
shown graphically from graph 4.9 to 4.12.

The results are shown graphically which are listed below
Table-49 & Table-410 shows the values of lateral
displacement with floor level for both buildings with and
without setbacks. Graph -4.9 & 4.10 shows the variation of
lateral displacement with floor level for both buildings with
and without setbacks.

Table-4.11 (a), (b), (c), (d) & (e) shows the values of
time period of building with mode shape no for ¢, 5, 10, 15
and 20° slope for buildings without setbacks and Graph 4.11
(a), (b), (c), (d) & (e) shows the variation of time period of
building with mode shape no for 0, 5, 10°, 15 and 20°slope for
buildings without setbacks.

Table-4.12 (a), (b), (c), (d) & (e) shows the values of
time period of building with mode shape no for ¢, 5, 10, 15
and 20° slope for buildings without setbacks and Graph 4.12
(a), (b), (c), (d) & (e) shows the variation of time period of
building with mode shape no for 0, 5, 10°, 15 and 20°slope for
buildings with setbacks.
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Lateral Displacement Vs Floor Level

Building without set back
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60
50 A

, ==b== () degree

40
Table-4.9 Values of lateral displacement for without set-back 30 ==—5 degree
building 10 degree
20 -
a 5 10 15 20 === 15 degree
FLOOR | degree | degree | degree | degree | degree 10 - w20 degree
PL 1.8 4 7 g 12 0
2 5 2 12 15 18 pl 2 4 6 8 10 12 14 16
4 12 15 18 20 24
6 20 22 25 28 30 Graph 4.10 shows the variation of lateral displacement for
8 30 33 35 37 40 with set-back building
10 38 41 43 46 48
12 47 50 52 55 58
14 60 63 65 68 70 . .
Time period Vs Mode Shape
16 72 74 77 79 B2
18 80 B3 BS B7 o0 . .
Buildings without Setbacks
100 Table-4.11 (a) Values of time period in sec with respect to
:g mode number for slope O for without set-back building
70 FB HS MS 55
=== () degree
60 1 2.10 2.10 2.10 2.22
50 8= >5degree 3 1.90 1.90 1.90 1.95
40 10 degree 5 0.70 0.70 0.70 0.78
30 = 15 degree 7 0.40 0.40 0.40 0.48
20 - g 0.39 0.39 0.39 0.45
=== 20 degree
10 11 0.29 0.29 0.29 0.36
0 - I 13 0.23 0.23 0.23 0.31
pl2 4 6 8 10 12 14 16 15 022 |022 022 |03
— - 17 0.19 0.19 0.19 0.24
Graph 4.9 shows the variation of lateral displacement for 10 016 016 016 031
without set-back building
Building with set back 250
Table-4.10 Values of lateral displacement for with set-back 2.00
building et [
1.50
a 5 10 15 20 el HS
degree | degree | degree | degree | degree 1.00
ol 15 3 58 72 10 : MS
2 4 6.2 75 10.2 11 0.50 e G
4 o8 12.3 15.2 17.2 19.2 '
5] 13.5 17.1 19.1 24.2 26.7 0.00
B 19.8 245 27.3 29.9 32.1 1 3 5 7 9 11 13 15 17 19
10 28.1 30.2 32.9 35.8 38
12 32.1 34.9 37.8 40.1 43 . . . .
1a 2o Py Py 22 243 Table-4.11 (b) Values of time per_lod in sec with res_pe_ct to
16 301 218 243 263 487 mode number for slope 5 for without set-back building
18 41.6 44 47.3 50 54
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2.50

2.00 -

e B

1.50

1.00

\ ——s

0.50

MS

L

0.00

1

3 5 7 9 11 13 15 17 19

FB HS M5 55
1 212 212 2.12 2.24
3 191 191 191 1.96
5 0.72 0.72 072 0.79
7 0.42 042 0.42 0.5
g 0.40 0.40 0.40 0.46
11 0.31 0.31 0.31 0.37
13 0.24 0.24 0.24 0.33
15 0.23 0.23 0.23 0.31
17 0.20 0.20 0.20 0.26
19 0.17 0.17 0.17 0.22
2.50
2.00
1.50 —+—FB
\ .
1.00 MS
0.50 —%— SS
0.00 — . — .
3 5 9 11 13 15 17 19

Table-4.11 (c) Values of time period in sec with respect to
mode number for slope 10" for without set-back building

FB H5 M5 35
1 2.13 2.13 213 2.25
3 1.92 152 1.82 1.97
5 0.73 0.73 0.73 0.8
7 043 0.43 0.43 051
9 0.44 0.44 0.44 0.48
11 0.32 0.32 0.32 0.37
13 0.26 0.26 0.26 0.35
15 0.25 0.25 0.25 0.32
17 0.21 0.21 0.21 0.26
19 0.18 0.18 0.18 0.27
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Table-4.11 (d) Values of time period in sec with respect to
mode number for slope 15 for without set-back building

FB HS M5 55
1 2.14 2.14 2.14 2.26
3 193 193 193 198
5 0.73 073 073 082
7 0.46 0.46 0.46 052
9 0.45 0.45 0.45 0.48
11 0.34 0.34 0.34 0.38
13 0.27 027 0.27 0.35
15 0.25 0.25 0.25 0.33
17 0.22 0.22 022 0.27
159 0.18 0.18 0.18 0.26
250
2.00
1.50 —o— FB
\ —@— HS
1.00 MS
0.50 —%—S§
0.00 T T T T T T T T )

3 5 7 9 11 13 15 17 19

www.ijsart.com




IJSART - Volume 3 Issue 12 - DECEMBER 2017

Table-4.11 (e) Values of time period in sec with respect to
mode number for slope 20" for without set-back building

FB HS M5 55
1 2.16 2.16 2.16 2.28
3 195 1.95 195 1.89
5 0.74 0.74 0.74 083
7 0.48 0.48 0.48 0.53
9 0.46 0.46 0.46 0.4%9
11 0.35 0.35 0.35 0.39
13 0.28 0.28 0.28 0.36
15 0.26 0.26 0.26 0.34
17 0.24 0.24 0.24 0.28
19 0.20 0.20 0.20 0.27
2.50
2.00
1.50 -
\ el HS
1.00 MS
)
0.50 -
Ldi 1
0.00 T T T T T T T T T 1
1 3 5 7 9 11 13 15 17 19

Graph 4.11 (a), (b), (c), (d) & (e) shows the variation of
time period with mode numbers for without set-back
building

Time Period Vs Mode Shape
Buildings with Setbacks

Table-4.12 (a) Values of time period in sec with respect to
mode number for slope O for with set-back building

FB H3 A5 55
1 175 175 175 185
3 118 118 1.18 122
5 0.65 0.65 0.65 0.67
7
)

0.43 0.43 0.43 0.44
0.38 0.38 0.38 0.42

11 0.26 0.26 0.26 0.29
15 0.21 0.21 0.21 0.24
15 0.2 0.2 0.2 0.22
17 0.14 0.14 0.14 0.16
15 0.13 0.13 0.13 0.15
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Table-4.12 (b) Values of time period in sec with respect to
mode number for slope 5 for with set-back building

FB H3 M5 35

1 176 176 176 189
3 121 121 121 1.26
5 066 0.66 0.66 0.7

7 .43 0.43 .43 0.46
9 0.38 0.38 0.38 042
11 0.26 0.26 0.26 0.31
13 0.23 0.23 0.23 0.29
15 0.22 0.22 0.22 0.28
17 0.19 0.19 0.19 0.23
15 0.15 0.15 0.15 0.2

Time Period vs Mode Number for slope 5
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Table-4.12 (c) Values of time period in sec with respect to
mode number for slope 10 for with set-back building

FB HS S 55
1 177 177 177 19
3 123 123 123 127
5 0.66 0.66 0.66 0.71
7

9

D.44 D.44 D44 0.47
D.38 D.38 D.38 0.43

11 0.26 0.26 0.26 0.32
13 0.24 0.24 0.24 0.3

15 0.23 0.23 0.23 0.29
17 0.18 0.18 0.18 0.24
15 0.16 0.16 0.16 0.21

Time Period vs Mode Number for slope 10

www.ijsart.com



IJSART - Volume 3 Issue 12 - DECEMBER 2017

L

N

0.5

1 3 5 7 9 11 13 15 17 19

e B
el HS
MS

Table-4.12 (d) Values of time period in sec with respect to

mode number for slope 15 for with set-back building

1 3 5 7 9 11 13 15 17 19

FB H5 ] 55
1 178 178 178 151
3 126 126 1.26 128
5 0.68 0.68 0.68 0.72
7 0.44 0.44 0.44 0.47
9 0.38 0.38 0.38 0.43
11 0.28 0.28 0.28 0.34
13 0.25 0.25 0.25 0.31
15 0.24 0.24 0.24 0.3
17 0.19 0.19 0.19 0.24
19 0.17 0.17 0.17 0.22
2.5
2
'\
15 1\ et FB
1 MS
0.5
0

Table-4.12 (e) Values of time period in sec with respect to

mode number for slope 20°for with set-back building

FB H3 M3 35
1 18 18 18 193
3 127 127 127 125
5 0.69 0.69 0.69 0.74
7 0.45 .45 0.45 0.48
9 0.39 0.39 0.39 0.45
11 0.28 0.28 0.28 0.36
13 0.26 0.26 0.26 0.33
15 0.25 0.25 0.25 0.32
17 0.21 0.21 0.21 0.26
15 0.15 0.19 0.19 0.23
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Graph 4.12 (a), (b), (c), (d) & (e) shows the variation of time
period with mode numbers for with set-back building
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V.CONCLUSION
5.1 Conclusions

This chapter presents a summary of the present study,
for the buildings with varied sloping angle without set-back
and with set-back. On the basis of the results and discussions
obtained in this investigation, the following conclusions have
been drawn.

1.  Step back Set back combination is better than without
set back.

2. From results it is found out that, the value of axial
force is increases with increase in slope. For set-back
building the column towards slope angle axial force
decreases as compared to with-out set back building
and for other two columns axial force increased.

3. From results, it is found out that, the value of bending
moment is increased betweenl5 % to 25% due to
increase in slope for all beams groups.

4. Also in set-back building there is a little increase in
bending moment and shear force value as compared
to with-out set back building.

5. Also there is increase in lateral displacement of
building with increase in slope.

6. In step-back building, lateral displacement of the
building is less as compared to with set-back
building.

7. There is an increase in base shear with increase in
slope.

8.  Time period of the structure increase with increase in
slope, also in case of soil structure interaction time
period increase for soft soil as compared to other
cases.
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