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Abstract

The structures are generally

constructed on level ground; however, due to

scarcity of level grounds the construction
activities have been started on sloping grounds.
There are two types of configuration of building
on sloping ground, the one is step back and the
other is step back setback. In this study, G+ 10
storeys RCC building and the ground slope
varying from 10° to 40° have been considered for
the analysis. A comparison has been made with
the building resting on level ground (setback).
The modeling and analysis of the building has
been done by using structure analysis tool ETAB,
to study the effect of varying height of the column
in bottom storey and the effect of shear wall at
different position during the earthquake. The
results have been compared with the results of
the building with and without shear wall. The
seismic analysis was done by linear static
analysis and the response spectrum analyses
have been carried out as per 1S:1893 (part 1):
2002. The results were obtained in the form of top
storey displacement, drift, base shear and time
period. It is observed that short column is affected
more during the earthquake. The analyses
showed that for construction of the building on

slopy ground the stepback setback building

configuration is suitable, along with shear wall

placed at the corner of the building.

Key Words: Sloping ground, Linear static analysis,
Stepback, Stepback setback and Response spectrum
analysis.

1. INTRODUCTION
Generally the structures are constructed on level

ground. In some areas the ground itself is a slope. In that
condition it is very difficult to excavation, leveling and it is
very expensive .Due to the scarcity of level ground
engineers started construction on sloppy ground itself.
Some of the hilly areas are more prone to the earthquake.
In that areas generally construction works carried out by
locally available materials such as bamboo, timber, brick,
RCC and also they gave more important to the light weight
materials for the construction of houses. As the population
density increases at hilly region requirement of structure
also increases. The popularity and demand of multistory

building on hilly slope is also increases.

Earthquakes are one of the most dangerous natural
hazards. Earthquake occurs due to sudden movement of
the tectonic plates as a results it release large amount of
energy in a few seconds. The impact of this function is
most harmful because it affects large vicinity, and which
occurs sudden and unpredictable. It causes large scale loss
of life and property and damages important services such

as, sewerage systems, communication, power, transport,
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and water supply etc. They not only destroy towns, cities
and villages, but the result leads to weaken the financially
viable and social structure of the country. To defeat from
the problem we need to find out the seismic performance

and lateral stability of the building structure.

In sloping ground the height of the column is different at
the bottom storey. It is asymmetric in plane and elevation.
The short columns are most effects and damage occurs
during the earthquake. Care should be taken for making
this building earthquake resistance. The various methods
are used for the analysis such as static and dynamic. Due
to the asymmetry dynamic analysis must be used for
seismic analysis of the building. These methods are time
history and response spectrum method. In the response
spectrum method the data such as zone factor, type of soil
etc. are applied from 1.5.-1893. In time history method the
actual record of accelelogram is applied on the building
and analysis of the building is carried out in software.
Time history method gives more realistic result compared
to the response spectrum method because in time history

the actual acceleration data of earthquakes are applied

properties, loading cases, etc.

2. Modelling of selected building configuration on
sloping ground located in seismic zones Il using
ETAB software.

3. Static and dynamic analysis of sloping ground
structure as per IS 1893 (part 1)2002

2. MODELING AND ANALYSIS
In the present study, three building configurations are

considered, which include step back buildings, stepback
setback buildings and set back buildings situated on
sloping ground. Number of storey considered for each type
of configurations is 10 storeys. Plan layout of each
configuration includes 4 bays across the slope direction
and 6 bays are considered along slope direction, which is
kept same for all configurations of building frame. Slopes
of ground considered are 10 degree, 20 degree, 30 degree
and 40 degree with the horizontal. The columns are taken
to be square to avoid the issues like orientation. The depth
of footing below ground level is taken as 1.5 m where, the

hard stratum is available.

2.1 GEOMETRIC PROPERTIES AND MATERIAL
PROPERTIES ARE GIVEN BELOW.

and response of building is studied. Floor height :35m
1.1 OBJECTIVES Spacing in X direction :7.0m
e Todetermine the ground slope varying from Spacing in Y direction A5m
0to 40°. Beam Sizes : 230 X 450 mm
e To capture the response for the three types of Column sizes 550 X 550 mm
modelling Slab Thickness 125 mm
. Step back Live load : 3 kN\m?
1. Set back For Terrace : 1.5 kN\mz2
Il Step back set back Floor finish - 1 kKN\m?2
¢ To obtain capacity curve. Concrete Grade “ Mao
e Tostudy the performance evaluation of Modulus of Elasticity : 22360000 kN\m2
building under the presence of shear wall. Poison’s ratio ‘017
1.2 METHODOLOGY Compressive strength : 20000 kN\m?
The methodology followed out to achieve the above
Steel : Fed15
mentioned objectives is as follows:
Strength of steel : 415000 KN\m?2
1. Setting up of properties required for analysis of .
Thickness of Shear wall :150mm
hill buildings, like material properties, geometric
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As per IS 1893 (part 1): 2002 following methods have
been recommended to determine the design lateral loads
which are:

1. Equivalent Static Method

2. Response Spectrum Method

10 degree slope 40 degree slope
Fig-1: Typical Step back building model on 10 to 40°

slope

10 degree slope 40 degree slope
Fig-2: Typical Stepback setback building model on 10

to 40%slope

ON LEVEL GROUND

Fig- 3: Typical Setback building model on level ground

Fig-5: Shear wall present at the corner of the building

3.RESULTS AND DISCUSSION

EQUIVALENT STATIC METHOD

Top Storey Displacement, Base Shear and Storey Drift

Table-1: Analysis results of displacement, base shear, drift

values obtained by Equivalent static method

— gl

Model Slope | Top storey Top storey | Base shear(kN) Time period (s)
configuration | angle | Displacement( Drift(mm)
in mm)
degree | EQX |EQY | EQX | EQY |EQX |EQY |EQX |EQY
10 3042 | 23.154 | 0384 | 0.294 | 787.67 |676.86 | 2.5646 | 2.4673
STEP 20 29403 | 19.860 | 0.536 | 0.346 | 1104.71 [ 997.14 | 2.3209 | 2.5712
BACK 30 22481 | 11.892 | 0.68 | 0.354 | 1368.77 [ 979.51 | 1.6065 | 2.2450
40 11426 3.956 | 1.046 [ 0.708 | 2311.76 | 970.76 | 0.7691 | 1.8314
10 29814 33.697 | 0.564 | 0.387 | 753.46 | 753.80 |1.9275|1.9267
STEP 30 | 29317|31.074 | 0.805 | 0519 | 1056.23 | 1003.78 | 1.6838 | 1.7717
BACK SET
BACK kY] 21.625|21.125 | 1.008 | 0.612 | 1214.11 | 1096.87 | 1.1663 | 1.2910
40 8.65 4924 | 1.194 | 0.867 | 1479.41 | 964.86 | 0.5031 | 1.0242
Level |[43.189]51.896 | 0.666 | 0471 [ 90165 |886.68 |2.7238 | 2.765%
SET BACK | ground
DISPLACEMENT
i ) T /
i i it | | {1 o
!] igbsball | | ] y -
;{' ettt | | /'
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DRIFT

PRESENCE OF SHEAR WALL AT CENTER
Displacement, Base Shear and Storey Drift and Time

period

: %;ii iy | Table-3 : Analysis results in the presence of shear wall at
: IR\ w— P N centre of buildings obtained by Equivalent static method
. [ bt . ) .
| ] | =i Ur
W K . Model | Slope | Top storey Topstorey | Baseshear(kN) | Time period(s)
o~ : . : configura | angle | Displacement Druift(mm)
— tion in (mm)
degree [EQX [EQY | EQX [ EQY |EQX |EQY |EQX |EQY
RESPONSE SPECTRUM METHODSTEP BACK STEP |10 13.344 | 14250 [ 0341 [ 0469 | 2678.51|2519.39 | 1.1097 | 12815
Top Storey Displacement, Base Shear and Storey Drift BACK |20 1075 |8511 | 0315 0307 | 302952225350 ) 08672 ) 1.1928
10 8447 4477 [0224 [0.157 |2974.28 | 204614 | 0.7828 | 1.1275
Table -2: Analysis results of displacement, base shear, 40 545 [2700 [ 0262 |0.125 [278698 |1772.20 | 0.6087 | 1.0505
. . STEP | 10 1432 144790566 | 0469 |2130.68 | 1967.44 | 0.7285 | 0.7890
drift values obtained by Response spectrum method BACK (20 B e e Torm 1 Ten e s o
Moddl Slope | Top storey Topstorey | Base shear(d) SET |30 12343 [ 5817 [1.150 |0.169 2%21.!4 2%2?.16 0.6}28 0.6358
configuration | angle | Displacement(mrm) Drift(mm) BACK |40 7236 1.9%? 1094 o.ogz 154431 1:@.12’1 04534 0.63%{)
degree BACK | ground
10 22451 | 16025 | 0337 |0224 |84767 | 72686
STEP |20 20832 | 14947 [0300 |0306 | 116471 | 1047.14
BACK [30 14746 | 10604 |0592 0375 | 142877 | 102951 PRESENCE OF SHEAR WALL AT CORNER
40 7785|5058 0764 (0511 237176 | 1020.76 Displacement, Base Shear and Storey Drift and Time
10 20331 22955 |0514 0264 |81346 |8038 )
STEP |20 15055 |22.205 |0.798 |0440 | 111623 |1053.78 period
BACKSET |30 13695 |12.135 0878 |0389 | 127411 | 114687 Table -4: Analysis results in the presence of shear wall at
BACK [40 3543 | 1662 |0325 |0297 153941 | 101486 e ) ) :
Levd 127507 130637 0575 0321 196165 | 33668 corner of buildings obtained by Equivalent static method
SET BACK | ground Model | Slope | Top storey Top storey | Base shear(kN) Time period(s)
configur | anglein | Displacement Drift(mm)
ation degree | (mm)
DISPLACEMENT EQX [EQY |EQX|EQY|EQX [EQY |EQX [EQY
STEP | 10 12.826 | 13.454 | 0,302 | 0.487 | 225145 | 1740.67 | 0.9517 | 12437
BACK [20 12.185 | 10.802 | 0.403 | 0.405 | 2859.10 | 2048.60 | 0.9418 | 13145
30 9191 5428 | 0300 |0.233 | 3008.73 | 1920.18 | 0.7684 | 1.2040
0 5935 | 2570 | 0.157 | 0.121 | 279433 | 167553 | 0.5800 | 1.1140
i { STEP | 10 12.179 | 16.808 | 0.301 | 0592 | 2204 61 | 1706.24 | 0.7063 | 0.9126
i P BACK [20 11.201 | 13.832 | 0387 | 0.542 | 2275.08 | 213322 | 0.6728 | 0.8753
il SET [30 6.758 | 7.127 | 0.198 | 0318 | 222849 | 203607 | 0.5475 | 0.7308
! BACK [10 3193 |2.093 | 0.055 | 0.082 | 155186 | 146748 | 03706 | 0.7064
SET | Level | 10878 | 20409 | 0.322 | 0.650 | 3382.72 | 2946.06 | 0.6349 | 0.9508
BACK | ground

¥ |
i | L

ighddul
dghdiut )

— gt .
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COMPARISON OF BUILDING MODEL WITHOUT SHEAR
WALL, @ CENTRE, AND @ CORNER

50 M stepback10
45 M stepbacksetback10
40
M setback
35
= 20 M stepback shearl0 @
[ center
= 25 M stepback setback
2 20 shearlo @ center
o M setback shear @
= 15 center
2 . M stepback shear 10 @
= 10 corner
5 i stepback setback
Loy shear 10 @ corner
o " " ? y " g " T T e M setback shear @
11 10 9 & 7 6 5 4 3 2 1 carner
no of storeys
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DRIFT

10 9 Hoof stdfeysS 4

50 M stepback20
45 ® stepbacksetback20
40
as M setback
=1 30 M stepback shear 20
o @ center
5 25 o stepback setback
£ hear 20 @ ceter
20 shear 20 @ ce
3 M setback shear @
=1 15 center
& 10 u stepback shear 20
@ corner
5 I I M stepback setback
I || [T shear 20 @ corner
0 Y @setback shear @
2 Eho of 5t095ey55 a corner
50 H stepback30
45 M stepbacksetback30
40
25 H setback
é 30 o stepback shear 30 @
= center
e 25 M stepback sethack
<1 20 shear 30 @ center
k] M setback shear @
& 15 center
= 10 M stepback shear 30 @
corner
5 M stepback setback
o I " " LI III "y shear 30 @ corner
i setback shear @
w09 Ehonﬂ sL(ﬁevs5 43 corner
50 stepbackao
45
40 M stepbacksetback40
= 35 =]
g . setback
I tepback sheara0 @
5 25 stepback shear: (@
£ center
3 20  stepback setback
o 15 sheard0 @ center
] 0 W setback shear @
| center
5 | |I |I I i stepback shear 40 @
o I II “ |||II...- corner

M step sethack shear 40
@ corner

18
16
14
12

1

driftEQxX
o o o
ES- -

=}
N

0

i Ull

8 7no @‘f stére\/s‘1 3

M stepback10

M stepbacksetback10

M setback

stepback shearlO @ center

H stepback setback shearl0o @
center

M setback shear @ center

M stepback shear 10 @ corner

M stepback setback shear 10 @
corner

1.8
1.6

drifteQX
o o [T
© = N B

=

M stepback20

M stepbacksetback20

M setback

M stepback shear 20 @ center

M stepback setback shear 20 @

7 5
no of storeys

ceter
0.4 M setback shear @ center
0.2 M stepback shear 20 @ corner
[¢]
W stepback setback shear 20 @
no of storeys corner
18 o stepback30
1.6
M stepbacksetback30
1.4
1.2 M setback
s 1 M stepback shear 30 @
g 0.8 center
ES M stepback setback shear 30
s 0.6 @ center
0.4 M setback shear @ center
0.2 Iil II I‘ II II I II M stepback shear 30 @
9] T T T T T T T T T T d corner
11 10 9 8 4 3 2 1

M stepback setback shear 30
@ corner

drift EQX

"o of storeys 4

TIME PERIOD
Table-5: Time period of buildings obtained by Equivalent

static method

|IIlll'llllllll.h.lu'n|n||'

& stepbackd0

M stepbacksetback40

M setback

@ stepback sheard0 @ center

M stepback setback sheard40
@ center

M setback shear @ center

M stepback shear 40 @
corner

M stepback setback shear 40
@ corner

building angles without shear Shear wall @ Shear wall @
configuration in wall centre corner
degree | EQX | EQY | EQX | EQY EQX EQY
10 2.5646 | 2.5712 | 1.1097 1.2815 0.9167 1.2439
STEP BACK 20 2.3209 | 2.5712| 0.8872 1.1928 0.9418 1.3145
30 1.6065 | 2.2450 [ 0.7828 1.1275 0.7684 1.2040
40 0.7691 | 1.8314 [ 0.6087 1.0505 0.580%9 1.1140
10 1.9275 | 1.9267 | 0.7285 0.7850 0.7063 0.9126
STEP BACK 20 1.6838 | 1.7717 | 0.6753 0.7581 0.6728 08753
SET BACK 30 1.1663 | 1.2910 [ 0.6128 0.6358 0.5475 0.7308
40 05031 | 1.0242 [ 0.4534 0.6320 03706 0.7064
On level | 2.7238 | 2.7698 | 0.7618 1.0955 0.6349 0.9598
SET BACK ground
3
25 *—
“ 2 \\ =—4—WITHOUTSHEAR
3 \ WALLSTEPBACK
g 10 —B—SHEAR WALL @
g 1 CENTERSTEPBACK
= os —#—SHEAR WALL @
0 CORNERSTEPBACK
0 10 20 30 40 50
slope angle

BASE SHEAR
Table-6: Base of buildings obtained by Equivalent static

method
building | anglesin | without shear wall Shear wall @ Shear wall @
configu degree centre corner
ration EQX EQY EQX EQY EQX EQY
10 787.67 | 676.86 267851 | 2319.39 | 225145 | 174067
STEP 20 1104.71 | 557.14 302592 | 2253.50 | 2855.19 | 2048.60
BACK 30 1368.77 [ 879.51 287428 | 2046.14 | 3008.73 | 1520.18
40 2311.76 | 970.76 278698 | 1772.20 | 279433 | 1675.53
STEP 10 75346 | 75380 | 213068 | 196744 | 220461 | 170624
BACK 20 1056.23 | 1003.78 | 2755.18 | 245424 | 227508 | 213322
SET 30 1214.11 | 1096.87 | 2221.14 | 2223.16 | 222849 | 2036.97
BACK 40 1479.41 | 964.86 154451 | 154518 | 1551.86 | 146748
SET Onlevel | 901.65 | 886.68 | 3382.72 | 2352.25 | 4233.03 | 24596.06
BACK ground
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3.

CONCLUSIONS

1. In equivalent static method and response
spectrum method, as the slope angle increases the
top storey displacement and time period reduces.
2. The stepback setback building configuration
having less displacement compared to the other
two configurations.

3. In response spectrum method base shear value
for stepback building 7%, 5%, 4.19%, 2.53%, and
for stepback setback building 7.37%, 5.37%,
4.7%, 3.89% more compared to the linear static
method.

4. Presence of the shear wall at the corner of the
building, displacement & time period value is
reduces. For stepback building shear wall percent
at corner having displacement 3.85%, 11.48%,
8.094%, 8.171% less compared to the shear wall
present at the centre of the building. For stepback
setback building shear wall percent at corner
having displacement 14.95%, 15.92%, 45.23%,
55.83% for 100,209, 309, 409 respectively less
compared to the shear wall present at the centre
of the building.

5. Presence of the shear wall at the centre
building, drift value is reduces and base shear
value increases as compared to without shear
wall building. For stepback building presence of
shear wall at the centre of the building is 15%,
21.83%, 25.33%,32% which is lesser than shear

wall at the corner building and for stepback

setback building presence of shear wall at the
centre of the building is 58%, 69.69%, 82.78%,
94.98% which is more than shear wall at the
corner building for 10° 20¢, 30°, 400 respectively.
6. Base shear is maximum at 20° in both stepback
and stepback setback buildings.

For construction of the building on sloping
ground the stepback setback  building
configuration is suitable, along with shear wall

placed at the corner of the building.
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