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Abstract - India is fastest growing and developing county in
infrastructure and all other sector. Infrastructure
development is major factor of any county, but for
infrastructure development necessities of land is major factor.
Due to rapid urbanization there is less availability of land in
plain area hence utilization of land in mountain area and
sloping area become mandatory. But land in mountainous
area is become major problem in construction hence special
analysis and care should be taken while constructing projects
in this area. In this project we have considered different floor
steel structure like G+10 and G+20 and done analysis with
different sloping ground varying from 0, 5, 10 degree. For
above structure analysis is done for story displacement
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1.INTRODUCTION

Due to increase in population and rapid urbanization, the
scarcity of plain ground is happened. Since structures are
constructed in hilly area. The construction of building in hilly
area is not easy compared to building in plain ground. In
some hilly regions of the world are more pronto seismic
activity, In India, North and northeast part have large sloping
grounds and construction of RC building is popular in
sloping ground. Earthquake causes shaking of ground so
building resting on slope will experience motion at its base.
Even though the base of the building moves with ground.
Roof has tendency to stay in original position. But since the
walls and columns are connected toit, they drag the roof
along with them. Earth quakes are the natural phenomenon
which are caused by the release of large strain energy by the
moving faults below the surface of the earth, which
ultimately causes the shaking of the earth top surface in all
possible directions with different amplitudes and intensities
of lateral forces.

1.1 LITERATURE REVIEW

Ashraf. (1998)

Ashrafetal. (1998) presents the steps used in performing a
pushover analysis of a simple three-dimensional building.
SAP2000, a state-of the-art, general purpose, three-
dimensional structural analysis program, is used as a tool for
performing the pushover. It allows quick and easy
implementation of the pushover procedures described in the
ATC-40 and FEMA-273 documents for both two and three-
dimensional buildings. He suggested that it is easy to

investigate the erect of different strengthening schemes and
also to stiffen or strengthen the building by changing the
member properties and rerunning the analysis.

Armagan Korkamaz

Armagan Korkamaz et al. evaluated the performance of
frame structures for various load patterns and variety of
natural periods by performing pushover and non-linear
dynamic time history analysis. Pushover and non-linear time
history analyses results are compared to choose the best
load distribution for specific natural period for this type of
frame structure. They concluded that the shear failure of the
columns is experienced at the larger storey displacements
and rectangular distribution always give the higher base
shear-weight ratio comparing to other load distributions for
the corresponding story displacement. The rectangular load
distribution shows maximum seismic demands during the
given earthquakes more reasonable than the other load
distribution

A.Meher Prasad

A.Meher Prasad et al. (2004) studied the effect of infill
stiffness on seismic performance ofmulti-storey RC framed
buildings in India. Two typical existing buildings located in
moderate seismic zones of India (as per IS: 1893-2002[1])
are identified. Features like plan irregularity and vertical
irregularity (soft storey) are found in one of the buildings,
while the other is fairly symmetric. Infill's were modelled
using the equivalent strut approach. Static analysis (for
gravity and lateral loads), response spectrum analysis and
non-linear pushover analysis werePerformed. It is observed
that the seismic demand at the soft storey level is
significantly large when infill stiffness is considered, with
larger base shear and larger displacements.

A.Fiore et al. (2012)

AFiore et al. (2012) studied about the inuence of infilll
panels over the collapse mechanisms activated under
pushover analysis. a large number of research studies have
been recently devoted to the modelling and analysis of
inflled RC framed buildings under seismic actions, and the
significant role that the infill plays in the overall structural
performance is by now a well acknowledged result. In
particular, the extension of N2 method to infilled frame
allows the appraisal of this contribution within the
framework of a nonlinear static analysis. Numerical analyses
were performed by using spatial models, both for the bare
frames and in filledframes, in order to appraise the variation
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of the structural capacity because of the interaction of
theinfills with the RC elements.

Anoop Singh , Vikas Srivastava, N.N.Harry

Anoop Singh , Vikas Srivastava , N.N.Harry has concluded
that The displacement of beam coming in the building is
within the limits of Indian standards. This building is safe for
area coming under earthquake zone II. The maximum drift in
the building is 2.077 cm which is safe as per IS 1893-2002.
The maxim drift in the building is 2.077 cm which is safe as
per IS 1893-2002. The maximum beam displacement of 3m
span beam is 0.044mm and allowable displacement is
12mm.

Sachin Kumar Dangi, and Saleem Akhtar

Sachin Kumar Dangi, and Saleem Akhtar had said there is
significant improvement observed in seismic performance of
building on sloping ground by providing shear walls with
different configurations since lateral displacement and
member forces reduce considerably in building due to
provision of shear walls. It is observed that maximum
displacementis found in case 0f45 slope without shear wall.
Hence we can say that, risk increases with the inclination of
the slope. In this study we found that, the position of the
shear wall at periphery is the optimum position for the
lateral load resistance. It is observed that, the position of the
shear wall at corner is the optimum position for countering
axial loads. It is observed that, maximum shear force and
maximum bending moment increase significantly for sloping
ground at 45 slope. It is observed that, axial force increases
in the buildings with shear wall. Base shear is found
maximum in the building with shear wall, due to dead load of
the shear wall.

B.G. Birajdar, S.S. Nalawade

B.G. Birajdar, S.S. Nalawade has said The performance of
STEP back building during seismic excitation could prove
more vulnerable than other configurations of buildings. The
development of torsional moments in Step back buildings is
higher than that in the Step back Setback buildings. Hence,
Step back Set back buildings are found to be less vulnerable
than Step back building against seismic ground motion. In
Step back buildings and Step back-Set back buildings, it is
observed that extreme left column at ground level, which are
short, are the worst accepted. Special attention should be
given to these columns in design and detailing. Although, the
Set back buildings on plain ground attract less action forces
as compared to Step back Setback buildings, overall
economic cost involved in leveling the sloping ground and
other related issues needs to be studied in detail.

2. RESEARCH GAP

Various research paper compared the buildings with
different seismic zones, with different climatic conditions,
different land profiles but there is very less research
regarding effect of slopes on the building with varying

seismic zones. In this project we have compared a Building
for different slopes like 0, 10, 20, 30 degree slope and vary
seismic zones likes I, V.

3 RESEARCH OBJECTIVES

The objective of this project is a study of the effect of slopes
on a building in by using different bracing system . In this
project, we are going to analyze multistory building in
varying slopes by using software like STAAD. Pro. In this
project, we are going to structurally compare the G+10 ,
G+20 story building with various slopes like 0, 5, 10, ,
degree and with different seismic conditions like Zone I and
Zone V. And at the end we will find some results. The results
include

4 Building Configurations

1. Plan Dimension 20 m x 24 m

2. Story Height 3.2 m

3. Number of stories

i) InG+10 =11 stories
ii) In G+20 = 21 stories

The following Wind Load parameters were taken as per IS
875 (Part 3):

e Wind Speed, Vb (m/s) 47

e Terrain category 3

e  Structure class C

e Risk Coefficient (k1 factor) 1

e Topography (k3 factor) 1
4.1 Lateral Load Parameters
The following Earthquake Load Parameters were taken as
per IS 1893:2002:
Response reduction factor(R) 5
Seismic zone - 111
Seismic zone factor(Z)0.16
Soil type - I1
Importance factor - 1
Time period Program calculated

4.2 Load Definitions

The following load has been considered to be acting on
both the structures:

Dead load: weight of the structure.

Superimposed load due to finishing etc.: 2 kN/m2
Live Load: 3.5 kN/m2

Earthquake in X-direction As per IS 1893:2002
Earthquake in Y-direction: As per IS 1893:2002
Wind load: As per IS 875 (Part 3)

4.3 Frame sections

Column -I section - 1100016B55020
Beam - [ section - 180016B50012
Channel Section - ISA 125

Slab Thickness -120 mm
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5. RESULTS AND DISCUSSION 7th 3.09 2.75
8th 3.37 2.99

Response Spectrum analysis for seismic loading while linear 9th 3.44 3.02
static analysis for wind loading has been carried out for all 10th 3.99 3.68
the structures using STAAD.Pro and the results are 11th 4.23 3.99
represented in the following form: 12th 435 2410
e Story displacement 13th 4.95 4.25
14th 5.02 4.52

Comparative study between a building on sloping grounds 15th 5.32 4.69
with some slope with different bracing system. In this report 16th 5.65 4.98
structure is considered with and without any slope 17th 5.98 5.01
G+10,G+20 and analyses is done. Tabulated result and 18th 6.2 5.65
graphs are as below 19th 6.5 5.98
20th 6.98 6.2

STORY DISPLACEMENT (mm)
Table -2 -G+20 building without any slope

Structure Without Structure With
Story bracing system bracing system
GF 3.95 3.95 Story Displacement in mm
1St 4.25 4.25
2nd 8.2 8.0 8
3rd 8.22 8.10 ;
4th 8.95 8.50 <
5th 9.19 9.01 4
6th 11.01 10.2 3
7th 11.16 10.5 2
8th 11.7 10.8 1
9th 12.2 11.5 0
10th 13.6 12.2
B Structure Without bracing system M Structure With bracing system

Table -1 -G+10 building without any slope

STORY DISPLACEMENT (mm)
Story Displacement in mm
16 Structure without Structure with
14 Floor bracing bracing
12 GF 0.85 0.85
A 1St 2.5 2.2
: 2nd 3.2 3.0
4 3rd 4.6 4.0
2 — 4th 7.8 7.2
0 5th 9.5 8.5
12 3 4 5 6 7 8 9 10 1 6th 102 9.2
® Structure Withoutbracing system  m Structure With bracing system 7th 13.2 11.2
8th 14.5 13.5
9th 15.9 14.9
STORY DISPLACEMENT (mm) 10th 178 168
Stl‘llCt}ll‘e Without StruFture With Table -3-G+10 building with 5 degree slope
Story bracing system bracing system
GF 0.4 0.4
1st 0.7 0.72
2nd 1.5 1.4
3rd 1.9 1.6
4th 2.14 1.96
5th 2.5 2.3
6th 2.99 2.49
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20

Story Displacement in mm

STORY DISPLACEMENT (mm)

Structure Without Structure With
48 Story bracing system bracing system
GF 0.48 0.48
10 = 1St 1.2 1.1
2nd 2.2 2
5 3rd 3.5 3.2
[T} II II 4th 4.6 4.5
' 1 2 3 4 5 6 7 8 9 10 11 Sth 5.9 5.7
6th 6.7 6.3
B Structure Without bracing system B Structure With bracing system 7th 7.3 7.1
8th 8.2 8.0
9th 8.7 8.2
STORY DISPLACEMENT (mm) 10th 9.25 8.6
Structure Without Structure With
Story bracing system bracing system Table -5 -G+10 building with 10 degree slope
GF 1.5 0.7
1st 6.5 3.8
2nd 7.68 6.9 Story Displacement in mm
3rd 9.8 9.4 10
4th 13.5 12 .
5th 15.6 15
6th 18.9 17.5 6
7th 21.4 20.3 4
8th 24.6 23.7
9th 29.7 26 :
10th 31.2 28.3 0
11th 33.5 30.4 12 3 4 5 6 7 8 9 10 11
12th 356 32.3 B Structure Without bracing system H Structure With bracing system
13th 36.5 34
14th 39.5 35.6
15th 41.3 371 STORY DISPLACEMENT (mm)
16th 43.6 38.4
17th 44.3 395 Structure Without Structure With
18th 458 40.4 Story bracing system bracing system
19th 46.2 41.2 GF 0.8 0.3
20th 48.5 418 1st 2.1 1.655
2nd 2.7 1.95
Table -4-G+20 building with 5 degree slope 3rd 3.52 2.35
4th 7.39 5.46
i 5th 11 6.66
Storey Displacement (mm) 6th 14.26 777
g0 7th 17.3 8.65
50 8th 20. 9.52
40 9th 22.2 10.4
20 10th 25.1 11.3
. 11th 27.4 12.2
12th 30.1 13
10 I || | | ‘ ‘ ‘ ‘ 13th 32.1 13.7
o —mANARAARARANAEARNEEEE 14th 34.1 14.4
TS A FREREEZ T HEEREEE S 15th 35.0 15.1
W Structure without bracing M Structure with bracing 16th 37.7 15.8
17th 39.1 16.4
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18th 41.7 16.9
19th 41.9 17.4
20th 43.5 17.8

Table -15-G+20 building with 10 degree slope

Story Displacement in mm
50

12 3 45 6 7 8 910111213 141516 1718 1920 21

m Structure Without bracing system m Structure With bracing system

6. CONCLUSIONS

Following conclusion observed after analysis of different
G+10, G+20,, structure with different sloping angle as 0, 5,
and 10 degree. Results are compared for story displacement
For structure with and without different bracing system.

1. For story displacement

a. Considering G+10 building results are compared which
shows that, Building with out bracing without for same
loading and same section property. It has been observed that
story displacement is increased with height of the building
and which is varying from 3.95 mm to 14.5 mm. Same
observation made building with bracing that story
displacement is decreased with height of the building and
which is in the range of 3.95 mm to 12.2 mm except for
zero degree slope. Overall improvement in story
displacement which is around 5 to 6 % less for building with
bracing. Hence results show that story displacements in the
structure reduced when structure is provided with bracing.
b. Considering G+20 building results are compared which
shows that, Building without bracing without for same
loading and same section property. It has been observed that
story displacement is increased with height of the building
and which is varying from 4 mm to 69 mm. Same
observation made building with bracing that story
displacement is decreased with height of the building and
which is in the range of 4 to 62 mm except for thirty degree
slope. Overall improvement in story displacement which is
around 20 %less for building with bracing. Hence results
show that story displacements in the structure reduced
when structure is provided with bracing.
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