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Abstract— From the past few decades the population of the 

world has been rising hastily, due to this there is scarcity of 

land. To overcome this drawback, structures of different 

configurations such as Step-back and Step back-set back has 

been adopted on hilly regions. Most of hilly regions in 

northern India where seismic activities are common, 

buildings are required to be constructed on sloping ground 

due to scarcity of plain land. Buildings situated in hilly areas 

are much more vulnerable to seismic environment. The 

buildings situated on hill slopes in earthquake prone areas are 

generally irregular, torsionally coupled and hence susceptible 

to severe damage when affected by earthquake ground 

motion. In this study, analysis of such building with step back 

and setback configurations under different ground conditions, 

i.e sloping ground and levelled ground, by using response 

spectrum method as per IS1893-2016 has been carried out. 

This study shows that for sloping and levelled ground, step 

back-setback building gives effective response when 

earthquake occurs. 
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I. INTRODUCTION 

The scarcity of plain ground in hilly areas has led to 

construction on sloping ground. The behaviour of building 

during earthquake depends on the mass and stiffness in both 

horizontal and vertical planes of the buildings. Majority of 

buildings constructed on hill slopes are irregular and 

asymmetric due to step back and set back type construction. 

Such buildings are prone to have special structural and 

constructional problems such as shear, torsion and unequal 

column heights within a storey, which results in drastic 

variation in stiffness of columns of the same storey. The short 

column attracts much higher lateral forces and is prone to 

damage. In order to highlight the differences in behaviour, 

which may further be influenced by the characteristics of the 

locally available foundation material, a parametric study has 

been conducted on five different buildings i.e step back and 

step back-set back buildings using SAP 2000. Current 

building codes including IS:1893 (Part 1):2002 and IS:1893 

(Part 1):2016 suggest detailed dynamic analysis of these type 

of buildings on different soil (hard, medium and soft soil) 

types. To asses acceptability of the design it is important to 

predict the force and deformation demands imposed on 

structures and their elements by severe ground motions by 

means of static pushover analysis. 

 The economic growth & rapid urbanization in hilly 

region has accelerated the real estate development. Due to 

this, population density in the hilly region has increased 

enormously. Therefore; there is popular & pressing demand 

for the construction of multi - storey buildings on hill slope 

in and around the cities. The adobe burnt brick, stone 

masonry & dressed stone masonry buildings are generally 

made over level ground in hilly regions. Since level land in 

hilly regions is very limited, there is a pressing demand to 

construct buildings on hill slope. Hence construction of multi-

storey R.C. Frame buildings on hill slope is the only feasible 

choice to accommodate increasing demand of residential & 

commercial activities. It is observed from the past 

earthquakes, buildings in hilly regions have experienced high 

degree of demand leading to collapse though they have been 

designed for safety of the occupants against natural hazards. 

Hence, while adopting practice of multi -storey buildings in 

these hilly & seismically active areas, utmost care should be 

taken, making these buildings earthquake resistant.  

II. OBJECTIVES OF THE STUDY  

This study comprises of seismic analysis of a R.C. building 

with square plan. The design philosophy was established 

considering the following aspects: 

1) The structure should withstand the moderate 

earthquakes, which may be expected to occur during the 

service life of structure with damage within acceptable 

limits. Such earthquakes are characterized as Design 

Basis Earthquakes (DBE). 

2) In the current investigation, Dynamic analysis has been 

regulated. In dynamic analysis Response Spectrum 

Analysis (RSA) is carried out.  

3) Analysis is carried out on five type buildings with set 

back and step back configuration and with a sloping 

ground of 5 degree incrementally with respect to 

horizontal.  

4) The Response Spectra as per IS 1893 (Part 1):2016 for 

medium soil is used. 

5) Comparison of results for (G+5) building is done for 

slope variation and same soil condition. 

6) Various checks are applied on the results. 

III. METHODOLOGY 

It is observed from past earthquakes that the buildings on 

slopes serve more damage and collapse occurs. This paper 

aims to analyse the dynamic characteristics of these type of 

buildings with three different configuration such as a) 

Regular Building b) Step back & c) Step back-Setback 

Model Details – 

 Model 1 – G+5 storeys building on levelled ground 

 Model 2 - G+5 storeys building on levelled ground with 

setback configuration 

 Model 3 - G+ 5 storeys building on sloping ground of an 

angle 5o 

 Model 4 - G+ 5 storeys building on sloping ground of an 

angle 5o with setback configuration 

 Model 5 - G+ 5 storeys building on sloping ground of an 

angle 10o 
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 Model 6 - G+ 5 storeys building on sloping ground of an 

angle 10o with setback configuration 

 Model 7 - G+ 5 storeys building on sloping ground of an 

angle 15o 

 Model 8 - G+ 5 storeys building on sloping ground of an 

angle 15o with setback configuration 

 Model 9 - G+ 5 storeys building on sloping ground of an 

angle 20o 

 Model 10 - G+ 5 storeys building on sloping ground of 

an angle 20o with setback configuration 

 Model 11 - G+ 5 storeys building on sloping ground of 

an angle 25o 

 Model 12 - G+ 5 storeys building on sloping ground of 

an angle 25o with setback configuration 

A. Modelling Description 

The space frame has been modeled in E-Tabs software. The 

descriptions of the structure are listed in Table below. The 

connections between all the members are assumed to be 

fixed. The arrangement idealization and member segment 

property details of all cases are shown in Table below. 

Various plans and 3D views are shown in subsequent figures. 

Since when using E-Tabs software, user has to define the 

properties to tell the software that which material is going to 

use with its size in a particular model. Such properties which 

are used in this work are mentioned below: - 

General Properties 

Location of Building North India 

No. of storeys G+5 

Typical Storey Height 3.6 m. 

Size of Column 300 x 900 

Size of Beam 300 x 450 

Thickness of Slab 150 mm. 

Thickness of Wall 230 mm. 

Material Properties 

Grade of Concrete M 30 

Grade of Steel Fe 500 

Type of Loading 

Wall Load 12.5 KN/m 

Live Load 3 KN/m2 

Floor Finishing 1.5 KN/m2 

Seismic Details (IS 1893:2016) 

Seismic Zone V 

Zone Factor 0.36 

Importance Factor 1 

Type of Soil II - Medium 

Building Type (R) 5 (SMRF) 

Table 1: Description of parameters taken for analysis 

 
MODEL 1 

 
MODEL 2 

 
MODEL 3 

 
MODEL 4 

 
MODEL 5 
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MODEL 6 

 
MODEL – 7 

 
MODEL – 8 

 
MODEL – 9 

 
MODEL – 10 

 
MODEL –11 

 
MODEL – 12  
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IV. RESULTS  
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V. CONCLUSION  

From above study it has been concluded that, 

1) Base shear of building resting on plain ground is less than 

that of building resting on sloping ground. For building 

resting on sloping ground, base shear is increased by 2% 

in X direction and 3.5% in Y direction with respect to the 

increase of 5o in slope. Base Shear of setback building is 

less than that of step-back building. 

2) As the slope of ground increases base shear, top storey 

displacement decreases as it gives less movement 

structure due to the stiffness of support. But after the 

slope of 20 degree, the value of displacement increases. 

3) The storey drift also increases with the increase of slope 

gradient up to the 25 degree due to uneven height and 

lateral stiffness supported by beams. 

4) Natural Time period of the building also decreases with 

the increment in the slope of ground. Due to which the 

natural frequency of the structure is high which is not 

desirable as the higher frequencies have higher 

displacement of the component which incurs higher 

fatigue damage to the component. 

5) Time period of step-back building resting on plain 

ground decreases by 7.5 % than that of setback building 

and for sloping ground it is 8 %. Time period of building 

resting on sloping ground is decreased by 7% than 

building resting on plain ground 

6) Top storey displacement of setback building is less than 

that of step-back building. 

7) Use of bottom ties gives effective response of hilly 

building, it gives them higher stiffness 
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