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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 100 to 400 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 IS: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 I.S.-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 

and response of building is studied. 

1.1 OBJECTIVES 
 To determine the ground slope varying from 

0 to 40o. 

 To capture the response for the three types of 

modelling  

I. Step back 

II. Set back  

III. Step back set back 

 To obtain capacity curve. 

 To study the performance evaluation of 

building under the presence of shear wall.  

1.2 METHODOLOGY 
The methodology followed out to achieve the above 

mentioned objectives is as follows: 

1. Setting up of properties required for analysis of 

hill buildings, like material properties, geometric 

properties, loading cases, etc. 

2. Modelling of selected building configuration on 

sloping ground located in seismic zones III 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.  

Floor height                            : 3.5 m 

Spacing in X direction            : 7.0 m 

Spacing in Y direction            : 4.5 m 

Beam Sizes                              : 230 X 450 mm 

Column sizes                           : 550 X 550 mm 

Slab Thickness                        : 125 mm 

Live load                                 : 3 kN\m2  

 For Terrace                                          : 1.5 kN\m2 

Floor finish                              : 1 kN\m2 

Concrete Grade                       : M20 

Modulus of Elasticity              : 22360000 kN\m2 

Poison’s ratio                          : 0.17 

Compressive strength              : 20000 kN\m2         

Steel                                         : Fe415 

Strength of steel                      : 415000 kN\m2 

Thickness of Shear wall                  :150mm 
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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 400 

slope 

   

     10 degree slope             40 degree slope 

Fig-2: Typical Stepback setback building model on 10 

to 400 slope 

 

ON LEVEL GROUND 

Fig- 3: Typical Setback building model on level ground 

   
 

Fig-4: Shear wall present at the center of the building 

     
 
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 

 

DISPLACEMENT 
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DRIFT 

     

RESPONSE SPECTRUM METHODSTEP BACK 

Top Storey Displacement, Base Shear and Storey Drift 

Table -2: Analysis results of displacement, base shear, 

drift values obtained by Response spectrum method 

 

DISPLACEMENT 

     

DRIFT 

     

PRESENCE OF SHEAR WALL AT CENTER 

 Displacement, Base Shear and Storey Drift and Time 

period 

Table-3 : Analysis results in the presence of shear wall at 

centre of buildings obtained by Equivalent static method 

 

PRESENCE OF SHEAR WALL AT CORNER 

Displacement, Base Shear and Storey Drift and Time 

period 

Table -4: Analysis results in the presence of shear wall at 

corner of buildings obtained by Equivalent static method 

 

COMPARISON OF BUILDING MODEL WITHOUT SHEAR 

WALL, @ CENTRE, AND @ CORNER 

DISPLACEMENT 
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DRIFT 

 
 

 
 

 
 

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

static method 

 

 

BASE SHEAR 

Table-6: Base of buildings obtained by Equivalent static 

method 
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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 100,200, 300, 400, 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 10o 20o, 30o, 40o respectively. 

6. Base shear is maximum at 20o 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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