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I. INTRODUCTION 

 
Earthquake is the most disastrous and unpredictable 

phenomenon of nature. When a structure is subjected 

to seismic forces it does not cause loss to human lives 

directly but due to the damage cause to the 

structures that leads to the collapse of the building 

and hence to the occupants and the property. Mass 

destruction of the low and high rise buildings in the 

recent earthquakes leads to the need of investigation 

especially in a developing country like India.  

 

Structure subjected to seismic/earthquake forces are 

always vulnerable to damage and if it occurs on a 

sloped building as on hills which is at some 

inclination to the ground the chances of damage 

increases much more due to increased lateral forces 

on short columns on uphill side and thus leads to the 

formation of plastic hinges. Structures on slopes differ 

from those on plains because they are irregular 

horizontally as well as vertically. Past earthquakes [e.g. 

Kangra (1905), Bihar- Nepal (1934 & 1980), Assam 

(1950), Tokachi-Oki-Japan (1968), Uttarkashi-India 

(1991)], have proved that buildings located near the 

edge of stretch of hills or sloping ground suffered 

severe damages. Such buildings have mass and 

stiffness varying along the vertical and horizontal 

planes, resulting the center of mass and center of 

rigidity do not coincide on various floors. This 

requires tensional analysis; in addition to lateral 

forces under the action of earthquakes 

 

1. Step Back building and Set Back Building 

Set back generally refers to the arrangement of 

stepping of a building. This is done generally to 

accommodate the architectural aesthetic as well as 

to get sunlight behind the structure. 

 

Step back buildings generally refers to the 

building with stepped lowest level or stepped 

foundation. This kind of structure are common in 

the hilly or seashore areas where it is 

uneconomical to dug the whole cliff. 

 

II. RESEARCH FINDING 
 

Patel et al. (2014) studied 3D analytical model of 

eight storied building was analysed using analysis 

tool ETABS with symmetric and asymmetric model to 

study the effect of variation of height of column due 

to sloping ground during earthquake. In this study 

lateral load analysis as per seismic code was done to 

study the effect of seismic load and assess the 

seismic vulnerability by performing pushover 

analysis. It was observed that vulnerability of 

buildings on sloping ground increases due to 

formation of plastic hinges on columns in each base 

level and on beams at each storey level at 

performance point. The number of plastic hinges are 
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more in the direction in which building is more 

asymmetric. Buildings on sloping ground have more 

storey displacement as compared to that of 

buildings on flat ground. 

 

Singh et al. (2012) carried out an analytical study 

using linear and nonlinear time history analysis. They 

considered 9 story RC frame building (Step back) 

with 45 degrees to the horizontal located on steep 

slope. The number of storeys was 3 and 9 and 7 bays 

along the slope and 3 across the slope. They took 5 

set of ground motions i.e., 1999 Chi-Chi, 1979 

Imperial Valley, 1994 Northridge , 1971 San 

Fernando , 1995 Kobe from strong motion database 

of pacific Earthquake Engineering Research Centre 

(PEER). They observed that almost all the storey 

shear is resisted by the short column. The effect of 

torsional irregularity is represented by the ratio of 

maximum to average inter storey drifts (Δmax/Δavg) 

in a storey. They observed the step back buildings 

are subjected to considerable amount of torsional 

effects under cross slope excitations. 

 

Babu et al. (2012) performed pushover analysis of 

various symmetric and asymmetric structures 

constructed on plain as well as on sloping ground. 

They conducted analysis using structures with 

different configurations which are plan symmetry 

and asymmetry having different bay sizes. They 

considered a 4 storey building in which one storey is 

above ground level and it is constructed at a slope 

of 30 degree. They observed that the short column 

subjected to worst level of severity and lie beyond 

collapse prevention (CP) from pushover analysis. 

They obtained displacement as 104 mm and base 

shear as 2.77 x 10
3
 KN. Based on these results they 

developed pushover curves with X-axis as 

displacement and Y-axis as base shear and gave 

various comparisons for the cases they considered. 

They found that up to failure limit for maximum 

displacement by symmetric structure is 70% and by 

asymmetric building is 24% more than the structure 

on plain ground. They concluded that structure is 

more critical in elevation irregularity than in plan 

irregularity. 

 

Prashant and Jagadish (2013) studied the seismic 

response of one way slope RC building with a soft 

storey. They have focussed their work to the 

buildings with infill wall and without infill wall i.e., 

bare frame. They carried out pushover analysis in a 

10 storey building which include bare frame with and 

without infill wall. The buildings were situated at an 

inclination of 27 degrees to the horizontal and 

having 5 bays along the slope. Frame system 

considered was specially moment resisting frame 

(SMRF). In this study, they found that time period of 

building consisting of bare frame is 1.975 sec. which 

is about 96-135% higher as compared to the 

building having infill walls which is due to the reason 

of increased stiffness of the building and hence the 

increase in frequency. Further they observed that the 

displacement of the building is more in case of bare 

frame due to reduced stiffness and absence of infill 

wall. They also found that the base shear in infilled 

frames is about 250% more as compared to bare 

frame. Therefore formation of plastic hinges is more 

in bare frame model consisting of soft storey.  

 

III. CONCLUSIONS 

 
1. Building on slope have a considerable amount 

of storey displacement. 

2. Asymmetric structure has greater chance of 

failure than symmetric structure constructed on 

slope. 

3. Elevational irregularity is more critical than plan 

irregularity 
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