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I. INTRODUCTION 

 
The real estate industry has been boosted by the 

quickly expanding urbanization and economy in hilly 

areas, which is luring more people to live there. 

Therefore, the need for multistory building 

development has increased. Because the ground in 

hilly areas slopes, building construction there is 

entirely different from that of structures constructed 

on flat land. This is due to the fact that the ground in 

hilly areas slopes at an angle from the normal 

ground level, resulting in varying column heights 

within the same storey. As a result, the supports 

within the same storey maintain varying stiffness 

values. 

 

Many conventional Geographical Information 

Systems (GIS) applications require the determination 

of ground slope as a basic step. Slope is a crucial 

factor in studies conducted by scientists, the military, 

and civilians.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are numerous ways to calculate inclination. The 

technique of manually creating slopes based on 

contour line data has been around for a while and is 

generally regarded as acceptable. Future periods will 

see a significant increase in the number of multi-

story building frames constructed on sloped terrain. 

It is crucial that these building frames on sloping 

ground be realistically analyzed and designed in this 

respect. STAAD-Pro v8i software is used today to 

create such multi-story building frames. This 

inspiration served as the impetus for this research on 

the impact of various sloping angles in multi-story 

building frames. (2D-Frames). 

 

Earthquakes are among the most hazardous natural 

disasters. Seismic analysis of structures located in 

areas prone to strong earthquakes is crucial. 

According to historical earthquake data, RCC 

buildings that contain columns of varying heights 

within the same storey have more harm in the short 

column of that storey than the tall column of the 

same storey. Due to the slope of the ground, the 
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short columns on the uphill side are more vulnerable 

to damage than the long columns on the downhill 

side and are prone to higher lateral forces. 

 

This is due to the fact that the short column is more 

rigid than the tall column, drawing more powerful 

seismic forces. The "Short Column Effect" is the name 

given to this phenomenon. The short column 

experiences shear failure and the damage appears as 

X-shaped fractures. In hilly areas, structures have 

irregularities in their mass and stiffness along their 

longitudinal and transverse axes. 

 

In this paper, the seismic behavior of RC buildings on 

sloping ground is analyzed; considering the G+12 

storey frame geometries with shear wall and without 

shear wall at different slopes. The modeling and 

analysis is done with the help of STAAD Pro v8i. The 

objectives of the study are as follows: 

• To analyze 3-D building with Dead load, live load, 

under seismic load on different slopes i.e. 10degree, 

12degree and 15degree. 

• To study the variation of shear force, bending 

moment, axial force and Node displacement at 

different slopes. 

• To optimize the structure stability with different 

angles. 

  

II. LITERATURE 
 

In this review, characteristics of the structures due to 

variation of the slope angle are explained. The effect 

of the irregular configurations on vulnerability due to 

seismic forces is discussed. There are very few 

researchers who explained the effect of change of 

sloping angle. No research work is done based on 

experimental investigation of the structures on 

sloping ground. 

 

S.P. Pawar et al. (2016) [1] – This study based on 

the seismic behavior of buildings resting on sloping 

ground with a shear walls. It is observed that the 

seismic behavior of buildings on sloping ground 

differ from other buildings. The various floors of such 

buildings step backs towards hill slope. Most of the 

studies agree that the buildings resting on sloping 

ground have higher displacement and base shear 

compared to buildings resting on plain ground and 

the shorter column attracts more forces and undergo 

damage when subjected to earthquake. Step back 

building could prove more vulnerable to seismic 

excitation. They conclude that, buildings on sloping 

ground have higher stiffness on shortest column. The 

base shear and displacement is more along the slope 

than in other transverse direction. The straight shape 

(or rectangular) shear walls configuration proves to 

be better among all configurations for resisting the 

lateral displacement. 

 

Sripriya Arjun and Arathi S. (2015) [2] – In this 

study, behavior of G+3 storied sloped frame building 

having step back set back configuration is analyzed 

for sinusoidal ground motion with different slope 

angles i.e., 16.7°, 21.8°, 26.57° and 30.96° using 

structural analysis tool STAAD Pro. By performing 

Response Spectrum analysis as per IS: 1893 (part 1): 

2002. The results were obtained in the form of top 

storey displacement and base shear. It is observed 

that short column is affected more during the 

earthquake. The analyses showed that for 

construction of the building on sloppy ground the 

step back setback building configuration is suitable. 

Sujit  

 

Kumar et al. (2014) [3] – He studied the seismic 

analysis of a G+4 story RCC building on varying 

slope angles i.e., 7.50 and 150 is studied and 

compared with the same on the flat ground. The 

seismic forces are considered as per IS: 1893-2002. 

The structural analysis software STAAD Pro v8i is 

used to study the effect of sloping ground on 

building performance during earthquake. Seismic 

analysis has been done using Linear Static method. 

The analysis is carried out to evaluate the effect of 

sloping ground on structural forces.  

 

The horizontal reaction, bending moment in footings 

and axial force, bending moment in columns are 

critically analyzed to quantify the effects of various 

sloping ground. It has been observed that the 

footing columns of shorter height attract more 

forces, because of a considerable increase in their 

stiffness, which in turn increases the horizontal force 

(i.e. shear) and bending moment significantly. Thus, 

the section of these columns should be designed for 

modified forces due to the effect of sloping ground. 

The present study emphasizes the need for proper 

designing of structure resting on sloping ground.  

 

Prasad Ramesh Vaidya (2014) [4] –This study 

investigates the seismic performance of shear wall 

building on sloping ground. The main objective is to 

understand the behavior of the building on sloping 

ground for various positions of shear walls and to 
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study the effectiveness of shear wall on sloping 

ground. The performance of building has been 

studied with the help of four mathematical models. 

Model one is of frame type structural system and 

other three models are of dual type (shear wall- 

frame interaction) structural system with three 

different positions of shear walls. Response spectrum 

analysis is carried out by using finite element 

software SAP 2000. The performance of building with 

respect to displacement, story drift and maximum 

forces in columns has been presented in this study. 

 

III. METHODOLOGY 
 

The study is all about the analyzing the different 

sloping conditions of frames under equivalent 

seismic analysis by using STAAD Pro. The built-up 

area considered for three different shaped frames 

(i.e. 10 degree slope, 12 Degree slope & 15 Degree 

slope) .The frames is been abbreviated as during this 

study are as follows - Case 1 (10 degree slope), Case 

2 (12 Degree slope) & Case 3 (15 Degree slope) .The 

size of column 0.35 X 0.35 m . The size of beams 

have size of 0.35 X 0.23 m. The Slab thickness of each 

frame cases is 150 mm. The material used in RCC 

frame cases is concrete of M30 Grade & steel of 

Fe415 Grade. This irregularity comes under the 

vertical geometrical irregularity as per IS1893:2002/ 

in zone 5, Damping ratio 0.05%. 

 

Sloping ground building having different degrees 

are as follows: 

 

 
Fig 1. 10 Degree. 

 

 
Fig 2. 12 Degree. 

 
Fig 3. 15 Degree. 

 

IV. RESULT AND ANALYSIS 
 

1. Maximum Node displacement summary in Y- 

direction of Rcc building frame having sloping 

ground at 10 degree: 

 

 
 

2. Maximum Node displacement summary in Y- 

direction of Rcc building frame having sloping 

ground at 12 degree 
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3. Maximum Node displacement summary in Y- 

direction of Rcc building frame having sloping 

ground at 15 degree: 

 

 
4. Maximum Axial force, Shear force, Torsion, 

Bending moment summary in Y-direction of Rcc 

building frame having sloping ground at 10 

degree: 

 

 
5. Maximum Axial force, Shear force, Torsion, 

Bending moment summary in Y-direction of Rcc 

building frame having sloping ground at 12 

degree  

 

 

6. Maximum Axial force, Shear force, Torsion, 

Bending moment summary in Y-direction of Rcc 

building frame having sloping ground at 15 

degree: 

 

 
 

7. Maximum plate centre principal stress 

summary of RCC building frame having sloping 

ground at 10 degree: 

 

 
 

8. Maximum plate centre principal stress 

summary of RCC building frame having sloping 

ground at 12 degree: 

 

 
9. Maximum plate centre principal stress 

summary of RCC building frame having sloping 

ground at 15 degree 
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V. CONCLUSION 
 

Based on different configurations of the building on 

sloping ground the following conclusions are drawn. 

It is observed that maximum displacement is found 

in case of 12 degree slope .Hence we can say that, 

risk increases with the inclination of the slope.  

 

In this study we found that, on increasing the slope 

of ground most of the parameter are increasing 

accordingly. Maximum axial force obtained at 12 

degree and 15 degree both whereas Torsion force is 

maximum at 15 degree slope. 

 

It is observed that, maximum shear force and 

maximum bending moment increase significantly for 

sloping ground at 15° slope. It is observed that, axial 

force increases in the buildings with increasing slope. 

Maximum principal stress in plate centre at top is 

found on 12 degree slope, whereas Von mesca and 

tresca forces on top are obtained at 15degree. 
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