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Abstract: In this study, the three different sloping ground frame building i.e. 12 degree slope , 23 Degree slope & 40 Degree 

slope frames of G+9 storey is been analyzed by using structural software which is STAAD.Pro.V8i (Series 6) for seismic 

Zone –IV, Raipur, Chhattisgarh or we can say that Seismic Analysis on different sloping frames on vertical irregularity 

buildings. The objective of this study is too carried out equivalent static analysis (ESA) for three different sloping RCC 

frame building by considering equal physical properties such as built-up area, beam size, column size, load calculations, 

seismic parameters & material specifications etc. Here, the comparison between displacement and quantity of material 

parameters will give us the best efficient building on the existing conditions but the building which least efficient is also been 

revised or re-deisgn by adopting retrofitting method. The research study is all about the solving the problem of maximum 

displaced building by applying retrofitting method. More specifically, objectives of this project are: 

 To compare the seismic parameters such as story displacement, quantity of material of all frames and, 

 To achieve best responsive slope building along with cost efficient i.e. providing it with retrofitting’s in ideal location. 

 

Keywords: ESA, RCC, Equivalent Static Analysis, ZONE IV, G+9, STAAD Pro. V8i.  

 

I. INTRODUCTION 

 Earthquake - prone areas of the country have been identified on the basis of scientific inputs relating to seismicity, earthquakes 

occurred in the past and tectonic setup of the region. , Bureau of Indian Standards [IS 1893 (Part I):2002], has grouped the country 

into four seismic zones, viz. Zone II, III, IV and V. The methods of seismic analysis is shown in fig. 1 

 

 

Figure 1 Classification of Methods of Seismic Analysis 

 

The linear and static analysis, means that it does not depend on time. In other words, the co-relation between vertical load applied 

on the structure and the response of that structure (i.e. displacement, stress, storey drift etc.) is linear or straight-lined. The equivalent 

static analysis procedure is essentially an elastic design technique. It is, however, simple to apply than the multi-model response 

method, with the absolute simplifying assumptions being arguably more consistent with other assumptions absolute elsewhere in 

the design procedure. This method can be used for regular structure having limited height. 

The equivalent static analysis procedure consists of the following steps:  

 Estimate the first mode response period of the building from the design response spectra.  

 Use the specific design response spectra to determine that the lateral base shear of the complete building is consistent with the 

level of post-elastic (ductility) response assumed.  

 Distribute the base shear between the various lumped mass levels usually based on an inverted triangular shear distribution of 

90% of the base shear commonly, with 10% of the base shear being imposed at the top level to allow for higher mode effects. 
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1.1 HISTORY OF EARTHQUAKE IN INDIA – 

Table 1 History of Earthquakes in India 

Date Location Magnitude Deaths Damages 

3-Jan-16 
North East          

India 

6.7 11 
Regional event that affected India, Myanmar, 

and Bangladesh. 

26-Oct-15 
Northern             

India  

7.7 >400 Moderate earthquake in northern areas 

28-Jun-15 
Dibrugarh,                

Assam 
5.6 - 

3 injured in Assam, West Bengal, Meghalaya 

and Bhutan 

26-Apr-15 
North East          

India 

6.7 After-shock 
Aftershock(Epicenter 17 km S of Kodari, 

Nepal) 

25-Apr-15 Northern India  6.6 After-shock 
Aftershock(Epicenter 49 km east 

of Lamjung, Nepal) 

25-Apr-15 
Northern East     

India 
7.78 8900 

Epicenter 34 km ESE of Lamjung, Nepal, 

Gujarat 

21-Mar-14 
Andaman &   

Nicobar  

6.7 - Moderate earthquake in Andaman 

25-Apr-12 
Andaman &   

Nicobar  

6.2 - 
Big earthquake in Andaman and Nicobar 

Islands 

 

2. LITERATURE REVIEW 

Sujit Kumar, Dr. Vivek Garg, Dr. Abhay Sharma (2014) has studied that the effect of sloping ground on building performance 

during earthquake. 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. 

 

Miss. Pratiksha Thombre, Dr.S.G. Makarande (2016) has studied that the hilly areas in northeast India contained seismic 

activity. Due to hilly areas building are required to be constructed on sloping ground due to lack of plain ground. The buildings are 

irregularly situated on hilly slopes in earthquake areas therefore many damages occurred when earthquake are affected, this may be 

causes lot human disaster and also affect the economic growth of these areas. In this paper we analyzed using Staad Pro comparison 

between sloping ground, with different slope and plain ground building using Response Spectrum Method. The dynamic response, 

Maximum displacement in columns are analyzed with different configurations of sloping ground. 

 

Chaitrali Arvind Deshpande , Prof. P. M. Mohite (2014) had studied on analysis of actual practiced building with step back and 

step back-setback configurations and ground conditions,i.e sloping ground and leveled ground, by using response spectrum method. 

Effect of bottom ties on response of building when resting on sloping ground is also studied here. This studied shows that for sloping 

and leveled ground, step back-setback building gives effective response when earthquake occur. 

 

Dr. S. A. Halkude, Mr. M. G. Kalyanshetti, Mr. V. D. Ingle (2013) in their paper has studied that in hilly regions, engineered 

construction is constrained by local topography resulting in the adoption of either a step back or step back & set back configuration 

as a structural form for buildings.The Response spectrum analysis (RSA) is carried out on two types of building frames namely step 

back frame sand step back & set back building frames on sloping ground with varying number of bays and hill slope ratio. The 

dynamic response i.e. Fundamental time period, top storey displacement and, the base shear action induced in columns have been 

studied with different building configurations on sloping ground. It is observed that step back & set back building frames are found 

to be more suitable on sloping ground in comparison with step back frames. 

 

Nagarjuna, Shivakumar B. Patil (2015) has studied that 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 storys RCC building and 

the ground slope varying from 100 to 400have 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 step back setback 

building configuration is suitable, along with shear wall placed at the corner of the building. 
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Rahul Manojsingh Pawar, S.B. Sohani (2017) has studied that the buildings situated on hill slopes in earthquake prone areas are 

generally irregular, torsionally coupled & hence, susceptible to serve damage when affected by earthquake ground motion. These 

unsymmetrical buildings require great attention in the analysis & design. The various floors of such building steps back towards 

the hill slope and at the same time buildings may have setbacks also. Buildings situated in hilly areas are much more vulnerable to 

seismic environment. In this study, 3D analytical model of 10,15 & 20 storied buildings have been generated for symmetric and 

asymmetric building Models and analyzed using structural analysis tool ‘STADD-PRO” to study the effect of varying height of 

columns in ground stored due to sloping ground and the effect of shear wall at different positions during earthquake. 

 

3. 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. 12 degree slope, 23 Degree slope & 23 Degree slope) is 

441 m2 each.The frames is been abbreviated as during this study are as follows - Case 1 (12 degree slope), Case 2 (23 Degree slope) 

& Case 3 (23 Degree slope) shown in figure 2.The size of column from 1st to 3rd storey in each frame is 0.65 X 0.65 m as shown in 

red colour in figure below & the size of column from 4th to 10th storey in each frame 0.60 X 0.60 m as shown in yellow colour in 

figure below and the sloping columns is of size 0.45 X0.45 m as shown in cyan colour in figure below. The size of beams have size 

of 0.40 X 0.40 m as shown in blue colour in figure below .The Slab thickness of each frame cases is 150 mm. In this study, the each 

frame cases also includes main and partition walls having thickness of 230 mm, 120 mm with plaster respectively. 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 IS1893:2002/2016 which can be rectified as the below given case frames follows the criteria of ratio A/L < 

0.25 and all three below case study follows the vertical geometrical irregularity criteria. 

          
Figure 2 Elevation & 3-D Rendering View of 12 Degree Frame with Section Properties 

         
Figure 3 Elevation & 3-D Rendering View of 23 Degree Frame with Section Properties 
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Figure 4 Elevation & 3-D Rendering View of 40 Degree Frame with Section Properties 

 

The load applied is primary loads & their load combinations according to IS 1893: 2002/2016 (Genereal consideration of Earthquake 

Resistant design). Primary loads are used commonly for all frame cases – Dead Load (DL), Live Load (LL), Roof, Static Seismic 

Load (EQX & EQZ).The Load Combinations Used in the software is according to IS 1893: 2002. 

The calculation of primary loads which is to be assigned in the software are as follows – 

 

 Dead Load (DL) – As the dead load signifies the self-weight of all the element of the frames hence, dead load includes dead 

load of the slab, dead load of beam & column, dead load of external walls and dead of internal walls. Here, DEAD LOAD is 

designated as D.L in Staad Pro. Considered as per IS 875 Part-1.  

      

         # Self-Weight of Slab           = 25 X 0.15 

                                                        = 3.75 KN/m2       
                             

         # Self-Weight of 1st to 3rd floor Columns   = (25 X 0.65X 0.65) 

                                                                                = 10.56 KN/m (per meter height) 

 

         # Self-Weight of 4th to 10th floor Columns = (25 X 0.60 X 0.60) 

                                                                                = 9.0 KN/m (per meter height) 

  

          # Self-Weight of all floor Beam                 = 25 X 0.40 X 0.40  

                                                                                = 4.125 KN/m    

 

          # Self-Weight of Main wall and Partition wall- 

             For Main wall and Partition wall load including plaster (for all floor having beam size 0.40 X 0.40) 

              

            Main Wall load = 18 X 0.23 X (3 – 0.40)  

                                      = 10.764 KN/m 
            Partition Wall load = 18 X 0.12 X (3 - 0.40)    

                                           = 5.616 KN/m    
 

 Live Load (L.L) – All the considerations is according to IS 875 Part-2. Live load common for all the floors considered is 4 

KN/m2 & Live load for roof is 1.5 KN/m2. 

 

 Seismic Load (DX & DZ) – The seismic load calculation involves the full dead load plus the percentage of live or imposed 

load as per IS 1893:2002/2016.The seismic parameters used commonly for all case frames are - Seismic Zone is Zone –IV 

having intensity of 0.24 with importance factor 1.0. The soil type is medium soil & damping ratio is 5 %. The response factor 

is Ordinary moment resisting frame. 

The following general process of modelling and analysis involved in equivalent static analysis – 

 

1) Inserting of dimensions in the STAAD for creating the model frame of Case 1 to 4 frame (i.e. 12 Degree, 23 degree & 40 

degree) and assigning the height to the structure by translational repeat command. 

2) After creating frame model, section properties is defined for beams, columns & slab. 
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3) Assigning of beam section to first to tenth story by cut section command bar. 

4) Assigning of column section i.e. at exterior and interior columns in all frames. 

5) Creating the plate/ slab by “add 4-node plate” command bars in all the frame cases. 

6) Assigning of Slab to the surface of all the frames. 

7) Create fixed supports and assign to the case frames. 

8) Now, primary load is defined i.e. DL, LL, RLL, EQX & EQZ by “load & Definition” command 

9) Assign the primary loads & load combinations common for all case frames. 

10)  Concrete is designed by IS 456 by adding parameters as cover, concrete & steel grade, reinforcement detail and giving 

command design of beam, column & slab. 

11) Adding Seismic definition and Run analysis command to complete seismic analysis. 

4. RESULTS & DISCUSSIONS 

 Story Displacement Report   

The output report of storey displacement of Case 1, Case 2 & Case 3 is represented below in table 2, 3 & 4 respectively along with 

their graphical representation. According to the report the storey displacement is due to seismic loading assigned along X & Z 

directions. It is concluded from the 12 degree slope (Case 1 frame) reports that the storey displacement is maximum in the tenth 

floor at 30 meter height i.e. 132.375 mm and minimum in ground floor at 3 meter height which is 4.073 mm. The load case no. 12 

shows the maximum value of story displacement at each story of the frame. Hence, more the height of building increases the story 

displacement also increases gradually as shown below. 

Table 2 Displacement Report of Case 1 Frame 

Storey Beam No. Load Combination Length Storey Displacement (in mm) 

Storey 1 1437 12:1.5(DL+EQZ) 2.25 4.073 

Storey 2 241 12:1.5(DL+EQZ) 3 19.033 

Storey 3 352 12:1.5(DL+EQZ) 3 34.937 

Storey 4 484 12:1.5(DL+EQZ) 3 53.399 

Storey 5 617 12:1.5(DL+EQZ) 3 72.362 

Storey 6 750 12:1.5(DL+EQZ) 3 89.83 

Storey 7 883 12:1.5(DL+EQZ) 3 105.154 

Storey 8 1058 12:1.5(DL+EQZ) 3 117.656 

Storey 9 1149 12:1.5(DL+EQZ) 3 126.727 

Storey 10 1324 12:1.5(DL+EQZ) 3 132.375 

 

   

Graph 1 Maximum Storey Displacement in Case 1 Frame 
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The output displacement report of the 23 degree slope shows that the storey displacement is maximum in the tenth floor at 

30 meter height i.e. 115.216 mm and minimum in ground floor at 3 meter height which is 4.208 mm which is less with 

respect to the above Case 1 frame (12 degree slope frame).  

 

Table 3 Displacement Report of Case 2 Frame 

Storey Beam No. Load Combination Length Storey Displacement (in mm) 

Storey 1 108 12:1.5(DL+EQZ) 3 4.208 

Storey 2 241 12:1.5(DL+EQZ) 3 13.591 

Storey 3 353 12:1.5(DL+EQZ) 3 25.919 

Storey 4 514 12:1.5(DL+EQZ) 3 40.549 

Storey 5 617 12:1.5(DL+EQZ) 3 56.245 

Storey 6 750 12:1.5(DL+EQZ) 3 73.683 

Storey 7 883 12:1.5(DL+EQZ) 3 88.782 

Storey 8 1058 12:1.5(DL+EQZ) 3 100.985 

Storey 9 1149 12:1.5(DL+EQZ) 3 109.778 

Storey 10 1324 12:1.5(DL+EQZ) 3 115.216 

 

 

      

Graph 2 Maximum Storey Displacement in Case 2 Frame 

 

The output displacement report of the 40 degree slope shows that the storey displacement is maximum in the tenth floor at 

30 meter height i.e. 74 mm and minimum in ground floor at 3 meter height which is 1.57 mm which is less with respect to 

the above Case 2 frame (23 degree slope frame).  

Table 4 Displacement Report of Case 3 Frame 

Storey Beam No. Load Combination Length Storey Displacement (in mm) 

Storey 1 115 12:1.5(DL+EQZ) 3 1.57 

Storey 2 241 12:1.5(DL+EQZ) 3 5.619 

Storey 3 353 12:1.5(DL+EQZ) 3 11.863 

Storey 4 528 12:1.5(DL+EQZ) 3 20.504 

Storey 5 661 12:1.5(DL+EQZ) 3 30.91 

Storey 6 794 12:1.5(DL+EQZ) 3 42.151 

Storey 7 927 12:1.5(DL+EQZ) 3 53.065 

Storey 8 1058 12:1.5(DL+EQZ) 3 65.283 

Storey 9 1149 12:1.5(DL+EQZ) 3 74.003 

Storey 10 1324 12:1.5(DL+EQZ) 3 79.276 
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Graph 3 Maximum Storey Displacement in Case 3 Frame 

                                                

 Comparison of Story Displacement –  

It is concluded from the reports that at 3 meter height (i.e. ground floor), there is small increase in displacement due to seismic load 

applied is at ground floor and as the floor height increases the story displacement also increases gradually up to topmost floor i.e. 

Story 10.The Case 1 (12 degree slope frame) shows the maximum value of displacement and the Case 3 (40 degree slope frame) 

shows the lowest value of story displacement. Overall comparison are as follows -132.375 mm (12 Degree) > 115.216mm (23 

Degree) > 79.276 mm (40 Degree) shown in Graph 1,2 & 3 respectively but the slope to be extended to a permissible limit. The 

graphical comparison of all the cases is shown below in Graph 4.Since, here 12 degree slope frame is most vulnerable case and 

can be further be resolved or re-design by remedial measure of retrofitting and making the frame practically applicable in the 

construction field. 

      
Graph 4 Comparison of Story Displacement 
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Table 5 Comparison of Displacement Report 

Storey 
12-Degree 

Storey Displacement (in mm) 

23-Degree Storey 

Displacement (in mm) 

40-Degree Storey 

Displacement (in mm) 

Storey 1 4.073 4.208 1.57 

Storey 2 19.033 13.591 5.619 

Storey 3 34.937 25.919 11.863 

Storey 4 53.399 40.549 20.504 

Storey 5 72.362 56.245 30.91 

Storey 6 89.83 73.683 42.151 

Storey 7 105.154 88.782 53.065 

Storey 8 117.656 100.985 65.283 

Storey 9 126.727 109.778 74.003 

Storey 10 132.375 115.216 79.276 

 

 Comparison of Quantity of Concrete –  

According to the report analysis of quantity of concrete, as the slope degree is less the quantity of concrete required will also be 

less i.e. 1038.7 cu.m (12-Degree) > 993.2 cu.m (23-Degree) > 925.6 cu.m (40-Degree) respectively shown in Graph 5.  

 

 
Graph 5 Comparison of Quantity of Concrete in cubic meter 

 

 Comparison of Quantity of Steel –  

The overall comparison of quantity of steel sorted from the output report is in the form of kilogram. The reinforcing steel quantity 

represents reinforcing steel in beams and columns designed and here reinforcing steel in plates is not included in the report quantity. 

The Graph below shows that the Case 1 frame is been utilizing least quantity of steel due to its less sloping nature and the Case 3 

frame has maximum quantity of steel. The output report are as follows – 1395391 Kg (12-Degree) > 1217239 Kg (23-Degree) > 

935253 Kg (40-Degree). Now, we can say that from the report of the least Quantity of steel is in 12 degree frame which makes 

Case1 frame best efficient frame building in this study as shown in Graph 6 and Table 6. 

But, In the above analysis of storey displacement it is been discussed that the 12-degree slope frame is vulnerable in terms of 

displacement so to make this frame practically applicable in the construction field we have to re-design the Case 1 frame i.e. 12-

Degree by retrofitting method. 
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The table shows the total quantity of overall reinforcing steel in terms of Kg used in all case frames – 

 

Table 6 Comparison of Quantity of Steel in Kg 

Frames/Steel Bars 
12-Degree Frame 

Steel Quantity 

23-Degree Frame 

Steel Quantity 

40-Degree Frame 

Steel Quantity 

8 mm BAR 102248 111173 131816 

10 mm BAR 99401 82727 65795 

12 mm BAR 319520 357652 373495 

16 mm BAR 353359 288981 163449 

20 mm BAR 257115 230198 116035 

25 mm BAR 174522 126565 62635 

32 mm BAR 78340 19943 15061 

40/50 mm BAR 10886 - 6967 

TOTAL (in Kg) 1395391 1217239 935253 
 

 

 
 

 
Graph 6 Comparison of Quantity of Steel in percentage 

 

             The comparison of steel quantity among each frame concluded that the minimum size of steel bars is utilized by Case 2 

frame in percentage as compare to Case 4. 

 

5. CONCLUSIONS  

The following conclusions were made after the above discussions on Case frames– 

1) It is been concluded that the displacement in 12-Degree slope frame is maximum as compare to the irregular maximum 

sloping framed 40 degree. As regular frames has more rigid members which result in minimum displacement as concluded 

from analysis and also it been concluded that the displacement of irregular 12 Degree framed building (132 mm) is 
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approximately 25% more than 40-Degree frame (79 mm). As greater the slope frames behaves like rigid which result in 

minimum displacement.  

2) From observation of analysis, overall efficient building (i.e. respect to quantity of steel & concrete) is Case 1 frame when 

compared to Case -3 frame which is least efficient building but Case 1 is vulnerable on the other hand in terms of 

displacement .Hence to overcome this “Shear Wall Retrofitting Method” is been applied in the 12-Dgeree frame building 

to make practically efficient structure. 

 

     

(a)                                                                                           (b)                 

Figure 5 3-D View of 12-Degree a) Frame with Shear Wall on Center & (b) Frame with Shear Wall on Corner Side                

 

3) The Case 1 frame is again Re-Designed with Shear wall and the output result clearly shows the real effect of shear wall. 

The figure above in the left side is of 12 degree slope frame with shear wall placed on center and the figure on the right 

side shows the 12 degree slope frame with shear wall placed on corner side. 

 

4) The storey displacement result of 12 degree slope frame with center shear wall are as follows- 

 

                                              Table 7 Comparison of Quantity of Steel in Kg 

Storey Beam No. Load Combination Length Storey Displacement (in mm) 

Storey 1 129 10:1.5(DL+EQX) 3 2.472 

Storey 2 239 10:1.5(DL+EQX) 3 5.528 

Storey 3 372 10:1.5(DL+EQX) 3 11.73 

Storey 4 509 10:1.5(DL+EQX) 3 19.571 

Storey 5 642 10:1.5(DL+EQX) 3 27.823 

Storey 6 774 10:1.5(DL+EQX) 3 35.907 

Storey 7 907 10:1.5(DL+EQX) 3 43.338 

Storey 8 1040 10:1.5(DL+EQX) 3 49.519 

Storey 9 1173 10:1.5(DL+EQX) 3 54.326 

Storey 10 1303 10:1.5(DL+EQX) 3 57.406 

 

5) It has been clearly seen from after analysis, the maximum displacement of Case -1 frame without shear wall is 132.375 

mm which have been reduced to 57.406 mm when Case -1 frame is analyzed with center shear wall making the 12degree 

slope frame much economical building which can be further used in the construction field (shown in Graph 7 & Table 

7) 
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6) Another application of these shear wall is by considering the shear wall, inside the core of building these walls area can be 

used as a lift or elevator as it prevents seepage of water into lift pit. As steel lift frames are drilled to the shear wall, these 

concrete shear wall will provide better anchorage. 
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