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Abstract. Shear wall systems are one of the most commonly used lateral load resisting systems in 

high-rise buildings, Shear walls have very high in plane stiffness and strength, which can be used to 

simultaneously resist large horizontal loads and support gravity loads, making them quite 

advantageous in many structural engineering applications .There are lots of literatures available to 

design and analyze the shear wall. However, the decision about the location of shear wall in multistory 

building is not much discussed in any literatures. 

      In this Analysis, therefore, main focus is to determine the solution for shear wall location in multi 

storey building. The shear walls will be introduced in the framed structure at suitable locations and the 

analysis is made for both for static and dynamic loads caused due to earthquakes. A RCC building of 

6 storey placed subjected to earthquake loading in zone-II is considered. An earthquake load is 

calculated by seismic coefficient method using IS 1893(PART-I):2002.These analyses were performed 

using STAAD Pro. A study has been carried out to determine the strength of RC shear wall of a 

multistoried building by charging shear wall location. The proposed six storey building is first analyzed 

without shear walls. The three different cases of shear wall position for a 6 storey building have been 

analyzed later. The results of the above four analysis will be compared and optimize the shear wall 

frame structure i.e. (shear walls and frames) will be suggested for the building considered for the 

analysis. This analysis will help in achieving safety against earthquakes as well as keeping the 

flexibility of the frame structure intact. It is concluded that incorporation of shear wall has become 

inevitable in multistory buildings to resist lateral forces. The type II shear wall proposed in this analysis 

proves to be more efficient and will achieve maximum safety towards earthquakes in zone-Il 
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1.  Introduction 

   India is one of the countries which are highly prone to earthquakes of magnitude more 

than 6. More than 60% of the land area is prone to shaking of intensity 7 and above. In 

fact, the entire Himalayan belt is considered prone to greatest earthquakes of magnitude 

greater than 8.0. In a short span of 50 years four such great earthquakes have occurred 

viz., 1897 Assam (M 8.7), 1905 Kangra (M8.6), 1934 Bihar-Nepal (M8.4) and 1950 

Assam-Tibet (M8.7).[22] India has relatively high frequency of greater earthquakes and 

relatively low frequency of moderate earthquakes. 

In some parts of world, hilly region is more prone to seismic activity; e.g. northeast 

region of India. In hilly regions, locally available traditional material like, the adobe, 

brunt brick, stone masonry and dressed stone masonry, timber reinforced concrete, 

bamboo, etc., is used for the construction of houses. The scarcity of plain ground in hilly 

areas compels construction activity on sloping ground resulting in various important 

buildings such as reinforced concrete framed hospitals, colleges, hotels and offices 

resting on hilly slopes. Since, the behavior of buildings during earthquake depends upon 

the distribution of mass and stiffness in both horizontal and vertical planes of the 

buildings, both of which vary in case of hilly buildings with irregularity and asymmetry 

due to step back frame and setback-step back frame configuration. Such constructions in 

seismically prone areas make them exposed to greater shears and torsion as compared to 

conventional construction. Hill buildings constructed in masonry with mud mortar or 
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cement mortar without conforming to seismic codal provisions have proved unsafe and 

resulted in loss of life and property when subjected to earthquake ground motions. The 

economic growth and 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 and pressing demand for the construction of 

multi-storey buildings on hill slope in and around the cities. It is observed during the past 

earthquakes, buildings in hilly regions have experienced high degree of damage 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 and 

seismically active areas, utmost care should be taken for making these buildings 

earthquake resistant. 

 

2. Methodology and Materials 

2.1 Building Configuration 

in the present study, three groups of building (i.e. configurations) are considered, out of 

which first one is on the plain ground and the two are resting on ground. 

Setback buildings. 

Step back buildings. 

Setback -Step back buildings. 

 

Material Properties 

 

Grade of concrete: M30 

Grade of steel: Fe 415 

Modulus of elasticity of reinforced concrete as per IS 456:2000 is given by 

Ec = 5000√fck 

 

Where fck= Characteristic compressive strength of concrete at 28-days in MPa. 

 

Loading 

 

Live load on typical floor: 4 kN/m2 

Live load on terrace floor: 1.5 kN/m2 

Floor finish: 1kN/m2 

 

Geometrical Properties 

Dimension of beam: 450X450 mm 

Table 2.1: Geometrical properties of column for different configuration of building 

Building configuration 
Dimension of columns 

Group 1 Group 2 Group 3 Group 4 

G+3 Setback (00)  230X230  ------  -------  -------- 

G+3 Step back (150)  230X230  ------  -------  -------- 

G+3 Setback-step back 

(150)  
230X230  ------  -------  -------- 

G+3 Step back (300)  230X230  ------  -------  -------- 

G+3 Setback-step back 

(300)  
230X230  ------  -------  -------- 

G+5 Setback (00)  230X230  ------  -------  -------- 

G+5 Step back (150)  230X230  ------  -------  -------- 
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G+5 Setback-step back 

(150)  
230X230  ------  -------  -------- 

G+5 Step back (300)  230X230  ------  -------  -------- 

G+5 Setback-step back 

(300)  
230X230  ------  -------  -------- 

G+8 Setback (00)  230X230  300X300  350X350  450X450 

G+8 Step back (150)  400X400  450X450  350X350  230X230 

G+8 Setback-step back 

(150)  
400X400  450X450  350X350  230X230 

G+8 Step back (300)  400X400  450X450  350X350  230X230 

G+8 Setback-step back 

(300)  
400X400  450X450  350X350  230X230 

Basic Data 

Height of typical floor : 3.5 m 

Ground of typical floor : 3.5 m 

Slab Thickness : 120 mm 

Walls : 230 mm thick brick wall 

Type of soil : Type II, medium soil 

Type of frame : Special RC moment resisting frame (SMRF) 

Seismic zone : III 

Response reduction factor : 5 

Importance factor : 1 

Damping of structure : 5%  

 

Figure 2.1 Elevation of setback building for three storey model (00 slopes) 
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Figure 2.2 Three dimensional view of setback building for three storey model (00 slope) 

 

 

Figure 2.3 Elevation of setback building for five storey model (00 slope) 
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Figure 2.4 Three dimensional view of setback building for five storey model (00 slope) 

 
Figure 2.5 Elevation of setback building for eight storey model (00 slope) 

 

Figure 2.6 Three dimensional view of setback building for eight storey model (00 slope) 
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Figure 2.7 Elevation of step back building for three storey model (150 slope) 

 

 

Figure 2.8 Three dimensional view of step back building for three storey model  

(150 slope) 

 
Figure 2.9 Elevation of step back building for five storey model (150 slope)  
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Figure 2.10 Three dimensional view of step back building for five storey model 

(150 slope) 

 
Figure 2.11 Elevation of step back building for eight storey model (150 slope) 

 
Figure 2.12 Three dimensional view of step back building for eight storey model 

(150 slope) 
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Figure 2.13 Elevation of step back building for three storey model (300 slope) 

 
Figure 2.14 Three dimensional view of step back building for three storey model 

(300 slope) 

 
Figure 2.15 Elevation of step back building for five storey model (300 slope) 
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Figure 2.16 Three dimensional view of step back building for five storey model 

(300 slope) 

 
Figure 2.17 Elevation of step back building for eight storey model (300 slope) 

 
Figure 2.18 Three dimensional view of step back building for eight storey model 

(300 slope) 

3. Results and Discussion 

The three different configuration setback, step back and setback-step back are analyzed 

using static and dynamic method of analysis and results are obtain, the lateral load distribution with 
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storey height is presented in the following table using linear static method (seismic coefficient method) 

and dynamic spectrum method. 

The maximum storey displacement method at each floor level are presented in table 3.2 to 3.4 and for 

better compatibility the displacement for each model plotted in graph as shown in figure 3.2 to 3.4 

moreover the floor displacement is maximum at the top floor, gradually reducing down the height of 

a building to an almost negligible displacement at the lowest floor. 

For a given hill slope, the top storey displacement increases with increase in number of storey. The 

rate of increase of top storey displacement becomes steeper for higher number of stories. For given 

number of storey, the top storey displacement decreases with increase in hill slope. The top storey 

displacement decreases mildly with increase in hill slopes showing lower values for higher hill slopes. 

The result of a case study, the building was analyzed using Response spectrum method and compares 

with seismic coefficient method. For different configuration of building lateral force, natural time 

period, storey displacement, torsion, bending moment and shear force are estimated and studied the 

effect of ground slope on different results.  

 

Table 3.1 Lateral load distribution for setback building model 

Lateral Force (Q), kN 

S.no Storey level 
By Linear static 

method 

By Response 

spectrum method 

1  8  60.153  43.85 

2  7  82.702  68.870 

3  6  90.248  127.898 

4  5  86.090  160.773 

5  4  73.524  219.082 

6  3  51.583  236.238 

7  2  33.962  293.963 

8  1  17.927  274.151 

9  Ground  2.457  300.801 

 

 
Figure 3.1 Lateral load distributions for setback building 

In linear static method we noticed that from to ground to 6th floor, the lateral force gradually increases 

(i.e., 2.457 KN – 90.248 KN) but later on from 6th floor to 8th floor the force decreases (i.e., 90.248, 

82.702, 60.153) KN.  

By Response factor method we notice that the lateral force gradually goes on decreasing as we move 

from ground floor to 8th floor (300.801,274.151, 293.963, 236.238, 219.082, 160.773, 127.898, 68.870 

& 43.85) KN. 

Table 3.2 Maximum displacement value for eight storey model 

s 

S.no 
Storey 

number 

Plane 

ground 

Sloping ground 

15° 30° 
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Setback 

(m) 

Step back 

(m) 

Setback 

step back 

(m) 

Step 

back 

(m) 

Setback 

step back 

(m) 

1  8  0.0259  0.0195  0.0206  0.0211  0.0150 

2  7  0.0257  0.0137  0.0189  0.0184  0.0100 

3  6  0.0236  0.0121  0.0102  0.0099  0.0072 

4  5  0.0206  0.0111  0.0089  0.0067  0.0055 

5  4  0.0174  0.0083  0.0067  0.0022  0.0012 

6  3  0.0138  0.0067  0.0043  0.0020  0.0007 

7  2  0.0101  0.0029  0.0023  0.0014  0.0003 

8  1  0.0063  0.0009  0.0006  0.0009  0.0002 

9  Ground  0.0027  0.0001  0.0001  0.0006  0.0000 

 

Figure 3.2 Maximum displacement values for eight storey model 

 

Table 3.3 Maximum displacement value for five storey model 

 

S.No. 
Storey 

number 

Plane ground 
Sloping ground 

15° 30° 

Step back 

(m) 

Step back 

(m) 

Setback 

step back 

(m) 

Step 

back 

(m) 

Setback 

step back 

(m) 

1  5  0.0144  0.0103  0.0101  0.0123  0.0095 

2  4  0.0134  0.0087  0.0072  0.0096  0.0068 

3  3  0.0096  0.0069  0.0055  0.0054  0.0029 

4  2  0.0062  0.0042  0.0033  0.0013  0.0006 

5  1  0.0039  0.0016  0.0012  0.0006  0.0003 

6  Ground  0.0022  0.0003  0.0002  0.0003  0.0000 
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Figure 3.3 Maximum displacement values for five storey model 

 

 

Table 3.4 Maximum displacement value for three storey model 

 

S.no Storey number 

Plane ground 
Sloping ground 

15° 30° 

Step back 

(m) 

Step back 

(m) 

Setback 

step back 

(m) 

Step 

back 

(m) 

Setback 

step back 

(m) 

1  3  0.0251  0.0071  0.0066  0.0045  0.0079 

2  2  0.0191  0.0052  0.0045  0.0012  0.0050 

3  1  0.0129  0.0031  0.0021  0.0005  0.0022 

4  Ground  0.0077  0.0004  0.0003  0.0001  0.0002 

 

 

 

 
Figure 3.4 Maximum displacement values for three storey model 
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4. Conclusion 

 

1. The step back building gives higher value of displacement as compared with 

setback-step back building. 

2. The step back building gives higher time period compared to setback-step back 

building.  

3. In step back and setback-step back building it is observed that the columns at the 

higher side of slope which are short are more affected. 

4. During earthquake step back building performance is very poor compared to 

setback-step back building. 

5. The step back building produces more torsion compared to setback-step back 

building. If step back building are adopted then proper design should be done for 

additional bending moment due to earthquake. 
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