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Abstract— An earthquake is a sudden, rapid shaking of the 

earth caused by the breaking and shifting of rock beneath the 

earth’s surface. Earthquakes are among the most powerful 

events on earth, and their results can be terrifying. The 

Seismic Pounding can be defined as the collision of adjacent 

buildings during the earthquakes. This Seismic pounding 

occurs when the separation distance between adjacent 

buildings is not large enough to accommodate the relative 

motion during earthquake events. Here two adjacent building 

are been considered of size 10mX30m (Building A) and 

15mX10m (Building B) are considered for the study purpose. 

Two models of the same kind are created viz., Structure 

without Shear Wall (Model 1), Structure with Shear Wall 

(Model 2) in ETABS software and are analyzed using 

Response Spectrum method of analysis. These models are 

compared for Storey displacement, drift and acceleration 

values. It was concluded that the Structure with Shear Wall 

(Model 2) offer greater resistance against pounding. 
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I. INTRODUCTION 

A. General 

Investigations of past and recent earthquake damage have 

illustrated that the building structures are Vulnerable to 

severe damage and/or collapse during moderate to strong 

ground motion. An earthquake with a magnitude of six is 

capable of causing severe damages of engineered buildings, 

bridges, industrial and port facilities as well as giving rise to 

great economic losses. 

Pounding between closely spaced building 

structures can be a serious hazard in seismically active areas. 

Pounding of adjacent buildings could have worse damage as 

adjacent buildings with different dynamic characteristics 

which vibrate out of phase and there is insufficient separation 

distance or energy dissipation system to accommodate the 

relative motions of adjacent buildings. The most simplest and 

effective way for pounding mitigation and reducing damage 

due to pounding is to provide enough separation but it is 

sometimes difficult to be implemented due to detailing 

problem and high cost of land. An alternative to the seismic 

separation gap provision in the structure design is to minimize 

the effect of pounding through decreasing lateral motion 

which can be achieve by joining adjacent structures at critical 

locations so that their motion could be in-phase with one 

another or by increasing the pounding buildings damping 

capacity by means of passive structural control of energy 

dissipation system or by seismic retrofitting. 

The focus of this study is the development of an 

analytical model and methodology for the formulation of the 

adjacent building-pounding problem based on the classical 

impact theory, an investigation through parametric study to 

identify the most important parameters is carried out. 

B. Causes of Pounding 

The various causes of pounding are as follows:-  

1) Adjacent buildings with the same heights and the same 

door levels  

2) Adjacent buildings with same floor levels but different 

heights  

3) Adjacent structures with different total height and floor 

levels  

4) Structures are situated in a row  

5) Adjacent units of the same buildings which are 

connected by one or more bridges or through expansion 

joints.  

6) Structures having different dynamic characteristics, 

which are separated by a distance small enough so that 

pounding can occur.  

7) Pounding occurred at the unsupported part (e.g., mid-

height) of column or wall.  

8) Construction according to the earlier code that was vague 

on separation distance.  

9) Possible settlement and rocking of the structures located 

on soft soils.  

10) Buildings having irregular lateral load resisting systems 

in plan rotate during an earthquake. 

  
Fig. 1.1: a) Similar seismic behaviour    b) Different seismic 

behaviour 

C. Seismic Separation Distance to Avoid Pounding 

Seismic pounding occurs when the separation distance 

between adjacent buildings is not large enough to 

accommodate the relative motion during earthquake events. 

The gap distance between adjacent buildings is usually 

calculated as the maximum displacement of the two adjacent 

buildings at the same height (Δmax). In some codes such as 

ECP 203 (2007) [21] and the UBC (1997) [22], the minimum 

required gap distance is calculated as the Square Root of Sum 

of Squares (SRSS) as follows: 

Δmax = √(Δ12 + Δ22) 

Where Δ1: the maximum displacement for one of the adjacent 

buildings.  

Δ2: the maximum displacement for the second building at the 

same level considered in the first building.  
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Bureau of Indian Standards clearly gives in its code 

IS 4326 that a Separation distance is to be provided between 

buildings to avoid collision during an earthquake. The code 

is mentions in following Table 1.2 

 
Table 1.2: Gap width/storey (mm) according to IS 

1893:1984 

Minimum total gap shall be 25 mm. For any other 

value of αh the gap width shall be determined 

proportionately. 

D. Objectives 

 Identify the structural response of adjacent buildings 

with different layouts 

 To conduct the response spectrum analysis of the 

structure without shear wall and with shear wall with the 

adjacent structure. 

 To find the storey Displacements, Drift, Acceleration to 

be studied and to compare with the models. 

 To compare the seismic effect of the buildings without 

shear wall and with shear wall and with a min gap of 25 

mm rectangle shaped buildings are compared. 

II. METHODOLOGY 

ETABS is developed by a US based computers and structures 

Inc. which improves the ability of the engineer to design and 

analyse a simplest to complex structure. ETABS is 

engineering software which is developed especially for 

building systems and is the most commonly used nowadays 

in the structural design companies due its ease in modeling 

and analyzing the building structures. 

A. Model Details 

 Number of stories  = G+15 

 Building A Dimension along X and Y Direction                                

= 10m x30m 

 Building A C/C distance between columns in X-direction                            

= 5m 

 Building A C/C distance between columns in Y-direction                           

= 5m 

 Building A has a Diaphragm  = D1 

 Building B Dimension along X and Y Direction                               

= 15m x10m 

 Building B C/C distance between columns in X-direction                            

= 5m 

 Building B C/C distance between columns in Y-direction 

= 5m 

 Building B has a Diaphragm  = D2 

 Foundation level to ground level =3m 

 Floor to floor height = 3m 

 Live load on all floors  = 3kN/m2 

 Live Load on Roof = 2 kN/m2 

 Floor Finish = 1.5kN/m2 

 Concrete = M25  

 Steel = Fe415 and Fe500 

 Size of column = 500X500mm 

 Size of beam = 230x500mm 

 Depth of slab = 150mm 

 Thickness of Shear Wall = 150mm 

 Seismic zone IV = 0.24 

 Soil Type  = II 

B. Building Plan and Elevation 

In the below plan two building are being shown the one on 

the left is considered as Building A with Diaphragm D1 and 

the one on the right is considered as Building B with 

Diaphragm D2 as shown in the below figure. The below 

model without Shear wall and the one with shear wall are 

analyzed in E-tabs Software using Response spectrum 

method.   

 
Fig. 2.1: Plan View of Model without Shear wall 

 
Fig. 2.2: 3D Elevation of Model without Shear wall 
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Fig. 2.3: Plan View of Model with Shear wall 

 
Fig. 2.4: 3D Elevation of Model with Shear wall 

III. LOADS AND LOAD COMBINATIONS 

A. Dead Load:  

Dead loads are the permanent loads acting on the structure. 

The following Dead loads are considered 

1) Self-weight of the structure  

2) Self-weight of 150 mm thick RCC slab which is 

calculated as follows,  

(Slab thickness) x (density of concrete)  

0.15x25 = 3.75 kN/m2 

Floor finish = 1.5 kN/m2 

Total self-weight of RCC slab = 5.25 kN/m2 

In ETABS the self-weight of slab will be considered by the 

software when the slab is put in the model but the floor finish 

load has to be applied manually only. 

B. Live Load:  

Live load comprises of those loads whose position or 

magnitude or both may change. Live load is expressed as a 

uniformly distributed static load. In our country, floors of 

various types of buildings have been categorized into 

different classes and live loads corresponding to them have 

been specified in the code IS: 875(part-2)  

In live load the following loads are considered,  

1) Load on RCC slab = 3.0kN/m2 (IS 875 part-2)  

2) Load on Terrace (accessible roof) = 2kN/m2 (IS 875 

part-2)  

C. Super Dead Load:  

It includes loads due to false ceiling, floor finish, Partition 

wall and sunken slabs such as toilets.  

D. Load Combination:  

The different loads are consolidated as per the stipulations 

given in IS: 875 (Part 5)- 1987; Wind loads and Earthquake 

loads are considered in both x and y directions. At whenever 

imposed load is combined with earthquake load, the 

appropriate part of imposed load as determined in IS: 1893-

2002/Cl. 7.3.1 of seismic code will be utilized both for 

assessing quake impact and for combined load effects used in 

such combination. 

 
Table 3.1: Values of Partial Safety Factor ℽf for Loads 

IV. RESULTS AND DISCUSSIONS 

This chapter deals with results and discussion of pounding 

effect on a structure with and without shear wall. 

1) Model 1- Structure without Shear Wall 

2) Model 2- Structure with Shear Wall 

Discussions are made based on following parameters 

1) Storey Displacement 

2) Storey drift 

3) Storey acceleration 

A. Storey Displacement 

The floor level versus displacement graph is been plotted for 

both the models, here displacements with respect to X 
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directions are considered as the buildings collide in X 

direction. 

Storey Building A Building B 

15 29.90 26.38 

14 29.16 25.86 

13 28.20 25.12 

12 27.00 24.16 

11 25.60 23.00 

10 24.03 21.67 

9 22.30 20.19 

8 20.43 18.57 

7 18.43 16.81 

6 16.31 14.92 

5 14.06 12.91 

4 11.68 10.76 

3 9.19 8.49 

2 6.62 6.12 

1 4.00 3.71 

Table 4.1: Storey Displacement Values of Building A & B 

without Shear Wall 

 
Graph 4.1: Storey Displacement Values of Building A & B 

without Shear Wall 

From the above graph it is clear that the Building A 

with top floor displacement as 29.90 and Building B has a 

displacement 26.38 which sum up to be 56.28 (i.e., 29.90 + 

26.38 = 56.28). But the space available between the two 

buildings A & B is only 25mm and so a proper care as to take 

care to avoid the collision between the two adjacent 

buildings. 

Storey Building A Building B 

15 13.534 6.743 

14 12.582 6.251 

13 11.616 5.747 

12 10.643 5.233 

11 9.658 4.714 

10 8.665 4.192 

9 7.669 3.674 

8 6.68 3.164 

7 5.706 2.669 

6 4.758 2.193 

5 3.847 1.744 

4 2.984 1.329 

3 2.182 0.953 

2 1.455 0.625 

1 0.826 0.351 

Table 4.2: Storey Displacement Values of Building A & B 

with Shear Wall 

 
Graph 4.2: Storey Displacement Values of Building A & B 

with Shear Wall 

From the above graph the Building A has a top floor 

displacement as 13.22 and Building B has a displacement 

of6.43 which sum up to be 19.65 (i.e., 13.22 + 6.43 = 19.65). 

Here the space available between the two buildings A & B is 

25mm and so due to the shear wall presence the building is 

safe guarded without collision.  

B. Storey Drift 

The floor level versus drift graph is been plotted for both the 

models.  

Storey Building A Building B 

15 0.00028 0.0002 

14 0.00037 0.00029 

13 0.00047 0.00039 

12 0.00056 0.00047 

11 0.00062 0.00053 

10 0.00068 0.00058 

9 0.00071 0.00062 

8 0.00074 0.00065 

7 0.00077 0.00067 

6 0.00079 0.0007 

5 0.00082 0.00073 

4 0.00085 0.00076 

3 0.00087 0.00079 

2 0.00088 0.00081 

1 0.00086 0.00078 

Table 4.3: Storey Drift Values of Building A & B without 

Shear Wall 

 
Graph 4.3: Storey Drift Values of Building A & B without 

Shear Wall 
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In the above graph we can see the Storey drift values 

of both buildings A & B without shear wall and having 

diaphragm D1 & D2. Here it was found that drift values in 

building A is having comparatively higher values than that of 

building B.  

Storey Building A Building B 

15 0.000318 0.000164 

14 0.000324 0.000169 

13 0.000327 0.000172 

12 0.000332 0.000174 

11 0.000335 0.000174 

10 0.000336 0.000173 

9 0.000333 0.000171 

8 0.000328 0.000166 

7 0.000318 0.000159 

6 0.000305 0.00015 

5 0.000288 0.000139 

4 0.000268 0.000125 

3 0.000242 0.00011 

2 0.000209 9.10E-05 

1 0.000172 7.50E-05 

Table 4.4: Storey Drift Values of Building A & B with 

Shear Wall 

 
Graph 4.4: Storey Drift Values of Building A & B with 

Shear Wall 

In the above graph we can see the Storey drift values 

of both buildings A & B with shear wall and having 

diaphragm D1 & D2. Here it was found that drift values in 

building A is having comparatively higher values than that of 

building B.  

C. Storey Acceleration 

The floor level versus acceleration graph is been plotted for 

both the models. 

Storey Building A Building B 

15 358.06 380.61 

14 329.96 354.15 

13 291.57 315.85 

12 248.24 271.12 

11 211.03 231.43 

10 193.97 211.65 

9 203.58 219.73 

8 230.36 246.94 

7 259.00 277.13 

6 278.18 297.78 

5 281.42 301.54 

4 265.74 285.00 

3 230.89 247.72 

2 178.83 191.81 

1 113.59 121.81 

Table 4.5: Storey Acceleration Values of Building A & B 

without Shear Wall 

 
Graph 4.5: Storey Acceleration Values of Building A & B 

without Shear Wall 

In the above graph we can see the Storey 

acceleration values of both buildings A & B without shear 

wall and having diaphragm D1 & D2. Here it was found that 

an acceleration value in building B is having comparatively 

higher value than that of building A.  

Storey Building A Building B 

15 1495.21 1544.61 

14 1331.18 1400.56 

13 1175.01 1260.65 

12 1040.35 1132.06 

11 936.48 1021.17 

10 869.21 931.34 

9 834.77 861.21 

8 819.3 804.61 

7 804.61 752.44 

6 774.65 695.57 

5 718.85 627.13 

4 632.75 543.57 

3 517.67 444.87 

2 380.22 334.08 

1 235.62 217.05 

Table 4.6: Storey Acceleration Values of Building A & B 

with Shear Wall 

 
Graph 4.6: Storey Acceleration Values of Building A & B 

with Shear Wall 
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In the above graph we can see the Storey 

acceleration values of both buildings A & B with shear wall 

and having diaphragm D1 & D2. Here it was found that an 

acceleration value in building B is having comparatively 

higher value than that of building A.  

V. CONCLUSION 

In the above thesis two models are considered of which one 

is without shear wall and the other with shear wall are 

compared for seismic zone IV (0.24) to study the effect of 

pounding. 

1) The storey displacement values in the model with shear 

wall are found to be less than that for the building model 

without shear wall.  

2) While designing the buildings pounding must be checked 

to avoid the damages 

3) The model with shear wall was found to be within the 

permissible limits i.e., 19.65mm whereas the gap 

between the adjacent buildings is 25mm which avoid the 

collision.    

4) Pounding of the structures produce impact loads which 

are superimpose on those caused by the ground 

acceleration. When the impact loads from pounding of 

the structures are too high, the structural system has to be 

modified to reduce the response. 

5) The separation distance between two buildings 

decreases, the amount of impact increases. 

6) The storey drift values in the model with shear wall is 

found to be having less drift values than that for the 

model without shear wall. 

7) Stiffness of the building increased by providing shear 

wall which help in reducing the impact between the 

buildings. 

8) It is found that if the earthquake intensity increases the 

structural damage also increases. 

9) In this study, it is concluded that by providing shear wall 

to the buildings having less separation gap shear wall 

play a vital role in controlling the pounding effect that in 

turn cause less damage to the structure and ensure safety 

to the occupants. 
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