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1. Introduction 
In High rise structure with Asymmetric horizontal configuration, lateral loads & torsion are of importance, Lateral loads are premier 
one which will increase rapidly with increase in height. The structural system designed to carry vertical load may not have the 
capacity to resist lateral load or even if it has, the design for lateral load will increase the structural cost substantially with increase in 
number of storey. To achieve better performance in these high rise structures to overcome lateral load and torsion problems, special 
systems to resist these need to be adopted. Shear walls are one of the very effective solutions to sustain these lateral forces and they 
provide required stiffness and strength and good drift control and are simple to construct. 
 
2. Objective of the Project 
The objective of this study is to gain insight into the behaviour of plan irregular structure without and with shear wall in different 
locations of multi-storey building under various combinations of loads by static & dynamic analysis. The investigation on the 
behaviour and response of structure considered are carried out by using the finite element models in ETAB v9.7.4. The goals that are 
to be achieved: 
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Abstract: 
Failure of reinforced concrete structures during the past earthquakes has taught us the importance of evaluation of the 
seismic capacity of the existing buildings. Presence of irregularities is considered as a major deficiency in the seismic 
behaviour of structures. Introduction of bracings and stiff shear walls are the popular methods of strengthening the 
buildings against their poor seismic performance. The usefulness of shear walls in the structural planning of multi-storey 
buildings has long been recognized. When walls are situated in advantageous positions in a building, they can be very 
efficient in resisting lateral loads originating from wind or earthquakes. In this work dynamic analysis of an irregular plan 
with different orientation of shear wall location in the plan is carried out using ETAB software. Also attempt made to study 
behaviour of structure with openings in shear wall. 
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 The effect of irregular plan on structural response under different loadings.  
 The effect of openings in the shear wall on the performance of structure. 
 Dynamic analysis of framed structures using Response Spectrum Method by CQC method using ETAB software has been 

investigated.   
 Study the parameter like displacement, inter-storey drift and time period for all the models considered. 

 
Support Condition Fixed at base 
Density of concrete 25 kN/m3 (From Clause 19.2.1, IS 456-2000) 
Grade of concrete M 25 

Grade of steel Fe 415 
Characteristic compressive strength of concrete 

(fck) for M25 grade 25 N/mm2  (From Table-2, IS 456-2000) 

Modulus of Elasticity of concrete =5000   (From Clause 6.2.3.1, IS 456-2000) = 5000x  = 25 x 103 
N/mm2 

Poisson’s ratio for concrete 0.2 
Density of steel 7850  Kg / m3 

Modulus of Elasticity of steel 200 KN/mm2 (From Clause 5.6.3, IS 456-2000) 
Poisson’s ratio for steel 0.3 

Density of brick 2000 Kg / m3 
Table 1:  General input data for analysis 

 
3. Problem Formulation                     
A 30-storeyed (G+29) reinforced concrete building with irregular plan shape “L” with and without shear wall has been considered for 
the present study. The building considered for the study is asymmetric The plan area of building is 30m×30m with ground floor 5m in 
height & remaining all storey height is 3m each. 
Dynamic analysis is carried out for all the models by response spectrum method. 
Total 9 models are considered for the analysis, out of that 7 models were studied for different orientation of shear wall in plan and 2 
models were studied for effect of opening in shear wall.  
     

 
Figure 1: Model-1(M1)         Figure 2: Model-2(M2)             Figure 3: Model-3(M3)         Figure 4: Model-4(M4) 

 

 
Figure 5: Model-5(M5)                             Figure 6: Model-6(M6)                    Figure 7: Model-7(M7) 
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Member Size (mm) 
Column 800x800 (BASE  to  Storey 10) 

600x600 (Storey 11  to  storey20) 
500x500 (Storey 21  to  Storey 30) 

Beam 400x300 (Up to Storey 20) 
300x300 (21 Storey  to  Storey 30) 

Slab 150 
Shear wall thickness 300 

Table 2:  Member sizes  
 

Basic wind speed 50 m/s 
Terrain Category 4 
Life of structure 50 years 

Class of structure C 
Risk coefficient, k1 1 

Topography, k3 1  (Flat with upwind slope < 3  degree) 
Table 3:  Wind data 

 
Zone factor, Z 0.36 (For Zone 5) 

Importance Factor, I 1.0 
Soil type II (Medium) 

Response reduction factor R 5 (Ductile shear wall with SMRF) 
Percentage of imposed load considered during seismic load 25 % 

Damping ratio 5% 
Fundamental natural period(Time period) 0.5 seconds  in X-direction & Y-direction 

Eccentric ratio 0.05 
Modal combination Complete Quadratic Combination (CQC) 

Directional combination Square Root of the Sum of the Squares (SRSS) 
Table 4:  Earthquake data 

 
4. Result and Discussions 
 
4.1. For Different Orientation and Location of Shear Wall  
                  

Model Displacement (mm) % Reduction in displacement w.r.t to Bare frame (M1) 
M1 751.1 - 
M2 229.8 69.4 
M3 243.4 67.5 
M4 408.0 45.6 
M5 464.0 38.2 
M6 648.7 13.6 
M7 553.6 26.3 

Table 5:  Maximum displacement values 
 
4.1.1. Displacement 
Dynamic analysis is carried out for model M1 to M7 by response spectrum method. The maximum displacement values for respective 
models are tabulated in the Table 5. 
For better understanding purpose the displacement values of each storey of all the models are plotted in the below Figure.8  

 It is observed that the displacement values of bare frame (M1) is more when compared with the models with shear walls (M2 
to M7). 

 In model M2, the maximum displacement is reduced by more than 69% when compared to bare frame model M1 due to the 
presence of shear wall at the end of ‘L’ section. 

 Similarly for model M3, the reduction in displacement is found 67% this is mainly due to “L” shear wall at junction of two 
flange portion which provides rigidity at the corner of building where stress concentration will be more. 

 Similarly for model M4 where the two parallel “L” shear wall at junction of two flange portion is provided and reduction in 
displacement found is 45% and for M5 tube type of shear wall provided and reduction in displacement is 38%. 
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Figure 8: Comparison of displacement values for all models 

 
4.1.2. Inter-Storey Drift                                       

 
Model 

 
Maximum 

Inter-Storey drift 
% Reduction in Inter-storey drift 

w.r.t to Bare frame (M1) 
M1 0.016495 - 
M2 0.004695 71.5 
M3 0.005898 64.2 
M4 0.011014 33.2 
M5 0.008022 51.3 
M6 0.013903 15.7 
M7 0.009265 43.8 

Table 6:  Inter-storey drift values 
 
The maximum Inter-storey drift values for respective models are tabulated in the Table 6 for better understanding purpose the Inter-
storey drift values of each storey of all the models are plotted in the below Figure.9. 

 Performance of the Inter-storey drift is observed better in model M2 & M3 and reduction is found 60 to 70% less compared 
to bare frame due to stiffness provided by the shear wall in both X & Y direction. 

 Model M6 provides less Inter-storey drift    resistance out of all other model 15%. 
 M5 & M7 also provide better inter-storey drift resistance. 

 

 
Figure 9: Comparison of Inter-storey drift values 
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4.1.3. Time Period                                          
From Table 7 (below) and Figure.10 (below) it can be seen that time period value decreases by the addition of shear wall when 
compared to bare frame (M1).      
 

 
Figure 10: comparison of time period values for different modes 

 

Table.7:  Maximum time period values 
 
Time period is inversely proportional to stiffness of the structure.    

That is   
Where T=time period 
            k= stiffness  
            m=mass 
 Stiffness of the structure increases with the provision of shear wall. Hence time period which is inversely proportional to 
stiffness decreases with the provision of shear wall. 
 
4.2. Result Discussion for Shear Wall with Openings 
Sometimes openings are required in the wall for door or window, it is necessary to study the behaviour of structure under such 
openings. Openings are considered horizontally centered in the shear wall.                                                                                                           
To study the effect of openings in shear wall, Model M2 plan is considered, 2 different opening Sizes as given in Table.8 are 
considered for study. 
 

Details Model designation 
Without openings Solid shear wall M2 

With 
Opening size (m) 
Width x Height 

1.2 x 2.0 M8 

2.0 x 2.0 M9 

Table.8: Building model with openings 
 

Model Displacement (mm) % Increase in displacement w.r.t to solid frame (M2) 
M2 229.8 - 
M8 268.7 16.9 
M9 277.4 20.7 

Table 9:  Maximum displacement values 

Model Maximum time period 
(seconds) 

% Reduction in time period value 
w.r.t to Bare frame (M1) 

M1 4.37 - 
M2 3.40 22.1 
M3 3.13 28.3 
M4 4.16 4.8 
M5 3.55 18.7 
M6 4.25 2.7 
M7 3.93 10.0 
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 4.2.1. Displacement 

 Model M9 shows large displacement compared  to solid frame M2 & M8 since the opening  size provided is more in 
M9(26% opening)  compared to M8(16% opening)    

 Increase in displacement values are proportional to increase in opening size. 
 Figure.11 it can be seen that displacement increases with provision of opening through shear wall when compared to solid 

frame (M2). 
 

 
Figure 11: Comparison of displacement values                        Figure 12: Comparison of Inter-storey drift values 

 
Model Inter-storey drift % Increase in  Inter-storey drift w.r.t to solid frame (M2) 

M2 0.004695 _ 
M8 0.005433 15.7 
M9 0.005562 18.4 

Table 10:  Maximum Inter-storey drift values 
 

4.2.2. Inter-Storey Drift 
Inter-storey drift values of each storey of all the models are plotted in the above Figure. 12 

 It is observed that the Inter-storey drift values of solid frame (M2) are less than the models with openings (M8 & M9). 
 From the above graphs, it is clear that as the opening size increase not only stiffness of frame decreases, this in turn also 

increases inter-storey drift due to torsion. 
 Model M9 shows maximum increase in inter-storey drift among the models that is 18%. 

 
Model Maximum time period(seconds) % Increase in time period value w.r.t to solid frame (M2) 

M2 3.40 - 
M8 3.59 5.6 
M9 3.51 3.2 

Table 11:  Maximum Time period values 
 

4.2.3. Time Period 
 From below figure.13 it can be seen that time period value increases by the addition of openings in shear wall when 

compared to solid frame (M2). 
 Time period which is inversely proportional to stiffness, by provision of window and door openings in the shear wall, the 

stiffness of frame effects. 
 The decrease in stiffness of the frame depends on opening size provided in the shear wall, more the opening size, more the 

reduction in the stiffness of frame which results in increase in time period. 
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Figure 13: Time period values for different modes (opening) 

 
5. Conclusions  
In the present study, 7 models are analyzed for obtaining the optimum orientation and location of shear wall & another 2 models are 
analyzed for the study of effect of opening in shear wall on the performance of structure. The parameter considered for the analysis is 
displacement, inter-storey drift and time period. All the models are created and analyzed in ETAB v9.7.4. Based on the study 
following conclusions are drawn. 

 Shear wall frame interaction is very effective in resisting horizontal forces resulting from earthquake and wind forces in high 
rise structure. By providing shear walls in proper orientation and location in the building plan, the damages to structure can 
be minimized.  

 Most effective location of shear wall is along the outer periphery of the building especially at the corners and shear walls are 
very effective in contributing towards reduction of displacement, inter-storey drift and also torsion. 

 Stiffness of building increases due to adding of shear walls. 
 Behaviour of structures is affected by the size of the openings in shear wall. It is also observed that larger the area of opening 

in the shear wall of structure larger the displacements conceded by the structure and this trend increases with increasing story 
level. 

 It is also understood that opening in shear wall placed in the plane of loading is more critical than that of opening in shear 
wall placed out of plane of loading.  

 The stiffness as well as response of frame-shear wall structure is affected by the size of openings in the shear wall frame.   
 It is observed that introduction of shear wall in structure results in the decrease of time period values and when openings are 

provided in shear wall, time period increases. 
 It is advisable to say that before introducing opening in shear wall proper analysis should be made. 
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