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Abstract- In the seismic design of buildings, reinforced 

concrete structure walls, or shear walls, act as a major 

earthquake resisting members. Structural walls provide 

a resistance against the lateral loads system. The 

properties of these seismic shear walls dominate the 

response of the building, it is important to evaluate the 

seismic response of the walls appropriately.  In this 

project we are considering 5x5 bay plan with G+14 

storey height of building to be constructed in zone III 

by providing shear walls of uniform thickness (200mm) 

in various locations of buildings. “Linear equivalent 

static method” analysis of the building is done using 

ETABs 2015. In this present study, main focus is to 

determine the solution for shear wall location in multi 

storey building. Effectiveness of shear wall has been 

studied with the help of five different models. Model-I is 

bare frame structural system and other four models are 

dual type structural system. An earthquake load is 

applied to a building of 15 stories located in zone III. 

The building act as a vertical cantilever in the form of 

separate planner walls. 

 

Index Terms- Location of Shear wall, ETABS, 

Earthquake resistant structure, Equivalent Static 

analysis. 

I. INTRODUCTION 

1.1GENERAL 

Shear wall may be defined as structural elements, 

which provide strength, stiffness and stability against 

lateral loads deriving strength and stiffness mainly 

their shape in many cases, high rise buildings are 

designed as a framed structure with shear walls that 

can effectively resist horizontal forces.  

Shear walls are one of the most efficient lateral force 

resisting elements in multi-storeyed buildings. Many 

modern constructions use shear wall as main source 

for lateral force resistance and can also be used for 

seismic rehabilitation of existing buildings. Since 

plastic hinges forms in the beams and not in the wall, 

shear wall frame interaction system is more reliable. 

In addition, benefit of reducing lateral sway in the 

building under seismic loading can be available using 

shear wall.   

The use of shear wall structure has gained popularity 

in high rise building structure, especially in the 

construction of service apartment or office/ 

commercial tower. It has been proven that this system 

provides efficient structural system for multi-storey 

building in the range of 30-35 storey’s (MARSONO 

& SUBEDI, 2000). In the past 30 years of the record 

service history of tall building containing shear wall 

element, none has collapsed during strong winds and 

earthquakes (FINTEL, 1995). 

 

1.2RC SHEAR WALL 

Reinforced concrete (RC) buildings often have 

vertical plate-like RC walls called Shear Walls in 

addition to slabs, beams and columns. These walls 

generally start at foundation level and are continuous 

throughout the building height. Their thickness can 

be as low as 150mm, or as high as 400mm in high 

rise buildings. The overwhelming success of 

buildings with shear walls in resisting strong 

earthquakes is summarized in the quote, “We cannot 

afford to build concrete buildings meant to resist 

severe earthquakes without shear walls.” as said by 

Mark Fintel, a noted consulting engineer in USA. RC 

shear walls provide large strength and stiffness to 

buildings in the direction of their orientation, which 

significantly reduces lateral sway of the building and 

thereby reduces damage to structure and its contents. 

Since shear walls carry large horizontal earthquake 
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forces, the overturning effects on them are large. 

Shear walls in buildings must be symmetrically 

located in plan to reduce ill-effects of twist in 

buildings. They could be placed symmetrically along 

one or both directions in plan. Shear walls are more 

effective when located along exterior perimeter of the 

building such a layout increases resistance of the 

building to twisting. 

 

1.3 FUNCTION OF SHEAR WALL 

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. Shear walls must provide the necessary 

lateral strength to resist horizontal earthquake forces. 

When shear walls are strong enough, they will 

transfer these horizontal forces to the next element in 

the load path below them. These other components in 

the load path may be other shear walls, floors, 

foundation walls, slabs or footings. Shear walls also 

provide lateral stiffness to prevent the roof or floor 

above from excessive sideway. When shear walls are 

stiff enough, they will prevent floor and roof framing 

members from moving off their supports. Also, 

buildings that are sufficiently stiff will usually suffer 

less non-structural damage. 

Use of shear wall gives a structurally efficient 

solution to stiffen a building. The main function of 

shear wall is to increase the rigidity for lateral load 

resistance in the tall buildings. Shear walls are 

commonly used as a vertical structural element for 

resisting the lateral loads that may be induced by the 

loads due to wind and earthquake. Besides they also 

carry gravity loads. A well-designed system of shear 

wall in building frame improves seismic performance 

significantly. A box system structure that consists of 

reinforced concrete walls and slabs are used in high 

rise building. 

 

      Fig.1.1 Functions of shear wall 

The properties of seismic shear walls dominate the 

response of the buildings, and therefore it is 

important to evaluate the seismic response of the 

shear walls appropriately. Also, it is necessary to find 

out the effective location of shear wall in the 

structure. 

2. OBJECTIVES 

 

The principal objectives of the study are as follows:  

1. To study the Optimum location of shear wall 

having uniform thickness throughout the 

building. 

2. To study the storey displacement of structure for 

different location of shear wall. 

3. To study the storey drift for different location of 

Shear wall. 

4. To study the storey shear for different location of 

shear wall. 

5. To study the mode shapes for different location 

of shear wall. 

 

3. BUILDING CONFIGURATION AND 

METHODOLOGY 

 

The present study is an effort towards analysis of the 

structure located on a flat ground during the 

earthquake. An ordinary moment resisting building of 

G+14 stories located over a medium soil is 

considered. The number of bays will be kept as 5 

along both direction and the bay size will be kept as 

4m with the storey height being 3m.  The building 

will be analysed considering zone III by static 

equilibrium method using ETABS 2015 software.  

Three-dimensional space frame analysis will be 

carried out for five different building configurations 

resting on flat ground under the action of seismic 

load. The configurations include the thickness of 

shear wall like 200mm and height building of 15 

storeys.  

The Various building models considered are: 

 Model 1: Bare frame building. 

 Model 2: Building with shear wall at corner. 

 Model 3: Building with shear wall at mid span. 

 Model 4: Building with shear wall at 2nd grid 

corner. 

 Model 5: Building with shear wall at 2nd mid 

span. 
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3.1 METHODOLOGY 

To study and evaluate the behaviour of reinforce 

concrete buildings resting on the sloping ground, 

equivalent static analysis of a RC-building with fixed 

base is done considering different types of shear 

walls using ETABS. To study behaviour of shear 

wall with different thickness and determining 

percentage of reinforcement on sloping ground. 

Equivalent static Analysis of all building models, in 

terms of base shear and roof displacement is 

presented and compared with the different thickness 

of shear wall.  

The material and sectional properties in the analysis 

of different building compositions are as per IS 

456:2000. Dead loads and live loads are compared as 

per IS 875 (part 1):1987 and IS 875(part 2):1987 

respectively. Lateral load parameters are considered 

confirming to IS 1893 (Part 1): 2002. The load 

combinations are considered as per IS 875 (Part 5): 

1987. 

 

3.2 SOFTWARE 

The software used in this program is ETABS 2015. 

ETABS is a special purpose computer program 

developed specifically for building systems. The 

concept of special purpose programs for building 

type structures was introduced more than 35 years 

ago [R. W. Clough, et al., 1963]. However, the need 

for special purpose programs, such as ETABS, has 

never been more evident as Structural Engineers put 

nonlinear static and dynamic analysis into practice 

and use the greater computer power available today 

to create larger, more complex analytical models.  

With ETABS, creating and modifying a model, 

executing the analysis, design, and optimizing the 

design are all done through a single interface that is 

completely integrated within Microsoft Windows. 

Graphical displays of the results, including real-time 

display of time-history displacements, are easily 

produced. Printed output, to a printer or to a file, for 

selected elements or for all elements, is also easily 

produced. This program provides a quantum leap 

forward in the way models are created, modified, 

analysed and designed. 

The analytical capabilities of ETABS are just as 

powerful, representing the latest research in 

numerical techniques and solution algorithms. 

 

 3.3 ANALYSIS CONSIDERATION  

In the 3D analysis of various types of models 

following methods are studied. 

 Equivalent Static Method 

3.3.1 Equivalent Static method 

The Equivalent Static method is the simplest method 

of analysis and requires less computational effort 

because the forces depend on the code based 

fundamental period of structures with some empirical 

modifier. The design base shear shall first be 

computed as a whole, and then be distributed along 

the height of buildings based on simple formulae 

appropriate for buildings with regular distribution of 

mass and stiffness. The design lateral force obtained 

at each floor level shall be distributed to individual 

lateral load resisting elements depending upon floor 

diaphragm action. 

The design lateral force or design base shear and the 

distribution are given by some empirical formulae 

given in the IS 1893. 

3.3.2 Design Seismic Base Shear 

The total design lateral force or design seismic base 

shear (VB) along any principal direction shall be 

determined by the following expression: 

VB = Ah X W  

Where, 

Ah = horizontal acceleration spectrum. 

W = seismic weight of all the floors. 

3.3.3 Fundamental Natural Period 

The approximate fundamental natural period of 

vibration (T,), in seconds, of a moment-resisting 

frame building without brick in the panels may be 

estimated by the empirical expression:  

T = 0.075 h0.75 for RC frame building  

T = 0.085 h0.75 for steel frame building 

Where, 

h = Height of building, in m. 

This excludes the basement storey, where basement 

walls are connected with the ground floor deck or 

fitted between the building columns. But it includes 

the basement storey, when they are not so connected. 

The approximate fundamental natural period of 

vibration (T), in seconds, of all other buildings, 

including moment-resisting frame buildings with 

brick lintel panels, may be estimated by the empirical 

Expression.  

T=0.09h/√d 

Where, 

h= Height of building 
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d= Base dimension of the building at the plinth level, 

in m, along the considered direction of the lateral 

force. 

3.3.4 Distribution of Design Force 

Vertical Distribution of Base Shear to Different Floor 

Level The design base shear (VB)shall be distributed 

along the height of the building as per the following. 

Qi =   

Expression :- 

Qi=Design lateral force at floor i. 

     Wi = Seismic weight of floor i. 

     Hi = Height of floor i measured from base. 

n=Number of storey in the building is the number of 

levels at which the masses are located. 

Distribution of Horizontal Design Lateral Force to 

Different Lateral Force Resisting Elements in case of 

buildings whose floors are capable of providing rigid 

horizontal diaphragm action, the total shear in any 

horizontal plane shall be distributed to the various 

vertical elements of lateral force resisting system, 

assuming the floors to be infinitely rigid in the 

horizontal plane. In case of building whose floor, 

diaphragms cannot be treated as infinitely rigid in 

their own plane, the lateral shear at each floor shall 

be distributed to the vertical elements resisting the 

lateral forces, considering the in-plane flexibility of 

the diagram. 

 

4. MODELS CONSIDERED FOR ANALYSIS 

4.1 Bare Frame  

 
Fig. 4.1 Plan of bare frame 

4.2 Shear walls located at corner 

Fig. 4.2 Plan of shear wall at corner 

   

4.3 Shear walls located at mid span  

Fig. 4.3 Plan of shear wall at mid span 
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4.4 Shear walls located at 2nd grid corner  

Fig. 4.4 Plan of shear wall at corner of 2nd grid 

4.5 Shear walls located at 2nd grid mid span  

 
Fig. 4.5 Plan of shear wall at mid span of 2nd grid 

 

5. RESULTS AND DISCUSSIONS 

 

In this presence study the behaviour of each model is 

captured and results are tabulated in form of optimum 

location of shear wall, lateral displacement, storey 

drift, base shear, storey shear, and time period 

equivalent static analysis. The performance of all the 

models are observed and compare with the suitable 

model. 

5.1 Maximum Lateral Storey Displacement 

To study the response of lateral load effect on 

structure we used 15 storey RC building with shear 

wall with different in different locations of structure 

in a seismic zone III. The maximum displacement 

occurs at each storey with respect to its base is 

mentioned in following tables are obtained from 

equivalent static method along both X and Y 

direction. The displacement values are plotted in 

graph for better comparison.  

 

5.1.1 Maximum Lateral Storey Displacement in 15 

Storeys of Zone III  

Table 5.1 Lateral Displacement in X direction  

 

Fig. 5.1 Lateral Displacement in X Direction 
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Table 5.2 Lateral Displacement in Y direction  

Fig. 5.2 Lateral Displacement in Y Direction 

 

5.1.2 Observation and Discussion on Lateral 

Displacement 

By studying table 5.1 to table 5.2 and comparing their 

values in fig 5.1 to fig 5.2, it is observed that 

displacement values are higher in Bare frame when 

compare to other model, the displacements seen in 

Bare frame are comparatively more than models with 

shear wall. The displacement Values in the structure 

is goes on increases from lower storey to the higher 

storey in the structure.  

It is observed that the displacement value in Y-

Direction is more when compare to X-Direction. 

5.2 Storey Drift  

“It is defined as the ratio of displacement of two 

consecutive floor to height of that floor.” 

The maximum permissible Drift for an RC structure 

as IS 1893 – 2002 is 0.004 times of the storey height. 

The maximum storey drift values for all building 

models along X and Y direction shown below. 

5.2.1 Storey Drift in 15 Storeys of Zone III 

Table 5.3 Storey Drift in X Direction  

 

Fig. 5.3 Storey Drift in X Direction 
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Table 5.4 Storey Drift in Y Direction  

Fig. 5.4 Storey Drift in Y Direction 

 

5.2.2 Observation and Discussion on Storey Drift 

By studying Table 5.3 to Table 5.4 and comparing in 

Fig 5.3 to Fig 5.4 it can be observed that drift values 

are different in every model. In 15 storeys building 

drift values in Bare frame model goes on increases 

from base up to storeys 4 and gradually reduces on to 

higher stories, the drift values in model with shear 

wall at corner goes on increases from base up to 

storey 11 and gradually reduces on to higher stories, 

the drift values in model with shear wall at mid span 

goes on increases from base up to storey 8 and 

gradually reduces on to higher stories, the drift values 

in model with shear wall at corner of 2nd grid goes 

on increases from base up to storey 9 and gradually 

reduces on to higher stories, the drift values in model 

with shear wall at mid span od 2nd grid goes on 

increases from base up to storey 8 and gradually 

reduces on to higher stories. 

Then it observed that however provision of shear 

wall slightly decreases in storey drift and storey drift 

in X direction is lesser when compare to Y direction.  

 

5.3 Base Shear   

“Base Shear is an estimate of the maximum expected 

lateral force that will occur due to seismic ground 

motion at the base of the structure.” 

The base shear all values are obtained from ETABS 

2015 and listed below. 

5.3.1 Base Shear of 15 Storeys in Zone III 

Table 5.5 Base Shear in X and Y Direction 

 

 

Fig. 5.6 Base Shear in Y Direction 
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5.3.2 Observation and Discussion on Base Shear 

By studying Table 5.5 and comparing Fig 5.5 to Fig 

5.6, it can be observed that provision of shear wall 

increases the base shear. The maximum base shear 

value is found out for the shear wall located in corner 

of 2nd grid model. The base shear values are 

maximum in X direction compared with Y direction. 

 

5.4 Storey Shear 

“Storey Shear is an estimate of the maximum 

expected lateral force that will occur due to seismic 

ground motion at the base of each storey of the 

structure.” 

The storey shear for each model is obtained from 

ETABS 2015 and values are plotted against the 

storey level. 

 

5.4.1 Storey Shear of 15 Storeys in Zone III 

Table 5.6 Storey Shear in X Direction 

 

Fig. 5.7Storey Shear in X Direction 

Table 5.7 Storey Shear in Y Direction 

Fig. 5.8 Storey Shear in Y Direction 

 

5.4.1 Observation and Discussion on Storey Shear 

By Studying Table 5.6 to Table 5.7 and comparing in 

Fig 5.7 to Fig 5.8 we can conclude that storey shear is 

highest at the bottom stories of the structure. And it 

goes on decreasing as the storey height increases. 

This is because of bottom storey levels are directly in 

contact with the ground and feels the maximum 

effect of lateral forces. 

 

5.5 Modal Time Period 

Modal Time period of a structure is the natural time 

period of the undamped free vibration. The t ime 
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period of normal single storey to 20 storey buildings 

are usually in the range 0.05-2.00 sec.   

Time period required for each mode shape is 

obtained from ETABS and graph is plotted for Mode 

Shape vs. Time Period. 

Modal Time Period of 15 Storeys in Zone III 

Table 5.8 Modal Time Period  

 

 
Fig. 5.9 Modal Time Period 

 

5.6.3 Observation and Discussion on Modal Time 

Period 

By studying Table 5.8 and comparing in Fig 5.9 it is 

observed that modal time period is more in Bare 

frame compare to models with shear wall. Due to the 

Provision of shear wall the time period goes on 

decreases. The time period of shear wall at corner of 

2nd grid is found less among all models. 

 

6. CONCLUSION AND SCOPE FOR FUTURE 

STUDIES 

6.1 Conclusion 

[1] From the comparison of the results it is found 

that the optimum location of shear wall is found 

in the corners of the building. 

[2] It can be concluded that, provision of Shear wall 

in the structure reduces the lateral storey 

displacements in the building compared to Bare 

frame. 

[3] It can be concluded that, the storey drift of the 

building with the Shear walls is found within the 

permissible limits. 

[4] It can be concluded that, the storey drift is more 

in the middle storeys compared with the base and 

gradually reduces up to the top of the building. 

[5] It can be concluded that, the storey shear of the 

structure varies with the provision of Shear walls 

in structure. 

[6] It can be concluded that, the Storey Shear is 

maximum in the bottom storeys because it is 

fixed at the bottom and hence gradually 

decreases at the above storeys. 

[7] It can be concluded that, the Base shear of the 

structure with Shear walls  is found to be more 

compared to Bare frame. 

[8] It can be concluded that, the provision of Shear 

wall decreases the time period comparatively 

with Bare frame in comparison. 

[9] It can be concluded that the providing Shear wall 

increases the seismic performance of the 

structures. 

[10] The location of shear wall affects various 

structural parameters like mass, stiffness 

matrices. 

 

6.2 Scope for Future Work  

The work presented in this dissertation may use as 

basis for future works suggested below, 

[1] A high-rise building of higher stories can be 

studied for different seismic zones in India. 

[2] The present work is based on the Equivalent 

static method analysis and the dynamic analysis 

like Time History Method, Response Spectrum 

Method can be implemented to check the 

obtained results. 

[3] In the present study, the shear wall thickness is 

kept uniform throughout the analysis and the 
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results can be obtained by varying the thickness 

of the shear wall. 

[4] In this study, the Rectangular Shape Shear wall 

is used throughout the analysis and the results 

can be obtained by using different shapes of 

shear walls like C-Type, L-Type, T-Type etc.  

[5] In this study, the analysis is carried out on flat 

ground and hence the results can be verified 

using sloping grounds. 

[6] In the present study, the ordinary moment 

resisting building is considered and the results 

can be verified using Special moment resisting 

building. 

[7] Experimental work can be done to verify 

analytically obtained results. 

[8] Design estimation is necessary to check the cost 

effectiveness. 

[9] In present, only, analysis is done for Earthquake 

Loads. The same may be extended to Wind Load 

analysis as per BIS code 875(Part-III):1987. 

[10] Performance of building taking different heights 

of building with shear wall. 
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