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Abstract- Seismic performance of a structure with shear wall 

on hill slopes, carried out on a residential building by 

considering the gravity loads and lateral loads in the form of 

Earthquake loads and Wind loads includes the shear walls to 

reduce the lateral force effect on structural members. Here the 

structure located in hilly areas is very much more exposed to 

seismic environment to the structures that are situated in flat 

ground. The columns of ground storey have different height of 

columns due to sloping ground. Due to the sloping ground the 

column height differs as short and long columns. Hence the 

large amount of lateral force is attracted by short column due 

to its higher stiffness. It leads to severe damage to structure 

and causes loss of human life. Thus to increase the seismic 

performance of building on sloping ground the shear walls 

play very vital role. Hence in this study the attempt is made to 

analyze the high-rise structures on plain and sloping ground 

with and without shear walls. In this study a G+9 storied 

reinforced concrete (RC) building with varying ground slopes 

as 0o, 7o, 14o   and 21°,27o without shear walls and with 

shear wall at peripheral corners in ZONE V(Srinagar) . The 

Wind load analysis according to IS : 875-(part-3)2015 and 

seismic loads according to IS : 1893(part-1) 2016.Shear wall 

analysis according toIS:13920-2016.  The modeling and 

analysis of the structure has been carried out by Linear 

Dynamic analysis (Response Spectrum) is carried out by using 

structural engineering software ETABS 2016 is used to 

analyze buildings under the effect of earthquake forces in 

ZONE V and Medium soil condition. The main objective is to 

understand in this study is in order to reduce the effectiveness 

of lateral loads the structure is provided with these two 

models  

 

Keywords- Base shear, storey shear, story drift, fundamental 

time period, response spectrum method 

 

I. INTRODUCTION 

 

 Earth quake is natural phenomenon, which can occur 

any time anywhere. Therefore, buildings must be built in such 

a way that they are during such occurrence. An earthquake is 

caused by a sudden slip on a fault. The tectonic plates are 

always slowly moving, but they get stuck at their edges due to 

friction. When the stress on the edge overcomes the friction, 

there is an earthquake that releases energy in waves that travel 

through the earth's crust and cause the shaking that we feel.An 

earthquake may be defined as a wave-like motion generated 

by forces in constant turmoil under the surface layer of the 

earth (the lithosphere), travelling through the earth’s crust. 

Most of the earthquake related deaths are causes by total or 

partial collapse of buildings. In India both at towns and urban 

areas the construction of buildings are extremely growing with 

respect to population. The destruction and loss in these areas 

in case of seismic impact is due to the fact that most of the 

buildings are not designed without considering the seismic 

forces 

 

II. SEISMIC ZONES 

 

Seismic zoning map of India helps in identifying the 

lowest, moderate as well as the highest hazardous or 

earthquake-prone areas in India. Also, such maps are used or 

looked before the construction of high rise building so as to 

check the level of seismology in any particular area. In the 

long run, this helps in saving lives.The variation of geology in 

different areas of the country implies that the probability of 

damage to earthquakes occurring in different places is 

different. Therefore, we have to recognize these locations on 

seismic zone map. The version seismic zone map is based on 

the past earthquakes before 1970 that have occurred ,therefore 

India is subdivided into as five zones i.e., ᵶone-I, ᵶone-II, 

ᵶone-III, ᵶone-IV, ᵶone-V. 

 

III. SHORT COLUMN 

 

During the earthquakes of the past, buildings with 

reinforced concrete structure      (RC) that the columns having 

of different heights varying in a same storey, the shorter 

columns are damaged more than the longer columns in the one 

storey. 
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SHORT COLUMN EFFECT ON SLOPED GROUND:  

 

Many situations with short column effect arise in 

buildings. When a building is rested on sloped ground, during 

earthquake shaking all columns move horizontally by the 

same amount along with the floor slab at a particular level 

(this is called rigid floor diaphragm action). If short and tall 

columns exist within the same storey level, then the short 

columns attract several times larger earthquake force and 

suffer more damage as compared to taller ones. The short 

column effect also occurs in columns that support mezzanine 

floors or loft slabs that are added in between two regular 

floors. There is another special situation in buildings when 

short-column effect occurs. Consider a wall (masonry or RC) 

of partial height built to fit a window over the remaining 

height. The adjacent columns behave as short columns due to 

presence of these walls. In many cases, other columns in the 

same storey are of regular height, as there are no walls 

adjoining them. When the floor slab moves horizontally 

during an earthquake, the upper ends of these columns 

undergo the same displacement. However, the stiff walls 

restrict horizontal movement of the lower portion of a short 

column, and it deforms by the full amount over the short 

height adjacent to the window opening. On the other hand, 

regular columns deform over the full height. Since the 

effective height over which a short column can freely bend is 

small, it offers more resistance to horizontal motion and 

thereby attracts a larger force as compared to the regular 

column. As a result, short column sustains more damage. 

 

IV. 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 beas low as 150mm, or as high as 

400mm in high rise buildings. Shear walls are usually 

provided along both length and width of buildings. Shear 

walls are like vertically-oriented wide beams that carry 

earthquake loads downwards to the foundation. Properly 

designed and detailed buildings with shear walls have shown 

very good performance in past earthquakes. Shear walls are 

easy to construct, because reinforcement detailing of walls is 

relatively straight-forward and therefore easily implemented at  

site. Shear walls are efficient, both in terms of construction 

cost and effectiveness in minimizing earthquake damage in 

structural and non-structural elements (like glass windows  

and building contents). 

 

Advantages of Shear Walls in RC Buildings :  

 

The shear wall are more efficient in both i.e., 

reducing the tremor damage in buildings and in the cost of the 

construction also less due to time taken to construction of the 

wall is very less. 

 

V. OBJECTIVES OF STUDY 

 

The present study is takеn up with the following objеctives: 

 

1. To study the behavior of G+9 storied building resting 

on planе ground is compared to the sloped ground 

buildings with vаrying slopеs i.e.,0,7,14,21,27 

degrees. 

2. The buildings without shear wall are compared to 

buildings with shear walls placing at peripheral 

corners . 

3. This comparison is carried out using Rеsponse 

Spectrum Method by using Etabs 2016 softwarе. 

4. The comparison  for various ground slope angles 

considering parameters such as Displacement, Base 

Shear, Storey Drift, Storey Shear, Fundamental Time 

Period, Torsion. 

 

VI. RESPONSE SPECTRUM 

 

In the 'response spectrum method', the maximum 

response of a structure during an tremor is obtained directly by 

a response spectrum to the tremor (or design). This procedure 

provides an approximate maximum response, but is quite 

accurate for a structural designing applications. This approach, 

the multiple response modes of a building to an tremor are 

taken into consideration. For every mode, a response of  a 

design spectrum is read, based on modal mass  and modal 

frequency. The responses of the different modes аre combined 

to provide аn estimate of the totаl response of а structure using 

modаl combination methods such as 'complete quadratic 

combinations'(CQC), 'square root of sum of squares'(SRSS), 

or 'absolute sum '(ABS) method. Response speсtrum method 

must be performed using the design speсtrum specified in the 

respeсtive codes or from a site-specific design speсtrum, 

which is prepared specifically for a structure at a pаrticular 

project site.For most buildings, inelastic response can be 

expected to occur during a major earthquake, implying that an 
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inelastic analysis is more proper for design. However, in spite  

of the availability of nonlinear inelastic programs, they are not 

used in typical design practice because: 

 

1) Their proper use requires knowledge of their inner 

workings and theories, 

2) Results produced are difficult to interpret and apply to 

traditional design criteria, and 

3) The necessary computations are expensive. 

Therefore, analyses in practice typically use linear elastic 

procedures based on the response spectrum method. The 

response spectrum analysis is the preferred method because it 

is easier to use. 

 

VII. DESCRIPTION OF MODELS  

 

The structure chosen for a study is a G+9 storied 

Residential building. The building is situated in seismic zone 

V(Srinagar) on medium stiff soil. Three dimensional 

mathematical models are generated in ETABS 2016 software. 

For structural elements, M30 grade of concrete is used. The 

floor diaphragms are assumed to be rigid. Using ETABS 2016 

a G+9 RC structure with ground slope of 0°,7°,14°,21°,27°are 

modeled and analyzed.  

 

Model-1 : 

 

G+9 storied building without shear wall in  Zone V at 0 

degree. 

Model-2 : 

 

G+9 storied building with shear wall provided peripheral 

corners in plan in Zone V at 0 degree. 

 

Model-3 : 

 

G+9 storied building without shear wall in  Zone V at 7 

degree. 

 

Model-4 : 

 

G+9 storied building with shear wall provided peripheral 

corners in plan in Zone V at 7 degree. 

 

Model-5 : 

 

G+9 storied building without shear wall in  Zone V at 14 

degree. 

 

Model-6 : 

G+9 storied building with shear wall provided peripheral 

corners in plan in Zone V at 14 degree. 

 

Model-7: 

 

G+9 storied building without shear wall in  Zone V at 21 

degree. 

 

Model-8 : 

 

G+9 storied building with shear wall provided peripheral 

corners in plan in Zone V at 21 degree. 

 

Model-9: 

 

G+9 storied building without shear wall in  Zone V at 27 

degree. 

 

Model-10 : 

 

G+9 storied building with shear wall provided peripheral 

corners in plan in Zone V at 27 degree. 

 

VIII. STRUCTURAL DETAIL OF THE MODELS 

 

Plan dimension=35 X 30 m 

Seismic zone=V 

Zone factor, z=0.36 

Wind Speed=39m/s 

Number of storey=G+9 

Floor height=3m 

Depth of Slab=150 mm 

Size of beam=600 x 600mm 

Size of column=300 x 600 mm 

Thickness of shear wall=230mm 

Materials =M 30 concrete and Fe 415 steel 

Thickness of external and internal walls=230mm 

Type of soil=Medium soil 

Importance Factor, I=1 

Response spectrum analysis=Linear dynamic analysis 

Damping of structure=5 percent 

Response reduction factor=5 

Wall load=12kN/m 

Live load=2kN/m2 

Ground slopes=0,7,14,21 and 27degrees 
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IX. PLAN 

 

 

 

X. 2D AND 3D MODEL 

 

WITH ANDWITHOUT SHEAR WALL 

 

 
 

 
 

XI. RESULT AND DISCUSSIONS: 

 

Lineаr dynаmic anаlysis is pеrformed on аll modеls. 

Loаds аre calculated аnd distributed as pеr code IS 1893 (Pаrt 

I) 2016, IS 456 2000, IS 13920 2016 using ETABS 2016.The 

results of vаrious anаlyses for different ground slopеs 

(0°,7°,14°,21°and 27°) аre presented аnd compаrative study 

between results of different slopes аnd it is mаde to аnаlyses 

the effect of sloping ground on structurаl forces. In the present 

work storey displаcements, storey drift, storey sheаr, bаse 

sheаr, fundаmentаl time period аre compаred for different 

ground slopes under different seismic loаds. The аnаlysis 

results obtаined in ETАBS 2016 аre shown below in the form 

of tаbles for vаrious ground slopes under seismic loаds in X-

direction аnd Y- direction. The building is in (G+9) storied. 

 

Comparison of Lateral Displacement: 

 

Displacement for buildings without providing shear walls 

in X Direction.  

 

Here the values are taken for (G+9) storied building including 

Terrace 

 

 
 

The displacements for the building resting on flat 

ground are found to berelatively less than the building resting 

on sloped ground. As the slope of the ground is increasing the 

displacements in the building are getting increasing. 

 

 Here the displacement values are comparing  slope wise 

direction. 

 

 By the comparison of 0°to7°=1.876% 

 

0°to14°=0.03% 

 0°to21°=6.54% 

0°to27°=10%  

 

The percentage varies 1.836%, 0.030%, 6.54%, 10%. 

 

Displacement for buildings without providing shear walls 

in Y- Direction. 
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The max displacement value is 37.6%in Y-direction at 27°. 

By the comparison of 0°to7°=19.16%, 

 

0°to14°=23.23%,  

0°to21°=27.7%, 

0°to27°=37.6%  

 

Thepercentage varies 19.96%,23.23%,27.7%,37.6. 

 

Displacement for buildings with shear walls provided at 

peripheral corners in X-Direction 

 

 

 

The max displacement value is 55.5 in X-direction at 7°. 

The comparison and percentage values for the slopes 

 

0°to7°= 55.5% 

0°to14°=23.23% 

0°to21°= 27.7% , 

0°to27°=37.26% 

 

Displacement for buildings with shear walls provided at 

peripheral corners in Y-Direction 

 

 
 

The max displacement value is 73.36% in y-direction at 27°. 

 

The  comparison and percentage values for the slopes 

 

0°to7°=72.06% 

0°to14°=44.46% 

0°to21°= 50% , 

0°to27°=73.36%. 

 

Comparison of Storey drift : 

 

It is the displacement of one level relative of the 

other level above or below. The storey drift in any storey shall 

not exceeds 0.004 times the height of storey height, the 

permissible storey drift of each Storey is = 0.004(3000) = 12 

mm. 

During an earthquake, large lateral forces can be 

imposed on structures, Lateral deflection and drift have three 

primary effects on a structure, the movement can affect the 

structural elements (such as beams and columns); the 

movements can affect non-structural elements (such as the 

windows and cladding); and the movements can affect 

adjacent structures. Without proper consideration during the 

design process, large deflections and drifts can have adverse 

effects on structural elements, nonstructural elements, and 

adjacent structures. 

 

Storey Drift for buildings Ground level models in X 

Direction 

 

 
 

For story drift the maximum value is 32.02%at 27° 

The comparison and percentage values for the slopes 



IJSART - Volume 6 Issue 8 – AUGUST 2020                                                                                    ISSN  [ONLINE]: 2395-1052 

 

Page | 281                                                                                                                                                                    www.ijsart.com 

 

0°to7°=30.3% 

0°to14°=19.94% 

0°to21°= 23.60% , 

0°to27°=32.02% 

 

Storey Drift for buildings Ground level models in X 

Direction 

 

 
 

The maximum storey drift value for the model in x-direction 

9.22%at 27°. 

 

The comparison and percentage values for the slopes 

 

0°to7°=2.12% 

0°to14°=4.67% 

0°to21°= 7.66% 

 , 

Storey Drift for buildings  Ground level models in Y-

Direction without shear wall . 

 

 
The maximum storey drift value for the model is 26.80% at 

27°in y-direction . 

 

The  comparison  and percentage values for the slopes 

 

0°to7°=7.56% 

0°to14°=21.82% 

0°to21°= 25.16% , 

0°to27°=26.80% 

 

Storey Drift for buildings  Ground level models inY-

Direction With shear wall. 

 

 
 

The  maximum storey drift value is  68.5% at0°when 

compared to other degrees. 

 

The percentage values for the slopes 

 

0°to7°=68.5% 

0°to14°=32.6% 

0°to21°= 35,22% , 

0°to27°=52,63 

 

Storey Shear : 

 

Storey shear is calculated by using IS 1893-2002 

method for two models and the results obtained are presented 

in Tables and Figures. Table 5.3 illustrate the values of 

comparison of storey shear of models using linear dynamic 

analysis. Storey shear is a very important parameter for 

earthquake resistant design of buildings 

 

Storey Shear for buildings without providing shear walls 

in X Direction. 

 

 

 

The maximum storey shear value for the model in x-direction 

without providing shear wall is 3.96% at 14°. 

 

The percentage values for the slopes 

 

0°to7°=2.96% 

0°to14°=3.96% 
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0°to21°= 1.346% , 

0°to27°=-5.04% 

 

Storey Shear for buildings with providing shear walls in X 

Direction.(kN) 

 
 

The maximum percentage for storey shear value  in 

x-direction 6.08% at 27° with providing shear wall at 

peripheral corners. 

 

The percentage values for the slopes 

 

0°to7°= 1.25% 

0°to14°=-4.01% 

0°to21°= 4.21% , 

0°to27°=6.08% 

 

Storey Shear for buildings without providing shear walls 

in Y Direction (kN). 

 

 
 

By the comparison of 0°,7°,14°,21°,27° slopes. The 

maximum percentage valueinY-direction is 12.23%at 0°slope 

when compared to other degrees.  

 

The percentage values for the slopes0°to7°= 12.23% 

 

0°to14°=5.54% 

0°to21°= -6.914% , 

0°to27°=-12.64%. 

 

Storey Shear for buildings with providing shear walls at 

peripheral corners in Y Direction (kN). 

 

 

The percentage for the storey shear 4.26% at 27° 

with providing shear wall at peripheral corners in Y-direction. 

By the comparison of 0°,7°,14°,21°,27° slopes. The maximum 

percentage value is 4.26% at 27°slope when compared to 

other degrees. The percentage values for the slopes0°to7°= 

0.35% 

 

0°to14°=1.92% 

0°to21°= 2.54% , 

0°to27°=4.26% 

 

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 a structure. 

 

Table  Base Shear for buildings which resting on different 

sloped grounds in X-direction(kN) 

 

 
 

It is observed that the model lying on the 27° slope 

having high base shear in X-direction when compared to other 

degrees sloped ground model i.e; without shear wall. 

 

The percentage value for 27° slope is 211.2%, 

 

21°is 198.24%  

14° is 196.24% 

7° is 195.2% 

0° is 195.09%. 

Base shear in x-direction.  

 

GRAPH REPRESENTATION: 
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Base Shear for buildings which resting on different sloped 

grounds in Y-direction(kN) 

 
 

It is observed that the model lying on the 27° slope 

having high base shear Y-direction when compared to other 

degrees sloped ground model i.e; without shear wall. 

 

The percentage value for 27° slope is 213.85%  

 

0°=178.26% 

7°=184.18% 

14°=200.7% 

21°=206.37% 

27°=213.85% 

 

GRAPH REPRESENTATION: 

 

 

 

FUNDAMENTAL TIME PERIOD : 

 

When the ground shakes, the base of a building 

moves with the ground, and the building swings back and-

forth. If the building were rigid, then every point in it would 

move by the same amount as the ground. But, most buildings 

are flexible, and different parts move back-and-forth by 

different amounts. 

 

The building will oscillate back-and-forth 

horizontally and after some time come back to the original 

position, these oscillations are periodic. The time taken (in 

seconds) for each complete cycle of oscillation (i.e., one 

complete back-and-forth motion) is the same and is called 

Fundamental Natural Period T of the building. Value of T 

depends on the building flexibility and mass, more the 

flexibility, the longer is the T, and more the mass, the longer is 

the T. In general, taller buildings are more flexible and have 

larger mass, and therefore have a longer T. On the contrary, 

low- to medium-rise buildings generally have shorter T (less 

than 0.4 sec). 

  

 Maximum Fundamental time period for buildings which 

resting on different sloped grounds(0°,7°,14°,21°,27°)  

without shear wall: 

 

 
 

The percentage of the time period at different modes . 

 

By the comparison of 0°,7°,14°,21°,27° slopes. The 

maximum percentage value is 2.93% at 14° slope when 

compared to other degrees. The percentage values for the 

slopes0°to7°= 0.5%,  

 

0°to14°=2.93% 

0°to21°= 0.93% , 

0°to27°=1.43%. 

 

Maximum Fundamental time period of buildings resting 

on different sloping ground (0°,7°,14°,21°,27°) with shear 

wall provided at peripheral corners . 
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By the comparison of 0°,7°,14°,21°,27° slopes. The 

maximum percentage value is 12.93% at 27° slope when 

compared to other degrees. The percentage values for the 

slopes 0°to7°=-5.54%,  

 

0°to14°=10.62.%, 

0°to21= 9.9307% , 

0°to27°=12.933%. 

 

It is observed that maximum Fundamental Time 

Period is increasing along slope of the ground is increasing. 

The percentage of the time period at different modes . 

 

XII. CONCLUSIONS 

 

The main objective of the thesis is to study the 

behavior of a multi–storied building by incorporating shear 

walls to the buildings with varying slopes (0º,7º,14º,21º and 

27º) with Earthquake loading and wind loading. To achieve the 

above objectives, a detailed Literature Review was carried out 

and presented in Chapter 2. Detailed Methodology is 

explained in Chapter 3. It discusses in detail issues related to 

Structural Modeling. Basic modeling for the linear and 

dynamic analyses of RC Framed Structures is discussed in 

detail. Chapter 4 presents the analysis results and the 

discussions. Buildings on sloped ground  without shear wall 

and with shear walls at peripheral corners,. The buildings were 

analyzed using Linear Dynamic Analysis (Response 

Spectrum) as per the IS 1893 (part 1): 2016 loading 

requirement. For each case, Fundamental time period, Base 

shear, Storey displacement, Storey drift ,storey shear are 

estimated and studied. 

 

1. For a structures on the sloping ground, location of shear 

walls is very important for resisting seismic forces. 

2. Short columns are the most critical members for the 

building on the slope ground. To have a good control over 

the forces and displacements, it is preferable to locate the 

shear wall towards the shorter column side. 

3. The displacements for the building resting on flat ground 

are found to be relatively less than the building resting on 

sloped ground. As the slope of the ground is increasing 

the displacements in the building are getting increasing. 

4. The presence of shear wall influences the overall behavior 

of structures when subjected to lateral forces. Lateral 

displacements are considerably reduced while 

contribution of the shear wall on sloping ground. 

5. The storey drifts observed in the two models are found to 

be within the limit as specified by code (IS: 1893-2016, 

part-1) by linear dynamic analysis. 

6. Storey drift are also considerably reduced while 

contribution of the shear wall at different positions on flat 

and sloping ground. 

7. The location of the shear wall in the models among the 

shear wall provided at peripheral corners in plan given 

better results.  

8. It is observed that the buildings with shear walls provided 

at peripheral at corners in plan are having relatively 

higher base shear  and storey shear values than the other 

model. It is observed that the buildings without shear wall 

in plan are having relatively less base shear  and storey 

shear values than the shear wall provided at peripheral 

corners. 

9. It is observed that minimum Fundamental Time Period is 

increasing along slope of the ground is increasing. By 

providing shear wall  in plan it has been reduced . 

10. It is observed that  minimum Fundamental Time Period of 

the with shear wall provided at peripheral corners model 

is very high values compared to  without shear wall . 

  

6.3 Scope of future work : 

 

1. The studies can be carried out for more number of 

varying hill slope angles for better understanding of 

the behavior of RC frame building on hill slopes. 

2. The present study is based on linear dynamic analysis 

using response spectrum. The results need to be 

verified with the non-linear dynamic analysis. 

3. The study can be further extended to the buildings on 

hill slopes by incorporating bracings or dampers 
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