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ABSTRACT:     

 

Buildings constructed on slopes are different from those in plains. They may be irregular and 

unsymmetrical in horizontal and vertical planes, and torsionally coupled. Hence, they are 

susceptible to severe damage when affected by earthquake ground motion. We can’t avoid 

the future earthquakes but the preparedness and safe building construction practices for 

earthquakes can certainly reduces the extent of damage and loss of both property and life. 

Shear wall is one of the most commonly used lateral load resisting wall in buildings. Hence 

in the present work, an attempt is made to study the seismic behavior of the multi-storey 

buildings constructed on plain and various sloping ground with and without shear walls The 

buildings situated on hill slopes in earthquake prone areas are generally irregular, torsionally 

coupled. Hence, subjected to severe damage when affected by earthquake ground motion 

Such buildings have mass & stiffness varying along the vertical & horizontal planes, resulting 

the center of mass & center of rigidity do not coincide on various floors, they demand 

torsional analysis, in addition to lateral forces under the action of earthquakes. This study 

compels with a studies on the seismic behavior of buildings resting on sloping ground with a 

shear walls. It is observed that the seismic behavior of buildings on sloping ground differ 

from other buildings. The various floors of such buildings step backs towards hill slope. Most 

of the studies agree that the buildings resting on sloping ground has higher displacement and 

base shear compared to buildings resting on plain ground and the shorter column attracts 

more forces and undergo damage when subjected to earthquake. Step back building could 

prove more vulnerable to seismic excitation 

 

1.0 INTRODUCTION: 

A large portion of India is susceptible to 

damaging levels of seismic hazards. 

Hence, it is necessary to take in to account 

the seismic load for the design of high-rise 

structure. The different lateral load 

resisting systems used in high-rise building 

are: 1. Bare frame 2. Brace frame 3.Shear 

wall frame. In tall building the lateral loads 

due to earthquake are a matter of concern. 

These lateral forces can produce critical 

stresses in the structure, induce undesirable 

stresses in the structure, induce undesirable 

vibrations or cause excessive lateral sway  

 

 

of the structure. Sway or drift is the 

magnitude of the lateral displacement at 

the top of the building relative to its base 

traditionally, seismic design approaches 

are stated, as the structure should be able 

to ensure the minor and frequent shaking 

intensity without sustaining any damage, 

thus leaving the structure serviceable after 

the event. The structure should withstand 

moderate level of earthquake ground 

motion without structural damage, but 

possibly with some structural as well as 

non-structural damage. This limit state 
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may correspond to earthquake intensity 

equal to the strongest either experienced or 

forecast at the site In present study the 

effect of bare frame, brace frame and shear 

wall frame is studied under the earthquake 

loading. The results are studied for 

response spectrum method. The main 

parameters considered in this study to 

compare the seismic performance of 

different models are storey drift, base 

shear, story deflection and time period. It 

is such an unpredictable calamity that it is 

very necessary for survival to ensure the 

strength of the structures against seismic 

forces as shown in Fig.1. Therefore there 

is continuous research work going on 

around the globe, revolving around 

development of new and better techniques 

that can be incorporated in structures for 

better seismic performance. Obviously, 

buildings designed with special techniques 

to resist damages during seismic activity 

have much higher cost of construction than 

normal buildings, but for safety against 

failures under seismic forces it is a 

prerequisite. 

 
Figure: 1.1 RC building with exterior 

bracing system as lateral stiffener 

Classification of shear wall 

Simple rectangular types and flanged walls  

• coupled shear walls  

• rigid frame shear wall  

• framed wall with in filled 

frames  

• column supported shear walls  

• core type shear wall 

 

Traditional Methods Of Seismic Fitting 

Traditional methods of seismic retrofitting 

fall essentially into two categories, one 

based on the classical principles of 

structural design which requires an 

increase of strength and stiffness, and the 

other based on mass reduction. Thus the 

first one tends to satisfy the design 

inequality by an increase of the capacity 

while the second one achieves the same 

result by a reduction of the demand. Since 

seismic design is different from ordinary 

design, both techniques may turn out to be 

quite ineffective as is shown in the 

following. With reference to the first 

method, that is increase of strength and 

stiffness, the concept involved in its 

application can be understood using Figure 

4. Suppose that the fundamental period of 

the structure is Tnr , to which corresponds 

a demand anr S in pseudo-acceleration 

terms, which the structure cannot satisfy. 

On applying a strength and stiffness 

increment, the fundamental period will 

shorten from T nr to Tr , to which 

corresponds a demand ar S much larger 

than the original one. It is, therefore, 

possible that the structure will be less safe 

in the new condition than in the original 

one. 

 
Figure1.4 Increase of the seismic 

demand following an increase of seismic 

resistance 

Only after stiffness and strength have been 

increased up to a level where the 

fundamental period corresponds to the 
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constant branch of the design spectrum, is 

it possible to achieve a condition where the 

design inequality is satisfied. It is, 

therefore, evident that an attempt to 

increase the seismic resistance capacity in 

this way only results in an increase of the 

seismic demand 

 

2.0 LITERATURE REVIEW 

 

MukharjeeAbhijit, Mangesh Joshi 

(2012) Recent Advances in Repair and 

Rehab of RCC Structures with 

Nonmetallic Fibers. Authors have 

explained the advantages of use of FRC's, 

and express the need to include the design 

criteria and procedure in BIS Codes, and 

wide publicity is essential to promote its 

use. as it efficiently reduces the use of 

steel and cement, the limited resources.  

Cheahet al. (2008) Conducted cyclic load 

testing on  a 5.5 meter long wall with two 

openings to determine the failure modes, 

the locations of seismic weakness, 

interactions of panels, and the overall 

structural performance of earth 

construction buildings. The predicted 

failure mode expected from this 

experiment was a flexure dominant failure.  

Shedidet al. (2009) tested six slender 

masonry shear walls under displaced 

controlled cyclic loading to investigate the 

energy dissipation, ductility, shear and 

flexural displacement, and stiffness of 

flexural dominated shear walls. Each 

specimen was designed as a 2:1 aspect 

ratio, over reinforced in shear, with 

vertical reinforcing on the outer most cells 

of the wall. The post testing analysis 

indicated that suggested for shearing 

displacements, is conservative.occurred 

due to the widening of the hysteric loops.  

 

3.0 METHODOLOGY 

 

Earthquake is a natural phenomenon which 

is most uncertain and is most disastrous to 

human kind of all characteristic adverse 

effects and causes movement of earth soil 

due to arrival of extensive strain vitality at 

the fault and this strain energy travels as 

seismic waves in every direction of the 

earth crust. These waves may occur at any 

immediate time and has different wave 

amplitudes and also has different energy 

levels. Sometimes the sharpness of the   

ground shaking at this event of earthquake 

may be major, moderate, or minor effect. 

The intensity of the earthquake may be 

measured by extent which will be acquired 

by taking the information of ground 

movements in seismograph. Be that as it 

may, unsettling influence of the ground 

will have distinctive, extraordinary at 

various areas of the same greatness. It can 

valued on MMI scale. Globally, natural 

forces or natural disasters, earthquake has 

capacity to make greatest disaster or 

damage 

 

Performance based design: 
 A performance based design is an choice 

of the design based on extent of damage of 

the structure caused due to seismic forces 

before it is subjected to or if the structure 

is seismically deficit proper response 

parameter has to be estimated. The 

objective study is to evaluate state of art of 

the Seismic performance of a Moment 

Resisting Reinforced concrete structure. 

The evaluation is majorly between the 

structure supported on plane and sloping 

terrain. Where the further study involves, 

deciding the possible methods adopted for 

improving the lateral resistance of the 

building by shear walls with various and 

best suitable positions within the 

respective structural frames. This analysis 

is carried out using non-linear static 

pushover analysis method using SAP 

2000, the results of pushover is checked 

for its yielding behavior of the structural 

elements against the same lateral 

displacement and force which was 

computed from the elastic design and 

checking its seismic performance for both 
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the cases mentioned above. The 

comparison of various results obtained 

from pushover analysis such as base shear 

storey displacement storey drift and storey 

shear is done on G+10 building and the 

design in shear walls buildings done by 

using STADD PRO In order to ensure that 

we have a validated results, the structure is 

checked for various methods of seismic 

analysis like static, Dynamic and nonlinear 

dynamic analysis, which is necessary for 

concluding remarks for the comparison 

study. 
 

TABLE: DETAILED DISCRIPTION OF 

BUILDING FOR ANALYSIS 
Structure type SMRF 

response reduction 

factor 

5 

seismic zone factor 0.24 

Soil condition medium 

thick ness of slab 150mm 

beam size  38.5M 

column size 300x450 

live load 3KN/m
2
 

wall load 13.92Kn/m
2
 

floor finish 1Kn/m
2
 

 

Material properties: 

M30 grade:  

Concrete Grade: M30 

Compressive strength of Concrete: 30000 

KN/m3 

Steel: Fe500 

Characteristics strength of reinforcing steel 

fy= 50000 KN/m3 

Density of concrete = 25000KN/m3 

sloping ground 

angle 

27degree 

No of bays in x 

direction 

5 No’s 

No of bays in y 

direction 

5 No’s 

young’s modulus 2.74x10
10

 N/mm
2
 

passion ratio 0.2 

 

Procedure for Seismic Buildings: 

The most suitable way to plot force 

displacement curve is by detecting the base 

shear and roof displacement. The capacity 

curve is generally made to represent the 

initial mode response of the structure 

based on the postulation that the 

fundamental mode of motion is the major 

response of the taken structure. This is 

basically valid for buildings with the 

fundamental periods of vibration upto 

about 1 second limit. For more flexible 

buildings with the fundamental period > 1 

second, the analyst should take into 

account addressing higher mode effects is 

the done analysis. Classifying each 

element in model as either primary or 

secondary Apply lateral story forces to the 

structure in ratio to the product of the mass 

and fundamental mode shape This analysis 

need to also include gravity loads.  

 

Methods of Static Analysis: 

 The method of static analysis used here is 

Equivalent Static Method.  Equivalent 

Static Analysis All design against 

earthquake effects must consider the 

dynamic nature of the load. However, for 

simple regular structures, analysis by 

equivalent linear static methods is often 

sufficient. This is permitted in most codes 

of practice for regular, low- to medium-

rise buildings and begins with an estimate 

of peak earthquake load calculated as a 

function of the parameters given in the 

code. Equivalent static analysis can 

therefore work well for low to medium-

rise buildings without significant coupled 

lateral–torsional modes, in which only the 

first mode in each direction is of 

significance. Tall buildings (over, say, 75 

m), where second and higher modes can be 

important, or buildings with torsional 

effects, are much less suitable for the 

method, and require more complex 

methods to be used in these circumstances 
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Methods of Dynamic Analysis:  

The Method of dynamic analysis used here   

are   Time History Method and Response 

Spectrum Method.  

 

Time History Method:  

Time-history analysis is a step-by-step 

analysis of the dynamical response of a 

structure to a specified loading that may 

vary with time. The analysis may be linear 

or nonlinear. Time history analysis is used 

to determine the dynamic response of a 

structure to arbitrary loading 

Calculate participation of each mode 

corresponding to the single-degree-of-

freedom response read from the curve. 

Add the effect of modes to obtain 

combined maximum response. Convert the 

combined maximum response into shears 

and moments for use in design of the 

structure. Analyze the building for the 

resulting moments and shears in the same 

manner as the static loads. In this method, 

natural frequencies and mode shapes are to 

be obtained by a free vibration analysis. 

The design lateral force at each floor level 

in each mode of vibration is given by the 

equation. The peak shear force acting in 

storey i in mode k is given by the equation. 

 

 
The peak storey shear force in storey i due 

to all modes considered is obtained by 

combining those due to each mode in 

accordance with using SRSS combination 

given by equation. So the lateral force at 

each storey due to all modes considered is 

calculated by the equation  

Froof = Vroof Fi = Vi – Vi + 1 In response 

spectrum method the peak response of the 

structure is calculated from model 

combination, where the following two 

methods can be used. a) Square Root of 

Sum of Square (SRSS) Method 

 
k = 1 where,  

k = Absolute value of quantity in mode 

k r = Number of modes being considered.  

b) Complete Quadratic Combination 

Method: 

 
Where,  

i = Response quantity in mode  

Pij = Cross modal coefficient  

j = Response quantity in mode  

jPj = Cross-modal coefficient 

 
Where, 

 = Modal damping ratio in fraction 

 = Frequency ratio = j/i  

i = Circular Frequency in ith mode  

j = Circular frequency in jthmode 

 

4.0 RESULTS 

 

Adequate stiffness is to be ensured in high 

rise buildings for resistance to lateral loads 

induced by wind or seismic events. 

Reinforced concrete shear walls are 

designed for buildings located in seismic 

areas, because of their high bearing 

capacity, high ductility and rigidity. In 

high rise buildings, beam and column 

dimensions work out large and 

reinforcement at the beam-column joins 

are quite heavy, so that, there is a lot of 

clogging at these joints and it is difficult to 

place and vibrate concrete at these places 

which does not contribute to the safety of 

buildings. These practical difficulties call 

for introduction of shear walls in High rise 

buildings. Buildings engineered with 

structural walls are almost always stiffer 

than framed structures, reducing the 

possibility of excessive deformation and 

hence damage. RC multi storied buildings 
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are adequate for resisting both the vertical 

and horizontal load. 

 
Figure: Building frame parameters 

 

Figure: Whole structure 

 
Figure: seismic loads 

Table Frequencies load case of G+10 

building 

 

1 0.156 0.965546 

2 0.156 0.963646 

3 0.176 5.763682 

4 0.473 3.414123 

5 0.523 1.917784 

6 0.769 2.354689 

7 0.869 3.414123 

8 0.806 1.240884 

9 0.806 1.240884 

10 0.884 1.13176 

 
 

 
Graph Different variations of load cases 

of G+10 building 

Table Results of the spectrum Analyses 

Performed on the G+10Buildings 

 

Direction   Transverse  Longitudinal 

First Effective 

Yielding 

Seismic 

Coefficient, 

Cb, y 

 

0.079 0.124 

 

0.079 0.124 

Collapse 

Seismic 

Coefficient, 

Cb,c 

 

.088 0.160 

 

0.088 0.160 

First Effective 

Yielding 

Displacement, 

uy 

(cm) 

 

1.43 2.15 

 

1.43 2.15 

Collapse 

Displacement, 

uc(cm) 

 

3.16 4.78 

 

3.16 4.78 

Mass, M 

(kN⋅s2/m) 

578 578 578 578 
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Effective 

Stiffness, 

Keff(MN/m) 

32.0 1 33.1 

Effective 

Period, Teff(s) 

0.85  0.84 

Ductility 

Ratio, μ 

1.98  1.92 

 

 

 
Graph Variations analysis 

 

Pushover Analysis: 

Pushover Analysis of RC Flat slab 

Building’ the plan symmetry and 

asymmetry with different bay sizes and 

carried out pushover analysis for the 

performance analysis on sloping ground 

with 4 storey and 30 degree sloping. After 

analyzing the author found that the short 

column lies in vulnerable area that is 

beyond the collapse prevention. They 

considered the values of displacement and 

base shear. For asymmetry building 

displacement was 104x10-3 m and base 

shear was 2.7x103 kN. 

 

 
Figure: Model-1 

 
Figure: Model-2 

5.0 CONCLUSIONS 
Fundamental time period is reduces 

considerably due to increase in lateral 

stiffness of building by providing shear  

walls Base shear of building decreases as 

slope of ground increases from 0° to 27° 

but due to provision of shear wall base 

shear get increased in both X and Y 

direction. There is significant 

improvement observed in seismic behavior 

of building on plain as well as sloping 

ground by incorporation of shear wall, 

since floor displacements are reduced 

considerably due to increase in lateral 

stiffness of building The sloping ground 

buildings possess relatively more 

maximum displacement and shear forces 

which maygive to critical situations than 

the flat groundNatural period vs frequency 

of the building is least for the model no 6 

whereas the shearwall is positioned at the 

corner, hence suggesting us to this location 

could be preferable for resisting lateral 

loads more efficiently than any other 

location. Displacement is maximum at the 

top story when compared with bottom 

storeys in all other models along x and y-

direction. From the analysis, Storey 

Acceleration is decrease with increase in 

slope angle 
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