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Abstract— This study is based on the concept of the capacity 

spectrum method which will present the procedure for 

seismic performance estimation of asymmetric RC frame 

buildings. Earthquakes in the globe and many parts of India 

in the recent years have revealed issues with regards to 

vulnerability of existing buildings. Based on the distribution 

of mass and stiffness along the storey‟s of the buildings, the 

building may be considered as asymmetric in plan or 

elevation along each storey throughout the height of the 

building. In India, the hilly regions are highly seismic and 

the buildings constructed on hill slopes differ from the 

normal buildings. Numerous investigations in the past have 

shown that due to earthquakes, the behavior of asymmetric 

plan buildings situated in hilly areas are more vulnerable to 

seismic environments and more prone to earthquake 

damage. This varied configuration of structures in hilly 

areas has caused them to become highly irregular and 

asymmetric. 
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I. INTRODUCTION 

One of Earth‟s greatest natural calamities are earthquakes. 

This natural calamity has bought untold misery and hardship 

to mankind. The Indian subcontinent has been a victim to 

some of the most severe earthquakes in the world. 

Most of the hilly areas in the world are prone to 

seismic activity where landslides area frequent and 

extremely dangerous. In India, The Northeast region 

consists of hilly areas where multi-storied RC framed 

buildings are constructed on inclined plains due to the 

scarcity of plain grounds in the region. These hilly areas are 

more prone to seismic activity. Due to the rapid 

urbanizations of the hilly regions and an increase in the 

accelerated growth in real estate development, the 

population density has increased rapidly and enormously in 

hilly regions. This has created a pressing demand for the 

construction of multistory buildings on hill slopes in and 

around the cities. 

A. Shear Wall 

Structural walls with minimal opening for houses 

containing many rooms are good examples of shear wall 

buildings. Resistance of lateral loads and gravity for the 

main vertical structural elements is provided by shear walls. 

These walls are characterized with relatively small height to 

length ratios and are continuous throughout the height of the 

structure and may be low or tall in nature. The thermal 

insulations, building age, number of stories depends on the 

thickness of the wall which may vary from 150mm to 

500mm. Shear walls can be seen below in figure. 

 
Fig. 1: Shear Wall Provided Symmetrically In Both 

Directions 

B. Storey Drift 

The extent to which a building bends or sways is known as 

drift. A structure may drift into the neighboring building, or 

the structure may be safe but the walls and ceiling (non-

structural components) may get damaged, if the level of drift 

is too high due to the bending of the building causing the 

walls to be ripped away from their parts. This may lead to 

fatalities or injuries due to falling debris. Therefore, limits 

are imposed on the drift design of the structure to prevent 

the building from being flexible and ensure that the swaying 

caused due to earthquakes does not cause excessive damage. 

C. Short Column Effect 

It can be seen in structure on sloping grounds that short 

columns compared to tall columns within one storey 

suffered extra harm due to the varying heights of the column 

in a RC framed structure during the past earthquakes. A tall 

column and a short column move horizontally by similar 

quantity which are of same cross section is the fact where 

poor behavior of short column is noticed during ground 

motions. However, short column attracts larger earthquake 

force and is stiffer when compared with tall column. Short 

column may experience major damage through an 

earthquake, if it is not satisfactorily designed for such a 

large force. 

This behaviour is known as Short Column Effect. 

The damage in these short columns is frequent in the form 

of X-shaped cracking – this type of damage of columns is 

due to shear failure. 

 
Fig. 2: Short Columns Effect is stiffer and attracts larger 

forces during earthquakes – this must be accounted for in 

design 

D. The Short Column Effect on Slope 

Many situations with short column effect take place in 

structures. When a building is placed on slope surface, 

during ground motions all columns move horizontally by the 
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same amount along with the floor slab at a particular level. 

The short column undergoes extra damage and attracts 

several times larger earthquake force when compared with 

tall columns, if both are exists in the same storey. 

While designing new buildings, during the 

architectural design stage, the short column effect should be 

avoided. This should be addressed in structural design if it is 

impossible to avoid short columns. The Indian Standard IS: 

13920-1993 for ductile detailing of RC structures, in case of 

any full height columns which are probable to sustain short 

column effect requires special confining reinforcement to be 

provided. Columns must extend beyond the short column 

into the columns vertically over and under by a certain 

distance for special confining reinforcement for closely 

spaced closed ties. 

 
Fig. 3: Short Column Effect on Sloped Ground. 

E. Descending building Effects 

Larger seismic forces through the floor diaphragm and 

collectors at the top are caused due to deformation 

compatibility and stiffness effects of the shorter element in 

such configuration. This can be seen in tall buildings that 

occur at slope ground locations where the seismic force 

resisting system changes significantly in dimension above 

the base. This significant change in lateral strength or 

stiffness in one storey relative to adjacent stories can be seen 

in effects that are similar to backstay effects which may 

occur anywhere in the building. 

Minimizations of torsional eccentricities at the base 

of the structure should be a design objective for such 

buildings. The most desirable non-linear behavior is flexural 

plastic hinge mechanism at the base of the wall which can 

solve the problem of strength discontinuity being created 

that may result in a concentrated non-linear behavior in the 

system at the location of the descent. A possible solution 

includes seismic separations between the structure and one 

or more levels of the unequal-height columns which is a 

formed as a result of short column effect. 

II. ANALYTICAL MODELING 

A. Introduction 

The use of dynamic analysis methods such as response 

spectrum method and time history analysis is suggested for 

structures with irregular configurations. This is done on the 

basis of the structure being regular or irregular. The use of 

static analysis for symmetric and selected class of regular 

buildings is suggested by most of the codes. 

The presence of infill walls is usually ignored 

during analysis and design as seismic codes provide 

different ways to conduct lateral load analysis due to it 

being considered as non-structural elements. They tend to 

interact with the frame when structures are subjected to 

lateral loads even though they are considered as non-

structural elements. 

The ETAB analysis package is used to carry out 

analysis of the lateral load analysis as per the seismic code 

for bare structures, infilled structures and concrete core wall 

structure. The effect of the seismic load and their seismic 

vulnerability is carried out using the response spectrum 

method and equivalent static method. 

B. Description of the Sample Building 

1) Model 1: 

Building has no walls in all stories. The building is modeled 

as bare frame. However masses of the walls are included. In 

addition to wall masses the other load like floor finish and 

imposed live load is added at each storey. 

2) Model 2:  

Building has full brick infill masonry walls (230mm thick) 

in all stories. Stiffness and mass of the walls are taken in 

addition to the wall masses other loads like floor finish and 

imposed live load is also taken in all stories. 

3) Model 3: 

Building contains full brick infill masonry walls (230mm 

thick) in all stories. The building is enhanced by an 

structural concrete core wall of thickness (200mm) at centre, 

the mass and stiffness of walls is considered. In addition to 

the wall masses other loads are also taken in all stories.  

4) Model 4: 

Building contains full brick infill masonry walls (230mm) 

thick in all stories and also a structural concrete shear wall 

(200mm) thick is provided in centre of both longitudinal and 

transverse direction, in addition to wall masses other loads 

are added to all stories. 

5) Model 5: 

Building contains full brick infill masonry walls (230mm) 

thick in all stories and also a structural concrete shear wall 

(200mm) thick is provided in both longitudinal and 

transverse direction at all exterior corners, in addition to 

wall masses other loads are added. 

6) Model 6: 

Building contains full brick infill masonry walls (230mm) 

thick in the all stories and also a structural concrete shear 

wall (200mm) thick is provided in longitudinal direction   at 

all exterior corners, in addition to wall masses other loads 

are added. 

7) Model 7: 

Building contains full brick infill masonry walls (230mm) 

thick in the all stories and also a structural concrete shear 

wall (200mm) thick is provided in transverse direction   at 

all exterior corners, in addition to wall masses other loads 

are added. 

 
Fig. 4: Plan Layout of all models and 3D view of Model-1. 
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Fig. 5: 3D view of Model-2, Model-3 and Model-4. 

 
Fig. 6: 3D view of Model-5, Model-6 and Model-7. 

MODEL NO VBx   (KN) VBY    (KN) 

Model  1 945.19 843.96 

Model  2 2512.71 2512.71 

Model  3 2519.98 2519.98 

Model  4 2532.82 2532.82 

Model  5 2552.02 2552.02 

Model 6 2533.27 2533.27 

Model 7 2531.47 2531.47 

Table 1: Design Seismic Base Shear for descending building 

models on sloping ground in longitudinal and Transverse 

direction. 

The above table shows the values obtained are of 

base shear for descending building models on sloping 

ground in longitudinal and transverse direction. The value 

obtained for Model-1 is 945.19KN and 843.96KN is less 

compare to the other values obtained for different models. 

The maximum value obtained is for Model-5 i.e. 

2552.02KN and 2552.02KN in both longitudinal and 

transverse direction.  

III. RESULTS AND DISCUSSIONS 

A. Natural Periods 

A “natural period” can be defined as the time it takes to 

swing back and forth from Point A to Point B and then back 

again. The same concept may be applied to buildings and 

ground. A flag pole would also sway at its natural period 

when pushed. 

Model 

Fundamental natural Periods (Sec) 

Codal 

ANALYSIS 

Descending Building  

on Sloping Ground 

1 1.1137 1.5304 

2 0.8481 0.4225 

3 0.8481 0.4134 

4 0.8481 0.3592 

5 0.8481 0.3260 

6 0.8481 0.3783 

7 0.8481 0.3612 

Table 2: Codal and Analytical Fundamental natural periods 

for different descending building models along longitudinal 

& transverse direction 

B. Lateral Displacement 

Figure show the plotted graphs comparing the displacement 

of ground motion for each model along the direction of the 

ground motion. And from the values obtained, which shows 

the maximum displacement for each floor with respect to 

ground using the equivalent static response and response 

spectrum method analysis. 

The lowest basement floor experiences the least 

rotation (almost negligible) as it gradually increases going 

up the height of the building to the top floor. From the 

graphs, it is observed that displacement profile of model-2 

change abruptly at storey-1, it indicated the stiffness 

irregularity is due to presence of masonry infill wall in the 

storey‟s. On the other hand, model-1 shows a smooth 

displacement profile, whereas model-3, model-4, model-5, 

model-6 and model-7 shows the linear profile, which is due 

to the presence of structural concrete walls.  

In equivalent static analysis it has been found that 

model-2, model-3, model-4, model-5, model-6 and model-7 

has 79.92%, 81.15%, 82.51%, 84.96%, 83.08% and 82.34% 

respectively less displacement as compared to the model-1 

in longitudinal direction and in transverse direction model-2, 

model-3, model-4, model-5, model-6 and model-7 has 

79.33%, 80.06%, 84.67%, 87.07%, 83.61% and 83.95% 

respectively less displacement  compared to model-1.  

In response spectrum analysis it has been found 

that model-2, model-3, model-4, model-5, model-6 and 

model-7 has 81.85%, 82.84%, 84.73%, 86.96%, 85.14% and 

84.16% respectively less displacement as compared to the 

model-1 in longitudinal direction and in transverse direction 

model-2, model-3, model-4, model-5, model-6 and model-7 

has 78.87%, 79.73%, 84.16%, 86.78%, 82.80% and 83.89% 

respectively less displacement  compared to model-1 
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Fig. 7: Storey-wise displacement for ten storey descending 

building Models along X & Y-direction (Analysis case: 

Equivalent Static Method-X & Y) 

 

 
Fig. 8: Storey-wise displacement for ten storey descending 

building Models along X & Y-direction (Analysis case: 

Response Spectrum Method-X & Y) 

C. Storey Drifts 

The permissible inter-storey drift is limited to 0.004 times 

height of the storey. This is done to ensure that minimum 

damage would take place during earthquake and create less 

psychological fear in the minds of people. 

In equivalent static analysis it has been found that 

model-2, model-3, model-4, model-5, model-6 and model-7 

has 47.25%, 50.183%, 54.57%, 61.17%, 53.84% and 

57.14% respectively less drift as compared to the model-1 in 

longitudinal direction and in transverse direction model-2, 

model-3, model-4, model-5, model-6 and model-7 has 

53.21%, 54.07%, 60.08%, 64.80%, 63.51% and 57.08% 

respectively less drift compared to model-1.  

In response spectrum analysis it has been found 

that model-2, model-3, model-4, model-5, model-6 and 

model-7 has 58.70%, 60.72%, 64.77%, 69.63%, 63.96% and 

66.80% respectively less drift as compared to the model-1 in 

longitudinal direction and in transverse direction model-2, 

model-3, model-4, model-5, model-6 and model-7 has 

58.00%, 58.66%, 61.33%, 66.66%, 65.33% and 60.00% 

respectively less drift compared to model-1. 

 

 
Fig. 9: Store Drift for ten storey descending building Models 

along X & Y-direction       (Analysis case: Equivalent Static 

Method-X & Y) 

 

 
Fig. 10: Storey Drift for ten storey descending building 

Models along X & Y-direction (Analysis case: Response 

Spectrum Method-X & Y) 
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IV. SUMMARY AND CONCLUSION 

A. Summary 

In this study the seismic response and performance level of 

asymmetric RC buildings located in seismic zone- IV.  In 

this study all important components of the building that 

influence the mass, strength, stiffness and deformability of 

the structure are included in the analytical model.  To study 

the effect of infill and concrete core wall on symmetric and 

asymmetric building models, the infill wall is positioned at 

various locations and concrete core wall is positioned at the 

center of the building.  The deflections at different storey 

levels and storey drifts are compared by performing 

response spectrum method as well as equivalent static 

method of analysis. The study leads to the following 

conclusions. 

B. Conclusions 

1) The fundamental natural period can be decreased by 

considering the effect of concrete core walls and infill 

walls.  

2) In both linear and dynamic analysis, the storey drifts 

were found to be inside the boundary of the specified 

code (IS 1893-2002 Part I) 

3) By taking in to account the contribution of infill brick 

walls, joint displacements and storey drifts can be 

considerably reduced. This can be seen by the presence 

of masonry infill influencing the overall performance of 

buildings when subjected to lateral forces.  

4) The presence of concrete core wall at the center has not 

affected much on the whole performance of the 

structure when subjected to lateral forces, as compared 

to other models. 

5) When the effect of infill walls are not considered, the 

building performance level remains within yield point 

to immediate occupancy level and when effect of infill 

walls are considered, the building performance level 

goes down to „D‟ level, however, for concrete core wall 

model it remains within “Life Safety” level. 

6) Adequate warning before a structure collapses can be 

indicated by the ductility ratio is maximum for bare 

frame structure and it get reduced when the effect of 

infill wall is considered. 

7) In case of core wall structure it can be seen that almost 

all hinges are formed in link beams.  To function 

correctly in severe earthquake loading, the core wall 

requires ductile link beams that can undergo large 

inelastic deformations. 

8) In case of shear wall at exterior corners the structure is 

subjected to less displacement in almost all cases 

against the structure with corewall and shear wall at 

centre. 
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