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Abstract— Disasters are unexpected events which have 

adversely affected humans since the dawn of our existence. 

Earthquake shaking is one of the disaster on the planet. 

Hence earthquake resistant design is essential. Practically no 

building can be made earthquake proof and it is not possible 

to prevent an earthquake. The least that can be achieved in 

reducing damage is to make the building earthquake 

resistant. Thus major objective of seismic design codes 

throughout the world in recent times the sixth revision IS 

1893(Part 1): 2016, “criteria for earthquake resistance 

design of structure” have been published by bureau of 

Indian standards. IS13827:1993 “Improving earthquake 

resistance of earthen building” code give guidelines for 

design. Earthen building. IS15988:2013 seismic evaluation 

and strengthening of existing reinforced concrete building 

guidelines in this codes various guidelines included 

considering standards ‘Analysis of earthquake resistance by 

using ETABS’ is an attempt to analyse an institutional 

building using Etabs as per provision of IS 1893 

(part1):2016 the various parameters considered irregularity 

floor height, ductility, beam column joint, centre of mass 

etc. 
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I. INTRODUCTION 

Earthquake is defined as a sudden ground shaking caused by 

the release of huge stored strain energy at the interface of 

the tectonic plates. The aim of this paper is to bring out the 

main contributing factors which lead to poor performance 

during the earthquake and to make recommendations which 

should be taken into account in designing the multi-storeyed 

reinforced concrete buildings so as to achieve their adequate 

safe behaviour under future earthquakes. The Indian 

Standard Code IS:1893 (part1):2016 was suitably updated in 

2016 so as to address the various design issues brought out 

in the earthquake behaviour of the RC Buildings. Since 

earthquakes are so far unpreventable and unpredictable, the 

only option with us is to design and build the structures 

which are earthquake resistant 

For high performance, the building is designed as 

an SMRF. It needs to be designed only for lesser forces than 

it is designed as an OMRF. 

Moment resisting frame:  The frame whose member and 

joints resist the forces primarily caused by flexure is 

Moment resisting frame. 

Ordinary Moment Resisting Frame: The moment 

resisting frame which are designed without any special 

attention towards ductile nature of the frame are called 

ordinary moment resisting frames. 

Special Moment Resisting Frame: The moment 

resisting frame which are designed to have ductile nature are 

called as special moment resisting frames. The design is 

done according to the requirements specified in IS-13920. 

The earthquake resistant designs of structures are 

considering the following magnitudes of an earthquake.   

Design Basis Earthquake (DBE): The earthquake 

whose probability of occurrence is at least one during the 

structure design life is called design basis earthquake.  

Maximum Considered Earthquake (MCE): The 

earthquake whose expected intensity is maximum that can 

occur in a particular area or region is called maximum 

considered earthquake      

II. OBJECTIVES 

 To design and analysis of earthquake resistance multi-

storeyed building by using guidelines  

 Another object is to analysis of forces, load, stress, 

strain and deformation or deflection for a complex 

structural system   

 To make the building earthquake resistant against 

seismic effect.    

III. METHODS FOR ANALYSIS    

 Equivalent static method  

This approach defines a series of forces acting on a building 

to represent the effect of earthquake ground motion, 

typically defined by a seismic design response spectrum. It 

assumes that the building responds in its fundamental mode.  

 Response spectrum method  

Response-spectrum analysis (RSA) is a linear-dynamic 

statistical analysis method which measures the contribution 

from each natural mode of vibration to indicate the likely 

maximum seismic response of an essentially elastic 

structure.  

 Time history analysis method  

Time history analysis is a step-by- step analysis of the 

dynamic response of a structure to a specified loading that 

may vary with time. Time history analysis is used to 

determine the seismic response of a structure under dynamic 

loading of representative earthquake  

 Non-linear dynamic method  

In nonlinear dynamic analysis, the non-linearity of the 

structure is taken into consideration. It is a very complex 

model to analyse the effect of dynamic loading and it can be 

used for any no. of degrees of freedom. It is an accurate 

estimation technique but involves various types of analysis  

 Seismic coefficient method   

The seismic coefficient method is one of the static 

procedures for earthquake resistant design of structures. 

Horizontal and/or vertical forces, which are calculated as 

products of the seismic coefficients KH, KV and the weight 

of the structures are applied to the structures  

 Pushover analysis method  
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Pushover is a static-nonlinear analysis method where a 

structure is subjected to gravity loading and a monotonic 

displacement-controlled lateral load pattern which 

continuously increases through elastic and inelastic 

behaviour until an ultimate condition is reached. 

IV. LITERATURE REVIEW 

1) Mayor R Rethaliya, Nirav S. Patel, R.P. Rethaliya 

(2017): 

The literature available is based on the provisions of old 

seismic codes IS 1893-1984 and IS 1893-2002. Study on 

effect of shape of building shows that buildings with higher 

irregularity, produces more deformations. The L Shaped 

building gives lowest base shear values, while rectangular 

building (regular shaped) gives higher base shear values. C-

shaped building is more vulnerable compare to other shaped 

buildings. The authors concluded that regular shaped 

buildings perform well during earthquake as compared to 

irregular shaped buildings. 

2) Ali Kadhim Sallal (2018): 

This experimental work was carried out on a building of 10 

Storeys with frame and shear walls only to get an optimized 

design. The future work can be studied on four different 

models precast elements with (frame + shear walls), (frame 

+shear core), (frame + shear walls + shear core) to get an 

optimized design 

3)  E. Pavan Kumar, A. Naresh, M. Nagajyothi, M. 

Rajasekhar (2016): 

The main objective this paper is to study the seismic 

analysis of structure for static and dynamic analysis in 

ordinary moment resisting frame and special moment 

resisting frame. Equivalent static analysis and response 

spectrum analysis are the methods used in structural seismic 

analysis. We considered the residential building of G+ 15 

storied structure for the seismic analysis and it is located in 

zone II. 

4) Cristian Miculaș, Marius Moldovan, Adela Ci (2015): 

This paper provides an overview on some experimental and 

analytical activities conducted by the authors, on a balsa 

wood scale structures that was designed for a Seismic 

Design Competition (SDC) organized by Earthquake 

Engineering Research Institute from USA. Highlights are 

presented in the paper focusing on experimental researches 

including the design, the analytical approach, and the 

laboratory tests executed on shaking table facility and 

equipment available at the Technical University of Cluj-

Napoca. 

5) Bhave Priyanka, Banarase Mayur (2016): 

The seismic performance of a building can be evaluated in 

terms of pushover curve, performance point, displacement 

ductility, plastic hinge formation etc. The base shear vs. roof 

displacement curve is obtained from the pushover analysis 

from which the maximum base shear capacity of structure 

can be obtained. 

6) Nikhil Ingawale, Aishwarya Ashok Magar, Rahul 

Shashikant Jadhav 

Structural Analysis is a branch which involves in the 

determination of behaviour of structures in order to predict 

the responses of different structural components due to 

effect of loads.ETABS (Extended Three Dimensional 

Analysis of Building Systems) is a software which is 

incorporated with all the major analysis engines that is 

static, dynamic, linear and non-linear, etc. The main purpose 

of this software is to design multi-storeyed building in a 

systematic process 

V. GUIDELINES FOR EARTHQUAKE RESISTANT STRUCTURES 

1) Design of building should be based on seismic codes IS 

1893 (Part 1) 2016 and IS 13920- 1993  

IS 1893 (Criteria for Earthquake Resistant Design of 

Structures)  

IS 4326 (Code of Practice for Earthquake Design 

Resistant Design and Construction of Buildings).  

IS 13827 (Improving Earthquake Resistance of Earthen 

Buildings) o IS 13828 (Improving Earthquake Design 

of Low Strength Masonry Buildings) o IS 13920 (Code 

of Practice for Ductile Detailing of Reinforced Concrete 

Structures Subjected to Seismic Forces).  

2) Intergral action of soil- foundation to superstructure 

system.     

3) Building should be light in weight and avoid 

unnecessary masses.  

4) Structure should not have large height / width ratio. 

Slenderness ratio is the ratio of effective length of a 

compression member to the least radius of gyration of 

the member cross section. ... Slenderness ratio is a 

measure of susceptibility of the axial compression 

member to buckling.  

5) Columns and walls should be continuous without 

offsets from the roof to the foundation. Column and 

wall should be continuous without offset from the roof 

to the foundation. Beams & column should be equal 

width. The structure should be ductile as for as possible. 

The structure should have uniform floor height.  

6) Beam and the column should be of equal width. Width 

of beam does not depend on the width of column is 

resting on rather on the loading conditions the beam is 

subjected to.  

In general practice, we have three situations:  

Ideal situation- width of beam=width of column 

Most followed one- width of beam<width of column 

Rare one- width of beam>width of column  

The main aim should be to match the centre line of the 

column with the centre line of the beam so as to avoid 

eccentric loading. If that cannot be done then 

eccentricity has to be considered for columns. In a case 

when your beam's width is greater than that of column, 

then increase the column width at that point to enable 

proper resting of beam. 

 
Fig. 1: Anchorage of beam bars in interior joints 
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7) The structure should be ductile as far as possible. 

Ductility describes the extent to which a material (or 

structure) can undergo large deformations without 

failing. The term is used in earthquake engineering to 

designate how well a building will endure large lateral 

displacements imposed by ground shaking.  

Another major advantage due to ductile detailing is 

local failure also known as strong column weak beam 

theory. This results in localized failure of beams thus 

saving total collapse of structure. 

 
Fig. 2: Graphical example of Ductility 

8) Structure should have uniform floor height. 

9) Structure should be designed on strong column- weak 

beam concept. 

 
Fig. 4: strong column weak- beam concept 

10) Load should be uniformly distributed.  

11) The structure should have balanced lateral resistance.  

12) There should be a greater emphasis on the quality of 

construction.  

13) Beams should be free of offsets.  

14) Column and beams should be co – axial.  The beam 

column joint is the crucial zone in a reinforced concrete 

moment resisting frame. It is subjected to large forces 

during severe ground shaking and its behaviour has a 

significant influence on the response of the structure. 

15) Shear walls should be provided for increasing stiffness. 

Shear wall is a structural member in a reinforced 

concrete framed structure to resist lateral forces such as 

wind forces. Shear walls are generally used in high-rise 

buildings subject to lateral wind and seismic force. 

16) Structure should have low centre of mass relative to the 

ground. The centre of mass is the point where the entire 

mass of the floor acts and centre of rigidity is the where 

the entire stiffness of the building acts. Mass is majorly 

contributed by beams and slabs where stiffness is 

contributed by the columns and shear walls of the 

building. 

 
Fig. 5: Centre of mass 

17) There should be uniform distribution of mass, stiffness 

and strength. 

18) Avoid the ground soft storey. A soft story building is a 

multi-story building in which one or more floors have 

windows, wide doors, large unobstructed commercial 

spaces, or other openings in places where a shear wall 

would normally be required for stability as a matter of 

earthquake engineering design.    

 
Fig. 6: Soft Storey Failure 

19) Floating columns should be avoided. The floating 

column is a vertical member which rest on a beam but 

doesn't transfer the load directly to the foundation. The 

floating column acts as a point load on the beam and 

this beam transfers the load to the columns. 

VI. CONCLUSION 

The seismic safety of a multi-storeyed reinforced concrete 

building will depend upon the initial architectural and 

structural configuration of the total building, 

The quality of the Structural analysis, design and 

reinforcement detailing of the building frame to achieve 

stability of elements and their ductile performance under 

severe seismic lading.  

Proper quality of construction and stability of the 

infill walls and partitions are additional safety requirements 

of the structure as a whole.  

Any weakness left in the structure, whether in 

design or in construction will be fully revealed during the 
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postulated maximum considered earthquake for the seismic 

zone in the earthquake code IS: 1893 (Part 1) 2016. 
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