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ABSTRACT 

One of the most frightening and destructive phenomena of a nature is a severe earth quake and 

it’s terrible after effects. Earthquake strike suddenly, violently and without warning at any time 

of the day or night. If an earthquake occurs in a populated area, it may cause many deaths and 

injuries and extensive property damage. Although there are no guarantees of safety during an 

earthquake, identifying potential hazards a head of time and advance planning to save lives and 

significantly reduce injuries and property damage. Hence it is mandatory to do the seismic 

analysis and design to structural against collapse. It is highly impossible to prevent an earthquake 

from occurring, but the damage to the buildings can be controlled through proper design and 

detailing. Designing a structure in such a way that reducing damage during an earthquake makes 

the structure quite uneconomical, as the earthquake might or might not occur in its lifetime and is 

a rare phenomenon. 

This study addresses the performance and variation of percentage steel and concrete quantity of 

R.C framed structure in different seismic zones and influence on overall cost of construction. 

The present IScode1893:2002 doesn’t provide information about the variation of concrete and 

percentage of steel from zone to zone. This study mainly focuses on the comparison of 

percentage steel and concrete quantities when the building is designed for gravity loads as per 

IS456:2000 and when the building is designed for earthquake forces in different seismic zones as 

perIS1893:2002. 

A five storied R.C.C framed structure has been analyzed and designed using STAAD ProV8I 

software tool. Ductile detailing has been done in conformation with IS: 13920. All drawings 

have been prepared using AutoCAD. Estimation was prepared to assess the total cost of the 

building by using center line method. 

INTRODUCTION 

Earthquakes: 

Vibrations of the earth’s surface caused by 

waves coming from a source of disturbances 

inside the earth are described as earthquake. 

By far the most important earthquake from 

an engineering standpoint is of tectonic 

origin, that is, those associated with large 

scale strains in the crust of the earth. One of 

the theories describing this phenomenon is 

termed elastic rebound theory. It explains 

that the strain energy that accumulates due 

to deformation in earth mass gets released 

through rupture when it exceeds the 

resilience of the storing materials. The 
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energy thus released is propagated in the 

form of wave which impact energy to the 

media through which they pass and vibrate 

the structure standing on the earth’s surface. 

A major tectonic earthquake is generally 

preceded by small, fore shocks caused either 

by small rupture or plastic deformation and 

followed by, aftershocks, due to the fresh 

rupture or the readjustments of the fractured 

mass. A major’s hock may result from a 

rapture of the rock over a length of 100 to 

400 km and several kilometers wide and 

thick. 

Small earthquakes may also be caused by 

volcanic eruptions, subsidence in mines, 

blasts, impounding of reservoirs, pumping 

of oil etc. They may cause considerable 

damage in the small areas, but vast areas are 

shaken only by tectonic movements across 

active faults. Recently, geologists have 

proposed a theory termed plate tectonics. It 

offers an elegant comprehensive explanation 

for continent drift and mountain buildings. It 

holds that the surface earth consists of about 

a dozen giant plates of rock, 100km thick, 

which float on the earth’s semi molten 

mantel and propelled by an undetermined 

force. The plates are in constant motion, and 

where the meet, friction temporarily locks 

them in place cause stress to build up near 

their edges. Eventually, the rock  fractures 

allowing the plates to resume their motion. 

The energy released causes earthquakes. 

Prediction: 

Unlike wind or rain storms, earthquake 

cannot be predicted. Prediction in order to 

be useful has to be reasonably precise with 

regard to date, time, size and location as a 

false alarm could be disastrous. Research 

efforts are on to analyze precursor effects to 

makes a prediction. Successful predictions   

have been made only rare causes but there 

have been false ones. The amount of data to 

be collected is vast and expensive. Also the 

available information is not fully correlated. 

The important point to be highlighted is that 

accurate prediction will help save lives, but 

structures have to be engineered to with 

stand appropriate forces depending on the 

seismic zone where they are located. 

Earthquake Terminology: 

Aftershock: An earthquake of similar or 

lesser intensity that follows the main 

earthquake. 

Earthquake: A sudden slipping or movement 

of a portion of the earth crust, accompanied 

and followed by a series of vibrations. 

Epicenter: 

The place on the earth’s surface directly 

above the point on the fault where the 

earthquake ruptures began. Once faults lip 

page begins, it expands along the fault 

during the earthquake and can extend 

hundreds of miles before stopping. 

Faults: 

The  fracture across which displacement has 

occurred during an earthquake. The slippage 

may range from less than an inch to more 

than 10years in a severe earthquake. 

Magnitude: 

The amount of energy released during an 

earthquake, which is computed from the 

amplitude of the seismic waves.  

AMagnitudeof7.0 on the Richter scale 

indicates an extremely strong earthquake. 

Each whole number on the scale represents 



LAKSHMI SUDHA JAMI, et al, International Journal of Research Sciences and 
Advanced Engineering [IJRSAE]TM 
Volume 2, Issue 15, PP:75 - 86, AUGUST’ 2016. 
 

 

 International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (15), ISSN: 2319-6106, AUG’ 2016.                       PP: 75 - 86  

an increase of about 30times more energy 

released than the previous whole number 

represents. Therefore, an earthquake 

measuring 6.0 is about 30 times more 

powerful than one measuring 5.0. 

Seismic wave: 

Vibrations that travel outward from the 

earthquake fault at speeds of several miles 

per second. Although fault slippage directly 

under a structure can cause considerable 

damage, the vibrations of seismic waves 

caused most of the destruction during 

earthquake. 

Earthquake Effects: 

There are four causes if earthquake induced 

damage is ground shaking, ground failure, 

tsunamis and fire. 

Ground shaking: 

The principal causes if earthquake–indicated 

damage is ground shaking. As the earth 

vibrates, all buildings on the ground surface 

will respond to that vibration in varying 

degrees. Earthquake induced accelerations, 

velocities and displacements can damaged 

or destroy a building unless it has been 

designed and constructed or strengthened to 

be earthquake resistant. Therefore the effect 

of the ground shaking on buildings is a 

principal area of consideration in the design 

of earthquake resistance buildings. Seismic 

design loads are extremely difficult to 

determine due to the random nature of 

earthquake motions. However, experiences 

from past strong earthquake shave shown 

that reasonable and prudent practices can 

keep a building safe during an earthquake. 

Ground failure: 

Earthquake induced ground failure has been 

observed in the form of ground rupture 

along the fault zone, landslides, settlement 

and soil liquefaction. Ground rupture along 

a fault zone maybe very limited or may 

extend over hundreds of kilometers. Ground 

displacement along the fault may be 

horizontal, vertical or both, and can be 

measured in centimeters or even meters. 

Obviously, a building directly astride such a 

rupture will be severely damaged or 

collapsed. 

While land slide can destroy a building, the 

settlement may only damage the building. 

Soil liquefaction can occur in low density 

saturated sands of relatively uniform size. 

The phenomenon of liquefaction is 

particularly important for dams, bridges, 

underground pipelines, and buildings 

standing on such ground. 

Tsunamis: 

Tsunamis or seismic sea waves are generally 

produced by a sudden movement of the 

ocean floor. As the water waves approach 

land, their velocity decreases and their 

height increases from 5 to 8 m or even more. 

Fire: 

When the fire following an earthquake 

starts, it become difficult to extinguish it, 

since a strong earthquake is accompanied by 

the loose of water supply and traffic jams. 

Therefore, the earthquake damage increases 

with the earthquake–induced fire in addition 

to the damage to building due to earthquake. 

Ground shaking effect on structure: 

Inertia forces: 
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Buildings are fixed to the ground. As the 

base of a building moves the superstructure 

including its contents tends to shake and 

vibrate from the position of rest, in a very 

irregular manner due to the inertia of the 

masses. 

When the base of the building suddenly 

moves to the right, the building moves to the 

left relative the base, as if it was being 

pushed to the left by an unseen force which 

we call inertia forces. Actually, there is no 

push at all but, because of its mass, the 

building resists any motion. The process is 

much more complex because the ground 

moves simultaneously in three mutually 

perpendicular directions during an 

earthquake. 

Seismic load: 

The resultant lateral forces or seismic load is 

represented by the forces F. the force F is 

distinctly different from the dead, live, 

snow, wind, and impact loads. The 

horizontal ground motion action is similar to 

the effect of a horizontal force acting on the 

building, hence the term seismic load. As 

the base of the buildings moves in an 

extremely complicated manner, inertia 

forces are created throughout the mass of the 

building and its contents. It is these 

reversible forces that cause the building to 

move and sustain damage or collapse. 

Additional vertical load effect is caused on 

beam sand columns due to vertical 

vibrations being reversible, at certain 

instants of time the effective load is 

increased, at other it is decreased. The 

earthquake loads are dynamic and 

impossible to predict precisely in advance, 

since every earthquake exhibits different 

characteristics. 

Factors affecting seismic load: 

The earthquake zone factor Z depends up on 

the ground intensity of the earthquake. The 

value of Z usually is plotted on maps in 

terms of seismic intensity isoclines or 

maximum acceleration isoclines. Obviously, 

the higher the intensity or acceleration 

isoclines. Obviously, the higher the intensity 

or acceleration, the larger will be the seismic 

force. 

The soil foundation factor F depends up on 

the ratio of fundamental elastic period of 

vibration of a building in the direction under 

consideration and the characteristic site 

period therefore, F is a numerical coefficient 

for site building resonance. 

The occupancy importance or hazard factor 

is depends upon the usage of the building, 

the higher the importance or larger the 

hazard caused by the failure of the building, 

the grater the value of the factor I. 

The C is a factor depending on the stiffness 

and damping of the structure, large the  

stiffness for given mass ,shorter the 

fundamental period of vibration of the 

structure and larger the value of C. Damping 

is energy dissipation property of the building 

larger the damping, smaller the value of C. 

The W is the total weight of the super 

structure of a building including its contents. 

The inertia forces are proportional to the 

mass of the building and only that part of the 

loading action that possesses mass will give 

rise to seismic forces on the building, 

therefore, the lighter the material, the 

smaller will be the seismic forces. 
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Nature of seismic stresses: 

The horizontal seismic forces are reversible 

in direction. The structural elements  such as 

wall, beams and columns that were bearing 

only vertical loads before the earthquake, 

have now to carry horizontal bending and 

shearing effects as well. When the bending 

tension due to earthquake exceeds the 

vertical compression, net tensile stress will 

occur. If the building material is weak in 

tension such as brick or stone masonry 

cracking occurs which reduces the effective 

area for resisting bending moment. It 

follows that the strength intension and shear 

is important for earthquake resistance. 

Important parameters in seismic design: 

It follows that following properties and 

parameters are most important from the 

point of view of the seismic design. 

(i)Building material properties 

Strength in compression,  

Tension and shear,  

Including dynamic effects 

Unit weight 

Modulus of elasticity 

(ii) Dynamic characteristics of building 

components. 

 Effect of site conditions on building 

damage: 

Past earth quakes shown that site condition 

significantly affects the building damage. 

Earthquake studies have almost invariably 

shown that the intensity of a shock is 

directly related to the type of soil layers 

supporting the building. Structures built on 

solid rock and firm soil frequently fares 

better than buildings on soft ground. This 

was dramatically demonstrated in the 1985 

Mexico city earthquake, when the damage 

on soft soils in Mexico city at an epicenter 

distance of 400 km, was substantially  

higher than at closer locations. 

From studies of the July28, 1957 earthquake 

in Mexico city , it was already known for 

example that the damage on the soft in the 

center of the city could be 5 to 50 times 

known for example that the damage on the 

soft soils in the surrounding area. Another 

example occurred in the 1976. 

Tangshan, china earthquake, in which 50% 

of the buildings on thick soil sites were 

razed to the ground, while only 12% of the 

buildings on the rock may on the contrary 

shown more severe damage than when built 

on soil during a near earthquake as in Konya 

(India) earthquake of 1967 and north Yemen 

earthquake 1980. 

Other factors effecting damage: 

The extent of damage to a building depend 

much on the strength, ductility, and integrity 

of a building and the stiffness of ground 

beneath it in a given intensity of the 

earthquakes motions. 

Almost any building can be designed it be 

earthquake resistant provided its site is 

suitable. Buildings suffer during an 

earthquake primarily because horizontal 

forces are exerted on a structure that often 

meant to contend only with vertical tresses. 

The principal factors that influence damage 

to buildings and other manmade structures 

are listed below. 

A) Building configuration: 
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An important feature is regularity and 

symmetry in the overall shape of a building. 

A building shapes like a box, as rectangular 

both in plan and elevation, is inherently 

stronger than one that is L-shaped or U-

shaped, such as building with wings. An 

irregularly shaped building will twist as it 

shakes, increasing the damage. 

B) Opening size: 

In general, opening in walls of a building 

tend to weaken the walls, and fewer the 

openings less the damage it will surface 

during it will surface during an earthquake. 

If it is necessary to have large openings 

through a building, or if an open first floors 

is desires, then special provision should be 

made to ensure structural integrating. 

C) Rigidity distribution: 

The rigidity of a building along the vertical 

direction should be distributed uniformly. 

Therefore, changes in the structural system 

of a building from one floor to the next floor 

will increase the potential for damage, and 

should be avoided. Columns or shear walls 

should run continuously from the foundation 

to the roof, without interruptions or changes 

in material. 

D) Ductility 

By ductility is meant the ability the building 

to bead, sway, and deform by large amounts 

without collapse. The opposite condition in 

a building is called brittleness arising both 

from the use of materials that are inherently 

brittle and from the wrong design of 

structures using otherwise ductile materials. 

Brittle materials creak under load some 

examples are adobe, brick and concrete 

blocks. It is not surprising that most of the 

damage during the past earthquakes was to 

unreinforced masonry structures constructed 

of brittle materials. Reinforced concrete, for 

example, can be made ductile by proper use 

of reinforcing steel and closely spaced steel 

ties. 

E) Foundation: 

Buildings, which are structurally strong to 

withstand earthquakes sometimes, fail due to 

in adequate foundation design. Tilting 

cracking and failure of super structures may 

result from soil liquefaction and differential 

settlement of footing. Certain types of 

foundations are more susceptible to damage 

those others. For example isolated footings 

of columns are likely to be subjected to 

differential settlement particularly where the 

supporting ground consists of different or 

soft type of soil. Mixed type of foundations 

within the same building may also lead to 

damage due to differential settlement. 

Very shallow foundation deteriorates 

because of weathering, particularly when 

exposed to freezing and thawing and 

thawing in the regions of cold climate. 

F) Construction quality: 

In many instances the failure of buildings in 

an earthquake has been attributed to poor 

quality of construction, substandard 

materials, and poor workmanship e.g. in 

adequate skill in bonding absence of through 

stones or bonding units, and improper and 

inadequate construction. 

 LITERATURE REVIEW 

Chandrasekaran and Rao(2002) investigated 

the design of multi-storied RCC building for 

seismicity. Reinforced concrete multi-

storied buildings are very complex to model 
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as structural systems for analysis. Usually, 

they are modeled as 2-D or 3-D frame 

system using finite beam element. However 

no guidelines are available for the rational 

computation of sectional properties 

incorporating the effect of reinforcement in 

concrete members and the analysis it’s full 

of approximations. A case history of a RC 

structure, where the first author was 

involved in the study, is briefly cited in the 

paper. The current version of the IS: 1893-

2002 requires that practically all multi-

storied building be analyzed as three-

dimensional system. This is due to the fact 

that the building have generally 

irregularities in plan or elevation or in both 

Further, seismic intensities have been 

upgraded in weaker zones as compared to 

the last version IS: 1893-1984. It has now 

indirectly become mandatory to analyze all 

multi-storied buildings in the country for 

seismic forces. This paper appraises briefly 

the significant changes in the current version 

of the code compared to the previous 

version. Some of the poor planning and 

construction practices of multi- storied 

buildings in Peninsular India in particular, 

which lead to irregularities in plan and 

elevation of the buildings are also discussed 

in this paper. At present, there is too wide a 

variation in the modeling of buildings. This 

paper emphasizes the need for guidelines in 

order to limit the range of assumptions to a 

narrow range.  This is necessary to certify 

the analysis and design, or in case legal 

disputes a rise later regarding the procedure 

adopted. 

ShunsukeOtani (2004) studied earthquake 

resistant design of RCC Buildings (Past and 

Future) This paper briefly reviews the 

development of earthquake resistant design 

of buildings measurement of ground 

acceleration started in1930s, and the 

response calculation was made possible in 

1940s. Design response spectra were 

formulated in the late1950‟sto1960‟s.Non- 

linear response was introduced in seismic 

design in 1960‟s and the capacity design 

concept was introduced in 1970‟s for 

collapse safety. The damage statistics of 

RCC buildings in 1995 Kobe disaster 

demonstrated the improvement of building 

performance with the development of design 

methodology.Buildingsdesignedandconstruc

tedusingoutdatedmethodology should be 

upgraded. Performance basis engineering 

should be emphasized, especially for the 

protection of building functions following 

frequent earthquakes. 

EARTHQUAKE ANALYSIS 

General introduction: 

Seismic analysis or earthquake analysis is a 

subset of structural analysis and is the 

calculation of the response of a structure to 

the earthquakes. A structure has the 

potential to wave back and forth during an 

earthquake this is called the fundamental 

mode and is the lowest frequency of the 

structure response. However, buildings also 

have higher modes of response, which are 

uniquely activated during an earthquake. 

Once the structural model had been selected, 

it is possible to perform analysis to 

determine the seismically induced forces in 

the structure. They are different methods of 

analysis which provide different degrees of 

accuracy. The analysis process can be 

categorized on the basis of three factors, the 

type of externally applied loads, the 

behavior of the structure or the structural 
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material and the type of structural modal 

selected. Based on the type of external 

action and behavior of structure, the analysis 

can be further classified as linear static 

analysis, linear dynamic analysis and 

nonlinear dynamic analysis. 

Seismic zones of India: 

Geographical statistics of India show that 

almost 54% of the land is vulnerable to 

earthquakes. The earthquake zoning map of 

India divides India into 4 seismic zones 

(Zone II, III, IV and V) unlike its previous 

version which consisted of five or six zones 

for the country. According to the present 

zoning map, zone V expects highest level of 

seismicity whereas zone II is associated with 

the lowest level of seismicity 

METHODOLOGY 

Seismic analysis of the structures is carried 

out on the basis of lateral force assumed to 

act along with the gravity loads. The base 

shear which is the total horizontal force on 

the structure is calculated on the basis of 

structure mass and fundamental period of 

vibration and corresponding mode of shape. 

The base shear is distributed along the 

height of the structure in terms of lateral 

forces according to codal 

provisions(Kazuhiro,1987).In this study, a 

five (G+4) storied RC building has been 

analyzed using the equivalent static method 

in STAAD-ProV8i. The plan and elevation 

of the building taken for analysis is shown in 

Fig. 3and Fig.4. The nomenclature of 

columns is shown in Fig.5. Three 

Dimensional view of the whole structure is 

shown in Fig.6. Fig.7 is showing the 

structure subjecting to the vertical loading 

and Fig.8 & Fig.9 are showing the structure 

subjected to loading of earthquake in “+X” 

and “+Z” directions. Roof  calculation:  

 

 Fig. 2 Seismic zones in India 
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RESULTS AND DISCUSSIONS 

 COMPARISON OF SUPPORT 

REACTIONS IN DIFFERENT SEISMIC 

ZONES 

The variation of support reactions at each 

location of the columns and the percentage 

difference in different seismic zones with 

respect to gravity loads is represented in the 

Table2 and Fig.19. It is observed that in 

edge columns, variations are 17.72, and 

63.7% between gravity load to seismic 

zones II and V respectively. In exterior 

columns, the variations are 11.59 and 

41.71% between gravity load to seismic 

zones II and V respectively. The variation is 

very small in interior columns 
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CONCLUSIONS 

1.The variation of support reactions in 

exterior columns increasing from 11.59% to 

41.71%  and     in edge columns increasing 

from 17.72%  to 63.7% in seismic Zones II 

to V. However the variations of support 

reactions are very small in interior columns. 

2.The volume of concrete in exterior and 

edge column footings is increasing in 

seismic zones III, IV and V due to increase 

of support reactions with the effect of lateral 
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forces. However the variation is very small 

in interior column footings. 

3.It is observed that the weight of steel in 

edge column footings between gravity loads 

to zone II, and V varies as 0, and 98.9 % 

respectively. 

4.It is observed that the weight of steel in 

exterior column footings between gravity 

loads to zone II, and V varies as 38.1, and 

91.04 % respectively. 

5.It is observed that the weight of steel in 

interior column footings between gravity 

loads to zone II , and V varies as 22.07and 

67.9% respectively. 

6.The percentage variation of steel in edge, 

exterior and interior columns varies from 

0.8-3%, 0.8-3.9% and 1.1-3.7% between 

gravity loads to seismic zone V respectively. 

7.The variation of percentage of steel at 

support sections in external beams is 0.54% 

to 1.23% and in internal beams is 0.78% to 

1.4%. 

8.In the external and internal beams, the 

percentage of bottom middle reinforcement 

is almost same for both earthquake and non 

earthquake designs. 

9.Percentage variation of total concrete 

quantity for the whole structure, between 

gravity load and seismic zones II, and V 

varies as 1.4, and 3.8 respectively. 

10.Percentage variation of total steel 

quantity for the whole structure, between 

gravity load and seismic zones II, and V 

varies as 12.96, and 89.05 respectively. 

11.It is observed that the percentage 

variation of cost for the whole structure, 

between gravity load and seismic zones II 

and V varies as 2.53and 14.59 respectively. 

12.It is observed that the cost of the building 

per SFT with the design for 

Zone II------------854/- Zone V----------------

--995/- 

13. It is observed that the cost of the 

building per Sq m with the design for 

Zone II---------9347.12/- Zone V--------------

--10446.56/- 

  

  14. The percentage increase of steel for the 

whole structure with ductile detailing  

compared to non ductile detailing is 16%. 

15.The percentage increase in cost for the 

whole structure with ductile detailing 

compared to non ductile detailing is 4.06%.  
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