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ABSTRACT  
Stigma in structural engineers is that the structures which are designed for earthquake forces is costlier than the design done  
only for gravity loads .In relation to this by using STAAD the requirement of reinforcement and concrete is same for both 
the designs that is for Earthquake and gravity loads design and only for gravity loads design is proved. 

INTRODUCTION  
Earthquake of large magnitude can often be classified 
as great natural catastrophes. This is usually the case 
when thousands of people are killed, hundreds of 
thousands are homeless. In the world the most 
important ones in terms of loss of lives were the 1976 
Tangshan earthquake(China) with 290000 fatalities 
and 1970 chimbote earthquake (Peru) 67000 
fatalities. In terms of economic loss the most 
important ones were 1995 kobe earthquake (Japan) 
US $100 billion and 1994 northridge earthquake 
(USA) with US $44 billion. The 2001 Gujarat 
earthquake is a recent example of catastrophe. It was 
the first major earthquake to hit an urban area of 
India in the last 50 years. It Killed 13800 people, 
Injured 167000 and a large number of reinforced 
concrete multistoried frame buildings were heavily 
damaged and many of them were collapsed 
completely in the towns of Kachchh district. 
Destruction total estimated to be about US$ 
5billion.It is tempting to think that this risk 
concentrated only in areas of high seismicity but this 
reasoning does not hold. In regions of low to 
moderate seismicity can be predominant risk as well. 
Buildings that are very vulnerable and at risk from 
even a relatively weak earthquake continue to be 
built today. Due to the fact that for new buildings the 
basic principles of earthquake resistant design and 
also the earthquake specifications of building codes 
are often not followed. The reason is either 
unawareness, convenience or intentional ignorance. 
As a result the earthquake risk continues to increase 
unnecessarily. The opinion that designing new 
buildings to be earthquake resistant will cause 
substantial additional costs is still common among 
construction professionals. Moreover appropriate 
official controls and checks are lacking. 
When planning a building against natural hazards like 
earthquakes we can design it to behave in one of the 
following three limit states depending on the 
importance of the structure: 

• Serviceability limit state: In this case, the 
structure will undergo little or no structural 
damage. Important buildings such as hospitals, 
places of assembly, atomic power plants, which 
are structures affecting a community, should be 
designed for elastic behavior under expected 
earthquake forces. These structures should be 
serviceable even after the earthquake has taken 
place. 

• Damage controlled (Damageability) limit state 
(Damage threshold level):In this case ,If an 
earthquake occurs there can be some damage to 

the structure but it can be repaired after the event 
and the structure can again put to use. Most of the 
permanent buildings should come under this 
category. For this purpose, the structure should be 
designed for limited ductile response only. 

• Survival(Collapse threshold level) Limit state: In 
this case , the structure mat be allowed to be 
damaged in the event of an earthquake , but the 
supports should stand and be able to carry the 
permanent loads fully so that in all cases there 
should be no caving in of the structure and no loss 
of life. Earthquakes occur without warning and 
the above behavior is achieved by positively 
avoiding brittle failure of bending members and 
also ensuring that supporting elements like 
columns do not fail. Earthquake energy should 
also be designed to be dissipated by full ductile 
response of the structures. 

We can design framed structures for the first two 
limit states mentioned above, by elastic or restricted 
ductile response of the structure using conventional 
methods of design and incorporating ductile 
detailing. Designing for full elastic response is costly. 
Limited ductile response is cheaper and full ductile 
response is the cheapest. However full ductile design 
is carried out by the theory of plastic hinge formation 
and careful detailing for ductility. The current 
practice is to design structures for one of the first two 
limit states as the subject of the full plastic design is 
still in the development stages only. 
Problem: 
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The  Plan  shown  above(fig-1)  consist  of  primary and  

secondary  beams.  All  lines  except  lines  at 7.5m  each  

are  secondary  beams  and  they  are taken as point 

loads on the primary beams in the analysis. They are 

shown as point loads in the fig-3. Beams are provided 

with  600x300  and  columns are provided with 500x500 

size. Fig -3 is showing the structure subjecting to the 

vertical loading and fig-4 and fig-5 are showing the 

structure subjected to loading of earthquake in “x” and 

“z” direction. In the earthquake analysis along with 

earthquake loads  vertical  loads  are  also  applied.  For 

the earthquake analysis IS 1893-2002 code was used 

 

 
Fig-3, 3Dimensional view of the structure 

 
Fig-4,Structure subjected to Earthquake loading in X-

direction 

 
Fig-5, Whole structure subjected to vertical loading 

 

 
Fig-6, Structure subjected to Earthquake loading in Z-

direction 

RESULTS: 

In the final results of analysis for earthquake and 
non-earthquake analysis the support reactions (Table 
no-1) and beam end forces (Table no-2) are similar 
for these two. Those are 

Support Reactions:  
Table no-1 

 
Beam end forces:  

Table no-2 

 
Beam end forces:   

The design is based on the IS 456 code and the final 
requirement of quantity of concrete and steel are 
similar for both earthquake design and non-
earthquake design .Those are volume of concrete 
695.21m3 and steel quantity 456618.22 N for both. 
From the above conclusion it is said to be that there is 
no additional cost is involved for earthquake analysis 
and design  
However some measures is to be taken care in order 
to achieve the structure safe from earthquake forces 
by achieving ductility of the structure. Ductility 
denotes an ability of a structure to sustain significant 
deformations under extreme loading conditions. The 
ductile behavior of R.C frame building is ensured by 
carefully designing the columns beams Splicing and 
joints. Also the philosophy of earthquake resistant 
design is to make the building absorb earthquake 
energy by allowing the damage at desirable locations 
of certain structural elements. 
In columns vertical re bars resist axial loading and 
bending moments developed in the column due to 
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gravity loading as well as due to earthquake shaking. 
Vertical bars should be distributed on all sides of the 
column. It is preferred to use a large number of 
smaller diameter bars instead of fewer bars with large 
diameter. Lap Splices shall be provided only in the 
middle half of the member length, it is not 
recommended to place lap splices in the top or 
bottom region of the column. Beam –column joints 
are the areas where the beams and columns intersect. 
During earthquake ground shaking beam –column 
joints might sustain severe damage if due attention is 
not given to their design and detailing. Earthquake 
forces cause the beam –column joint to be pulled in 
one direction at the top rebar and in the opposite 
direction at the bottom rebar. These forces are 
resisted by bond between the concrete and steel in the 
joint region. When either the column is not wide 
enough or the concrete strength in the joint region is 
too low, there is insufficient grip of concrete on the 
steel rebars; this causes the steel bars to slip and lose 
its capacity to carry load. If these opposing pull push 
forces are too large for the joint to resist, geometric 
distortion may occur in the joint region resulting in 
the formation of diagonal shear cracks. And strong 
column weak beam concept is used. Column( which 
receive forces from beams) should be designed to be 
stronger in bending than the beams and in turn 
foundations (which receive forces from 
columns)should be designed stronger than columns. 
Connections between beams and columns as well as 
columns and foundations must be designed such that 
failure is avoided. Ensuring that forces can safely be 
transferred between these elements. When comes to 
splicing, it must be avoided in regions where 
horizontal bars are expected to yield in tension. Top 
bars should be spliced in middle one-third of the 
effective span. Spliced length shall be enclosed by 
closely spaced stirrups. In general seismic codes 
prescribe that not more than 50% of the bars shall be 
spliced at any section. 
All closed stirrups should have 1350 hooks provided 
on alternate sides in adjacent stirrups. In general 
seismic codes prescribe that closely spaced stirrups 
provided near the column faces over a length equal to 
twice the beam depth. Calculations alone may not 
produce safe, serviceable and durable structures. 
Suitable materials, quality control, adequate detailing 
and good supervision are equally important. 
When comes to soft and weak stories. The most 
common type of vertical irregularity occurs in 
buildings that have an open ground story. For 
example 1999 Turkey, 1999 Taiwan, 2001 India 
,2003 Algeria earthquakes a significant number of 
buildings collapsed due to this effect. Therefore 
provide some shear walls at the open storey level this 
should be possible even when the open ground storey 
is being provided to offer car parking. 

CONCLUSIONS: 

The opinion that designing new buildings to be 
earthquake resistant will cause substantial additional 
costs is still among the constructional professionals. 
In a swiss survey estimates between 3 and 17% of the 
total building costs were given. This opinion is 
unfounded .In a country of moderate seismicity 
adequate seismic resistance of new buildings may be 
achieved at no or no significant additional cost. 

However the expenditure needed to ensure adequate 
seismic resistance may depend strongly on the 
approach selected during the conceptual design phase 
and the relevant design method. Regarding the 
conceptual design phase early collaboration between 
the architect and civil engineering is crucial. 
Concerning the design method it should be stated that 
significant progress has been made recently. 
Intensive research has improved the understanding of 
the behavior of a building or structure during an 
earthquake and resulted in the development of more 
efficient and modern design methods 
The advantages of the modern method: 

• Drastic reduction in the seismic design 
forces at ultimate limit state. 

• Better resistance against collapse. 

• Good deformation control 

• Prevention of damage for earthquake up to a 
chosen intensity(damage limit state 
earthquake 

• Larger flexibility in case of changes in 
building use. 

• Practically equal costs. 

• The last three advantages are particularly 
important to the building owner. 

Today the principles of capacity design together with 
the concepts of ductile behavior allow a safe and 
effective earthquake resistant design. The building 
owner , the architect, the engineer and the authorities 
therefore have a vested interest in ensuring that the 
seismic provisions of the building codes are strictly 
enforced and that appropriate structural calculations 
and verifications are kept with the construction 
documents. 
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