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Abstract- The world has observed a large scale destruction 

due to frequent earthquakes, resulting in loss of mane lives 

and imparting failure of structures. It is the need of the hour to 

offer utmost attention to the adequacy of structures , specially 

RC framed structure keeping seismic situation into 

consideration. To represent the same, in this project a Fifty 

year old, fourstorey building is taken as the base of this study. 

The structure is constructed in Zone II as specified in IS 

893:2000. The non structural members are considered to be 

infilled with brick masonary. 

 

The structure considered for this study has been 

modeled in STAAAD.Pro V8i taking into conisideration M15 

grade concrete and Fe 250 grade steel. The structure is 

designed once without considering seismic loading and also 

considering seismic loading. The resulting moments and shear 

forces have been opted from the software analysis and thean a 

comparative study has been undergone with the capacity of 

the considered structure.  

 

The most efficient method of retrofitting, FRP 

jacketing, is then applied of the failing members of considered 

4-storey framed structure. For design of retro fittings, the 

specifications prescribed in ACI 440 2R.02 have been 

followed. The same code is used in the design calculations. 

Not only Serviceability checks  but also creep rupture limit 

check are performed for the  FRP strengthening system, as the 

structure is designed based on Limit State Method. 

 

The only limitation involved with this thesis is that 

the code does not provide a specific method for the design of 

columns 

 

I. INTRODUCTION 

 

 India is segmented into four seismic zones, Zone II, 

Zone III, Zone IV and Zone V, based on Indian Standard 

1893:2002. Different zone factors are assigned to respective 

zones mentioned above, based on intensity of earth quake and 

importance factors associated with it. Importance factor can be 

defined as a factor used to get the plan seismic power 

contingent upon the practical utilization of the construction, 

portrayed by hazardous consequences of its failure, its post-

seismic tremor useful need, notable worth, or on the other 

hand financial significance. On the other hand, intensity of 

earthquake is defined as “The intensity of an earthquake at a 

spot is a measure of the strength of shaking during the 

earthquake, and is demonstrated by a number as indicated by 

the adjusted Mercalli Scale or M.S.K. Size of seismic 

powers”.  Based on IS 1893:2002, the sieimic intensities of 

various zones are indicated below, with reference to mentiond 

IS code. 

 

 
 

A 4-storey building is considered for the study in this 

project. The building is designed and analysed as Ordinary 

Moment Resisting Frame (OMRF), located in zone II (as 

prescribed in IS 1893:2002), having seismic intensity 0.10. 

The existing structure is considered to be at-least fifty years 

old and is not designed for resisting earthquake or seismic 

shakes. Since, the existing structure is not designed to resist 

seismic forces, it may fail when subjected to moderate or 

strong earthquake. On carrying out the seismic analysis of 

existing structure, it was found vulnerable to earthquakes and 

suitable retrofitting methods are suggested on priority basis. 

 

 
FIRST STOREY 

 

 
SECOND STOREY 
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THIRD STOREY 

 

 
 

FOURTH STOREY 

 

To make any existing framed structure perform better 

under seismic situations, seismic retrofitting is the best and 

most popular method. Seismic retrofitting can be described as 

the procedure of modifying any existing framed structure, to 

make them less prone to failure under seismic situations. This 

resistance for earthquakes can be attained easily by following 

following mentioned practices- 

 

 By reducing the seismic demands on members and 

the structures as a whole 

 By increasing the member capacities 

 

For performing the seismic analysis, an existing four- 

storey building is been considered. The existing structures 

consist of eight bays (rooms) spanning 3.5 meters . A 

projected slab cantilevered for 1.2 meters is provided in the 

structure. Floor height of existing structure is considered as 

3.3 meters (clear span).  

 

The structure is situated in Seismic Zone II, as 

specified in IS 1893:2002 Seismic zones classifications, which 

has the seismic intensity of 0.10. The structure is considered 

as Ordinary Moment Resisting Frame (OMRF). Also, the 

structure is built on medium soil. 

 

The structure is then analyzed under seismic loading 

and the failing members are then retrofit using FRP Jacketing. 

The method of analysis used in the project is Equivalent Static 

Method. The initial part of analysis to determine the members 

that fail under earthquake loading is done by calculating the 

Demand- Capacity Ratio (DCR) for each member 

individually. Determining which members will fail is essential 

because it gives a rough idea about which retrofit technique to 

proceed with- global or local. 

The detailed evaluation of the building involves 

equivalent static lateral force procedure, load with response 

reduction factors and Demand Capacity Ratio (DCR) for 

ductility as in IS 13920:1993. Since the building dates back to 

a period 50 years early, the grade of concrete is assumed to be 

M15 and for steel Fe250. 

 

Checks done: 

 

1. DCR for moments of resistance in sagging and 

hogging for beams 

2. DCR for shear capacity in beams 

3. DCR for moment of resistance in columns 

4. DCR for shear capacity in columns 

 

Demand stands for the forces or loads applied to the structural 

element under seismic loading. 

 

Capacity of the structural element can be defined as 

permissible strength of the same 

 

DCR= Demand/Capacity 

 

The member is said to be passing if the demand to capacity 

ratio does not exceeds unity (one). 

 

Conversely , The member is said to be failed if the demand to 

capacity ratio exceeds unity (one). 

 

The demand to capacity ratio is proved to be an 

important and key feature in determining whether the 

structural element is passed or failed under given loading 

exposure. In this project, flexure and shear checks are 

performed for all the structural members for which demand to 

capacity ratio is exceeding unity (ONE).  
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II. RESULTS AND OBSERVATIOBS 

 

Moment Capacity of Beams 

 

Table 1 First Storey 

 
 

Table 2 Second Storey 

 
 

 

 

 

Table 3 Third Storey 

 
 

Table 4 Fourth Storey 

 
 

III. CONCLUSION 

 

The analysis of beams by Equivalent Static Method 

revealed that most of the beams failed in flexural capacity. 

The number of failing beams decreased with increasing 

storeys. However, the number of beams failing in shear 
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capacity were very less i.e. beams 23, 36, 40 in 1st storey; 

112, 116, 118 in 2nd storey; 188, 192 in 3rd storey. 

 

Based on the above observations, the immediate need 

to counter deficiency in flexural capacity was identified and 

the FRP jacketing scheme was suggested only for beams, 

failing in flexure. Due to the high tensile strength and 

stiffness, stability under high temperatures and resistance to 

acidic/alkali/organic environments, carbon fiber was chosen as 

the FRP material to be used.FRP strips that are commercially 

available are not made to a universal standard but a localized 

standard as set by the manufacturing company. Thus, the 

dimensions considered for the strips were strictly as per a 

design example in ACI 440.2R-02. The code states though, 

that wider and thinner FRP strips have lower bond stresses and 

hence, provide higher level of strength.The FRP design 

method used in this project is essentially trial and error where 

the value of the depth of neutral axis has to be assumed and 

compared with the value obtained. Thus, efforts were made so 

that the number of plies to be applied to a continuous series of 

beams, say in the longitudinal or transverse direction, would 

remain the same. This would ensure feasibility of application 

of the FRP system to the beams. 
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