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Abstract— The seismic evaluation of existing building is the strengthening of building for pre earthquake or post-earthquake. 

Strengthening is required to increase capacity of structure to resist specific demand of earthquake. Strengthening may be carried 

out in existing seismically deficient building or earthquake damaged building.Seismic evaluation and retrofitting are undertaken 

for the life -line building, such as hospital, police station, fire station, major administrative building, school, educational building, 

historical monument etc.. Mostly the strengthening of existing building carried by two ways i.e. jacketing and Carbon fiber 

reinforced polymer(CFRP).The aim of this paper to evaluate the response of existing building by using linear analysis and 

nonlinear analysis. The analysis was carried out on existing building which G+3 located in Pune (Seismic zone III) by SAP2000 

with help of guidelines following code I.S 1893:2002 (Part I), FEMA356, ATC 40.Based on the result of analysis the capacity of 

existing building for the given demand earthquake .study and the structure was not achieved the specific demand of earthquake, 

strengthening of existing was carried out by using CFRP. The comparison of existing building with and without FRP was carried 

out ,It was observed that with retrofitting that building result which based on pushover curve, hinge formation pattern, and inter 

storey drift ratio formation was within limit. 

 

Index Terms— Carbon fiber reinforced polymer (CFRP), Linear analysis, Nonlinear analysis, Retrofitting.   

 

I. INTRODUCTION 

 

Many of the existing building are lacking in adequate 

earthquake resistance because these are not designed 

according to modern codes and prevalent earthquake 

resistance practice. Also many building that are damaged in 

earthquake may need not only repaired but also upgraded of 

their strength in order to make them seismically resistant. 

The aim of seismic evaluation is to assess the possible 

seismic response of building, which may be seismically 

deficient or earthquake damaged, for its possible future use. 

The evaluations are also helpful for adopting the retrofitting 

of structure. Seismic evaluations of building mean the 

strengthening of building pre earthquake or post-earthquake. 

Strengthening required because of due changes zone of area, 

depending on soil behavior. The aim of this paper to 

strengthening or retrofitting of existing building. 

Strengthening means increase the seismic resistance of 

building beyond its pre earthquake state. Strengthening may 

be carried out in existing seismically deficient building or 

earthquake damaged building. And also reconstruction or 

renewal of any part of an existing building to provide better 

structural capacity. The essence of virtually all seismic 

evaluation procedures is a comparison between capacity 

curve and demand curve. To get minimum damage and less 

psychological fear in the mind of people during the 

earthquake, IS 1893: 2002 permits maximum inter-storey 

drifts as 0.004 times the storey height. Inter-storey drifts 

always depend upon the stiffness of the respective storey. 

The capacity of structure to resist seismic demand is a 

property known as ductility. It is the ability to deform to 

beyond initial yielding without failing abruptly. 

A. Necessity of seismic evaluation 

1. The building may not have been designed and detailed to 

resist seismic force. 

2. Earthquake vulnerable building that have not  experience  

to sever earthquake building 

3. Lack of timely revisions of codes of practice and 

standards, seismic zone map of country and construction 

technique. 

4. Building designed to meet modern seismic code but 

deficiencies exist in design or construction. 

5. Essential building strengthens like hospital, historical 

monument and architectural building. Important building 

whose services is assumed to be essential even just after an 

earthquake.  

 

II. FIBER REINFORCED POLYMER 

 

FRPs have been used in the automotive and aerospace 

industries for more than 50 years, in applications where their 

high strength and light weight can be used to greatest 

advantage. The fiber reinforced (FRP) composite are useful 

for repair, rehabilitation and retrofit of structure because 

High strength-to-weight ratios, Outstanding durability in a 
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variety of environments; Ease and speed of installation, 

flexibility, and Outstanding fatigue characteristics (carbon 

FRP); and low thermal conductivity. The following are the 

reasons for Superior properties of Carbon- FRP than that of 

A-FRP and G-FRP (Shown in Fig.1) 

Modulus of elasticity: For the same Fibre Wt., the strength 

and Modulus of Carbon Fibre Wrap is far more superior to 

that of Aramid (75% higher) and Glass (150% higher). 

The Design Strength is considerably higher for carbon than 

that of aramid and glass fibre wrap. This gives a higher 

Design capacity and range with carbon fibre wraps for 

strengthening. 

 
Fig. 1.  Graph showing Design Strength vs. Strain Graph 

for all   three Fibre wraps 

A. Strengthening of flexural capacity 

FRP has been successfully used to increase the flexural and 

shear capacities of RC beams. It is recommended that the 

FRP is placed such that the principal fiber orientation is 

either 450 or 900 to the longitudinal axis of the member. 

The capacities can be increased up to about 40%.  Fig.2 

shows the ultimate limit state of a singly reinforced 

rectangular section with the strain and stress diagrams 

across the depth and the internal forces. 

 
Fig.2. Analysis of a beam section bonded with FRP 

laminates 

The demand under factored loads is obtain from the analysis 

of the building 

      ……………..     (2.1) 

The ultimate flexural capacity is calculated using Eq. 2.2 

                                       
       …………          (2.2) 

 

Mechanical Properties of CFRP 

The required mechanical properties of carbon fiber 

reinforced polymer are tensile strength, elasticity modulus, 

and elongation at failure. 

Table.1. Mechanical properties of CFRP 

Fiber 
Tensile 

strength 

N/mm
2
 

Modulus 

of 

Elasticity 

KN/mm
2
 

Effective 

thickness 

(mm) 

Specific 

density 

(KN/m
3
) 

Carbon: 

high 

strength 

 

4200 

 

230 

 

0.165 

 

14.71 

 

III. DESCRIPTION OF STRUCTURE 

 

The existing structure that is considered represents the G+3 

reinforced concrete framed building.  This building is 

designed according to IS 456-2000 for reinforced concrete 

and IS 1893-2002 for earthquake forces. The structure is 

located in medium seismicity region (ZONE III) in Pune 

region. The number of stories is “G+3”which floor to floor 

height 2.9m.Material properties are assumed to be M20 

grade concrete for compressive strength of concrete and 

Fe415 for yield strength of the longitudinal and transverse 

reinforcement, the other details of structure are shown in the 

following ,Table 2, 3 and 4 

Table. 2. Schedule OF Slab 

Slab No. Thickness(mm) Type 

S1 115 One Way 

S2 100 Two Way 

S3 115 One Way 

S4 125 One Way 

S5 125 One Way 

S6 100 Two Way 
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Table.3. Schedule of Column 

 

 
Fig.3. Plan of existing building 

 
Fig.4. Sectional elevation of building 

 

 

 

Table.3. Schedule of Beam 

 
 

IV. METHODS OF ANALYSIS 

 

For seismic performance evaluation, a structural analysis is 

required to determine force and displacement demands in 

various components of the structure. Several analysis 

methods, in static analysis, the vibration mode shapes or the 

time wise variation of quantities are considered. In dynamic 

analysis these are considered to a certain extent. The method 

of analysis can be grouped in shown in Table. 5 

Table.5.Method of Structural Analysis 

 Linear Elastic Non-linear 

Elastic 

Static Equivalent static 

method 

Pushover 

analysis 

Dynamic Response spectra 

method, Linear time 

history 

Non-linear 

time history 

analysis 

Nonlinear static analysis is an improvement over the linear 

static or dynamic analysis in the sense that it allows the 

inelastic behavior of the structure. These methods depend on 

height of structure. The method is relatively simple to be 

implemented, and provides information of the strength, 

deformation and ductility of the structure and the 

distribution of demands. Calculation of base shear as per IS 

1893:2002 by using manually calculation and SAP2000 

software using. Table 6 and 7 comparison of base shear and 

time period manually and software of demands. Calculation 

of base shear as per IS 1893:2002 by using manually 

calculation and SAP2000 software using. Table 6 and 7 

comparison of base shear and time period manually and 

software 
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Table.6. Comparison of base shear by manually and 

software 

 Manually SAP2000 

ESA 

(KN) 

RSA 

(KN) 

ESA 

(KN) 

RSA 

(KN) 

Modif

ied 

RSA 

(KN) 

X axis 319.42 157.7 408.96 131.68 408.9

6 

 Y axis 319.42 157.7 408.96 101.63 408.9

6 

 

Table.7. Comparison of time period by manually and 

software 

 Manually SAP2000 

ESA 

(Sec) 

RSA 

(Sec) 

ESA 

(Sec) 

RSA 

(Sec) 

Modifi

ed 

RSA 

(Sec) 

X  

axis  

0.4714 1.004 1.450 1.450 1.450 

 Y 

axis 

0.4714 1.004 0.520 0.520 0.520 

Table.8. Comparison of time period after and before 

strengthening SAP200 software 

 Time before 

Strengthening(sec.) 

Time after 

Strengthening(sec) 

X-axis 1.45 1.30 

Y-axis 0.52 0.49 

A. Pushover analysis 

The pushover analysis of a structure is a static non-linear 

analysis under permanent vertical loads and gradually 

increasing lateral loads. A graph of the total base shear 

versus top displacement in a structure is obtained by this 

analysis that would indicate any premature failure or 

weakness. The analysis is carried out up to failure, thus it 

enables determine of collapse load and ductility capacity. 

On a building frame, and plastic rotation is monitored, and 

lateral inelastic forces vs. displacement response for the 

complete structure is calculated. Consequently, at each 

event, the structures experiences a stiffness change as shown 

in Fig 5. Where IO, LS and CP stand for immediate 

occupancy, life safety and collapse prevention respectively. 

 
Fig.5. Force V/s Deformation curve 

B. Nonlinear Parameter of Pushover analysis in 

SAP2000 

In nonlinear frame behavior, frame hinges must be used. 

The nonlinear material behavior is only used to develop the 

moment rotation or other response curves for the hinges. 

The effective strength of the hinges is used for deformation 

controlled actions. Pushover analysis is carried out for either 

user defined nonlinear hinge properties or default -hinge 

properties, available in SAP2000 based on the FEMA-356 

and ATC-40 guidelines. The user should be careful; the 

misuse of default-hinge properties may lead to unreasonable 

displacement capacities for existing structures. SAP2000 

provided default-hinge properties which recommends P-M-

M hinges for columns and M3 hinges for beams. (Fig.7) 

 
(a) 

 
(b) 

 

Fig.6.Typical plastic hinge properties assigned to 

reinforced concrete (RC) members (a) P-M and (b) M-  
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Fig.7. Assigning hinges SAP2000 

 

V. RESULT AND DISCUSSION 

 

The resulting pushover curve for existing G+3 building 

shown in the fig.7. The curve was initially linear but starts 

to deviate from linearity as the beams and columns undergo 

inelastic actions in x and y direction. The building was 

pushed well into the nonlinear range, the curve become 

linear again but with a smaller slope. From the Fig.7 it is 

obvious that the demand curve intersects the capacity curve 

between the point Collapse prevention and C. The residual 

Strength and stiffness left in all stories. Damage to 

partitions. Building shows some failure of beam which fails 

in collapse prevention point .hence Building required 

strengthening in which by using carbon fiber reinforced 

polymer increase the strength of beam and hence after 

strengthening this beam within IO limit i.e. Immediate 

Occupancy level. 

 
Fig.8 Pushover Curve before and after retrofitting (In X-

direction) 

 
Fig.9. Capacity spectrum curve before after and before (X-

Direction) 

 

 
Fig.10. Plastic hinge mechanism at performance level (In 

X-Direction) before retrofitting 

 
Fig.11. Plastic hinge mechanism at performance level   (In 

X-Direction) after retrofitting 
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Fig.12. Pushover Curve before and after retrofitting        

(In Y-direction) 

 

 
Fig.13. Capacity spectrum curve before after and before 

retrofitting(Y-Direction) 

 
Fig.14. Plastic hinge mechanism at performance level 

before retrofitting(Y-Direction) 

 
Fig.15 Plastic hinge mechanism at performance level after 

retrofitting(Y-Direction) 

Inter storey drift ratio of existing  building which beyond 

permissible limit but after apply carbon fiber polymer 

strengthening material the building goes on within 

permissible limit(Fig.16 and 17) 

 
Fig.16. Comparison of Inter storey drift ratio after and 

before retrofitting(X-Direction) 

 
Fig.17 Comparison of Inter storey drift ratio after and 

before retrofitting(Y-Direction) 
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VI. CONCLUSION 

 

The performance of the existing G+3 building was 

investigated using the pushover Analysis. In this project we 

do the comparative study of existing building before and 

after retrofitting. These are the conclusions drawn from the 

pushover analyses. 

The study of hinge formation patterns shows that most of 

the hinges are formed in beams and very few in columns. 

This shows that weak beam-strong column. 

These buildings are found that collapse prevention (CP-C) 

range for design basis earthquake condition. after  

retrofitting  Fibre reinforced polymer in which Carbon Fibre 

Reinforced Polymer(CFRP) are employed for strengthening 

of these buildings, performance level requirement of 

operational to immediate occupancy (B-IO) under design 

basis earthquake 

Existing building having inter storey drift ratio beyond the 

permissible limit but after retrofitting building having inter 

storey drift ratio within limit. 

Base shear of existing building after applying one layer of 

CFRP material was increase the base shear 20.25%.It is 

concluded that with CFRP ductility of gravity designed 

buildings is improved. 

CFRP material reduced time period than existing gravity 

design building. When time period iwas compare with 

gravity building model total reduction is 7%. 
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