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Abstract— In this paper, an analytical 
procedure for the evaluation of the expected 
performance of existing reinforced concrete (RC) 
beam-column before and after being retrofitted 
using Fiber reinforced polymer (FRP) composite 
materials is presented. The beam-column that 
didn’t satisfy the required performance level are 
locally retrofitted using CFRP wrapping and the 
resulting hinge formation are studied. Using the 
pushover analysis in Structural analysis and 
design software SAP 2000, the seismic response of 
RC building frame in terms of performance point 
and the effect of seismic forces on multi storey 
frame are studied. It has been concluded that after 
CFRP retrofitting of beam-column, the hinge 
formation on the structure were found to be 
within the required performance level and the 
lateral resistance as well as displacement capacity 
of the frame was drastically improved. 
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I. Introduction 

Field reports and observations of collapse and severe 
damage of many buildings after earthquake events 
have provided further confirmation of the inherent 
vulnerability of old existing structures designed and 
built before the development of more recent seismic 
codes. The most important reason for that is those 
buildings were designed based on older codes. In 
those older codes, gravity loads were the main design 
loads while seismic design requirements were not 
considered or were given with a much lower 
emphasis compared to requirements of modern 
seismic codes. So many buildings were under 
designed or designed under outdated regulations or 
construction practice.  In addition, deterioration and 
degradation during service stage of buildings could 
increase the vulnerability. As a consequence of lack 
of capacity design principles and inadequate 
structural detailing, such as the use of smooth (plain 
round) bars, the lack of shear reinforcement(stirrups) 

in the joint, and general deficiencies in the anchorage 
details (e.g., hook-ended bars, lap splices, 90° opened 
stirrups), the beam-column joint regions of older 
construction practice have been identified, already for 
many years, as potentially high critical links within a 
frame system, being a likely cause of the brittle 
mechanism at a local level leading to sudden loss of 
vertical load-carrying capacity with partial or collapse 
failure of the entire structure (Ghannoum et al. 2006; 
Priestley 1997). 
 
Retrofitting and demolishing and rebuilding could be 
the two solutions for those old type buildings. The 
first solution seems to be preferable because of 
economic reasons. Fortunately, in recent decades, the 
availability of Fiber reinforced polymer (FRP) with 
its favorable properties such as simplified installation 
processes, low weight to strength ratio, relatively low 
invasiveness in terms of geometric modification of 
the existing structure, corrosion protection has made 
the retrofitting solution become more practicable. 
With minor serviceability interruption and without 
architecture interference, FRP retrofitting has 
increasingly attracted not only structural engineers 
but also architects and owners; thus, FRP has served 
for huge demand on repairing or strengthening 
deficient structures around the world.  
 
FRP flexural retrofits of frame structures using 
numerical and modelling approaches were carried out 
by many researchers. Niroomandi et al. (2010) 
applied FRP to increase the flexural stiffness at joints 
of original frames and then carried out pushover 
analyses. They reported that ductility, seismic 
performance and behaviour factor of the retrofitted 
frame were significantly improved, and the ordinary 
frame was able to be upgraded to an intermediate 
frame. Mortezaei, Ronagh, and Kheyroddin (2010) 
studied the effects of CFRP confinement of columns 
in combination with CFRP flexural retrofitting of 
beams for different RC frames subjected to ground 
motions with fling step. Their analytical results 
indicated that shear and energy absorption capacities 
of the CFRP retrofitted frames increased 1.5- and 2.3- 
fold, respectively, compared with those of original 
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frames. Ronagh and Eslami (2013) carried out 
nonlinear analyses of an eight-storey RC frame 
flexurally retrofitted at critical regions of beams and 
columns using GFRP and CFRP flange-bonded 
scheme. The results showed that GFRP and CFRP 
flexural retrofitting increase 43% and 80% the lateral 
load capacity of the original frame, respectively; 
however, GFRP provides higher displacement 
ductility. 
 
The paper compares the performance point of the as 
built structure and the same structure retrofitted with 
CFRP. It has been concluded that the use of CFRP 
and GFRP technique significantly improved both 
lateral resistance and displacement capacity of the 
frames. 
 

II. METHODOLOGY 

For the analysis of the two and half storey building 
located in seismic zone V in Kathmandu, a basic 
computer model is created in SAP 2000. For the 
pushover analysis of the building, various properties 
of plastic hinges such as flexural, shear, torsional and 
joint hinges are defined. After that, a maximum roof 
displacement of 300mm is applied and the hinge 
formation belonging to different performance level is 
studied. The section where the performance level 
exceeded the targeted performance level is retrofitted 
using CFRP techniques. Equivalent compressive 
strength of the section confined by CFRP is 
calculated using the equation formulated by Riad 
Benzaid, 2013. After that, non-linear static pushover 
analysis is performed using the equivalent 
compressive strength and the behavior of the 
structure at maximum roof displacement of 300mm is 
studied. Then the design base shear of the building is 
calculated using IS 1893:2016 and is compared with 
the performance base shear obtained from the 
analysis. 
 

S.N. Material properties 
Material/Section Grade/Size Unit 

1. Concrete grade M20  
2. Steel grade Fe500  
3. Modulus of elasticity, E 

(concrete) 
22360 N/mm2 

4. Modulus of elasticity, E (steel) 199947.98 N/mm2 
5. Column size 0.3x0.3 m*m 
6. Beam size 0.28x0.35 m*m 
7. Floor height 2.7432 m 
8. Wall thickness 0.23 m 
9. Density of concrete 25 KN/m3 
10. Density of brick 20 KN/m3 
11. Thickness of CFRP 0.167 mm 
12. Modulus of elasticity, E (CFRP) 230*103 N/mm2 
13. Tensile strength (CFRP) 3400 N/mm2 
14. Strain (CFRP) 0.014  

  
 
 

a. Calculation of equivalent 
compressive strength 

The maximum value of the confinement pressure that 
the FRP can exert is attained when the 
circumferential strain in the FRP reaches its ultimate 

strain and the fibers rupture leading to brittle failure 
of the cylinder/cube. This confining pressure f1 is 
given by: 
 
 

 
Where, 
ECF=Modulus of elasticity of FPR 
ƐCF=Ultimate CFRP tensile strain 
T= Thickness of FRP 
n= Number of wrap of FRP 
B= Dimension of square section 

 For CFRP 
The effective CFRP strain coefficient (n=0.68) 
represents the degree of participation of the CFRP 
jacket and the friction between concrete and CFRP 
laminate. Type bond, geometry, CFRP jacket 
thickness and type of resin affect the effective CFRP 
strain coefficient. 
f1=(2*2*230*1000*0.014*0.167*0.68)/(300√2) 
   = 3.448 
The equivalent confined compressive strength is 
given by: 
FCC=FUC+3.3f1 
FUC=Unconfined compressive strength of concrete 
FCC=20+3.3*3.448 
     = 31.378 N/mm2 

 

b. Calculation of design base shear 

The design base shear of the building is calculated 
from IS 1893 (Part 1):2016 
Vb=Ah*W 
Ah=(Z/2)*(Sa/g)*(I/R) 
 
Where, 
Vb=Design base shear 
W=Seismic weight of the  building = 1638.726 KN 
AH=Design horizontal acceleration coefficient 
Z= Seismic zone factor=0.36 
I=Importance factor=1.5 
R=Response reduction factor=5 
Sa/g= Design acceleration coefficient=2.5 for soft soil 
site with time period 2.7 sec 
So, equation (3) gives 
Vb= 221.228 KN 
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Fig. 1. 3D Model of wall in SAP2000 

III. RESULTS AND DISCUSSION 

Hinge represents localized force-displacement 
relation of a member through its elastic and inelastic 
phases under seismic loads. For example, a flexural 
hinge represents the moment rotation relation of a 
beam of which a typical one is as represented in 
figure 2. AB represents the linear elastic range from 
unloaded state A to its effective yield B, followed by 
an inelastic but linear response of reduced (ductile) 
stiffness from B to C. CD shows a sudden reduction 
in load resistance, followed by a reduced resistance 
from D to E, and finally a total loss of resistance from 
E to F (Leslie, Rahul 2012). 
 

 
Fig.2: A typical flexural hinge property, showing IO (Immediate Occupancy), LS (Life Safety) 
and CP (Collapse Prevention)  

The hinge formation at different parts of the structure 
at a roof displacement of 24mm in Push-X direction 
is shown in figure 3. From the figure, it is clear that 

ground floor columns of grid A-3, A-2, B-3 and C-3 
falls under section E-F which is complete loss of 
resistance which is far beyond our acceptance criteria 
of Life safety. 
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      Fig.3 : Hinge formation at initial structure in Push-X  

 
Similarly, the hinge formation at different parts of the 
structure at a roof displacement of 23.9mm in Push-Y 
direction is shown in figure 4. From the figure, it is 
clear that ground floor columns of grid A-1, A-2, B-1, 
B-3, C-1 and C-2 fall under the section E-F which is 
total loss of resistance and is far beyond our 
acceptance criteria of life safety. 

 

 

    Fig.3 : Hinge formation at initial structure in Push-Y  
 
 

  
 

Fig. 4:Pushover curve in X-direction  

Fig. 2. Pushover curve in X-direction 

      

 

                Fig. 5:Pushover curve in Y-direction 

 

These columns which fall under the section E-F are 
then retrofitted with CFRP and the hinge formation is 
within the Immediate occupancy level as shown in 
figure 6 & 7 which is our required performance level 
for the building. 
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Fig.6: Hinge formation at retrofitted structure in 
Push-X 

 

Fig.7: Hinge formation at retrofitted structure in 
Push-Y 

In the retrofitted structure the base shear for Push-X 
load case is 438.395 KN and for Push-Y load case is 
432.09 KN at performance point which are shown in 
figure 8 and 9.   

 

Fig. 8: Pushover curve in X-direction 

 

 

Fig. 9: Pushover curve in Y-direction  

As per calculation, the design base shear of the 
building has been found to be 221.228 KN. But after 
retrofitting and performing the analysis the base shear 
at performance point has been found to be 
438.395KN in X-direction and 432.09KN in Y-
direction, which is greater than the design base shear. 
As the base shear at performance point is greater than 
the design base shear, the building is safe under 
seismic loading. 

 

 

IV. CONCLUSION 

From the pushover analysis, the performance of the 
building before retrofitting and after retrofitting with 
CFRP was compared obtaining the following 
conclusions: 
-The hinge formation on the retrofitted structure with 
CFRP were found to be within the targeted 
performance level i.e. within Immediate occupancy 
level. 
-As the performance point base shear after retrofitting 
is greater than the design base shear, the retrofitted 
building is comparatively safer under seismic 
conditions. 
 
 

V. ACKNOWLEDGEMENT 

This research was partially supported by Mr. 
Dipendra Gautam, who provided insight and 
expertise that greatly assisted the research, although 
he may not agree with all of the 
interpretations/conclusions of this paper. 
I would like to show my gratitude to the reviewers for 
their so-called insights and their comments on an 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering And Technology” 
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal

KEC Conference 2021

186



ISBN 978-9937-0-9019-3

earlier version of the manuscript, although any errors 
are my own and should not tarnish the reputations of 
these esteemed persons. 
 

REFERENCES 

[1] Umut Akguzel, Ph.D.1 and Stefano Pampanin2, 
2012-“ Assessment and Design Procedure for the 
Seismic Retrofit of Reinforced Concrete Beam-
Column Joints using FRP Composite Materials” 

[2] Ronagh, Hamid, and Abolfazl Eslami. 2013. 
“Flexural Retrofitting of RC Buildings Using 
GFRP/CFRP – A Comparative Study.” 
Composites Part B: Engineering 46: 188–96. 

[3] M. Di Ludovico∗,†, A. Prota, G. Manfredi and E. 
Cosenza,2008 Seismic strengthening of an 
under-designed RC structure with FRP. 

[4] Niroomandi, Arsalan, Alireza Maheri, Mahmoud 
Maheri, and Saeed Mahini. 2010. “Seismic 
Performance of Ordinary RC Frames Retrofitted 
at Joints by FRP Sheets.” Engineering Structures: 
2326–36. 

[5] A. Ghobarah_ and A. Saidy, seismic 
rehabilitation of beam-column joints using  FRP 
laminates. 

[6] Ronagh, Hamid, and Abolfazl Eslami. 2013. 
“Flexural Retrofitting of RC Buildings Using 
GFRP/CFRP – A Comparative Study.” 
Composites Part B: Engineering 46: 188–96. 
 

KEC Conference 2021, April 18, 2021
“3rd International Conference On Engineering And Technology” 
Kantipur Engineering College, Dhapakhel, Lalitpur, Nepal 

KEC Conference 2021

187


