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Abstract—This paper grants the results of an 
analytical results of RC concrete circular bridge pier 
strengthened with Carbon fiber reinforced polymer 
(CFRP). To work out the seismic performance of bridge 
pier Nonlinear analysis has been done. Nonlinear static 
(Pushover) analysis is used to govern the capacity of the 
bridge pier. A RC circular bridge pier, modelled in 
SAP2000 (v.20) is used for this study. Damage on the pier 
is set up out by using the result of Pushover analysis. 
Providing supplementary confinement by external CFRP 
wrapping is one among the prime common and active 
techniques for the retrofit of prevailing RC Bridge piers, 
which condenses the damage and avoiding the failure 
piers under different loading atmospheres. Retrofitting 
practice is considered as the cost-effective justifiable 
approach to strengthen repair damaged bridges or older 
deficient bridges. CFRP has been recognized to be an 
effective in increasing the axial strength of concrete pier 
column. After retrofitting by the CFRP wrapping, the 
load carrying capacity of the bridge pier was enriched. It 
is proved   that the strengthen model can sustain the load 
enacted on it. Using this pushover curves, it is concluded 
that the weaker initial pier is strengthen to Life Safety 
(LS) level from Collapse Prevention (CP) by using CFRP 
wrapping. 

Keywords— CFRP, Capacity Curve, Bridge pier, 
Performance Point, Pushover curve, Life Safety, Collapse 
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I. INTRODUCTION  

The replacement or removal of deficient piers will be 
an expensive task. Or, the reconstruction of this pier 
may be more convenient. There are many reinforced 
concrete structures in the world that need to be 
strengthened and changed their original functions due 
to structural aging [1]. Bridges are one of the most 
important structures in the transportation system, and 
they often bear various loads. Most popular bridges are 
made of reinforced concrete, which is often exposed to 
adverse physical and chemical conditions. Carbon 
Fiber-reinforced polymer (CFRP) composites have 
been widely used to reinforce existing or repair 
damaged reinforced concrete (RC) columns, because 
the constraints provided by external wraps increase the 
compressive strength and ductility of concrete [2]. 

Minor damages in the concrete components (such as 
cracks and spalling of the bridge) affect the restraint of 
the concrete on the structure, and therefore, cause the 
brittle failure of the column, which will lead to severe 
damage or complete collapse of the structure. 
Therefore, in order to prevent brittle failure, the 
ductility of the column must be strengthened, thereby 
improving the performance and reliability of the 
existing bridge. Each bridge exhibits different 
characteristics and performance under seismic loads. 
As far as Nepal is concerned, no frequent seismic 
vulnerability assessments have been made for such 
bridges, otherwise they may fail due to a major 
earthquake [11]. Due to many advantages, the use of 
CFRP materials has proven to be a successful 
technology to improve the strength and rigidity of RC 
structures. They are light weight, high strength/weight 
ratio, easy to operate and apply, no need for heavy 
lifting and handling equipment, and corrosion 
resistance are some of the advantages of using CFRP to 
reinforce and reinforce RC structures [5]. The bridge 
column is one of the most structural members of the 
bridge that resists lateral seismic forces and vertical 
forces. Therefore, in terms of the performance of the 
entire structural system, the performance and reliability 
of the column are very important. In order to extend this 
standard, restrictions or external reinforcement of the 
concrete column structure can be provided to extend 
the ductility standard. Piers and columns reinforced 
with CFRP panels can enhance flexural and shear 
capacity, improve ductility, and increase ultimate 
bearing capacity. Therefore, in this article, SAP 2000 is 
used to evaluate the seismic performance of the 
structure. Therefore, the existing columns with 
insufficient lateral reinforcement must be provided 
through external constraints to enhance the ductility of 
the structure. In the cylindrical CFRP reinforcement 
system, the concrete members are wrapped with CFRP 
plates in the circumferential (hoop) direction. The 
fibers are most commonly oriented perpendicular to the 
longitudinal axis of the concrete member [1]. Studies 
have shown that the use of CFRP as a refurbished fabric 
provides desirable results, thereby improving the 
performance of the structure. The main objectives of 
this research is to develop the analytical pushover curve 
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of reinforced concrete bridge pier and to determine the 
capacity of the existing bridge pier with compare to the 
retrofitted bridge pier. This article should better 
understand the performance of RC piers constrained by 
CFRP composites. When the CFRP closed cylinder is 
compressed in the axial direction, the concrete expands 
laterally, and this expansion is constrained by CFRP  
[4]. Their strength and healing ability attract people's 
attention to maintain the integrity of the bridge. This 
article is aimed at this endeavor. 

 

II. METHODOLOGY 

A. Bridge Description 

For the idealization of study purpose, the Pre-
Stressed Concrete 2-Webbed Bridge having double 
span of each   35 meter long and reinforced concrete 
circular bridge pier at middle is selected. The whole 
length of bridge is 70m. All the necessary dimensions 
of the bridge components used in this study are listed 
in the Table I. Also the typical cross section of bridge 
superstructure is shown in Fig.1. 

 
Fig. 1. Cross Section of the Bridge Superstructure (Dor, Nepal). 

 

TABLE I.  D
DESCRIPTION OF THE BRIDGE CONFIGURATION 

    
S.N. 

Bridge Components Data 

 Bridge Name Sample model 
 Overall length of the bridge 70m 
 Length of each span 35m 
 Span number 2 Nos. 
 Diameter of the pier 1.45m 
 Longitudinal reinforcement on 

pier 
25 no. Ø25mm 

 Confinement bar size on pier Ø8, @300mm 
c/c 

 Overall width of the bridge 11m 
 Carriageway width 7.5m 
 Pier cap length 7.8m 
 Pier cap height 1.7m 
 Pier cap width 4.5m 
 Longitudinal reinforcement on 

pier cap 
Ø28, @125mm 
c/c 

 Bridge live loads IRC Class A 
 

B. Analytical Bridge Modelling 

A three dimensional finite element model of the 
bridge was constructed in the CSI Bridge V20 
structural analysis software as shown in the Fig. 2. 
Bridge was modeled based on the properties of material 

and geometric dimensions from as built drawings. But 
some modification is done on pier section for the 
analysis purpose. All the loads and forces carried by the 
superstructure are transformed to the pier by means of 
elastomeric bearing which was modeled as the linear 
link element. Cantilever model of the pier considering 
lumped mass is shown in Fig. 3. Fiber hinge in the pier 
section was defined.  

 
Fig. 2. Finite Element Modelling of Bridge. 

 

Fig. 3. Pier from SAP 2000. 

C. Calculation of Equivalent Compressive     
Strength 

For circular piers, the concrete should be uniformly 
constrained, and the maximum confining pressure 
provided by CFRP composites is related to the 
thickness and strength of the CFRP and the diameter of 
the confined concrete core of the pier. The maximum 
value of the confinement pressure, fl that the CFRP can 
exert is attained when the circumferential strain in the 
CFRP reaches its ultimate strain and the fibers rupture 
leading to brittle failure of the cylinder is given by[2]: 

𝑓𝑙𝑡𝑓𝑟𝑝𝐸𝑓𝑟𝑝𝑓u/d              

Where fl is the lateral confining pressure, Ecfrp is 
the elastic modulus of the CFRP composite, εfu is the 
ultimate CFRP tensile strain, tcfrp is the total thickness 
of the CFRP and d is the diameter of the concrete 
cylinder. 

The compressive strength of confined concrete, fcc  

𝑓𝑐𝑐𝑓𝑐𝑘𝑓𝑙  
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Where fcc is the compressive strength of confined 
concrete, fc is the compressive strength of unconfined 
concrete, k is an average confinement effectiveness 
coefficient and fl is the lateral confining pressure due 
to the action of CFRP. 

D. Material Properties 

TABLE II.  M
MECHANICAL PROPERTIES OF CFRP USED IN STUDY [4] 

Concrete Compressive strength of unconfined 
concrete, fc (MPa) 

20 

Steel Yield strength, fy (MPa) 500 
CFRP  Modulus of Elasticity, Ecfrp (MPa) 71429 

Thickness per ply, t (mm) 0.760 
Ultimate strain, ɛ fu (%) 1.80 

Lateral confining pressure, fl (MPa) 4.043 

Average confinement effectiveness 
coefficient, K 

2.300 

Compressive strength of confined 
concrete, 𝑓𝑐𝑐 (MPa) 

29.230 

 

E. Loadings 

Loads assigned to the existing model are the total 
dead load of 6854.88KN from the superstructure 
and Maximum live load of 1121.30KN including an 
impact through IRC class A loading. 

III.  ANALYSIS 

A. Nonlinear Static (Pushover) Analysis 

    Pushover or nonlinear static analysis is basically 
used to determine the bearing capacity of bridge piers. 
A simple cantilever model of the bridge pier is formed, 
in which half of the mass of each span of the 
superstructure is concentrated on the top. The non-
linear behavior is characterized by the fiber optic PMM 
hinge. Analyze according to the displacement control 
method. Deformation limits for different performance 
levels, as per ATC-40. The analysis gives the pushover 
curve which was plotted base shear against pier top 
displacement. From the pushover result the maximum 
base shear of initial model was found to be 749.302KN 
and the maximum pier displacement of initial model 
was found 148.69mm and that of retrofitted model was 
found to be 880.093KN and the maximum pier 
displacement of retrofitted model was found 
134.31mm respectively. The capacity spectrum method 
recommended by ATC-40 is used to obtain the target 
displacement and corresponding performance points. 
The performance point of the structure is the 
intersection of the capacity spectrum curve and the 
demand spectrum curve. The procedure described in 
ATC-40 can be adopted for the seismic parameters of 
IS:1893-2002 [6].  

Ca = Z/2 and 

Cv = Z/2 for hard soil, 

         1.36 Z/2 for medium and 

         1.67 Z/2 for soft soil 

Displacement-controlled pushover analysis is 
performed in the SAP and evaluate the state of the 

hinge and evaluate the performance level.

 
Fig. 4. Seismic performance levels on an idealised response 

curve. 

 

IV. RESULTS & DISCUSSION 

The compressive strength of CFRP confined 
concrete is obtained to be 29.230MPa. For the initial 
model considering the non-confined concrete, 
pushover analysis was carried out, and for the 
retrofitting purpose, the model of the CFRP confined 
concrete was considered. CFRP helps to improve the 
strength and ductility of concrete.  The initial model is 
run and analyzed by SAP 2000 and the performance 
points are evaluated in the x-direction and y-direction 
in the pushover  curve. For the Ca and Cv values 
calculated from the Nepal National Building Code, the 
PO curves of the Maximum Earthquake (MCE) and 
Design Basis Earthquake (DBE) are drawn. By 
analyzing the initial model, it is found that the RC pier 
hinge fails before the performance point. Therefore, it 
is necessary to strengthen the pier through any 
renovation technique. In this article, we used carbon 
fiber reinforced polymer (CFRP). After pushover 
analysis, the hinge formation of each step will be 
studied and its performance level will be checked. 
Hinge status at the performance point is checked for 
both initial model and retrofitted  model. The 
performance point and respective base shear along the 
x-axis and y-axis of existing and retrofitted model is 
shown in Table III. For analyzing the seismic  
performance levels on an idealized response curve, 
different figures are extracted from the analysis result.  
In the fig. 5, the initial model at push x before the 
retrofit is shown. Also, after the retrofit with using 
CFRP wrapping, the retrofitted model at push x is 
shown at fig. 6. Initial model at push y before retrofit is 
shown on fig. 7. Likewise, the retrofitted model at push 
y is shown at the fig. 8 below. 

Pushover capacity curves are obtained for both the 
initial and retrofitted model as within the fig. 9 and 
fig.10. Which may be clearly evaluated that the 
capacity has increased for the retrofitted model. During 
this study, three layer of CFRP is applied and is found 
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to be effective increasing the performance of RC bridge 
pier. The capacity spectrum is obtained by 
transforming the base shear versus pier top 
displacement spectrum into a spectral acceleration 
versus spectral displacement. And the seismic demand 
is a representation of the earthquake ground motion 
which is presented in terms of forces and displacements 
imposed on RC structures by earthquakes. The capacity 
spectrum and demand spectrum along the x and y 
direction, also their respective comparison is done at 
the figures 11, 12, 13, 14. Also, the moment-curvature 
curve is calculated based on the nonlinear hinge 
properties. The moment curvature curve for initial and 
retrofitted model is compared at fig. 15 and fig. 16. 

TABLE III.  P
PERFORMANCE POINT 

Model Performance Point, 
X-axis 

Performance Point, 
Y-axis 

Base 
Shear, 
V (KN) 

Displaceme
nt, D (mm) 

Base 
Shear, 
V (KN) 

Displaceme
nt, D (mm) 

Existing 
Model 

735.37
9 

148.69 749.30
2 

141.656 

Retrofitte
d Model 

880.09
3 

134.31 880.07
4 

133.88 

 
 

 
 

Fig. 5. Initial model at push x before retrofit. 

 

 

 

Fig. 6. Retrofitted model at push x after retrofit. 

 

 
 
 

Fig. 7. Initial model at push y before retrofit. 

 

 
 

 

Fig. 8. Retrofitted model at push y after retrofit. 

 

 
 
 

 

Fig. 9. Pushover Capacity Curve for Push X. 
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Fig. 10.  Pushover Capacity Curve for Push Y. 

 
 
 
 

 

Fig. 11.  Demand capacity spectrum curve for Initial   model 

Push X. 

 
 

 
Fig. 12.  Demand capacity spectrum curve for Retrofitted  model 

Push X. 

 
 

 

Fig. 13.  Demand capacity spectrum curve for Push X. 

 

 
 
 

 

Fig. 14.  Demand capacity spectrum curve for Push Y. 

 

 

 

Fig. 15.  Moment curvature curve for push X. 
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Fig. 16.  Moment curvature curve for push Y. 

 

V. CONCLUSION 

The main conclusion drawn after comparing the 
Initial Model and Retrofitted Model are summarized 
below: 

 It is found that, after retrofitting with a three 
layer of CFRP, the performance level of initial 
model has improved from collapse prevention 
(CP) to life safety (LS) level. 

 After the structure retrofitted with CFRP, the 
hinge formation on the structure were found to 
be within the targeted performance level. 

 After the use of CFRP,  the Base Shear is 
increased to 19.67% in x direction and 17.45% 
in y direction. Also the displacement is 
decreased to 9.67% in x direction and 5.49% in 
y direction. 

 From the moment curvature curve, it is 
concluded that the retrofitted model hinge can 
resist more moment than the initial model hinge 
with respect to plastic rotation. 

 The performance level of Bridge pier is 
enhanced due to retrofitting of cfrp wrapping. 

 

VI. LIMITATIONS 

 The bonding behavior of transition layer 
between the CFRP  to CFRP is assumed to be 
homogeneous and the CFRP to Concrete bridge 
pier is not studied. 

 The negative effects of CFRP when in contact 
with water is not considered. 
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