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Abstract

This research paper investigates the impact of wrapping thickness and type on reinforced bridge piers through a numerical study. 

The Incesu bridge, located in the Ardanuç district of Artvin province, was selected as the case study, as it was completed with low 

concrete strength. Initially, the bridge was examined, revealing that the piers were inadequate against dynamic, dead, pedestrian, 

and covering loads. The study concentrated on employing carbon fiber reinforced polymer to reinforce the bridge piers. Various 

models were wrapped with carbon fiber reinforced polymer in full-length, half-length, and one-meter intervals. In the analysis, it is 

assumed that the wraps are linked to each other in both principal directions and not detached from one another. Along with the 

analyses conducted, stress and strain values are presented separately. It was observed that the wrapping effect obtained in small-

sized elements in literature could not be obtained in large-sized elements. As the concrete quality improves, the influence of wrapping 

thickness diminishes. Moreover, the effects of full-length and half-length wrapping are very close to each other, suggesting that half-

length wrapping of bridge piers is sufficient. The authors believe that the obtained analysis results will prove beneficial in achieving 

economic advantages in retrofitting projects within the construction sector.
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1 Introduction
Reinforcing the concrete elements by wrapping them 
with fibrous polymers (FRP) has become a very common 
strengthening technique in recent years [1–3]. Especially in 
the strength and ductility properties of small cylindrical 
specimens, a great improvement can be achieved with 
fiber reinforced polymer [4]. In insufficient reinforced 
concrete structural elements where, dynamic loads are 
also effective, it is known that the deformation capacity 
is increased with carbon fiber reinforced polymer wrap-
ping [5]. When columns exposed to earthquake effects are 
wrapped with fiber reinforced polymer, although there is 
no significant increase in lateral rigidity and lateral load 
capacity, there is an improvement in displacement capac-
ities [6]. In recent years, many studies have been carried 
out on the methods of full carbon fiber reinforced polymer 
cladding on reinforced concrete columns and carbon fiber 
reinforced polymer cladding by partial wrapping [7–12].

Researchers have discovered that some parameters 
have a significant impact on the benefit achieved with car-
bon fiber reinforced polymer. For example, the ovality of 
column corners is as important as the wrapping thickness 
and when the sample corners were ovalized at different 
rates, the load capacity of the samples wrapped with a 
single layer of carbon fiber reinforced polymer increased 
between 1.20 and 2.50 times. The load capacity of the sam-
ples wrapped with double carbon fiber reinforced polymer 
increased between 1.75 and 4 times [13, 14]. 

Many methods have been tried to wrap reinforced con-
crete columns with carbon fiber reinforced polymer fabric 
more effectively. Xu et al. [15] reinforced the bridge piers 
with 2mm and 4mm thick carbon fiber reinforced poly-
mer in the horizontal direction and found that horizontal 
carbon fiber reinforced polymer wrapping increased the 
shear capacity of the reinforced concrete and strengthened 
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the reinforced concrete bridge piers by acting similarly to 
the transverse reinforcement behavior. Obaidat et al. [16] 
opened channels with an electric circular saw in a column 
with 700 mm length, 150 × 250 mm cross-section, and 
4ϕ10 mm longitudinal reinforcement. Partial wrapping with 
carbon fiber reinforced polymer strips was applied to the 
channels opened close to the longitudinal reinforcements. 
Karaiya et al. [17] designed an experimental setup with a 
2-story reinforced concrete frame in their study and showed 
that carbon fiber reinforced polymer wrapping significantly 
increases the shear and deformation capacity of the rein-
forced concrete frame. When similar studies are evaluated 
together; the increases in the axial load capacities of small 
members reinforced with carbon fiber reinforced polymer 
wrapping were satisfactory. In larger sized elements, while 
the axial load capacity improves to a limited extent, a more 
efficient performance is observed in lateral displacement 
capacity. Saljoughian and Mostofinejad [18] increased the 
displacement capacity by up to 20% and the load capacity by 
up to 50% with carbon fiber reinforced polymer wrapping 
if the axial load was applied cyclically to the column sam-
ple with dimensions of 150 × 150 × 900 mm. In the study 
conducted by Xu and Huang [19] on corroded short col-
umns with dimensions of 300 × 300 × 500 mm, the increase 
in load capacity was determined as 10%. Zhang et al. [20] 
wrapped a prestressed reinforced concrete bridge column 
with a diameter of 350 mm with carbon fiber reinforced 
polymer fabric up to its middle region and a lateral load was 
applied. The moment capacity of the columns increased up 
to two times compared to the reference columns. 

As a result, it is observed that the application of carbon 
fiber reinforced polymer wrapping improves the current 
performance. Various methods are suggested to predict 
the actual behavior of a structural system [21–23]. Studies 
show that the performance of carbon fiber reinforced poly-
mer confined concrete and reinforced concrete elements 
can be predicted through finite element analysis [24]. 
Raza et al. [25] revealed the stress-strain relationship for 
fiber reinforced polymer-wrapped concretes through their 
experimental and analytical work on 678 standard cylin-
drical concrete samples. Accordingly, finite element anal-
ysis confirms the experimental results with an error mar-
gin of 13‒38%. Most studies with small-sized elements 
are encountered in the experimental and theoretical stud-
ies in the literature. As the bearing element sizes increase, 
new problems will arise and the effect of the wrap-
ping on the behavior of the reinforced concrete elements 
may decrease. This study includes the numerical analysis 

of a bridge whose piers were wrapped with carbon fiber 
reinforced polymer because the concrete class was insuf-
ficient. The strengthening method applied on the existing 
bridge was analyzed numerically for different alternatives.

The company that carried out the strengthening work of 
the bridge claims that the stresses occurring in the bridge 
piers will be covered when 2 mm thick carbon fiber rein-
forced polymer wrapping is used. With the strengthening 
project implemented, the bridge is currently in service and 
in use. In this article, analysis was made for both the cur-
rent situation and similar situations.

As a result of an extensive literature review, although 
there are numerous studies on small-sized reinforced con-
crete elements reinforced with carbon fiber reinforced poly-
mer, the number of three-dimensional numerical studies in 
real dimensions is insufficient. The effectiveness of reinforce-
ment with carbon fiber reinforced polymer wrapping in large-
sized elements such as bridge columns was investigated and 
Incesu Bridge in Artvin was modeled by the ANSYS analysis 
program. Different types of wrapping models were applied to 
the analysis model and the performance of the different wrap-
ping types under dynamic loads was evaluated. 

2 Materials and method
27 core samples of 100 mm nominal diameter were taken 
from Artvin Incesu Bridge, whose model was created in 
ANSYS, shown in Fig. 1. The compressive strength shown 
in Table 1 without wrapping was measured as 24.8 MPa 
on samples with a length/diameter ratio of 1/1. This value 
was found to be quite low for the concrete strength class 
C30/37 of the bridge.

Core samples were wrapped with carbon fiber rein-
forced polymer as a single and double wrap to reinforce 
the bridge piers. Eight of the core samples taken from the 
bridge columns were unwrapped, 0.5 mm thick epoxy was 
applied, one layer of carbon fiber reinforced polymer was 
wrapped and 0.5 mm thick epoxy was applied, and then 
the compressive strengths seen in Table 1 were measured 
according to the TS EN 12390-3 standard [26]. In addition, 
unwrapped, single-wrapped, and double-wrapped samples 
were modeled using the ANSYS Workbench v17.2 analysis 
program and calculated in analytical results [27]. 

As seen in Table 1, the computer models described 
confirm the experimental data with an error margin 
of 1‒3%. The similarity between the experimental and 
analytical results in the preliminary study shows that the 
structural performances of CFRP-wrapped elements can 
be analysed realistically. 
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The strength class of the bridge columns, made accord-
ing to the TS EN 12390-3 standard [26], has been deter-
mined to be C20/25. In the calculations in the project of the 
bridge, the concrete class has been taken as 30/37. This sit-
uation necessitated the detailed analysis of the bridge col-
umns. A 3D model of the bridge was created. Dead loads, 
live loads, and constant ground acceleration were applied 
to the bridge model. The AASHTO (American Association 
of State Highway and Transportation Officials) regulation 
was used for fixed and live loads. For the acceleration value, 
the maximum ground acceleration value (a = 0.515g) seen 
in the Erzincan earthquake (1992) was used [28, 29]. 

The properties of the carbon fiber reinforced polymer 
used to strengthen the bridge columns are as in Table 2.

The analyses were carried out by modeling both bridge 
piers in different shapes and thicknesses varying from 
1mm to 40 mm as shown in Fig. 2. 

In Fig. 2, there are 5 different wrapping models for each 
column. The different wrapping models applied to the col-
umns are shown as 0, I, II, III, and IV. The length of "a" was 
analyzed separately for the two different alternatives of 2 m 

and 1 m. Analyses were carried out by first taking the thick-
ness of the dressing in the wrapped models as 1 mm. In sub-
sequent analyses, the thickness of the dressing was increased 
to 2 mm, 4 mm, 8 mm, 16 mm, 20 mm, and 40 mm, respec-
tively. In addition, all analyses were made for 3 different con-
crete classes (C20/25, C30/37, and C40/50). Thus, the bridge 
model was analyzed for a total of 129 different situations.

2.1 Analysis model
The three span Artvin Incesu bridge in the study is a 50 m 
and it has a width of 8.40 m. The bridge sits on two circu-
lar columns 2.20 m in diameter, 13.60 m and 18.15 m high, 
respectively. In addition, the upper deck of the bridge is 
held at both ends by supports that prevent vertical move-
ment and rotation.

The ANSYS Workbench v17.2 program was used to cre-
ate the computer model. The general view of the 3D model 
and the finite element network is as in Fig. 3. To obtain a 
result with sufficient precision, triangular finite element 
networks in the interval of 400 mm were created, and 
"quadratic element" was chosen. "Nonlinear Mechanical" 
solution was preferred as the "Physical Reference", while 
the element quality is a minimum of 0.14, it is created as 
a maximum of 1, and the "aspect ratio" is a maximum 

Table 1 Compressive strength of core samples

Sample ANSYS 
(MPa)

Experiment 
(MPa)

Relative 
Error (%)

Unwrapped 24.50 24.80 1.20

A single layer of CFRP 
wrapping 47.90 49.40 3.04

Double CFRP wrapped 65.50 66.20 1.06

Table 2 Carbon fiber reinforced polymer fabric material properties [30]

Properties CFRP

Density 1544 kg/m³

Young's modulus 230000 MPa

Bulk modulus 191670 MPa

Shear modulus 88462 MPa

Poisson ratio 0.30

Critical mode I-Energy release rate 0.20

Critical mode II-Energy release rate 0.20

Critical mode III-Energy release rate 0.20

Fig. 1 Artvin Ardanuc Incesu Bridge

Fig. 2 The type of wrapping
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of 14.088. For the modeling, the Hognestad concrete 
model used in the literature was used to consider the non-
linear and plastic properties of concrete. The kinematic 
hardening model was chosen among the plasticity models.

The parameters of the concrete model used in the analy-
sis are given in Table 3. Carbon fiber reinforced polymer is 
modeled as a linear-elastic isotropic material. "Bonded" is 
selected as the contact type at the points where the Carbon 
fiber reinforced polymer material touches itself and the 
concrete samples. The carbon fiber reinforced polymer 
rapping applications were applied only on the bridge piers. 
The bridge deck was not reinforced with carbon fiber rein-
forced polymer. Both bridge columns have the same size 
and reinforcement arrangement.

Many different loads are taken into consideration in the 
project design of bridges. These loads can be detailed as 
self-weight, live loads, earthquake loads, pedestrian loads, 
brake force, thrust due to the ground, and surcharge loads. 
Asphalt pavement, pavement, and guardrails were calcu-
lated as distributed loads. H30-S24 was selected as the 
standard truck type by making use of regulations such as 
ASSHTO as a moving load. 

The pedestrian load of 3 kN/m2 was impacted 
on the pedestrian road deck. Erzincan (1992) earth-
quake was considered as PSAmax (g) = 0.525 g, and the 

acceleration was 0.525 g perpendicular to the bridge and 
0.3 × 0.525 = 0.1575 g in the direction of the bridge.

3 Analytical results
Fig. 5 shows the service condition of the bridge and the 
stress distributions of the model when the concrete class 
used in the bridge columns is C20/25. 

The maximum stress occurred at the lower parts of the 
bridge columns. The highest stress and displacement val-
ues were realized at Pier-II, which has a long free length. 
For this reason, the effects of the wrapping and concrete 
class have been discussed based on pier-II. The stress value 
occurring at the base without any wrapping is 16.3 MPa 
(Fig. 4). When bridge pier number II is wrapped in 1 mm 
thickness at full length, the resulting stress decreases to 
14.3 MPa. Fig. 5 shows the highest stresses in the bridge 
piers depending on the changing carbon fiber reinforced 
polymer thickness and size.

As seen in Fig. 5, as the thickness of the carbon fiber 
reinforced polymer is increased, the stress values on the 
bridge piers decrease. The stress values for 2 mm, 4 mm, 
8 mm, 16 mm, 20 mm, and 40 mm wrapping thickness are 

Table 3 Concrete parameters

Linear Parameters C20/25 C30/37 C40/50

Density (kg/m3) 2300 2300 2300

Coefficient of thermal 
expansion (C–1) 1.40E-05 1.40E-05 1.40E-05

Young's modulus (MPa) 20500 24410 -

Poisson ratio 0.20 0.20 0.20

Bulk modulus (Pa) 1.14E + 10 1.36E+10 -

Shear modulus (Pa) 8.54E + 09 1.02E+10 -

Tensile yield strength (MPa) 0.00 0.00 0.00

Compressive yield strength 
(MPa) 6.42 9.80 12.69

Tensile strength (MPa) 3.00 3.00 3.00

Compressive strength (MPa) 17.00 25.50 34.00

Fig. 4 Stress distribution in the bridge lateral loading

Fig. 5 The highest stresses at pier-II for C20/25

Fig. 3 Finite element model of the bridge and finite element network
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calculated as 13.98, 12.59, 11.07, 9.52, 9.06, and 8.87 MPa, 
respectively. When the column in question is wrapped 
in 1 mm thickness from the lower end to half of the free 
height, the maximum stress formed is 14.89 MPa. When 
the thickness of the wrapping is increased to 2 mm, 4 mm, 
8 mm, 16 mm, 20 mm, and 40 mm, the resulting stress val-
ues are 14.05, 12.69, 11.17, 9.58, 9.09, and 8.96 MPa, respec-
tively. When the obtained tensile values are examined, no 
significant difference is observed between full-length gap 
wrapping and half-length gap wrapping. The same situa-
tion is detected between full-length partial wrapping and 
half-length partial wrapping. Similar values in terms of 
tension are obtained by wrapping the bridge columns in 
half-length instead of full-length carbon fiber reinforced 
polymer. The effect of the wrapping type and thickness 
on the maximum stress occurring in the columns varies 
according to the concrete class is shown in Figs. 6 and 7.

Figs. 5–7 show that no significant difference was 
observed between full-length wrapping and half-length 
wrapping applications in terms of stresses in any concrete 
class. When the performance of carbon fiber reinforced 
polymer wrapping compared to the unwrapped column is 
examined, the results of partial (gap) wrapping and gap-
less wrapping in 1 mm, 2 mm, and 4 mm thick carbon fiber 
reinforced polymer applications are very close to each 
other. When wrapping without gaps, as the thickness of 
the wrapping increases, the decrease in the maximum ten-
sion continues and reaches a decrease of 43% compared to 
unwrapped concrete. For partial wrapping, this decrease 
continues at the same rate with non-gap wrapping up to 
4 mm. A lower stress drop can be achieved compared to 

non-gap applications from 4 mm to 16 mm. When a partial 
wrapping thicker than 16 mm (20 and 40 mm) is applied, 
there is no difference compared to the 16 mm wrap. 

The stress variation between full-length carbon fiber 
reinforced polymer wraps and half-length carbon fiber rein-
forced polymer wraps is much higher than in low concrete 
grades. With the increase in the concrete class, the full-
length carbon fiber reinforced polymer wrapping appli-
cation performs significantly better than other applica-
tions. It is seen that partial wrapping performs similarly to 
half-length gapless wrapping up to 8 mm. With a 16 mm 
thick partial wrapping, some further stress reduction was 
achieved, but no extra benefit was achieved at 20 mm and 
40 mm wrapping thicknesses. This shows that as the con-
crete class improves, the partial thickness of the dressing 
provides benefits. Although the stress values vary according 
to the concrete class, the stress distributions given for the 
C40/50 concrete class in Fig. 8(a) and Fig. 8(b) occur simi-
larly in all concrete classes. While the stress distribution in 
the unwrapped models shows a relatively uniform increase, 
in circles that expand from the core to the outer fibers, the 
stress distribution in the wrapped models is more complex. 
In the reinforced concrete element whose deformation is 

Fig. 6 The highest stresses at pier-II for C30/37

Fig. 7 The highest stresses at pier-II for C40/50

(a) (b)
Fig. 8 Stress distribution at unwrapped column cross-section and 1 mm 

full-length wrapped model (a) Unwrapped; (b) 1mm full wrapped
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limited by the effect of the wrapping (especially in the outer 
fibers), the tension layers interlock with each other. 

For the column with the C20/25 concrete class, Fig. 9 
shows the maximum displacement values at the upper end 
of the element because of the applied load combinations 
depending on the thickness of the wrapping and the con-
crete class. The effect of limiting the displacements in the 
bridge piers where the reinforcement is applied increases 
in proportion to the thickness of the wrapping. 

For the C20/25 concrete class, the maximum lateral dis-
placement in the column without confinement is 107.26 mm. 
The maximum displacement value drops to 99 mm when 
the entire free length of the column is wrapped with 1 mm 
carbon fiber reinforced polymer. When 1 mm carbon fiber 
reinforced polymer wrapping was applied only to the 
lower half of the column instead of the full length of the 
column, it decreased to 98 mm. When carbon fiber rein-
forced polymer wrapping is done from the bottom to the 
column half instead of the full length of the column, there 
is little improvement in the lateral displacement values, 
although 50% less wrapping material is used. The maxi-
mum displacement was calculated as 102 mm in the case 
of 1 m full and 1 m gap partial wrapping using the same 
thickness carbon fiber reinforced polymer fabric. If par-
tial wrapping is applied only to the lower half of the col-
umn, this value increases to 103 mm. When the thickness 
of the wrapping is increased to better observe the perfor-
mance differences between the application types and when 
the column is wrapped with 8 mm thick carbon fiber rein-
forced polymer fabric, the maximum lateral displacement 
decreases to 75 mm. This value dropped to 77 mm through 
half-length wrapping. The maximum lateral displacement 

was calculated as 91 mm with full-length partial wrapping 
at the same thickness and 90 mm with half-length par-
tial wrapping. As can be seen from the results, applying 
the reinforcement application only in the lower half of the 
bridge piers performs close to the application in the full 
length. Another point seen in Fig. 9 is that non-gap wrap-
ping performs better than partial application. 

When the concrete class was increased to C30/37, it 
was displaced by 76 mm without applying carbon fiber 
reinforced polymer reinforcement. When full-length 
reinforcement was applied with 1 mm thick carbon fiber 
reinforced polymer, the displacement value decreased to 
72 mm. The displacement values for wrap thicknesses of 
2 mm, 4 mm, 8 mm, 16 mm, 20 mm, and 40 mm were 
calculated as 70 mm, 67 mm, 61 mm, 55 mm, 52 mm, 
and 44 mm, respectively (Fig. 10). Fig. 11 shows the dis-
placements of the bridge piers reinforced with carbon 

Fig. 10 Maximum displacements for C30/37 concrete grade

Fig. 11 Maximum displacements for C40/50 concrete gradeFig. 9 Maximum displacements for C20/25 concrete grade
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fiber reinforced polymer in different types for the C40/50 
concrete class, for which the maximum displacement in 
the unconfined column has been calculated as 63 mm. 
The displacement values for 1 mm, 2 mm, 4 mm, 8 mm, 
16 mm, 20 mm, and 40 mm full-length wrapping thick-
ness are 61 mm, 60 mm, 59 mm, 58 mm, 55 mm, 50 mm, 
48 mm, and 40 mm, respectively. When carbon fiber rein-
forced polymer wrapping is applied in strips with one-me-
ter gaps, the displacement values decrease compared to 
the column without wrapping. No significant difference 
was observed between the application of the strips with 
gaps in full-length or half-length.

4 Discussion 
In this study, it is seen that reinforcement with carbon fiber 
reinforced polymer is more successful in limiting lateral 
displacements. Compared to this study, higher strength 
increases are observed in similar studies in the literature. 
Kim and Gao [11] wrapped the surfaces of cylindrical sam-
ples of different sizes from the bottom to the top with car-
bon fiber reinforced polymer, increasing the surface area 
from 0% to 100%, and applied pressure tests to the sam-
ples. The wrapping applied to the upper half of the rein-
forced concrete column did not make a significant contri-
bution. It is sufficient to wrap 50% of the sample surface. 

Many studies in the literature have applied only axial 
load to columns, such as Kim and Gao [11]. Full-length 
wrapping is more effective in experiments where the sam-
ple capacity is consumed only by axial pressure. In a real 
structure, it is not realistic for a reinforced concrete col-
umn to consume all its capacity under axial pressure. 
In addition, the cross-sections of reinforced concrete ele-
ments in real buildings are much larger than many aca-
demic studies. When the results of the experiments con-
ducted by Kim andGao [11] are examined carefully, it is 
seen that the rate of compressive strength gained by the 
carbon fiber reinforced polymer wrapping decreases as the 
sample size increases. If the wrapping thickness is kept 
constant, the carbon fiber reinforced polymer fabric will 
remain weaker than the increasing cross-section ratio. 
Reinforcement in spaced strips is often used to save car-
bon fiber reinforced polymer fabric by reducing the wrap-
ping area. However, the collapse mechanisms encountered 
with partial wrapping and gapless wrapping are different 
from each other [16]. Zeng et al. [13] suggest that if D is 
column diameter and Sf is distance between the wrapping 
strips, Sf /D ratio should be 0.5 to achieve better perfor-
mance. In the partial wrapping in this study, 1 m strips 

were applied with a gap of 1m each and the column diam-
eter is 2.20 m. The Sf / D ratio is close to but slightly below 
the recommended value, at about 0.46. The gap wrapping 
applications analyzed in this study confirm the results of 
Zeng et al [13]. 

Mai et al. [4] suggest that full-length carbon fiber rein-
forced polymer wrapping in reinforced concrete columns 
increases the axial load capacity 1.6 times more than par-
tial wrapping. They reached these results by applying 
axial load on a column of 150 × 150 × 800 mm3. The aver-
age compressive strength of the concrete used in the study 
in question is 36 MPa. The total thickness of the 0.167 mm 
carbon fiber reinforced polymer wrapping applied in 3 lay-
ers was approximately 0.5 mm. To compare the results of 
the study with the results of Mai et al. [4], this article has 
the closest characteristics; 1 mm thick carbon fiber rein-
forced polymer wrap applications. The column sizes in 
this article study are quite large compared to the exper-
imental samples. However, considering the proportional 
wrapping performances, the stress variation rates of full-
length wrapping and partial wrapping for the C30/37 con-
crete class (1.7 times higher than the partial wrapping per-
formance) confirm the results of Mai et al. [4]. 

Xu et al. [15] applied half-length carbon fiber reinforced 
polymer wrapping in two layers of 0.17 mm (total thick-
ness of 0.34 mm) to columns 330 mm in diameter and 
1700 mm in length in the experimental setup they estab-
lished. When lateral loads were applied to wrapped and 
unwrapped columns, it was measured that the wrapped 
sample had 24% more tensile capacity. With the carbon 
fiber reinforced polymer wrapping, an increase of 10% was 
achieved in the maximum displacement value. The column 
in the experimental setup of Xu et al [15]. has a D / L ratio 
of 0.194 and a t / D ratio of 0.001, where t is the wrap-
ping thickness, D is the column diameter and L is the col-
umn-free length. To be able to compare the current results 
with those of the study by Xu et al. [15], the results of col-
umn-I, where the ratios between width, length, and wrap-
ping thickness are closer, should be considered. In this 
study, the D / L ratio of the 13.60 m long bridge pier num-
ber I is 0.16, and the t / D ratio is 0.0009 when it is wrapped 
with 2 mm carbon fiber reinforced polymer. 14% decrease 
was calculated in the stress value affecting the column with 
2 mm wrapping thickness. This value is lower than the 
24% rate in the study by Xu et al. [15]. However, it should 
be kept in mind that the aspect ratio is slightly higher and 
there is no additional axial load on the column in the exper-
iment by Xu et al. [15]. There are a bridge deck and service 
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loads on the column in this study. The horizontal displace-
ment values obtained in both studies confirm this hypoth-
esis. Xu et al. [15] observed an increase of 10% in the dis-
placement capacity of the wrapped column. On the other 
hand, it was observed that the displacement demand was 
reduced by 12% in the equivalent column in this study. 
As can be seen, the lateral displacement is somewhat more 
limited due to the additional axial load on the column.

5 Conclusions
In this study, carbon fiber reinforced polymer wrapping 
applications and the effect of the thickness of the wrapping 
have been evaluated based on a bridge pier whose strength 
is lower than predicted. As a result of the analysis made 
in the study, the following conclusions have been reached:

1. Significant strength can be gained with the applica-
tion of carbon fiber reinforced polymer wrapping to 
reinforced concrete columns and successful results 
are obtained in limiting the lateral displacements in 
the column. 

2. Although it provides a high rate of increase in the 
strength of small-sized elements wrapped with car-
bon fiber reinforced polymer, no significant increase 
is observed in the compressive strength of large-
sized elements.

3. In order to provide large strength increases in a real 
structure, it is necessary to increase the thickness of 
the wrapping in proportion to the element sizes. 

4. The concrete quality directly affects the performance 
of carbon fiber reinforced polymer wrap application. 
While increasing the thickness of the wrap in low-
strength concretes gives more successful results, the 
effect of the thickness of the wrap decreases as the 
concrete quality increases. 

5. The half-length and full-length wrapping results are 
very close to each other in both partial and gapless 
wrapping applications. It is sufficient to apply carbon 
fiber reinforced polymer wrapping on bridge piers 
only in the lower half of the column. 

6. The reinforcement application with carbon fiber 
reinforced polymer in the reinforced concrete col-
umn has yielded more successful results in limiting 
the displacements.

Future Studies
In this study, it was assumed that CFRP fabrics would not 
move on each other. The contact type used does not allow 
movement in both directions. In future studies, this situa-
tion can be modelled with a more realistic contact model. 
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