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Abstract—Today, carbon polymer fibers wrapping are widely 

used in retrofitting weak and damaged members such as bridge 

piers and columns of buildings. Columns reinforced with this 

method enjoy more ductility and energy absorption than other 

methods, especially the steel shells. The wrapping plays a role in 

lateral confinement of concrete that can increase the axial 

compressive strength of the concrete and prevent early failure of 

columns. This paper performed cyclic loading analysis of thin 

circular columns with three full wrapping arrangement, middle 

area arrangement and initial and final arrangements. Results 

showed that a sample with full wrapping has higher and more 

regular cycles and greater area under the curve than the other 

two samples (longer pushover curve); however, the optimal 

retrofit is using the middle wrapping. 
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I. INTRODUCTION 

In recent years, composite fibers have been increasingly 

used for retrofitting in the construction industry. Depending 

on the application of composite materials as well as the style 

of manufacturing, reinforcement fibers are used as continuous 

and discontinuous filaments and woven planes. Composite 

materials under tensile load show elastic and almost linear 

behavior that retains to the failure instant. There is no yield 

point in composites behavior and failure of materials is fast 

and brittle. Concrete compressive stress-strain curve becomes 

downward sloping after its maximum point, which represents 

a decrease in stiffness, strength and stability in this range. 

Given the importance of ductility, avoidance of sudden failure 

and increased energy loss, the problem should be resolved as 

much as possible. The problem can be resolved by lateral 

confinement of concrete. 

This can increase the axial compressive strength of the 

concrete that is a basis for retrofitting concrete columns 

reinforced with Carbon Fiber Reinforced Polymer (CFRP). 

Attaching CFRP plates to the outer surface of the reinforced 

concrete structures members has become a common 

technology in recent decades. [1], [2]  
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Fig. 1. Unconfined concrete compressive stress-strain diagram, concrete 

confined with steel and GFRP [3] 

 

Fig. 1 shows that the effect of steel and composite 

wrappings is normal. Due to its high elastic modulus, steel 

cover reaches a maximum value coinciding with the 

appearance of fine cracks in concrete with ascending steep. 

This amount is proportional to the yield point of peripheral 

steel, and remains almost constant at the moment of final 

disposal. Steep of the first rising limb and length of the second 

area of stress-strain curve of the concrete confined by steel is 

so large that lateral confinement stress resulting from steel 

wraps is considered to be equal to a constant amount as 

equation (1) where ts and Es are thickness and elastic modulus 

of steel wraps and is the yield strain, respectively. 

According to Fig. 1, stress - strain curve of the concrete 

confined by GFRP composite coincides with the stress-strain 

curve of conventional concrete before making unconfined 

concrete compressive strength. Such behavior is slightly 

considered GERP composite elastic modulus compared to 

steel. This cause tiny cracks in concrete and small expansions 

of concrete core in the early stages of loading that produces 

less tensile force in the composite coverage. After an increase 

in concrete cracking, graph of stress-strain curve of the 

concrete confined with composite in the stress equal to 

compressive strength of unconfined concrete continues with a 

gradual increase and almost linearly to the failure instant. 

Equation (2) can be used to calculate the amount of the 

confining compressive stress that comes from the composite 

around the column. tfrp and Efrp represent thickness and 

wrapping elastic modulus of FRP and εfrp    is its tensile strain, 

respectively. 
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Quantity in equation (1) concerns with the yield point of the 
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steel wrapping. Hence, the result of this equation calculates 

the confining maximum stress. While equation (2) is 

proportional to an increase in tensile strain in composite 

wrapping, it provides an increasing amounts for lateral 

confining stress. The maximum record of the equation is 

produced when the composite wrapping strain reaches to its 

failure strain (εfrpu). [3]  

Disadvantages with steel wrappings for repairing 

compressive components caused the researchers to be 

attracted by non-metallic materials for improving and 

retrofitting compressive members. Research shows that 

extending of the equations provided for the concrete confined 

by steel to the concrete is confined by composite leads to 

uncertain responses due to dissimilarities between steel and 

composite behavior. Thus, new equations were proposed for 

such confinement, some of which are as follows. In this 

equation, flfrp is the compressive stress confining the wrapping 

FRP and is obtained from the equation (2). 

Fardis and Khalili [4] 
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The major objectives to propose such a study were to 

present a convenient and optimal method for designing and 

retrofitting weak and thin columns of reinforced concrete 

retrofitted with polymer coating under gravity and lateral 

loads and numerical examination of the effect of different 

parameters, including changes in the distance of 

reinforcement, changes in the arrangement of polymer fibers 

coverage and the amount of different compressive strength of 

concrete on bearing capacity and energy absorption. 

A specimen of circular column of the concrete bridge base 

retrofitted with carbon polymer fibers is dealt with that was 

taken from laboratory model of Prof. Amir Mirmiran [8] at 

the University of Florida. After validation of laboratory 

specimen and simulated model, other specimens of column 

were built by different concrete compressive strength and 

different forms and the results were presented. 

 

II. SPECIMENS CHARACTERISTICS  

Fig. 2 shows geometric characteristics and how to load the 

specimens. 

 

 
Fig. 2. Geometric characteristics of laboratory specimens. 

 

A cyclic load as shown in Fig. 3 was applied with the help 

of hydraulic jack on the beam attached to two columns with 

loading rate of 0.15 mm/s. 

Circular columns with a diameter of 203 mm, eight steel 

bars with 10 mm in diameter and stirrups of 9.4 mm in 200 

mm distances were tested in this specimen. It should be noted 

that compressive strength of concrete used in the entire 

structure is 44.7 MPa. All steel bars have yield stress of 414 

MPa, ultimate stress of 646 MPa, ultimate strain of 0.095 and 

starting strain of stiffness of 0.006. A constant load of 116 KN 

was applied perpendicularly to the beam in accordance with 

0.04 f'cAg. 

Fig. 4 depicts force-displacement diagram from numerical 

analysis and experimental results. It is worth noting that 

Mander's model was used to define the concrete behavioral 

model. 

 Because of the symmetry, in numerical modeling by 

ABAQUS [9] software, modeling the entire structure was 

neglected. Thus only one column is simulated and loads have 

been halved rather than experimental loads; then, outlining 

results should be doubled in comparison with the 
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experimental results. Since the beam which has connected to 

the two columns was significantly considered stronger than 

them, no deformation was seen in the beam and it acts as a 

rigid member.  

 

 
Fig. 3. Loading protocol [8]. 

 

 
Fig. 4. Comparison of force-displacement curve of the two laboratory and 

simulated specimens. 

 

According to Table I, the numerical result curve has a 

reasonable consistency with experimental results. It has the 

maximum difference of 9% in some parts, especially in the 

initial stages of loading. By increasing the load from one cycle 

to another, the amount of the load after the initial reduction, 

by retaining the capacity has increased gradually. 

Naming columns as C21CF is as follows: C21 represents 

concrete with compressive strength of 21 MPa, and Final 

letter can include one of the letters of F, T or M, that they 

indicate full coverage of the concrete column, one-third of the 

beginning and the end of the concrete surface and one-third of 

the middle of the concrete column, respectively. 

 
TABLE I. COMPARISON OF THE RESULTS OF LABORATORY AND SIMULATED 

MODEL 

Simulated Laboratory Specimen 

53 47 Initial stiffness (KN/mm) 

177 169 Maximum load (KN) 

4.3 4.4 Maximum relative displacement 

3.8 3.7 Ductility 

 

In all cases, the distance between stirrups is 32 mm. Table 

II shows the tested specimens. 

 

TABLE II: INTRODUCTION OF SIMULATED SPECIMENS 

5 4 3 2 1  

C21CM 
C21C

T 

C21C

F 

C21

C 
R specimen 

1500 1500 1500 1500 1500 Height (mm) 

203 203 203 203 203 
Diameter of 

specimen 

21 21 21 21 44.7 
Concrete copressive 

strength (MPa) 

     

The number and 

diameter of 

reinforcement 

4.4 4.4 4.4 4.4 4.4 
Thickness of CFRP 

(mm) 

200 200 200 200 200 

Elasticity modulus of 

longitudinal 

reinforcement (GPa) 

 

The main objective in all cases is to determine the effect of 

the main parameters such as type of concrete strength and 

arrangement of carbon polymer fibers plates on the surface of 

the thin concrete column on ductility and energy absorption. 

Moreover, stress - strain curve of concrete is depicted as Fig. 

5 that was used in the finite element program ABAQUS.  

 

 
Fig. 5. The stress-strain curve of concrete with compressive strength  

of 21 and 44 Mpa. 

 

 
Fig. 6. Covering circular reinforced concrete column with carbon polymer 

fibers. 
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Fig. 6 shows the coverage of the surface of concrete column 

reinforced by carbon polymer fibers in three modes. In all 

cases, cyclic loading was applied to all specimens, and 

pushover curve of all graphs was depicted after drawing 

hysteresis curve. 

 

III. RESULTS AND DISCUSSION OF THE MODELS SIMULATED 

A. C21C Specimen 

A concrete with compressive strength of 21 Mpa, eight 

longitudinal bars with a diameter of 10 mm and stirrups of 5 

mm in distance of 32 mm were used in total length of circular 

column. No layer of carbon polymer fibers was used for 

reinforcement of this specimen. Fig. 7 shows the 

force-displacement graph of the present model. 

 

 
Fig. 7. Force-displacement graph of C21C model. 

 

B. C21CF Specimen  

A concrete with compressive strength of 21 Mpa, eight 

longitudinal bars with a diameter of 10 mm and stirrups of 5 

mm in distance of 32 mm were used in total length of circular 

column. Moreover, a layer of carbon polymer fibers with 

thickness of 4.4 mm was used for reinforcement of the total 

length of the concrete surface. Fig. 8 shows the 

force-displacement graph of the present model. 

 

 
Fig. 8. Force-displacement graph of C21CF model. 

 

C. C21CT Specimen  

A concrete with compressive strength of 21 Mpa, eight 

longitudinal bars with a diameter of 10 mm and stirrups of 5 

mm in distance of 32 mm was used in total length of circular 

column. Moreover, a layer of carbon polymer fibers with 

thickness of 4.4 mm was used for reinforcement of the 

beginning and ending one thirds of the concrete surface. Fig. 9 

shows the force-displacement graph of the present model. 

 

 
Fig. 9. Force-displacement graph of C21CT model. 

 

D. C21CM Specimen  

A concrete with compressive strength of 21 Mpa, eight 

longitudinal bars with a diameter of 10 mm and stirrups of 5 

mm in distance of 32 mm were used in total length of circular 

column. Moreover, a layer of carbon polymer fibers with 

thickness of 4.4 mm was used for reinforcement of the middle 

one third of the concrete column surface. Fig. 10 shows the 

force-displacement graph of the present model. 

 

 
Fig. 10. Force-displacement graph of C21CM model. 

 

IV. COMPARISON OF THE RESULTS AND DISCUSSION WITH 

REGARD TO THE LOCATION OF CARBON POLYMER FIBERS 

PLACEMENT ON THE CONCRETE COLUMN SURFACE 

Fig. 11 depicts the comparative graph of circular columns 

with compressive strength of 21 Mpa and the changes in 

arrangement of carbon polymer fibers placement.  

As shown in Fig. 11, thin column of reinforced concrete in 

full coverage status has the highest bearing capacity and 

ductility. In the C21CF specimen, final capacity of the section 

is 62% greater than the mode where the carbon polymer fibers 

are not used (C21C). According to Fig. 11, in the case of 

middle retrofitting of columns (C21CM model) with carbon 

polymer fibers, bearing capacity is 8% of the two-thirds of the 

concrete column surface (C21CT). Table III reports a 

comparison of the results of recent models. 
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Fig. 11. Comparison of force-displacement graph for circular columns with 

compressive strength of 21 MPa.  

TABLE

 

III.

 

COMPARISON OF THE RESULTS OF CIRCULAR COLUMN MODELS 

WITH COMPRESSIVE STRENGTH OF 21

 

MPA 

 

    
 

    

   

   

   

 

V.

 

CONCLUSION 

 The following results were obtained from the model 

analyses: 

1)

 

Reinforcement of concrete columns reinforced with 

carbon polymer fibers in all three arrangements 

increases the bearing capacity, energy absorption and 

ductility. 

2)

 

Results obtained from the diagrams indicate that the 

use of the full wrapping leads to the largest increase in 

strength and ductility of the specimens; however, the 

most optimal case is the use of the middle wrapping, 

because even though the use of the wrapping in the 

middle mode is 60% less than the full wrapping and 

30% than the beginning and ending wrapping. 

3)

 

The results of the study demonstrate that middle 

coverage specimen has about 10% strength and 

stiffness more than the first and the last wrapping one. 

Moreover, the strength of middle wrapping on average 

is 85% of the full wrapping.

 According to practical project, there are various section 

shapes; therefore, it is suggested that other section shapes be 

used for further studies through different combinations of 

various types of fiber reinforced polymers.
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