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A B S T R A C T  
 

 

One of the current approaches for concrete retrofitting is called fiber reinforced polymer (FRP) wrapping. 

In this study, concrete retrofitting means compressive strength and seismic parameters improvement 
(such as failure strain, energy absorption, and ductility). Cost analysis may raise issues of concern 

regarding the economic value of this kind of retrofitting and for this reason, economic analysis was 

conducted based on experimental works. In this regard, 21 samples were prepared for three compressive 
strengths of concrete (20, 35, and 50MPa) and warped with different layers of carbon and glass fiber 

reinforced polymers (0, 1, 3, and 5 layers). Samples were subjected to stress-strain tests and concrete 

properties were estimated. The results showed that carbon and glass fibers, respectively, are more 
effective in improving the compressive strength and seismic parameters of concrete. But, the economic 

analysis indicated that glass fiber is more cost-benefit than carbon fiber in improving the concrete 

properties, especially for one layer of FRP. The economic analysis was not able to specify the application 
of FRP for which concrete samples are more economical, and for this reason, statistical analysis was 

used to respond to this vague and achieve a comprehensive assessment. The analysis indicated that the 

use of FRP is more cost-benefit for lower concrete strength. 

doi: 10.5829/ije.2023.36.04a.14 
 

 
1. INTRODUCTION1 
 

Study shows rehabilitation of structure is often a more 

practical and cost-effective choice in comparison to 

reconstruction for reducing seismic vulnerability. There 

are several techniques for retrofitting of older or damaged 

buildings such as the addition of a shear wall, steel 

bracing, steel jacketing, and fiber reinforced polymer 

(FRP). These techniques can reduce lateral deflections 

due to stiffen or strengthen of the structure, in addition, 

they prevent the brittle failure modes of structure through 

the increase of ductility.  

 

1. 1. Fiber Reinforced Polymer (FRP)       This 

research overviews the FRP application in structural 

retrofitting. FRP is composed of polymer matrix and 

fiber. The most common fiber reinforced polymers are 

carbon and glass, which they called CFRP and GFRP, 
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respectively [1, 2]. FRP advantages include fatigue 

resistance, low chemical reactivity, ease of application, 

and formation in various shapes. Besides, FRP has higher 

tensile strength and is lighter in weight in comparison to 

steel plate but, high expenditure and inadequate fire-

protection are expressed as the most disadvantages of 

FRP [3, 4].  

 

1. 2. Concrete Confined by FRP       This section 

discusses the advantages of wrapping FRP in the 

strengthening concrete samples. As a solution to the 

seismic retrofitting issue, concrete is confined by FRP in 

the non-linear section of the structural element to 

increase compressive strength and ductility also, prevent 

bond slip and buckling of longitudinal reinforcement [3]. 

Regarding this issue, numerous experimental studies 

were carried out which confirm the validity of the 

solution. Youssf et al. [5] studied the capability of FRP 
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confinement on improving concrete behavior. The results 

were based on the stress-strain test. They demonstrated 

that the effect of confinement can be strongly improved 

if a corner of the rectangular column section is 

circularized. Zeng et al. [6] conducted semilar research 

and confirmed the results obtained by Youssf et al. [5]. 

Taghia et al. [7] investigated the performance of FRP 

wraps in improving the mechanical and seismic 

properties of concrete classes. They figure out that FRP 

is more effective in developing the performance of low-

strength concrete and also the growth rate of 

improvement declined by increasing the FRP layers. 

Sirach et al. [8] surveyed the effect of high-strain FRP 

wrapping on the behavior of high- and ultrahigh-strength 

concrete. They included three parameters in the study 

such as fiber type, concrete strength, and fiber thickness, 

and specified the role of these parameters on stress-strain 

behavior.  

Studies illustrated that confinement provides 

noticeable increases in the final stress and strain of 

concrete [9-11].  

Many researchers underlined the importance of the 

establishment of appropriate constitutive laws for 

confined concrete by FRP [4, 12].  

Although, FRP contributes to the strength of the 

structure, but it can be costly for the structural retrofitting 

in comparison to other solutions (see section “1.1. Fiber 

Reinforced Polymer (FRP)”), therefore from a practical 

point of view, an economic analysis should be considered 

too.  

 

1. 3. Cost-benefit Assessment        Cost-benefit 

analysis is conducted to assess the efficiency of FRP 

application as a solution for structural retrofitting 

regarding financial considerations [13]. In this way, 

several researchers performed different types of 

assessments. Shapira et al. [14] achieved economic and 

constructability analyses of FRP cages used for 

strengthening of concrete beams. Although FRP is more 

expensive than steel reinforcement, in total, analyses 

revealed that FRP cages are more economical. Sahirman 

et al. [15] compared the application of FRP with steel 

reinforced concrete (SRC) for retrofitting of bridges. 

They improved a curve theory to estimate future costs of 

bridges. Based on the analysis of two data sets, their 

study proved that FRP application is more cost-beneficial 

than SRC for a period of 10 years. Berg et al. [16] 

conducted a cost-benefit analysis of concrete bridges in 

which FRP was applied for rehabilitation. The 

investigation demonstrated that FRP application reduces 

construction time and maintenance costs and increases 

concrete durability. Brayack [17] studied the technical 

and economic adequacy of FRP for retrofitting of 

concrete bridges. A cost-benefit analysis was performed 

to weight retrofitting with FRP and traditional methods. 

Based on some examples, it has been concluded that FRP 

is a cost-effective strategy and can be replaced by the 

traditional methods. Yan et al. [18] implemented 

technical and economic analyses regarding the 

strengthening of the substation framework. They 

analyzed the economic aspects of two-span FRP and steel 

gantries and concluded that FRP application can reduce 

the total cost by 10%. As an economic solution for 

pipeline retrofitting with FRPs (carbon and glass fabrics), 

Sever and Ehsani [19] proposed an optimal design 

procedure. Chen et al. [20] studied the interply 

hybridization’s effects of carbon, glass, and basalt fibers 

to enhance their flexural behavior and economic 

efficiency. They simultaneously applied the experiments 

and numerical simulation in their study. Investigations 

indicated higher efficiency for glass/carbon fibers 

regarding strength/cost and modulus/cost ratios. The 

results indicated that glass fiber demonstrates better 

behavior with reference to basalt fiber. Rodsin et al. [21] 

used accessible and inexpensive GFRP for concrete 

confinement and concluded that GFRP is very 

economical in order to improve compressive strength and 

ductility. It can be attributed to the improvement of stress 

and strain of wrapping concrete. Taghia et al. [22] 

compared the application of carbon and glass fiber 

wrappings on enhancing the mechanical properties and 

seismic parameters. They found that the carbon and glass 

fibers are more effective in improving compressive 

strength and seismic behavior respectively. seismic 

parameters consisted of failure strain, energy absorption, 

and ductility in their study. Shubhalakshmi et al. [23] 

conducted an economic analysis in the application of 

FRP wrapping used in strengthening of concrete slabs. 

The analysis was estimated according to the price of the 

material, wrapped area, and strength gained. They found 

that this technique can increase the bearing capacity of 

slabs by 6%. El Youbi et al. [24] performed a numerical 

simulation to estimate the effect of the CFRP warping on 

the compressive strength and the final strain of reinforced 

concrete. They developed a FE model associated with the 

parametric study to assess the impact of different layers 

of FRP. They indicated that CFRP has a noticeable 

impact on the ultimate load of eccentrically loaded 

columns relative to concentrically loaded ones. 

Salahaldin et al. [25] experimentally studied the 

capabilities of retrofitting of the damaged hybrid 

reinforced concrete beams having openings in the shear 

region. The research considered the difference in 

rehabilitation strategies of hybrid beams relative to 

conventional beams. They indicated that the traditional 

concrete beam reaches to the whole capacity for all kinds 

of openings. However, the hybrid beams just obtain 84% 

of ultimate strength.  

In practical engineering, there are many structures 

that have low concrete strength for various reasons, and 

it is possible that they will not have proper seismic 

behavior in an earthquake and will suffer significant 
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damage. As mentioned before, to improve the 

performance of concrete, one of the best solutions is 

concrete confinement. Today, using fibers has expanded 

significantly due to their excellent features. But the high 

price of fibers is always a deterrent factor along with all 

the positive features. Therefore, it is necessary to 

academically optimize using fibers in order to achieve the 

greatest improvement in the behavior of concrete at the 

lowest cost. This forms the main idea of current research. 

The study aims to evaluate the impact of glass and carbon 

fiber wrapping (more available in the Iranian market) on 

improving the compressive strength and seismic 

characteristics of different concrete classes from an 

economic point of view. 

 
1. 4. Research Significance            Simultaneous 

attention to the economic approach in the application of 

fibers along with considering their mechanical and 

seismic properties forms the importance of the current 

research. The study tries to fill the gap in previous 

research which mainly focused on the positive 

characteristics of fibers in improving the behavior of 

concrete and paid less attention to economic aspects in 

practical engineering. Another issue that highlights the 

importance of the current research is the use of glass and 

carbon fibers in a comparative manner, which in past 

research has often individually handled their 

characteristics in improving the performance of concrete. 

Meanwhile, there is a question about whether the 

concrete class is effective in the optimal selection of 

fibers or not. These are important issues that the current 

research tries to give a proper answer. 
 

 

2. EXPERIMENTAL PROCEDURE 
 

In this section, the material types, mix design, 

preparation, and curing are described, respectively.  

 

2. 1. Material Types       Ordinary Portland cement is 

used in the specimens. The samples are made according 

to ASTM C150 [26] standard. The gravel and sand 

aggregates are of river type in accordance with ASTM 

C33 [27] standard. The sand sizes range from 0 to 4.75 

mm with an apparent weight of 2650 kg/m3 in the 

Saturated Surface Dry (SSD) state with 24-hour water 

absorption of 1.5%, and additionally, the super-

plasticizer of P10-3R type is used based on ASTM C494 

[28]. CFRP and GFRP are of type YC-N160 and EVR-

200, respectively. The specifications of two types of 

polymers, and the epoxy DUR 300 resin, are presented in 

Tables 1 and 2, respectively. 

 
2. 2. Sample Preparation       With a practical approach 

to the subject, three classes of concrete are selected which  

are common in construction projects in Iran (20, 35, and 

50MPa). First, concrete is constructed and then inserted 

into pre-prepared cylindrical molds (with dimensions of 

15 cm × 30 cm). They are kept in constant temperature 

and humidity to harden. After 24 hours, the specimens 

are removed from the molds and placed into a water pond 

at temperature of 20±2°C for curing. The curing time of 

the samples is equal to 28 days. Then, the samples are 

taken out from the pond and placed in the laboratory for 

drying the surface of the samples. Two days later, the 

concrete samples are wrapped with different numbers of 

layers (1, 3, and 5). Meanwhile, in order to compare the 

results and reach a comprehensive conclusion, a control 

sample without wrapping is also prepared. By taking into 

account different concrete classes and the number of 

different layers used, a total of 21 samples were prepared 

and, after 7 days, subjected to stress-strain tests. Tests are 

done in compliance with ASTM C469 [29] (see Figure 

1). 

In this study, Cs followed by the value mean the 

concrete class, and Ls followed by the value represent the 

number of the polymer sheet. 
 
 

TABLE 1. The specifications of two types of polymers: 

(a) Carbon and (b) Glass 

(a) 

Property Specification 

Type YC-N160 

Tensile strength 4900 MPa 

Elastic modulus 230 GPa 

Fracture strain 2.13% 

Weight per unit area 160 g/m2 

Thickness  0.09 mm 

(b) 

Property Specification 

Type EWR200 

Tensile strength 2200 MPa 

Fracture strain 2.8 % 

Weight per unit area 200 g/m2 

Moisture Content <0.2 % 

 

 

TABLE 2. Technical properties of Resin 

Specification Property  

A: B = 100:34.5 by weight. Mixing ratio 

Curing 7 days, +23°C: 45 N/mm2 Tensile strength 

Curing 7 days , +23°C: 3000 N/mm2 Flexural modulus 

Curing 7 days, +23°C: 3500 N/mm2 Tensile modulus 
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Figure 1. Preparing samples for experiments: (a) strain 

gauge installation; (b) FRP wrapping; (c) stress-strain device 

 

 

3. EXPERIMENTAL DATA AND INTERPRETATION 
 

To analyze the data, firstly, the effect of fiber 

reinforcement on characteristics of different concrete 

classes is investigated. Concrete characteristics include 

compressive strength and seismic properties of concrete 

(i.e. failure strain, energy absorption, and ductility). Then 

the cost-benefit analysis of fiber application is 

performed. The index in economic analyses is used to 

figure out the effect of FRP type, CFRP vs. GFRP, 

numbers of FRP layers, and compressive strength 

categories on the economic aspects for improving the 

strength and seismic properties of the concrete samples. 

The economic index is defined as an increase in 

compressive strength or seismic parameters of concrete 

samples strengthened with FRP wrapping divided by the 

expenses of strengthening these samples in Euros. The 

larger this index means, the greater performance 

improvement is achieved for a given cost of concrete 

wraps. 
Table 3 shows the cost of CFRP and GFRP layers that 

are used for the wrapping of concrete samples. As it can 

be seen, the costs of strengthening are noticeable, 

therefore the number of FRP layers must be chosen, 

carefully.  

Finally, a statistical approach is illustrated to reach a 

practical and comprehensive conclusion. 

 

3. 1. The Stress-strain Experiments      Figures 2-4 

illustrate stress-strain plots for three classes of concrete 

(i.e. C20, C35, and C50) with different numbers of FRP 

layers. According to ACI 440.2R reference [30], concrete 

loses its integrity in a longitudinal strain greater than 1% 

 

 
TABLE 3. The cost of CFRP and GFRP layers used for 

concrete samples 

CFRP cost (€) GFRP cost (€) 

One 

layer 

Three 

layers 

Five 

layers 

One 

layer 

Three 

layers 

Five 

layers 

2.25 6.83 11.08 0.89 2.56 4.23 

and rebar reaches the failure strain and cohesion between 

concrete and rebar decreases, intensively. For this reason, 

in the current research, the failure strain values are 

limited to 1% in the entire Figures 2-4.  

In the following sections, economic analysis is 

presented with respect to sample properties. 

 

 

 

(a) 

 

(b) 

Figure 2. Stress-strain diagrams of samples for C20 class 

wrapped by: (a) CFRP; (b) GFRP 

  

 

(a) 

 

(b) 

Figure 3. Stress-strain diagrams of samples for C35 class 

wrapped by: (a) CFRP; (b) GFRP 
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(a) 

 

(b) 

Figure 4. Stress-strain diagrams of samples for C50 class 

wrapped by: (a) CFRP; (b) GFRP 

 
 

3. 1. 1. Compressive Strength     In this study, the 

maximum values of stress in Figures 2-4 are determined 

and considered as compressive strength for designed 

samples. Figure 5 demonstrates the effects of FRP types 

and the number of polymer sheets on concrete strength 

for different concrete classes.  
This figure indicates that the compressive strength of 

concrete samples raises with the increase of the number 

of FRP layers due to the development of the confinement 

effect, especially for higher strength concrete. Moreover, 

the compressive strength of samples wrapped by carbon 

fibers is higher than glass fibers. The reason can be 

attributed to the higher tensile strength of carbon fibers 

with respect to glass fibers (see Table 1) which provides 

higher lateral pressure on concrete samples wrapped by 

CFRP.  

The economic indices are estimated for the 

compressive strength of samples. The results are 

presented in Figure 6. 

The plot in Figure 6, shows that the sample with one 

FRP layer is more economical. The analysis shows that 

additional FRP layers for improving the compressive 

strength are unworthy in order to strengthen the samples 

since this will increase the cost. The plot also indicates 

that FRP is more economical for higher concrete strength 

because FRP increases the compressive strength of 

higher concrete classes in comparison to the lower ones. 

(see Figure 5). Finally, the figure demonstrates that 

GFRP is more economical with respect to CFRP (Almost 

double).  This means that the application of CFRP instead 

of GFRP, leads to more expenses for preparing the 

samples and not much gain in the compressive strength 

of concrete. 

 

3. 1. 2. Failure Strain         In Figures 2 through 4, final 

strains of samples with different concrete classes and 

FRP layers are specified and referred to as failure strains 

which are reported in Figure 7. 
Figure 7 also, demonstrates that the longitudinal 

failure strains of samples wrapped by glass fiber are 

higher than the corresponding samples wrapped by 

carbon fiber, especially for higher concrete classes. This 

can be attributed to the more effective role of FRP to 

confine higher concrete strength and also higher failure 

strain of GFRP with respect to CFRP. However, GFRP 

has lower tensile strength relative to CFRP (see Table 1), 

but concrete withstands higher lateral strain prior to the 

breaking point without losing its integrity. 

The economic indices are estimated regarding failure 

strains for entire samples. The results are presented in 

Figure 8. 

 

 

 

Figure 5. The values of compressive strength in the experiment 
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Figure 6. Economic analysis regarding compressive strength for entire samples 

 

 

 

Figure 7. The values of failure strain in the experiment 

  

 

Figure 8. Economic analysis regarding failure strain for entire samples 

 

 

With a similar argument stated in section “3.1.1.” 

regarding economic analysis of compressive strength, 

there is more cost-benefit for one layer of GFRP, 

especially for higher concrete strength. This clearly 

reveals in Figure 8. 

 
3. 1. 3. Energy Absorption         Energy absorption can 

be estimated from the areas under the curves of Figures 2 

through 4 up to failure strain for the entire samples. The 

large scale of the area indicates that more energy is 
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absorbed. The area is calculated by applying the 

MATLAB program. In this process, the area of each 

curve is computed, individually and normalized to the 

area under the curve of the corresponding control sample. 

The normalized energy absorption of the samples is 

illustrated in Figure 9. 

Figure 9 demonstrates that samples wrapped by 

GFRP have higher energy absorption than those wrapped 

by CFRP. The reason behind this is due to higher failure 

strain in glass fiber compared to carbon fiber.   

The economic indices are estimated for entire 

samples corresponding the energy absorption, the results 

are shown in Figure 10. 
 
 

 

Figure 9. The values of energy absorption in the experiment 
 
 

 

Figure 10. Economic analysis regarding energy absorption for entire samples 

 

 

3. 1. 4. Ductility     According to ASCE41 [31], the 

ductility of the samples (μ) is defined by dividing the 

failure strain (ɛf) over the yielding strain (ɛy). The yield 

strain is estimated by the following procedure: at first, the 

stress-strain curve of each sample is replaced by an 

equivalent bilinear form using MATLAB software, then 

the intersection of these two straight lines is introduced 

as the yield strain, ɛy. For instance, in Figure 11, the 

procedure is presented for the C20 class wrapped by three 

layers of GFRP (i.e. C20, GFRP-L3). 

 

Figure 11. Ductility calculation for sample C20, GFRP-L3 

using MATLAB software (2019) 
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The results of ductility calculation are reported in 

Figure 12 for the entire samples (corresponding to 

Figures 2 through 4). 

In a similar fashion as explained in the previous 

section, Figure 12 reveals that the ductility in samples 

wrapped by GFRP is higher than those wrapped by CFRP 

due to the higher failure strain of glass fiber compared to 

carbon fiber. 

The economic indices are estimated regarding 

ductility for entire samples. The results are illustrated in 

Figure 13. This figure is shown that more cost-benefit is 

obtained for one layer of GFRP and lower concrete 

classes. 

Evaluation of plots in the economic analysis shown in 

Figures 6, 8, 10, and 13, indicates that FRP strengthening 

is more economical in regard to the improvement of 

compressive strength, failure strain, and energy 

absorption for higher concrete classes. In contradiction, 

the use of FRP is more cost-benefit regarding the 

improvement of ductility for lower concrete classes.  

 

3. 2. Statistical Approach           The statistical approach 

is needed to achieve a full-scale cost analysis of entire 

research. 
Paired t-test in statistical approach, provides the 

possibility of comparing two samples in different cases 

in which two-sample jams are essentially reduced to a 

one-sample case by using the computed differences d1, 

d2, . . . , dn. Thus, the hypothesis reduces to: 

H0: μ1−μ2 = d0  (1) 

where µ1 and µ2 represent the population means. 

H0 is rejected at significance level α when the 

computed t-statistic: 

t =
d̅−d0

sd/√n
  (2) 

exceeds tα/2,n-1 or is less than −tα/2,n-1 (critical regions).  

Parameter “n” is the sample size.  

d̅ and sd are parameters in relations (1) and (2). They 

represent the sample mean and standard deviation of the 

differences in the observations, respectively [32].    

 

 

 

Figure 12. The values of ductility in the experiment 

  

 

Figure 13. Economic analysis regarding ductility for entire samples 
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In the current study, the samples are economic indices 

related to concrete properties (reported in Figures 6, 8, 

10, and 13), and d0 variable, represents the improvement 

or decline of the index in comparison to the two samples. 

Multiple comparisons of cases are conducted in the 

following: 

Case 1: using glass fibers in comparison to carbon 

fibers for strengthening of concrete samples 

Case 2: using different layers of FRP in comparison 

to one layer for wrapping of concrete samples  

Case 3: strengthening of higher concrete classes in 

comparison to lowest concrete class by FRP wrapping 

Cost-benefit analysis of the above cases is examined 

in the following three sections, respectively : 

 

3. 2. 1. Case 1: Using Glass Fibers in Comparison to 
Carbon Fibers       The purpose of this section is to 

estimate the values of improvement or reduction in the 

economic index, do in application of glass fibers (sample 

1) in comparison to carbon fibers (sample 2) in concrete 

strengthening. This estimation is calculated for 

mechanical and seismic properties, individually. The 

results of Paired t-test are tabulated in Table 4. 

Estimation showed that the values of do are always 

positive which means that glass fibers are more cost-

benefit than carbon fibers regarding the improvement of 

concrete properties. For more clarification, the values of 

do are plotted in Figure 14. 

Figure 14 reveals, the maximum and minimum 

improvement in the economic index is obtained for 

energy absorption and failure strain, respectively (6.05 

vs. 0.17).   
 

 

TABLE 4. amounts of d, sd and d0 variables related to case 1  

Concrete properties  𝐝 sd d0 

Concrete strength 4.25 2.11 2.63 

Failure strain 0.36 0.26 0.17 

Energy absorption 17.11 14.43 6.05 

Ductility 6.09 4.01 3.00 

 

 

 

Figure 14. Values of do in case 1 for different concrete 

properties and FRP types 

From now on, evaluation of glass fibers will be the 

focus of the discussion, since the prior section has shown 

that the use of glass fibers is more economical than 

carbon fibers. 

 

3. 2. 2. Case 2: Using Multiple Layers of FRP in 
Comparison to a Single Layer       The aim of the 

current section is to estimate the values of improvement 

or reduction in economic index d0 when one layer of glass 

fibers, as in sample 1, is utilized in comparison to three 

and five layers of glass fibers, as in sample 2, for concrete 

strengthening. This estimation is performed for the entire 

concrete properties. The values of the Paired t-test are 

represented in Table 5. 

Estimation reveals that the values of d0 are always 

negative, which means that a single layer is more 

economical than three and five layers of glass fibers 

regarding the improvement of concrete properties.  For 

more clarification, the values of do are plotted in Figure 

15. 

Figure 15 shows that the maximum and minimum 

changes in the economic index belong to energy 

absorption and failure strain, respectively. Moreover, the 

graph reveals that the effect of an increase in GFRP 

layers from three to five layers is not noticeable in the 

economic index. 
 

 

 

TABLE 5. Amounts of d, sd and d0 variables related to case 2 

Concrete 

properties 

L3 L5 

𝐝 sd d0 𝐝 sd d0 

Concrete 

strength 
-4.15 0.83 -6.23 -6.28 1.90 -11.00 

Failure 

strain 
-0.48 0.14 -0.83 -0.61 0.15 -0.97 

Energy 

absorption 
-20.58 14.07 -55.61 -26.63 16.71 -68.31 

Ductility -7.87 0.18 -8.32 -10.03 0.32 -10.81 

 
 

 

 

Figure 15. Values of d0 in case 2 for different concrete 

properties and GFRP layers 
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3. 2. 3. Case 3: Strengthening of Higher Concrete 
Classes in Comparison to Lowest Concrete Class       

The goal of the current section is to assess the values of 

improvement or reduction in economic index d0 when 

lowest concrete class, as in sample 1, is compared to 

higher concrete classes, as in sample 2 for concrete 

strengthening with GFRP wrapping. Assessment is 

estimated for the entire concrete properties. The 

conclusions of the Paired t-test are tabulated in Table 6. 

Table 6 shows that the values of d0 are always 

negative, which implies that GFRP is more cost-benefit 

for the lowest concrete class regarding the improvement 

of concrete properties.  For a better understanding, the 

values of d0 are plotted in Figure 16.  

Figure 16 demonstrates that the maximum and 

minimum changes in the economic index are related to 

energy absorption and failure strain, respectively.  

 

 

TABLE 6. Amounts of d, sd and d0 variables related to case 3. 

Concrete 

properties 

C35 C50 

𝐝 sd d0 𝐝 sd d0 

Concrete 

strength 
2.81 1.64 -1.30 3.03 1.69 -1.16 

Failure 

strain 
0.07 0.06 -0.09 0.11 0.16 -0.29 

Energy 

absorption 
10.36 7.15 -7.45 20.19 17.83 -24.23 

Ductility -0.80 0.21 -1.33 -2.03 0.36 -2.94 

 

 

 

Figure 16. Values of d0 in case 3 for different concrete 

properties and classes 

 

 
4. CONCLUSIONS 
 

Using fibers as an excellent solution in the improvement 

of non-resistant or earthquake-damaged structures is well 

known. Past research shows that carbon and glass fibers 

have proper performance in increasing the compressive 

strength and improving the seismic behavior of concrete, 

respectively. Despite all the excellent FRP features, the 

considerable cost of fibers has always been an inhibiting 

factor in the development of the application of this 

method. Paying attention simultaneously to the economic 

approach in practical engineering in the application of 

FRPs (choosing the type and number of layers and 

concrete class) and considering their mechanical and 

seismic characteristics indicates the importance of the 

current research. The economic theoretical analysis 

performed in this study has been less discussed in past 

studies and is important in three ways (question form) 

and contributes to the new knowledge: 

• Comparatively, which type of fiber (glass or 

carbon) is more economical in terms of improving 

the mechanical and seismic properties of concrete? 

Economic analysis revealed that the answer to this 

question is glass fibers. 

• Choosing how many layers of fibers is more 

economical in concrete retrofitting? The economic 

analysis indicated that the lowest number of layers 

(one layer) is the answer to the problem and 

economic efficiency decreases with an increase in 

the number of FRP layers. 

• Fibers are more economically effective on which 

concrete class in terms of improving performance? 

Statistical analysis clarified that fibers are more 

cost-effective in improving the behavior of low-

strength concrete. 

Regarding the limitations of the current research, it 

should be noted that the study was designed in response 

to the needs of the engineering society, and therefore its 

results are valid within the same scope. It is obvious that 

by choosing a wider range of concrete classes and the 

type and number of selected wraps, the research can be 

more comprehensive. Also, the effect of fibers from an 

economic aspect was focused on the compressive 

behavior of concrete. While the flexural behavior of 

concrete in the moment frame caused by an earthquake 

could be the subject of future research.  
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Persian Abstract 

 چکیده 
)مانند کرنش    یالرزه   ی و پارامترها  یبهبود مقاومت فشار  یبتن به معنا  یسازمطالعه، مقاوم  ین نام دارد. در ا  FRP  دورپیچبتن،    ی مقاوم ساز  یبرا  حاضر   یکردهایاز رو  یکی

 یل، دل  ینکند و به هم  یجادا  ینوع مقاوم ساز  ین ا  تصادیرا در رابطه با ارزش اق  یممکن است مسائل نگران کننده ا  ینه هز  یل تحل  ( است. یریپذو شکل   یشکست، جذب انرژ

مختلف   هاییهو با لا  آمادهمگاپاسکال(    50و    35،  20بتن )  یارمقاومت فشرده  سه    ینمونه برا  21راستا،    یندر ا  انجام شد.  آزمایشگاهی  یبر اساس کارها  یاقتصاد  یلتحل

  یاف نشان داد که ال  یجنتا  کرنش قرار گرفتند و خواص بتن برآورد شد.-تنش  یش. نمونه ها تحت آزمادورپیچ شد(  یهلا  5و    3،  1،  0)   یشهکربن و ش  یافبا ال  شدهیت تقو  یمرهایپل

کربن در بهبود خواص  الیافنسبت به  یشه ش یافنشان داد که ال یاقتصاد یلبتن موثرتر هستند. اما، تحل یلرزه ا یو پارامترها یدر بهبود مقاومت فشار یببه ترت یشهکربن و ش

مقرون به صرفه تر    یبتن   ینمونه ها  برای کدام  FRPاربرد  ه کنتوانست مشخص کند ک  یاقتصاد  یل تحل است.  مناسب تر   فایده  -ینه، از نظر هز FRP  یهلا  یک   یبرا  یژه بتن، به و

- ینههز  از نظر   مقاومکم  بتن    یبرا  FRPنشان داد که استفاده از    یلاستفاده شد. تحل  یآمار   یل جامع از تحل  یابیارز   یکبه    یابیو دست  ابهام  ینپاسخ به ا   یبرا  یل دل  ین و به هم  است

   ایده مناسب تر است.ف
 

 


