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A B S T R A C T  
 

 

This research examined the effect of nanographene oxide in enhancing the mechanical properties of 
polyamine resin for better adhesion of carbon-fiber-reinforced polymer (CFRP) to a fiber-reinforced 

concrete beam. To this purpose, 33 fiber-reinforced concrete beams retrofitted with CFRP of lengths 50 

cm, 35 cm, and 20 cm and widths 3 cm, 6 cm, and 10 cm were experimentally studied. Graphene oxide 
weight percentages of 1, 2, and 3 percent were considered, and the corresponding cases were compared 

with the case of a retrofitted beam without graphene oxide. According to the results of experiments on 
12 of the beams, as the nanomaterial in the adhesive increases from 1 to 2 and 3%, the values of 

maximum load-carrying capacity, maximum mid-span deflection, beam stiffness, and beam toughness 

exhibited  46,19, 27, and 5 %, respectively, relative to the case of the beam reinforced with CFRP and 

without graphene oxide. Subsequently, given the close results of the beams reinforced with 2 and 3% 

graphene oxide. The 2% graphene oxide was used in the rest of the samples to investigate the effect 

changes in the number of layers, length, and width of the CFRP on the mechanical properties of the 
concrete beam. The results indicated that an increase in the number of layers, length, and width of CFRP 

results in an increase in the load-carrying capacity and deformability of the fiber-reinforced concrete 

beam 

doi: 10.5829/ije.2022.35.08b.09 
 

 
1. INTRODUCTION1 
 

The increasing trend in the demand for structural 

reinforcement and strengthening can be due to a failure 

to follow regulations during construction, weakness of 

the structure against lateral forces, exposure to corrosion, 

changes in regulations, changes in usage, and old age, 

among other factors. In general, structural retrofitting and 

strengthening can be defined as an intelligent 

modification of structural properties of a building aimed 

at improving future seismic performance. Various 

strengthening methods have been considered suitable for 

reinforced concrete structures. Steel binding, increasing 

the cross-sectional area via concreting and adding rebars, 

strengthening via steel plates, epoxy injection, 

integration with prestressed cables, employing seismic 
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techniques, and using fiber-reinforcement polymer (FRP) 

are examples of these methods. Among composites, the 

carbon-fiber-reinforced type is used more frequently than 

other types for concrete structures due to its higher 

strength, higher stiffness-to-weight ratio, better corrosion 

resistance, shorter construction time, and better durability 

[1-6]. Numerous studies have been conducted in recent 

years on the strengthening of reinforced concrete 

members, such as beams [7-10], slabs, columns [11], 

beam-to-column [12], connections, and other members 

[13]. Providing the debonding of carbon-fiber-reinforced 

polymer (CFRP) from the concrete surface is limited, this 

product may be considered to possess all the parameters 

required to strengthen reinforced concrete structures 

[14]. Various methods have been introduced to maximize 

the utility of the tensile capacity of CFRP under loading 

 

 

mailto:m-mirhoseini@iau-arak.ac.ir


M. R. Halvaeyfar et al. / IJE TRANSACTIONS B: Applications  Vol. 35, No. 08, (August 2022)    1524-1532                             1525 
 

while preventing debonding between the CFRP and the 

reinforced concrete [15-17]. Most of these methods 

attempt to prevent debonding by using CFRP, steel 

plates, bolts, or a combination of these at the end of the 

connection between CFRP and concrete. In recent years, 

some research has been conducted on limiting fiber-

concrete debonding by using nanomaterials to strengthen 

resins.  Due to their large specific area, these materials 

have improved the mechanical properties of resins. An 

example of these materials is carbon nanotube (CNT) 

particles, which have been extensively studied by 

researchers [18-20]. These particles have been reported 

to increase the tensile strength, flexural strength, 

toughness, strain, and modulus of elasticity [21-24]. 

Another example of nanomaterials is graphene oxide, 

which is layered. Most studies have investigated the 

chemical effect of this material on the mechanical 

capacity of resins [25-28]. Little research has addressed 

the application of nanographene oxide in enhancing the 

properties of resins and in the strengthening of reinforced 

concrete structures. Acar et al. [29] carried out studies on 

the mechanical properties of monolayer prepreg (MP) 

and graphene-reinforced monolayer prepreg (GMP) 

composites aimed at improving resin properties to 

reinforce a concrete beam. The results indicated that 

adding graphene improved the mechanical properties of 

the resin and increased the tensile strength of the system. 

In another study, Wang et al. [30] demonstrated that 

participation by nanographene in epoxy resin improves 

the tensile strength and maximum strain of composite 

beams and significantly affects their abrasion properties 

and long-term durability. The present work 

experimentally researches the influence of nanographene 

oxide on improving the mechanical properties of 

polyamine resin in strengthening a fiber-reinforced 

concrete beam using CFRP. For this purpose, 33 fiber-

reinforced concrete beams were prepared and subjected 

to four-point loading. Moreover, the influence of  

 

changing the number of layers and the length and width 

of the CFRP on the increase in the load-carrying capacity 

and deformability of the fiber-reinforced concrete beam 

was studied.  
 

 
2. MATERIALS AND EXPERIMENTAL SETUP 
 

In this research, an experimental setup was defined to 

determine the load-carrying capacity of the fiber-

reinforced concrete beam strengthened using CFRP. The 

epoxy adhesive used to attach the CFRP to the tensile 

region of the fiber-reinforced concrete was polyamine 

resin with nanographene oxide. The fiber-reinforced 

concrete beam samples were 50 cm in length with cross-

sectional dimensions of 10×10 cm and contained 1% 

Volumetric steel fibers. 3 samples were made for each 

type and their average was considered . 

The specifications of the CFRP, number of CFRP 

layers, percentage of nanographene oxide, and number of 

identical test samples are displayed in Table 1. In this 

table, the letters Le, W, and L represent the length, width, 

and the number of layers of the CFRP, respectively, and 

the letter G denotes the weight percent of nanographene 

oxide used in the polyamine resin. For instance, the 

sample Le50-W3-L1-G2 is reinforced with one layer 

CFRP with a length of 50 cm, a width of 3 cm, and 2 wt% 

of nanographene oxide in the resin. 

 
2. 1. Materials              Unidirectional CFRP with a weight 

of 180 g/m2 was used in this research to reinforce the 

beams. The specifications of the CFRP used are shown in 

Table 2. Concrete with an average compressive strength 

of 32.8 Mpa and a slump of 48 mm was used to prepare 

the beams. The cement used was of Type-5 with silica 

used in 5 different particle size ranges to maintain 

gradation continuity. The largest grain size was 5 mm, 

and  microsilica was  used  to  fill  the  space between the 

 
TABLE 1. Specifications of fiber concrete samples 

Number of 

similar samples 
Nano weight 

percentage 

Specifications of CFRP 
Sample Number 

No. of layers Length(cm) Wide(cm) 

3 ___ ___ 50 ___ No CFRP 1 

3 ___ 1 50 10 Le50-W10-L1-G0 2 

3 1 1 50 10 Le50-W10-L1-G1 3 

3 2 1 50 10 Le50-W10-L1-G2 4 

3 3 1 50 10 Le50-W10-L1-G3 5 

3 2 2 50 10 Le50-W10-L2-G2 6 

3 2 3 50 10 Le50-W10-L3-G2 7 

3 2 1 20 10 Le20-W10-L1-G2 8 

3 2 1 35 10 Le35-W10-L1-G2 9 

3 2 1 50 3 Le50-W3-L1-G2 10 

3 2 1 50 6 Le50-W6-L1-G2 11 
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TABLE 2. Mechanical specifications of CFRP 
Modulus  of 

elasticity (Gpa) 

Tensile strength 

(Mpa) 

Weight 

(g/m2) 

Thickness 

(mm) 
 

230 3800-4000 180 0.3 quantity 

 
 
grains. Furthermore, a lubricant was used to improve the 

performance of concrete. The details of the concrete mix 

design according to ASTM C33 are displayed in Table 3. 

Drinking water with a water-to-cement ratio of 0.35 

was used in the mix design. The fibers in the concrete 

were made of metal and had a length of 3 cm and a 

diameter of 0.8 mm with hooks at the ends (Figure 1). 

The yield strength of the fibers was 385 MPa. 

Epoxy resin based on a polyamine chemical radical 

with a specific weight of 1 g/cm3 and tensile strength of 

14 Mpa was used in the present research. Nanographene 

oxide was utilized to modify the mechanical properties of 

the epoxy resin. The nanographene oxide had a particle 

thickness of 3.7-4 nm and a purity of 99%. The chemical 

radical of the nanographene oxide used was in the range 

of 6-10 layers. For better mixing of the nanographene 

oxide in the adhesive, a solvent consisting of Xylene, 

MEK, and N. Butanol with volume fractions of 70, 15, 

and 15 percent, respectively. First, the solvent was solved 

in Part A of the resin, and the nanographene oxide was 

added. Then, the mixture was shaken for 5 minutes and 

placed in the ultrasonic device for 30 minutes for the 

nanoparticles to be dispersed. Ultimately, the hardener 

(part B) of the resin was added to the adhesive several 

minutes before use. The solvent possessed 10% of the 

total weight of the resin. 

 
2. 2. Test schedule         In order to prepare the fiber-

reinforced concrete beam samples, first, the dry 

aggregates were mixed in the mixer. In the meanwhile, 

micro silica, metal fibers, water, and lubricant were 

added in that order. Mixing was allowed to continue for 

10 minutes. Subsequently, horizontal metal molds were 

filled with the mixture in three steps, and the mixture was 

compacted for 3 minutes on a vibration table in each step.   
After 24 hours, the samples were demolded and were 

then kept for 28 days in a curing tank according to ASTM 

C156  (see Figure 2). 

At the end of the 28 days, the weak concrete coating 

on the surface of the samples was removed, and the 

samples were repaired using restorative materials. After 

the surfaces were prepared, the CFRP was bonded to the 

tensile region of the beam using the liquid adhesive 

prepared beforehand. For full adhesion between the 

concrete beam and the CFRP, the air trapped under the 

CFRP was forced out via rolling. Then, the strengthened 

samples were maintained at room temperature for one 

week before loading (Figure 3). After the carbon-fiber-

reinforced samples were prepared, they were subjected to 

four-point loading using a 250 kN STM 250 jack with a 

loading rate of 0.1 mm/min according to ASTM C78, as 

shown in Figure 4, and the deflection of the beam span 

was measured using a linear variable differential 

transformer (LVDT) gage. 

 

 

3. EXPERIMENTAL RESULTS 

 

In this section, the results of four-point loading on the 

fiber-reinforced concrete beam with a length of 50 cm 

and cross-sectional dimensions of 10×10 cm reinforced 

with CFRP are presented. The load was applied by the 

jack at a constant rate of 0.1 mm/min, and the 

displacement midspan of the beam was measured by the 

strain gauge. The maximum load, midspan deflection at 

 
 

TABLE 3. Weight values of materials used in fiber concrete mixing design 

Aggregate (mm) 
Superplasticizer Micro silica Fiber Water Cement Materials 

0-0.3 0.3-1 1-2 2-3 3-5 

180.8 259.2 235 192.9 337.5 4.6 191 80 267 763 Quantity(kg/m3) 

 

 

 
Figure 1. Synthetic metal fibers 

 
Figure 2. Curing stage of fiber concrete beams 
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Figure 3. Step of removing trapped air under the CFRP 

using the roller method 

 

 
Figure 4. Preparation of reinforced fiber concrete beams for 

4-point loading operations 

 

 

the maximum load, initial stiffness (slope of the initial 

part of the force-deflection graph), and the toughness 

(area under the force-deflection graph), which were 

obtained automatically from the loading machine, are 

displayed in Table 4. This table draws a comparison 

between the strengthened fiber-reinforced concrete beam 

with various numbers of layers, lengths, and widths of 

CFRP and different weight percentages of nanographene 

oxide in the epoxy adhesive. Several instances of the tests 

performed on the fiber-reinforced beam strengthened at 

the tensile region using CFRP are displayed in Figure 5.  
 
3. 1. Effect of Weight Percent of Nanographene 
Oxide               This section addresses the effect of the 

weight percentage of nanographene oxide in the epoxy 

adhesive for improving the adhesive properties given the 

experimental results for the maximum load-carrying 

capacity, maximum deflection, initial stiffness, and 

toughness. The results pertaining to the maximum load-

carrying capacity, maximum deflection, initial stiffness, 

and toughness with respect to changes in nanographene 

oxide are shown in Table 5. 

 

TABLE 4. The results read from the 4-point jack machine on the reinforced fiber concrete beam 

Toughness (N.m) 
Initial Stiffness 

(kN/m) 

Maximum 

Deflection  (mm) 

Ultimate load Pu 

(KN) 
Sample Number 

28.6 7361 1.44 10.6 No CFRP 1 

36.3 8312 1.59 13.3 Le50-W10-L1-G0 2 

36.6 9212 1.65 15.2 Le50-W10-L1-G1 3 

36.7 9255 1.88 17.4 Le50-W10-L1-G2 4 

38.1 10543 1.89 19.4 Le50-W10-L1-G3 5 

44.4 11627 2.58 30 Le50-W10-L2-G2 6 

60.1 14485 2.72 39.4 Le50-W10-L3-G2 7 

36.4 8717 1.60 13.5 Le20-W10-L1-G2 8 

36.5 9880 1.67 16.5 Le35-W10-L1-G2 9 

36.0 9127 1.64 14.9 Le50-W3-L1-G2 10 

36.3 9223 1.7 16.7 Le50-W6-L1-G2 11 

 

 

 
Figure 5. A few examples of fiber reinforced concrete 

beams reinforced with CFRP 

As seen in the table, a comparison of Le50W10L1G0, 

Le50W10L1G1, Le50W10L1G2, and Le50W10L1G3 

with equal lengths, widths, and numbers of layers of 

CFRP and a change in the weight of graphene oxide from 

0 to 1, 2, and 3 percent shows an increase in the ratio of 

the maximum load exerted on the beam from 1.14 to 1.31 

and 1.46, respectively.   

Similarly, the midspan deflection ratio increased from 

1.037 to 1.18 and 1.19, respectively, the initial stiffness 

ratio increased from 1.11 to 1.12 and 1.27, respectively, 

and the toughness ratio increased from 1.003 to 1.01 and 

1.05, respectively. These results indicate that a rise in the  



 

 

TABLE 5. Influence of graphene oxide content on polyamine resin in mechanical properties of fiber concrete beams 
𝑻

𝑻
  

𝑵𝒐  

𝑮𝒓𝒂𝒑𝒉𝒆𝒏 

𝑲𝒊𝒏𝒕

𝑲𝒊𝒏𝒕
  

𝑵𝒐 

𝑮𝒓𝒂𝒑𝒉𝒆𝒏 

∆𝒎𝒂𝒙

∆𝒎𝒂𝒙
  

𝑵𝒐 

𝑮𝒓𝒂𝒑𝒉𝒆𝒏 

𝑷𝑼

𝑷𝑼
  

𝑵𝒐 

𝑮𝒓𝒂𝒑𝒉𝒆𝒏 

∆𝒎𝒂𝒙

∆𝐦𝐚𝐱⁡
  

𝑵𝒐 

𝑪𝑭𝑹𝑷 

𝑷𝑼

𝑷𝑼
  

𝐍𝐎 

𝐂𝐅𝐑𝐏 

Toughness 

(N.m) 

Initial 

Stiffness 

(Kn/m) 

Maximum 

Deflection 

 (mm) 

Ultimate 

load Pu 

(Kn) 

Sample 

0.78 0.88 0.91 0.79 1 1 28.6 7361 1.44 10.6 No CFRP 

1 1 1 1 1.1 1.25 36.3 8312 1.59 13.3 Le50-W10-L1-G0 

1.003 1.11 1.037 1.14 1.14 1.44 36.6 9212 1.65 15.2 Le50-W10-L1-G1 

1.01 1.12 1.18 1.31 1.30 1.64 36.7 9255 1.88 17.4 Le50-W10-L1-G2 

1.05 1.27 1.19 1.46 1.31 1.83 38.1 10543 1.89 19.4 Le50-W10-L1-G3 

 
 

weight of graphene oxide has improved the adhesion 

between the epoxy adhesive and concrete. However, the 

above data show that the results corresponding to the use 

of 2 and 3% nanographene oxide were very close. Hence, 

the 2 wt% was used for the rest of the work in the 

research. It was also observed that the maximum load 

endured by the fiber-reinforced beam strengthened with 

CFRP and graphene oxide weight percentages of 0, 1, 2, 

and 3% were higher than those of the non-strengthened 

fiber-reinforced concrete beam by 25, 44, 64, and 83%, 

respectively. These increases were respectively 10, 14, 

30, and 31% for the midspan deflection. The results 

corresponding to the effect of the weight percentage of 

graphene oxide are shown in Figure 6. 

 
3. 2. Effect of Number of Layers of CFRP on the 
Results            This section addresses the influence  of the 

number of layers of the CFRP with a length of 50 cm and 

a width of 10 cm considering 2 wt% of nanographene 

oxide in the epoxy adhesive. As seen in Table 6, a 

comparison of Le50W10L1G2, Le50W10L2G2, and 

Le50W10L3G2 with constant lengths and widths of 

CFRP, 2 wt% of graphene oxide, and a change in the 

number of layers of CFRP from 1 to 2 and 3 shows an 

increase in the maximum load exerted on the beam 

from17.4 to 30 and 39.4 kN, respectively. Similarly, the 

midspan deflection increased from 1.88 to 2.58 and 2.72 

mm, respectively, the initial stiffness increased from 

9255 to 11627 and 14485 kN/m, respectively, and the 

toughness increased from 36.7 to 44.4 and 60.1 Nm, 

respectively. These results indicate that an increase in the 

number of layers of CFRP improves the load-carrying 

capacity and flexibility of the fiber-reinforced concrete 

beam.  Moreover, Figure 7 indicates a downward jump in 

force at the maximum load point. This jump becomes 

more severe as the number of layers increases. This 

occurs due to a tear in the CFRP and its inability to 

withstand force any longer. The fracture of the concrete 

beam occurs immediately after the fracture of the CFRP. 
 

3. 3. Effect of a Change in the Length of CFRP on the 
Results           This section investigated the influence  of 

a change in the length of the CFRP from 50 to 35 and 20 

cm with a width of 10 cm, a single layer of CFRP, and 2 
 

 

 
Figure 6. Effect of weight percentage of graphene oxide 

material used in the epoxy adhesive on the load-

displacement diagram of fiber reinforced concrete beams 

reinforced with CFRP 
 

 
 

TABLE 6. Influence of the number of layers of CFRP on the mechanical properties of fiber concrete beams  

𝑻

𝑻
  

𝑵𝒐  

𝑮𝒓𝒂𝒑𝒉𝒆𝒏 

𝑲𝒊𝒏𝒕

𝑲𝒊𝒏𝒕
  

𝑵𝒐  

𝑮𝒓𝒂𝒑𝒉𝒆𝒏 

∆𝒎𝒂𝒙

∆𝒎𝒂𝒙
  

𝑵𝒐  

𝑮𝒓𝒂𝒑𝒉𝒆𝒏 

𝑷𝑼

𝑷𝑼
  

𝑵𝒐 

𝑮𝒓𝒂𝒑𝒉𝒆𝒏 

∆𝒎𝒂𝒙

∆𝐦𝐚𝐱⁡
  

𝑵𝒐 

𝑪𝑭𝑹𝑷 

𝑷𝑼

𝑷𝑼
  

𝐍𝐎 

𝐂𝐅𝐑𝐏 

Toughnes

s(N.m) 

Initial 

Stiffness 

(kN/m) 

Maximum 

Deflection 

 (mm) 

Ultima

te load 

Pu 

(kN) 

Sample 

1.01 1.12 1.18 1.31 1.30 1.64 36.7 9255 1.88 17.4 Le50-W10-L1-G2 

1.22 1.4 1.62 2.25 1.79 2.83 44.4 11627 2.58 30 Le50-W10-L2-G2 

1.65 1.74 1.71 2.96 1.89 3.72 60.1 14485 2.72 39.4 Le50-W10-L3-G2 
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Figure 7. Effect of the number of layers of CFRP used to 

reinforce the fiber beam in the load-displacement diagram of 

the beam by considering two weight percent of the amount 

of graphene nano oxide in epoxy adhesive 

 

 
wt% of nanographene oxide in the adhesive. As 

summarized in Table 7, a comparison of Le50W10L1G2, 

Le35W10L1G2, no CFRP, and Le20W10L1G2 with 

equal widths, one layer of CFRP, 2 wt% of graphene 

oxide, and with a change in the length of CFRP from 50 

to 35 and 20 cm showed increases of 64, 55 and 27% in 

the maximum applied load compared to the beam sample 

without CFRP. Similarly, the midspan deflection 

increased from 30 to 16 and 11%, respectively. In 

addition, the results indicated that the toughness of the 

beam increases from 27.2 to 27.6 and 28.3% with an 

increase in the CFRP length from 20 to 35 and 50 cm. 

These results, displayed in Figure 8, demonstrate an 

improvement in the load-carrying capacity and flexibility 

of the strengthened fiber-reinforced beam given the use 

of the whole surface area of the tensile region of the 

concrete for strengthening. Furthermore, Figure 8 shows 

that the overall shapes of the load-deflection graphs of 

the three samples are almost identical.  Initially, the load-

carrying increases with a gentle slope, followed by a 

downward jump due to the formation of microcracks.  
Subsequently, as the fibers come into play, the load-

carrying capacity begins to rise again, followed by a 

strong decrease as the CFRP fractures.  
 
3. 4. Effect of a Change in the Width of CFRP on the 
Results            This section investigated the impact of a 

change in the width of the CFRP from 10 to 6 and 3 cm 

with a constant length of 50 cm, a single layer of CFRP, 

and 2 wt% of nanographene oxide in the resin. As stated 

in Table 8, a comparison of Le50W10L1G2, 

Le35W6L1G2, no CFRP, and Le20W3L1G2 with equal 

lengths, one layer of CFRP, 2 wt% of graphene oxide, 

and with a change in the width of CFRP from 10 to 6 and 

3 cm showed increases of 64, 57, and 40% in the 

maximum load applied to the beam compared to the beam 

sample without CFRP. Similarly, the midspan deflection 

increased from 30 to 18 and 14%, respectively. In 

addition, the results indicated that the toughness of the 

beam decreases from 28.3 to 26.9 and 25.8% with an 

increase in the CFRP width from 10 to 6 and 3 cm. These 

results are also displayed in Figure 9.  

 
 

TABLE 7. Influence length of CFRP on the mechanical properties of fiber concrete beams  
𝑻

𝑻
  

𝑵𝒐⁡𝑪𝑭𝑹𝑷  

∆𝒎𝒂𝒙

∆𝐦𝐚𝐱⁡
  

𝑵𝒐⁡𝑪𝑭𝑹𝑷 

𝑷𝑼

𝑷𝑼
  

𝑵𝒐⁡𝑪𝑭𝑹𝑷 
Toughness(N.m) 

Maximum 

Deflection  (mm) 

Ultimate 

load Pu(kN) 
Sample 

1 1 1 28.6 1.44 10.6 No CFRP 

1.28 1.30 1.64 36.7 1.88 17.4 Le50-W10-L1-G2 

1.27 1.16 1.55 36.5 1.67 16.5 Le35-W10-L1-G2 

1.27 1.11 1.27 36.4 1.60 13.5 Le20-W10-L1-G2 

 

 

TABLE 8. Influence width  of CFRP on the mechanical properties of fiber concrete beams  
𝑻

𝑻
  

𝑵𝒐⁡𝑪𝑭𝑹𝑷  

∆𝒎𝒂𝒙

∆𝐦𝐚𝐱⁡
  

𝑵𝒐⁡𝐂𝐅𝐑𝐏 

𝑷𝑼

𝑷𝑼
  

𝐍𝐎⁡𝐂𝐅𝐑𝐏 

Toughness 

(N.m) 

Maximum 

Deflection  (mm) 

Ultimate load Pu 

(kN) 
Sample 

1 1 1 28.6 1.44 10.6 No CFRP 

1.28 1.30 1.64 36.7 1.88 17.4 Le50-W10-L1-G2 

1.26 1.18 1.57 36.3 1.70 16.7 Le50-W6-L1-G2 

1.25 1.14 1.4 36.0 1.64 14.9 Le50-W3-L1-G2 
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Figure 8. Effect of changing the length of carbon fiber used 

to strengthen the fiber beam in the load-displacement 

diagram of the beam by considering a layer of carbon fiber 

and 2% by weight of graphene nano oxide in epoxy resin 

 

 

 
Figure 9. Effect of changing the width of carbon fiber used 

to strengthen the fiber beam in the load-displacement 

diagram of the beam by considering a layer of carbon fiber 

and 2% by weight of graphene nano oxide in epoxy resin 
 

 
4. CONCLUSION 
 

This research demonstrated that an increase in 

nanographene oxide in epoxy adhesive and the number 

of layers, length, and width of CFRP improve the load-

carrying capacity and deformability of fiber-reinforced 

concrete beams. The following conclusions are drawn: 

• As the weight percentage of nanographene oxide 

increased from 1 to 2 and 3% in the epoxy adhesive, 

the ultimate load-carrying capacity of a fiber-

reinforced beam strengthened with a layer of CFRP 

with a length of 50 cm and width of 10 cm increased 

by 14, 31, and 46%, respectively, compared to a 

similar reinforced beam without nanographene 

oxide (Le50W10L1G0) and with an ultimate load-

carrying capacity of 13.3 kN. Moreover, the results 

indicated a 3.7, 18, and 19% increase in the 

maximum midspan deflection for the strengthened 

beam, respectively, compared to the 1.59 maximum 

midspan deflection of the fiber-reinforced beam 

sample (Le50W10L1G0). In addition, as the weight 

of the nanographene oxide increased from 1 to 2 and 

3% in epoxy adhesive, increases of 1.11, 1.12, and 

1.27, respectively, in initial stiffness and 1.003, 

1.01, and 1.04, respectively, in toughness were 

observed compared to the beam sample 

Le50W10L1G0.  

• With a constant nanographene oxide weight of 2% 

in polyamine resin, an increase in the number of 

layers of CFRP from 1 to 2 and 3 was seen to 

increase the ultimate load-carrying capacity of the 

beam to respectively 1.64 to 2.83 and 3.72 times 

that of the non-strengthened case. Similarly, 

increases of 30, 79, and 89%, respectively, in the 

midspan deflection of the beam were observed. An 

increase in the number of layers of CFRP increased 

the initial stiffness from 9255 to 11627 and 14485 

kN/m, respectively, and the toughness from 36.7 to 

44.4 and 60.1 N .m. 

• As the length of the CFRP increased from 20 to 35 

and 50 cm, the maximum load-carrying capacity 

increased by 27, 55, and 64%, respectively. In 

addition, increases of 11, 16, and 30% were 

obtained from the maximum midspan deflection 

and 27.2, 27.6 and 28.3% for the toughness of the 

materials. In this case, 2% nanographene oxide was 

used in the polyamine resin. 

• With an increase in the width of the CFRP from 3 

to 6 and 10 cm, the ultimate load-carrying capacity 

was observed to increase by 40, 57 and 64%, 

respectively. The corresponding increases in the 

maximum midspan deflection were 14, 18, and 

30%, respectively, and those in the toughness were 

25.8, 26.9, and 28.3%, respectively.  

• Using the results obtained in this study, due to the 

high resistance created in the resin, the full capacity 

of CFRP can be used, which is the result of 

significant progress in civil engineering. 
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Persian Abstract 

 چکیده 

الیافی مورد بررسی قرار گرفت. برای  تیر بتنآمین جهت بهبود در چسبندگی پارچه کربنی به  ی نانو اکسیدگرافن در بهبود خواص مکانیکی رزین پلیماده در این پژوهش، تاثیر

سازی  متر مقاومسانتی  10و    6،  3متر و عرض مختلف  سانتی  20و35،  50ی کربنی به طول مختلف  تیر بتن الیافی با استفاده از پارچه  33آزمایشگاهی تعداد  این منظور در یک کار  

بدون اکسیدگرافن مقایسه شد. نتایج کار   سازی شدهدرصد بوده که با حالت تیر مقاوم  3و1،2اند، مورد بررسی قرار گرفت. مقادیر وزنی اکسید گرافن در رزین به ترتیب  شده

درصد، مقادیرحداکثر ظرفیت باربری، خیز حداکثر وسط دهانه، سختی تیرو طاقت آن به ترتیب  3و2به1ی نانو در چسب از  مقدار ماده تیر نشان داد که با افزایش  12ابتدا بر روی  

سازی شده با  چه کربنی وبدون اکسید گرافن داشت. در ادامه با توجه به نزدیک بودن نتایج تیرهای مقاومسازی شده باپاردرصد افزایش نسبت به حالت تیر مقاوم  5و46،19،27

ها استفاده شده و تاثیر تغییر در تعداد نوار، طول و عرض پارچه کربنی در مشخصات مکانیکی تیر بتنی  ی اکسید گرافن، از دودرصد اکسید گرافن در بقیه نمونهدرصد ماده  3و  2

 یابد.الیافی افزایش میپذیری تیر بتنکربنی و همچنین طول و عرض آنها ظرفیت باربری و شکلرسی شد. نتایج نشان داد که با افزایش تعداد نوارهای پارچهبر

 
 


