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In this work, it was attempted to explore the bond behavior of rebars in 

high-performance fiber-reinforced cementitious composite (HPFRCC) 

consisting of hybrid fibers with 1 and 2% by weight of binder for steel 

and 0.1, 0.2, 0.3, and 0.4% by weight of binder for polypropylene (PP) 

and polyvinyl alcohol (PVA) fibers along with the compressive and 

tensile strengths after exposure to high temperature. From 19 mix 

designs, four superior ones which experienced lower reduction in 

compressive strength at 400 and 600 
o
C was selected in order to 

investigate the bond behavior of rebar in HPFRCC specimens using 

direct pullout and RILEM beam tests. The experimental results 

revealed that the HPFRCC specimens with 1% steel fiber combined 

with 0.2% PP fiber and 0.3% PVA fiber, separately, had the minimum 

compressive strength loss at 400 and 600 °C. For the HPFRCC with 

2% steel fiber, the higher compressive strength at the given 

temperatures was observed for those with 0.3% PP and 0.2% PVA 

fiber, separately. The specimens with higher compressive strength at 

the given temperatures were those that had 2% steel fibers, 0.3% PP, 

and 0.2% PVA fibers. The specimen with 1% steel fibers and 0.3% 

polypropylene fibers had a greater tensile strength with a value of 14.2 

MPa compared to other specimens. Furthermore, the bond capacity of 

rebar in HPFRCC continues to decline with temperature rise up to 600 

°C to the point where this reduction for the chosen specimens is 

approximately 62% of the bond strength of the specimens at the room 

temperature (i.e., 23 °C). The maximum pull-out force has a 

significant relationship with the type and proportion of fibers, as 

demonstrated by the RILEM beam's results. Compared to specimens 

containing PP fibers, those with PVA fibers at high temperatures were 

able to tolerate higher bond strength. 
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1. Introduction 

The concrete-steel rebar bond capacity plays 

an important role in the ultimate loading 

capacity of a reinforced concrete member. This 

parameter also affects a number of 

serviceability design criteria including crack 

width, crack spacing, and deflection of the 

member[1–4]. ACI-408R-03[5] states that the 

force transfer between a deformed rebar and 

surrounding concrete occurs through (a) 

chemical bond between the rebar and concrete 

that depends on the surface texture of the rebar 

and the type of concrete; (b) friction between 

the rebar and the concrete that is controlled by 

interfacial roughness, normal forces on the 

rebar surface, and rebar-concrete relative slip ; 

and (c) mechanical interlocking between the 

rebar ribs and concrete. 

The direct pullout and the beam-bending tests 

as the most commonly used techniques for 

investigating the concrete-steel rebar bond 

were used according to the recommendations 

of RILEM
1
-7-II-128 [1] and RILEM-7-II-28D 

[6] as proposed by many researchers like Chan 

et al .[7], Belarbi et al. [8], Desnerck et al. [9], 

Kotynia [10], Almeida Filho et al. [11], 

Mazaheripour et al. [12], and Deng et al. [13]. 

In the direct pullout test, a cylindrical concrete 

specimen with a known rebar bond length is 

loaded with the rebar location being either 

concentric or eccentric. This test is selected 

due to multiple reasons that include fabrication 

and testing simplicity and the ability to isolate 

various variables impacting the overall bond 

performance[14]. 

Many studies have addressed he rebar-

concrete bond behavior using the pullout or 

                                                 
1
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pushout tests [14–17]. Generally, the bond 

capacity is mainly a result of chemical 

adhesion, mechanical interlocking between the 

rebar ribs and concrete, and rebar-concrete 

friction after debonding[18–21]. Before 

debonding, mechanical interlocking is usually 

the governing mechanism for deformed rebars 

and mainly is a function of the mechanical 

capacity of concrete [12,13]. Upon pulling the 

rebar, the interlocking effect leads to shear 

stresses in concrete along the distance between 

the lateral rebar ribs and tensile stresses in 

concrete that leads to the lateral confinement 

of the rebar [14,19]. The rebar pullout from 

concrete leads to either concrete splitting 

failure or concrete shear failure (rebar pullout) 

[12], depending on different factors including 

the rebar dimensions and shape [15], 

compressive capacity of concrete [22], rebar 

embedment length [23], and concrete cover 

thickness [16,24]. Thus, it is expected that a 

higher mechanical capacity of concrete 

improves the bond capacity. Nevertheless, at 

elevated temperatures, the mechanical strength 

of concrete experiences significant degradation 

[25]. 

Different high-performance fiber-reinforced 

cementitious composites (HPFRCC) have been 

produced in recent years with the aim of 

reaching improved mechanical capacities. For 

example, ultra-high-performance concrete 

(UHPC) containing micro steel fibers was 

developed to reach high compressive and 

strength strengths [26–28]. Typically, a very 

small water/cementitious materials ratio (w/cm 

< 0.25) is used to produce UHPC ; this gives 

rise to a refined microstructure with low 

permeability and porosity , which in turn 

results in improved mechanical capacity and 

durability. Nevertheless, as reported by a 

number of researchers, the water vapor 
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pressure accumulation occurs at high 

temperatures due to low permeability and 

leads to potential explosive spalling [24,29]. 

With temperature rise, more water is 

evaporated, which largely increases the pore 

pressure and internal stresses. In addition, 

cement hydrates decompose, leading to 

increased water quantity and reduced 

mechanical capacity of concrete [30,31]. 

However, HPFRCC has the successful 

performance in the room temperature, it is 

necessary to study the mechanical properties 

and bond strength between HPFRCC and 

rebars under the elevated temperatures, 

according which is rarely considered in the 

literatures. 

Li et al. [14] studied bond capacity of steel 

rebars in high-performance fiber-reinforced 

cementitious composite before and after 

heating. They found that as the rebar diameter 

increased from 12 to 20 mm, the bond capacity 

declined by up to 55% at 800 °C. It was also 

reported that as the rebar bond length 

increased from 40 to 100 mm, bond capacity 

declined by up to 55% at 800 °C. Yoo et al. 

[18] investigated the bond performance of 

steel rebar embedded in ultra-high-strength 

concrete. Experimental data indicated that 

increasing the compressive capacity of 

concrete considerably increased the average 

bond strength and increasing the bar size 

slightly decreased this parameter . Yoo et al. 

[32] carried out an experimental study on 

pullout and tensile behavior of ultra-high-

performance concrete reinforced with various 

steel fibers. Their achievements showed that 

maximum pullout forces occurred in 

specimens containing twisted and half-hooked 

steel fibers with aligned and highly inclined 

orientation, respectively. Additionally, straight 

steel fibers showed the best tensile behavior in 

UHPFRC is , and twisted, half-hooked, and 

hooked steel fibres demonstrated the next best 

behaviors. Krahl et al. [33] studied the impact 

of curing age on the pullout performance of 

inclined and aligned steel fibers in UHPFRC. 

Based on the results, inclined fibers showed 

the largest bond capacities at 28 d due to the 

snubbing impact, and the interfacial bond of 

straight fibers increased exponentially with 

age. 

According to the aforementioned discussion, 

the main objective of the present study is to 

experimentally investigate the bond behavior 

between rebar and HPFRCC under elevated 

temperatures, i.e., 400 and 600 
o
C using direct 

pullout and RILEM tests which is firstly 

carried out in current research. Additionally, 

the simultaneous effect of steel fiber with each 

polyvinyl alcohol fibre (PVA) and 

polypropylene (PP) fibers by different 

percentages is investigated in term of 

compressive and splitting tensile strengths 

before and after exposing elevated 

temperature.fibersIn this study, the design 

parameters including type and the percentage 

of fibres in HPFRCC using direct pullout and 

beam-bending tests based on RILEM is 

considered. 

2. Materials and methods 

2.1. Material properties 

The sand employed in this study, which has a 

maximum size of 0.6 mm, a density of 2.51 

gr/cm
3
, and a water absorption rate of 3.9%, 

was manufactured from Hamadan mines. The 

sieve analysis of sand, which showed that it 

was within the permitted range established by 

the ASTM C778 standard, are displayed in 

Table 1. Type II Hemagethan cement with the 

chemical and physical properties listed in 
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Table 2 was utilized to create HPFRCC 

specimens. 

Table 1. Results of the sand grading. 

Sieve No Sieve size 
Weight of retained 

(Passing percentage) 

#16 1.18 0 (100) 

#20 0.85 0 (100) 

#30 0.6 22 (97) 

#40 0.42 256 (68) 

#50 0.3 419 (24) 

#100 0.15 130 (3) 

 

Additionally, Table 2 displays the physical and 

chemical properties of the Semnan silica fume 

(used in this experiment). The generated silica 

fume complies with ASTM C150 standards, 

and for this study, sieve No. 30 was used to 

manage appearance traits and guarantee lump-

free materials. 

Table 2. Chemical compositions of binder 

materials. 

Oxide Cement Silica fume 

SiO2 19.9 85 

Al2O3 5.91 1 

Fe2O3 2.10 2 

CaO 62.92 1.5 

MgO 1.25 2 

Na2O 0.38 - 

K2O 0.9 - 

SO3 3.26 - 

Cl- 0.011 - 

C - 3 

Loss On Ignition 3.94 3.5 

 

The retarder super-plasticizer modified with 

the commercial code of FARCO PLAST P10-

3R from the Construction Chemical Company 

is utilized in the research's mix designs. It 

complies with ASTM C494-Type G standards 

and has modified polycarboxylate as its 

chemical foundation. The stainless alloy steel 

employed in this study has a commercial 

designation of 304 and is developed by the 

Azma Sanat Sazan Narun Company 

specifically for use in fine-grained cement 

composites. PVA fibers were produced by 

Kuraray in Japan for this investigation. 

Additionally, Ramka Construction Chemical 

Industries prepares the PP fibers used in 

concrete, which are specifically employed in 

all varieties of fiber concrete. Figure 1 and 

Table 3 shows the physical and mechanical 

properties of the various fiber types used in 

this study. 

 
Fig. 1. Used PP and PVA fibres in the current 

study. 

Table 3. Specifications of the fibers(results are 

from the company). 

Fibre Steel PP PVA 

Diameter (mm) 0.2 0.035 0.013 

Length (mm) 13 6 6 

Tensile strength 

(MPa) 
620 400 1600 

Density (gr/cm
3
) 7.85 0.91 1.3 

 

2.2. Mix design and specimen preparation 

The laboratory specimens were created in the 

shapes of 10 × 20 mm cylinders for pullout 

tests and cubic specimens of 10 × 10× 10 cm 

for compressive strength testing. Two 

HPFRCC beams with dimension of 10×18×38 

cm were made to serve as specimens for the 

RILEM beam flexural test, and they were 

inserted into the lower portion of the concrete 

specimen by a ribbed rebar for flexural 

performance. In addition, the cylindrical 

specimens with dimensions of 10×20 were 

made for the indirect tensile test (bisection). 

Nineteen mix designs that were created in 

three sections were taken into consideration 

for the initial stage of this investigation. In the 

first series, the effect of each steel fiber 

percentage (1 and 2%) was measured 
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separately, according which the optimum 

percentage of steel fiber was proven by 

researchers from 0.5 to 2.5% [34,35]. In the 

second series, fixed percentages of these fibers 

were considered to study their simultaneous 

effect with polymer fibers during thermal 

operations, and the percentages of 0.1, 0.2, 0.3, 

and 0.4 of PVA fiber were regarded as polymer 

supplements for steel fibres. Polypropylene 

fiber were considered supplements in the third 

series at the rates of 0.1, 0.2, 0.3, and 0.4%. 

This percentage of fiber addition is 

controversial among researchers [13,36–

38].The amounts of cement (907 kg), silica 

fume (181 kg), water-cement materials ratio 

(0.25), and fine grains (927 kg) were 

considered constants in all mix designs. Table 

4 provides the quantities and ratios of each 

component of the examined mixtures. It 

should be noted that three specimens were 

prepared for each of the mix designs to test the 

compressive and tensile strengths, and the 

mean values of the data were presented in this 

study. 

The introduced ingredients were mixed using a 

vane mixer to create HPFRCC mortars. Dry 

ingredients are initially combined at a slow 

speed (30 rpm) until the silica fume in the 

cement and sand combination entirely 

vanishes and a significant volume reduction is 

observed in the dry mixture. The mixture is 

then mixed for 1 minute at a low speed (30 

rpm) with a minimum amount of super-

plasticizer (0.003), and the efficacy of the 

mixture is managed using standard techniques 

(such as a flow table). To achieve the required 

distribution (based on the mixture's 

appearance), fibers are added to the mixture in 

a series of phases (up to five in total), and the 

mixing is then maintained at a high speed for 4 

to 6 minutes. Finally, the mixture is then given 

a further 5% addition of water (if necessary), 

along with the second segment of the super-

plasticizer, and is stirred at a high speed for an 

additional two minutes (70 rpm). Zoning the 

new mixture into equal sections and visual 

inspection to ensure there are no fiber masses 

in the mixture are the criteria for proper fiber 

distribution in this mix design. 

Table 4. Mix design of specimens. 

Mix 

Code 
W/B SF SP Steel PP PVA 

C 0.25 181 4.352 0 0 0 

HS10 0.25 181 5.44 78.5 0 0 

HS20 0.25 181 7.616 157 0 0 

HS10V01 0.25 181 6.528 78.5 0 2.6 

HS10V02 0.25 181 6.528 78.5 0 5.2 

HS10V03 0.25 181 7.616 78.5 0 7.8 

HS10V04 0.25 181 7.616 78.5 0 1.3 

HS10P01 0.25 181 5.44 78.5 0.91 0 

HS10P02 0.25 181 6.528 78.5 1.82 0 

HS10P03 0.25 181 7.616 78.5 2.73 0 

HS10P04 0.25 181 7.616 78.5 3.64 0 

HS20V01 0.25 181 7.616 157 0 1.3 

HS20V02 0.25 181 8.704 157 0 2.6 

HS20V03 0.25 181 9.792 157 0 3.9 

HS20V04 0.25 181 9.792 157 0 5.2 

HS20P01 0.25 181 8.704 157 0.91 0 

HS20P02 0.25 181 9.792 157 1.82 0 

HS20P03 0.25 181 9.792 157 2.73 0 

HS20P04 0.25 181 10.88 157 3.64 0 

 

The specimens were molded and compacted 

on the vibrating table following the mixing of 

the concrete mixture. Then, they were placed 

in the mold and kept with their surfaces 

continuously wet for approximately 24 hours. 

Subsequently, they were cured inside the water 

basin after being removed from the mold until 



82 S. Karimpour et al./ Journal of Rehabilitation in Civil Engineering 12-1 (2024) 77-91 

they reached the required age for the tests. 

Finally, the prepared specimens for the 

RILEM beam test are shown in Figure 2. 

 
Fig 2. Prepared HPFRCC beam for beam-bending 

test. 

2.3. Compressive strength test 

The compressive strength was evaluated using 

cube specimens. In this test, the compressive 

loading rate is 2 kN/s or 0.25 MPa/s. In this 

study, HPFRCC specimens were used to 

examine the curing process under standard 

settings and after thermal operations at high 

temperatures. 

2.4. Splitting tensile strength test 

The tensile strength of concrete by bisection 

technique or Brazilian test is the term given to 

this test in the ASTM C496 standard. In this 

test, the specimen is positioned between the 

breaker jack's plates with its axis horizontal. 

The load is then raised until the specimen 

failure—a splitting in half—occurs in the 

plane encompassing its vertical diameter. 

According to ASTM C496-90 guidelines, thin 

plywood strips with a thickness of 3 mm, a 

width of 25 mm, and a length equivalent to 

that of the mold should be used to prevent the 

development of extremely high local 

compressive stresses in the loading lines. 

2.5. Direct pullout test 

The pullout test was carried out using a 

universal testing machine (UTM) having a 

capacity of 250 kN. The bottom steel plate of 

the steel frame supports the specimens 

vertically throughout this test, and the lower 

jaw of the testing apparatus receives the longer 

end of the rebar that has been driven through 

the concrete. This is happening as the device's 

top arm pulls the steel frame and the specimen 

cube within (Figure 3). The relative 

displacement of the rebar around the concrete 

was measured using an LVDT positioned in 

the shortest portion of the end of the rebar 

(sliding). For steel rebar with a diameter of 16 

mm, the pullout rate using the device was 

deemed to be equivalent to 128 N/s, as stated 

in the RILEM RC6 standard [6]. 

 
Fig 3. Schematic illustration of direct pullout test. 

2.6. RILEM beam test 

According to [10], middle separation cracks 

should be studied using the RILEM beam 

method, whereas end separation and important 

diagonal fractures should be studied using the 

Pullout method. The specifications of the 

beam used in this study to analyze the RILEM 

standard-based bonding are shown in Figure 4. 

Rebar slip in UPFRCC has been measured 

using three LVDT transducers at both the 
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loading site and the two free ends of the rebar. 

The installed displacement between the free 

end of the rebar and the surface of the 

HPFRCC rear section is measured by LVDTs 1 

and 2, which are installed at the two ends of 

the rebar, respectively. Additionally, LVDT 3 

is positioned on the unobstructed portion of 

the rebar in block A to measure the installation 

displacement between this section and the 

HPFRCC surface. To measure the amount of 

load delivered to each segment of the beam 

specimen connection, three load cells with a 

combined capacity of 200 kN have been 

placed. 

 
Fig 4. Schematic illustration of RILEM beam test. 

2.7. Heat implementation method 

After being dried for 48 hours at 110 °C in a 

hothouse, the HPFRCC specimens were put in 

a laboratory gas furnace that was set up for 

thermal operations with a temperature increase 

rate of 5 degrees per minute. The maximum 

temperatures were considered 400 and 600 °C, 

and when they reached such temperatures, 

they were maintained there for two hours with 

a tolerance of 3 °C. Then, it was gradually 

cooled, and tests on the heated specimens were 

run after 24 hours. The examples of HPFRCC 

beams for using high temperatures in the 

furnace are shown in Figure 5. 

 
Fig 5. High-temperature furnace. 

3. Results and discussion 

3.1. Compressive strength test 

In this study, all mixes underwent a 

compressive strength test after 28 days. Figure 

6 displays the results of this test for the 

HPFRCC specimens at 23°C, 400°C, and 

600°C. These values represent the mean 

results of compressive strength for three 

specimens. Based on these findings, the HS20 

test, which contains 2% steel fibres, has a 28-

day compressive strength that is approximately 

5% higher than the HS10 test. 

The HS20P01 test, which had a compressive 

strength of 119.8 MPa for specimens with PP 

fibres, and the HS20V01 test, which had a 

compressive strength of 121.3 MPa for 

specimens with PVA fibres, had the highest 

performance. Due to its 0.1 and 0.2% relative 

compressive strengths, this specimen has the 

maximum performance. According to the 

findings, if PP and PVA fibre volume is 

employed more than a particular level, the 

fibres not only have no impact on enhancing 

compressive strength but also result in a drop 

in strength[39,40]. These specimens were 

heated to temperatures between 400 and 600 

°C to investigate one of the most significant 

objectives of this research, which is to 

investigate the strength performance of the 
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specimens under high heat. At this point, the 

best mix designs are considered for the pullout 

test. The specimens were therefore examined 

for compressive strength after being subjected 

to heat of 400 and 600 °C for two hours and 

cooling for 24 hours. According to the findings 

shown in Figure 7, the steel fibre group saw a 

0.3% drop in compressive strength at 400°C, 

whereas the specimens comprising 0.2% PP 

fibre and 0.3% PVA experienced a 0.3% 

decrease. 

 
Fig. 6. Compressive strength results for HPFRCC specimens under room and high temperature. 

 
Fig. 7. Residual compressive strength values along with its percentages for HPFRCC specimens under room 

and high temperature. 

For instance, the compressive strength at 400 

°C for the HS10V03 specimen, which had 

0.3%, was 35.5 MPa, but this decline rate for 

the HS10 specimen, which lacked polymer 

fibres, is equivalent to 53.5 MPa. This 

demonstrates that the inclusion of PP 

maintains the strength properties of concrete, 

particularly its compressive strength at high 

temperatures, and concrete containing fibre 

like PP or PVA will have less loss in structural 

performance. However, it is crucial to 

understand the optimal rate to use when 

adding these fibres fibre to concrete. The 

selection criteria for the HS20P03 and 

HS20P04 specimens at 400 °C might appear a 

little stringent, however, at 600 °C, the 

percentage of compressive strength loss for the 

specimen with 0.3% PP fibre was lower than 

the specimen with 0.4% PP fibres. As a 

consequence, four mix designs for the rebar 

pullout test from concrete are chosen in the 

next section based on the findings from 
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exposing the specimens to 400 and 600 °C 

temperature and considering each of the best 

mix designs in this study. These four mix 

designs are HS10V03, HS10P02, HS20V02, 

and HS20P03, as displayed in Figure 6. 

3.2. Tensile strength test 

Figure 8 displays the results of the tensile 

strength test (bisection) performed on 28-day 

HPFRCC specimens at temperatures of 23, 

400, and 600 °C. The specimen comprising 

1% steel fibre and 0.3% PP fibre had a greater 

tensile strength than the other specimens with 

a value of 14.2 MPa at the 23 °C room 

temperature. In a quantitative comparison 

between PVA fibre at a rate of 0.3% and PP 

fibre at a rate of 0.2%, the results demonstrate 

that PVA fibre aid to raise the tensile strength 

by 2.5% when the volume percentage of steel 

fibre is held constant (2%). The tensile 

strength of the HPFRCC specimens decreased 

significantly as the temperature was raised to 

400 °C. As a result, the tensile strength of 

specimens containing PP, such as HS10P02 

and HS20P03, has fallen by 48 and 42%, 

respectively, whereas specimens containing 

PVA, such as HS10V03 and HS20V02, have 

reported a value of approximately 32%. The 

HPFRCC specimens have been placed at a 

temperature of 600 °C to attain their lowest 

point. For instance, when the temperature was 

raised for the HS10P02 specimen, the tensile 

strength reduced from 12.7 MPa at the room 

temperature to 4.58 MPa at 600 °C, which is a 

64% reduction in the specimen's tensile 

strength. 

Accordingly, comparing PVA and PP fibres, 

HPFRCC specimens with PVA fibre have 

considerably lower compressive strength at 

high temperatures. 

3.3. Pullout test 

To determine the mean bond stress over the 

length of the rebar installed in concrete using 

the tensile force in the pullout test, the RILEM 

RC6 standard [21] has recommended the 

following equation: 

𝜏𝑏 =
𝐹

5𝜋𝑑𝑠
2 (1) 

The ACI 408 standard [23] divides the 

parameters that affect bond strength into three 

categories: structural parameters (concrete 

cover, development length), concrete-related 

parameters (compressive and tensile strengths, 

workability, type of aggregate), and rebar-

related parameters (yield stress, ultimate 

stress, modulus of elasticity). One of the 

primary objectives of this study is to assess 

how temperature and the rate of PP and PVA 

fibres affect the bond strength between rebar 

and concrete in the pullout test. Figure 9 

depicts the way of pulling out the rebars from 

the fiber specimen. Since the compressive 

strength and bond strength are directly 

correlated, the specimens containing 2% steel 

fibre had a 9% greater bond strength. The 

findings indicate that the use of PVA or PP 

fibre has little impact on the bond strength of 

HPFRCC specimens and rebar, practically at a 

room temperature, and that the degree of 

bonding increase in the PVA specimens cannot 

be used as a criterion for decision-making in 

this study. 

The findings of applying heat to fibre concrete 

specimens reveal that doing so decreased the 

binding strength of the HS10V03 specimen by 

7.4 and 5.13 percent, respectively, and that the 

rebar-concrete bonding was reduced by 39 and 

64 percent. This decreased rate is 53 and 68%, 

respectively, for the HS10P02 specimen. The 

results in Figure 8 demonstrated that the 

specimen containing PP fibre had a sudden 
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drop in high temperatures with the same 

quantity of steel fibres. The bonding 

performance of rebar and HPFRCC specimens 

in specimens containing 2% steel fibre 

indicated that with rising temperatures up to 

400 °C, the bonding loss with PP fibre was 

around 38%, whereas this decrease was only 

about 26% for specimens with PVA fibres. 

 
Fig. 8. Splitting tensile strength for HPFRCC specimens under room and high temperature. 

 
Fig. 9. Pullout test results for bond strength between rebar and HPFRCC under room and high temperature. 

This indicates that PVA fibre outperform the 

PVA fibre when it comes to concrete-rebar 

bonding when subjected to the temperature. 

The bond strength of HPFRCC specimens 

continues to deteriorate at temperatures up to 

600°C, and for the chosen specimens, this 

decline equals around 62% of the bond 

strength of the materials at an room 

temperature (i.e. 23 °C). According to 

literature [41], the failure mode of specimens 

containing PVA switches from separation to 

pullout when 2% of steel fibre are added, and 

this bond strength rises to more than 10%. In 

addition, the bond strength of HPFRCC 

specimens was raised by almost 17% by 

increasing the steel fibre from 1% to 2% at 

600 °C. Indeed, the interaction and 

involvement of fibres, particularly steel fibres, 

begins and stops microcracks until the crack 

width develops when microcracks develop in 

specimens as a result of tensile stress. 

3.4. RILEM beam test 

Figure 10 displays the findings of the bonding 

rate of ribbed rebar in HPFRCC specimens 

using the RILEM beam test at 23, 400, and 
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600 °C based on the relationship between the 

bonding force and displacement. In cases 

when the damage to the beam during the rebar 

pullout process is not severe enough to result 

in an irreversible slip, the tensile force versus 

displacement or slip responses are often 

represented by a short linear branch. Then, due 

to the rise in damage, the trend in transferring 

this load till the peak loading period follows 

this nonlinear pattern. A downward branch of 

tensile force with increasing displacement 

characterizes the post-peak stage. The 

maximum pullout force is significantly 

correlated with the kind and proportion of 

fibre utilized, as shown in Figure 10. This 

number for the HPFRCC specimens that 

included PVA enhanced the rebar in the 

specimens' bond strength. For instance, the 

specimen's maximum pullout load in this test 

is 17.87 MPa, and the matching rebar's 

displacement under loading is similarly 

0.128%. 

According to the findings, the mean bond 

strength of the rebar with the HPFRCC 

specimens has fallen by 45% when the 

temperature is raised to 400 °C. Furthermore, 

specimens with PVA fibre could support 

greater bonding forces than PP specimens at 

this temperature. The bond strength obtained 

was 10.86 for the HS20V02 specimen, 

decreasing 40% from the room temperature, 

whereas this value has been measured at 46% 

for the HS20P03 specimen. The general 

behaviour of the beam has not changed 

considerably from 400°C to 600°C in the load-

displacement diagram, but the form of the 

curves has modified, as opposed to the figure's 

slope. Moreover, Figure 10 displays the ribbed 

rebar's maximum bond strength using 

HPFRCC specimens at 23, 400, and 600 °C. 

 
Fig 10. RILEM beam test of HPFRCC results for 

23, 400, and 600 
o
C. 

3.5. Comparison between pullout and 

RILEM beam test 

Due to the presence of transverse 

reinforcement, the concrete is confined to 

prevent a splitting failure and thus develops 

higher bond stress causing bar pullout failure. 

Therefore, bond capacity values in the RILEM 

beam test with transverse rebars are greater 

than those obtained in the pullout test. It is 

seen in Figure 11 comparing the bond capacity 

values of HPFRCC specimens in different 

temperatures. At 23°C, the RILEM bond 

strength was on average 1.23 times greater 

than the bond strength values obtained from 

pullout test. 



88 S. Karimpour et al./ Journal of Rehabilitation in Civil Engineering 12-1 (2024) 77-91 

 
Fig 11. Pullout and RILEM beam test results in 23, 

400, and 600 
o
C (P and R stand for pullout and 

RILEM, respectively). 

4. Conclusion 

In this study, the mechanical properties of 

these specimens, including the compressive 

strength and tensile strength of specimens 

exposed to elevated temperatures, were 

analysed together with the bond strength of 

rebar and HPFRCC. Considering the 

experimental results, it is concluded that: 

1. Of the 19 mix designs suggested by this 

study, The specimens with 0.2% PP fibre and 

0.3% PVA had the minimum compressive 

strength loss at 400°C compared to the 1% 

steel fibre group. For instance, the 

compressive strength of the specimen 

HS10V03, which contains 0.3% PVA fibres, 

was 35.5 MPa at 400 °Cfibers. 

2. fibersfibersIn a quantitative comparison 

between PVA fibre at a rate of 0.3% and PP 

fibre at a rate of 0.2%, the results demonstrate 

that PVA fibre aid to raise the tensile strength 

by 2.5% while keeping the percentage of steel 

fibre unchanged. The tensile strength of the 

HPFRCC specimens decreased significantly as 

the temperature was raised to 400 °C. As a 

result, HS10P02 and HS20P03 specimens that 

include PP have a lower tensile strength by 

48% and 42%, respectively. This value is 

stated to be around 32% for specimens 

containing PVA, such as HS10V03 and 

HS20V02. Accordingly, HPFRCC specimens 

with PVA fibre had considerably lower 

compressive strength at high temperatures than 

HPFRCC specimens with PP fibres. 

3. The direct pullout test findings indicate that, 

with the same quantity of steel fibres, the 

specimen containing PP fibre had a sharp drop 

at high temperatures. With temperature 

increases up to 400 °C, the bonding 

performance of rebar in HPFRCC specimens 

containing 2% steel fibre was such that the 

loss of bonding with PP fibre was only around 

38%. However, this rate for the specimens 

containing PVA fibres is around 26% 

reduction, indicating that PVA fibres perform 

better when subjected to temperature than PVA 

fibres. The bond strength of rebar and 

HPFRCC specimens continues to deteriorate 

when the temperature is raised to 600 °C, and 

for the chosen specimens, this loss is 

approximately 62%.fibers 

4. The maximum pullout force has a 

significant relationship with the type and 

percentage of fibres, as indicated in the 

RILEM beam test results, and this value for 

the HPFRCC specimens that contained PVA 

indicates a rise in the rebar bond strength in 

the specimens. For instance, the specimen's 

highest bond strength in this test is 17.87 MPa, 

and the equivalent rebar's displacement under 

load is 0.128 mm. According to the findings, 

the bond strength between the rebar and the 

HPFRCC specimens was reduced by an 

average of 45% when the temperature was 

raised to 400 °C. fibersIn the load-

displacement diagram, the general behaviour 

of the beam has not changed considerably 

from 400°C to 600°C, but the form of the 

curves has modified, as opposed to the figure's 

slope. 
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