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Abstract 
 

With recycled coarse aggregate replacement ratio, basalt fiber (BF) dosage, and exposure temperature as variation 
parameters, 162 specimens were designed and fabricated to examine the influence of elevated temperature exposure on 
the indirect tensile properties of basalt fiber-reinforced recycled aggregate concrete (BFRRC). The BFRRC specimens 
underwent splitting tensile and flexural tests after exposure to an elevated temperature. The failure modes of the 
specimens were observed and the effects of the variation parameters on the indirect tensile properties of BFRRC were 
analyzed. Simultaneously, the interrelationships among splitting tensile strength, flexural strength, and cubic compressive 
strength were examined. Results show that, the functional correlations among the aforementioned strength indices are 
determined. The temperature exerts the greatest influence on the failure mode of BFRRC. In addition, the inclusion of 
fibers improves the damage degree, while the effect of replacement ratio is insignificant. The mechanical properties of 
BFRRC, including its indirect tensile strength, exhibit a decrease with increasing replacement ratio and temperature. 
Conversely, an increase in fiber dosage enhances these qualities. The conclusions obtained in this study provide a 
reference to the application of BFRRC. 
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1. Introduction 
 

Concrete is highly regarded and extensively utilized in 
civil engineering due to its exceptional performance 
characteristics, making it one of the most prevalent building 
materials. In recent years, modern urbanization processes 
have led to the demolition of numerous old buildings, 
generating substantial quantities of concrete waste [1]. 
Currently, disposal methods that are commonly employed 
for unwanted concrete involve either subsurface landfills or 
haphazard open-air stacking [2]. The aforementioned 
treatment methods not only result in significant 
environmental degradation but also pose numerous 
challenges to subsequent production and development 
endeavors, deviating entirely from the principles of 
sustainable development. The utilization of waste concrete 
as recycled aggregate in manufactured recycled aggregate 
concrete offers a feasible solution to the aforementioned 
issues [3, 4]. However, the inferior mechanical properties of 
recycled aggregate concrete (RAC) compared with those of 
regular concrete impose constraints on the feasible technical 
utilization of RAC [5, 6]. Hence, the identification of 
appropriate methodologies for augmenting the mechanical 
properties of RAC is imperative to facilitate its widespread 
utilization. 

To mitigate the adverse effects of internal faults in 
recycled coarse aggregate (RCA) on RAC, scholars have 
devised various methods for augmenting the mechanical 
properties of RAC. These strategies mostly involve the 
elimination and reinforcement of mortar on RCA surfaces 
[7]. The process used in surface mortar removal pertains to 
the elimination of the initial mortar that is present over the 

surface of RCA by using physical or chemical means. This 
process involves techniques such as mechanical grinding, 
presoaking with acid solutions, and presoaking with water 
[8-10]. The reinforced surface mortar technique 
encompasses the application of specialized treatment 
methods that produce carbonates, gels, and other compounds 
on the surface of RCA mortar. These chemical compounds 
fill pores and cracks in the mortar. Notable treatment 
methods include carbonization, nanomaterial technology, 
and volcanic slurry treatment [11-13]. The aforementioned 
techniques have the potential to mitigate the inherent 
deficiencies of RCA while effectively enhancing the 
mechanical properties of RAC. However, such approaches 
are not without limitations, which include higher costs, 
prolonged time requirements, environmental pollution, and 
limited scalability. Hence, more efficient and 
environmentally sound methods must be used for 
augmenting the mechanical properties of RAC. 

Research has revealed that the utilization of fiber-
reinforced concrete (FRC) can be a viable approach for 
enhancing the mechanical properties of concrete. Moreover, 
adding some types of fibers to concrete has been found to 
impede crack initiation and propagation, contributing toward 
the improvement of the overall strength and ductility of 
materials [14, 15]. Basalt fiber (BF) is a novel material that 
exhibits environmental sustainability and exceptional 
performance characteristics. It possesses notable features, 
such as a high elastic modulus and excellent compatibility 
with concrete [18]. Hence, the inclusion of BF with RAC 
has resulted in improved mechanical properties compared 
with those of RAC alone. Presently, domestic and 
international academics are conducting an increasing amount 
of research on BF-reinforced RAC (BFRRC). However, 
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studies on the mechanical properties of BFRRC after 
exposure to an elevated temperature are less. The present 
work conducts an experimental study on indirect tensile 
mechanical properties after exposure to elevated temperature 
conditions associated with BFRRC. The findings of this 
study present valuable and worthwhile insights into the fire 
protection design of BFRRC. 

 
 

2. State of the art 
 

A significant number of scholarly studies have been 
conducted on FRC in recent years. Shi et al. [17] examined 
the basic characteristics of steel FRC treated under uniaxial 
compression and tensile conditions with various fiber 
dosages. Their findings indicated that integrating fibers into 
concrete led to a notable enhancement in its tensile strength 
and an improvement in its tensile toughness and 
compressive toughness. The flexural performance of carbon 
FRC beams subjected to impaction load was investigated by 
Wang et al. [18], who researched about the effects of 
varying fiber dosages. Their findings indicated that the beam 
exhibited the highest energy absorption capacity at a fiber 
dosage of 0.35%. Zhu et al. [19] examined the effect of 
alkali-resistant glass fiber on the strength of concrete. Their 
results indicated that when the glass fiber content was 1 %, 
the tensile strength and peak strength of concrete were the 
highest. Sainz-Aja et al. [20] recycled polyethylene fiber 
from waste and examined the effect of fiber on the 
performance of concrete. Their findings indicated that 
incorporating fibers improved the tensile strength of 
concrete, and the effect of concrete with higher fiber dose 
was more obvious. The influences of glass and 
polypropylene fibers on the mechanical properties of 
concrete were examined by Liu et al. [21]. Their findings 
demonstrated that the flexural and compressive 
characteristics of concrete with fibers were notably superior 
to those of conventional concrete. Furthermore, the 
combined use of two types of fibers exerted a more 
pronounced enhancement effect compared with using only 
one type of fibers. The effects of varying doses of steel and 
polypropylene fibers on the mechanical properties of 
concrete after elevated temperature exposure were reported 
by Bošnjak et al. [22]. Their findings identified that the 
existence of fibers increased the splitting tensile strength and 
flexural strength of concrete by 40% to 150%. In summary, 
prior research has demonstrated that fibers exhibit the ability 
to restrict crack propagation through the mechanisms of 
bridging and crack resistance. Moreover, certain types of 
fibers that may augment the mechanical properties of 
concrete to a certain degree have been identified. With 
developments in research, researchers have made a 
significant discovery that pertained to a novel variety of 
inorganic green fiber, referred to as BF. In addition to 
possessing the characteristics of various fiber bridging and 
cracking-resistance mechanisms, BF exhibits several 
advantageous traits compared with alternative fibers. These 
traits include higher chemical durability than steel fibers, 
reduced cost compared with carbon fibers, and enhanced 
adhesion to cement compared with polypropylene [23-25]. 
Consequently, focus on BF has been increasing, leading to 
extensive studies on BFRRC. 

Dong et al. [26] exhibited a negative correlation between 
the replacement ratio of RCA and the stiffness and bearing 
capacity of RAC columns. Conversely, they observed a 
positive relationship between the dosage of BF slag and the 

stiffness and bearing capacity of RAC columns. Zhang et al. 
[27] reported that the compressive strength of BFRRC was 
negatively correlated with the ratio of RCA replacement. 
Conversely, an increase in BF dosage was found to 
positively affect compressive strength. Furthermore, their 
study revealed that RCA replacement ratio exerted a more 
significant effect on BFRRC strength. Shatarat et al. [28] 
conducted an investigation into the bond strength of BFRRC. 
Their findings revealed a notable rise in the bond strength of 
BFRRC when BF dosage was increased. Zhang et al. [29] 
analyzed the fundamental strength index for BFRRC and 
established the conversion relationship among different 
strength indices. A bending examination of beams made of 
BFRRC with varying replacement ratios of RCA was 
performed by Li et al. [30]. Their findings indicated the 
insignificant effect of RCA admixture on the flexural 
strength of concrete. Conversely, incorporating fibers 
resulted in a substantial enhancement of its flexural strength. 
Simultaneously, integrating fibers into concrete diminishes 
crack propagation while enhancing its ductile properties. 
Zhang et al. [31] conducted a comprehensive set of 
experiments to evaluate the fundamental mechanical 
properties of BFRRC. Their findings demonstrated that as 
BF content grew, the strength of BFRRC progressively 
increased with a 50% replacement ratio, surpassing that of 
concrete with alternative replacement ratios. This outcome 
substantiated the viability of the suggested approach for 
generating RAC. The mechanical properties and durability 
of BFRRC were investigated by Chen et al. [32]. Their 
findings showed that the incorporation of BF exhibited the 
potential for enhancing the mechanical properties of RAC 
while concurrently decreasing its porosity and enhancing its 
resistance to chloride ion ingress. 

The existing studies have mostly focused on examining 
the mechanical properties and durability of BFRRC under 
ambient conditions. By contrast, the studies that examined 
its performance after exposure to extreme temperatures are 
limited. The current study aimed to examine the splitting 
tensile and flexural properties of BFRRC by varying RCA 
replacement ratio, BF dosage, and temperature. The analysis 
focused on understanding the effects of each variation 
parameter on the indirect tensile strength properties of 
BFRRC. The findings serve as a crucial foundation for 
future research on BFRRC. 

The rest of this study is organized as follows. Section 3 
gives the test material, mix proportions of RAC, specimen 
design and production, and test method. Section 4 describes 
the results and discussion, and finally, the conclusions are 
summarized in Section 5. 

 
 

3. Methodology 
 
3.1 Test material 
The natural coarse aggregate (NCA) consisted of crushed 
stone, while the RCA was produced by using crushers to 
break up waste concrete pavement. The fine aggregate (FA) 
utilized in this study was natural yellow sand. Table 1 
provides the fundamental performance indexes of the coarse 
and fine aggregates. The fiber utilized chopped BF as its 
primary material, and the corresponding performance 
indicators are presented in Table 2. Ordinary P∙O 42.5R 
grade cement was used for the tests. The measured fineness 
was 1.3%, the loss of ignition was 2.4%, compressive 
strength was 50 MPa, flexural strength was 8 MPa, and the 
initial/final setting times were 185/270 min. Fly ash (FA) 



Xianggang Zhang, Youchuan Shen, Chengyi Luo and Yajun Huang/ 
Journal of Engineering Science and Technology Review 16 (6) (2023) 54 - 62 

 56 

(Grade II, fineness: 45 μm, density: 2.4 g/cm3, water content: 
0.25%, and loss of ignition: 2.4%), which constituted 20% 
of the cement dosage, was also employed. A brown-yellow 
solid water reducer, with a water-reducing efficiency 

ranging from 15% to 25%, was used. The recommended 
dosage was 0.5% of the cementitious material, which 
consisted of cement and fly ash. The water tested was 
sourced from an urban tap. 

 
Table 1. Fundamental characteristics of aggregates. 
Aggregate category NCA RCA FA 
Bulk density (kg·m−3) 1681 1274 2600 
Apparent density (kg·m−3) 2798 2433 1300 
Moisture content (%) 0.7 1.8 – 
Water absorption (%) 0.1 3.5 – 
Porosity (%) – – 50.29 
Crush index 10.4 12.7 – 
Particle size (mm) 5-30 5-30 – 
Fineness modulus – – 2.16 

 
Table 2. Basic properties of BF. 
Density  
(kg·m−3) 

Outer diameter  
(μm) 

Length  
(mm) 

Tensile strength  
(GPa) 

Elastic modulus  
(MPa) 

Elongation at break  
(%) 

2650 15 18 104 4500 3.1 
 

3.2 Mix proportions of RAC 
The experimental investigation involved the testing of 
BFRRC with a compressive strength of C40, as specified in 
the Specification for the Mix Proportion Design of Ordinary 
Concrete (China JGJ55-2011). First, a suitable water-binder 
ratio was established and the quantities available in every 
material were quantified. Subsequently, the ratio should be 
designed based on the percentage of RCA compared with the 

total mass of the coarse aggregate. This design should be 
implemented for three replacement ratios: 0%, 50%, and 
100%. In addition, the amount of additional water, the 
quantity of RCA, and its moisture content and water 
absorption capacity should be considered. The mix 
proportion design for testing with RAC is presented in Table 
3. 

 
Table 3. Mix proportions of RAC. 
δ 
(%) W/B Ss (%) mw mB mA ms mwr mnw m aw mc mFA mr mn 
0 0.47 32 191 0.00 346 60.9 0.0 1224.9 577 2.04 
50 0.47 32 191 10.23 346 60.9 612.4 612.4 577 2.04 
100 0.47 32 191 20.45 346 60.9 1224.9 0.0 577 2.04 

Note: W/B indicates water-to-binder ratio. δ indicates the replacement ratio of RCA. Ss indicates the sand ratio. mnw and maw indicate the amount of 
net water and the mass of additional water, respectively. mB and mA represent the masses of the cementitious materials and coarse aggregate, 
respectively. mc and mFA represent the masses of cement and FA, respectively. mr and mn represent the masses of RCA and NCA, respectively. ms and 
mwr represent the masses of FA and the water reducer, respectively. 

 
3.3 Specimen design and production 
To study the effects of the replacement ratio of RCA 
(denoted as δ), BF dosage (denoted as λ), and temperature 
(denoted as T) on the mechanical properties of BFRRC in 
indirect tensile testing, 27 specimen groups were 
meticulously created. The RCA replacement ratio 
encompassed three distinct functional states: 0%, 50%, and 
100%. Similarly, BF dosage encompassed three functional 
states: 0, 2, and 4 kg·m-3. Lastly, temperature encompassed 
three functional states: 25 °C, 300 °C, and 600 °C. For 
conducting the splitting tensile strength test, 81 standard 
cube specimens with a side length of 150 mm were prepared. 
In addition, 81 standard prism specimens with dimensions of 
150 mm × 150 mm × 550 mm were fabricated specifically 
for conducting the flexural strength test. 

In accordance with the guidelines outlined in the 
Standard for Test Methods of Physical and Mechanical 
Properties of Concrete (China GB/T50081-2019), concrete 
specimens were fabricated using standardized molds. After 
pouring, the specimens were subjected to dense vibrations 
and subsequently smoothed. After being left undisturbed 
overnight, the specimens were carefully removed from the 
molds and uniformly positioned within a designated curing 
room. The curing room environment was maintained at an 
appropriate temperature of 20 ± 2 °C and humidity 
percentage of more than 95%, ensuring the desired quality of 
specimen formation. Upon the completion of the 28-day 

curing period, the aforementioned test was promptly 
conducted to maintain the precision of the collected data. 
 
3.4 Test method 
The indirect tensile mechanical properties of the standard 
BFRRC specimens were evaluated after exposure to 
different elevated temperatures. The experimental setup for 
testing these properties is shown in Fig. 1. In accordance 
with China’s GB/T50081-2019 standard, experiments for 
determining the splitting tensile strength and flexural 
strength were conducted using a loading rate of 0.06 MPa/s. 
 
 

   
(a) Splitting tensile strength                  (b) Flexural strength 

Fig. 1. Loading device. 
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4. Results analysis 
 
4.1 Failure process and modes 
 
4.1.1 Splitting tensile failure 
Fig. 2 depicts the splitting tensile failure modes of partial 
specimens. No notable alterations were observed on the 
surfaces of the specimens until the splitting load reached its 
maximum magnitude. Upon reaching the designated loading 
amount, the surfaces of the specimens, which were kept at 
room temperature, divided into two halves after the quick 
development of a crack along the loading direction at the 
center of the surface.  

 
(a) δ = 0% λ = 0 kg·m-3 T = 25 ℃ 

 

 
(b) δ = 100% λ = 4 kg·m-3 T = 25 ℃ 

 

 
(c) δ = 100% λ = 0 kg·m-3 T = 300 ℃ 

 

 
(d) δ = 100% λ = 2 kg·m-3 T = 300 ℃ 

 
(e) δ = 100% λ = 0 kg·m-3 T = 600 ℃ 

 

 
(f) δ = 100% λ = 4 kg·m-3 T = 600 ℃ 

Fig. 2. Splitting tensile failure modes of partial specimens. 
 

The detachment of aggregate and mortar from the 
affected area, which led to the partial separation of the 
aggregate, characterized the abrupt occurrence of the failure 
event. After exposure to 300 °C, the damaged portion of the 
specimens exhibited an uneven surface, and the mortar 
surrounding it displayed a slightly loose consistency. After 
subjecting the specimens to 600 °C, failure transpired at a 
rather gradual pace upon reaching the ultimate load. The 
occurrence of crack formation was accompanied by a 
substantial release of debris, resulting in an uneven damaged 
portion. The aggregate was not sheared off but mostly 
manifested the detachment of mortar and aggregate particles.  

At ambient temperature, the effect of incorporating a 
certain volume of BF on the failure process and modes of the 
specimens was insignificant. Nevertheless, a notable 
alteration in the failure mechanism of the specimens that 
contained BF was observed upon exposure to 300 °C. In 
particular, many vertical fissures emerged in the central 
region of the specimen’s surface upon reaching the ultimate 
load. The manifestation of this phenomenon was more 
pronounced in the specimens that undergone exposure to 
600 °C. This phenomenon arose due to the degradation of 
the internal mortar of the specimens after exposure to 
elevated temperature. This degradation decreased the bond 
strength between the aggregate and the mortar, increasing 
the likelihood of crack formation under the influence of the 
splitting load. In this particular scenario, the bridging 
mechanism of fiber effectively halted the propagation of 
fractures, causing the cracks to alter their trajectory of 
growth. The failure modes of specimens under various 
replacement ratios were indistinguishable. 
 
4.1.2 Flexural failure 
Fig. 3 displays the modes of flexural failure observed in the 
partial specimens. The failure process and modes of the 
specimens exposed to 300 °C were identical to those 
observed at room temperature. No discernible alterations 
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were observed on the exterior of the specimens during initial 
loading. Nevertheless, the specimens promptly underwent a 
bifurcation after increasing the applied load to its maximum 
capacity, resulting in the formation of a fracture between the 
two concentrated stresses. The affected area displayed an 
extremely even surface that was mostly characterized by the 
detachment of the aggregate and the mortar, with occasional 
instances of aggregate shearing [33]. After exposure to 
600 °C, the specimens exhibited a reasonably gradual failure 
upon reaching the ultimate load. The occurrence of crack 
formation was accompanied by a substantial release of 
debris, resulting in an uneven surface in the affected area 
and the absence of aggregate shearing. The primary factor 
that contributed to the failure was the displacement of the 
mortar and the aggregate. After the application of an 
excessive load, certain specimens modified with BF 
exhibited numerous cracks located between the two focused 
loads. However, the ultimate failure modes did not 
demonstrate significant differences. The distinction among 
the failure modes of the specimens at different replacement 
ratios was not fully elucidated. 
 
4.2 Analysis of influential parameters 
 
4.2.1 Splitting tensile strength 
The measured values of the splitting tensile strength of the 
specimens after exposure to elevated temperature are 
provided in Table 4. Fig. 4 illustrates the extent of variance 
in the splitting tensile strengths of partial specimens across 
different variation factors [34].  
 
 

 
(a) δ = 50% λ = 2 kg·m-3 T = 300 °C 

 

 
(b) δ = 100% λ = 4 kg·m-3 T = 25 °C–600 °C 

 
(c) δ = 100% λ = 0 kg·m-3 T = 600 °C 

Fig. 3. Flexural failure modes of partial specimens. 
 

For specimens with replacement ratio as the only 
variable parameter, splitting tensile strength tends to 
decrease as replacement ratio increases. When fiber dosage 
and temperature remain constant, an increase in replacement 
ratio from 0% to 50% results in a decrease in splitting tensile 
strength ranging from 6.4% to 18.6%. Furthermore, when 
replacement ratio is increased from 50% to 100%, the 
observed reductions in splitting tensile strengths remain 
consistent, i.e., ranging from 2.06% to 11.4% for the same 
fiber dosage and temperature. This finding further 
demonstrates that the presence of flaws inherent in RCA 
exerts a comparable effect on the splitting tensile strength of 
the specimens. Moreover, when temperature increases, the 
effect of different replacement ratios on splitting tensile 
strength diminishes gradually. After exposure to 600 °C, 
splitting tensile strength exhibits a drop of approximately 
4% as replacement ratio increases. This finding indicates 
that the effect of temperature on splitting tensile strength is 
more pronounced than that of replacement ratio. 

In the case of specimens where the only variable 
parameter is fiber dosage, splitting tensile strength exhibits a 
progressive increase with increasing fiber dosage. When 
replacement ratio and temperature remain constant, splitting 
tensile strength is increased from 5.1% to 14.8% as fiber 
dosage increases within 0-2 kg·m-3. When fiber dosage is 
increased within 2-4 kg·m-3, while maintaining the same 
replacement ratio and temperature, the observed 
improvements in splitting tensile strength fall within the 
range of 5.3% to 18%. This phenomenon arises as a result of 
the toughening and crack-resistance properties exhibited by 
BF. During the specimen dissection procedure, the 
application of BF efficiently inhibits the propagation of 
fractures, using a certain amount of energy and consequently 
enhancing splitting tensile strength. Nevertheless, the 
splitting tensile strength of the specimens only exhibits a 5% 
increase as BF dosage is increased after exposure to 600 °C. 
One possible explanation for this phenomenon is that the 
mortar becomes loose and porous after being subjected to 
elevated temperatures. Consequently, the bond force 
between BF and the mortar matrix diminishes, weakening 
the bridging action of BF. 

The splitting tensile strength of the specimens exhibits a 
significant decrease when temperature is the only variable 
parameter. When temperature is increased within 25 °C to 
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300 °C, splitting tensile strength experiences a drop ranging 
from 38.5% to 45.2%, while maintaining the same 
replacement ratio and fiber dosage. When temperature is 
increased within 300 °C to 600 °C, splitting tensile strength 
experiences a drop ranging from 57.4% to 62.3%, while 
maintaining the same replacement ratio and fiber dosage. 
The decline in the splitting tensile strength of the specimens 
after exposure to elevated temperatures exhibits a 
considerable reduction within each temperature interval. 

This phenomenon arises due to the deterioration of the 
interior mortar of the specimens, resulting in a loss of 
cohesion and increased brittleness during exposure to 
elevated temperatures. In addition, the bond strength 
between the aggregate and mortar diminishes. Furthermore, 
the specimens under consideration exhibit a significant 
presence of internal microcracks, resulting in a substantial 
reduction of their splitting tensile strength. 

 
Table 4. Splitting tensile strength of the specimens after exposure to elevated temperatures. 
Specimens fst (MPa) Specimens fst (MPa) Specimens fst (MPa) 
R-0-0-25 2.83 R-0-0-300 1.55 R-0-0-600 0.66 
R-0-2-25 3.19 R-0-2-300 1.78 R-0-2-600 0.75 
R-0-4-25 3.44 R-0-4-300 1.96 R-0-4-600 0.79 
R-50-0-25 2.61 R-50-0-300 1.45 R-50-0-600 0.58 
R-50-2-25 2.83 R-50-2-300 1.62 R-50-2-600 0.61 
R-50-4-25 3.05 R-50-4-300 1.80 R-50-4-600 0.72 
R-100-0-25 2.31 R-100-0-300 1.42 R-100-0-600 0.54 
R-100-2-25 2.55 R-100-2-300 1.55 R-100-2-600 0.59 
R-100-4-25 2.78 R-100-4-300 1.68 R-100-4-600 0.65 

Note: fst denotes splitting tensile strength. fst=2F/πA, where F refers to the ultimate load, and A refers to the cross-sectional area. 
 

 
(a) λ= 0 kg·m-3 

 

 
(b) λ= 2 kg·m-3 

 
(c) λ= 4 kg·m-3 

Fig. 4. Variation magnitude of the splitting tensile strength of partial 
specimens for various variation parameters. 
 
4.2.2 Flexural strength 
Table 5 provides the measured flexural strengths of the 
specimens after their exposure to increased temperatures. 
Fig. 5 illustrates the extent of variance in the flexural 
strength of partial specimens across several variation 
parameters.  

For specimens with replacement ratio as the only 
variable parameter, flexural strength tends to decrease as 
replacement ratio increases. When fiber dosage and 
temperature remain constant, flexural strength exhibits a 
drop ranging from 3.6% to 18% as replacement ratio 
increases from 0% to 50%. When fiber dosage and 
temperature remain constant, flexural strength demonstrates 
a drop ranging from 7% to 21.2% as replacement ratio is 
increased within 50% to 100%. This phenomenon arises due 
to the presence of significant initial damage in the RCA, 
including microcracks, which progressively accumulate with 
increasing replacement ratio and directly affect the flexural 
strength of the specimens. 

In the case of specimens where the only variable 
parameter is fiber dosage, flexural strength exhibits a 
progressive increase when fiber dosage is increased. When 
replacement ratio and temperature remain constant, flexural 
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strength experiences an increase ranging from 4.5% to 
26.9% as fiber dosage is increased within 0 kg·m-3 to 2 
kg·m-3. When replacement ratio and temperature remain 
constant, flexural strength increases from 1.8% to 16.25% as 
fiber dosage is enhanced within 2 kg m-3 to 4 kg m-3. This 
finding suggests that the application of BF effectively 
enhances the flexural strength of the specimens. 

When temperature is the only variable parameter, the 
flexural strength of the specimens exhibits a notable 
decrease after elevated temperature exposure. When 
temperature is increased within 25 °C to 300 °C, flexural 
strength declines by around 53.8% to 58.6%, while 
maintaining the same replacement ratio and fiber dosage. 
When temperature is increased within 300 °C to 600 °C, 

flexural strength experiences a drop ranging from 52.1% to 
65.0%, while maintaining the same replacement ratio and 
fiber dosage. The decrease in flexural strength of the 
specimens exhibits a consistent pattern throughout all 
temperature intervals, with values exceeding 50%. The 
rationale for this phenomenon is as follows: as temperature 
increases, microcracks within the specimens undergo 
expansion, resulting in the accumulation of damage. 
Consequently, the mortar within the specimens becomes 
loose and porous, significantly reducing bonding strength 
associated with the mortar and the aggregate. Ultimately, 
this decrease in bond force considerably diminishes the 
flexural strength of specimens. 

 
Table 5. Flexural strength of the specimens after exposure to elevated temperatures. 
Specimens fb (MPa) Specimens fb (MPa) Specimens fb (MPa) 
R-0-0-25 5.2 R-0-0-300 2.2 R-0-0-600 0.9 
R-0-2-25 5.5 R-0-2-300 2.3 R-0-2-600 1.1 
R-0-4-25 5.7 R-0-4-300 2.6 R-0-4-600 1.2 
R-50-0-25 4.8 R-50-0-300 2.1 R-50-0-600 0.8 
R-50-2-25 5.3 R-50-2-300 2.2 R-50-2-600 0.9 
R-50-4-25 5.4 R-50-4-300 2.4 R-50-4-600 1.0 
R-100-0-25 3.9 R-100-0-300 1.8 R-100-0-600 0.6 
R-100-2-25 4.6 R-100-2-300 1.9 R-100-2-600 0.8 
R-100-4-25 5.0 R-100-4-300 2.1 R-100-4-600 0.9 

Note: fb denotes flexural strength. fb=FL/bh2, where F refers to the ultimate load, L refers to the span between supports, b refers to section width, 
and h refers to section height. 

 
(a) λ= 0 kg·m-3 

 
(b) λ= 2 kg·m-3 

 
(c) λ= 4 kg·m-3 

Fig. 5. Variation magnitude of the flexural strength of partial specimens 
for various variation parameters. 
 
4.3 Conversion relationships among the strength indexes 
of BFRRC 
 
4.3.1 Splitting tensile and cubic compressive strengths 
RAC has the same low tensile strength as conventional 
concrete, and its splitting tensile strength correlates with the 
strength and distribution of aggregate, mortar density, and 
porosity content. All of which are strongly affected by 
material performance. In terms of the effect of variation 
parameters, such as exposure temperature, on material 
properties, the conversion relationship between fst and fcu is 
obtained through multiple regression analysis by using the 
data in Table 4 and cubic compressive strength data from 
related research [35]. The result is shown in Eq. (1). 
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4.3.2 Flexural and cubic compressive strengths 
From the information in Table 5 and other research [35], 
multiple regression analysis is used to find the conversion 
relationship between fb and fcu. This step is realized by 
adjusting for the influences of replacement ratio, fiber 
dosage, and temperature. The result is shown in Eq. (2). 

 

        (2) 

 
5. Conclusions 
 
The study conducted an indirect tensile strength performance 
test on BFRRC specimens after exposure to elevated 
temperatures. The objective was to investigate and analyze 
the failure modes, factors that influenced strength, and 
conversion of strength indices. The main conclusions are 
obtained as following: 

(1) The failure mode of the BFRRC specimens is 
significantly influenced by temperature, with higher 
temperatures leading to more severe damage to a specimen. 
The utilization of BF can effectively mitigate potential 
damage to a specimen. However, the effect of RCA 

replacement ratio on the overall outcome is not readily 
discernible. 

(2) As the replacement ratio and temperature of RCA 
increase, the indirect tensile mechanical properties of 
BFRRC tend to decrease. However, the inclusion of BF can 
considerably enhance the indirect tensile mechanical 
properties of BFRRC. 

(3) The functional relationship between the conversion 
values (fst/fcu and fb/fcu) and the variation parameters is 
established by analyzing the change pattern of splitting 
tensile strength with flexural strength under different 
variation parameters. 
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