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The use of polypropylene fibres (PF) has aroused great interest in science and the 
construction industry. This is mainly due to the numerous benefits they offer in terms 
of sustainability relative to steel fibres and steel fabrics. This study provides a 
comprehensive assessment of the current state of knowledge and technological 
advances in the use of PF to enhance the strength of concrete. A comprehensive 
analysis of the impacts of PF on the fresh and mechanical properties of concrete is 
presented. The effects of PF on various aspects of durability such as water absorption, 
chloride penetration, sulphate resistance, drying shrinkage, carbonation resistance 
and fire resistance are also reviewed. The workability of concrete is impacted by the 
addition of PF. The formation and progression of initial microcracks is reduced in 
concrete containing PF. Use of PF significantly improves the tensile and flexural 
strength of concrete. Concrete produced using PF demonstrate better sulphate, 
chloride and fire resistance properties. Further research on its use as sole fibre or 
blended with other types of fibre in modern concretes and blended cement concrete 
remains to be discovered. 
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1. Introduction 
 

Concrete is considered the most widely used building material due to its affordability, broad 
spectrum, exceptional load-bearing capacity, and wide range of applications in construction [1]. 
However, the main problems of conventional concrete include its low tensile strength, limited crack 
resistance and low ductility, which limit its use in construction [2-4]. The main limitation of concrete 
is that it is not able to resist cracking throughout its life, which is often the case in the early stages of 
a building's life. The formation development action of cracks can affect the mechanical properties 
and durability of a structure, including impermeability, frost resistance, strength, and toughness 
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which can affect service life and safety. To solve this problem, the researcher has incorporated fibres 
into the concrete to prevent or regulate the formation, propagation, or coalescence of cracks [5]. The 
ability of fibers to bridge a fracture and transfer stresses leads to an improvement in structural 
response, which can be associated with improved crack width control. In addition, extensive studies 
have shown that the incorporation of fibres can significantly improve many structural properties of 
concrete, such as compressive strength, static flexural strength, shear strength and tensile strength 
[6-8]. Hence, a new form of concrete composite has been developed in the recent decades, known 
as fibre-reinforced concrete (FRC). FRC is a type of composite material consisting of a cement-based 
matrix and fibers that are evenly and randomly distributed throughout the material to provide 
discontinuous reinforcement [9]. 

The most used fibres in concrete include low modulus fibres such as nylon [10], polyethylene [11] 
and polypropylene [12,13], and high modulus fibres such as steel [13,14], carbon [15], and glass 
[12,16]. Among these fibres, polypropylene fibres are increasingly attracting research interest as 
synthetic fibres due to their cost efficiency, light weight, corrosion and acid resistance, high 
toughness, and improved resistance to shrinkage cracking [17]. On the other hand, the polypropylene 
fibres significantly improved the resilience, toughness and fracture control of FRC composites, 
although they have a low modulus of elasticity [18]. Therefore, the use of PF in concrete is becoming 
increasingly popular in practice. In addition, there are reports indicating that the inclusion of 
polypropylene fibers has minimal impact on air content and fresh density due to the low density of 
PF compared to other fiber types such as steel fibers. PF-reinforced concrete, on the other hand, 
takes less time to mix than steel fiber-reinforced concrete [19]. Polypropylene fibres (PP fibres) are 
often used in concrete structures to improve their properties and durability due to advances in 
concrete technology [20]. 

Scientists have thoroughly researched the mechanical properties and durability of polypropylene 
fibre reinforced concrete (PFRC) using a variety of testing methods. Currently, there is no summary 
of the status of these studies. The review helps us to understand how PF affects different types of 
concrete and to familiarise ourselves with different research methods that can serve as a basis for 
future PFRC research. In this study, the recent literature is thoroughly reviewed and the current state 
of research on the basic mechanical properties and durability of PFRC under different test conditions 
is presented. The aim is to summarise the latest research on PFRC and suggest ways to optimise the 
performance of PFRC to better suit complex application scenarios and maximise its effectiveness. The 
first part (introduction) of this study sets out the research criteria for the investigation. Section 2 
describes the methodology of the bibliometric study and presents the annual publication pattern and 
the coincidence of keywords. Section 3 discusses the properties of polypropylene fibres. Section 4 
discusses the effects of polypropylene fibres on the strength properties of concrete. The next part of 
this study examines how polypropylene fibres affect the durability properties of concrete. Section 6 
contains concluding considerations and recommendations. 
 
2. Methodology  
 

First, a rudimentary bibliometric analysis was performed to objectively evaluate the general state 
of the use of polypropylene fibres in the field of concrete research. Bibliometric analysis is a common 
method to visualize the corpus of scientific publications and assess the current state of research in 
each discipline [21]. Data from the Scopus database was used for the study. Scopus is the most widely 
used indexed database in this field of research [22,23]. Only academic publications and reviews 
published in the category of polypropylene fibres in concrete were considered in this study. Non-
academic materials such as editorial materials, correspondence, reprints, and other document types 
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were excluded from the search. A selection of materials, including articles and reviews, published in 
the period from 2003 to 2023 was made. A comprehensive analysis was conducted for a total of 2,047 
publications and reviews within the specified time, considering the required restrictions, which 
ended in November 2023. 

In order to capture the structure of knowledge and prevent subjective distortions, a literature 
search was carried out based on a content analysis in which the terms in the texts of the publications 
were linked to each other based on their collocations. The concise representation of a core 
phenomenon through content analysis is the overarching goal [24]. A common content analysis 
technique is word frequency analysis, which is intended to draw attention to the central aspects of 
the topic under investigation. In this way, growth trends and changes in the scientific discourse on a 
particular topic can be identified [25]. To specifically identify current topics in the field of 
polypropylene fibres, synonymous terms and phrases are first summarized and then grouped 
together. The structure of the Use of polypropylene fibre in concrete study was displayed using the 
VOS Viewer Tool. By classifying the underlying study according to the textual content (terms, 
keywords), the scientific maps were developed to categorize the current state of knowledge. The 
scientific maps were created using co-occurrence as a keyword. The VOS viewer tool used association 
strengths determined by the number of co-occurrences of a keyword. 
 
2.1 Yearly Publication Trend 
 

A snapshot of the state of research on a particular topic can be obtained by quantifying and 
analysing the number of publications within a given period. This can also provide insight into the 
likely future development of the field [24]. Figure 1 shows the annual publication trend for the 
searched keywords. In 2010, only 147 articles were published. Following then, the overall number of 
articles grew gradually but steadily, culminating in 628 publications in 2017. Nonetheless, there was 
a notable surge in publications, reaching 2047, between 2017 and 2023. Based on these findings, the 
use of polypropylene fibre in concrete appears to have gone through three distinct phases: an initial 
build-up phase (2003-2010), a phase of gradual acceleration (2010-2017), and a projected rapid 
expansion. 
 

 
Fig. 1. Annual publication trend from 2003 to the end of 
December 2023 for the use of PF in concrete 
 

2.2 Keywords Co-Occurrence  
 

Keywords are an important research tool because they identify and highlight important areas of 
research. The VOS Viewer analysis revealed that the top five keywords were “Polypropylene”, 
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“Polypropylene fiber”, “Fibers”, “Reinforced concrete”, and “compressive strength”. Figure 2 shows 
a global map of associations for the keyword. Only terms that repeat more than 60 times are counted. 
68 terms meet this criterion. The various colour denotes distinct groups(cluster) of related keywords.  
A frame represents the prevalence of keywords and the links between them in the literature; the 
more often mentioned keywords will have a larger frame, and the more significant links among them 
will be represented by a thicker line. Four clusters were found, shadowed by red, green, blue, and 
yellow colour. It was found 19 keywords in cluster 1 (red), 18 keywords in cluster 2 (green), 17 
keywords in cluster 3 (blue) and 14 keywords in cluster 4 (yellow). The first cluster includes terms 
such as " Polypropylene”, “reinforced concrete" and "steel fibres", suggesting that the use of 
polypropylene fibres to reinforce concrete.  

In addition, the second (green) cluster refers to the effect of polypropylene fibres on the 
mechanical properties of concrete. The second cluster includes terms such as “Tensile strength”, 
“Mechanical properties”, “Flexural strength”. The third cluster, in blue colour (cluster #3), is mostly 
focused on the durability of the concrete with polypropylene fibre. The third cluster including terms 
such as “Compressive strength”, “Durability”, “shrinkage” and “water absorption”. The fourth cluster 
in yellow (cluster 4) is mainly concerned with the effect of polypropylene fibres on the fire resistance 
of concrete. The fourth cluster including terms such as “Polypropylene fibre”, “Concrete”, “Spalling” 
and “Elevated temperature”. 
 

 
Fig. 2. Network visualization of the co-occurrence of terms used by 
researchers in the literature on the use of PF in concrete 

 
3. Properties of Polypropylene Fibers 
 

This Polypropylene Fibres (PF) appears like a white short strip as illustrated in Figure 3. PF varies 
in both length and diameter. PF can be divided into macro and micro forms based on their length and 
cross-sectional characteristics. Macro fibres are between 30 and 60 mm long and have a cross-
sectional area of 0.3 to 1 mm2. In contrast, microfibers typically have dimensions of 6 to 20 mm in 
length and 5 to 300 μm in diameter [26]. The physical and mechanical properties of PF used as 
reinforcement have a significant influence on the properties of concrete.  
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Fig. 3. Polypropylene fibres 

 
Table 1 provides comprehensive information on PF, which is frequently cited in the scientific 

literature. Key parameters such as length, diameter, density, tensile strength, modulus of elasticity, 
and elongation at break are frequently cited as fundamental data in the literature. It is crucial to 
recognize the considerable differences in the properties of polypropylene fibres, especially in terms 
of modulus of elasticity. This property is of great importance for the use of fibres in the production 
of cementitious composites. The physical characteristics of PF differ widely based on the method of 
production [27]. From the available data, it can be deduced that the tensile strength and modulus of 
elasticity of micro-PF have values of around 270 to 1000 MPa and 0.3 to 8 GPa respectively. The 
tensile strength of macro-PF ranges from 400 to 1345 MPa, while the modulus of elasticity is between 
4.7 and 10 GPa. 
 

Table 1 
The physical properties of PF 
References  Length 

(mm) 
Diameter 
(mm) 

Aspect 
ratio 

Specific 
gravity 

Tensile 
strength 
(MPa) 

Elastic 
modulus 
(GPa) 

Breaking 
elongation % 

Yuan and Yanmin 
[12] 

12 0.06 200 0.91 486 4.8  

Ahmad et al., [28] 35 .55 64 - 1345 -  
Akid et al., [1] 12 .24  0.91 550   
Guo et al., [29] 19  200 0.91 400 3.79   
 Liu et al., [30] 12 .15  0.91 276   
Ahmed et al., [31] 12   0.91  600-700 3-3.5  
Wang et al., [32] 12  600  650 3.5  
Shen et al., [33] 12 .15  900 kg/m3 800-1000 8.0  
Bhogone and 
Kolluru [34] 

60 0.60    550-640 7-10  

Tran et al., [35] 6 0.030  0.91 600 2.8  
Fu et al., [36] 19 0.030  0.91 270 0.3  
Ibrahim et al., [37] 12  0.032  900 kg/m³ 650   
Liang et al., [38] 50 0.8  0.95 706 7.4  
Guo et al., [39] 19  200  400  3.79 GPa  
Liang et al., [40] 19 0.0261  0.91 641 10.6 26.0 
Yang et al., [41] 19 0.0261  0.91 641 4.5 40 
Cui et al., [42]  0.048  167, 280, 

396 
0.91 400-450 5 GPa  

Hossain et al., [5] 12   0.91 480 7.0  
Qin et al., [43] 19 0.0312  0.91 562 5.9 27 
Kheyroddin et al., 
[44] 

18    400 2.7 80 

Hussain et al., [45] 12 0.03 400 900 kg/m³ 500 5  
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Liu et al., [46] 20 0.08  910 680 3.75 17 
Bentegri et al., [47] 19 0.34  0.92 689 5.75  
Ye et al., [48] 18 0.032 562.5 - 410 - 15 
Deng et al., [49] 50 .8 63 .95 706 7.4 10 
Eidan et al., [50] 12 0.078 154 0.91 300-400   
Alwesabi et al., [51] 3   80 0.91 550   
Mo et al., [52]    0.91 490 3.5 15 
Atea [53] 12  0.018 667 0.91 300-400 3.5-3.9  
Zhou et al., [54] 12 0.048  0.91 450 3.5  
Akhmetov et al., 
[55] 

6-15 0.018-
0.021 

 0.91 320-600 3.5-3.9  

Li et al., [56] 19    276 3.8  
Ali et al., [57] 12  0.02  900 kg/m3 400  15% 
Zeyad et al., [58] 12 0.018  910 kg/m3 350   
Dong et al., [59] - - - 0.8 265 3.782 14 
Tayeh et al., [60] - - - 940 275 2.95 3.5 
Wang et al., [61] 14 0.035 400 0.91 293 3.4 35 
Alrshoudi et al., [62] 30 0.45  910 400   
Altalabani et al., 
[63] 

12  0.032  0.91 272  3.5  

Mohammadhosseini 
et al., [64] 

30 0.45  910 400   

Lee et al., [65] 58 0.63  0.91 650 6.0 15 
Wang et al., [66] 38   0.91 570-660 4.7  
Akın et al., [67] 54 0.65  0.91 550-750   

 
4. Fresh Concrete Properties 
4.1 Workability 
 

Figure 4 illustrates the effect of PF content on workability of concrete. In general, the workability 
of the mixtures was significantly reduced by the addition of PF, as the internal friction was increased 
by the higher PF concentration, while the water-binder ratio remained constant [36,68-77]. The 
slump value of concrete decreased when the length and dose of fibres increased [17]. This indicates 
that incorporating PF negatively affects the workability of the concrete. The observed phenomenon 
could be due to the innate tendency of the fibres to intertwine, which leads to problems with uniform 
distribution in the concrete matrix [57,78]. In addition, the reduction in slump is attributed to the 
inclusion of polypropylene fibres in the concrete, which leads to a stronger interlocking of the 
particles in the first mixing phase [68,79]. 

Moreover, Due to its high content and large surface area, PF has a considerable ability to 
effectively absorb cement paste, encapsulate it and increase the consistency of the concrete mix [80]. 
These effects collectively result in decreased workability [80]. The workability and uniformity of a 
freshly mixed concrete mix with PF are significantly influenced not only by the concentration of the 
fibres but also by the length and geometric characteristics of the fibres [55]. However, several studies 
have indicated that the negative effects of PF on the workability of concrete can be reduced by 
incorporating fly ash as substitutes for cement [1,81,82]. The reason for this occurrence can be 
attributed to the spherical shape of fly ash particles, which in turn reduces any possible rise in 
concrete's water demand [83]. 
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Fig. 4. Influence of the PF content on the workability of concrete [58,84-95] 

 
5. Hardened Concrete Properties 
5.1 Compressive Strength 
 

Figure 5 illustrates the relationship between the proportion of PF and the corresponding change 
in 28-day compressive strength of the concrete. Several studies have shown that the use of PF up to 
a certain limit led to a significant increase in compressive strength compared to conventional 
concrete [31,48,58,70,73,88,89,92,93,96-98]. It is worth noting that the compressive strength of 
concrete does not increase significantly at lower fibre contents. The use of up to 0.1 % PF led to a 
limited increase in compressive strength, which reached a maximum of 5 % compared to 
conventional concrete [48,70,93,99]. On the other hand, several research studies have shown that 
the addition of PF between 0.1 and 0.6 % leads to an increase in 28-day compressive strength of up 
to 20 % compared to conventional concrete [31,48,89,97]. Alternative studies have shown that a PF 
content of up to 1 % can significantly increase the 28-day compressive strength of concrete compared 
to conventional concrete [70]. The increase in compressive strength observed with PF could be due 
to the improvement in micro-cracking in the concrete. This is because the fibres act as a linking 
medium, which leads to increased compactness of such composite [69,100,101]. 

In addition, this could be attributed to fact that PF are characterised by a high degree of flexibility. 
During the mixing and casting process, the PF tend to curl, which facilitates the filling of voids and 
thus leads to their reduction [51]. However, the excessive use of PF fibres can lead to a reduction in 
compressive strength after 28 days. The main cause of this phenomenon is the presence of an 
excessive number of fibres, which leads to an uneven distribution of fibres in the concrete. This 
uneven distribution of fibres consequently contributes to an increase in the number of internal 
defects in the concrete [36]. In addition, the presence of an excessive number of fibres can lead to 
the introduction of a significant number of air bubbles during the mixing process, resulting in a 
reduction in the compressive strength of the concrete [1]. 
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Fig. 5. Influence of PF content on concrete compressive strength [31,48,58,70,73,88,89,92,93,96-98] 

 
5.2 Splitting Tensile Strength 
 

The Figure 6 shows the relationship between the proportion of PF and the resulting change in the 
28-day splitting tensile strength of the concrete. The increase in splitting tensile strength due to the 
presence of PF can be seen in the figure. Previous studies [12,31,57,58,89,92,94,97,102-106] have 
shown that the use of PF within a certain limit led to a remarkable increase in splitting tensile strength 
compared to conventional concrete. As illustrated in Figure 6, the splitting tensile strength exhibits a 
notably high value within the PF content range of 0.6% to .9%. The splitting tensile strength of the 
concrete increased by a factor of 0.25 to 1.7 when the volume addition of PF was kept below 0.9 %. 
The increase in tensile strength can be explained by the bridging phenomenon exhibited by fibres, 
which effectively limits the spread of microcracks during the initial stages of concrete formation [37]. 
In addition, the splitting tensile strength of the concrete mix increases with increasing fibre quantity 
due to the favourable tensile strength of the fibres. Responsible for this phenomenon is the 
formation of a strong bond between aggregate and cement paste, which is caused by the large 
number of fibres along the fracture plane before fracture [5].  

According to Shen et al., [107], the longer the PF, the higher the splitting tensile strength of the 
concrete. The results showed that concrete with PF lengths of 42 mm, 54 mm, and 60 mm had a 
splitting tensile strength of 7.45 MPa, 7.99 MPa, and 8.15 MPa, respectively, when the fibre content 
was maintained. In general, increasing the content to 1.2% was found to reduce the enhancing effect, 
leading to the conclusion that the optimal PF content should be below this threshold [97,103,104]. 
Furthermore, the excessive utilisation of fibre reinforcement has been seen to result in a reduction 
in the splitting tensile strength when compared to conventional concrete. This can be explained by 
the fact that excessive PF in concrete weakens the bond between the elements, leading to faster 
failure than concrete with lower fibre content [37]. 
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Fig. 6. Effect of PF content on splitting tensile strength of concrete 
[12,31,57,58,89,92,94,97,102-106] 

 
5.3 Flexural Strength 
 

Figure 7 illustrates the 28-day flexural strength of the concrete changes depending on the PF 
fraction. Evidently the presence of PF increases flexural strength. When PF is used within a certain 
range, the flexural strength of concrete increases significantly compared to covenantal concrete. The 
incorporation of PF has the potential to attenuate or prevent the formation and propagation of initial 
cracks in fresh concrete and to reduce the stress concentration at the tip of these primary cracks 
[108,109]. Therefore, it was found that the 28-day flexural strength increases significantly when the 
PF content reaches about 0.9 %. In another study, according to study conduct by Zeyad et al., [58], 
compared to normal concrete, the 28-day flexural strength can be increased by up to 40 % if PF is 
added up to 0.9. The observed increase in 28-day flexural strength with increasing PF content can be 
attributed to the reduction in the distance between the fibres within the concrete matrix as the 
volume fraction of PF increases [29].  

However, several studies have consistently shown that the optimal concentration of PF is up to 
0.6% [12,92,110]. It has been shown that any further increase in concentration weakens the 
reinforcing effect of PF. It is important to mention that the flexural strength shows a significant 
improvement when a low PF content is used. An increase in strength between 19.64% and 24.46% is 
observed when the volume fraction of PF falls in the range of 0.025% to 0.042% [32]. On the other 
hand, increasing the PF length has a positive effect on the flexural strength of concrete. According to 
Chen et al., [111] results, it was found that concrete reaches its highest flexural strength of 6.17 MPa 
when the length of the PF is 12 mm, and the volume fraction is 0.133 %. In contrast, the flexural 
strength of the concrete decreases slightly to 6.11 MPa when the length of the PF is reduced to 6 
mm. In another study, Pehlivanlı et al., [112] reported that the addition of PF to the aerated concrete 
samples led to a significant increase in flexural strength. Specifically, the flexural strength increased 
by 25.5% when the fibre length was 3 mm, by 40.8% when the fibre length was 6 mm, and by 49.0% 
when the fibre length was 12 mm. 
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Fig. 7. Influence of PF content on flexural strength of concrete [12,31,46,58,88,92,106,110,113-115] 

 
5.4 Modulus of Elasticity 
 

The Figure 8 illustrates the 28-day modulus of elasticity of the concrete changes depending on 
the PF content. In general, the presence of fibres has no significant effect on the modulus of elasticity, 
only a negligible increase or decrease is observed [31,63,94,99,116,117]. According to Suksawang et 
al., [118], the fibre itself should have no influence on the modulus of elasticity, since discrete fibres 
cannot clearly withstand compression. However, the effect of PF on the compactness of the concrete 
is responsible for the variations in modulus of elasticity [94]. Conversely, Zhou et al., [119] claims that 
recycled aggregate (RA) concrete's modulus of elasticity has a major impact. The findings 
demonstrated that, in comparison to control samples, the Young's modulus of the mixes containing 
0.09%, 0.10%, and 0.11% PP is decreased by 15.52%, 10.15%, and 25.07%, respectively. The authors 
attributed this to fact that there was a noticeable difference in the micro-hardness of the ITZs, as the 
new ITZ in RAC had a thicker fibre cement mortar than the previous ITZ.  Akça et al., [120] came to a 
similar conclusion and reported that when the maximum exchange ratio of natural aggregates with 
RA is reached, there is a decrease of up to 46% if no PF content is present. Compared to the reference 
value, the loss of modulus of elasticity is up to 62% at the highest RCA and PF concentration. 
 

       
Fig. 8. Influence of the PF content on the modulus of elasticity of concrete 
[31,70,96,121-123] 
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6. Durability Properties  
6.1 Water Absorption  
 

In general, the addition of PF changes the pore structure, the microcracks and their cross-linking, 
which affects the water absorption properties of concrete. In this context, several studies have shown 
that the use of PF reduces the 28 days water absorption of concrete up to a certain threshold [1,12, 
99,124-128]. Rashid [126] states that PF-reinforced concrete has lower water absorption values 
compared to the control mix. At a dose of 0.4 % and 0.6 % PP fibres, the water absorption is reduced 
by 3 % and 8 %, respectively, compared to the control mix. In a separate investigation, Akid et al., [1] 
documented that the control mix had the highest water infiltration of 13.5 mm. In contrast, the 
concrete with 15% fly ash and 0.12% PF had the lowest water infiltration, which was about 27% lower 
than that of the control mix. The reduction in water penetration depth can be attributed to the 
inhibitory effect of PF on crack propagation and its ability to reduce the presence of microcracks and 
impede water flow in the concrete [1]. Figure 9 shows the effects of the additive PF on the different 
types of concrete. 
 

 
(a) 

 

 
(b) 

 
(c) 

 

 
(d) 

Fig. 9. The effects of additive PF on water absorption properties of different types of 
concrete (a) Normal concrete [12] (b) Foam concrete [1] (c) Self-compacting concrete 
[129] (d) Roller-compacted concrete [121] 

 
In addition, the decrease in water absorption can be attributed to the exceptional water barrier 

properties of PF. Furthermore, the presence of PF in the concrete mixes can lead to limited pore 
cross-linking and reduced porosity [121]. Nevertheless, the concrete exhibits increased water 
absorption when the PF concentration exceeds a certain threshold. Afroughsabet et al., [124] claims, 
for example, that at a PF content of more than 0.45 %. Concrete shows an increase in water 
absorption. Researchers have come to the same conclusion, but with different threshold values. This 
can be attributed to the fact that a higher PF content leads to greater inhomogeneity in the internal 
structure of specimen [130]. On the other hand, alternative studies have shown that the addition of 
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PF leads to an increase in the water absorption of concrete [58,82,131-133]. The observed result can 
be attributed to the influence of the PF on the workability of the concrete. The PF led to a reduction 
in flowability and the formation of additional pores in the concrete mix [58].  
 
6.2 Chloride Penetration 
 

Chloride is the main catalyst for accelerating the corrosion process of reinforcing steel. The 
penetration of chloride ions into concrete is a very damaging process that significantly impairs the 
long-term durability and safety of concrete structures [134-136]. Integration of PF reduces the 
penetration of chloride ions into concrete up to a certain limit over a period of 28 days [1,57,68,128, 
130,137-139]. The apparent chloride diffusion coefficient decreases with increasing PF concentration 
until a certain threshold value [128,140]. Research studies have shown that the addition of a suitable 
FP content of 0.1% [133,137,138], 0.45% [140], 0.5% [139] and 1% a [68,130] increases the chloride 
ion resistance of concrete. Mixing a suitable amount of PF can increase the resistance of the concrete 
to the penetration of chloride ions. This is due to the decrease in the internal conductivity of the 
pores and the reduced capillary porosity [128,140]. Nevertheless, a further increase in PF content 
resulted in increased chloride ion infiltration compared to the control mix. This is possibly due to 
increased permeability [141] and a non-uniform microstructure [129] of the concrete matrix at higher 
PF dosages. Figure 10 shows the effect of the PF content on the chloride ion resistance of different 
types of concrete. 
 

 
(a) 

 

 
(b) 

 
(c) 

 

 
(d) 

Fig. 10. The effect of the PF content on the chloride ion resistance of different types of concrete (a) 
Normal concrete [89] (b) Lightweight concrete [139] (c) Self-compacting concrete [133] (d) Recycled 
aggregates concrete [130] 
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6.3 Sulphate Attack 
 

The relationship between the addition of PF and the ability to resist expansion caused by sulphate 
attack becomes clear [142,143]. The inclusion of PF fibres in the mixture significantly reduced the 
weight gain of the concrete [64,143]. In addition, PF increases the mechanical properties of concrete 
by keeping the weight constant even when exposed to sulphates [40,127,144]. This phenomenon can 
be attributed to the close connection between the chaotic distribution of PF and the concrete matrix, 
which effectively suppresses the formation and propagation of cracks. In addition, the fibres also 
serve as "bridges" that restrict the growth of pores [144]. In addition, the observed behaviour can be 
attributed to the increased absorption capacity of the expanding phases in the cavities, which is due 
to the high concentration of trapped air in PF-containing concrete [145]. Figure 11 illustrates the 
effect of FP on concrete when exposed to magnesium sulphate. 
 

 
Fig. 11. Effect of PF on concrete when exposed to magnesium sulphate [143] (a)  
Compressive strength (b) Mass increase 

 
6.4 Drying Shrinkage 
 

In a broader sense, it has been shown that the addition of PF leads to a reduction in the drying 
shrinkage of concrete [20,35,55,111,146-152]. For example, with a PF content of up to .45 %, the 28 
days drying shrinkage was found to be 11 % to 18 % lower than that of the reference concrete [140]. 
In another study, According to Alrshoudi et al., [146], in the 180-day shrinkage test, the dry shrinkage 
values for concrete with PF decreased by 11.43 %, 23.3 %, 29.5 %, 16.8 % and 4.5 % for the PF 
proportions of 0.25 %, 0.5 %, 0.75 %, 1 % and 1.25 %, respectively, compared to the control mix. This 
could be due to the fact that PF acts as an anti-cracking agent and reduces the drying shrinkage of 
concrete [131].  

On the other hand, Shen et al., [107] asserted that as the length of the PF increased, the utmost 
total unconstrained strain decreased. The PFs with lengths of 42, 54, and 60 exhibited maximal total 
free strain values of 151, 140, and 126, respectively. This phenomenon can be attributed to the fact 
that as the fibre length increases, the interfacial adhesion between the fibres and the concrete 
increases, which reduces the shrinkage of the concrete [153]. In addition, the use of PF serves to 
absorb part of the water content and gradually distribute it during the hydration process. Therefore, 
the inclusion of PF leads to a reduction in shrinkage [133]. Figure 12 presents the effect of the PF 
content on the drying shrinkage of different types of concrete. 
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 Fig. 12. Effect of PF content on the drying shrinkage of different types of concrete  
(a) Normal concrete (b) Ultra-high performance concrete [150] (c) Self-compacting 
concrete [55] (d) Recycled aggregates concrete [111]. 

 
6.5 Carbonation Resistance  
 

Use of PF within a certain dose range can effectively mitigate the extent of corrosion caused by 
carbonation [54,62,152-158]. Addition of a suitable PF content of .1% [157,158], .5% [62,156] and 1% 
[154] increases the carbonation resistance of concrete. This could be due to the fact that the PF fibres 
present in the concrete can clog the capillary channels, leading to a reduction in the size of the 
capillary pores [159]. In addition, the presence of PF in concrete composites has been shown to 
effectively attenuate cracking, thus reducing the occurrence of microcracks [62,159,160]. Tanash et 
al., [154] found that the depth of carbonation of concrete initially decreases and then increases with 
increasing content and length of PF. At a PF volume concentration of 1 % and a length of 12 mm, the 
depth of carbonation of the concrete after 28 days was only 1.94 mm, i.e., 63.94 % less than that of 
the reference concrete. 
 
6.6 Fire Resistance  
 

Concrete is used as a building material in construction due to its poor thermal conductivity. 
However, the limited availability of water and the lack of small pores in concrete lead to an increase 
in vapor pressure when heated, making it highly susceptible to explosive spalling [154]. PF has a high 
operating temperature of 1000°C and does not release hazardous compounds at high temperatures. 
It is an excellent material to resist fire as it has enlarged pore spaces that are created when PF melts 
in a fire, alleviating pore pressure [155]. The addition of PF to concrete increases its strength at 
various elevated temperatures and reduces the loss of strength caused by rising temperatures 
[50,159]. In addition, the use of PF on concrete often reduces the occurrence of concrete spalling at 
high temperatures [160,161]. This could be due to the reduction in pore pressure when PF is 
incorporated into concrete at high temperatures [160]. This decrease in pore pressure is attributed 
to the low melting point of the PF fibres, which form a percolation system in the concrete matrix 
[162]. 
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7. Conclusions 
 

Conclusively, research into PF as concrete additive is gaining popularity due to its ability to resist 
cracking in concrete and maintain its performance at extreme temperatures. Concrete demonstrates 
a reduction in workability with incorporation of large PF dosage. Optimal use of PF from 0.1% to 0.6% 
can improve the compressive strength of concrete via its crack resistance. However, excessive use 
needs to be avoided as it would reduce homogeneity of concrete mix and lower the strength. Use of 
PF 0.6% to 0.9% enhances splitting tensile strength of concrete owing to microcrack resistance.  
Modulus of elasticity is not affected due to integration of PF unless it is excessive integrated in the 
mixture. The water absorption of concrete may be effectively decreased by using PF optimally. The 
resistance of concrete against sulphate and chloride attacks increases with the addition of a suitable 
dosage of polypropylene fibres. The blending of fibres in concrete mixtures that makes the concrete 
denser enhances its fire resistance properties. 

There is research areas related to the use of PF in concrete that remain to be explored. The 
structural performance and fire resistance of concrete produced using binary or ternary blend of PF 
fibre, steel fibre, glass fibre, kenaf fibre should be investigated. The mechanical and durability 
properties of agricultural ash blended cement concrete containing PF remain to be explored. The 
performance of concrete produced through integration of mixed PF with kenaf fibre and bamboo 
fibre is another area to be looked into. The durability performance of self-compacting lightweight 
aggregate palm oil fuel ash blended cement based concrete containing PF of diverse size and ratio in 
another interesting area to be explored. The impact of PF integration on performance of 3D printing 
concrete, heavy weight concrete, polymer concrete, pervious concrete and other modern concrete 
remain to be discovered in future. 
 
Acknowledgement 
The authors would like to thank Universiti Malaysia Pahang Al-Sultan Abdullah and Universitas 
Muhammadiyah Sumatera Utara for supporting the study through the International Matching Grant 
UIC231507. 
 
References 
[1] Akid, Abu Sayed Mohammad, Saif Hossain, Md Imtiaz Uddin Munshi, Md Manjur A. Elahi, Md Habibur Rahman 

Sobuz, Vivian WY Tam, and Md Saiful Islam. "Assessing the influence of fly ash and polypropylene fiber on fresh, 
mechanical and durability properties of concrete." Journal of King Saud University-Engineering Sciences 35, no. 7 
(2023): 474-484. https://doi.org/10.1016/j.jksues.2021.06.005 

[2]  Ali, Babar, and Liaqat Ali Qureshi. "Influence of glass fibers on mechanical and durability performance of concrete 
with recycled aggregates." Construction and Building Materials 228 (2019): 116783. 
https://doi:10.1016/j.conbuildmat.2019.116783 

[3] Ali, Babar, Liaqat Ali Qureshi, Syed Haroon Ali Shah, Safi Ur Rehman, Iqrar Hussain, and Maria Iqbal. "A step towards 
durable, ductile and sustainable concrete: Simultaneous incorporation of recycled aggregates, glass fiber and fly 
ash." Construction and Building Materials 251 (2020): 118980. https://doi:10.1016/j.conbuildmat.2020.118980 

[4] Zain, Muhammad Fauzi Mohd, H. B. Mahmud, Ade Ilham, and M. Faizal. "Prediction of splitting tensile strength of 
high-performance concrete." Cement and Concrete Research 32, no. 8 (2002): 1251-1258. 
https://doi:10.1016/s0008-8846(02)00768-8 

[5]  Hossain, FM Zahid, Md Shahjalal, Kamrul Islam, Mohammad Tiznobaik, and M. Shahria Alam. "Mechanical 
properties of recycled aggregate concrete containing crumb rubber and polypropylene fiber." Construction and 
Building Materials 225 (2019): 983-996. https://doi.org/10.1016/j.conbuildmat.2019.07.245 

[6]  Liu, Jinliang, Yanmin Jia, and Jun Wang. "Experimental study on mechanical and durability properties of glass and 
polypropylene fiber reinforced concrete." Fibers and Polymers 20 (2019): 1900-1908. 
https://doi.org/10.1007/s12221-019-1028-9 

https://doi.org/10.1016/j.jksues.2021.06.005
https://doi:10.1016/j.conbuildmat.2019.116783
https://doi:10.1016/j.conbuildmat.2020.118980
https://doi:10.1016/s0008-8846(02)00768-8
https://doi.org/10.1016/j.conbuildmat.2019.07.245
https://doi.org/10.1007/s12221-019-1028-9


Journal of Advanced Research in Applied Mechanics 
Volume 135, Issue 1 (2025) 128-151 

 

143 
 

[7]  Mohammadi, Yaghoub, S. P. Singh, and S. K. Kaushik. "Properties of steel fibrous concrete containing mixed fibres 
in fresh and hardened state." Construction and Building Materials 22, no. 5 (2008): 956-965. 
https://doi.org/10.1016/j.conbuildmat.2006.12.004 

[8]  Grzymski, Filip, Michał Musiał, and Tomasz Trapko. "Mechanical properties of fibre reinforced concrete with 
recycled fibres." Construction and Building Materials 198 (2019): 323-331. 
https://doi.org/10.1016/j.conbuildmat.2018.11.183 

[9] Xin, C. L., Z. Z. Wang, J. M. Zhou, and Bo Gao. "Shaking table tests on seismic behavior of polypropylene fiber 
reinforced concrete tunnel lining." Tunnelling and Underground Space Technology 88 (2019): 1-15. 
https://doi.org/10.1016/j.tust.2019.02.019 

[10]  Qin, Yuan, Ming Li, Yanlong Li, Weili Ma, Zengguang Xu, Junrui Chai, and Heng Zhou. "Effects of nylon fiber and 
nylon fiber fabric on the permeability of cracked concrete." Construction and Building Materials 274 (2021): 
121786. https://doi.org/10.1016/j.conbuildmat.2020.121786 

[11]  Kim, Gi Woong, Taekgeun Oh, Seung Kyun Lee, Seung Won Lee, Nemkumar Banthia, Eunjong Yu, and Doo-Yeol Yoo. 
"Hybrid reinforcement of steel–polyethylene fibers in cementless ultra-high performance alkali-activated concrete 
with various silica sand dosages." Construction and Building Materials 394 (2023): 132213. 
https://doi.org/10.1016/j.conbuildmat.2023.132213 

[12]  Yuan, Zhu, and Yanmin Jia. "Mechanical properties and microstructure of glass fiber and polypropylene fiber 
reinforced concrete: An experimental study." Construction and Building Materials 266 (2021): 121048. 
https://doi.org/10.1016/j.conbuildmat.2020.121048 

[13]  Qin, Xia, and Sakdirat Kaewunruen. "Environment-friendly recycled steel fibre reinforced concrete." Construction 
and Building Materials 327 (2022): 126967. https://doi.org/10.1016/j.conbuildmat.2022.126967 

[14] Alsaif, Abdulaziz, Lampros Koutas, Susan A. Bernal, Maurizio Guadagnini, and Kypros Pilakoutas. "Mechanical 
performance of steel fibre reinforced rubberised concrete for flexible concrete pavements." Construction and 
Building Materials 172 (2018): 533-543. https://doi.org/10.1016/j.conbuildmat.2018.04.010 

[15]  Wei, Aifang, Mike Yongjun Tan, Yew-Chin Koay, Xiancun Hu, and Riyadh Al-Ameri. "Effect of carbon fiber waste on 
steel corrosion of reinforced concrete structures exposed to the marine environment." Journal of Cleaner 
Production 316 (2021): 128356. https://doi.org/10.1016/j.jclepro.2021.128356 

[16] Małek, Marcin, Mateusz Jackowski, Waldemar Łasica, Marta Kadela, and Marcin Wachowski. "Mechanical and 
material properties of mortar reinforced with glass fiber: An experimental study." Materials 14, no. 3 (2021): 698. 
http://doi.org/10.3390/ma14030698 

[17] Bentegri, I., O. Boukendakdji, E. H. Kadri, T. T. Ngo, and H. Soualhi. "Rheological and tribological behaviors of 
polypropylene fiber reinforced concrete." Construction and Building Materials 261 (2020): 119962. 
https://doi.org/10.1016/j.conbuildmat.2020.119962 

[18] Cifuentes, Héctor, Fidel García, Orlando Maeso, and Fernando Medina. "Influence of the properties of 
polypropylene fibres on the fracture behaviour of low-, normal-and high-strength FRC." Construction and Building 
Materials 45 (2013): 130-137. https://doi.org/10.1016/j.conbuildmat.2013.03.098 

[19] Yin, Shi, Rabin Tuladhar, Jacob Riella, David Chung, Tony Collister, Mark Combe, and Nagaratnam Sivakugan. 
"Comparative evaluation of virgin and recycled polypropylene fibre reinforced concrete." Construction and Building 
Materials 114 (2016): 134-141. https://doi.org/10.1016/j.conbuildmat.2016.03.162 

[20] Wang, Jiaqing, Qingli Dai, Ruizhe Si, and Shuaicheng Guo. "Mechanical, durability, and microstructural properties 
of macro synthetic polypropylene (PP) fiber-reinforced rubber concrete." Journal of Cleaner Production 234 (2019): 
1351-1364. https://doi.org/10.1016/j.jclepro.2019.06.272 

[21] Van Raan, Anthony FJ. "For your citations only? Hot topics in bibliometric analysis." Measurement: Interdisciplinary 
Research and Perspectives 3, no. 1 (2005): 50-62. https://doi.org/10.1207/s15366359mea0301_7 

[22] Kamarudin, Nurzatulshima, Nik Mawar Hanifah Nik Hassan, Mohd Mokhtar Muhamad, Othman Talib, Haryati 
Kamarudin, Norhafizan Abdul Wahab, Aidatul Shima Ismail, Haza Hafeez Borhan, and Nazihah Idris. "Unveiling 
collaborative trends in fuzzy delphi method (FDM) research: A co-authorship bibliometrics study." International 
Journal of Computational Thinking and Data Science 2, no. 1 (2024): 1-20. https://doi.org/10.37934/CTDS.2.1.120 

[23] Morshidi, Azizan, Noor Syakirah Zakaria, Mohammad Ikhram Mohammad Ridzuan, Rizal Zamani Idris, Azueryn 
Annatassia Dania Aqeela, and Mohamad Shaukhi Mohd Radzi. "Artificial Intelligence and Islam: A Bibiliometric-
Thematic Analysis and Future Research Direction." Semarak International Journal of Machine Learning 1: 41-58. 
https://doi.org/10.37934/sijml.1.1.4158 

[24] Hajek, Petr, Abdelrahman Youssef, and Veronika Hajkova. "Recent developments in smart city assessment: A 
bibliometric and content analysis-based literature review." Cities 126 (2022): 103709. 
https://doi.org/10.1016/j.cities.2022.103709 

https://doi.org/10.1016/j.conbuildmat.2006.12.004
https://doi.org/10.1016/j.conbuildmat.2018.11.183
https://doi.org/10.1016/j.tust.2019.02.019
https://doi.org/10.1016/j.conbuildmat.2020.121786
https://doi.org/10.1016/j.conbuildmat.2023.132213
https://doi.org/10.1016/j.conbuildmat.2020.121048
https://doi.org/10.1016/j.conbuildmat.2022.126967
https://doi.org/10.1016/j.conbuildmat.2018.04.010
https://doi.org/10.1016/j.jclepro.2021.128356
http://doi.org/10.3390/ma14030698
https://doi.org/10.1016/j.conbuildmat.2020.119962
https://doi.org/10.1016/j.conbuildmat.2013.03.098.
https://doi.org/10.1016/j.conbuildmat.2016.03.162
https://doi.org/10.1016/j.jclepro.2019.06.272
https://doi.org/10.1207/s15366359mea0301_7
https://doi.org/10.37934/CTDS.2.1.120
https://doi.org/10.37934/sijml.1.1.4158
https://doi.org/10.1016/j.cities.2022.103709


Journal of Advanced Research in Applied Mechanics 
Volume 135, Issue 1 (2025) 128-151 

 

144 
 

[25] Geng, Shengnan, Yuan Wang, Jian Zuo, Zhihua Zhou, Huibin Du, and Guozhu Mao. "Building life cycle assessment 
research: A review by bibliometric analysis." Renewable and Sustainable Energy Reviews 76 (2017): 176-184. 
https://doi.org/10.1016/j.rser.2017.03.068 

[26] Orouji, Maedeh, Seyed Mehdi Zahrai, and Erfan Najaf. "Effect of glass powder & polypropylene fibers on 
compressive and flexural strengths, toughness and ductility of concrete: an environmental approach." In Structures, 
vol. 33, p. 4616-4628. Elsevier, 2021. https://doi.org/10.1016/j.istruc.2021.07.048 

[27] Richaud, Emmanuel, Bruno Fayolle, and Peter Davies. "Tensile properties of polypropylene fibers." In Handbook of 
properties of textile and technical fibres, p. 515-543. Woodhead Publishing, 2018. https://doi.org/10.1016/B978-0-
08-101272-7.00014-6  

[28] Ahmad, Jawad, Fahid Aslam, Osama Zaid, Rayed Alyousef, Hisham Alabduljabbar, and Aneel Manan. "Self-fibers 
compacting concrete properties reinforced with propylene fibers." Science and Engineering of Composite 
Materials 28, no. 1 (2021): 64-72. https://doi.org/10.1515/secm-2021-0006 

[29]    Guo, Hui, Linzhi Jiang, Junlin Tao, Yu Chen, Zhiqin Zheng, and Bin Jia. "Influence of a hybrid combination of steel 
and polypropylene fibers on concrete toughness." Construction and Building Materials 275 (2021): 122132. 
https://doi.org/10.1016/j.conbuildmat.2020.122132 

[30]  Liu, Jinliang, Yanmin Jia, and Jun Wang. "Experimental study on mechanical and durability properties of glass and 
polypropylene fiber reinforced concrete." Fibers and Polymers 20 (2019): 1900-1908. 
https://doi.org/10.1007/s12221-019-1028-9 

[31]  Ahmed, Tuqa Waleed, Ahmed A. Mohammed Ali, and Roua Suhail Zidan. "Properties of high strength polypropylene 
fiber concrete containing recycled aggregate." Construction and Building Materials 241 (2020): 118010. 
https://doi.org/10.1016/j.conbuildmat.2020.118010 

[32]  Wang, Dehong, Yanzhong Ju, Hao Shen, and Libin Xu. "Mechanical properties of high performance concrete 
reinforced with basalt fiber and polypropylene fiber." Construction and Building Materials 197 (2019): 464-473. 
https://doi.org/10.1016/j.conbuildmat.2018.11.181 

[33]  Shen, Dejian, Ci Liu, Yueyao Luo, Haoze Shao, Xiaoyu Zhou, and Songlin Bai. "Early-age autogenous shrinkage, 
tensile creep, and restrained cracking behavior of ultra-high-performance concrete incorporating polypropylene 
fibers." Cement and Concrete Composites 138 (2023): 104948. 
https://doi.org/10.1016/j.cemconcomp.2023.104948 

[34]  Bhogone, Manjunath V., and Kolluru VL Subramaniam. "Early-age tensile constitutive relationships for steel and 
polypropylene fiber reinforced concrete." Engineering Fracture Mechanics 244 (2021): 107556. 
https://doi.org/10.1016/j.engfracmech.2021.107556 

[35]  Tran, Mien V., Yen TH Cu, and Chau VH Le. "Rheology and shrinkage of concrete using polypropylene fiber for 3D 
concrete printing." Journal of Building Engineering 44 (2021): 103400. https://doi.org/10.1016/j.jobe.2021.103400 

[36]  Fu, Qiang, Wenrui Xu, MengXin Bu, Bingbing Guo, and Ditao Niu. "Effect and action mechanism of fibers on 
mechanical behavior of hybrid basalt-polypropylene fiber-reinforced concrete." In Structures, vol. 34, pp. 3596-
3610. Elsevier, 2021. https://doi.org/10.1016/j.istruc.2021.09.097 

[37] Ibrahim, Yassin A., Arsalan H. Hasan, and Nyazi R. Maroof. "Effects of polypropylene fiber content on strength and 
workability properties of concrete." Polytechnic Journal 9, no. 1 (2019): 3. 
https://doi.org/10.25156/ptj.v9n1y2019.pp7-12  

[38]  Liang, Ninghui, Lianxi Ren, Shuo Tian, Xinrong Liu, Zuliang Zhong, Zhiyun Deng, and Ru Yan. "Study on the fracture 
toughness of polypropylene–basalt fiber-reinforced concrete." International Journal of Concrete Structures and 
Materials 15 (2021): 1-23. https://doi.org/10.1186/s40069-021-00472-x 

[39]  Guo, Hui, Junlin Tao, Yu Chen, Dan Li, Bin Jia, and Yue Zhai. "Effect of steel and polypropylene fibers on the quasi-
static and dynamic splitting tensile properties of high-strength concrete." Construction and Building Materials 224 
(2019): 504-514. https://doi.org/10.1016/j.conbuildmat.2019.07.096  

[40]  Liang, Ninghui, Jinwang Mao, Ru Yan, Xinrong Liu, and Xiaohan Zhou. "Corrosion resistance of multiscale 
polypropylene fiber-reinforced concrete under sulfate attack." Case Studies in Construction Materials 16 (2022): 
e01065. https://doi.org/10.1016/j.cscm.2022.e01065 

[41]  Yang, Xin, Ninghui Liang, Yang Hu, and Rui Feng. "An experimental study of shear resistance for multisize 
polypropylene fiber concrete beams." International Journal of Concrete Structures and Materials 15 (2021): 1-11. 
http://dx.doi.org/10.1186/s40069-021-00492-7 

[42]  Cui, Kai, Lihua Xu, Xuefeng Li, Xuan Hu, Le Huang, Fangqian Deng, and Yin Chi. "Fatigue life analysis of polypropylene 
fiber reinforced concrete under axial constant-amplitude cyclic compression." Journal of Cleaner Production 319 
(2021): 128610. https://doi.org/10.1016/j.jclepro.2021.128610 

[43]  Qin, Yuan, Xianwei Zhang, Junrui Chai, Zengguang Xu, and Shouyi Li. "Experimental study of compressive behavior 
of polypropylene-fiber-reinforced and polypropylene-fiber-fabric-reinforced concrete." Construction and Building 
Materials 194 (2019): 216-225. https://doi.org/10.1016/j.conbuildmat.2018.11.042 

https://doi.org/10.1016/j.rser.2017.03.068
https://doi.org/10.1016/j.istruc.2021.07.048
https://doi.org/10.1016/B978-0-08-101272-7.00014-6
https://doi.org/10.1016/B978-0-08-101272-7.00014-6
https://doi.org/10.1515/secm-2021-0006
https://doi.org/10.1016/j.conbuildmat.2020.122132
https://doi.org/10.1007/s12221-019-1028-9
https://doi.org/10.1016/j.conbuildmat.2020.118010
https://doi.org/10.1016/j.conbuildmat.2018.11.181
https://doi.org/10.1016/j.cemconcomp.2023.104948
https://doi.org/10.1016/j.engfracmech.2021.107556
https://doi.org/10.1016/j.jobe.2021.103400
https://doi.org/10.1016/j.istruc.2021.09.097
https://doi.org/10.25156/ptj.v9n1y2019.pp7-12
https://doi.org/10.1186/s40069-021-00472-x
https://doi.org/10.1016/j.conbuildmat.2019.07.096
https://doi.org/10.1016/j.cscm.2022.e01065
http://dx.doi.org/10.1186/s40069-021-00492-7
https://doi.org/10.1016/j.jclepro.2021.128610
https://doi.org/10.1016/j.conbuildmat.2018.11.042


Journal of Advanced Research in Applied Mechanics 
Volume 135, Issue 1 (2025) 128-151 

 

145 
 

[44]  Kheyroddin, Ali, Hamid Arshadi, Mohammad Reza Ahadi, Gelayol Taban, and Mahdi Kioumarsi. "The impact 
resistance of Fiber-Reinforced concrete with polypropylene fibers and GFRP wrapping." Materials Today: 
Proceedings 45 (2021): 5433-5438. https://doi.org/10.1016/j.matpr.2021.02.116 

[45]  Hussain, Iqrar, Babar Ali, Tauqeer Akhtar, Muhammad Sohail Jameel, and Syed Safdar Raza. "Comparison of 
mechanical properties of concrete and design thickness of pavement with different types of fiber-reinforcements 
(steel, glass, and polypropylene)." Case studies in Construction Materials 13 (2020): e00429. 
https://doi.org/10.1016/j.cscm.2020.e00429 

[46]  Liu, Xi, Tao Wu, Xue Yang, and Hui Wei. "Properties of self-compacting lightweight concrete reinforced with steel 
and polypropylene fibers." Construction and Building Materials 226 (2019): 388-398. 
https://doi.org/10.1016/j.conbuildmat.2019.07.306 

[47]  Bentegri, I., O. Boukendakdji, E. H. Kadri, T. T. Ngo, and H. Soualhi. "Rheological and tribological behaviors of 
polypropylene fiber reinforced concrete." Construction and Building Materials 261 (2020): 119962. 
https://doi.org/10.1016/j.conbuildmat.2020.119962 

[48]  Ye, Peihuan, Zongping Chen, and Weiwei Su. "Mechanical properties of fully recycled coarse aggregate concrete 
with polypropylene fiber." Case Studies in Construction Materials 17 (2022): e01352. 
https://doi.org/10.1016/j.cscm.2022.e01352  

[49]  Deng, Zhiyun, Xinrong Liu, Xin Yang, Ninghui Liang, Ru Yan, Peng Chen, Qingxu Miao, and Yihua Xu. "A study of 
tensile and compressive properties of hybrid basalt‐polypropylene fiber‐reinforced concrete under uniaxial 
loads." Structural Concrete 22, no. 1 (2021): 396-409. https://doi.org/10.1002/suco.202000006  

[50]  Eidan, Javad, Iraj Rasoolan, Abbas Rezaeian, and Davood Poorveis. "Residual mechanical properties of 
polypropylene fiber-reinforced concrete after heating." Construction and Building Materials 198 (2019): 195-206. 
https://doi.org/10.1016/j.conbuildmat.2018.11.209 

[51]  Alwesabi, Emad AH, BH Abu Bakar, Ibrahim MH Alshaikh, Abdullah M. Zeyad, Ali Altheeb, and Hussam Alghamdi. 
"Experimental investigation on fracture characteristics of plain and rubberized concrete containing hybrid steel-
polypropylene fiber." In Structures, vol. 33, p. 4421-4432. Elsevier, 2021. 
https://doi.org/10.1016/j.istruc.2021.07.011 

[52]  Mo, Jinxu, Lei Zeng, Yanhua Liu, Linling Ma, Changjun Liu, Sheng Xiang, and Guoyuan Cheng. "Mechanical properties 
and damping capacity of polypropylene fiber reinforced concrete modified by rubber powder." Construction and 
Building Materials 242 (2020): 118111. https://doi.org/10.1016/j.conbuildmat.2020.118111 

[53]  Atea, Rafid Saeed. "A case study on concrete column strength improvement with different steel fibers and 
polypropylene fibers." Journal of Materials Research and Technology 8, no. 6 (2019): 6106-6114. 
https://doi.org/10.1016/j.jmrt.2019.10.005 

[54]  Zhou, Wenmei, Jinxu Mo, Lei Zeng, and Sheng Xiang. "Fracture behavior of polypropylene fiber reinforced concrete 
modified by rubber powder exposed to elevated temperatures." Construction and Building Materials 346 (2022): 
128439. https://doi.org/10.1016/j.conbuildmat.2022.128439 

[55]  Akhmetov, Daniyar, Sungat Akhazhanov, Ainur Jetpisbayeva, Yuri Pukharenko, Yelena Root, Yelbek Utepov, and 
Akbulat Akhmetov. "Effect of low-modulus polypropylene fiber on physical and mechanical properties of self-
compacting concrete." Case Studies in Construction Materials 16 (2022): e00814. 
https://doi.org/10.1016/j.cscm.2021.e00814 

[56]  Li, Yi, Yueqi Su, Kiang Hwee Tan, Xiaotian Zheng, and Junlei Sheng. "Pore structure and splitting tensile strength of 
hybrid Basalt–Polypropylene fiber reinforced concrete subjected to carbonation." Construction and Building 
Materials 297 (2021): 123779. https://doi.org/10.1016/j.conbuildmat.2021.123779 

[57]  Ali, Atizaz, Zahoor Hussain, Muhammad Akbar, Ayub Elahi, Samiullah Bhatti, Muhammad Imran, Pu Zhang, and 
Nembo Leslie Ndam. "Influence of Marble Powder and Polypropylene Fibers on the Strength and Durability 
Properties of Self‐Compacting Concrete (SCC)." Advances in Materials Science and Engineering 2022, no. 1 (2022): 
9553382. https://doi.org/10.1155/2022/9553382 

[58]  Zeyad, Abdullah M., Afzal Husain Khan, and Bassam A. Tayeh. "Durability and strength characteristics of high-
strength concrete incorporated with volcanic pumice powder and polypropylene fibers." Journal of Materials 
Research and Technology 9, no. 1 (2020): 806-818. https://doi.org/10.1016/j.jmrt.2019.11.021 

[59]  Dong, Hong. "Preparation and performance analysis of polypropylene fiber‐reinforced concrete composite." Asia‐
Pacific Journal of Chemical Engineering 15 (2020): e2445. https://doi.org/10.1002/apj.2445 

[60]  Tayeh, Bassam A., Mahmoud H. Akeed, Shaker Qaidi, and BH Abu Bakar. "Influence of microsilica and polypropylene 
fibers on the fresh and mechanical properties of ultra-high performance geopolymer concrete (UHP-GPC)." Case 
Studies in Construction Materials 17 (2022): e01367. https://doi.org/10.1016/j.cscm.2022.e01367 

[61]  Wang, Yan, Shaohui Zhang, Ditao Niu, and Qiang Fu. "Quantitative evaluation of the characteristics of air voids and 
their relationship with the permeability and salt freeze–thaw resistance of hybrid steel-polypropylene fiber–

https://doi.org/10.1016/j.matpr.2021.02.116
https://doi.org/10.1016/j.cscm.2020.e00429
https://doi.org/10.1016/j.conbuildmat.2019.07.306
https://doi.org/10.1016/j.conbuildmat.2020.119962
https://doi.org/10.1016/j.cscm.2022.e01352
https://doi.org/10.1002/suco.202000006
https://doi.org/10.1016/j.conbuildmat.2018.11.209
https://doi.org/10.1016/j.istruc.2021.07.011
https://doi.org/10.1016/j.conbuildmat.2020.118111
https://doi.org/10.1016/j.jmrt.2019.10.005
https://doi.org/10.1016/j.conbuildmat.2022.128439
https://doi.org/10.1016/j.cscm.2021.e00814
https://doi.org/10.1016/j.conbuildmat.2021.123779
https://doi.org/10.1155/2022/9553382
https://doi.org/10.1016/j.jmrt.2019.11.021
https://doi.org/10.1002/apj.2445
https://doi.org/10.1016/j.cscm.2022.e01367


Journal of Advanced Research in Applied Mechanics 
Volume 135, Issue 1 (2025) 128-151 

 

146 
 

reinforced concrete composites." Cement and Concrete Composites 125 (2022): 104292. 
https://doi.org/10.1016/j.cemconcomp.2021.104292 

[62]  Alrshoudi, Fahed, Hossein Mohammadhosseini, Mahmood Md. Tahir, Rayed Alyousef, Hussam Alghamdi, Yousef R. 
Alharbi, and Abdulaziz Alsaif. "Sustainable use of waste polypropylene fibers and palm oil fuel ash in the production 
of novel prepacked aggregate fiber-reinforced concrete." Sustainability 12, no. 12 (2020): 4871. 
https://doi.org/10.3390/su12124871 

[63]  Altalabani, Danar, Dillshad KH Bzeni, and Stefan Linsel. "Mechanical properties and load deflection relationship of 
polypropylene fiber reinforced self-compacting lightweight concrete." Construction and Building Materials 252 
(2020): 119084. https://doi.org/10.1016/j.conbuildmat.2020.119084 

[64]  Mohammadhosseini, Hossein, Fahed Alrshoudi, Mahmood Md Tahir, Rayed Alyousef, Hussam Alghamdi, Yousef R. 
Alharbi, and Abdulaziz Alsaif. "Durability and thermal properties of prepacked aggregate concrete reinforced with 
waste polypropylene fibers." Journal of Building Engineering 32 (2020): 101723. 
https://doi.org/10.1016/j.jobe.2020.101723 

[65]  Lee, Jong-Han, Baiksoon Cho, Eunsoo Choi, and Yong-Hyung Kim. "Experimental study of the reinforcement effect 
of macro-type high strength polypropylene on the flexural capacity of concrete." Construction and Building 
Materials 126 (2016): 967-975. https://doi.org/10.1016/j.conbuildmat.2016.09.017 

[66]  Wang, Jiaqing, Qingli Dai, Ruizhe Si, and Shuaicheng Guo. "Mechanical, durability, and microstructural properties 
of macro synthetic polypropylene (PP) fiber-reinforced rubber concrete." Journal of Cleaner Production 234 (2019): 
1351-1364. https://doi.org/10.1016/j.jclepro.2019.06.272 

[67]  Akın, Süleyman Kamil, Saruhan Kartal, Abdullah Müsevitoğlu, Sadrettin Sancıoğlu, Ahmad Javid Zia, and Abdulkerim 
Ilgün. "Macro and micro polypropylene fiber effect on reinforced concrete beams with insufficient lap splice 
length." Case Studies in Construction Materials 16 (2022): e01005. https://doi.org/10.1016/j.cscm.2022.e01005 

[68]  Haq, Inzimam Ul, Ayub Elahi, Adnan Nawaz, Syed Aamir Qadeer Shah, and Khawar Ali. "Mechanical and durability 
performance of concrete mixtures incorporating bentonite, silica fume, and polypropylene fibers." Construction 
and Building Materials 345 (2022): 128223. https://doi.org/10.1016/j.conbuildmat.2022.128223 

[69]  Garg, Rishav, and Rajni Garg. "Performance evaluation of polypropylene fiber waste reinforced concrete in 
presence of silica fume." Materials Today: Proceedings 43 (2021): 809-816 
https://doi.org/10.1016/j.matpr.2020.06.482 

[70]  Dharan, Divya S., and Aswathy Lal. "Study the effect of polypropylene fiber in concrete." International Research 
Journal of Engineering and Technology 3, no. 6 (2016): 616-619.  

[71]  Cao, Qi, Yinliang Cheng, Mingli Cao, and Quanqing Gao. "Workability, strength and shrinkage of fiber reinforced 
expansive self-consolidating concrete." Construction and Building Materials 131 (2017): 178-185. 
https://doi.org/10.1016/j.conbuildmat.2016.11.076 

[72]  Toutanji, Houssam A. "Properties of polypropylene fiber reinforced silica fume expansive-cement 
concrete." Construction and Building Materials 13, no. 4 (1999): 171-177. https://doi.org/10.1016/S0950-
0618(99)00027-6 

[73]  Widodo, Slamet. "Fresh and hardened properties of Polypropylene fiber added Self-Consolidating 
Concrete." International Journal of Civil and Structural Engineering 3, no. 1 (2012): 85-93. 
https://doi.org/10.6088/ijcser.201203013008 

[74]  Zhang, Peng, and Qing-Fu Li. "Combined effect of polypropylene fiber and silica fume on workability and 
carbonation resistance of concrete composite containing fly ash." Proceedings of the Institution of Mechanical 
Engineers, Part L: Journal of Materials: Design and Applications 227, no. 3 (2013): 250-258. 
https://doi.org/10.1177/1464420712458198  

[75]  Zhang, Peng, and Qing-fu Li. "Effect of polypropylene fiber on fracture properties of high-performance concrete 
composites." Science and Engineering of Composite Materials 19, no. 4 (2012): 407-414. 
https://doi.org/10.1515/secm-2012-0049  

[76]  Acosta-Calderon, Samantha, Pablo Gordillo-Silva, Natividad García-Troncoso, Dan V. Bompa, and Jorge Flores-Rada. 
"Comparative evaluation of sisal and polypropylene fiber reinforced concrete properties." Fibers 10, no. 4 (2022): 
31. https://doi.org/10.3390/fib10040031 

[77]  Jang, Hong-seok, Hyoung-seok So, and Seungyoung So. "The properties of reactive powder concrete using PP fiber 
and pozzolanic materials at elevated temperature." Journal of Building Engineering 8 (2016): 225-230. 
https://doi.org/10.1016/j.jobe.2016.09.010 

[78]  Lee, Guncheol, Dongyeop Han, Min-Cheol Han, Cheon-Goo Han, and Ho-Jeong Son. "Combining polypropylene and 
nylon fibers to optimize fiber addition for spalling protection of high-strength concrete." Construction and Building 
Materials 34 (2012): 313-320. https://doi.org/10.1016/j.conbuildmat.2012.02.015 

https://doi.org/10.1016/j.cemconcomp.2021.104292
https://doi.org/10.3390/su12124871
https://doi.org/10.1016/j.conbuildmat.2020.119084
https://doi.org/10.1016/j.jobe.2020.101723
https://doi.org/10.1016/j.conbuildmat.2016.09.017
https://doi.org/10.1016/j.jclepro.2019.06.272
https://doi.org/10.1016/j.cscm.2022.e01005
https://doi.org/10.1016/j.conbuildmat.2022.128223
https://doi.org/10.1016/j.matpr.2020.06.482
https://doi.org/10.1016/j.conbuildmat.2016.11.076
https://doi.org/10.1016/S0950-0618(99)00027-6
https://doi.org/10.1016/S0950-0618(99)00027-6
https://doi.org/10.6088/ijcser.201203013008%EE%98%A0
https://doi.org/10.1177/1464420712458198
https://doi.org/10.1515/secm-2012-0049
https://doi.org/10.3390/fib10040031
https://doi.org/10.1016/j.jobe.2016.09.010
https://doi.org/10.1016/j.conbuildmat.2012.02.015


Journal of Advanced Research in Applied Mechanics 
Volume 135, Issue 1 (2025) 128-151 

 

147 
 

[79]  Hossain, FM Zahid, Md Shahjalal, Kamrul Islam, Mohammad Tiznobaik, and M. Shahria Alam. "Mechanical 
properties of recycled aggregate concrete containing crumb rubber and polypropylene fiber." Construction and 
Building Materials 225 (2019): 983-996. https://doi.org/10.1016/j.conbuildmat.2019.07.245 

[80]  Shi, Feng, Thong M. Pham, Hong Hao, and Yifei Hao. "Post-cracking behaviour of basalt and macro polypropylene 
hybrid fibre reinforced concrete with different compressive strengths." Construction and Building Materials 262 
(2020): 120108. https://doi.org/10.1016/j.conbuildmat.2020.120108 

[81]  Bayraktar, Oguzhan Yavuz, Samı Salem Taher Eshtewı, Ahmet Benli, Gokhan Kaplan, Kenan Toklu, and Furkan 
Gunek. "The impact of RCA and fly ash on the mechanical and durability properties of polypropylene fibre-
reinforced concrete exposed to freeze-thaw cycles and MgSO4 with ANN modeling." Construction and Building 
Materials 313 (2021): 125508. https://doi.org/10.1016/j.conbuildmat.2021.125508 

[82]  Karahan, Okan, and Cengiz Duran Atiş. "The durability properties of polypropylene fiber reinforced fly ash 
concrete." Materials & Design 32, no. 2 (2011): 1044-1049.  https://doi.org/10.1016/j.matdes.2010.07.011 

[83]  Yang, Tao, Huajun Zhu, Zuhua Zhang, Xuan Gao, Changsen Zhang, and Qisheng Wu. "Effect of fly ash microsphere 
on the rheology and microstructure of alkali-activated fly ash/slag pastes." Cement and Concrete Research 109 
(2018): 198-207. https://doi.org/10.1016/j.cemconres.2018.04.008 

[84]  Bentegri, I., O. Boukendakdji, E. H. Kadri, T. T. Ngo, and H. Soualhi. "Rheological and tribological behaviors of 
polypropylene fiber reinforced concrete." Construction and Building Materials 261 (2020): 119962. 
https://doi.org/10.1016/j.conbuildmat.2020.119962 

[85]  Liu, Fangyu, Wenqi Ding, and Yafei Qiao. "An experimental investigation on the integral waterproofing capacity of 
polypropylene fiber concrete with fly ash and slag powder." Construction and Building Materials 212 (2019): 675-
686. https://doi.org/10.1016/j.conbuildmat.2019.04.027 

[86]  Haq, Inzimam Ul, Ayub Elahi, Adnan Nawaz, Syed Aamir Qadeer Shah, and Khawar Ali. "Mechanical and durability 
performance of concrete mixtures incorporating bentonite, silica fume, and polypropylene fibers." Construction 
and Building Materials 345 (2022): 128223. https://doi.org/10.1016/j.conbuildmat.2022.128223  

[87]  Kumar, Nagender, Jaspreet Kaur Bhangu. “Study of workability, compressive strength, and split tensile strength of 
concrete containing hyposludge and polypropylene fiber.” Emerging Trends in Climate Change 1, no. 3 (2022): 9-
21. http://doi.org/10.18782/2583-4770.113 

[88]  Aghajanian, A., A. Cimentada, K. Behfarnia, A. S. Brand, and C. Thomas. "Microstructural analysis of siderurgical 
aggregate concrete reinforced with fibers." Journal of Building Engineering 64 (2023): 105543. 
https://doi.org/10.1016/j.jobe.2022.105543 

[89]  Akid, Abu Sayed Mohammad, Saif Hossain, Md Imtiaz Uddin Munshi, Md Manjur A. Elahi, Md Habibur Rahman 
Sobuz, Vivian WY Tam, and Md Saiful Islam. "Assessing the influence of fly ash and polypropylene fiber on fresh, 
mechanical and durability properties of concrete." Journal of King Saud University-Engineering Sciences 35, no. 7 
(2023): 474-484. https://doi.org/10.1016/j.jksues.2021.06.005 

[90]  Jayaram, M., J. Naresh, Karhik Thipparthi, and V. Kastro Kiran. "Assessment on mechanical properties of concrete 
with polypropylene fiber." In IOP Conference Series: Earth and Environmental Science, vol. 982, no. 1, p. 012004. 
IOP Publishing, 2022. https://doi.org/10.1088/1755-1315/982/1/012004  

[91]  Zhang, Baifa, Yuan Feng, Jianhe Xie, Jianhua He, Ting Yu, Chaojun Cai, and Dongchao Huang. "Compressive 
behaviours, splitting properties, and workability of lightweight cement concrete: The role of fibres." Construction 
and Building Materials 320 (2022): 126237. https://doi.org/10.1016/j.conbuildmat.2021.126237 

[92]  Małek, Marcin, Mateusz Jackowski, Waldemar Łasica, and Marta Kadela. "Characteristics of recycled polypropylene 
fibers as an addition to concrete fabrication based on portland cement." Materials 13, no. 8 (2020): 1827. 
https://doi.org/10.3390/ma13081827 

[93]  Hasan, Muttaqin, Taufiq Saidi, Azzaki Mubarak, and Muhammad Jamil. "Effect of calcined diatomaceous earth, 
polypropylene fiber, and glass fiber on the mechanical properties of ultra-high-performance fiber-reinforced 
concrete." Journal of the Mechanical Behavior of Materials 32, no. 1 (2023): 20220275. 
https://doi.org/10.1515/jmbm-2022-0275 

[94]  Wei, Hui, Tao Wu, and Xue Yang. "Properties of lightweight aggregate concrete reinforced with carbon and/or 
polypropylene fibers." Materials 13, no. 3 (2020): 640. https://doi.org/10.3390/ma13030640 

[95]  Yandrapati, Aravind Sai, and M. Anil Kumar. "Experimental study on mechanical properties of polypropylene fiber 
reinforced concrete with silica fume." In IOP Conference Series: Materials Science and Engineering, vol. 1136, no. 
1, p. 012020. IOP Publishing, 2021. https://doi.org/10.1088/1757-899X/1136/1/012020  

[96]  Altalabani, Danar, Dillshad KH Bzeni, and Stefan Linsel. "Mechanical properties and load deflection relationship of 
polypropylene fiber reinforced self-compacting lightweight concrete." Construction and Building Materials 252 
(2020): 119084. https://doi.org/10.1016/j.conbuildmat.2020.119084 

https://doi.org/10.1016/j.conbuildmat.2019.07.245
https://doi.org/10.1016/j.conbuildmat.2020.120108
https://doi.org/10.1016/j.conbuildmat.2021.125508
https://doi.org/10.1016/j.matdes.2010.07.011
https://doi.org/10.1016/j.cemconres.2018.04.008
https://doi.org/10.1016/j.conbuildmat.2020.119962
https://doi.org/10.1016/j.conbuildmat.2019.04.027
https://doi.org/10.1016/j.conbuildmat.2022.128223
http://doi.org/10.18782/2583-4770.113
https://doi.org/10.1016/j.jobe.2022.105543
https://doi.org/10.1016/j.jksues.2021.06.005
https://doi.org/10.1088/1755-1315/982/1/012004
https://doi.org/10.1016/j.conbuildmat.2021.126237
https://doi.org/10.3390/ma13081827
https://doi.org/10.1515/jmbm-2022-0275
https://doi.org/10.3390/ma13030640
https://doi.org/10.1088/1757-899X/1136/1/012020
https://doi.org/10.1016/j.conbuildmat.2020.119084


Journal of Advanced Research in Applied Mechanics 
Volume 135, Issue 1 (2025) 128-151 

 

148 
 

[97]  Xu, Fan, Sheliang Wang, Tao Li, Bo Liu, Binbin Li, and Yuan Zhou. "Mechanical properties and pore structure of 
recycled aggregate concrete made with iron ore tailings and polypropylene fibers." Journal of Building 
Engineering 33 (2021): 101572. https://doi.org/10.1016/j.jobe.2020.101572 

[98]  Hesami, Saeid, Iman Salehi Hikouei, and Seyed Amir Ali Emadi. "Mechanical behavior of self-compacting concrete 
pavements incorporating recycled tire rubber crumb and reinforced with polypropylene fiber." Journal of Cleaner 
Production 133 (2016): 228-234. https://doi.org/10.1016/j.jclepro.2016.04.079 

[99]  Hesami, Saeid, Iman Salehi Hikouei, and Seyed Amir Ali Emadi. "Mechanical behavior of self-compacting concrete 
pavements incorporating recycled tire rubber crumb and reinforced with polypropylene fiber." Journal of Cleaner 
Production 133 (2016): 228-234. https://doi.org/10.1016/j.jclepro.2016.04.079 

[100]  Rooholamini, H., A. Hassani, and M. R. M. Aliha. "Fracture properties of hybrid fibre-reinforced roller-compacted 
concrete in mode I with consideration of possible kinked crack." Construction and Building Materials 187 (2018): 
248-256. https://doi.org/10.1016/j.conbuildmat.2018.07.177 

[101]  Deng, Fangqian, Xiaoxiao Ding, Yin Chi, Lihua Xu, and Li Wang. "The pull-out behavior of straight and hooked-end 
steel fiber from hybrid fiber reinforced cementitious composite: Experimental study and analytical 
modelling." Composite Structures 206 (2018): 693-712. https://doi.org/10.1016/j.compstruct.2018.08.066 

[102]  Ramesh, B., V. Gokulnath, and M. Ranjith Kumar. "Detailed study on flexural strength of polypropylene fiber 
reinforced self-compacting concrete." Materials Today: Proceedings 22 (2020): 1054-1058. 
https://doi.org/10.1016/j.matpr.2019.11.292 

[103] Qin, Yuan, Yao Li, Xianwei Zhang, and Heng Zhou. "Constitutive model of polypropylene-fiber-fabric-reinforced 
concrete under uniaxial compression and index conversion of mechanical properties." Construction and Building 
Materials 347 (2022): 128508. https://doi.org/10.1016/j.conbuildmat.2022.128508 

[104] He, Wenchang, Xiangqing Kong, Ying Fu, Cong Zhou, and Zeyu Zheng. "Experimental investigation on the 
mechanical properties and microstructure of hybrid fiber reinforced recycled aggregate concrete." Construction 
and Building Materials 261 (2020): 120488. https://doi.org/10.1016/j.conbuildmat.2020.120488 

[105]  Najaf, Erfan, Maedeh Orouji, Seyed Mehdi Zahrai. “Improving nonlinear behavior and tensile and compressive 
strengths of sustainable lightweight concrete using waste glass powder, nanosilica, and recycled polypropylene 
fiber.” Nonlinear Engineering 11, no. 1 (2022): 58-70. https://doi.org/10.1515/nleng-2022-0008  

[106]  Bijo, M. D., and Sujatha Unnikrishnan. "Mechanical strength and impact resistance of hybrid fiber reinforced 
concrete with coconut and polypropylene fibers." Materials Today: Proceedings 65 (2022): 1873-1880. 
https://doi.org/10.1016/j.matpr.2022.05.048 

[107]  Shen, Dejian, Xingzuo Liu, Xuan Zeng, Xiaoguang Zhao, and Guoqing Jiang. "Effect of polypropylene plastic fibers 
length on cracking resistance of high performance concrete at early age." Construction and Building Materials 244 
(2020): 117874. https://doi.org/10.1016/j.conbuildmat.2019.117874 

[108]  de Souza Castoldi, Raylane, Lourdes Maria Silva de Souza, and Flávio de Andrade Silva. "Comparative study on the 
mechanical behavior and durability of polypropylene and sisal fiber reinforced concretes." Construction and 
Building Materials 211 (2019): 617-628. https://doi.org/10.1016/j.conbuildmat.2019.03.282 

[109]  Du, Hong Xiu, Yi Xiao Qin, Wei Zhang, Ning Zhang, and Xiao Yu Hao. "Mechanics performance of high-performance 
concrete with polypropylene fibers." Applied Mechanics and Materials 99 (2011): 1233-1238. 
https://doi.org/10.4028/www.scientific.net/AMM.99-100.1233  

[110]  Loh, Leong Tatt, Ming Kun Yew, Ming Chian Yew, Jing Han Beh, Foo Wei Lee, Siong Kang Lim, and Kok Zee Kwong. 
"Mechanical and thermal properties of synthetic polypropylene fiber–reinforced renewable oil palm shell 
lightweight concrete." Materials 14, no. 9 (2021): 2337. https://doi.org/10.3390/ma14092337 

[111]  Chen, Xuyong, Yangzheng Ai, Qiaoyun Wu, Shukai Cheng, Yichen Wei, Xiong Xu, and Tao Fan. "Potential use of nano 
calcium carbonate in polypropylene fiber reinforced recycled aggregate concrete: Microstructures and properties 
evaluation." Construction and Building Materials 400 (2023): 132871. 
https://doi.org/10.1016/j.conbuildmat.2023.132871 

[112] Pehlivanlı, Zühtü Onur, and Ibrahim Uzun. "Effect of polypropylene fiber length on mechanical and thermal 
properties of autoclaved aerated concrete." Construction and Building Materials 322 (2022): 126506. 
https://doi.org/10.1016/j.conbuildmat.2022.126506 

[113]  Salehi, Parisa, Hooshang Dabbagh, and Morahem Ashengroph. "Effects of microbial strains on the mechanical and 
durability properties of lightweight concrete reinforced with polypropylene fiber." Construction and Building 
Materials 322 (2022): 126519. https://doi.org/10.1016/j.conbuildmat.2022.126519 

[114]  Noorhidana, Vera Agustriana Noorhidana, Laksmi Irianti Irianti, and Tas' an Junaedi Junaedi. "Mechanical properties 
improvement of Self Compacting Concrete (SCC) using polypropylene fiber." Journal of Engineering and Scientific 
Research 3, no. 1 (2021): 42-48. https://doi.org/10.23960/jesr.v3i1.80 

https://doi.org/10.1016/j.jobe.2020.101572
https://doi.org/10.1016/j.jclepro.2016.04.079
https://doi.org/10.1016/j.jclepro.2016.04.079
https://doi.org/10.1016/j.conbuildmat.2018.07.177
https://doi.org/10.1016/j.compstruct.2018.08.066
https://doi.org/10.1016/j.matpr.2019.11.292
https://doi.org/10.1016/j.conbuildmat.2022.128508
https://doi.org/10.1016/j.conbuildmat.2020.120488
https://doi.org/10.1515/nleng-2022-0008
https://doi.org/10.1016/j.matpr.2022.05.048
https://doi.org/10.1016/j.conbuildmat.2019.117874
https://doi.org/10.1016/j.conbuildmat.2019.03.282
https://doi.org/10.4028/www.scientific.net/AMM.99-100.1233
https://doi.org/10.3390/ma14092337
https://doi.org/10.1016/j.conbuildmat.2023.132871
https://doi.org/10.1016/j.conbuildmat.2022.126506
https://doi.org/10.1016/j.conbuildmat.2022.126519
https://doi.org/10.23960/jesr.v3i1.80


Journal of Advanced Research in Applied Mechanics 
Volume 135, Issue 1 (2025) 128-151 

 

149 
 

[115]  Amran, YH Mugahed, Rayed Alyousef, Hisham Alabduljabbar, M. H. R. Khudhair, Farzad Hejazi, Abdulaziz Alaskar, 
Fahed Alrshoudi, and Ayesha Siddika. "Performance properties of structural fibred-foamed concrete." Results in 
Engineering 5 (2020): 100092. https://doi.org/10.1016/j.rineng.2019.100092 

[116]  Mazaheripour, H., S. Ghanbarpour, S. H. Mirmoradi, and I. Hosseinpour. "The effect of polypropylene fibers on the 
properties of fresh and hardened lightweight self-compacting concrete." Construction and Building Materials 25, 
no. 1 (2011): 351-358. https://doi.org/10.1016/j.conbuildmat.2010.06.018 

[117]  Yew, Ming Kun, Hilmi Bin Mahmud, Payam Shafigh, Bee Chin Ang, and Ming Chian Yew. "Effects of polypropylene 
twisted bundle fibers on the mechanical properties of high-strength oil palm shell lightweight concrete." Materials 
and Structures 49 (2016): 1221-1233. https://doi.org/10.1617/s11527-015-0572-z 

[118] Suksawang, Nakin, Salam Wtaife, and Ahmed Alsabbagh. "Evaluation of elastic modulus of fiber-reinforced 
concrete." ACI Materials Journal 115, no. 2 (2018): 239. https://doi.org/10.14359/51701920  

[119]  Zhou, Chonggang, Xingwang Pei, Wenlong Li, and Yijun Liu. "Mechanical and damping properties of recycled 
aggregate concrete modified with air-entraining agent and polypropylene fiber." Materials 13, no. 8 (2020): 2004. 
https://doi.org/10.3390/ma13082004 

[120]  Akça, Kutalmış Recep, Özgür Çakır, and Metin İpek. "Properties of polypropylene fiber reinforced concrete using 
recycled aggregates." Construction and Building Materials 98 (2015): 620-630. 
https://doi.org/10.1016/j.conbuildmat.2015.08.133 

[121]  Ashteyat, Ahmed M., Yousef S. Al Rjoub, Yasmin Murad, and Samaher Asaad. "Mechanical and durability behaviour 
of roller-compacted concrete containing white cement by pass dust and polypropylene fibre." European Journal of 
Environmental and Civil Engineering 26, no. 1 (2022): 166-183. https://doi.org/10.1080/19648189.2019.1652694 

[122]  Sridhar, Radhika, and Ravi Prasad. "Mechanical and dynamic properties of polypropylene fiber reinforced 
concrete." In Structural Integrity Assessment: Proceedings of ICONS 2018, p. 361-374. Springer Singapore, 2020. 
https://doi.org/10.1007/978-981-13-8767-8_30  

[123]  Zhang, Peng, Qingfu Li, and Haiyang Zhang. "Combined effect of polypropylene fiber and silica fume on mechanical 
properties of concrete composite containing fly ash." Journal of Reinforced Plastics and Composites 30, no. 16 
(2011): 1349-1358. https://doi.org/10.1177/0731684411425974  

[124]  Afroughsabet, Vahid, and Togay Ozbakkaloglu. "Mechanical and durability properties of high-strength concrete 
containing steel and polypropylene fibers." Construction and building materials 94 (2015): 73-82. 
https://doi.org/10.1016/j.conbuildmat.2015.06.051 

[125]  Kakooei, Saeid, Hazizan Md Akil, Morteza Jamshidi, and Jalal Rouhi. "The effects of polypropylene fibers on the 
properties of reinforced concrete structures." Construction and Building Materials 27, no. 1 (2012): 73-77. 
https://doi.org/10.1016/j.conbuildmat.2011.08.015 

[126]  Rashid, Muhammad Usman. "Experimental investigation on durability characteristics of steel and polypropylene 
fiber reinforced concrete exposed to natural weathering action." Construction and Building Materials 250 (2020): 
118910. https://doi.org/10.1016/j.conbuildmat.2020.118910 

[127]  Reshma, T. V., M. Manjunatha, A. Bharath, Ranjitha B. Tangadagi, Jagadish Vengala, and L. R. Manjunatha. 
"Influence of ZnO and TiO2 on mechanical and durability properties of concrete prepared with and without 
polypropylene fibers." Materialia 18 (2021): 101138. https://doi.org/10.1016/j.mtla.2021.101138 

[128] Ramezanianpour, A. A., M. Esmaeili, Seyed-Ali Ghahari, and M. H. Najafi. "Laboratory study on the effect of 
polypropylene fiber on durability, and physical and mechanical characteristic of concrete for application in 
sleepers." Construction and Building Materials 44 (2013): 411-418. 
https://doi.org/10.1016/j.conbuildmat.2013.02.076 

[129]  Aarthi, Karmegam, and Kalidas Arunachalam. "Durability studies on fibre reinforced self compacting concrete with 
sustainable wastes." Journal of Cleaner Production 174 (2018): 247-255. 
https://doi.org/10.1016/j.jclepro.2017.10.270 

[130] Behfarnia, Kiachehr, and Amir Behravan. "Application of high performance polypropylene fibers in concrete lining 
of water tunnels." Materials & Design 55 (2014): 274-279. https://doi.org/10.1016/j.matdes.2013.09.075 

[131]  El Ouni, Mohamed Hechmi, Syed Haroon Ali Shah, Asif Ali, Shoaib Muhammad, Muhammad Sarmad Mahmood, 
Babar Ali, Riadh Marzouki, and Ali Raza. "Mechanical performance, water and chloride permeability of hybrid steel-
polypropylene fiber-reinforced recycled aggregate concrete." Case Studies in Construction Materials 16 (2022): 
e00831. https://doi.org/10.1016/j.cscm.2021.e00831 

[132]  Gencel, Osman, Syed Minhaj Saleem Kazmi, Muhammad Junaid Munir, Gokhan Kaplan, Oguzhan Yavuz Bayraktar, 
Duygu Ozturk Yarar, Arash Karimipour, and Muhammad Riaz Ahmad. "Influence of bottom ash and polypropylene 
fibers on the physico-mechanical, durability and thermal performance of foam concrete: An experimental 
investigation." Construction and Building Materials 306 (2021): 124887. 
https://doi.org/10.1016/j.conbuildmat.2021.124887 

https://doi.org/10.1016/j.rineng.2019.100092
https://doi.org/10.1016/j.conbuildmat.2010.06.018
https://doi.org/10.1617/s11527-015-0572-z
https://doi.org/10.14359/51701920
https://doi.org/10.3390/ma13082004
https://doi.org/10.1016/j.conbuildmat.2015.08.133
https://doi.org/10.1080/19648189.2019.1652694
https://doi.org/10.1007/978-981-13-8767-8_30
https://doi.org/10.1177/0731684411425974
https://doi.org/10.1016/j.conbuildmat.2015.06.051
https://doi.org/10.1016/j.conbuildmat.2011.08.015
https://doi.org/10.1016/j.conbuildmat.2020.118910
https://doi.org/10.1016/j.mtla.2021.101138
https://doi.org/10.1016/j.conbuildmat.2013.02.076
https://doi.org/10.1016/j.jclepro.2017.10.270
https://doi.org/10.1016/j.matdes.2013.09.075
https://doi.org/10.1016/j.cscm.2021.e00831
https://doi.org/10.1016/j.conbuildmat.2021.124887


Journal of Advanced Research in Applied Mechanics 
Volume 135, Issue 1 (2025) 128-151 

 

150 
 

[133]  Zaid, Osama, Fadi Althoey, Rebeca Martínez García, Jesús de Prado-Gil, Saleh Alsulamy, and Mohammed Awad 
Abuhussain. "Retracted: A study on the strength and durability characteristics of fiber-reinforced recycled 
aggregate concrete modified with supplementary cementitious material." Heliyon 9, no. 9 (2023). 
https://doi.org/10.1016/j.heliyon.2024.e36697 

[134]  Wang, Qiang, Peiyu Yan, Jianwei Yang, and Bo Zhang. "Influence of steel slag on mechanical properties and 
durability of concrete." Construction and Building Materials 47 (2013): 1414-1420. 
https://doi.org/10.1016/j.conbuildmat.2013.06.044 

[135]  Tahri, Walid, Xiang Hu, Caijun Shi, and Zuhua Zhang. "Review on corrosion of steel reinforcement in alkali-activated 
concretes in chloride-containing environments." Construction and Building Materials 293 (2021): 123484. 
https://doi.org/10.1016/j.conbuildmat.2021.123484 

[136]  Shi, Xianming, Ning Xie, Keith Fortune, and Jing Gong. "Durability of steel reinforced concrete in chloride 
environments: An overview." Construction and Building Materials 30 (2012): 125-138. 
https://doi.org/10.1016/j.conbuildmat.2011.12.038 

[137] Wang, Chenfei, Zixiong Guo, Ditao Niu. “Influence of the fiber volume content on the durability-related properties 
of polypropylene-fiber-reinforced concrete.” Sustainability 12, no. 2 (2020). https://doi.org/10.3390/su12020549 

[138]  Chen, Weige, Haitang Zhu, Zhenhao He, Lin Yang, Liangping Zhao, and Chengcheng Wen. "Experimental 
investigation on chloride-ion penetration resistance of slag containing fiber-reinforced concrete under drying-
wetting cycles." Construction and Building Materials 274 (2021): 121829. 
https://doi.org/10.1016/j.conbuildmat.2020.121829 

[139]  Yew, Ming Kun, Ming Chian Yew, Jing Han Beh, Lip Huat Saw, Foo Wei Lee, and Tan Ching Ng. "Influence of high-
performance polypropylene fibre and heat-treated dura oil palm shell on durability properties of lightweight 
concrete." European Journal of Environmental and Civil Engineering 24, no. 14 (2020): 2469-2488. 
https://doi.org/10.1080/19648189.2018.1509022 

[140]  Afroughsabet, Vahid, Luigi Biolzi, and Paulo JM Monteiro. "The effect of steel and polypropylene fibers on the 
chloride diffusivity and drying shrinkage of high-strength concrete." Composites Part B: Engineering 139 (2018): 84-
96. https://doi.org/10.1016/j.compositesb.2017.11.047 

[141]  Mohammadhosseini, Hossein, Mahmood Md Tahir, Abdulaziz Alaskar, Hisham Alabduljabbar, and Rayed Alyousef. 
"Enhancement of strength and transport properties of a novel preplaced aggregate fiber reinforced concrete by 
adding waste polypropylene carpet fibers." Journal of Building Engineering 27 (2020): 101003. 
https://doi.org/10.1016/j.jobe.2019.101003 

[142]  Alyousef, Rayed, Hossein Mohammadhosseini, Fahed Alrshoudi, Mahmood Md. Tahir, Hisham Alabduljabbar, and 
Abdeliazim Mustafa Mohamed. "Enhanced performance of concrete composites comprising waste metalised 
polypropylene fibres exposed to aggressive environments." Crystals 10, no. 8 (2020): 696. 
https://doi.org/10.3390/cryst10080696 

[143]  Mohammadhosseini, Hossein, Rayed Alyousef, Shek Poi Ngian, and Mahmood Md Tahir. "Performance evaluation 
of sustainable concrete comprising waste polypropylene food tray fibers and palm oil fuel ash exposed to sulfate 
and acid attacks." Crystals 11, no. 8 (2021): 966. https://doi.org/10.3390/cryst11080966 

[144]  Ran, Tao, Jianyong Pang, and Jincheng Yu. "Performance of rubber concrete containing polypropylene and basalt 
fibers under coupled sulfate attack and freeze–thaw conditions: an experimental evaluation." Polymers 15, no. 9 
(2023): 2066. https://doi.org/10.3390/polym15092066 

[145]  Dobrovolski, Mateus EG, Guilherme S. Munhoz, Eduardo Pereira, and Ronaldo A. Medeiros-Junior. "Effect of 
crystalline admixture and polypropylene microfiber on the internal sulfate attack in Portland cement composites 
due to pyrite oxidation." Construction and Building Materials 308 (2021): 125018. 
https://doi.org/10.1016/j.conbuildmat.2021.125018 

[146]  Alrshoudi, Fahed, Hossein Mohammadhosseini, Mahmood Md Tahir, Rayed Alyousef, Hussam Alghamdi, Yousef 
Alharbi, and Abdulaziz Alsaif. "Drying shrinkage and creep properties of prepacked aggregate concrete reinforced 
with waste polypropylene fibers." Journal of Building Engineering 32 (2020): 101522. 
https://doi.org/10.1016/j.jobe.2020.101522 

[147]  Leong, Geok Wen, Kim Hung Mo, Zhi Pin Loh, and Zainah Ibrahim. "Mechanical properties and drying shrinkage of 
lightweight cementitious composite incorporating perlite microspheres and polypropylene fibers." Construction 
and Building Materials 246 (2020): 118410. https://doi.org/10.1016/j.conbuildmat.2020.118410 

[148] Mohammadhosseini, Hossein, Rayed Alyousef, Nor Hasanah Abdul Shukor Lim, Mahmood Md Tahir, Hisham 
Alabduljabbar, and Abdeliazim Mustafa Mohamed. "Creep and drying shrinkage performance of concrete 
composite comprising waste polypropylene carpet fibres and palm oil fuel ash." Journal of Building Engineering 30 
(2020): 101250. https://doi.org/10.1016/j.jobe.2020.101250 

https://doi.org/10.1016/j.heliyon.2024.e36697
https://doi.org/10.1016/j.conbuildmat.2013.06.044
https://doi.org/10.1016/j.conbuildmat.2021.123484
https://doi.org/10.1016/j.conbuildmat.2011.12.038
https://doi.org/10.3390/su12020549
https://doi.org/10.1016/j.conbuildmat.2020.121829
https://doi.org/10.1080/19648189.2018.1509022
https://doi.org/10.1016/j.compositesb.2017.11.047
https://doi.org/10.1016/j.jobe.2019.101003
https://doi.org/10.3390/cryst10080696
https://doi.org/10.3390/cryst11080966
https://doi.org/10.3390/polym15092066
https://doi.org/10.1016/j.conbuildmat.2021.125018
https://doi.org/10.1016/j.jobe.2020.101522
https://doi.org/10.1016/j.conbuildmat.2020.118410
https://doi.org/10.1016/j.jobe.2020.101250


Journal of Advanced Research in Applied Mechanics 
Volume 135, Issue 1 (2025) 128-151 

 

151 
 

[149]  Vafaei, Davoud, Xing Ma, Reza Hassanli, Jinming Duan, and Yan Zhuge. "Microstructural behaviour and shrinkage 
properties of high-strength fiber-reinforced seawater sea-sand concrete." Construction and Building Materials 320 
(2022): 126222. https://doi.org/10.1016/j.conbuildmat.2021.126222 

[150]  Yan, Pei, Bing Chen, Sher Afgan, M. Aminul Haque, Meng Wu, and Jiaxing Han. "Experimental research on ductility 
enhancement of ultra-high performance concrete incorporation with basalt fibre, polypropylene fibre and glass 
fibre." Construction and Building Materials 279 (2021): 122489. 
https://doi.org/10.1016/j.conbuildmat.2021.122489 

[151] Karimi Pour, Arash, Zahra Mohajeri, and Ehsan Noroozinejad Farsangi. "Impact of polypropylene fibers on the 
mechanical and durability characteristics of rubber tire fine aggregate concrete." Materials 15, no. 22 (2022): 8043. 
https://doi.org/10.3390/ma15228043 

[152] Amran, YH Mugahed, Rayed Alyousef, Hisham Alabduljabbar, M. H. R. Khudhair, Farzad Hejazi, Abdulaziz Alaskar, 
Fahed Alrshoudi, and Ayesha Siddika. "Performance properties of structural fibred-foamed concrete." Results in 
Engineering 5 (2020): 100092. https://doi.org/10.1016/j.rineng.2019.100092 

[153] Saje, Drago, Branko Bandelj, Jakob Šušteršič, Jože Lopatič, and Franc Saje. "Shrinkage of polypropylene fiber-
reinforced high-performance concrete." Journal of materials in civil engineering 23, no. 7 (2011): 941-952. 
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000258  

[154]  Tanash, Alaa Omar, BH Abu Bakar, Khairunisa Muthusamy, and Mohammad I. AL Biajawi. "Effect of elevated 
temperature on mechanical properties of normal strength concrete: An overview." Materials Today: 
Proceedings (2023). https://doi.org/10.1016/j.matpr.2023.09.053 

[155] Nuaklong, Peem, Narathip Boonchoo, Pitcha Jongvivatsakul, Tawatchai Charinpanitkul, and Piti Sukontasukkul. 
"Hybrid effect of carbon nanotubes and polypropylene fibers on mechanical properties and fire resistance of 
cement mortar." Construction and Building Materials 275 (2021): 122189. 
https://doi.org/10.1016/j.conbuildmat.2020.122189 

[156]  Shihada, Samir. "Effect of polypropylene fibers on concrete fire resistance." Journal of civil engineering and 
management 17, no. 2 (2011): 259-264. https://doi.org/10.3846/13923730.2011.574454  

[157]  Suiffi, Hassan, Anas El Maliki, Fatima Majid, and Omar Cherkaoui. "The effect of using polypropylene fibers on the 
durability and fire resistance of concrete." Fracture and Structural Integrity 15, no. 58 (2021): 296-307. 
https://doi.org/10.3221/IGF-ESIS.58.22  

[158] Hiremath, Parameshwar N., and Subhash C. Yaragal. "Performance evaluation of reactive powder concrete with 
polypropylene fibers at elevated temperatures." Construction and Building Materials 169 (2018): 499-512. 
https://doi.org/10.1016/j.conbuildmat.2018.03.020 

[159]  Abaeian, Reza, Hamid Pesaran Behbahani, and Shahram Jalali Moslem. "Effects of high temperatures on mechanical 
behavior of high strength concrete reinforced with high performance synthetic macro polypropylene (HPP) 
fibres." Construction and Building Materials 165 (2018): 631-638. 
https://doi.org/10.1016/j.conbuildmat.2018.01.064 

[160] Ding, Yining, Cong Zhang, Mingli Cao, Yulin Zhang, and Cecília Azevedo. "Influence of different fibers on the change 
of pore pressure of self-consolidating concrete exposed to fire." Construction and Building Materials 113 (2016): 
456-469. https://doi.org/10.1016/j.conbuildmat.2016.03.070 

[161] Yermak, N., Prosper Pliya, A-L. Beaucour, A. Simon, and A. Noumowé. "Influence of steel and/or polypropylene 
fibres on the behaviour of concrete at high temperature: Spalling, transfer and mechanical 
properties." Construction and Building Materials 132 (2017): 240-250. 
https://doi.org/10.1016/j.conbuildmat.2016.11.120 

[162]  Bentz, Dale P. "Fibers, percolation, and spalling of high-performance concrete." Materials Journal 97, no. 3 (2000): 
351-359. https://doi.org/10.14359/9878  

 
 

https://doi.org/10.1016/j.conbuildmat.2021.126222
https://doi.org/10.1016/j.conbuildmat.2021.122489
https://doi.org/10.3390/ma15228043
https://doi.org/10.1016/j.rineng.2019.100092
https://doi.org/10.1061/(ASCE)MT.1943-5533.0000258
https://doi.org/10.1016/j.matpr.2023.09.053
https://doi.org/10.1016/j.conbuildmat.2020.122189
https://doi.org/10.3846/13923730.2011.574454
https://doi.org/10.3221/IGF-ESIS.58.22
https://doi.org/10.1016/j.conbuildmat.2018.03.020
https://doi.org/10.1016/j.conbuildmat.2018.01.064
https://doi.org/10.1016/j.conbuildmat.2016.03.070
https://doi.org/10.1016/j.conbuildmat.2016.11.120
https://doi.org/10.14359/9878

