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1. Introduction 

The low tensile strength and brittleness are some drawbacks of the conventional cement mortar and concrete; therefore, different 

fiber types have been added to the cement matrix to treat these issues [1]. Numerous studies have shown that the addition of Fiber 

enhances flexural and tensile strengths and shifts the behavior of concrete from brittle to ductile [2-5]. The benefits acquired from 

using Fiber are highly dependent on many factors, like Fiber length, diameter, aspect ratio, and its content [6,7]. For instance, Xia 

et al. [8] examined the effect of macro and micro basalt fibers on the toughening mechanism and fracture mode of concrete 

reinforced with hybrid Fibers for concrete structures. They observed that the addition of basalt Fiber enhanced the ductility of 

concrete and increased the flexural strength by more than 300 %. Wang et al. [9] studied the effect of Fiber content and type on the 

failure mechanisms and mechanical properties of Fiber-reinforced concrete. They used three types of Fibers, basalt Fibers (BF), 

carbon Fibers (CF), and steel Fibers (SF). They detected that the failure method changes from brittle to plastic when increasing the 

Fiber content.  

The addition of Fibers into the concrete mix enhances their properties like toughness, flexural, and tensile strengths [7,10]. But the 

presence of Fiber, especially in high concentrations, might lead to reducing the workability of the concrete [11]. The optimal Fiber 

content in concrete varies based on several factors, including the shape, size, and type of the Fibers [12]. Furthermore, Wang et al. 

[13] reported that the addition of PP Fiber up to 0.3% increases the flexural strength of concrete, and they detected that the 

addition of 0.2 - 0.3 is the optimum volume of PP Fiber to achieve the highest flexural strength. Yoo et al. [6] examined the 

possibility of decreasing Fiber content in cement composites. They used three various aspect ratios and types of steel Fiber. They 

detected that the flexural strength of cement composite reached the highest value with the addition of a low Fiber volume (1.0%). 

Mínguez et al. [14] studied the effect of Fiber geometries, like volume fraction and Fiber orientation, on the remaining flexural 

strength of high-strength concrete. They detected a practical association between the Fiber geometries and residual post-cracking 

flexural strength. Silva et al. [15] reported that the good distribution/orientation Fiber demonstrated a significant development in 

the flexural strength. 

    Despite these studies, most research has investigated specific Fiber types, often under different experimental conditions [16, 

17]. A notable gap in the literature exists regarding the systematic evaluation of different Fiber geometries and volume fractions 

under identical mixing and testing conditions. While individual studies have investigated steel [18, 19], basalt [17, 20], or 
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polypropylene Fibers [21, 22]. Comparative valuations involving these materials at multiple contents in cement mortar are still 

scarce. Even though many studies have explored Fiber-reinforced mortars [23-25]. There is still limited research comparing a wide 

range of Fiber geometries and volume fractions under the same conditions. In particular, the combined effect of Fiber shape and 

content on the flexural performance of cement mortar remains an area that needs further investigation. This study aims to evaluate 

the effect of Fiber type and content on the flexural performance of cement mortar under controlled conditions. In order to 

compare, three Fiber types (steel, basalt, and polypropylene) at volume contents of 0.5%, 1.0% and 1.5% were incorporated with a 

control mixture. Ten mortar mix varieties were prepared and tested to determine the effect of these parameters on flexural 

strength. The results of this study are expected to provide useful guidance for the efficient use of Fiber reinforcement in the 

development of more efficient, durable, and sustainable cement-based materials for the construction industry. 

2. Materials and Methods 

2.1. Raw Materials  

 

This study used ordinary Portland cement (OPC) as the main binder, and the chemical and physical properties of cement are 

shown in Tables 1 and 2, respectively. It conforms to the Iraqi specification IQS 5/2019 [26]. Clean tap water was used for mixing 

and curing, and clean river sand (conformed to the Iraqi specification IQS No. 45 [27]) was used as the fine aggregate. The 

particle size of river sand is shown in Table 3. 

 

Table 1. Chemical composition of cement. 

 

 
Table 2. Physical properties of cement. 

Tests Results  

Initial setting time  56 min. 

Final setting time 455 min.  

Compressive strength 3days 21.8 MPa 

Compressive strength 7days 26.9 MPa 

 
Table 3. Sieve analysis of sand used SO3=0.14%, Specific gravity=2.64 

Sieve size (mm) Percentage of passing (%) Specification zone No. 3 Iraqi 

10 100 100 

4.75 99 90-100 

2.36 85 85-100 

1.18 77 75-100 

0.6 74 60-79 

0.3 38 12-40 

0.15 9 0-10 

0.075 2 0-5 

 

Three different types of Fibers were selected and used to reinforce the mortar. These Fibers are; 

a. Synthetic polypropylene (PP) Fibers, selected for their lightweight properties and crack control benefits. 

b. Basalt Fibers, which are known for their high temperature resistance and durability, and 

c. Steel Fibers, chosen for their high tensile strength and ability to resist cracking. 

Each Fiber type had different physical and mechanical properties, such as length, diameter, and tensile strength, and these 

properties as shown in Figure 1 and Table 4. 

 

 

 

Oxide Composition Contents (%) ASTM C114 

CaO 59.68  

AL2O3 7.6  

SiO2 21.7  

Fe2O3 1.6  

MgO 3.4 6 % Max 

SO3 2.4 2.5 %Max 

L.O.I 2.3 3% Max 

Insoluble Materials  1.3 1.5% Max 
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Figure 1. The types of Fibers. 

 

Table 4. Specifications and volume of Fibers used in this study. 

 

Material Type Symbol  Volume fraction of fibre (%) Dimensions (mm) Stress (MPa) 

0.0% 0.5% 1.0% 1.5% 

Control Beam C C -- -- -- 

PP Fiber F - FA FB FC 12mm×32µm 300 

Basalt Fiber B - BA BB BC 12mm×   20  µm 2800 

Steel Fiber S - SA SB SC 35mm×0.5 mm 1000 

 

 

2.2 Mix Proportions and Sample Preparation 
 

All mortar mixtures were prepared with a constant mix ratio of cement to sand to water by weight, equal to 1:2.5:0.5. This ratio 

ensured workability while maintaining adequate strength. Fibers were added at three different volume fractions: 0.5%, 1.0%, and 

1.5%, with an additional control mix (0.0%) that contained no Fibers. This setup allowed for comparison between Fiber-reinforced 

and plain mortar. In total, 10 different mixtures were prepared. Table 5 shows the mix proportions of materials used in this study. 

The mix proportion (1.0: 2.5: 0.5) is a ratio of cement, sand, and water, respectively.  

Table 5. Mix proportions of materials. 

Mix  Steel Fiber  Basalt Fiber  Polypropylene Fiber Compressive at 28 days  

Control  0 0 0 20.2 

St-0.5 0.5 0 0 24.6 

St-1.0 1.0 0 0 24.2 

St-1.5 1.5 0 0 23.6 

Ba-0.5 0 0.5 0 22.4 

Ba-1 0 1 0 24.9 

Ba-1.5 0 1.5 0 22.1 

pp-0.5 0 0 0.5 23.9 

pp-1.0 0 0 1 22.5 

pp-1.5 0 0 1.5 22.2 

 

2.3. Casting and Curing Procedure 
 

The mortar was mixed with a machine for uniformity. So first the dry materials, cement and sand, and Fibers, were properly 

mixed, and followed by adding water slowly to obtain a paste which is smooth.  The new blend was placed in rectangular molds 

(400 × 100 × 20) mm and cubes (50 × 50 × 50) mm as shown in Figure 2 and compacted in a vibrating table to remove air. The 

samples stayed damp with wet burlap and plastic for a day and were subjected to a controlled room at 20 §C, 95 %RH. The period 

of 28 days curing was employed to attain full strength of the mortar samples. The mortar's mechanical properties improved 

because of proper hydration to cure it. 

 

 

  
 
 
 
 

 

Steel Fiber Basalt Fiber Polypropylene Fiber 
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Figure 2. Casting cubes and beams. 

 

The study examined the effect of three types of Fibers, namely steel Fiber, basalt Fiber, and PP Fiber, at three volume fractions 

(0.5%, 1.0%, and 1.5%) for each, along with a control mix without Fibers. A total of 10 mortar mixtures were produced, with each 

mix cast into uniform cubes (50 × 50 × 50 mm) for testing. The mix design was prepared based on several series of trial-and-error 

in the concrete lab and results obtained from the previous studies. The ratio of cement: water: sand was kept at 1:0.5:2.5 to 

maintain consistency. The different Fiber types were added as a percentage of the total dry weight.  

 

 All concrete samples were prepared and compacted to achieve acceptable density and avoid defects that could influence the 

compressive strength. The compressive strength was tested after curing, using a universal testing machine. Flexural strength was 

measured with a four-point bending setup, as shown in Figure 3. The maximum load at failure was recorded for each specimen, 

and flexural stress was calculated using a standard formula. 

  

 

 

 

 

 

 

                

 

 

 

 

 

 

 

                                           

Figure 3. Testing of flexural strength using LVDT. 

 

3. Results 
 
3.1 Effect of Fiber Type on Compressive Strength 
 
The compressive strength of cement mortar is affected by the addition of fiber, as shown in Figure 4. Each Fiber type has a 

different effect on the compressive strength of cement mortar. The addition of Fiber improves compressive strength up to an 

optimal point, which differs depending on the Fiber type [15]. After this point, the strength decreases due to the uneven 

distribution of Fibers [28]. The cement mortar reinforced with steel Fibers showed the highest compressive strength, reaching up 

to 24.5 MPa with a volume fraction of 0.5%, which is higher than any of the other Fibers. However, the cement mortar with 1.0% 

basalt fiber into cement mortar recorded the highest strength, about 25 MPa, reflecting their good physical properties, such as high 

tensile strength and thermal stability. While the addition of polypropylene Fibers into cement mortar showed a moderate 
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improvement, with strength peaking at 0.5% before gradually declining. This reflects their more effective role in controlling 

micro-cracks rather than enhancing compressive strength [29]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

Figure 4. Compressive strength of cement mortar using various Fiber types and volumes. 

As shown in Figure 4, all Fiber types recorded significant compressive strength based on their content. Instead, all these Fibers 

enhance sustainability, such as basalt, which is taken out from abundant natural resources, and polypropylene Fibers, which can be 

obtained from recycled plastic waste, contribute to reducing reliance on raw materials with a high environmental impact [30]. 

Improving mortar durability with Fibers also reduces the need for maintenance of concrete structures [31]. Therefore, the addition 

of Fibers into cement mortar not only improves the properties of concrete but also contributes to improving the entire life cycle 

efficiency of construction materials [32]. For instance, Chottemada et al. [33] reported that the addition of Fibers into mortar and 

concrete mixes enhances life cycle assessment (LCA) by lowering embodied energy and extending service life. They observed that 

the addition of 1–2% Fibers can reduce crack propagation by up to 40% and increase flexural strength by 15–25%. This 

performance improvement translates into a reduction of overall environmental impact indicators [34]. Bzeni [35] used several PP 

volumes, between 0.45 and 2.27% to enhance the flexural strength of concrete. They observed that the addition of 1.81% PP Fiber 

reduced the compressive strength of concrete by about 15%. On the other hand, irrespective of the content and length of the PP 

Fiber, the compressive strength does not change [36]. 

 

3.2 Effect of Fiber type on the deflection of beams 
3.2.1 Effect of Steel Fiber  
 
The relationship between applied load and deflection for four cement mortar samples with different Fiber volumes is shown in 

Figure 5. These samples are a control sample and three samples containing different steel Fiber volumes (S6F0.5, S6F1.0, and 

S6F1.5). The results obtained from this study indicate that the control sample (CON) shows brittle behavior, reaching its 

maximum load at a slight bend to about 1.4 mm, followed by sudden failure, indicating poor toughness, the ability to absorb 

energy before and after fracture. The addition of 0.5% Fiber to S6F0.5 significantly increased the maximum load compared to the 

control sample. But the post-peak behavior remained brittle, with a rapid decrease in load. This indicates that the overall toughness 

of the sample remained limited despite the improved ultimate strength [37]. When the Fiber content was increased to 1.0% and 

1.5% in the samples of (S6F1.0 and S6F1.5), the performance of the samples improved significantly. These samples exhibited a 

gradual slope and greater energy absorption under bending, reflecting a significant increase in overall toughness [38, 39].  
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                              Figure 5. Load vs deflection due to the addition of steel Fiber on the concrete beam. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Toughness of mixtures with and without steel Fiber. 

The deflection increases as the steel Fiber reinforced cement mortar increases, as shown in Figure 6. This study agrees with the 

results obtained by Yoo et al. [6], who reported that the increase in steel Fiber content leads to improved post-cracking flexural 

performance, which comprises toughness, deflection capacity, and strength. Steel Fibers have a main role in enhancing the 

toughness and ductility of cement mortar, thus supporting concrete structures to absorb more energy and resist cracking under load 

[40]. Therefore, it's recommended to be used in the important elements that require high flexural strength, like industrial floors, 

pavements, and structural beams [41].  

 

3.2.2. Effect of Basalt Fiber 
 

The relationship between load and deflection for the cement mortars reinforced by different basalt fiber contents is shown in 

Figure 7. Four cement mortar samples were tested, namely the control sample (CON), and three samples containing basalt Fibers 

at different volume fractions, namely 0.5% (BF0.5), 1.0% (BF1.0), and 1.5% (BF1.5). The results show that the control sample 

(CON) showed brittle behavior for conventional cement mortars without fiber, reaching maximum load at a quite small deflection 

of 1.3 mm, followed by sudden collapse, indicating very low stiffness, limited energy absorption capacity [42]. When basalt Fiber 
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is added at a rate of 0.5% (BF0.5), the maximum load increased significantly up to about 700 N, indicating an improvement in 

mortar strength. However, the post-peak behavior was still somewhat brittle, with a rapid decrease in load, indicating a slight 

improvement in stiffness. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 7. Load vs deflection due to the addition of basalt Fiber on the concrete beam. 

The increased BF content up to 1.0% (BF1.0), further enhancements were observed in both the ultimate load and post-fracture 

behavior [43]. The sample containing 1.5% basalt Fibers (BF1.5) demonstrated the best performance among all samples. Not only 

increase the maximum load, but it also demonstrated a pronounced ductile behavior, with a high capacity to deform without 

sudden loss of load, and continued to withstand loads even at bends of approximately 4 mm. 

These improvements in toughness are attributed to the effective role of basalt Fibers in strengthening the internal structure of the 

mortar by resisting the propagation of micro-cracks and providing bridges to connect cracked sections after cracking has begun, 

delaying specimen failure and increasing the amount of energy absorbed during loading (see figure 8). The Fibers also contribute 

to a more uniform stress distribution within the specimen, giving it a better ability to resist sudden collapse. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 8. Toughness of mixtures with and without basalt Fiber. 

Basalt Fibers improve the toughness and crack resistance of cement mortar, making it more durable and reliable under load. This 

enhancement is essential for structural elements exposed to dynamic or high-stress conditions, like bridges and pavements, which 

require high ductility [44]. In general, the addition of basalt Fibers significantly enhanced the load-bearing capacity and toughness 

of cement mortar. 

 

3.2.3 Effect of Polypropylene Fiber 
 

The relationship between applied load and deflection for cement mortars reinforced with PPF at different volume fractions (0.5%, 

1.0%, and 1.5%), is shown in Figure 9. The samples containing PP Fibers showed more ductile behavior and deformation 

tolerance, particularly at 1.0%, achieving the optimum balance between maximum load and deflection [45]. Figure 10 shows the 
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highest toughness value, of the ability of the material to resist cracks. Although the 1.5% sample exhibited greater ductility, the 

decrease in maximum load may indicate a negative effect of Fiber agglomeration at higher volume fractions [46].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Load vs deflection due to the addition of polypropylene Fiber on the concrete beam. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 10. Toughness of mixtures with and without polypropylene Fiber. 

Chen et al. [21] studied the relationships between the loading speed of polypropylene Fiber and flexural strength at different 

curing times. They observed that the addition of PPF enhanced the compressive and flexural strengths of cement mortar, and this 

enhancement can be attributed to the interaction between the PPF and cement mortar. Bzeni [35] used PPF in different volume 

fractions ranging between 0.45 and 2.27% to enhance the flexural strength of concrete. They observed that incorporation of 

macro-polypropylene at 0.8% and above led to an increase in the deflection hardening, which was qualified to the higher 

interfacial bond strength between Fibers. Burgos Cotrina et al. [47] investigated the effect of PPF with glass Fiber on the 

mechanical properties of cement mortar. They used 0.1%, 0.3%, and 0.5% PPF with 1%, 3%, and 5% glass Fiber of cement 

weight. They detected that the use of 0.1% PPF and 1.0% glass Fiber was the optimum proportion in enhancing the mechanical 

strength of cement mortar. To sum up, the addition of PP Fibers significantly improved the flexural strength and toughness of 

cement mortars compared to the unreinforced sample. The addition of 1.0% PP Fiber volume fraction showed the best balance 

between strength and ductility, while higher Fiber content led to minor performance reductions due to agglomeration.  

 

4. Discuss the results  
 

The results of the current study showed that the addition of SF, BF, and PP Fibers had a clear effect on the mechanical strength of 

cement mortar. Steel and basalt Fibers recorded the highest improvement in compressive and flexural strengths [48]. In the case of 

SF and BF, the compressive strength increased from 20.2 MPa for the control mix to 24.6 MPa due to the addition of 0.5% SF and 

24.9 MPa due to the addition of 1.0% BF, indicating the strong reinforcing capability of these Fibers. However, the compressive 

strength reduced due to an increase in the SF and BF content, and this reduction in strength is owing to Fiber accumulation and its 
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poor dispersion, which created weak zones in the matrix [49]. PPF with low content showed moderate improvement in 

compressive strength, but the general improvement was less important compared to SF and BF.  

In terms of flexural behavior, the results showed that the addition of Fibers significantly increased the mortar’s ability to resist 

cracking and deformation under load [28]. SF provided the greatest improvement in toughness and load-bearing capacity, 

producing a more ductile response and delaying sudden failure [50]. BF also improved energy absorption and crack resistance, 

especially at 1.0–1.5% content, by effectively bridging cracks and maintaining structural integrity after initial cracking [51]. PPF 

enhanced deflection capacity and crack control at lower contents but showed diminished performance at higher levels due to Fiber 

clumping [52]. Overall, the experimental results confirm that an optimum Fiber type and content can significantly enhance the 

mechanical properties of cement mortar.  

 

5. Conclusions and recommendations  
 

This study, as an experimental work, aims to investigate the effect of Fiber type and content on the properties of cement mortars. 

Three Fiber types are used in this study, namely, steel Fiber, basalt Fiber, and Polypropylene fiber. These fibers are used in 

different volume fractions to enhance the performance of cement mortars, and the results obtained as shown in the following 

conclusions: 

1. The addition of 0.5% SF into cement mortar has recorded the best compressive strength of 24.6 MPa, followed 

by 1.0% BF, which recorded 24.9 MPa, and then PPF, which performed 23.9 MPa with the addition of 0.5% PPF. 

2. Toughness of cement mortar with 1.0% SF recorded the highest value of 1520 N.mm, while 1.5% BF recorded 

the maximum toughness of 800 N.mm, and the toughness of 1650 N.mm for cement mortar with 1.0% PPF. 

3. Flexural test results showed that reinforcing cement mortar with PPF, especially at a volume fraction of 1.0%, 

significantly improved flexural strength and increased the energy absorbed after fracture (toughness).  

From these conclusions, some suggestions can be recommended to future studies.  

1. Future studies should explore the combined use of different Fiber types (such as steel-basalt or basalt-

polypropylene) to determine possible synergistic effects on the strength, toughness, and durability of cement mortars. 

2. It is recommended to perform microstructural and interfacial analyses, using techniques such as SEM or XRD, 

to better understand the bonding mechanisms between Fibers and the cement matrix and how these influence mechanical 

performance. 

Author Contributions 

All authors contributed in preparing this article: “Conceptualization, Haider T. Abed and Harith Ali; methodology, Hussein M. 

Hamada; resources, Harith Ali; data curation, Harith Ali; writing—original draft preparation, Hussein M. Hamada and Van 

Mohammed; writing—review and editing, Hussein M. Hamada and Van Mohammed; visualization, Yousif A. Ibrahim; 

supervision, Hussein M. Hamada; project administration, Ali Majdi. All authors have read and agreed to the published version of 

the manuscript. 

Funding 

This work received no external funding. 

 

Informed Consent Statement 

Not applicable. 

. 

Data Availability Statement 

The data will be available when requested. 

Acknowledgments 

Not applicable. 

Conflicts of Interest 

The authors declare no conflict of interest. 

 

https://ijsrem.com/


         
           International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 10 Issue: 08 | Aug - 2026                            SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               
 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM66809                                         |        Page 10 
 

References 

 

[1] W. Ahmad, M. Khan, and P. Smarzewski, "Effect of short Fiber reinforcements on fracture performance of cement-based 
materials: A systematic review approach," Materials, vol. 14, no. 7, p. 1745, 2021. 
[2] Z. F. Akbulut, T. A. Tawfik, P. Smarzewski, and S. Guler, "Advancing Hybrid Fiber-Reinforced Concrete: Performance, 
Crack Resistance Mechanism, and Future Innovations," Buildings, vol. 15, no. 8, p. 1247, 2025. 
[3] M. Khan, A. F. Hashmi, M. Shariq, and S. Ibrahim, "Effects of incorporating fibres on mechanical properties of fibre-
reinforced concrete: A review," Materials Today: Proceedings, 2023. 
[4] M. A. Mujalli, S. Dirar, E. Mushtaha, A. Hussien, and A. Maksoud, "Evaluation of the tensile characteristics and bond 
behaviour of steel fibre-reinforced concrete: An overview," Fibers, vol. 10, no. 12, p. 104, 2022. 
[5] M. Al-Osta, M. Isa, M. Baluch, and M. Rahman, "Flexural behavior of reinforced concrete beams strengthened with 
ultra-high performance Fiber reinforced concrete," Construction and Building Materials, vol. 134, pp. 279-296, 2017. 
[6] D.-Y. Yoo, S. Kim, G.-J. Park, J.-J. Park, and S.-W. Kim, "Effects of Fiber shape, aspect ratio, and volume fraction on 
flexural behavior of ultra-high-performance Fiber-reinforced cement composites," Composite Structures, vol. 174, pp. 375-
388, 2017. 
[7] J. Blazy, Ł. Drobiec, and P. Wolka, "Flexural tensile strength of concrete with synthetic Fibers," Materials, vol. 14, no. 
16, p. 4428, 2021. 
[8] L. Xia, W. Xin, C. Zhiyuan, J. Kaidi, L. Weitao, and W. Zhishen, "Synergistic effect of hybrid micro-and macro-Fibers 
on the flexural properties of concrete," Construction and Building Materials, vol. 462, p. 139901, 2025. 
[9] G. Wang, Y. Zhuang, L. Song, Z. He, J. Zhang, and H. Zhou, "Mechanical properties and failure mechanism of Fiber-
reinforced concrete materials: Effects of Fiber type and content," Construction and Building Materials, vol. 465, p. 140190, 
2025. 
[10] J.-H. Lee, B. Cho, and E. Choi, "Flexural capacity of Fiber reinforced concrete with a consideration of concrete strength 
and Fiber content," Construction and Building Materials, vol. 138, pp. 222-231, 2017. 
[11] S. C. Paul, G. P. van Zijl, and B. Šavija, "Effect of Fibers on durability of concrete: A practical review," Materials, vol. 
13, no. 20, p. 4562, 2020. 
[12] V. Rudnov, V. Belyakov, and S. Moskovsky, "Properties and design characteristics of the Fiber concrete," Procedia 
Engineering, vol. 150, pp. 1536-1540, 2016. 
[13] D. Wang, Y. Ju, H. Shen, and L. Xu, "Mechanical properties of high performance concrete reinforced with basalt Fiber 
and polypropylene Fiber," Construction and Building Materials, vol. 197, pp. 464-473, 2019. 
[14] J. Mínguez, D. C. González, and M. A. Vicente, "Fiber geometrical parameters of Fiber-reinforced high strength 
concrete and their influence on the residual post-peak flexural tensile strength," Construction and Building Materials, vol. 
168, pp. 906-922, 2018. 
[15] E. Silva, J. Coelho, and J. Bordado, "Strength improvement of mortar composites reinforced with newly hybrid-blended 
fibres: Influence of fibres geometry and morphology," Construction and building materials, vol. 40, pp. 473-480, 2013. 
[16] T. Sevil, M. Baran, T. Bilir, and E. Canbay, "Use of steel Fiber reinforced mortar for seismic strengthening," 
Construction and Building Materials, vol. 25, no. 2, pp. 892-899, 2011. 
[17] Y. Wang, A.-H. Kang, Z.-G. Wu, P. Xiao, Y.-F. Gong, and H.-F. Sun, "Investigation of the basalt Fiber type and content 
on performances of cement mortar and concrete," Construction and Building Materials, vol. 408, p. 133720, 2023. 
[18] S. Mahadik, S. Kamane, and A. Lande, "Effect of steel Fibers on compressive and flexural strength of concrete," 
International Journal of Advanced Structures and Geotechnical Engineering, vol. 3, no. 4, pp. 388-392, 2014. 
[19] J.-Y. Wang, K.-S. Chia, J.-Y. R. Liew, and M.-H. Zhang, "Flexural performance of Fiber-reinforced ultra lightweight 
cement composites with low Fiber content," Cement and Concrete Composites, vol. 43, pp. 39-47, 2013. 
[20] H. Hamada, K. Tracy, and F. Abed, "Effect of supplementary cementitious materials on the high strength concrete 
reinforced by basalt Fiber and made of dune sand," in AIP Conference Proceedings, 2024, vol. 3249, no. 1: AIP Publishing 
LLC, p. 020019. 
[21] H. Chen, X. Huang, R. He, Z. Zhou, C. Fu, and J. Wang, "Mechanical properties of polypropylene Fiber cement mortar 
under different loading speeds," Sustainability, vol. 13, no. 7, p. 3697, 2021. 
[22] B. Ruan, H. Ding, J. Teng, W. Deng, S. Zheng, and C. Ruan, "Mechanical properties and microstructure of 
polypropylene Fiber reinforced cement mortar soil," KSCE Journal of Civil Engineering, vol. 25, no. 6, pp. 1985-1997, 2021. 
[23] J. Liu and C. Lv, "Properties of 3D-printed polymer Fiber-reinforced mortars: A review," Polymers, vol. 14, no. 7, p. 
1315, 2022. 
[24] M. Yıldırım and H. B. Özhan, "Durability properties of basalt Fiber-reinforced mortars with different mineral 
admixtures exposed to high temperatures," Construction and Building Materials, vol. 400, p. 132574, 2023. 
[25] Z. Gu et al., "Bio-inspired polydopamine modification of recycled carbon Fibers for improving the performance of 
recycled carbon Fiber reinforced mortars," Construction and Building Materials, vol. 414, p. 134912, 2024. 
[26] I. S. No, "Portland Cement, the Iraqi Central organization for standardization and quality control," Baghdad-Iraq, 1984. 
[27] I. S. No, "Aggregates from Natural Sources for Concrete and Building Construction," the Iraqi Central Organization for 
Standardization and Quality Control, Baghdad-Iraq, 1984. 
[28] L. Hong, Y. Chen, T. Li, P. Gao, and L. Sun, "Microstructure and bonding behavior of Fiber-mortar interface in Fiber-
reinforced concrete," Construction and Building Materials, vol. 232, p. 117235, 2020. 
[29] M. Garg, P. Azarsa, and R. Gupta, "Self-healing potential and post-cracking tensile behavior of polypropylene Fiber-
reinforced cementitious composites," Journal of Composites Science, vol. 5, no. 5, p. 122, 2021. 
[30] P. Ghabezi, O. Sam-Daliri, T. Flanagan, M. Walls, and N. M. Harrison, "Upcycling waste polypropylene with basalt 
fibre reinforcement enhancing additive manufacturing feedstock for advanced mechanical performance," Applied Materials 
Today, vol. 41, p. 102486, 2024. 

https://ijsrem.com/


         
           International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 10 Issue: 08 | Aug - 2026                            SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               
 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM66809                                         |        Page 11 
 

[31] C. P. Ramírez, A. V. Barriguete, J. G. Muñoz, M. d. R. Merino, and P. d. S. Serrano, "EcoFibers for the reinforcement 
of cement mortars for coating promoting the circular economy," Sustainability, vol. 12, no. 7, p. 2835, 2020. 
[32] M. Boumaaza, A. Belaadi, and M. Bourchak, "Systematic review on reinforcing mortars with natural Fibers: challenges 
of environment-friendly option," Journal of Natural Fibers, vol. 19, no. 16, pp. 14262-14286, 2022. 
[33] P. G. Chottemada, A. Mishra, R. J. Thomas, and A. Kar, "Evaluation of long-term properties and life cycle assessment 
of alkali-activated concrete with varying Fiber inclusions," Construction and Building Materials, vol. 431, p. 136437, 2024. 
[34] M. S. Dharek, M. Manjunatha, S. Brijbhushan, J. Vengala, and R. B. Tangadagi, "Performance evaluation of hybrid 
Fiber reinforced concrete on engineering properties and life cycle assessment: A sustainable approach," Journal of Cleaner 
Production, vol. 458, p. 142498, 2024. 
[35] D. K. Bzeni, "Investigating the Influence of Fiber Content and Geometry on the Flexural Response of Fiber-Reinforced 
Cementitious Composites," Journal of Composites Science, vol. 8, no. 9, p. 347, 2024. 
[36] D.-Y. Yoo and N. Banthia, "Mechanical properties of ultra-high-performance Fiber-reinforced concrete: A review," 
Cement and Concrete Composites, vol. 73, pp. 267-280, 2016. 
[37] J. Choi, G. Zi, S. Hino, K. Yamaguchi, and S. Kim, "Influence of Fiber reinforcement on strength and toughness of all-
lightweight concrete," Construction and Building Materials, vol. 69, pp. 381-389, 2014. 
[38] F. Aymerich, L. Fenu, L. Francesconi, and P. Meloni, "Fracture behaviour of a fibre reinforced earthen material under 
static and impact flexural loading," Construction and Building Materials, vol. 109, pp. 109-119, 2016. 
[39] M. Aliha, A. Razmi, and A. Mousavi, "Fracture study of concrete composites with synthetic Fibers additive under 
modes I and III using ENDB specimen," Construction and Building Materials, vol. 190, pp. 612-622, 2018. 
[40] S. K. Mezzal, Z. Al-Azzawi, and K. B. Najim, "Effect of discarded steel Fibers on impact resistance, flexural toughness 
and fracture energy of high-strength self-compacting concrete exposed to elevated temperatures," Fire Safety Journal, vol. 
121, p. 103271, 2021. 
[41] A. Hassan, S. Galal, A. Hassan, and A. Salman, "Utilization of carbon nanotubes and steel Fibers to improve the 
mechanical properties of concrete pavement," Beni-Suef University Journal of Basic and Applied Sciences, vol. 11, no. 1, p. 
121, 2022. 
[42] K. Geng, J. Chai, Y. Qin, X. Li, M. Duan, and D. Liang, "Exploring the brittleness and fractal characteristics of basalt 
Fiber reinforced concrete under impact load based on the principle of energy dissipation," Materials and Structures, vol. 55, 
no. 2, p. 78, 2022. 
[43] F. Taheri, A. Ghiaskar, and S. A. Chowdhury, "Flexural and Shear Behavior of Basalt-Recyclamine Composites: A 
Comparative Study with Conventional Epoxy Systems," Applied Composite Materials, pp. 1-30, 2025. 
[44] V. A. Matsagar, "Construction Technology for Integral Bridges with Basalt Fiber-Reinforced Polymer Prestressing 
Tendons," in Fiber Reinforced Polymeric Materials and Sustainable Structures: Springer, 2023, pp. 341-376. 
[45] Z. Zhao, S. Cao, and E. Yilmaz, "Polypropylene Fiber effect on flexural strength, toughness, deflection, failure mode 
and microanalysis of cementitious backfills under three-point bending conditions," Minerals, vol. 13, no. 9, p. 1135, 2023. 
[46] Y. Xu, G. Xing, J. Zhao, and Y. Zhang, "The effect of polypropylene Fiber with different length and dosage on the 
performance of alkali-activated slag mortar," Construction and Building Materials, vol. 307, p. 124978, 2021. 
[47] J. A. Burgos Cotrina, E. A. Cubas Benavides, and J. M. Garcia Chumacero, "Analysis of the combination of glass and 
polypropylene Fibers on the mechanical properties of mortar," Journal of Building Pathology and Rehabilitation, vol. 10, no. 
1, p. 22, 2025. 
[48] M. Khan, M. Cao, and M. Ali, "Effect of basalt Fibers on mechanical properties of calcium carbonate whisker-steel 
Fiber reinforced concrete," Construction and Building Materials, vol. 192, pp. 742-753, 2018. 
[49] G. Xue, E. Yilmaz, W. Song, and S. Cao, "Mechanical, flexural and microstructural properties of cement-tailings matrix 
composites: Effects of Fiber type and dosage," Composites Part B: Engineering, vol. 172, pp. 131-142, 2019. 
[50] G. Ren, H. Wu, Q. Fang, and J. Liu, "Effects of steel Fiber content and type on static mechanical properties of UHPCC," 
Construction and Building Materials, vol. 163, pp. 826-839, 2018. 
[51] Y. Zheng, P. Zhang, Y. Cai, Z. Jin, and E. Moshtagh, "Cracking resistance and mechanical properties of basalt Fibers 
reinforced cement-stabilized macadam," Composites Part B: Engineering, vol. 165, pp. 312-334, 2019. 
[52] J. Ahmad, D. D. Burduhos-Nergis, M. M. Arbili, S. M. Alogla, A. Majdi, and A. F. Deifalla, "A review on failure modes 
and cracking behaviors of polypropylene Fibers reinforced concrete," Buildings, vol. 12, no. 11, p. 1951, 2022. 

https://ijsrem.com/

