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Abstract 
 

This study explores the mechanical performance of concrete reinforced with nylon fibers and recycled tire crumb, 

aiming to enhance structural properties through sustainable material integration. Nylon fibers, valued for their 

tensile strength and crack-bridging ability, were combined with crumb rubber—used as a partial fine aggregate 

replacement—to promote environmental reuse and improve toughness. Concrete mixes were prepared with varying 

nylon fiber contents (0%, 0.1%, 0.25%, 0.4%) and crumb rubber contents (0%, 25%, 50%), and tested for 

compressive strength, splitting tensile strength, and toughness. Results show that nylon fiber reinforcement 

increases splitting tensile strength in a near-linear fashion, enhancing ductility and crack resistance. Crumb rubber 

significantly improves toughness and energy absorption, making the concrete more resilient under dynamic and 

impact loading. While higher rubber content reduced compressive strength, the addition of 0.4% nylon fiber helped 

partially recover it, maintaining a well-balanced mechanical profile. The combined use of nylon fibers and recycled 

rubber presents a viable path toward durable, high-performance, and eco-friendly concrete. This study supports 

the broader adoption of fiber-reinforced rubberized concrete in applications where tensile performance and 

toughness are critical, aligning structural engineering practice with sustainability goals. 
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1 Introduction 
 

The construction industry faces a pressing dual challenge: enhancing the performance of concrete to meet 

demanding structural requirements while addressing environmental sustainability through the valorization of waste 

materials. Concrete, despite its widespread use, suffers from inherent brittleness and low tensile strength, making 

it prone to brittle failure under dynamic or tensile loading (Ozsar et al., 2018). Concurrently, the global 

accumulation of waste tires poses a significant environmental burden, with billions of discarded tires contributing 

to landfill overflow and ecological degradation (Haigh, 2023). Incorporating recycled tire crumb as a partial 

aggregate replacement in concrete offers a promising solution to repurpose this waste, enhancing ductility and 

energy absorption, but it often compromises compressive and tensile strength due to the soft nature of rubber and 

poor interfacial bonding with cement paste (Du et al., 2024). To counterbalance these limitations, the addition of 

synthetic fibers, such as nylon, has been explored to improve tensile capacity and crack resistance through crack-

bridging mechanisms (Qureshi et al., 2023). Recent studies highlight the potential of hybrid systems combining 

rubber particles and fibers to achieve a synergistic balance of strength, toughness, and sustainability (Lv et al., 

2024; Mohamed et al., 2024). This study investigates the mechanical performance of concrete reinforced with 

nylon fibers and recycled tire crumb, systematically varying their proportions to optimize compressive strength, 

splitting tensile strength, and modulus of toughness. By leveraging the complementary properties of these waste-

derived materials, this research aims to develop a high-performance, eco-friendly concrete suitable for resilient 

structural applications, contributing to sustainable construction practices. The scope of this research includes an 

experimental evaluation of the mechanical properties of nylon fiber–reinforced rubberized concrete (NFRRC) 

through compressive strength, splitting tensile strength, and flexural toughness tests. Varying proportions of nylon 

fibers (0%, 0.1%, 0.25%, 0.4%) and crumb rubber (0%, 25%, 50%) were incorporated to observe their individual 

and combined effects. The findings aim to identify the optimal balance between strength recovery and toughness 

enhancement, offering practical insights into developing high-performance, eco-conscious concrete suitable for 

structural applications requiring improved tensile capacity and deformation resistance. 

 

2 Methodology 

 

The primary objective of this study was to assess the overall mechanical characteristics of concrete by comparing 

different concrete mixtures and incorporating varying proportions of nylon fiber and crumb rubber. This study 

aimed to compare the mechanical properties of rubberized concrete reinforced with synthetic fiber (Nylon fiber) 
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utilizing multiple tests, including the Compressive Strength Test, Splitting Tensile Strength Test, and Flexural 

Toughness Test. 

 

2.1 Mix Design 

The concrete mixture was prepared with a fixed ratio of 1:1.5:3 by weight, consisting of one-part Ordinary Portland 

Cement (OPC) of type CEM I 52.5N, conforming to BDS EN 197-1:2003 and had a unit weight of 1440 kg/m³, 

1.5 parts fine aggregate, and three parts coarse aggregate. The coarse aggregate used was 19 mm downgraded 

natural stone chips with an apparent specific gravity of 2.81, bulk specific gravity (OD) of 2.73, and bulk specific 

gravity (SSD) of 2.76, while the absorption capacity was 1.21%. The unit weight was 96.36 lb/ft³ (approximately 

1540 kg/m³), and the aggregate was open-graded with angular and rough-textured particles providing a strong 

mechanical bond with the cement paste. Fine aggregates were well-graded Sylhet sand having an apparent specific 

gravity of 2.74, bulk specific gravity (OD) of 2.63, and bulk specific gravity (SSD) of 2.67, with an absorption 

capacity of 1.34% and fineness modulus of 2.86. The unit weight was 94.41 lb/ft³ (1511 kg/m³), and the sand’s 

clean, well-graded nature ensured proper packing density and workability. Crumb rubber, procured from recycled 

automobile tires, was used as a partial replacement for fine aggregate. Two mesh sizes, 24 and 30, were combined 

in equal proportion (50–50) to maintain uniform gradation. A constant water-cement ratio of 0.42 was maintained 

to ensure sufficient hydration and strength development while preserving workable consistency. The addition of 

nylon fibers—incorporated to enhance tensile capacity and crack resistance—was found to reduce workability; 

hence, a polycarboxylate-based superplasticizer, Conplast SP337 (Fosroc), was used in dosages between 500 ml 

and 1.5 liters per 100 kg of cement, following the manufacturer’s recommendation, to maintain adequate flow and 

compaction. All mixes were blended with potable water and cast into standard molds. Following demolding, the 

specimens were submerged in lime-saturated water and cured for 28 days at a controlled temperature, maintaining 

100% relative humidity. The table below summarizes the concrete mix proportions used in this study, including 

cement, aggregates, nylon fiber, crumb rubber, water, and superplasticizer for each mix. 

 

Table 1. Details of the concrete mix proportions 

 

Mix 

Mix proportions (unit weight: kg/m3) Super 

plasticiser 

(litres) 

W/C 
Water 

Cemen

t 

Coarse 

aggregate 

Fine 

aggregate 
CR 

Nylon 

fibres 

R0-F0 194 462 1578 718 0 0 0.17 0.42 

R25-F0 194 462 1578 538 57.21 0 0.17 0.42 

R50-F0 194 462 1578 359 114.42 0 0.17 0.42 

R0-F0.1 194 462 1578 718 0 1.771 0.17 0.42 

R25-F0.1 194 462 1578 538 57.21 1.664 0.17 0.42 

R50-F0.1 194 462 1578 359 114.42 1.556 0.17 0.42 

R0-F0.25 194 462 1578 718 0 2.214 0.17 0.42 

R25-F0.25 194 462 1578 538 57.21 2.080 0.17 0.42 

R50-F0.25 194 462 1578 359 114.42 1.945 0.17 0.42 

R0-F0.4 194 462 1578 718 0 3.543 0.17 0.42 

R25-F0.4 194 462 1578 538 57.21 3.327 0.17 0.42 

R50-F0.4 194 462 1578 359 114.42 3.112 0.17 0.42 

 

2.2 Splitting Tensile Strength Test 

The splitting tensile strength was determined using cylindrical specimens measuring 100 mm in diameter and 

200 mm in height, following ASTM C496/C496M. Specimens were positioned horizontally with plywood strips 

placed along the loading lines to ensure even distribution. A compressive load was applied along the vertical 

diameter using a testing machine, at a controlled rate of 0.7 to 1.4 MPa per minute, until failure occurred. This 

loading condition creates tensile stress perpendicular to the applied load, causing the specimen to fail in tension 

rather than compression. The maximum load at failure was recorded, along with observations of the failure pattern. 

The splitting tensile strength of the specimen was determined using the following equation. 

T = 2P/πdl (1) 

 

Here,  

T = Splitting tensile strength, psi [MPa],  

P = Maximum applied load indicated by the testing machine, lbf [N],  
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l = Length, in. [mm], and  

d = Diameter, in. [mm]. 

 

                                        

                                        (a)                     (b)                                   (c) 

Figure 1. (a) Test setup for split tensile test machine (b) Test specimen after failure under failure load (c) Failure 

pattern formed due to split tensile test 

 

2.3 Flexural Toughness  

Toughness represents a material’s ability to absorb energy and resist fracture under static or dynamic loading. For 

fiber-reinforced concrete, this property is best evaluated using a flexural test, as it closely simulates real-world 

service conditions. The flexural behavior was assessed in accordance with ASTM C1609 using third-point loading. 

The first peak load represents the maximum strength prior to initial cracking, while post-crack residual strengths 

at specific deflections reflect the material’s capacity to sustain load after cracking. Flexural toughness (T) was 

calculated as the area under the load-deflection curve up to a net deflection of L/150, where L is the span length, 

providing a quantitative measure of energy absorption capacity.  

 

2.4 Compressive Strength Test 

Cylindrical specimens (100 mm diameter × 200 mm height) were cast and tested in accordance with ASTM C39. 

After curing, each specimen was placed vertically in a universal testing machine. A compressive axial load was 

applied continuously at a constant rate of 2500 N/sec until the specimen failed. The load was applied without 

shock, and alignment was carefully maintained to ensure uniform stress distribution. Failure typically occurred 

through a combination of vertical splitting and shear. The maximum load at failure was recorded for strength 

calculation.  
 

C = P/(πd2/4)                                                                                                     (2) 

 

Here, 

C = Compressive strength, psi [MPa],  

P = Maximum applied load indicated by the testing machine, lbf [N],  

d = Diameter, in. [mm].  

 

                                       

                  (a)          (b)           (c) 

Figure 1. (a) Compressive strength test machine (b) Test specimen under compression (c) Test specimen after 

failure in compression 

 

3 Results and Discussion 

 

3.1 Effect of Nylon Fibers and Crumb Rubber on Split Tensile Strength 

The experimental results confirm a consistent and measurable improvement in the split tensile strength of concrete 

with the inclusion of nylon fibers, regardless of crumb rubber content. As fiber dosage increased from 0% to 0.4%, 
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tensile strength improved across all rubber levels. This effect was most pronounced in conventional concrete 

(without rubber), where fiber-matrix bonding is optimal due to the absence of elastomeric inclusions. For instance, 

at 0% crumb rubber, the tensile strength rose from 2.60 MPa at 0% fiber to 3.40 MPa at 0.40% fiber. marking a 

30.8% increase. 

 

       
 

Figure 3. Variation of Split tensile strength of concrete mixes with (a) different percentages of crumb rubber 

content at increasing percentages of fiber content in the mix (b) different percentages of crumb rubber content at 

increasing percentages of fiber content in the mix 

 

In contrast, crumb rubber inclusion was associated with a progressive decrease in tensile strength, consistent with 

its lower stiffness, high deformability, and poor interfacial adhesion to cement paste. At 0% fiber content, 

increasing the crumb rubber content from 0% to 25% and 50% reduced tensile strength from 2.60 MPa to 2.50 

MPa and 2.10 MPa, respectively indicating strength losses of approximately 3.8% and 19.2%. These reductions 

highlight the intrinsic weakening effect of rubber on the tensile load-carrying capacity of the matrix. 

However, nylon fibers were effective in partially recovering the lost strength. At 50% rubber, increasing the fiber 

dosage from 0% to 0.4% improved tensile strength from 2.10 MPa to 2.50 MPa, reflecting a 19.0% recovery 

relative to the unreinforced rubberized mix. Similarly, at 25% rubber, the increase was from 2.50 MPa to 2.80 

MPa, an uplift of 12.0%. 

The results indicate that the incorporation of nylon fibers markedly enhanced the tensile performance of the 

concrete mixes. Although the inclusion of crumb rubber reduced matrix stiffness, fiber-reinforced mixes 

consistently exhibited superior splitting tensile strength compared to their unreinforced counterparts, reflecting a 

notable improvement in resistance to cracking under applied loads. 

 

3.2 Effect of Nylon Fibers and Crumb Rubber on Modulus of Toughness 

The flexural behavior of nylon fiber-reinforced rubberized concrete (NFRRC) was characterized through load-

deflection curves, which provide direct insight into the material's energy absorption mechanisms. Representative 

curves presented in Figures 4 and 5 reveal distinct behavioral changes with varying fiber and rubber contents. 

 

  
 

Figure 4: Load-deflection curves for (a) 0% fiber and (b) 0.1% fiber concrete with varying crumb rubber 

replacement (0%, 25%, 50%) 
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Figure 5: Load-deflection curves for (c) 0.25% fiber and (b) 0.4% fiber concrete with varying crumb rubber 

replacement (0%, 25%, 50%). 

 

The energy absorption capacity observed in the load-deflection curves was quantified through the modulus of 

toughness, as summarized in Figure 6. 

 

      
 

 

Figure 6. Variation of Modulus of toughness of concrete mixes with (a) different percentages of crumb rubber 

content at increasing percentages of fiber content in the mix (b) different percentages of fiber content at 

increasing percentages of crumb rubber content in the mix 

 

At a fixed fiber dosage of 0.1%, increasing rubber content from 0% to 50% leads to a toughness increase from 

1179 N·mm to 1280 N·mm, reflecting a gain of approximately 8.5%. The effect is more pronounced at higher fiber 

content. At 0.4% fiber, increasing the rubber content from 0% to 50% results in a jump from 1394 N·mm to 1499 

N·mm, which is about a 7.5% increase. Notably, even with 0% fiber, the rubberized mix improves slightly, from 

1439 N·mm at 0% rubber to 1462 N·mm at 50%, a 1.6% increase, indicating that rubber alone contributes to post-

crack toughness. Beyond the role of rubber, the results also highlight a positive effect of increased fiber content. 

For instance, at 50% rubber, toughness improves steadily from 1462 N·mm with 0% fiber to 1499 N·mm with 

0.4% fiber, a gain of roughly 2.5%. The trend is more distinct at 25% rubber, where the toughness rises from 1439 

N·mm at 0% fiber to 1494 N·mm at 0.4% fiber, a 3.8% increase. 

While the isolated effect of fiber without rubber is less impactful, toughness drops slightly from 1439 N·mm at 

0% fiber to 1394 Nmm at 0.4% fiber. The toughness of the concrete mixes exhibited a clear and consistent increase 

with rising rubber and fiber contents, with the most substantial enhancements occurring at the highest combined 

levels of fiber (0.4%) and rubber (50%). In mixes without rubber, fiber addition produced marginal or slightly 

reduced toughness, underscoring the primary role of rubber in augmenting post-crack energy absorption. 

 

3.3 Effect of Nylon Fibers and Crumb Rubber on Compressive Strength 

To quantify the impact of the additives, the compressive strength was measured and is graphically represented. 

Compressive strength decreases with increasing crumb rubber content, dropping to about 75% of the control at 

50% rubber, due to rubber’s low stiffness and weak matrix bonding. Despite this reduction, rubberized concrete’s 

enhanced energy absorption and deformation capacity make it advantageous in applications where impact 

resistance and durability under cyclic loading matter more than peak compressive strength. Nylon fibers 

significantly recover this lost strength. At 50% rubber, increasing fiber content from 0% to 0.4% boosts 

compressive strength by nearly 20% (from 21.8 MPa to 25.4 MPa). 
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Figure 7. Compressive strength variation of concrete mixes with (a) different percentages of crumb rubber 

content at increasing percentages of fiber content in the mix (b)different percentages of crumb rubber content at 

increasing percentages of fiber content in the mix 

 

A similar 15% recovery is seen at 25% rubber (from 25.6 MPa to 29.9 MPa). The combined effect balances 

compressive capacity and ductility, supporting structural performance where enhanced deformation resistance is 

critical. Thus, while rubber lowers compressive strength, nylon fibers reclaim a substantial portion, enabling 

practical use of rubberized concrete in sustainable, resilient construction. 

 

4 Conclusions 
 

This study highlights the effectiveness of nylon fiber-reinforced rubberized concrete as a sustainable material with 

enhanced mechanical properties. Incorporating 0.4% nylon fiber increased splitting tensile strength by 30.8% 

compared to plain concrete, significantly improving crack resistance. The addition of recycled tire crumb enhanced 

toughness and energy absorption, while nylon fibers mitigated compressive strength losses in rubberized mixes, 

achieving a balanced profile of strength and ductility. These properties, consistent with findings in hybrid 

composite research (Lv et al., 2024; Mohamed et al., 2024), make this material ideal for applications requiring 

resilience under dynamic loads. The enhanced tensile strength and toughness suggest its use in pavement slabs, 

where crack resistance and impact absorption are critical, and in seismic-resistant structural elements like beams 

and columns, where ductility improves energy dissipation. Additionally, the material’s ability to repurpose waste 

tires and nylon supports sustainable construction, reducing landfill waste while delivering robust performance in 

non-primary structural components like retaining walls and bridge deck overlays. 
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