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Abstract: Nowadays, chemical attacks, particularly sulphate assault, pose a significant challenge 

to the durability of concrete buildings exposed to sea water, swamp water, groundwater, 

wastewater, and drinking water, among others. This research investigates concrete, including 

crumb rubber (CR) and PVA fibre, to enhance its strength and resistance to chemical 

penetration. The purpose of this investigation is to use the 10% to 30% of CR as substitution for 

sand along with 1% to 1.5% of PVA fiber (PVAF) to determine the durability characteristics due 

to sulphate attack. The cubical and prism samples were made of CR concrete reinforced with 

various quantity of PVAF and these samples were tested after 28 days submerged in 10% of 

sodium solution. The mix containing 10% CR and 1.5% PVAF achieved a compressive strength 

of 51.45 MPa, indicating minimal deterioration under sulphate exposure. Besides, the weight gain 

and expansion were recorded dropping as the quantity of PVAF and CR rises in concrete. The 

integration of 10% CR with 1 to 1.5% PVAF yields optimal results for the building sector. 
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1. Introduction  

The European Union, United States, and Turkey produce 

over 3.4 million tonnes, 250 million tonnes, and 10 million 

tonnes of scrap tires annually, respectively1–3). A 

worldwide issue has arisen about the inappropriate 

disposal of over 500 million scrap tires after they have 

reached the end of their intended purpose4). The primary 

issue with this alarming growth arises from the direct and 

incidental threats it presents to human welfare, 

environmental stability5–8), and security9–11). The disposal 

of old tires in garbage dumps and landfills not only 

encourages rat infestation but also poses an ongoing 

challenge owing to their slow biodegradation, which 

heightens environmental dangers, particularly in the event 

of a fire12). The recycling of old tires into crumb rubber 

(CR) for construction is growing as a feasible solution to 

this issue. This innovative approach not only aids in 

restoring ecological balance but also offers significant 

economic advantages13).  

CR, derived from the outer surface of tyre scraps, is used 

as a fractional replacement for sand in matrix, frequently 

referred to as rubberized concrete14–18). This inventive 

concrete variant offers numerous benefits over 

conventional concrete, such as decreased density1,3), 

boosted plastic capability19), elevated durability20), better 

resistance to impact21), greater penetration resistance22), 

lowered thermal conductivity23), and better electrical 

resistivity2). Rubberized concrete is renowned for its 

exceptional energy distribution, longevity, and damping 

characteristics24). In spite of these benefits, rubberized 

concrete encounters certain disadvantages, including a 

drop in strength, and modulus of elasticity, with a rising 

quantity of CR substituting sand. The decreased strength 

may be attributed to the insufficient adhesion between the 

mortar and the CR component, stemming from the 

hydrophobic properties of CR created during tyre 

production using zinc stearate24). The CR's ability to repel 

water creates an impermeable, non-polar barrier, 

increasing the thickness of ITZ between the mortar and the 

CR component resulting in weak bond. The concentration 

of stress on this weak bond induces the production of tiny 

cracks, causing premature failure4,23,25,26). 

Therefore, integrating fibers into concrete is an 
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advantageous technique for improving the material's 

strength and reducing microcracks. Numerous research has 

investigated the effect of various fibre types, including rice 

straw fiber27), polypropylene, steel fibre, nylon fibre, 

polyvinyl alcohol (PVA), basalt fibre, and jute fibre, on the 

hardened assets of CR concrete structures. Many studies28-

31) have demonstrated that fibres boost the strength and 

toughness of concrete by facilitating bridging performance. 

Researchers have thoroughly developed and examined the 

properties of CR concrete with the incorporation PVA 

fiber31–33). The research indicated that PVA fibre is very 

effective for strengthening CR concrete. The research 

found polyvinyl alcohol (PVA) fibre as an exceptionally 

suitable polymeric fibre for reinforcing rubberized 

concrete. Fiber reinforced concrete (FRC) is frequently 

utilized for diverse applications, including precast building 

components, concrete flooring, and high-durability 

concrete32,34,35). The use of PVA fibres markedly enhances 

the longevity of rubberized concrete by improving its 

fracture resistance, flexibility, and resistance to chemical 

attacks. PVA fibres facilitate the bridging of 

microcracks36) and inhibit their growth, a critical function 

in rubberized concrete, because crumb rubber enhances 

porosity and diminishes bonding strength. PVA fibres 

mitigate fracture development by restricting the 

penetration of deleterious chemicals such as water and 

sulphates, which diminishes the likelihood of degradation 

due to sulphate assault and other chemical interactions37). 

PVA fibres uniformly disperse stresses within the matrix, 

strengthening the concrete's performance under cyclic 

loading and adverse climatic conditions, extending its 

operational life and improving long-term durability38,39). 

Furthermore, several studies were performed on CR 

concrete and PVA fibre separately to assess their 

mechanical and durability characteristics. However, only 

limited research has been conducted on CR concrete, 

including various concentrations of PVA fibre, to evaluate 

the durability properties of CR concrete against sulphate 

attack. Therefore, this study examines the durability 

properties of CR concrete using fluctuating extents of 

PVAF due to sulphate attack.  

2. Materials and Methods 

2.1. Materials 

The Portland cement (PC) type I was served in this study 

work as binding agent by conforming to ASTM C150. The 

chemical composition of PC is shown in Table 1. However, 

the natural river sand was served as fine aggregates (FA) 

and it passed from #4 sieve while the crushed stone having 

20 mm in size was used as coarse aggregates (CA) in the 

study by following ASTM C33. Besides, the crumb rubber 

(CR) with a specific gravity (SG) of 0.92 which contains 

the particle size range from 0.3 mm to 1.18 mm and it is 

utilized as a partial volumetric substitute for sand. Besides, 

polyvinyl alcohol fibre (PVAF) was incorporated into the 

concrete according to its volumetric percentage, and the 

fibre surface was coated with 1.2% oil by the fibre's weight 

for controlling the interface characteristics between the 

fibre and matrix40–43). In addition, a polycarboxylate-based 

superplasticizer (SP) was included in the CR concrete to 

improve the fluidity of green mixture by following the 

ASTM C494 Type F/G standard. Furthermore, the potable 

water was applied in the preparation of the concrete and 

the curing of the rubberized samples by confirming the 

ASTM C1602/C1602M-18. 

2.2. Mix Ratio 

The different trial mixes were conducted to obtained the 

targeted compressive strength about 45 MPa at 28 days 

using DOE method. Then the obtained mix proportion 

technique was employed to prepare ten different mixtures 

blended with 0%, 10%, 20%, and 30% of sand replaced 

CR and 1% to 2% of PVAF by fractional volume of 

concrete. From ten mixtures, one mixture was 

manufactured with cement only, and the remaining all 

mixtures were prepared with PVA fibre and CR together 

for determining the durability characteristics due to 

sulphate attack. The details of the of the mix proportions 

of each ingredient used in rubberized concrete are revealed 

in Table 2.

Table 1: Chemical Composition of PC44–48) 

PC Compounds 

SiO2 20.76 

CaO 61.4 

Fe2O3 3.35 

Al2O3 5.54 

MgO 2.48 

Na2O 0.19 

K2O 0.78 

SG 3.15 

Blaine fineness (m2/Kg) 325 

Loss on ignition 2.20 
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Table 2: Mix ratio of CR Concrete 

Mix ID 
Ingredients (%) Amount of Components used in CR concrete (kg/m3) 

PVAF CR PC CA FA CR SP Water 

M0 0 0.00 495 1210 550 0 4.95 175 

M1 1 10 495 1210 513.80 36.20 4.95 175 

M2 1 20 495 1210 477.61 72.39 4.95 175 

M3 1 30 495 1210 441.41 108.59 4.95 175 

M4 1.5 10 495 1210 513.80 36.20 4.95 175 

M5 1.5 20 495 1210 477.61 72.39 4.95 175 

M6 1.5 30 495 1210 441.41 108.59 4.95 175 

M7 2 10 495 1210 513.80 36.20 4.95 175 

M8 2 20 495 1210 477.61 72.39 4.95 175 

M9 2 30 495 1210 441.41 108.59 4.95 175 

2.3. Testing Methods 

The research investigated the durability parameters of a 

rubberized a mixture with varying quantities of PVA fibre. 

The cube specimens measuring 100 mm x 100 mm x 100 

mm were evaluated for compressive strength in agreement 

with BS EN 12390-349) at 28 days. Moreover, cubes and 

prism samples (285 mm 25 mm 25 mm) were fabricated 

and put in a 10% Na2SO4 mixture for 28 days and then 

these immersed specimens after 28 days to evaluate weight 

gain, CS, and expansion, respectively. The monthly 

measurements of weight gain, CS, and length variation of 

the specimens were recorded. Moreover, the 28-day 

sulphate exposure is selected due to time constraints and 

the primary focus on early-age resistance and comparative 

performance of the investigated mixtures and this 

concentration has been commonly used in previous studies 

as an aggressive environment to simulate severe sulfate 

conditions and to obtain measurable deterioration in a 

shorter time frame45,50,51). The Experimental set up and 

workflow of this research is shown in Figure 1 and Figure 

2 respectively.

 

Fig. 1: Experimental Setup for (a) CS, (b) Loss in CS, (c) Weight Gain, and (d) Expansion 
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Fig. 2: Work flow Diagram for this Research Work 

3. Results and Discussions 

3.1. Compressive Strength (CS) 

A CS examination was conducted on PVAF-CR concrete 

specimens for each combination, with testing carried out at 

28 days. Figure 3 illustrates the outcomes of incorporating 

10%–30% and 1%–2% of CR and PVA fibres, respectively. 

The combination of 10% CR and 1.5% PVA fibres yields 

the maximum CS of 51.45 MPa after 28 days. However, at 

28 days, the combination containing 30% CR and 2% PVA 

fibres yields the lowest CS of 35.17 MPa. As CR increases, 

CS decreases; this is consistent with the findings presented 

by52) regarding CR incorporation. Replacing 10% of sand 

solely with CR and 1.5% PVAF results in a 6.5% 

enhancement in strength. The incorporation of PVA fiber 

resulted in a strength enhancement of up to 1.5%, which 

increased over time. The enhancement in strength could be 

attributed to the strength and performance of the PVA fiber, 

together with the effective physical and chemical bonding 

between the PVA fiber and the mixture. Consequently, 

fiber may inhibit the proliferation of microcracks, hence 

enhancing the strength of concrete. Moreover, there is a 

notable decrease in CS of 27.18% when employing 30% 

CR and 2% PVA fibres compared to CM. The decline may 

be associated to the smooth surface structure of CR53), 

which has been reported to reduce CS because of an 

increase in CR, resulting in the formation of more 

voids11,54–56). Investigator57) has shown that the lightweight 

rubber at elevated substituting levels progressively 

encounters challenges in avoiding voids. The increased 

volume of fibres in the combination complicates vibration, 

resulting in the formation of more voids, which contributes 

to the decline in CS58). The strength deteriorates owing to 

balling and inadequate interaction with concrete upon the 

addition of 2% PVA fiber to concrete. Comparable 

investigations have demonstrated a drop in strength owing 

to a rise in fibre volume36,59). 

 

Fig. 3: CS of PVA-CR Concrete 
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3.2. Loss in Compressive Strength (CS) 

A loss in CS examination was conducted on PVA-CR 

concrete specimens for each combination, with testing 

carried out at 28 days under the sulphate attack solution 

after curing of 28 days. Figure 4 illustrates the outcomes 

of incorporating 10%–30% and 1%–2% of CR and PVA 

fibres due to sulphate attack, respectively. The 

combination of 10% CR and 1.5% PVA fibers provides the 

minimum loss in CS due to sulphate attack as compared to 

control mixture while the maximum loss in CS was 

observed when the use of CR rises after 10% and fiber 

increases after 1.5% in mixture due to sulphate attack after 

28 days immersed in solution correspondingly. From the 

findings, it was observed that the loss in CS due to sulphate 

attack is recorded to reducing while the accumulation of 

10% CR and 1.5% PVA fiber in concrete. The decreased 

CS of rubberized concrete, including PVA fibres, during 

sulphate exposure is attributed to heightened porosity and 

a compromised matrix caused by the softer CR, facilitating 

the ingress of sulphate ions that generate expansive 

compounds such as gypsum and ettringite. The inadequate 

adhesion between the rubber and PC paste, along with the 

stress concentrations caused by PVA fibres, further 

undermines the concrete's structure, resulting in further 

degradation during sulphate exposure. Similar type of 

experimental was performed in prior studies41,60). 

3.3. Waight Gain 

The sulphate resistance evaluation was performed on CR 

samples of concrete added with 1% to 2% PVA fibre. The 

research was conducted with samples immersed in a 10% 

sodium sulphate (Na2SO4) mixture for 28 days after curing. 

It was measured by examining changes in physical 

characteristics and recorded surface dry weight of samples 

after 28 days. The specimens were further immersed in 

distilled water for comparison. The CR concrete sample 

showed minor changes on 28 days of exposure to Na2SO4. 

Figure 5 illustrates the weight variation of CR concrete 

samples integrated with different PVA fibres subjected to 

sodium sulphate for 28 days. Figure 5 illustrates the results 

of the Na2SO4 attack on the proportionate mass variation 

of samples from the standard concrete mix and the CR 

concrete, containing different amounts of PVA fibre, 

relative to the initial weight of the specimens after 28 days. 

The proportion of mass increase was quite significant for 

the control concrete. Nonetheless, as the proportions of CR 

and PVA fibre in matrix increase, the mass gain of concrete 

drops. The weight gain of concrete decreases as the 

concentration of CR and PVA fibres rises. This is because 

CR has a lower density than denser aggregates, which 

lowers the total mass. Both materials' increased porosity 

allows for moisture absorption without significantly 

increasing weight. This combination results in a lighter 

concrete mix that absorbs less weight when subjected to 

environmental circumstances. Similar type of  

 

Fig. 4: Loss in CS of PVA-CR Concrete 

 

Fig. 5: Weight Gain of PVA-CR Concrete 

experimental was performed in prior studies60). 

3.4. Expansion of CR Concrete 

Figure 6 illustrates the results of sulphate attack-induced 

expansion on the CR matrix with varying amounts of PVA 

fibre. It was calculated by gauging the overall length of 

specimens prior to and after 28 days of submerged in a 

10% Na2SO4 mixture. The % increment in length was 

subsequently determined. The maximum expansion was 

found by 0.08% at CM while the lowest value of expansion 

was attained by 0.04% at 10% of CR along with 1.5% of 

PVAF at 28 days correspondingly. From experimental data, 

it has been found that the expansion is attaining reduced as 

the quantity of CR and PVAF rises in concrete. Adding 

more CR and PVA fibres to concrete makes it more 

flexible, which makes it better able to handle pressures 

from expanding compounds like gypsum and ettringite. 

This makes the concrete less likely to expand due to 

sulphate attack. Crumb rubber decreases density, but PVA 

fibres enhance ductility and fracture resistance, enabling a 

more uniform distribution of stress inside the matrix. This 

combination, therefore, restricts internal pressure 

accumulation and reduces total expansion compared to 

traditional concrete mixtures. This aligns with prior studies 

regarding the impact of sulfate on concrete41,60–62). 
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Fig. 6: Expansion of PVA-CR Concrete 

4. Conclusions 

This assessment involved evaluating CR concrete with 

varying quantities of PVAF to determine its durability 

properties. Based on the scientific data and evidence 

collected, the key points can be drawn: 

 The highest CS was attained by 51.45 MPa at 10% 

of CR along with 1.5% of PVA fiber while the 

lowest CS was achieved by 35.17 MPa at 30% of 

CR and 2% of PVAF together consistently.  

 The inclusion of 1.5% PVAF and 10% CR to 

concrete reduces sulphate attack loss, while the 

control mixture experiences maximum loss after 28 

days, indicating a reduction in sulphate attack. 

 The weight gain of CR concrete is recorded 

dropped while the extent of PVAF and CR 

increases than that of CM for 28 days. 

 The maximum expansion was found by 0.08% at 

CM whereas the smallest value of expansion was 

attained by 0.04% at 10% of CR along with 1.5% 

of PVAF at 28 days consistently. From 

experimental data, it has been found that the 

expansion is attaining dropped as the extent of CR 

and PVAF rises in concrete. 

 From the experimental outcomes, the usage of 10% 

CR as substitute for sand along with 1.5% of PVA 

fiber is offering good findings therefore, it is 

suggested for practical applications. 

5. Study Limitations 

a) Long term Durability 

The longest documented sulfate exposure is 240 

days; no reports have yet emerged regarding 5–10-

year outdoor data from a sulfate solution. Ettringite-

induced expansion could appear after 3 to 5 years, 

rendering current declarations of "enhanced 

durability" technically inapplicable. 

b) Rubber content sweet-spot versus strength loss 

All resilience characteristics (sulphate, acid, freeze-

thaw) enhance just when rubber constitutes < 10% 

of the sand content. Exceeding that level, the 

hydrophobic void network surpasses the 

advantages of crack arrestation. Most structural 

engineers want 25–35 MPa at 28 days; adhering to 

these parameters is challenging without costly 

silica fume or nanographene additives.  

c) Cyclic loading 

Genuine foundations, airport pavements, and 

harbor slabs experience concurrent traffic fatigue 

and sulphate wetness. Only one study has evaluated 

this link; fatigue life decreased by 40% after 240 

days of sulphate immersion, even with hybrid fibres, 

but the dataset comprises only 18 beams 

insufficient for a design equation. 
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Nomenclature 

Symbol Description 

PVAF Polyvinyl Alcohol Fiber 

CR Crumb Rubber 

FRC Fiber reinforced concrete 

PC Portland cement 

FA Fine Aggregates 

CA Coarse Aggregates 

SG Specific Gravity 

SP Superplasticizer 

CS Compressive Strength 

Na2SO4 sodium sulphate 

CM Control Mixture 

UTP Universiti Teknologi Petronas 
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