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Abstract: Concrete durability is a critical concern due to prolonged exposure to aggressive 

environments. The use of crumb rubber (CR) derived from waste tires as a partial replacement 

for fine aggregate provides a sustainable solution for waste management; however, its influence 

on durability requires careful evaluation. This study investigates the combined effect of crumb 

rubber (10–30%) and polyvinyl alcohol (PVA) fibers (1–2%) on the acid resistance of concrete. 

Compressive strength, loss in compressive strength after acid exposure, weight loss, and change 

in specimen length were evaluated. Results show that compressive strength decreased with 

increasing CR content, ranging from 51.45 MPa for the optimum mix (10% CR and 1.5% PVA) 

to 35.17 MPa for mixes containing 30% CR. After sulfuric acid exposure, the optimum mix 

exhibited a strength reduction of approximately 10.65%. Weight loss and dimensional change 

increased with higher CR contents due to increased porosity and weaker interfacial bonding. The 

inclusion of PVA fibers improved crack resistance and partially mitigated degradation. Overall, 

moderate CR and PVA contents provide a balance between mechanical performance and acid 

resistance. 
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1. Introduction 

Concrete's versatility in a variety of applications makes it 

one of the most widely used building materials worldwide.  

Concrete life span and longevity is considered of the best 

in the field of construction materials1,2). Concrete is a 

composite material which contains materials derived from 

natural resources such as cement from limestone3,4), coarse 

aggregates (CA) from basalt rock5), fine aggregates (FA) 

from river sand6). Due to constant excavation of these 

resources, there is a need to find alternatives for these 

materials to continue concrete construction in a better way 

with reduced carbon footprint7). Several supplementary 

cementitious and waste-derived materials have been 

investigated to reduce cement consumption and improve 

the sustainability of concrete. High-volume fly ash has 

been successfully incorporated into engineered 

cementitious composites while maintaining desirable fresh 

and mechanical properties8). The combined utilization of 

waste glass powder and waste glass sand was reported to 

enhance the mechanical and durability performance of 

concrete9). Silica fume has been shown to improve strength 

and microstructural characteristics owing to its pozzolanic 

and filler effects10). The combined use of marble dust 

powder, silica fume, and rice husk ash improved 

mechanical performance while reducing the embodied 

carbon of concrete11). Similarly, the synergistic 

incorporation of waste glass powder and nano-TiO₂ 

enhanced the mechanical and durability properties of 

concrete12). Furthermore, waste glass sand has been 

demonstrated as a sustainable partial replacement for 

conventional fine aggregate, with an optimum replacement 

level providing improved strength and durability 

characteristics13). In recent times there has been scarcity of 

river sand and this has led to explore different options 

available to replace river sand as fine aggregates, 

construction and demolition wastes and waste glass has 

shown good positive contributions14,15).  

Rubber waste generated worldwide is primarily derived 

from used tires. Landfilling or burning this waste poses 
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serious environmental concerns; therefore, researchers 

have explored the use of crumb rubber (CR) as a partial 

replacement for fine aggregate16–19). Workability, 

deflecting capacity, behavior in cracking, strength in 

impact, and sound absorbing properties were all enhanced 

by the addition of rubber aggregates to produce 

environmentally friendly concrete20–23). With a density that 

was between 3 to 14 percent lower than the control 

mixtures, concrete that had been prepared with rubber 

aggregates was lightweight24,25). Although crumb rubber 

negatively affects compressive strength, water absorption, 

and workability, it has been shown to improve dynamic 

resistance and durability26,27). Rashid et al. analyzed the 

impact of CR concrete in medium and low strength 

concrete and found that workability decreases as CR 

volume increases28). Sofi investigated the use of crumb 

rubber and noted reduction in CS but also suggested use of 

fibers can contribute in enhancing the overall strength of 

the concrete29,30). Recent studies have also focused on the 

durability performance of rubberized concrete under 

aggressive environments31–33). Researchers have reported 

that although the incorporation of crumb rubber may 

increase porosity and reduce compressive strength, it can 

enhance energy absorption capacity and resistance to crack 

propagation, which may contribute to improved long-term 

durability behavior34). Furthermore, the inclusion of 

polymeric fibers such as polyvinyl alcohol (PVA) has been 

shown to significantly improve crack-bridging capacity, 

toughness, and resistance to micro-crack development in 

cementitious composites35). These characteristics are 

particularly beneficial when concrete is exposed to 

chemically aggressive environments such as acid attack, 

where crack propagation and matrix deterioration play a 

critical role in durability loss. Recent investigations have 

also highlighted that the combined use of rubber particles 

and PVA fibers may provide a synergistic effect by 

compensating for the strength reduction caused by rubber 

while improving crack control and structural integrity of 

the concrete matrix36). 

The primary objective of this study is to evaluate the effect 

of CR and polyvinyl alcohol (PVA) fibers on the acid 

resistance of concrete. Specifically, the study aims to 

assess changes in compressive strength, weight loss, loss 

in compressive strength, and dimensional stability of 

concrete mixtures containing varying proportions of CR 

and PVA fibers when exposed to a sulfuric acid 

environment. It is hypothesized that increasing CR content 

may reduce mechanical strength and dimensional stability 

due to its low stiffness and weak interfacial bonding with 

the cement matrix, while the incorporation of PVA fibers 

can partially mitigate these effects by improving crack 

control and resistance to acid-induced degradation. 

2. Experimental Program 

2.1. Materials 

 
(a) 

 
(b) 

Fig. 1: (a) CR, (b) PVA Fibres 

Table 1: Characteristics of PC 

Sl. no Physical characteristics Observed values 

1 Consistency of PC (%) 34 

2 Specific gravity 3.13 

3 IST (minutes) 96 

4 FST (minutes) 282 

5 Size of particles (microns) < 90 

Table 2: Properties of FA and CA 

Sl. no Parameters FA CA 

1 Specific Gravity 2.61 2.88 

2 Fineness Modulus 2.62 5.82 

3 Silt (%) 5.13 - 

4 Water Absorption (%) 2.62 0.17 

5 Size of particles (mm) < 4.75 < 20 

Portland cement (PC) is utilized for this study conforming 

to the ASTM C 150 standards. Table 1 shows the 

properties of PC. Sand passing through 4.75mm sieve is 

used as FA. Crushed basalt is used as CA with nominal 

size 20mm. Table 2 displays essential properties of FA and 

CA. Crumb rubber is varied from 10 to 30% also Polyvinyl 

alcohol (PVA) fibres are also added with percentage 

varying from 1 to 2%. 

Figure 1 (a) and (b) shows CR and PVA fibres used in this 

experimental study. Additionally, water reducer based on 

modified polycarboxylate was employed as a 

superplasticizer. Normal drinking water is used for 

concrete mixing and curing process in this study. 

2.2. Mix design and proportions 

A concrete of compressive strength (CS) of 45 MPa was 

designed. Mix designations with the amount of crumb 

rubber and PVA fibers is shown in Table 3. A total of 10 

mixtures has been designed with different percentages of 

crumb rubber and PVA fibers as shown in Table 3 along 

with normal mix without crumb rubber and PVA fibers. 

3. Methodology 

Ten combinations were made in total, cast, and given a 28-

day period to cure in normal water. Four experimental tests 

were conducted for each mix, which included a 

Compressive strength (CS) test, an acid attack resistance 

(weight loss) test, a loss in CS test, and a change in prism  
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Table 3: Material proportions (kg/m3) 

Mix ID 
Ingredients (%) Ingredients (kg/m3) 

PVA CR PC CA Sand CR Water 

M0 0 0 495 1210 550 0 175 

M1 1 10 495 1210 513.80 36.20 175 

M2 1 20 495 1210 477.61 72.39 175 

M3 1 30 495 1210 441.41 108.59 175 

M4 1.5 10 495 1210 513.80 36.20 175 

M5 1.5 20 495 1210 477.61 72.39 175 

M6 1.5 30 495 1210 441.41 108.59 175 

M7 2 10 495 1210 513.80 36.20 175 

M8 2 20 495 1210 477.61 72.39 175 

M9 2 30 495 1210 441.41 108.59 175 

length test. To determine the average outcomes, three 

molds were prepared for each test. As required by BS 

1881: Part 116:1983, a CS test was conducted. After 

preparing and casting, cubes measuring 100 mm were 

placed in the curing tank for a total period of 28 days.  

The cubes were taken out of the tanks, allowed to air dry, 

and then put through a compressive test using the CTM 

machine when the curing time was over Figure 2 (a) shows 

the setup of CS in CTM for the normal samples without 

crumb rubber and PVA fibres. In accordance with ASTM 

C642, three 100 mm cubes per mix were prepared for the 

acid attack test in order to produce normal weight concrete. 

Samples were demolded after a day and cured for 28 days. 

Before being submerged in an acidic solution, samples 

were weighed to determine their initial weight. The 

samples were then carefully submerged for 28 days in a 

solution of sulfuric acid (H2SO4) at a rate of 10 percent. 

After completion of the acid immersion period, the 

specimens were removed from the sulfuric acid solution, 

gently rinsed with clean water to remove residual acid, and 

allowed to dry under ambient laboratory conditions 

(temperature 25 ± 2 °C). The specimens were air-dried for 

a period of 48 hours until a constant mass was achieved 

before recording the final weight and conducting 

subsequent testing. 

 

(a) 

 

(b) 

Fig. 2: (a) CS test setup using a compression testing 

machine (CTM) for concrete specimens before acid 

exposure, (b) CS setup for sample concrete specimens 

after 28 days of sulfuric acid exposure 

Figure 3 (a) shows the loss of weight of normal concrete 

and Figure 3 (b) shows specimen loss of weight after 

immersion in acidic solution. The specimen is than tested 

for loss of compressive strength after acid attack as shown 

in Figure 2 (b). 

A prism of size 285mm X 25mm X25mm is casted to 

measure change in length after its exposure to acid solution, 

difference in change in length is measured using digital 

vernier caliper. Figure 4 (a) and (b) shows the change in 

length before and after immersion in acidic solution 

respectively. 

 

(a) 

 

(b) 

Fig. 3: Weight loss setup (a) Concrete cube specimens 

before acid immersion used for weight measurement (b) 

Concrete cube specimens after 28 days of acid exposure 

showing surface degradation and material loss 

 

(a) 

 

(b) 

Fig. 4: (a) Measurement of initial prism length before acid 

exposure using a digital vernier caliper (b) Measurement 

of prism length after 28 days of sulfuric acid exposure for 

evaluating dimensional change 
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4. Results and Discussions 

4.1. Compressive strength 

The CS test was performed on all mixes, and it was 

observed that Mix M4 exhibited the highest CS which has 

crumb rubber and PVA fiber percentage of 10% and 1.5% 

respectively has the highest CS of about 51.45 MPa and 

least about 35.17 MPa is observed for M9 mix which has 

30% of CR. This clearly states that as the amount of CR 

rises, the CS decreases, this is due to the smooth surface of 

the rubber particles which doesn’t bond well with cement 

paste and also due to pores created by rubber due to water 

repellent property of CR. The results are in line with 

findings which shows a negative effect of CS due to crumb 

rubber37,38). Figure 5 shows CS results. 

4.2. Loss of Compressive Strength 

 After acid attack test the cubes are tested for CS to 

measure the loss incurred in CS due to acid attack on 

concrete, the results are shown in Figure 6. It is observed 

there is reduction of strength by 10.65% of M4 mix 

compared to specimens without acid attack and also it can 

be seen there is decrease in all the mixes due to degradation 

of concrete which has undergone due to concrete’s contact 

with acid solution. This may be due to the inclusion of 

rubber which is the weak link between aggregate and paste. 

The acid solution tends to seep into the concrete which has 

more quantity of rubber which ultimately reduces the 

strength of the concrete. Similar trend is observed where it 

is noticed strength reduction due to acidic exposure to 

concrete39). 

4.3. Weight loss 

Figure 7 illustrates the variation in weight loss of concrete 

specimens subjected to sulfuric acid exposure. A clear 

increase in weight loss is observed with increasing crumb 

rubber (CR) content. This behavior can be attributed to the 

weak interfacial transition zone (ITZ) between the rubber 

particles and the cement matrix, which facilitates acid 

ingress. Unlike natural sand, crumb rubber is hydrophobic 

and does not chemically bond with cement paste, leading 

to increased porosity and microvoids around the rubber 

particles. Under acidic conditions, sulfuric acid reacts with 

calcium hydroxide and calcium-based hydration products, 

resulting in leaching and surface softening of the matrix. 

The presence of rubber further accelerates this process by 

providing preferential pathways for acid penetration. In 

addition, prolonged acid exposure may cause surface 

softening and partial degradation of rubber particles, 

contributing to mass loss. The incorporation of PVA fibers 

improves crack-bridging capacity and limits surface 

disintegration; however, higher CR contents still exhibit 

greater weight loss due to increased pore connectivity. 

Similar results have been observed in studies pertaining to 

PVA fibers40). 

 

Fig. 5: Compressive strength of concrete mixes before 

acid exposure at 28 days 

 

Fig. 6: Loss of compressive strength of concrete mixes 

after 28 days of acid exposure 

 

Fig. 7: Percentage weight loss of concrete mixes after acid 

immersion 

4.4. Change in length 

The increased change in length observed in mixes 
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containing crumb rubber can be attributed to the low 

stiffness and elastic nature of rubber particles compared to 

natural sand. Crumb rubber exhibits significantly lower 

modulus and does not provide effective restraint against 

dimensional changes when the cement matrix undergoes 

degradation. Under acidic exposure, the dissolution of 

calcium-based hydration products weakens the 

surrounding paste, further reducing confinement around 

rubber particles. This results in greater micro-deformation 

and volumetric instability. In addition, the poor resistance 

of rubber–cement interfaces to acidic environments 

promotes microcrack formation and expansion, which 

contributes to higher measured length changes at elevated 

crumb rubber contents. The inclusion of PVA fibers 

partially limits dimensional changes by bridging 

microcracks; however, at higher crumb rubber levels, the 

combined effect of reduced stiffness and increased matrix 

degradation dominates the overall deformation response. 

An increase in change in length with higher crumb rubber 

content has also been reported in similar studies41). Figure 

8 shows results of change in length. 

A quantitative comparison among the different mix 

designs clearly highlights the influence of crumb rubber 

(CR) and PVA fibers on durability performance. 

Compared to the control mix (M0), the optimum mix M4 

(10% CR and 1.5% PVA) achieved a compressive strength 

of 51.45 MPa, whereas mixes containing 30% CR 

exhibited a reduction to approximately 35.17 MPa, 

corresponding to a decrease of about 32%. After sulfuric 

acid exposure, M4 showed a compressive strength loss of 

approximately 10.65%, while mixes with higher CR 

contents experienced greater degradation. Similar dosage-

dependent trends were observed for weight loss and 

change in length, both of which increased progressively 

with increasing CR content due to higher porosity and 

weaker interfacial bonding. The error bars presented in 

Figures 5–8 represent the standard deviation  

 

Fig. 8: Change in length of concrete specimens after 

exposure to acid solution 

of three replicate specimens and indicate relatively low 

experimental scatter. Importantly, the differences between 

mix designs are substantially larger than the associated 

variability, confirming the reliability and consistency of 

the observed trends. The inclusion of PVA fibers further 

contributed to reduced result dispersion by improving 

crack control and limiting acid-induced deterioration. 

5. Conclusions 

This study elaborates evaluating rubberized concrete with 

fluctuating amounts of PVA fiber to determine its 

durability characteristics. According to the scientific data, 

the following key findings can be drawn: 

a) Optimum compressive strength is observed for the 

mix 4 which contains 10% CR and 1.5% PVA fiber. 

b) Due to acid exposure reduction in compressive 

strength is noted for all the mixes containing CR 

and PVA fiber 

c) Maximum weight loss is observed in samples 

containing 30% CR. 

d) Minimum change in length is observed for M0 and 

maximum is noted for 30% and 2% PVA fibers. 

In practical terms, the results of this study indicate that 

concrete incorporating moderate amounts of crumb rubber 

(around 10%) and PVA fibers (approximately 1.5%) can 

be considered for non-structural and durability-critical 

applications where resistance to acidic environments is 

required, such as industrial flooring, drainage components, 

and secondary infrastructure elements. The use of crumb 

rubber also contributes to sustainable construction by 

reducing waste tire disposal and the demand for natural 

fine aggregates. However, the findings are limited to 

laboratory-scale testing under controlled sulfuric acid 

exposure and a fixed curing period. Furthermore, although 

experimental variability was addressed through standard 

deviation and error bars obtained from three replicate 

specimens, advanced statistical significance analysis was 

not performed and is acknowledged as a limitation of the 

present study. The absence of long-term field exposure 

data and advanced statistical validation represents a 

limitation of the present study. Future research should 

focus on extended durability assessments, varying acid 

concentrations, and field-scale validation to support 

broader structural applications. 
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