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Abstract

Waste tyres are non-biodegradable and accumulate in large stockpiles, while concrete production consumes ever larger
quantities of natural aggregate. This study investigates M25 concrete in which crumb rubber from scrap tyres partially
replaces coarse aggregate by volume at 0%, 5%, 10%, 15%, 20% and 25%. The mix was designed as per IS 10262:2019
for a target mean strength of 31.6 MPa with a water—cement ratio of 0.49 and proportions of 1:2.03:3.38. Compressive
strength at 7 and 28 days, split tensile strength, flexural strength, residual compressive strength after immersion in 5%
and 10% HCI and H>SOs, and residual strength after exposure to 200 °C and 400 °C were determined. The 28-day
compressive strength rose from 32.89 MPa for conventional concrete to 35.56 MPa at 15% replacement (+8.1%) but fell
to 24.08 MPa and 17.60 MPa at 20% and 25%. Split tensile strength peaked at 3.04 MPa at 15% replacement (+10.5%).
Up to 15% replacement, the rubberised mixes retained more strength than conventional concrete under acid attack and
elevated temperature; after 10% H2SOa exposure, the 15% mix retained 22.43 MPa against 19.26 MPa for the control.
A crumb rubber content of 10—15% is recommended for M25 concrete.

Keywords: Crumb rubber concrete; Waste tyre recycling; Compressive strength; Split tensile strength; Acid resistance;
Elevated temperature

1. Introduction

Concrete is the most widely used construction material, and its production depletes natural sand and coarse aggregate.
At the same time, discarded vehicle tyres are a growing solid-waste problem: they are non-biodegradable, occupy large
landfill volumes, and stockpiles pose fire and health hazards. Landfilling, burning and stockpiling are only short-term
solutions, so recycling tyre rubber into construction materials is an attractive option. Crumb rubber, produced by
mechanically or cryogenically grinding tyres and removing their steel and textile, ranges in size from 4.75 mm to below
0.075 mm.

Rubber particles are flexible and lightweight, absorb energy and can delay cracking in concrete, but they are much less
stiff than mineral aggregate and bond weakly with cement paste, so strength usually falls at high contents. Identifying a
replacement level that retains or improves strength is therefore essential. The objectives of this study are to (i) evaluate
the compressive, split tensile and flexural strength of M25 concrete with 5-25% crumb rubber replacing coarse
aggregate, (ii) assess its resistance to HCl and H.SO. attack and to elevated temperatures of 200 °C and 400 °C, and (iii)
identify a suitable replacement level.

2. Literature Review

Reviews consistently report that increasing crumb rubber content reduces compressive, tensile and flexural strength and
elastic modulus, because rubber is soft and bonds weakly with the cement paste, while improving ductility, impact
resistance and energy absorption [3], [7], [8]. Treating the rubber surface improves its bond with the matrix [11], [12].
Low replacement levels can be beneficial: Sofi et al. found that 3% waste tyre rubber fines improved the compressive
and split tensile strength of M40 concrete [2], and Barmoh et al. reported higher split tensile and flexural strengths with
2.5% NaOH-treated crumb rubber in high-strength concrete [6].

Durability can be improved by modifying the rubber or the binder. Modified crumb rubber concrete showed 400% higher
frost resistance than plain concrete and 110.07% better impermeability than unmodified rubber concrete [4]. Silica fume,
GGBFS and fly ash improved the ductility and impermeability of rubber concrete [5]; metakaolin-based high-strength
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concrete incorporating crumb rubber has been developed and its durability assessed [9], [10]. Combining crumb rubber
with industrial wastes and supplementary cementitious materials, with machine-learning strength prediction, has also
been explored [1]. Comparatively few studies, however, examine crumb rubber as a coarse aggregate replacement in
ordinary M25 concrete under both acid attack and elevated temperature, which this study addresses.

3. Materials and Methodology

Materials. Ordinary Portland cement of 53 grade (specific gravity 3.1), natural sand as fine aggregate, crushed stone
coarse aggregate of 20 mm (specific gravity 2.912) and 12.5 mm (specific gravity 2.9) nominal size, potable water and
crumb rubber from discarded vehicle tyres were used. The crumb rubber (Fig. 1) was produced by shredding tyres and
removing the steel wires and textile fibres.

(a) (b)
Fig. 1. Crumb rubber used in the study: (a) crumb rubber, (b) small-size crumb rubber

Mix design. M25 concrete was designed as per IS 10262:2019 for a target mean strength of 25 + 1.65 x 4 =31.6 MPa,
assuming 1% entrapped air and a slump of 25—75 mm. The resulting proportions are given in Table 1. Crumb rubber
replaced the coarse aggregate by volume at 0% (conventional concrete), 5%, 10%, 15%, 20% and 25%.

Table 1. Mix proportion of M25 grade concrete (per cubic metre)

Material Quantity
Cement 350 kg
Water 171.5 litres
Fine aggregate 712 kg
Coarse aggregate 1,184 kg
Water—cement ratio 0.49

Mix proportion by mass 1:2.03:3.38

Testing. Specimens were cast in oiled moulds in three layers, each tamped 35 times, demoulded after 24 hours and cured
in clean water. Compressive strength was determined on cubes at 7 and 28 days, split tensile strength on cylinders, and
flexural strength on beams as per IS 516. For durability, cubes were immersed in 5% and 10% HCI and 5% and 10%
H2SOu4 solutions and tested for residual compressive strength. Further cubes were heated to 200 °C and 400 °C and tested
for residual compressive strength after cooling. Fig. 2 shows the casting and acid immersion.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJ]SREM68803 | Page 2



https://ijsrem.com/

IJSREM
@“‘@ International Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 10 Issue: 11 | Nov - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

(b)

Fig. 2. (a) Casting of cubes, (b) immersion of cubes in 5% and 10% HCI, (c) specimens after acid exposure

4. Results and Discussion

4.1 Compressive Strength

The compressive strengths are given in Table 2 and Fig. 3. Up to 15% replacement, the 7-day strength was practically
unchanged (25.78-26.15 MPa) and the 28-day strength increased progressively, by 4.04%, 6.02% and 8.12% at 5%,
10% and 15% replacement, to a maximum of 35.56 MPa. Beyond 15%, strength fell sharply: at 28 days the 20% and
25% mixes reached only 24.08 MPa and 17.60 MPa, 26.8% and 46.5% below the control, so neither achieved the M25
grade. At low contents the rubber particles are well dispersed and the stronger crushed stone still carries the load. At
higher contents the soft, weakly bonded rubber forms a larger volume of compressible inclusions and weak interfaces
where cracks initiate.

Table 2. Compressive strength of conventional and crumb rubber concrete (N/mm?)

Mix 7 days 28 days
Conventional 25.78 32.89
5% replacement 25.83 34.22
10% replacement 25.89 34.87
15% replacement 26.15 35.56
20% replacement 16.14 24.08
25% replacement 9.81 17.60
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Fig. 3. 7-day and 28-day compressive strength

4.2 Split Tensile and Flexural Strength

The split tensile and flexural results are given in Table 3. Split tensile strength increased from 2.75 MPa for conventional
concrete to a maximum of 3.04 MPa at 15% replacement (+10.5%), and even the 20% and 25% mixes remained at or
above the control (2.87 and 2.76 MPa). The rubber particles bridge developing cracks and deform before failure, which
delays splitting. Flexural strength followed a similar trend, increasing from 24.0 to 26.0 N/mm? at 10% replacement
(+8.3%) and falling below the control only at 25% (22.8 N/mm?). The tensile properties are therefore less sensitive to
rubber content than compressive strength.

Table 3. Split tensile and flexural strength at 28 days

Mix Split tensile strength (N/mm?) | Flexural strength (N/mm?)
Conventional (nominal mix) 2.75 24

5% rubber 2.83 24.8

10% rubber 2.90 26

15% rubber 3.04 25.6

20% rubber 2.87 24.6

25% rubber 2.76 22.8

4.3 Resistance to Acid Attack

The residual compressive strengths after acid immersion are given in Table 4 and compared in Figs. 4 and 5. In both
acids, strength increased with rubber content up to 15% and decreased beyond it, mirroring the trend in normal
compressive strength. After 5% HCI, the 15% mix retained 36.58 MPa against 33.33 MPa for the control. Sulphuric acid
was far more aggressive than hydrochloric acid, because it dissolves calcium hydroxide and also forms expansive
sulphate products. After 10% H2SOs, residual strengths ranged from only 15.61 to 22.43 MPa. Even so, the 15% mix
retained 16.5% more strength than the control (22.43 against 19.26 MPa). Raising the H.SOa4 concentration from 5% to
10% reduced the strength of the control by 25.6% but that of the 15% mix by only 18.4%. Rubber, being chemically
inert, replaces part of the reactive matrix and appears to slow acid penetration at moderate contents. At 25% replacement,
the weaker, more porous matrix lost the most strength (30.7%).
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Table 4. Compressive strength after acid immersion (N/mm?)

Mix 5% HCI 10% HCl 5% H>SOs 10% H:SO4
Nominal mix 33.33 32.44 25.87 19.26
5% rubber 35.66 32.65 26.72 20.06
10% rubber 36.12 33.37 26.92 21.22
15% rubber 36.58 34.88 27.49 22.43
20% rubber 34.89 32.45 24.87 18.19
25% rubber 32.46 31.81 22.53 15.61

Compressive Strength @ 5% & 10% HCL

37 36.58
36.12

~ 36
g 34.88 34.89
£
<

34
é, 3333 3337

W 5% HCL
g 3 32.44 245 3246
-
o3 =18t W 10% HCL
L
2
2 3
L
8 1
E
o
O 29
conventional 20%
rephcemen reolatemen! replacsmem replacement replacement

% of rubber replacement

Fig. 4. Comparison of 5% and 10% HCI compressive strength
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Fig. 5. Comparison of 5% and 10% H2SO4 compressive strength
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4.4 Effect of Elevated Temperature

The compressive strengths after exposure to 200 °C and 400 °C are given in Table 5. At both temperatures, the strength
again peaked at 15% replacement, with 36.45 MPa at 200 °C and 36.12 MPa at 400 °C against 33.09 and 32.94 MPa for
conventional concrete. Raising the temperature from 200 °C to 400 °C caused little further loss up to 15% replacement
(0.5-0.9%), but 7.7% and 5.5% at 20% and 25%. The specimens became slightly pale, with no visible cracking or
spalling. Up to 15%, the voids left by softening rubber may relieve internal vapour pressure, but larger rubber contents

leave a weaker skeleton.

Table 5.

Compressive strength after exposure to elevated temperature (N/mm?)

Temperature exposure | Conventional | 5% 10% 15% 20% 25%
200 °C 33.09 34.46 35.25 36.45 34.89 32.46
400 °C 32.94 34.24 35.08 36.12 32.20 30.67

5. Conclusions

1. Crumb rubber can replace up to 15% of the coarse aggregate in M25 concrete while increasing the 28-day
compressive strength from 32.89 MPa to 35.56 MPa (+8.1%); at 20% and 25% replacement the strength falls to
24.08 MPa and 17.60 MPa, below the target grade.

2. Split tensile strength increased to 3.04 MPa at 15% replacement (+10.5%) and flexural strength to its maximum
at 10% replacement (+8.3%); tensile behaviour is less sensitive to rubber content than compressive strength.

3. Mixes with up to 15% crumb rubber retained more compressive strength than conventional concrete after HCI
and H2SO4 immersion. H2SO4 was the more aggressive acid, and the 15% mix retained 22.43 MPa after 10% H2SOa
against 19.26 MPa for the control.

4. After exposure to 200 °C and 400 °C, the 15% mix again showed the highest residual strength (36.45 and 36.12
MPa), with negligible additional loss between the two temperatures.

5. A crumb rubber content of 10—15% by volume of coarse aggregate is recommended for M25 concrete, providing
better strength and durability while recycling waste tyres and conserving natural aggregate.

Further work should examine treated rubber, longer exposure periods, microstructure and the structural behaviour of

crumb rubber concrete members.
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