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ABSTRACT: This study compares the effects of peat water and normal water as
mixing and curing water on the properties of crumb rubber and rice husk ash con-
crete (CR-RHA). The number of crumb rubber and rice husk ash used on the con-
crete followed the optimum mixture from a previous study, which was 5% and 10%,
respectively. The crumb rubber was treated to overcome the lack of adhesion by
soaking it in water for 24 hours. Normal concrete (PCC) was also cast as a control.
CR-RHA and PCC concrete were mixed and cured using normal and peat water.
Compressive strength, tensile strength, and porosity were tested at 3, 7, 14, 28, and
56 days. In general, CR-RHA concrete and PCC concrete showed lower perfor-
mance when mixed and cured with peat water compared to normal water. Peat water
with high acidity decreased the calcium content and developed the amount of pores
in concrete, resulting in strength reduction. However, due to the excess pozzolan
from rice husk ash, CR-RHA concrete had better resistance as the strength loss was
relatively smaller, respectively 11.4% at 28 days and 10.6% at 56 days. Furthermore,
CR-RHA concrete showed lower porosity, higher compressive strength, and tensile
strength than PCC concrete due to rice husk ash that improved concrete density by
generating CSH and crumb rubber that prevented concrete from spalling in an acid-
ic environment. It was also found that compared to the previous study, pre-treated
crumb rubber exhibited better mechanical and durability of concrete.
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1. INTRODUCTION

Riau Province is one of the provinces in Indonesia. It is located on the island
of Sumatra and is primarily covered with peatland, which spans around 3.8 million
ha, nearly half of the province's total surface area [1]. Peat soil is known to cause
severe problems in concrete construction due to its low bearing capacity and acidic
water with a pH value range between 3-5. The low bearing capacity will cause the
concrete slab on top of the soil to curl, which then generates excess tensile stress
leading to the propagation of fine cracks on the concrete surfaces. Previous stud-
ies also showed that the high organic matter and acidic peat water could penetrate
through the cracks and dilute the calcium content, thus reducing the strength of the
concrete [2-5].

Several studies have been conducted to improve the ductility and durability of
concrete, especially against acidic environments, including peatland. One of the
ways to do this is by utilizing crumb rubber and pozzolanic materials. Crumb rubber
is obtained by crushing and grinding a waste tire into uniform granular sizes varying
from 0.075 to 4.75 mm and has been suggested as a replacement or additional ma-
terial to improve the ductility and post-cracking behavior of concrete [6-13]. For
example, [14] observed that crumb rubber acted as reinforcement and increased
the concrete resistance against impact load to prevent immediate failure. Other
researchers also reported similar results that adding crumb rubber enhanced the
performance of concrete under the applied bending load and improved the energy
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absorption capacity. However, it was noticeable that the compres-
sive strength of the concrete decreased as the number of crumb
rubber increased due to poor adhesion between crumb rubber
and cementitious matrix [6,15-17]. Prior research on rubberized
concrete indicated that the strength of concrete demonstrated an
adverse relationship with rubber content [ 18-22]. Additionally, as
the percentage and size of rubber particles increased, the decrease
in performance became more apparent. Results for rubber con-
crete's compressive strength were lower with coarse rubber aggre-
gates compared to fine ones [23,24].

There are a number of possible reasons for a decrease in the
compressive strength of crumb rubber concrete. First, a significant
discrepancy between the elastic modulus of rubber and the sur-
rounding cement matrix quickens failure during the loading phase
[25-28]. In addition, rubber's smooth surface hinders cement
matrix adhesion, as numerous scholars have verified using SEM.
[15,29,30]. Second, Poor binding strength between the mortar
and rubber [27,31]. Lastly, cement matrix density decreased as a
result of the size, density, and hardness of the crumb rubber. Sev-
eral researchers have investigated and found that using pozzolanic
ash filler is an effective approach to improve the low static mechan-
ics of crumb rubber concrete. [32-35].

Pozzolanic materials such as fly ash, palm oil fuel ash, and rice
husk ash which contain high silica content, have also been utilized
to improve the concrete resistance against acid. The Calcium Sili-
cate Hydrate (CSH), which formed through a pozzolanic reaction,
refined the concrete pore structure and increased the concrete
density. Many studies have been carried out to observe the effect
of pozzolan in improving concrete resistance against acidic peat
water. Study by [S] compared the properties of OPC, PCC, and
POFA concrete after being immersed in peat water for 150 days.
The acid resistance of concrete subjected to peat water was signifi-
cantly increased by including pozzolanic materials from PCC and
POFA. The compressive strength of concrete with rice husk ash
(RHA) exposed to sulfate attack has also been studied by [36]. It
was reported that concrete containing RHA had more resistant to
sulfate attack than concrete without RHA. Therefore, adding min-
eral additives with pozzolan content is essential for improving the
mechanical properties and microstructure of crumb rubber con-
crete as well as for reducing the amount of carbon emissions from
cement utilization [37-39].

Another problem regarding concrete construction in the peat
environment is the inadequate clean water in peatlands which
causes the utilisation of peat water as an alternative to cast con-
crete on site to be unavoidable. Meanwhile, the hydration process
to develop concrete strength essentially depends on the quality of
water, both as mixing and curing water. Water for mixing concrete
has to be clean and does not contain oil, alkali, organic substances,
or other substances that can damage concrete [40]. Several stud-
ies have been conducted to understand how curing water quality
affects concrete performance in recent years [41-43]. However,
the investigation concerning the effects of mixing water quality on
concrete is still minimal. Investigation on the change in the com-
pressive strength of concrete when using water with a pH value of
3 and 7 as mixing and curing water has been done by [44]. The re-
sults showed that concrete mixed and cured with acidic water had
a significant strength reduction compared to concrete mixed and
cured with normal water. According to a study, mixing concrete
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with water at pH 3.2 reduced its strength by 30.58% when com-
pared to tap water at pH 7.4 [45]. Another study by [4] reported
that using acidic peat water on concrete generated a low compres-
sive strength, high porosity, and high sorptivity compared to con-
crete with tap water.

Previous research on the optimum mixture of crumb rubber
and rice husk ash on concrete as a proposed solution to improve
concrete performance of concrete has been conducted [6]. In ad-
dition, with the same mixture, the compressive strength and poros-
ity of crumb rubber rice husk ash (CR-RHA) concrete after being
immersed in peat water for 28 days has also been investigated [46].
However, to simulate the on-site cast condition, this study aims to
compare the effects of peat water and normal water as mixing and
curing water on the properties of crumb rubber and rice husk ash

concrete (CR-RHA).

2. MATERIALS AND METHODS

In this research, the crumb rubber and rice husk ash concrete
(CR-RHA) samples were cast using Portland Cement Composite
(PCC), crumb rubber (0.075-4.75 mm), rice husk ash (<0.075
mm), aggregates, water, and superplasticizer. Coarse and fine ag-
gregates were brought from a local quarry with a specific gravity
of 2.56 and 2.62. Crumb rubber was collected from the local tire
industry and manually sieved to obtain a size of 0.075-4.75 mm.
The specific gravity of crumb rubber was in range between 1.08-
1.14 with fineness modulus of 2.62 as refer to previous research
[47,48]. The number of crumb rubber and rice husk ash used on
the concrete followed the optimum mixture from a previous study
by [6], which was 5% crumb rubber and 10% rice husk ash by vol-
ume fine aggregate and volume cement, respectively. Plain PCC
concrete was also cast as a control.

In contrast to the prior study, the crumb rubber was treated
to compensate for the shortage of bonding between the crumb
rubber and cement paste. Numerous studies reported rubber par-
ticles that have been treated using NaOH have a rougher surface,
enhancing the physical interlock between the rubber and cement
paste [17,23,49,50]. However, as we use RHA in our crumb rubber
concrete, additional chemical reactions could be occurred between
RHA and NaOH. Therefore, in this study, the crumb rubber was
treated by soaking it in water for 24 hours to remove the entrapped
air in the rubber particles and promote the bond between the rub-
ber and the cement matrix. This method referred to a study by [51],
which showed higher compressive strength than untreated crumb
rubber.

Peat water used in this study for mixing water and curing water
was taken from Rimbo Panjang, Riau Province. The physical and
chemical characteristics of peat water compared to the required
drinking water qualities provided by the [52] are shown in Table 1.
According to the SNI 2847 standard, undrinkable water cannot be
used in concrete mixtures since it must be free of harmful substanc-
es, such as organic compounds, acids, salts, and alkalis, which are
regulated under the standards for drinkable water. It can be seen
that peat water has a pH value of S, indicating that it is more acid-
ic than drinking water. Also, the high organic content in the peat
water can obstruct the cement hydration process causing slower
strength development on the concrete.
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Table 1. Physical and chemical characteristics of peat water.
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Parameters Unit Dringking water qualities [52] Results

Color TCU <15 34.6

Turbidity NTU <5 15.9

Iron (Fe) mg/L <03 0.884S5

Alkalinity mg/L <500 4.59

Chloride mg/L <250 2.34

Manganese (Mn) mg/L <04 0.2321

pH value - 6.5-8.5 S

Sulphate mg/L <250 68.2

Organic content mg/L <10 28.38

Table 2. Mixture composition of PCC and CR-RHA concrete per m°.

Type Cement (kg) Fine Agg (kg) Coarse Agg (kg) Water (kg) CR (kg) RHA (kg)  SP (kg)
PCC 599 508 1074 178 - - -
CR-RHA 599 508 1074 178 5.36 4.17 5.99

The CR-RHA concrete and PCC concrete samples were de-
signed to meet a compressive strength of 35 MPa with a water-ce-
ment ratio of 0.3, and the mixture composition is shown in Table 2
below. In addition, a superplasticizer was added to CR-RHA con-
crete by 1% of the cement weight to increase the workability. Both
types of concrete were cast into 105x210 mm cylindrical speci-
mens for the compressive test, 150x300 mm cylindrical specimens
for the splitting tensile test, and 105x105 mm cylindrical for the
porosity test. Concrete mixed with normal water was cured in the
normal water, and concrete mixed using peat water was treated in
the peat water for 56 days. In this paper, PCC and CR-RHA con-
crete were given a code refer to the water used for mixing and cur-
ing. PCC N stands for PCC concrete mixed and cured with nor-
mal water, while PCC P represents PCC concrete mixed and cured
with peat water. The exact meaning also applies to CR-RHA N and
CR-RHA P. The compressive, splitting tensile, and porosity tests
were conducted following SNI 03-1974-2011, SNI 03-2491-2014,
and ASTM C642, respectively.

3. RESULT AND DISCUSSION

3.1. Effect of peat water on concrete surface. Figure 1
presents the difference in CR-RHA concrete after being immersed
for 56 days. The concrete that was cured in normal water (CR-
RHA N) benefited from a chemically neutral environment that al-
lowed the cement particles to fully hydrate. The presence of clean
water facilitated the essential reactions to occur efficiently, leading
to the formation of calcium silicate hydrate (C-S-H) and calcium
hydroxide which both required for the strength and integrity of
the concrete matrix [44]. As a result, the CR-RHA N displayed a
smooth, dense, and uniform surface with minimal imperfections,
indicating proper setting as shown in Figure 1(a).

In contrast, CR-RHA P that cured in peat water introduces
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several unwanted effects on concrete surfaces due to peat chemical
composition. Peat water has a high concentration of organic mate-
rials and is frequently acidic (low pH). By interacting with calcium
hydroxide and preventing the production of C-S-H, these sub-
stances may disrupt the hydration process and potentially damage
the concrete [3,4,53]. Additionally, the organic matter can become
embedded in the concrete, causing noticeable discoloration and
dark blotchy appearance as shown in Figure 1(b).

3.2. Compressive strength. Figure 2 shows the results of
compressive strength tests conducted after the concrete had been
cured for 3, 7,28, and 56 days in normal and peat water. In general,
either mixed and cured with normal or peat water, both types of
concrete showed an increase in strength at all ages due to the ce-
ment hydration process and pozzolanic reaction. The compressive
strength for both types of concrete when mixed and cured in nor-
mal water at 28 days was 35.03 MPa and 35.83 MPa, respectively,
for PCC and CR-RHA concrete. These numbers showed that both
concretes complied with the design strength. Furthermore, the
highest compressive strength was obtained by CR-RHA N at 56
days with a value of 42.84 MPa.

Based on the studies about crumb rubber concrete in recent
years, there was an adverse effect of incorporating crumb rubber
toward the compressive strength development of concrete. The
voids that rubber creates in concrete results in a comparatively
lower compressive strength [25,26,29,54-56]. The main reason
was due to poor adhesion between smooth-surface rubber parti-
cles and hardened cement paste, resulting formation of pores that
lead to a weak interfacial transition zone (ITZ) in the concrete.
Other reasons mentioned in previous studies were the significant
difference in elastic modulus between rubber and aggregates, the
non-uniform dispersion of crumb rubber in the concrete, and the
hydrophobic habit of rubber that entraps air, thus accumulating
the air volume in the concrete mixture [11,14,57]. However, it can
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Figure 1. Concrete surface after immersion for 56 days. (a) CR-RHA P (b) CR-RHA N.
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Figure 2. Compressive strength of PCC and CR-RHA concrete mixed and cured in normal and peat water for up to 56 days.

be seen from Figure 2 that CR-RHA showed higher compressive
strength compared to PCC concrete both in normal water and peat
water. Compressive strength enhancement on CR-RHA concrete
due to crumb rubber being soaked in water for 24 hours before
mixing resulted in a better bond between crumb rubber and hard-
ened cement paste. The result was coherent with the study by [51],
which also concluded that the applied method prevents early crack
initiation due to the poor bond of crumb rubber and cement under
a given load. By treating rubber crumbs with water, [$8] demon-
strated a similar result, minimizing the strength loss by around
16%.

The effect of peat water as mixing and curing water for both
types of concrete was seen as peat water reduced concrete's ear-
ly strength gain until 28 days. Acidic peat water and high organic
content attacked the Calcium (Ca) content in cement which then
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delayed the hydration process resulting in lower strength at early
ages [4,5,57]. A previous study by [59] found that concrete sur-
faces are eroded in acidic environments, leading to the formation
of cracks and the degradation of surface layers. Nevertheless, it was
found that the percentage loss of strength lowers as the number
of crumb rubber replacing fine aggregates increases. It was due to
the hydrophobic nature of crumb rubber which absorbs barely any
water, making it highly resistant against the corrosive effects of
acid from peat water [60]. Study by [61] presents similar findings,
showing that rubberized concrete is less susceptible to acidic water
curing than conventional concrete and is preferred for environ-
ments where the concrete and chemical agents come into constant
contact.

After 56 days, the late pozzolanic reaction from PCC and rice
husk ash improved the concrete by generating more calcium sili-
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Figure 3. Splitting tensile strength of PCC and CR-RHA concrete mixed and cured in normal and peat water for up to 56 days.

cate hydrate (CSH), which filled the concrete pore, thus forming
denser concrete. Overall, the loss in compressive strength of CR-
RHA concrete is slightly lower compared to PCC concrete due
to the additional pozzolan reaction from rice husk ash produced
secondary CSH that refined the pore structure of concrete and im-
proved the concrete resistance against acid attack from peat water
[3,62,63].

3.3. Splitting tensile strength. The splitting tensile strength
of PCC and CR-RHA concrete is shown in Figure 3. It can be seen
that the tensile strength development for both types of concrete was
similar to the results of compressive strength. This similar outcome
was possible because both compressive and splitting tensile tests
used the same approach to determine their values, which involved
applying a distributed load to the concrete until it was split into
two. Generally, the splitting tensile strength of CR-RHA concrete
was relatively higher than PCC concrete in all variations of mixing
water and curing water at all ages, with the highest tensile strength
obtained by CR-RHA P at 3.42 MPa. The crumb rubber in CR-RHA
concrete acted as a reinforcement which improved the performance
of concrete in bearing a tensile load.

According to the previous studies that other researchers have
conducted, the tensile load of crumb rubber concrete tended to
decrease with increased crumb rubber content. The decrease was
mostly reported due to the poor adhesion of crumb rubber to the
cement matrix, which weakened the ITZ resulting in the cracks
propagation when concrete received the load [64-67]. Further-
more, it is possible since crumb rubber is less stiff compared to fine
aggregate, which affects the mass stiffness and load-bearing capa-
bility of the concrete [38,61,68,69].

However, based on Figure 3, it turned out that CR-RHA con-
crete had a greater tensile strength compared to PCC concrete. The
possible reason was due to the treatment given to crumb rubber by
submerging it in water for 24 hours which released the entrapped
air on the rubber surface and improved the stickiness of crumb
rubber with hardened cement [S1]. Research has shown that, in
contrast to untreated rubber, which has poor strength and a weak
bond with the cement matrix, treated rubber exhibits better me-
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chanical and durability characteristics [17,70-72]. According to
[24], treated crumb rubber prevented concrete cracks and spalling
from propagating. It was also noted that the inclusion of RHA in-
creased the tensile strength of the concrete by delaying the devel-
opment of cracks and controlling their extent and spread since the
concrete microstructure was denser [38].

The change in the concrete tensile strength due to peat water is
also shown in Figure 3. Compared to compressive strength, it can
be observed that there was a relatively slight change for both types
of concrete after being immersed in peat water for 56 days. Acidic
water generally has a negative impact on the strength and durabil-
ity of concrete. A study by [73] found that acidic water can delay
concrete's setting times and reduce its flexural and tensile strengths
by 22% and 41%, respectively. However, from Figure 3, the result
showed that acidic peat water only had a minor effect on the tensile
strength of PCC and CR-RHA concrete. The silica content from
PCC cement and RHA induced more CHS gel through the poz-
zolanic reaction to improve the density and enhance the concrete
resistance against acid. The results were similar to previous studies
that pozzolan could help concrete develop its tensile strength even
after being subjected to acid water for 150 days [62].

3.4. Porosity. The porosity test of PCC and CR-RHA concrete
using different types of mixing and curing water was carried out at
3,7,28, and 56 days and the result is illustrated in Figure 4. In gen-
eral, both types of concrete showed a declining trend throughout
the curing age until 56 days due to the hydration process from ce-
ment and the pozzolanic reaction that fills the concrete pores, thus
reducing the porosity. At 56 days, CR-RHA N showed the lowest
porosity compared to other specimens at 8.23%, followed by PCC
N at 9.48%.

Prior studies on the porosity of crumb rubber concrete revealed
that the hydrophobic properties of rubber resist particles of water
in the cement matrix, which causes air to trap and pores to form,
weakening the bond at the interfacial transition zone (ITZ) [74,75].
However, according to Figure 4, CR-RHA concrete showed a lower
porosity than PCC concrete in all variations of mixing and curing
water due to the excess pozzolan from rice husk ash that fills the con-
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Figure 4. The porosity of PCC and CR-RHA concrete mixed and cured in normal and peat water for up to 56 days.

crete pore and significantly increases the density of the interfacial
zone between the cement paste and the rubber [76,77].

The result also matched the abovementioned compressive
strength, which showed that lower porosity tends to have a higher
compressive strength. Moreover, the treatment given to the crumb
rubber with a water-soaked method eliminated the air entrapped in
the rubber surfaces, thereby preventing the formation of additional
pores due to the inclusion of crumb rubber in the concrete mixture
[46,51]. Compared to untreated rubber, pre-treated rubber has a
denser microstructure in the ITZ, demonstrating stronger mortar
bonding performance [17].

The effect of using peat water as mixing and curing water for
both types of concrete can also be observed in Figure 4. At 3 and
7 days, the concrete had higher porosity than specimens mixed and
cured with normal water. This result demonstrated that peat water
has a negative impact on the porosity of concrete. Early exposure to
acidic peat water diluted the calcium content from cement. Also, the
organic matter delayed the generation of hydration products, thus
increasing the number of pores in the concrete [3,62]. After 28 days,
the pozzolanic reaction from PCC and RHA enhanced the pore
structure in concrete by producing additional CSH gel, resulting in
denser concrete. According to [8], additional SiO2 from pozzolan
strengthened mortar-crumb rubber bonding, reduced porosity and
the size of the ITZ, as well as improved both the mechanical and
microstructure of crumb rubber concrete.

3.5. Comparative study. In this paper, the properties of
CR-RHA concrete using peat water as mixing and curing water are
compared with the previous study conducted by [6] and [46]. It is
noteworthy that this paper used the same number of crumb rub-
ber and rice husk ash in the concrete mixture obtained from the
abovementioned studies. However, in this study, the crumb rubber
is treated first by soaking it in water for 24 hours before pouring it
into the mixture. The effect of the crumb rubber treatment is then
observed and analyzed. The comparative study on compressive
strength and tensile strength of CR-RHA concrete, compared to
CR-RHA (2019), can be found in Figure S [6,46]. The CR-RHA
specimens in this study were tested at 3, 7, 28, and 56 days while

84

the CR-RHA (2019) samples were tested at 7, 14, and 28 days. It
can be seen that at 28 days, the compressive strength of CR-RHA N
was higher by 19.28% than CR-RHA (2019). The primary reason
for this improvement was the treated crumb rubber that generated a
better bond between the rubber surface and hardened cement paste
than the previous mixes. This water-soaking method maintained the
28-day compressive strength of CR-RHA P to be almost the same as
CR-RHA (2019), even after direct exposure to peat water. Although
the treatment of crumb rubber showed insignificant change in the
28-day tensile strength of CR-RHA concrete as it is relatively similar
to the previous study, the water-soaking method is recommended to
improve the properties of CR-RHA concrete.

The porosity of CR-RHA N and CR-RHA P could not be com-
pared directly with the previous study due to the application of dif-
ferent curing methods. Both CR-RHA N and CR-RHA P concrete
were cured on each respective water immediately after removal
from the mold, and the porosity tests were conducted at 3, 7, 28,
and 56 days. Meanwhile, CR-RHA (2019) specimens were cured
first in normal water for 28 days before being immersed in peat
water. Therefore, the porosity tests were conducted at 0, 7, and 28
days after being cured in peat water or the same as 28, 35, and 56
days after the specimens were removed from the cast.

It can be seen from Figure 6 that CR-RHA (2019) concrete
from the previous study [46] had higher porosity than CR-RHA
N and CR-RHA P at 28 days, respectively, by 21.52% and 5.52%.
This result was because the crumb rubber utilized in the CR-RHA
(2019) concrete had not been treated with the water-soaking
method for 24 hours. As a result, the untreated rubber would keep
its hydrophobic nature that repels water and retains air on its sur-
faces. Due to this behavior, air bubbles became attached to rubber
surfaces and consequently carried into the concrete mixture by the
rubber particles, thus increasing the number of pores in the con-
crete. CR-RHA (2019) also showed a sudden increase in porosity
after being subjected to peat water for 7 days or at a concrete age
of 35 days due to the deterioration caused by acidic peat water. A
similar event occurred to CR-RHA P, which concluded that using
peat water as mixing and curing water delayed the formation of
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CSH that filled the concrete pore, thus generating higher porosity
at early ages.

4. CONCLUSION

This study compares the effects of peat and normal water as
mixing and curing water on the properties of crumb rubber and
rice husk ash concrete (CR-RHA), i.e. compressive strength, ten-
sile strength, and porosity. The number of crumb rubber and rice
husk ash used on the concrete followed the optimum mixture from
a previous study, which was 5% crumb rubber and 10% rice husk
ash. However, an additional method was adopted to overcome the
lack of adhesion between the crumb rubber and cement paste by
submerging the crumb rubber in water for 24 hours before mixing.
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Asaresult, CR-RHA concrete and PCC concrete generally showed
lower compressive strength, lower tensile strength, and higher po-
rosity when mixed and cured with peat water compared to normal
water. These results were mainly due to the high acidity of peat
water that diluted the calcium content and delayed the formation
of hydration products that could fill the concrete pore, generating
higher porosity at early ages, which led to the strength reduction.
However, due to the excess amount of pozzolan from rice husk ash,
it was shown that CR-RHA concrete had better resistance as the
loss in strength was relatively minor compared to PCC concrete.
Moreover, compared to the previous study by [6] and [46], CR-
RHA N and CR-RHA P had higher compressive strength and low-
er porosity due to the treatment that was given to the crumb rub-
ber before being mixed to improve the bonding between crumb
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rubber and cement paste by submerging it to water for 24 hours.
Although the treatment of crumb rubber showed insignificant
change in the 28-day tensile strength of CR-RHA concrete as it is
relatively similar to the previous study, the water-soaking method
is recommended to improve the properties of CR-RHA concrete.
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