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Abstract

The present study investigated the effect of reused rubber particles (RRP) on the deicer salt
durability of ordinary concrete. Four mixtures were designed, a control concrete (CC) and
three other rubber concretes obtained by partial substitution of natural dune sand
aggregate with reused rubber particles with 0%, 3%, 6%, and 9% w/w. All studied concretes
were subjected to the combined effect of freeze/thaw (56 and 120) cycles with the deicer
salt solution of 3% NaCl. The results indicated that RRP improved the deicer-salt scaling
resistance of rubber concrete strongly compared with the control. The observed innovative
property of RRP could be applied to cement-based materials to improve their deicer salt
durability. Further, this environmentally friendly practice could reduce the stock of waste
tires and offer a renewable source of construction aggregates.
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1. Introduction

The use of industrial vehicles produces a huge quantity of waste rubber tires. The
manufacturers indicate the annual world production of waste tires was 1.4 billion units per year
[1]. The bad management of waste tires, such as incineration and landfills, threatens the
environment, contaminating the air, soil, and water sources through toxic compounds [2]. The
latest global initiatives to protect the environment recommend the use of cleaner methods for
waste disposal [1, 2]. Certainly, reusing the waste rubber tires for applications, such as
construction aggregates, could protect the environment and reduce their accumulation in landfills.

Rubber waste tires decompose over hundreds of years. Thus, they can be used to improve the
deicing salt durability of concrete. Notably, the deicing salt damage to concrete is caused by the
combined effect of freeze-thaw cycles with deicing salts attack. Surface scaling is the primary
damage of deicing salt on concrete [3]. The use of deicing salts on concrete structures enables the
dissolution of the accumulated ice to facilitate vehicles and people on roadways during winter.

Various studies have investigated the substitution of natural aggregates with reused rubber
particles of waste tires RRP in concrete or mortar mixtures at different rates [3, 4]. The results
indicated RRP induced significant reductions in the elastic modulus and compressive and tensile
strength of rubber concrete [3-5]. Other studies revealed that RRP improved the rubber concrete
properties, such as toughness, deformation capacity, energy absorption, ductility, and strain
capacity compared with the control concrete without RRP [6, 7]. Earlier research has also shown
that RRP has a strong potential to introduce air into concrete mixtures, including rubber
aggregates [8].

Further, reused rubber aggregates could significantly improve the concrete durability to freeze-
thaw cycles [2, 8, 9]. However, the durability of rubber concrete subjected to the combined effect
of freeze-thaw cycles with deicing salts attack is rarely reported.

This study investigated the effect of the RRP on the durability of ordinary concrete subjected to
freeze-thaw with deicing salts solution. Four types of concrete were prepared: a control concrete
(CR) and three other rubber concretes obtained by the inclusion of reused rubber particles by
partial substitution with dune sand at a rate of 3%, 6%, and 9%, by mass. The durability of
concrete mixtures was evaluated by visual observation, saturation rate (water-uptake), and scaling
surface after the different exposures.

2. Experimental Investigation
2.1 Materials

The concrete components were cement, natural aggregate, tap water, and reused rubber
particles (RRP). Ordinary Portland Cement CEM II/A 42.5, with a bulk density of 3080 kg/m3, was
used in the experiments. The natural dune sand (NDS) of a size grading and apparent density of
0.08-2.5 mm and 1530 kg/m3, respectively, was used as fine aggregate, and natural gravel of
maximum size of 16 mm was used as coarse aggregate. The reused rubber particles (RRP) were
obtained by shredding rubber tire waste. Their apparent density was 450 kg/m?3 (Figure 1). The
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RRP was included in the concrete mixtures (0.1-2.5 mm) by partial substitution with sand
aggregate. Figure 2 shows the sieve analysis results of the used aggregates.
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Figure 1 Reused Rubber Particles RRP.
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Figure 2 Grading cures of the NDS, the coarse aggregates (G3/8, G8/16), and the RRP.

2.2 Mix Proportions

In order to evaluate the effect of the RRP on the durability to deicer salt of concrete, four
concrete were produced: The control concrete (CC) was ordinary concrete designed according to
the Dreux-Gorisse method [10], and three other rubber concretes were obtained by partial
substitution of dune sand with an equal mass of RRP, at different rates of 3%, 6%, and 9%. All
water-cement ratios of concrete specimens were maintained as 0.53 for a reliable comparison.
Table 1 represents the composition of all mixtures.
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Table 1 Proportions of concrete mixtures.

Concrete mixtures (kg)

Component
CC CRRP 3% CRRP 6% CRRP 9%

Natural Dune Sand 620 602 583 564
Coarse aggregate 3/8 175 175 175 175
Coarse aggregate 8/16 985 985 985 985
Cement 400 400 400 400

Water 212 212 212 212

RRP 0 18.60 37.20 55.80

All concretes were mixed and prepared as per the European Standard NF EN 12390-2 [10]. At
first, the concrete specimens were cast in 100 x 100 x 100 mm?3 molds. After 24 h+1 h, the
specimens were unmolded and placed in saturated lime water for 28 days (T = 20 +2 °C, HR =
100%) and then in a laboratory environment (T = 20 +2 °C and HR = 50 +5%) until tested. The
letters, C, R, R, and P, represent Concrete, Reused, Rubber, Particles, respectively. For example,
CRRP 3% indicates the concrete with 3% recycled rubber particles of waste tires by substituting
with natural dune sand.

2.3 Deicer Salt-Scaling Test

This test estimated the effect of reused rubber particles on the deicing salt-scaling durability of
the studied concretes subject to the combined effect of freeze-thaw cycles in the presence of a
deicing salt solution, i.e., 3% NaCl. The standard cycle included two stages. Initially, the specimens
were subjected to a freeze sequence of 18 +1 h in a refrigerator environment with a fall speed
temperature of -2.5 +0.5 °C. The cycle ended with a thawing stage in a saltwater (3% NaCl) tank for
6 +1 h (20 +2 °C). The deicing salt test was realized by a similar process of ASTM C672 standard [11]
on 40 days aged prismatic specimens (10 x 10 x 10 cm?3). The refrigerator had a temperature range
of 0 to -30 °C with a fall speed of -2.5 +0.5 °C/min. Studies have reported that deicing salt, such as
sodium chloride, produces more severe concrete deterioration than only freeze-thaw attacked
concrete [12-14]. The pre-saturation and thaw phases of the specimens were performed in a 3%
NaCl salt solution. The 3% concentration was selected after a thorough literature review of the
maximal concentration (pessimum) of NaCl producing the maximal deicing salt scaling [15, 16].
The surface scaling of concrete specimens was analyzed after 56 cycles and 120 cycles. The deicer
salt durability of the studied concretes was measured by their saturated rate and deicing salt-
scaling resistance.

The scaling surface Qs (g/m?) was used to evaluate the specimens damaged by the combined
effect of freeze/thaw cycles with deicing salt according to the standard ASTM C672 [11] as follows:

Qs =m/A (1
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where m is the scaling mass in grams after each exposure threshold and A is the total area
specimen in m2,

2.4 Test Methods

In order to evaluate the deicing salt scaling durability of the studied concretes, entrapped-air
test, deicing salt-scaling, and saturation rate were determined. The specific properties of various
mixtures were evaluated on three prismatic specimens of 10 x 10 x 10 cm3. The properties
measured on the fresh CRRP included air content. These tests were performed following the
ASTMC231 Standards [17]. The saturation rate of the studied concrete exposed to the combined
effects of freeze-thaw cycles with deicer salt was evaluated as follows:

m _
S, (%) = (M> X 100 (2)

mdry

A uniaxial compression test as per the European Standard was used to measure the
compressive strength. The compression test was performed on cubic specimens of 10 x 10 x 10
cm? at the end of the deicing salts test. Three specimens were crushed for each composite, and
each was exposed to deicing salt, using a hydraulic press with a maximum force of 1000 kN.

3. Results and Discussion

3.1 Air Content

Figure 3 illustrates the air content of the studied concretes as a function of the RRP content.
The observed results showed an increase in air content with an increase in rubber sand RRP. For
the RRP rate up to 9%, the air content varied from 1.5% to 5.3%. Further, the supplementary air
content of CRRP 9% was 3.8% compared with the control concrete. This trend could be due to the
rubber particles’ topography behaving like a magnet to attract air bubbles on their rough surface.
Many researchers have observed a similar trend for rubber concrete [18, 19]. The revealed
innovative property of RRP could be applied for cement-based materials to enhance their deicing
salt durability.
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Figure 3 Effect of RRP on the air content of the studied concretes.
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3.2 Deicing Salt-Scaling Durability

The study also evaluated the results of the deicing salt test of the concretes included RRP. The
deicing salt damage of the studied concrete was determined by the visual observation, saturation
rate, and surface scaling resistance. Table 2 summarizes the corresponding average results

obtained.
Table 2 Deicing salt test results for the studied concretes.
N -
Property Concrete mixtures 0 umber of cyclesssapplled 120
cC 7.52 13.70 18.40
Saturation rate CRRP 3% 8.20 11.20 14.50
(%) CRRP 6% 9.40 10.50 13.30
CRRP 9% 9.80 10.10 12.60
CcC 0 750 1650
Scaling surface (g/m?) CRRP 3% 0 494 861
CRRP 6% 0 228 444
CRRP 9% 0 o061 194
CC 50.80 25.56 15.40
CRRP 3% 44.84 34.50 25.70
Compressive strength (MPa)  cep 65 33.61 28.44 23.70
CRRP 9% 27.52 24.80 20.00

3.2.1 Visual Observation

Figure 4 shows the visual appearance of the studied specimens (CC, CRRP 3%, CRRP 6%, CRRP
9%) subject to the deicing salt test. The scaling surface degree of the specimens increased with the
increasing cycle number and the RRP rate. The evaluation of the specimens during the test

revealed the following aspects:

Figure 4 View of the studied specimens after the deicing salt test.

All the specimens exposed to the deicer salt test changed their colors toward brown

discoloration. The trend is typically amid severe surface scaling.
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There was no evidence of surface scaling up to 15 cycles. Around the 18th cycle, the specimens
showed primary flaking spots in the control concrete. Notably, the first flaking spots of rubber
concrete appeared around the 41st cycle.

The 56-cycle exposure showed a moderate scaling of control specimens, consistent with the
ASTMC672 criteria (some coarse aggregate visible). However, the CRRP 3% and CRRP 6%
specimens showed slight scaling with a maximum depth of 3 mm (no coarse aggregate visible).
Conversely, the CRRP 9% specimens were healthy (no scaling). The present study followed the
Standard ASTM C672 for comparison.

The 120 cycle exposure showed a severe scaling of control and CRRP 3% specimens according
to the ASTM C672 [11]. The coarse aggregate was visible over the whole surface (rim fractures,
edges and corner fractures, and fractures with random orientation) with a damage depth from 3
to 18 mm. However, the CRRP 6% specimens showed a moderate scaling (some coarse aggregate
visible). On the contrary, the CRRP 9% damage was weak (very slight scaling), exhibiting only a few
flakes on the specimens with a depth of less than 3 mm. The rubber concrete’s high resistance to
deicing salts could be due to 1.5% to 5.3% rubber air content with the RRP inclusion of 3% to 9%.
The absence of rubber air content in the control concrete increased the scaling-surface damage
because the ice formation in the concrete network was accompanied by an increase in their
volume by 9%. This behavior produced the remarked cracks on the skin concrete (see Figure 5).

Figure 5 Cross-section of specimens exposed to deicing salt (120 cycles).
3.2.2 Saturation Rate (Water-Uptake)

Figure 6 shows the increase in the saturation rates of the studied concretes with the cycle
number, especially for the control concrete. The observed increase was about 144%, 77%, 36%,
and 28% for 120 cycles, compared with the composites in the laboratory conditions, respectively.
The obtained trend was due to the nature of the saline solution diluted progressively with the
cyclic effect of deicing salt. Consequently, the saline solution facilitated the water penetration
through the porous network of control concrete by capillary, increasing their saturation levels
compared with the rubber concrete. The saturation rates of rubber concrete reduced with the
bubbles-air produced by the RRP (see air content section). In the literature on the concrete
subjected to deicing salt attack, this trend is frequent [20]. However, there are no studies on the
durability of rubber concrete subjected to deicer salt. This result proves the very high resistance of
rubber concrete to deicer salt attack, improving the durability of concrete subjected to the deicing
salt solution. Thus, the excellent durability of rubber concrete to deicer salt attacks could
encourage the construction industry to reuse the rubber tires as concrete aggregates.
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Figure 6 Influence of the RRP on the saturation rate of concrete subjected to the
deicing salt test.
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3.2.3 Scaling Surface

Figure 7 illustrates that the studied concrete, including the rubber particles (CRRP 3%, CRRP 6%,
and CRRP 9%), showed a high drop in their surface scaling. These declines were 48%, 73%, and
88%, respectively, compared with the control concrete for 120 cycles. The higher surface scaling
resistance of rubber concrete was attributed to the air content introduced by the RRP (1.5% to
5.3%). Sun and Scherer [20] investigated the air content effect on the deicing salt-treated mortar
durability and reported a good scaling-surface resistance. However, the literature did not report
any study on the scaling-surface resistance of rubber concrete. The innovative property analyzed
in the present study revealed that the RRP could significantly improve the concrete’s deicer salt-
scaling resistance. Therefore, the RRP could be used as an air-entrainment admixture in the
concrete structure to improve their durability to the deicing salt attack.
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Figure 7 Effect of the RRP on the surface scaling resistance of the studied concrete
subjected to the deicing salt test.
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3.2.4 Compressive Strength

Figure 8 represents the compressive strength of concrete, including the rubber particle content
subjected to deicing salt attack. The observed results revealed that the compressive strength of
studied concrete (CR, CRRP 3%, CRRP 6%, and CRRP 9%) dropped sharply with rubber content and
the cycle number. These drops were about 49.70%, 23.10%, 15.40%, and 9.9% for the 56
exposures and 69.70%, 42.70%, 29.50%, and 27.32% for the 120 exposures, compared with the
reference concrete. The above behavior confirms that the rubber particles greatly reduce the
concrete damage due to deicing salt NaCl. The observed phenomenon could be explained by the
fact that the rubber particles favor the entrapment of air bubbles on their rigorous faces during
the mixing phase (see the air content section). Therefore, the air content alleviates the pressures
due to the freeze--thaw process during the ice formation in the porous network of concrete.

Additionally, the high deformation capacity and the high compressibility of the rubber could
also participate in the beneficial behavior of rubber concrete subjected to freeze-thaw cycles with
the deicing salt attack. The research indicates that the air content of 5% to 6% in the concrete (by
the air-entraining admixture) considerably improves concrete durability subject to freeze-thaw [15,
20]. The suggested innovative property of rubber particles could improve the durability of
concrete structures exposed to deicer salt NaCl.
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Figure 8 Effect of the RRP on compressive strength of studied concrete subjected to
the deicing salt test.

4. Conclusions

The present study investigated the effect of reused rubber particles on the concrete durability
to deicing salt NaCl. The following conclusions were made from the study:

1) The air content results indicated that the inclusion of reused rubber particles up to 9% in
the control concrete strongly increased their air content (1.5%- 5.3%). The observed innovative
property of RRP could improve the deicing salt durability of concrete.

2) Concerning the studied concretes subjected to deicing salt attack (56 and 120 cycles), the
results showed a very weak scaling surface of rubber concrete than the control. The higher deicing
salt-scaling resistance of rubber concrete was due to the rubber air content. The observed
innovative property demonstrated that the RRP could improve the scaling surface resistance of
cement-based materials to deicing salts attack. Moreover, the rubber particles could be reused
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like an air-entrainment admixture within the concrete structures to reinforce their deicing salt-
scaling durability.
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