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HIGHLIGHTS ABSTRACT

e The workability and the strength of rubber
concrete are decreased by adding rubber.

e The failure of the rubber concrete samples
was not brittle by using chips rubber.

e A good advantage is decreasing the density
and the conductivity of rubber concrete.

e The mixed crumb with chips in the concrete
gives more insulation by filling voids.

Waste rubber tires are considered to have substantial environmental and
economic impacts, and they are non-biodegradable. The aim of this study is to
get rid of waste tires as much as possible and study their benefits and effects on
concrete using (chips and crumbs) as aggregate substitution to fine and coarse
aggregates together in making concrete (CRC) and at different percentages of (5,
10, 15, 20, and 25)% by volume. This use can reduce the risk and effect of waste
tires. The tests reported a reduction in workability, compressive, and flexural
values with the increase in the substitution rate of rubber, but other properties
such as density and thermal conductivity improved, where the registered highest

ARTICLE INFO decrease was 2013 kg/cm? to density and 0.56 (W/m.k) to thermal conductivity
with replacement of 50% from waste rubber tiers as an aggregate, the workability

Handling editor: Muhsin J. Jweeg registered the highest decrease of 35 mm, compressive strength was 18.5 MPa,

Keywords: and the flexural was 3.35 MPa. However, the failure of the (CRC) samples test

Concrete was not as brittle and abrupt as in the control sample (NSC) in the flexural test.

Chips

Crumbs

Waste tire

1. Introduction

The utilization of waste rubber particles as concrete aggregates can help to mitigate the environmental effects of huge
amounts of scrap tires [1]. These wastes are described as toxic and dangerous and have a high impact on the environment,
society and the economy [2]. It is a good breeding area for mosquitoes and rodents and is not biodegradable and ignites
quickly, causing severe environmental, health, and aesthetic problems. Many attempts have been made to properly use tires in
other applications [3-4]. Concrete is the most common material in buildings [5]. One of the most viable solutions could
provide the preservation of natural resources [6], reducing the effect on the ecology, garbage disposal, and global warming [7],
improving fatigue resistance, ductility, hardness, impact resistance, toughness, and other qualities of concrete [8], and
increasing the thermal and sound insulation, as well as energy absorption and fracture resistance [9-10]. It also reduces noise
[1]. Thus, waste tires can be used to make asphalt, culverts, paving stones, brick sidewalks, and acoustic panels [2].

Some researchers studied the properties of rubber material of waste tires. Katagiri et al. [11] used particle size of crumb 3-
15 mm in concrete. The results are the (LWCs) 15 wt % crumb rubber that can meet the requirement of ASTM standards for
structural lightweight concrete and masonry, respectively. After high-temperature exposure, the unit weight loss and
compressive strength loss were 25% and 75%, respectively. Torres et al. [2] studied the concrete pavements. They replaced the
coarse and fine particles with rubber of size (1-4, 10, and 16 mm) with different percentages of (10, 20, and 30%) and studied
the effects on rubber content and rubber size. In addition, 10 mm size rubber particles are the most abundant in the recycling
process, and a better percentage is less than 20% content of rubber. Zaleska et al. [12] used tires rubber-based (0/4 fine rubber
and 4/8 coarse rubber aggregate), showing a decrease in unit weight, mechanical properties, and a significant decrease in the
thermal conductivity. Tang et al. [13] stated that with the development of sustainability and recycling of waste tires, modified
recycled aggregate concrete has become imperative. The inclusion of rubber particles could greatly minimize mass loss,
resulting in a weakening of the material. The use of rubberized concrete with a rubber content of 4% was recommended based
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on the findings. Nayyef and Hasan [14] indicated that gravel, sand and additional aggregate, required in the conventional
process, are a non-renewable and finite natural resource.

The aim of this study is to reduce costs, get rid of waste tires as much as possible, study their effects on concrete, and
improve durability by integrating the strength of crumbs and flexibility of chips in proportions of replacement of (5, 10, 15, 20
and 25)% of coarse and fine aggregates and examining the mechanical and physical properties of compression bending
strength, density, and thermal conductivity.

2. Materials

2.1 Cement

Ordinary Portland Cement (OPC) was used in this study as a concrete binder, which corresponds with Iraqi Standard No.5.
in 2019 [15]. The setting time of cement was (initial=105 min. and final=2:40 hr: min.) and 33.6 MPa compressive strength
after 28 days was achieved. Table 1 shows the chemical analysis.

2.2 Natural aggregates (coarse and fine)

The tests were carried out at the Materials Engineering Laboratories of the University of Babylon. These materials meet
the requirements of the Iraqi standard specification No. 45/1984.

1) Coarse aggregate

The crushed coarse aggregate was obtained from the Nabai district of Salah al-Din. Table 2 shows the sifting of coarse
aggregate rocks with a maximum size of 10 mm, a volumetric density of 1.56 g/cm3, a specific gravity of 2.38, and an
absorption of 0.88%, where the grading of aggregates was as per Iraqi Standard Specification No. 45/1984 [16].

2) Fine aggregate

Natural sand from the AL-Ukhaider area was used as fine aggregate. The specific gravity of fine aggregate is 2.67, the
bulk density is 1.76 g/cm3, and the absorption rate is 0.98 %, where the grading of aggregates was as per Iraqi Standard
Specification No. 45/1984 [16]. Its chemical and physical properties are shown in Table 3.

2.3 Waste tires (CRA and FRA)

The material of chips rubber aggregate (CRA) with sizes of (5 tol0 mm) max was from torn tires and crumbs rubber
aggregate (FRA) with a size of (4.75 mm) max. which was obtained from the Babel tire factory in the Najaf Al-Ashraf
governorate and the spent tire recycling plant located in the Diwaniyah tire factory in the Diwaniyah governorate having a
specific gravity of 1.03 for (FRA) and 1.14 for (CRA). For cutting the tires, many operations were conducted on the tire to
reach the required size. The tire was cut to start with large sizes and then the size decreases continuously leading to more
shredding being replaced by the coarse aggregate, which is made from ripped tire chips with a maximum size of 5 to 10 mm, as
well as specific mills that convert huge rubber into smaller shredding particles (fine). The output of this operation is crushed
tires with sizes that resemble the sand [17]. Ali et al.[18] stated that chemical composition has rubber hydrocarbon (SBR) of
47.7%, carbon black of 30.7%, acetone extract of 15.6%, ash of 2.1%, and a residue chemical balance of 3.9%. Figure 1 shows
the sieve analysis.

2.4 Water

In concrete mixtures and specimen treatment, tap water was used. The temperature of the mixing water was kept constant
at (25 +£2 °C).
3. Tests Details

In addition to test compression and flexural strength, the workability, density, and thermal conductivity of rubber concrete
were investigated.
3.1 Slump

The objective of this test is to determine the workability of the concrete mixture by measuring the amount of subsidence
according to BS 1881-102:1983 [20].
3.2 Density

Density was calculated according to (ASTM C642-13)[21]. The dry density of concrete cubes with a shelf life was
calculated by averaging three cubic samples of (10 X10 x 10) cm (28 days). Samples were dried in the oven for 24 hours at a
temperature of 100-110 °C, then they were weighed individually after cooling.

3.3 Thermal Conductivity

Thermal conductivity is the ability to conduct heat. The test was carried out according to the American specification
ASTM-C1113-90 [22], and the samples of control mix without rubber and rubber concrete were examined by different
percentages. Figure 2 shows the device at Baghdad Central Laboratory.
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Table 1: The chemical analysis of cement.

Composition SiO, Al,O4 Fe, 04 CaO MgO SO Loss on Insoluble
Ignition Residue
Test Result 20.4 5.74 341 61.91 3.70 2.51 1.47 0.53
9
Limits* No.5 == ceeee e e e < <=4% <=1.5
=2.8
Composition FREELIME LS.F M.S M.A C3A CsS
Test Result 1.73 0.91 2.24 1.68 9.44 38.71
Limits* No.5 - eemmee e e <=3.5 forSRPC W -

Table 2: Properties of the used coarse aggregate

Sieve size by (mm) Passed % Limits* 1QS 45,1984
19451984N0.45/1984

14 100 100

10 93.9 85-100

5 14.9 0-25

2.36 1.59 0-5

SO, content = 0.08% are (specification requirements 0.1%) of coarse aggregate

Table 3: Properties of the used fine aggregate.

Sieve size by (mm) Passed% Limits.(IQS 45, 1984), zone2
9.5 100 100

4.75 93.1 90-100

2.36 83.9 75-100

1.18 65.9 55-90

0.60 40.59 35-59

0.30 11.49 8-30

0.15 3.11 0-10

Fineness modulus.= 2.8 and SO, content=0.34% are (specification requirements 0.5%)

o 40 & i . .

30 Crumbs Chips
20
10

[\]
10

o 1 2 3 4 5 6 7 8 9 10
Particale size (mm)
Figure 1: Sieve analysis of chips and crumbs Figure 2: The  device  of  thermal

conductivity

3.4 Admixtures

In this study, 0.1% superplasticizer was used to produce regular concrete and rubber concrete. Known commercially as
(Hyperplastic PC200), a high-performance superplasticizer for concrete admixture was imported from the company (DCP),
and it complies with the requirements of (ASTM C494/C494M,) [19]. The properties of the used HRWRA given by the
manufacturer are basis (Modified polycarboxylic ether), light brown color, and a PH value of 6.6 (chloride free).

4. Experimental Work

Six mixtures were made. The first mix is a control mix, without rubber - called Normal Strength Concrete (NSC) where it
is required for comparison, and five mixtures are called (Compact Rubber Concrete (CRC)), which are combined between
crumbs and chips, in place of the coarse and fine aggregates, and the replacement is in terms of volume. The percentages of
replacement are 5%, 10%, 15%, 20%, and 25% by means of chips and crumbs of rubber tires for each of them in the same
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percentage, where when replacing 10%, the total amount replaced is 20%, and the maximum size of the chips used is 10 mm.
As for the size of maximum crumb it was 4.75 mm using codes of CRC 10, CRC 20, CRC 30, CRC 40, and CRC 50.

Additives (superplasticizers) were used in all mixtures at 0.1% to improve workability and to wet the rubber using the
same water mixture that makes the wetting process of rubber particles. This may help to increase the adhesion of cement putty.
The percentage of cement is constant at 480 kg / m?, the water/cement ratio is 0.41, and the amount of water is 197 kg/m*. The
rest of the details of the LWC mixtures (kg/m?) are shown in Table 4 for fine aggregate, coarse aggregate, and rubber tires. For
the above type and proportion, mix for two minutes to ensure the mixture, then cement is added and the whole mixture is
mixed for one minute. Water is added, then the superplasticizer is gradually added to the mixer and the process with the
homogenization of the mixture takes three minutes.

4.1 Compressive Strength

The compressive strength of concrete is a well-known metric that reflects one of the most significant concrete engineering
properties that can be used to get a broad image of the material's quality. Three cubes (100x100x100 )mm of control mix
concrete and rubberized concrete (CRC) were used to assess the compressive power that was obtained according to (BS. 1881:
part 116 [20], which was used to calculate the average value of these cubes. Crushing three cubes at 7, 14, and 28 days using a
digital testing machine with a capacity of (1900 kN) and a loading rate of (0.3 MPa/sec) was used to assess the compressive
power.

4.2 Flexural strength

The test specimens was (100x100x500) mm in accordance with C78/C78M [23]. The test of the specimen was
perpendicular to the face of the specimen and is applied without deflection. The tests were conducted at the University of
Babylon/Civil Engineering Laboratories.

R = PL/bh? )

where; R= modulus of rupture (MPa) , h = depth of specimen (mm), b = width of specimen (mm),
L = span length (mm), and P = maximum applied load (N).

5. Results And Discussion

5.1 Workability

From the results, as shown in Figure 3, we conclude that the highest percentage was in the control mixture, where it is 60
mm, and it is decreasing to record a 25% stagnation decrease between the control mixture and rubber concrete (CRC), which is
the highest decrease we recorded when replacing 50% CRC (chips and crumbs together), which is 35 mm. This decreases
when the percentage of rubber is lower, but a continuous and steady decrease in workability is observed with increasing rubber
content. However, a possible explanation for this trend is that the increased content of rubber tires has resulted in more air
particles being introduced into the mix, and this has been reported by [24], as well as surface roughness and the presence of
fibers that cannot be completely separated, even if they are in a very small proportion. This leads to a decrease in the
operability of the matrix and this has been reported by [4].

5.2 The Density

The addition of rubber aggregates in concrete affects the dry density of the concrete mixes. It is a good advantage of
concrete. We note that 10% to 50% results in a lower density in CRC than the control mix, as in Figure 4, and this is firstly
because of the porosity and also because the rubber crumb has a specific gravity of 1.03, which is less than the specific gravity
of fine aggregate (2.68). The rubber foil has a specific gravity of 1.14, which is less than the specific gravity of the total coarse
aggregate (2.37), and this has been reported by [25-26].

5.1 Thermal Conductivity

Many factors affect the thermal conductivity, such as the material of the composition, the type, the shape of the aggregate,
impurities, porosity, etc. Therefore, we note here that the thermal conductivity decreases with the increase of the substitution
ratio. The test was carried out after 28 days, as shown in Figure 5. The thermal conductivity test showed that conductivity of
the rubber concrete samples decreases significantly compared to the control samples. The presence of crumbs mixed with chips
gives more isolation due to the fullness of the spaces. This feature is suitable for non-structural applications requiring thermal
insulation at first replacement rates of (10% by volume) whose compressive strength has not decreased significantly and this
has been reported by [27-28].

5.2 Compressive Strength

Figure 6 shows the compressive strength of concrete after 7, 14, and 28 days with and without differing proportions of
alternate rubber pieces, where the control mixture's highest strength is 44.9 MPa. The strength decreases with the increase in
the percentage of added rubber to reach the highest decline of 18.33 MPa with a replacement of 50%. It also explains this
decrease in strength. Due to poor bonding with cement paste, which was the main factor for the low strength of rubber concrete
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compared with control, the rubber particles had low specific gravity, weak hardened and load, and high elasticity. However,
the compressive intensity at first replacement rates of (10% by volume) did not show a significant decrease. A similar finding
was reported by [1]. Therefore, this might be acceptable for some non-construction applications, and this was similar to [29-
30].

Table 4: The details of concrete mixtures (kg / m?).

Type of Fine Coarse Cement Water Sp Crumbs by Chips by
concrete Kg/m? Kg/m? Kg/m? Kg/m? volume volume
NSC 675 1100 480 197 0.1 0.0 0.0

CRC 10% 641.25 1045 480 197 0.1 5% 5%

CRC 20% 607.5 990 480 197 0.1 10% 10%
CRC 30% 573.75 935 480 197 0.1 15% 15%
CRC 40% 540 880 480 197 0.1 20% 20%
CRC 50% 506.25 825 480 197 0.1 25% 25%

5.3 Flexural Strength

Figure 7 shows the results of the flexural test after 28 days. When compared with the control mixture, the rubbercrete
(CRC) has a lower strength. The lower resistance of bending strength is consistent with most previous studies. Control samples
showed brittle failure and split into two parts with a strength of 4.75 MPa. But there was no split into two parts at replacement
of 50% and the strength to rubbercrete was 3.35 MPa. It is evident from this fact that the rubber particles made the concrete
more flexible and the sudden brittle failure does not occur. However, only crack, depth, and size of the crack depend on the
percentage of rubber and the impact force, as shown in Figure 8, and this has been reported by [31-32].

65 2500
55 N —o—CRC
E 50 » 2300
£ s .
g 2200
'S 40
E 35 . 2100
@ 30
2000
25
20 1900
0 10 20 30 40 50 0 10 20 30 40 50
NSC Replacement % (CRC) NSC Replacement % CRC
Figure 3: Concrete workability with rubber Figure 4: Density at 28 days with rubber
percent replacement present replacement
1.50 50
= —=— NSC 28 days —=—NSC 7 days
= — —=#—NSC 28 days
= 120 T 40 —o—CRC 7 days
\;. B ——CRC 14 days
£ 105 - ——CRC 28 d
= =z 35 ays
= 20
S 0.90 X
_§ 2 30
g o075 2
= z 25
E 0.0 2
5 E 20
£ 045 S
2
0.30 5 15
0.15 10
Y 10 20 30 40 50 0 10 20 30 40 50
NSC Replacement % CRC NSC Replacement % CRC
Figure 5: Thermal conductivity —with Figure 6: Compressive strength at different ages
rubber present replacement with rubber present replacement
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5.5
—=—NSC
=
S
< as
=
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s
Z 40
=
]
5
= 35
3.0
0 10 20 30 40 50
NSC Replacement % CRC
Figure 7: Results of flexural strength with rubber Figure 8: The effect of the rubber aggregate on test

present replacement flexural and split to sample

6. Conclusions

The use of waste tire rubber in concrete can reduce the risk of the waste tire. Compression, bending, heat transfer, and
density tests were carried out for concrete mix containing replacement proportions of (5, 10, 15, 20, and 25)% of waste
compressed rubber tires from chips. The results of the tests showed a decrease with the increase in the rate of replacement of
rubber and this can be summarized in the following points.

1. The NSC control samples were recorded in workability of 60 mm, compressive strength of 44.88 MPa, and bending of
4.75 MPa, but the decrease of these characteristics was with increasing replacement rates, as it was observed that the
substitution ratio of 50% to CRC causes the highest decrease in workability of 35 mm, but the highest increase in compressive
strength was 18.5 MPa and bending was 3.35 MPa.

2 - Other properties such as density and thermal conductivity have been improved. The presence of crumbs mixed with
chips gives more isolation due to the fullness of the spaces.

3- The failure of the CRC was not as brittle as in the bending test control sample, with replacement ratios at (10, 15, 20
and 25)%, because the rubber aggregate is ductile and does not undergo separation due to the applied force.
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