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ABSTRACT

Waste tire rubber disposal causes major
environmental problems and serious
threats to human health. A viable solution
for reducing waste tire rubber is to reuse
the material in concrete production. Since
ordinary concrete is brittle, and has low
energy absorption capacity, elastic rubber
could possibly improve the damping
behavior of concrete. In this study, the
mechanical and dynamic properties of
concrete with partial replacement of
coarse aggregate by rubber and epoxy-
sand coated rubber at different volume
fractions ranging from 5 to 25% were
investigated. Test results indicate that
uncoated rubber chips in concrete cause a
significant reduction in strength. However,
epoxy-sand coated rubber aggregate
partial ~ replacement improved the
interfacial properties of the rubber.
Accordingly, an optimum compressive
strength was achieved with 15% epoxy-
sand coated rubber aggregate
replacement. Furthermore, the maximum
increment in damping ratios for uncoated
and sand-coated rubber aggregates were
found to be 58% and 23%, respectively as
compared to normal concrete. Hence, the
utilization of epoxy sand coated rubber
presents a promising approach to enhance
the dynamic performance of concrete
structures,  without  affecting  their
mechanical properties.
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1. INTRODUCTION

According to several studies, about 1.0 to
1.5 billion waste tires are discarded each
year globally [1-3]. Scrap tires represent
about 12% of all solid waste material [4].
Their disposal is thus a serious ecological
and environmental problem; so, it should
be addressed by intensified recycling and
reuse, which can create a sustainable
environment and help to reduce landfill.

In Ethiopia, the amount of waste tire is
increasing every year. Horizon Addis Tyre
Factory has the capacity to manufacture
around 850,000 tires a year [5]. According
to the factory market demand prediction,
Ethiopia’s annual tire demand is estimated
around 1.6 million pieces [6]. An
estimated amount of at least one million
waste tire is discarded every three years,
resulting approximately in ten thousand
tons of waste tire annually [7, 8].

In earthquake prone areas, the use of
concrete with good damping properties is
necessary. Hence, a potential -elastic
material which has good abilities to
dissipate impact energy is waste tire
rubber.

Several researchers have used waste tire
rubber as chipped (to replace the gravel),
crumb (replaces sand) and ground rubber
(filler) for the production of so-called
“rubberized” concrete [8-10]. The rubber
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material is characterized of low unit
weight, high dynamic modulus and
damping, low thermal conductivity and
very low water absorption rate. It is a non-
biodegradable material [11].

Studies mainly indicate that the utilization
of waste tire as coarse aggregate in
concrete reduces the compressive, tensile
and flexural strength of the modified
concretes [12-16]. One of the main causes
was adhesion failure between the surface
of the rubber and the hardened cement
paste [17-20]. Moreover, the partial
replacement of fine aggregate by rubber
was found to strongly decrease
compressive and flexural strength of
concrete [20].

A weakening effect was also found with
regard to the modulus of elasticity of
concrete [21-23]. For instance, in the case
of 5% to 10% replacement of coarse
aggregate by chipping rubber, a reduction
in modulus of elasticity from 17% to 25%
was observed [9]. Similar trends were seen
in concrete with rubber powder as partial
replacement for fine aggregate [16].

The compressive strength of concrete
decreases as the percentage replacement of
coarse aggregates with shredded rubber
increases. The flexural strength increases
when the contents of shredded rubber
increase. Moreover, the modulus of
elasticity of concrete decreases with the
increase in percentage replacement of
shredded rubber aggregates [24, 25].

However, it was also reported
occasionally, that the use of shredded
rubber [21, 22] or powdered rubber [10]
led to an increase in strength.

Test samples show a relatively higher
strain as the percentage of crumb rubber
aggregates increases [26, 27].

Previous studies have led to different
conclusions on the mechanical properties
of rubberized concrete and there is no clear
margin on the use of waste rubber as a
replacement of coarse aggregate [21].
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The effect of rubber incorporation on the
dynamic properties of concrete has been
often of special interest, as a favorable
behavior with regard to dynamic loads
could be achieved by the elastic material.
Of particular importance is the ability of
rubberized concrete to dissipate impact
energy. It was found, that the dynamic
modulus of rubberized concrete is lower
than that of plain concrete. Moreover, it
has been observed that with the increase of

rubber content, the damping ratio
increased accordingly [27].
The viscous damping ratio was

investigated previously [28] using free
vibration tests with impact hammer on
simply supported beams and drop weight
tests. The replacement of up to 20% of
sand with rubber resulted in an increase in
damping. Beyond 20%, the effect on
damping was insignificant. It was
concluded that the choice of the rubber
content and the mixing process can have a
significant effect on the dynamic
properties of rubberized concrete. Partial
replacement of fine aggregate with rubber
powder was also found to improve the
damping properties of concrete [16].

As the weak bond between the rubber and
the hardened cement paste was identified
as the cause for the impaired mechanical
properties of rubberized concrete, the
improvement of the bond might be
beneficial for the properties of such
concretes.

Several researchers have
different treatments to increase the
adhesion of the tire rubber waste
aggregate. Surface modification of crumb
rubber by nonionic surfactant (NaOH) was
used to achieve more hydrophilic behavior
of the rubber surface. Thus, the interfacial
bond between rubber and hardened cement
paste was improved [29]. Various other
surface treatments of the rubber are
reported in literature to improve the
interfacial bond, such as soaking in water
[30], use of solvents [31], application of

investigated
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oxidizing solutions [32], treatment with
alkaline activation and silica fume [33].

As results from previous studies have
shown, surface modification of coarse
aggregates by silicon, epoxy and sand have
the potential to improve the mechanical
and dynamic properties of concrete [34].

This study investigated the effect of rubber
on mechanical and dynamic properties of
concrete, especially on its damping
behavior.

Moreover, as the bond between the rubber
and the concrete matrix is weak, a novel
coating approach with epoxy and sand was
investigated in order to improve the
interfacial properties of the rubber.

2. MATERIALS AND METHODS
2.1. Materials

The concrete used in this study consisted
of OPC 42.5 grade cement, river sand and
crushed stone with a maximum size of
25mm. Chipped rubber with specific
gravity of 1.16 and particle sizes in the
range of 20-25 mm were used for the
replacement of coarse aggregates. Sika
161- epoxy resin and hardener were
obtained from Sika Abyssinia Chemicals
Manufacturing PLC.

The physical properties of standard sand,
fine and coarse aggregates that were used
in the study are presented in Table 1 and
the properties of epoxy resin are
summarized in Table 2.

The gradation requirements of natural sand
and coarse aggregate were checked and
both satisfied the requirement set on
AASHTO No. T 27 [36] and ASTM C 136
[37] standards.
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Table 1 Physical properties of standard sand, natural
sand and coarse aggregates

Material Standar Coarse
- Sand
Properties d sand aggregate
Specific gravity 2.62 2.51 2.71
Moisture
content % <0.2 2.41 13
Water
absorption % 0.79 2.04 1.02

Table 2 Properties of Sika -161 Epoxy resin [35]

Materla_l Value Standards
Properties
; - 3 o DIN EN ISO
Density 1600 kg/m“at +23 °C 2811-1
Shore D o
Hardness ~76 (7 days / +23 °C) DIN 53 505
Tensile 5 (6t
Strength
Compressive > 45 N/mm? (mortar
Soomrt screed, 28 days /+23 | EN 13892-2
9 °C /50 % r.h.)
Tensile ~15 N/mm?2 (mortar
Strength in screed, 28 days / +23 EN 13892-2
Flexure °C/50%r.h.)
2.2. Methods

2.2.1. Sample preparation

Chipped rubber for replacement of coarse
aggregates in  normal concrete was
prepared by cutting waste tire rubber into
small chips. Chipped rubber used in this
study is shown in Figure 1.

Figure 1Chipped rubber samples
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5, = In( Ui ) o)

where:

Ui and ui., are peak amplitudes over n
consecutive cycles.

The damping ratio can be calculated from
logarithmic decrement using Eq. (2),

d

= \/4ﬂ2nnz +82 @)

where:
& is a damping ratio (%),
d,, is logarithmic decrement

Alternatively, the acceleration amplitudes
were recorded for the impact weight tests
and the values of the damping ratio were
calculated using Eqg. (3) [16, 43].

1 A
=—In|—=2 3
. 2nm (An) )
where:

A, is an initial amplitude
A is the amplitude after n cycles

3. RESULTS AND DISCUSSIONS
3.1. Mechanical Properties

The mechanical properties of concrete
with  partial replacement of coarse
aggregates by chipped rubber and sand
coated rubber, including compressive
strength, split tensile and flexural strengths
are discussed in the following subsections.
The results represent the average values of
three individual specimens.

3.1.1. Compressive strength of concrete

Figure 5 shows the compression strength
of concrete for different concrete mixes.
The loading rate was 0.28 MPa/sec.

As shown in Figure 5, for the reference
mix, a compressive strength of 45.1 MPa
was achieved. The concrete could thus be
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assigned to strength class C30/37. For 5%
replacement of coarse aggregate by rubber
chips, the compressive strength of concrete
was increased, but a further increase
beyond this level caused a reduction in
compressive strength. Hence, the optimum
compressive strengths were found to be
50.3 MPa (SCRA-15) and 47.0 MPa (RA-
5). These results indicated an increase in
compressive strength of 12.5% and 4.1%,
respectively, as compared to the control
mix.

Figure 5 Compressive strength (MPa)

Concrete with sand coated rubber
aggregates gained a higher compressive
strength than the wuncoated rubber

aggregates. This positive effect of epoxy-
sand coating is due to the improvement of
bond between the rubber surface and the
cementitious matrix.

3.1.2. Tensile and Flexural strengths

Test results related to split tensile and
flexural strengths are plotted in Figures 6
and 7 respectively.

Figure 6 Split tensile strength
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Figure 7 Flexural strength

Figures 6 and 7 show that, for the control
mix, split tensile and flexural strengths of
2.9 MPa and 3.5 MPa were achieved,
respectively. Moreover, the split tensile
strength reached its maximum value at
10% replacement by both rubber and sand
coated rubber aggregates. But, beyond the
optimum level, reduction in split tensile
strength was observed.

For both concrete with rubber and sand
coated rubber aggregates, a maximum
value of flexural strength was observed at
a replacement level of 5%.

3.1.3. Damping ratio

An impact test was conducted to determine
the damping ratio of concrete specimens
based on free vibration responses.
Examples of acceleration time history
response are shown in Figures 8-10.

x10%

25

Acceleration
o
(6]

=

0 2 4 6 8 10
Time (sec)

Figure 8 Acceleration time history - CM-0
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Figure 9Acceleration time history - RA-25

x10*

Acceleration

0 2 4 6 8 10
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Figure 10 Acceleration time history - SCRA-20

The first and the fourth amplitudes of the
vibration response are used to determine
the logarithmic decrement and damping
ratio. The logarithmic decrement and the
damping ratio could be calculated using
Egs. (1) and (3), respectively, and the
results are presented in Table 5. Moreover,
the damping ratio for concrete with
different replacement level of uncoated
rubber and sand coated rubber aggregates
is shown in Figure 11. From the figure, it
can be observed that, the damping ratio
increases with increasing percentage of
chipped tire rubber content. It was also
observed that, the damping ratio increases
with an increase in percentage of sand
coated rubber aggregates reaches up to
20%. As the percentage of sand coated
rubber content increases from 20% to
25%, the damping ratio started to decline.
However, the value was higher than that of
the control mix, which is an increment of
23%.
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Table 5 Damping ratio of concrete with rubber and sand coated rubber aggregates

acceleration acceleration amplitudes Damping
Mix amplitudes in G - forces (g) o ratio
Y1 Ya Y1 Y4 (%)
CM-0 21569 8442 1.316 0.515 0.938 4.95
RA-5 14636 5139 0.893 0.314 1.047 5.54
RA -10 11478 3801 0.701 0.232 1.105 5.86
RA -15 16822 4717 1.027 0.288 1.272 6.73
RA -20 15171 3895 0.926 0.238 1.360 7.20
RA -25 16167 3698 0.987 0.226 1.475 7.81
SCRA -5 13808 5093 0.843 0.311 0.997 5.27
SCRA -10 12707 4527 0.776 0.276 1.032 5.47
SCRA -15 | 12643 3998 0.772 0.244 1.151 6.10
SCRA -20 | 13207 3917 0.806 0.239 1.215 6.44
SCRA -25 | 12462 3961 0.761 0.242 1.146 6.09

Figure 11 Damping ratio of rubber and sand coated
rubber aggregates

3.2. Comparative Study

In this section, test results of this study are
compared with previous studies. The
comparisons are summarized in Tables 6-
8. These comparisons consider only results
of compressive strength, flexural strength
and damping ratio of concrete with partial
replacement of coarse aggregates by
uncoated rubber chips.

As shown in Table 6, a study by Sofi, A.
[14], showed that the compressive strength
of concrete increased by 4.69% when 5%
rubber chips were used. Beyond this level,
the strength decreased. The trend of the
results is similar to our study. However, the
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results by Vijayan, D. S., kumar, et al. [25]
showed that the presence of rubber
contents in concrete mixes has a negative
effect and there is a very considerable loss
in compressive strength is observed.

On the other hand, according to Sibiyone,
K. Paul, and M. Lenin Sundar [21] and
study by Paparao, A., et al. [22], test results
of compressive and flexural strengths
increased with increasing percentage of
rubber content in concrete ranging from
0% to 40%.

Moreover, the study by Vijayan, D. S., et
al. [25], shown in Table 7 indicates, an
increment of 2.08% in flexural strength
was observed when 5% rubber is used and
gradual decrement in flexural strength was
noticed as the percentage of rubber
increased. The trend of the results is
similar to that of this study.

From Table 8, the study by Ching Y.,
George C. et. al., [16], L. Zheng, X.
Sharon, et. al. [27] and Maru Sete [8],
indicated that the damping ratio increases
as the rubber content in concrete mix
increases. However, the increment is
much higher than the results of this study.
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In general, except for those studies
reported by Sibiyone, K. Paul, [21] and
Paparao, A., et al., [22], this study showed
similar  trends  (strength  reduction,
improvement in damping ratio) to previous
studies when the natural coarse aggregates
were partially replaced by rubber chips.
However, the findings of this study are
different from other similar studies

Table 6 Comparison of compressive strength

conducted [21, 22] due to the following
reasons; 1) Sibiyone, K. Paul, [21] used
admixtures for concrete mix design as well
as scrap rubber with a size of less than 10
mm in their studies, ii) in the case of a
study conducted by Paparao, A., M.
Aruntej, [22] scrap rubber with a size of
10-12 mm was used.

. Vijayan, D. S, Sibiyone, K. Paul, and | Paparao, A., .
Sofi, A. [14] Kumar, et al. [25] M. L. Sundar [21] etal. [22] This study
“UC_), —
S T B = = a2 = 22 = n S st a2 =
23 | 872 S sz 5 ¢ = o < | 3 sz S
g-|e5| & |25 E& S5 5 =S5| 5 |25 | &
£ 2 o E 2 o § ¢ g E 2| g E 2 g
S 2 g S 2 = O 5 = 8g| 2 | 8¢8 S
n - n - n v - n -
0 32.00 - 37.11 - 24.90 - 25.00 - 45.12 -
5 33.50 4.69 32.53 -12.34 27.50 10.44 27.20 | 8.80 | 46.95 4.06
10 | 2500 | 2188 | 2893 | -2204 | 29.33 1779 | 2030 | T12 | 4415 | 2.5
15 21.05 -43.27 29.20 17.27 26.60 | 6.40 | 42.98 -4.74
20 1687 | 5454 | 28.89 1602 | 2889 | ©>° | 4038 | -1051
25 28.50 14.46 25.33 | 1.32 36.09 | -20.01
Table 7 Comparison of flexural strength
Sofi, A Vijayan. D. S, Sibiyone, K. Paul, and Paparao, A., et
i kumar, N ' S i
[14] M. L. Sundar [21] al. [22] This study
et al. [25]
g -
£E 8 |s | £ . = £ — £ —
E3 |5 |E|E.| € | 5 g |E. | £ |8, ¢
g2 |2E|5 |38 | 5 | §£ | =z |2E| % | 2§ |3
s = | E < = £ 2 5 g < = S < = S
St (] = o L 5 o =t Q S~ s
X G X S e = < (5] < 3]
2 2 | 2 5 S a £ kY £
L L - —_ L L
0 5.25 11.75 - 3.10 - 3.20 - 3.49 -
5 5.20 [-0.95| 12.04 2.08 3.53 13.87 3.50 9.37 3.59 2.87
10 3.30 |-37.11 1150 | -2.13 3.80 22.58 3.90 21.88 3.41 -2.29
15 8.25 | -29.79 3.71 19.35 3.62 13.13 3.27 -6.30
20 6.50 | -44.68 3.50 12.90 3.40 6.25 3.02 -13.47
25 3.45 11.29 3.30 3.13 2.72 -22.06
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