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ABSTRACT: One of the recycling approaches for waste materials like tires and glass is to use them
in concrete. In this paper, the effect of the simultaneous use of waste rubber as partial substitution
of fine aggregate and glass powder as partial substitution of cement, on workability and mechanical
properties, in ambient temperature and after exposure to temperature of 600 °C, is investigated. In order
to evaluate the effect of rubber particle size on workability and mechanical properties, two different
rubber particle sizes of 0.15-1mm and 3-5mm were used. In total, 13 mixtures were prepared. Except

for the reference mixture, the rest contained a combination of rubber particles replacing fine aggregate  Keywords:

with the percentages of 5% and 10% by volume and glass powder replacing cement with percentages .

of 10%, 15% and 20%. First of all, the slump test was carried out. Moreover, compressive strength and Waste rubb
aste rubber

tensile strength, before and after thermal exposure, were investigated. In order to have an understanding
of waste material’s behavior, scanning electron microscopy and energy-dispersive X-ray spectroscopy Glass powder
tests were conducted. the results indicated that 5% for rubber particles, 10% for glass powder and also

rubber particle size of 3-5 mm presented the best results among mixtures containing rubber and glass

Mechanical properties

Elevated temperature

powder, in terms of compressive and tensile strengths.

1- Introduction

The large volume of non-biodegradable waste materials
such as glass and rubber of waste tires has caused serious
environmental concerns. Burying waste tires can be a cause
of ecological threats due to the presence of toxic compounds.
Although burning tire rubber is difficult to, there is always
this risk and if it burns, it will produce toxic gases [1]. Also
due to glass’s non-biodegradability, Waste glass also causes
many environmental problems.

In recent decades, researches has been conducted on the
effect of using waste rubber as partial substitute for natural
aggregate on the mechanical properties and thermal behavior
of concrete. As an example, Mousavimehr and Nematzadeh
[2] showed that less substitution of rubber caused less
reduction in compressive and tensile strength and modulus
of elasticity, also by increasing the temperature up to 800°C,
loss of mentioned properties and weight in rubber-containing
concretes was more than that in the reference concrete.

Researches have been conducted on the effect of using
glass as a substitute for cement in concrete and its effect
on the thermal behavior and properties of concrete. As
an example, Elaqra et al. [3] showed that glass powder—
containing concrete with particles smaller than 75 pm had
a lower compressive strength, up to 28 days old, compared
to the reference concrete, but after 90 days, the compressive
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strength of concrete with glass powder increased more than
that of the reference concrete.

The Innovation of this research is the simultaneous use of
rubber and glass powder as substitutions for fine aggregate
and cement in concrete.

2- Experimental Program

Portland type 2 cement was used in this research. The used
waste glass powder with the particle size of less than 75 pm.
The reason was to prevent the alkali-silica reaction (ASR)
of the glass powder as much as possible and to increase the
pozzolanic reactivity of it.

The rubber particles used were obtained from crumbing
of truck tires, which was in two sizes of rubber particles of
0.15-1 mm and 3-5 mm.

13 mixtures were used, which except for the reference
mixture, in the remaining 12 mixtures, rubber particles were
partially substituted with fine aggregate in ratios of 5% and
10% by volume, in two different particles sizes and glass
powder was substituted instead of cement in ratios of 10%,
15% and 20% by weight.

After 28 days of curing, the intended specimens for thermal
exposure were placed in the electrical furnace. Heating was
conducted at the rate of 3 °C/min, until reaching a temperature
of 600 °C and remained at mentioned temperature for one
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Fig. 1. Results of slump tests of mixtures

hour.

In this research, glass powder as well as, rubber particle
sizes of 0.15-1 mm and 3-5 mm, are known as GP and 1R and
SR, respectively.

3- Tests

The slump test was performed for all mixtures according
to ASTM C143 [4].

The compressive strength test was performed for all
mixtures, using cubic specimens of 150x150x150 mm? size,
according to the BS EN 12390-3 [5], and the results for
each mixture in each thermal condition were obtained as the
average of the test results.

Splitting tensile strength test was performed for all
mixtures, using cylindrical specimens of 150 x 300 mm? size,
according to the ASTM C496 [6] and the results for each
mixture were obtained as an average of test results.

4- Results and Discussion

The slump of all mixtures containing rubber particles
and glass powder was reduced compared to the reference
mixture. With increasing rubber replacement rate in both
rubber particle sizes, slump decreased. The reason for this
change can be attributed to the roughness of the surface
of rubber particles. In terms of rubber particle size, it was
found that larger particle size, can causes lower slump values.
Also, in constant values and particle sizes of rubber, with the
increase of glass powder replacement, the slump increases.
The replacement rate of 5% rubber and 10% glass powder as
well as IR rubber size provided the highest slump values in
the combined mixtures. Slump test results of all mixtures can
be seen in Figure 1.

At ambient temperature, the compressive strength of all
composite mixtures was lower than the reference mixture. In
both particle sizes of rubber and for constant amounts of glass
powder, with the increase of rubber content, compressive
strength decreased. Moreover, in content amounts of
rubber and glass powder, with the increase of particle size,
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Fig. 2. Compressive strength of mixtures at ambient
temperature and 600 °C

compressive strength generally increased. According to SEM
images, there is a gap along the boundary between the rubber
and paste matrix which can help to accelerate concrete failure,
and this problem increases by increasing the replacement of
rubber.

In constant amount and particle size of rubber, with the
increase of glass powder content, compressive strength
decreased. After heating exposure to 600 °C, the results were
almost like results at ambient temperature, but, for constant
amount of glass powder and for both rubber particle sizes, with
the increase of rubber replacement, a decrease in compressive
strength compared to the reference was observed. The
intensity of this decrease at elevated temperatures was greater
than that at ambient temperature. Which is due to the burning
of significant amounts of rubber. Compressive strength at
ambient temperature and at 600 °C can be seen in Figure 2.

At ambient temperature, the amount of replacement of
glass powder and rubber and the size of rubber particles were
effective in splitting tensile strength. At a constant amount of
glass powder and for both rubber particle sizes, tensile strength
generally decreased with the increase of rubber content from
5% to 10%. In a constant replacement rate of glass powder
and rubber, with the increase of the rubber particle size from
IR to 5R, tensile strength increased. With the increase in the
size of the rubber particle, the tensile strength, which was
always lower than the reference mixture for all combined
mixture with 1R size, in some mixtures with 5R size, even
with the presence of glass powder, tensile strength was
higher than the values for the reference mixture. Moreover,
at ambient temperature, with the amount and size of rubber
particles being constant, the tensile strength decreased with
the increase in the amount of glass powder.

After applying heat, the tensile strengths of the combined
mixes were lower than the reference mix. By increasing
rubber content, in both particle sizes and constant content of
glass powder, due to the burning of more rubber, the tensile
strength decreased. Splitting tensile strength at ambient
temperature and at 600 °C can be seen in Figure 3.
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Fig. 3. Splitting tensile strength of mixtures at ambient
temperature and 600 °C

5- Conclusions

1. The slump value in all of the mixtures containing rubber
and glass powder was less than that in the reference mixture.
In terms of workability, the replacement rate of 5% of rubber
and 20% of glass powder are the optimal values.

2. In both thermal conditions, the compressive strength of
mixes with rubber and glass powder was lower than that of
the reference mix. The replacement rate of 5% of rubber and
10% of glass powder were optimal values.

3. In both thermal conditions, the splitting tensile strength
decreased with the increase of replacement of rubber
particles and glass powder. Optimal values were the same as
compressive results.
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ol - TiO2
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< IAD Y/ve L.O.I"

L.O.I'= Loss On Ignition
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Fig. 1. Grading curves of coarse and fine gravel and sand
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Fig. 2. Images of (a) Glass Powder, (b) Rubber with the size of 0.15-1 mm, and (c) rubber with the size of
3-5 mm
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Table 2. Mix design proportions
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Fig. 3. Images of (a) a specimen at ambient temperature, (b) a specimen after heating exposure, (¢) Electrical
furnace, and (d) Hydraulic jack
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Fig. 6. Images of rubber particles (right) 1R, and (left) SR, in specimens
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Fig. 7. Dimensions of rubber particles (right) 1R, and (left) SR, in specimens
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Fig. 8. Images of interface between rubber particles of (right) 1R, and (left) SR with cement matrix
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Fig. 9. Images of Glass powder in specimens (right) 1IR10-GP10, and (left) SR10-GP10
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Fig. 10. EDX test results of (right) 1R rubber particles, and (left) SR rubber particles
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Table 3. Chemical composition of cement and glass powder

Atom. C [at.-% N . C [wt.-% * R
om. C [at-%] orm. CIWE=%T yon. € [wt-%] (g o e S g9
AY/IVE Y£/a4 Y#/aA K series Carbon
\ldial Y-/04 AR K series Oxygen
1R
AR NG N4 K series Sulfur
AR VIOV VDY K series Zinc
IYYARS AYIAY AYIAY K series Carbon
V< /AN \YIef \Y/ef K series Oxygen
5R
44 \Yidz \Vidd K series Sulfur
Avd VIAY VIAY K series Zinc

Unn. C [wt.-%] "=Un-normalized concentration in weight percent of element, Norm. C [wt.-%] “*=Normalized
concentration in of element weight percent, Atom. C [at.-%] **"=Atomic weight percent
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47.20 35.13 34.35 26.94 33.34 27.94 27.68 40.36 31.82 29.51 33.95 28.46 24.10
37.83 27.02 18.79 14.12 17.70 13.90 13.51 28.29 18.61 17.17 19.66 16.26 13.69
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Fig. 11. Compressive strength of mixtures at ambient temperature and 600 °C
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Table 4. results of compressive and tensile strength at ambient temperature and 600 °C and their residual ratio

Cenglio il G (MP2) (LEclS Canglio  Caoglio wilowms Comnd (MP2) (55l Canglio
(1) S 6. oC boe (1) gL 6.. OC oo Th s

£O/AY Y/-¥ AN A1V FYIAY WAR Reference
TYIYY V/FY AVAA Y#IaY YV/-Y YONY 1R5-GP10
TO/0A \IYE Y/AA INAR YAIYA ARZARN 1R5-GP15
FYIVY VY YIVY OY/fY VENY Y#/Af 1R5-GP20
¥ IAY VIYY Y-y oYY VIV YYIE 1R10-GP10
TAND VIS YI#Y Yany \Y/a. Yv/a¥ 1R10-GP15
\tdhYe VYA Y/0N YAIAY VYO YVIEA 1R10-GP20
FA/AY Y/eY ¥/-# Y/ YAIYQ ARYARd 5R5-GP10
YVIVY AIAR ¥/ OAIFA YAIZN YVIAY 5R5-GP15
NRARS V/FY YIAY OAIY \YAY ARV 5R5-GP20
Ya/ey VY. Yo OVIAQ \a/88 YY/ao 5R10-GP10
VAR VYO YIYY OYNY \FIVE YAIS# 5R10-GP15
VAR VY. AVAIA OFIVA \Y/#a Y¥/- 5R10-GP20
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Fig. 12. residual compressive strength ratio of the mixtures
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Fig. 13. Splitting tensile strength of mixtures at ambient temperature and 600 °C
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Fig. 14. residual ratio of tensile strength of the mixtures
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Fig. 15. ratio of tensile strength to the equivalent compressive strength of the cylinder for mixtures at ambient
temperature and 600 °C
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Table 5. results of compressive and tensile strengths at ambient temperatures and 600 °C and their ratio
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