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Abstract

The effect of the replacement of mineral coarse
aggregate by rubber tire aggregate is investigated in
this paper. Four different volume contents of rub-
ber tire chips were used: 25, 50, 75 and 100%.
The incorporation of these rubber tire chips in
concrete exhibited a reduction in compressive and
flexural strengths, the reduction in compressive
strength was approximately twice the reduction of
the flexural strength. The specimens which con-
tained rubber tire aggregate exhibited ductile
failure and underwent significant displacement
before fracture. The toughness of flexural speci-
mens was evaluated for plain and rubber tire
concrete specimens. The test revealed that high
toughness was displayed by specimens containing
rubber tire chips as compared to control speci-
mens. Copight © 1996 Elsevier Science Ltd.
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INTRODUCTION

A wide variety of waste materials has been sug-
gested as viable, or even beneficial, additives to
concrete. These waste materials include cellu-
lose, wood lignin, bottom ash, fly ash and silica
fume. Rubber from scrap tires is one of the
most recent waste materials investigated for its
potential use in the construction field.

It is estimated that 285 million tires are dis-
carded annually in the United States, and only
34% (97 million) are currently being used or
recycled.! The remaining 66% (188 million)
contribute to the already alarming environ-
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mental solid waste problem. The accumulations
of discarded tires provoke fire and health haz-
ards.>> Tires are often shredded to be used as
landfills or for producing tire chips and crumb
rubber. Most tire shredding equipment is
mobile and can be easily moved from one scrap
tire stockpile or landfill to another. The shred-
ding process reduces the tire to pieces that are
6 in® or smaller.

There are a number of applications of scrap
tires,* ¢ including use in reefs and breakwaters,
playground equipment, erosion control, highway
crash barriers, guard rail posts, noise barriers.
They are also used in asphalt pavement mix-
tures and as fuel in cement kilns and pulp and
paper plants.’”® At the beginning of 1991, 44
states in the United States of America had
passed legislation or regulations addressing
scrap tires.'®'' These regulations are funding
the cleanup of tire piles, regulating tire storage
and management, and in many cases, providing
market incentives for tire recycling and the use
of tires for energy.

The objective of this research is to investigate
the possibility of using rubber tire chips and
particles as a replacement for the mineral
aggregates in Portland-cement concrete. In this
study the compressive and flexural strengths of
rubber tire concrete are evaluated, and the
effect of the volume contents of the rubber tire
chips on these strengths is also examined.

EXPERIMENTAL PROCEDURE
Materials

The average standard 28-day cylinder compres-
sive strength of the concrete was f, = 31-9 MPa
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Table 1. Control mix proportion and strengths

Cement Wateg Sand3 Crushed Compressive F laxur:;ll
(kg/m”) (kgim?®) (kgim”) stone strength strengt
(kgim?) (MPa) (MPa)
365 183 73 1096 319 3-8

(4,623 psi) and flexural strength was fi=3-8
MPa (537 psi), with mix ratio of cement:
sand: gravel :water = 1:2:3:0-5 by weight. Table
1 shows the proportions for 1 m’. ASTM Type
II portland cement was used. The aggregate
consisted of crushed stone coarse aggregate of a
maximum size of 19 mm (3/4 in) with a specific
gravity of 2:65, and concrete sand with a maxi-
mum size of 476 mm (3/16 in). The specific
gravity of the regular concrete sand was 2-68
and the fineness modulus was 2-56. The water
to cement ratio was 0-5.

Shredded rubber tires, produced by Enviroc-
rete 2000®, with a maximum size of 127 mm
(1/2 in) and a specific gravity of about 0-61,
were used. The rubber tire chips were free of
steel wires. The particle-size distributions of all
aggregates were graded and the particle-size
grading of each was within the limits of ASTM
C 33. Four different contents of rubber aggre-
gate were used to replace the mineral
aggregate, 25, 50, 75 and 100% by volume. No
mineral or chemical admixtures were added. In
general all mixes, control and rubber tire mixes,
exhibited acceptable workability with respect to
handling, placement, and finishing. The control
mix exhibited a slump of about 76 mm (3 in)
and with 100% replacement of the coarse
aggregate with rubber particles the slump was
decreased by about half to 38 mm (11/2 in). The
slump of the rest of the mixes was between 75
and 40 mm. Nevertheless, with the reduction of
the slump due the incorporation of rubber
aggregate in concrete, the mixes exhibited an
acceptable workability with no difficulties in
casting and finishing the specimens.

Test specimens

Cylindrical compressive specimens, measuring
100 mm in diameter and 200 mm in height
(4 x8 in) were prepared. All specimens were
moist cured for 28 days at a temperature of
29°C (85 °F) and at a relative humidity in
excess of 95%. A total of 50 specimens was
made, 25 for compression and 25 for flexure.

The strengths were determined in accordance
with ASTM C 39, using 300-Kip-capacity uni-
versal testing machine. The flexural tensile
specimens, measuring 100x100x350 mm
(4 x4x14 in) were prepared. The specimens
were tested in accordance with ASTM C 78, the
outer and inner spans each being 100 mm, as
may be seen in Fig. 1. The four-point bend tests
were conducted using an Instron® testing
machine. The specimens were loaded at a cross-
head speed of 05 mm/min. Load and
displacement were digitally recorded at a rate
of 10 data points per second.

TEST RESULTS

The results of the average compressive strength
and flexural tensile strength for control and rub-
ber tire concrete specimens are shown in Table
2. Each of these values represents the average
of five specimens.

Specimen

100 mm

e ol ok

100 mm 100 mm 100 mm
Fig. 1. Four-point bend test.

Table 2. Strength values

Volume of Compressive Flexural

chip rubber sirength strength
aggregate MPa MPa
(%) (psi) (psi)

0 319 (4,623) 3-8 (548)

25 19-6 (2,846) 3-5 (506)

50 13-8 (1,997) 3-1 (455)

75 99 (1,429) 2-8 (411)

100 7-5 (1,094) 2:4 (354)




Rubber tire particles in concrete 137

Compressive strength (MPa)
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Fig. 2. Compressive strength as a function of percentage
of rubber tire chips.

Compressive strength

The effect of the replacement of the coarse
mineral aggregate with rubber aggregate on the
compressive strength is shown in Fig. 2. Losses
in compressive strength were up to 75%,
depending on the volume percentage of rubber
chips. The specimens containing rubber exhib-
ited post failure compression loads and
underwent significant displacement before
failure as shown in Fig. 3. Although, the speci-
mens are highly cracked, they were able to
withstand some of the ultimate load. This find-
ing is consistent with what was observed by
Eldin and Senouci;'* however, in their work
they used a different size of rubber aggregate
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Fig. 3. Load-deflection curves for plain and rubber tire
concrete cylinders.

and their rubber aggregate contained steel

wires. The large displacement and deformation

which were observed are due to the fact that
rubber aggregate has the ability to withstand
large deformations. Rubber aggregate particles
seem to act as springs and cause a delay in
widening the cracks and preventing the cata-
strophic failure which is usually experienced in
plain concrete specimens.

Flexural strength and toughness

A significantly smaller reduction in flexural
strength was observed as compared to compres-
sive strength with increases in the tire chip
contents. The flexural strength specimens lost
up to 35% of their flexural strength, as shown in
Fig. 4. Load-deflections of the flexural beam
specimens were continuously recorded digitally
using a personal computer and a load frame
manufacturer’s  software. = Load-deflection
curves for specimens containing 0, 50 and 100%
rubber aggregate are shown in Fig. 5. As may
be seen in Fig. 5, the failure of specimens con-
taining rubber tire chips exhibited a ductile
mode of failure as compared to the control
specimens. The specimens exhibited a higher
capacity to absorb energy. The specimens were
capable of withstanding measurable post failure
loads and undergoing significant displacement.
This was due to the ability of the rubber aggre-
gate to undergo large elastic deformation
before the failure of the specimen took place.
The failure was initiated in the extreme fiber of

Flexural strength (MPa)
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Fig. 4. Flexural strength as a function of percentage of
rubber tire chips.
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Fig. 5. Load—deflection curves for plain and rubber tire
concrete beams.

the tension region of the beam specimens in
which cracks propagated in the mortar until
they reached the rubber aggregate. When
cracks reached the rubber particles and,
because of their elastic properties and low mod-
ulus of elasticity, the rubber particles prolonged
and sustained a portion of the applied load,
which leads to an increase in the area of the
failure surface.

Figure 6 shows that the reduction in com-
pressive and flexural strengths is due to the
incorporation of rubber tire aggregate in con-
crete. The reduction in compressive strength
was significantly higher than that in flexural
strength, and the relationship between the rub-
ber aggregate content in concrete and percent
of reduction in strength were not linear in
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Fig. 6. Loss of strength due to the replacement of the
coarse mineral aggregate by tire chip aggregate.

either measures of strengths, as may be seen in
Fig. 6.

To study the toughness of the flexural speci-
mens, toughness tests based on the area under
the load-deflection curve at a flexural load
equal to 85% of P,.x. The toughness value was
calculated as a ratio between the area under the
load—deflection up to 85% of P., and the area
under the load-deflection corresponding to an
approximation of the limit of elastic behavior.
Figure 7 illustrates how each of the areas were
determined. A best-fit line to linear portion of
the load-deflection graph for each specimen
was obtained by linear regression analysis. This
line was then extrapolated to intersect with the
maximum load sustained by the beam. The area
under the load—deflection corresponding to this
intersection is referred to as 4;. The area under
the load—deflection up to 85% of the load is
referred to as A4,. It should be noted that the
85% factor of P., was only selected for the
purpose of comparison, other values can also be
used. Thus, the toughness value (7,) can be
expressed as follows:

T,=AA,

In the case of the control specimens, A,, was
about the same as A,. The toughness was
almost the same for specimens containing 50
and 100% tire chips, which was equal to 1-21.
For the concrete specimens (0% tire chips), T,
was equal to one. Thus, specimens with rubber
tire aggregate exhibited greater toughness as
compared to the control specimens; however,

Load

Deflection A 42 a
Fig. 7. Determination of areas to calculate beam tough-
ness.
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toughness did not increase with an increase in
the rubber content volume from 50 to 100% in
the concrete specimens. The ratio of the elastic
region to that of plastic of specimens for 50 and
100% rubber tire chip specimens was about the
same.

CONCLUSIONS

The replacement of mineral coarse aggregate by
shredded rubber tire chips causes a reduction in
both compressive and flexural strengths. The
reduction in compressive strength was greater
than for the flexural strength. The reduction in
both strengths increased with increasing the
rubber aggregate volume content. The relation-
ship between the reduction in strength and
volume of rubber aggregate in concrete is not
linear.

The toughness increased when rubber tire is
incorporated into concrete. Specimens with 50
and 100% rubber tire aggregate exhibit equal
toughness values.

Although more research is needed to study
the properties of rubber tire concrete, the
reduction in strength due to the incorporation
of rubber tire chips in concrete makes this com-
posite less attractive in the construction field at
this time, particularly in the design of structural
elements. More research should be focused on
maximizing the mix design and the incorpora-
tion of mineral admixtures to improve strength.

At present, it is suggested that rubber tire
concrete be used in crash barriers on roads and
highways, in applications such as sound barriers
and vibration absorbency, and in agricultural
purposes as fences and poles.
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