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Abstract The increasing high cost of building construction materials is a major factor affecting quality housing
delivery in Ghana. The current trend of continuous and increasing demand for these natural resources has necessitated
extensive research into alternative low cost construction materials such as recycled materials with comparable properties.
The characteristics of concretes produced using locally available discarded rubber car tyres as coarse aggregates have been
investigated. Batch formulation of 0%, 25%, 50%, 75% and 100% substitution of natural coarse aggregates with the rubber
aggregates is considered. A comparison of the physico-mechanical properties of batch formulations by weight % and
volume % have also been investigated. Generally, the compressive strength of the concretes decreased as the percentage of
the rubber increased in the two batch formulations. At 25% replacement, the compressive strength of 9.26 N/mm’
(weight %), 11.56 N/mm’ (vol %) as compared to 14.80 N/mm’ and 24.00 N/mm?’ respectively for the controlled

programme were obtained.
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1. Introduction

Concrete, a versatile composite material used for
construction applications for centuries comprises cement
paste (binder) and aggregates (filler). The binder (cement
and water) glues the filler (fine or coarse aggregate, or both)
together to form a synthetic conglomerate. Worldwide,
more than 10 billion tons of concrete are produced and used
annually [1]. Concrete is easily producible and can be
engineered to meet a number of reasonable set of
performance specifications than several materials currently
available. The intriguing characteristics (durability and
compressive strength) of concrete accounts for its several
applications such as in dams, bridges, homes, pavement,
roads, runways, drain covers, etc. These characteristics of
concretes are influenced by the quality and quantity of
cement used in the mix, the grading of aggregates,
water/cement ratio, curing techniques, etc.

The ability of concrete to resist deterioration arising from
intrinsic (volume changes, absorption, permeability, etc.)
and extrinsic (weathering, chemical reactions, wearing, etc.)
conditions determines its durability. For concrete to be
considered durable, it should be sufficiently dense and
workable when it is fresh to allow good compaction upon
drying. The mortar (cement + fine aggregate) used in the
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concrete should be slightly more than adequate in order to
fill the majority of voids in the coarse aggregate depending
on their grading. This aggregate grading, which is typically
determined by sieve analysis, is the proportion (usually
weight %) or amount of the various sizes of particles
making up the aggregate. A graded coarse aggregate
comprises gravel/stones with varied sizes, generally ranging
from large to small particle sizes. It is worth noting that, the
physical characteristics of aggregates (size, shape and
surface texture) tend to influence many important properties
of concretes such as the water to cement ratio, the strength,
workability and durability of the concrete. From literature,
[2], a lower water to cement ratio can be used for a given
workability to obtain a higher strength when the nominal
maximum size of the aggregates increase. This assertion is
however plausible for a nominal maximum size of
aggregate up to 25mm - 40mm, above which the gain in
strength due to the reduced water/cement ratio is offset by
the adverse effects of the lower bond area between the
cement paste and the aggregate, and of the discontinuities
caused by the large particles.

After setting, the concrete increases in strength with time
(ageing) depending on the curing process and technique
such as curing via preservation of moisture within the
concrete. [3] This can be achieved by (a) flooding or
submerging the concrete in water; (b) treating (for instance
by painting) the surface of the concrete so that it cannot dry
out; and (c) covering the concrete with damp sand or
hessian fabrics, which are kept damp by watering
periodically, or with thin polythene sheet.
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One of the most influential components of sustainable
development for both present and future generations is the
environment. The environment in recent years suffer threats
from waste (solid, liquid or gaseous) usually generated in
the industrial production process or discarded after a
specific material’s lifespan. Solid wastes range from
municipal and household garbage, or building rubble, such
as brick and concrete, through unwanted industrial
by-products such as slag and fly ash or discarded or unused
materials such as mine tailings, etc., [4]. Although some
solid waste such as papers, metals, plastic bottles, etc., can
be recycled with little or no effect on the environment, there
are still challenges in the disposal of many more solid waste
such as waste rubber car tyres. Rubber vehicular tyre is a
thermoset material form by the vulcanization of
cross-linked molecules of sulphur and other chemicals
making the final product very stable and nearly impossible
to degrade under ambient conditions even after a long
period of landfill treatment. Consequently, it has resulted in
a growing disposal problem that has led to changes in
legislation and significant researches worldwide [5-7].

The increasing piles of waste tyres at landfill sites and its
consequent burning poses the danger of uncontrolled fires,
producing a complex mixture of chemicals polluting the
environment in the form of carbon dioxide emission and
green house emission as well as contaminating soil and
vegetation. Hence, waste tyre rubber (municipal solid waste)
can be used as partial replacement of coarse aggregate in
cement-based materials, asphalt and several other
applications due to the properties they possess. [8, 9]. A
variety of solid waste that have been considered as
aggregates in concretes for construction applications are
shown in Table 1.

Table 1. Representative solid wastes that have been considered as
aggregate for Concrete

Material Composition Industry

Municipal Paper, glass, plastics, metals Commercial and
wastes PEr, £1455, p ’ household wastes

Incinerator Container glass and metal Municipal and
residues and silica glasses Industrial wastes
Mineral Mining and

Natural rocks e

wastes mineral

Silicates or aluminosilicates

Blast furnace . .
of calcium and magnesium

Iron and Steel

slags silicate glasses
Metallurgical Silicates, aluminosilicates .
Metal refining
slags and glasses
Bottom ash Silica glasses Electric power
Fly ash Silica glasses Electric power
Building Brick, concrete, L.
R . Demolition
rubble reinforcing steel

It has been estimated that more than 1 billion used
automobile tyres are generated each year globally [10]. In
Ghana, the amount of waste tyres is increasing with the

increase in the number of vehicles. However, some of the
traditional ways of recycling rubber car tyres in the country
such as a shoe making material, etc., has sharply declined.
Rubber car tyres are mostly discarded in the open
environment or are burnt off resulting in environmental and
air pollution. Health wise, rain water collected by these
tyres serve as breeding grounds for mosquitoes leading to
the outbreak of diseases such as malaria. Utilization of these
scrap tyres in a recyclable process will drastically minimize
its environmental impact and maximize conservation of
natural resources such as gravel. Rubber tyre particles can
be used as raw materials in many crumb rubber products
and incorporated into cement-based materials as aggregates
[11]. The present study investigates the characteristics of
concrete produced using discarded rubber car tyres as total
or partial replacement for mineral coarse aggregate, termed
as rubberized concrete (RC).

2. Experimental

2.1. Materials

Materials used for the experiment were Ordinary Portland
Cement (OPC) from Ghana, which served as the binding
agent; water (laboratory tap water); fine aggregates from
river sand; and coarse aggregates made up of granite and
rubber tyre aggregates. The granite was also in the same size
range for suitable substitution. The rubber tyre aggregates
were obtained from discarded car tyres mechanically cut into
size range of 10-18mm.

2.2. Methods

2.2.1. Preparation of Test Samples

Two test programs were used in for the preparation of
samples; batch formulation by mass and batch formulation
by volume. A mix ratio of 1:3:6 for cement, fine aggregate
(sand) and coarse aggregate according to the British
Standard (BS) 1881, part 116 was used for both test
programs. The mix ratio involved the replacement of Rubber
tyre aggregate for gravel in 0%, 25%, 50%, 75% and 100%.
Each test program produced five batches. Concrete mixes
were prepared using water/cement (w/c) of 0.8 for the mass
batch formulation and 0.2 volume batch formulation. The
workability of the freshly formed concrete was determined
using a concrete slump cone. The cone with two openings of
a wider diameter and a smaller diameter was placed with the
wider diameter down onto a platform. The cone was then
filled with fresh mix batch of concrete in three layers of
equal volume, with each layer being tamped 25 times with a
steel rod in order to consolidate the layers. The cone was
carefully lifted off, after the last layer. The enclosed concrete
slumped a certain amount of concrete due to gravity. The
distance from the top of the slumped concrete to the tip of the
cone was recorded. Concrete samples were cast into cubes
(150 mmx150 mm) and beams (100 mmx350 mm) and
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conditioned in the laboratory for 24 hours, after which they
were cured in water for 28 days. Six (6) concrete samples
(cubic and beam) were cast and analysed for each batch.

(d)

Figure 1. (a) Portland cement, (b) river sand (natural fine aggregates) (c)
gravel (natural coarse), (d) shredded rubber tyres (e) rubber tyre aggregates

2.2.2. Characterisation

The feasibility of the RC was ascertained by carrying out
some test in order to compare results to the standards
available. Apart from the slump which was carried out in the
fresh state all the other tests were in the hardened state. The
hardened concrete was tested for; Unit weight, volumetric
mass density, Water of Absorption (WA), Density,
Compressive Strength, Flexure Strength. The unit weights of
the samples were measured in the dried state. This was done
after conditioning for 24 hours. The samples were weighed
on the weighing balance and the values recorded as unit
weight of concrete. For the water of absorption test, the
samples were conditioned in the lab after they had been
demoulded to allow a consistent moisture condition in the
capillary pore system. The weight of the dry samples was
recorded as the dried weight (DW). The samples were then
placed in an oven at a temperature of 90°C for twenty four
(24) hours. The weight was recorded after removal from the
oven as the fired weight (FW). The samples were fully
immersed in water for another twenty four hours (24hrs) to
determine the quantity of water absorbed, after which the
weight was recorded as wet weight (WW).

The water of absorption was calculated as:

WA= W Tw | 100% (1)

Fy

In the determination of the density, the total displacement
method was used. Two containers were used. A smaller one
was placed in a larger one. The smaller container was filled
with water to the brim. The concrete cubes were soaked in
water for 24 hours to ensure that all pores were sealed. This
was to prevent absorption of water during the displacement
method, which could lead to inaccurate volume of water
displaced. The concrete cube was then carefully dropped into
the water. Some volume of water was displaced into the
bigger container. The volume of this water displaced was
recorded as the volume of the concrete. The same procedure
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was used for all the cubes. The density of the concrete was
calculated as follows:

) Mass (M)
Density (p)=————— )
Volume (V)

Compressive tests were carried out on a C-46L2
(CONTROLS, Italy) Universal Materials Testing Apparatus
equipped with a maximum 3 kN cell at room temperature
following the ASTM C918/C918M-13 Standard Test
Method. The as-produced samples (1.5 cm % 1.5 cm) were
compressed at a constant compression rate of | mm per min
until the bodies were fragmented. The material’s response
(maximum stress or fracture) to the applied load was
measured for three (3) samples of each preparation batch and
the average values recorded.

Failure Load (F)
Cross-sectional Area (A)

Compressive Strength= 3)
where F is the average compressive force exerted on samples
and Ac is the area of the concrete sample. The three-point
bending (flexural) tests of the samples as illustrated in figure
2 were carried out following standard ISO/ASTM (ISO
4013:1978 ASTM  (C580-02(2012) procedures and
recommendations. The flexural tests were performed on an
Instron 5900 universal testing machine equipped with a Test
Star II (MTS) controller and a 5 kN load cell under =
Imm/min displacement cross-head feed rate. Three (3) test
bar specimens from each batch with dimensions of 70 mm %
70 mm x 330 mm were prepared for the flexural tests and the
average values were determined according to Eq. 4, where F
is the failure load in Newton’s, w is width, d is beam depth, L
is distance between the supports used.
3FL

Flexural Strength (MPa), 6=—— (4)
2wd

Figure 2.

Three point bending test

3. Results and Discussion

3.1. Concretes Fabrication

Cement, a binder material plays an important role in the
strength and durability of concretes due to its chemical
reactions in the presence of water. The ordinary Portland
cement used in this work typically comprises five major

compounds and a few minor compounds. The composition
of a typical Portland cement given by weight percentage as:
Tricalcium silicate Ca3SiOs (50%); Dicalcium silicate
[Ca,Si0,4] (25%); Tricalcium aluminate [CazAl,Og] (10%);
Tetracalcium aluminoferrite [4Ca0.Al,03.Fe,05] (10%);
Gypsum [CaS04.2H,0] (5%). [12, 13] When water is
mixed with cement, it forms a paste that binds all the
aggregates (fine and coarse) together and also causing the
hardening of concrete through a chemical reaction known as
hydration. During hydration the major compounds in
cement form chemical bonds with water molecules and
become hydrates. Tricalcium and Dicalcium silicates are the
major compounds responsible for most of the strength of
concretes during aging. Upon the addition of water,
tricalcium silicate rapidly reacts to release calcium ions,
hydroxide ions, and a large amount of heat. The pH quickly
rises to over 12 because of the release of alkaline hydroxide
(OH-) ions. This initial hydrolysis slows down quickly after
it starts, resulting in a decrease in heat evolved. [12, 14, 15]
A typical equation for the hydration of tricalcium silicate is
given by:
Tricalcium silicate + Water — Calcium silicate hydrate
+ Calcium hydroxide + heat

2Ca; SiOs + TH,0 — 3Ca0.28i0,.4H,0
+ 3Ca(OH), + 173.6 kJ )

The reaction slowly continues, producing calcium and
hydroxide ions until the system becomes saturated leading
to crystallization of the calcium hydroxide and calcium
silicate hydrate. The calcium silicate hydrate crystals grow
thicker, making it more difficult for water molecules to
reach the unhydrated tricalcium silicate. The speed of the
reaction which is at this stage controlled by the rate at
which water molecules diffuse through the calcium silicate
hydrate coating; slows down the production of calcium
silicate hydrate with time as the coating thickens. The much
less reactive dicalcium silicate also reacts with water in a
similar manner as tricalcium silicate, but much more slowly
with less release of heat. The products from its hydration
are the same as those for tricalcium silicate:

Dicalcium silicate + Water — Calcium silicate hydrate

+ Calcium hydroxide + heat.

2Ca,Si0, + SH,0 — 3Ca0.2Si0,.4H,0
+ Ca(OH), + 58.6kJ (©)

Tricalcium aluminate, tetracalcium aluminoferrite and
gypsum; also react with water however their contribution to
the strength of concrete is insignificant.

3.2. Concrete Workability (Slump) Test

Slump test (fig.3a) also known as workability test is used
to determine the ability of a fresh (plastic) concrete mix to
fill the mould properly with the desired work (vibration)
and without reducing the concrete’s quality. Workability
depends on the water content, and aggregate (shape and size
distribution). Slump test showed workability of concrete
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mix in a decreasing order from 65 mm to 0 mm as the
rubber tyre aggregates (TA) substitute increased. For batch
formulation by mass, the concrete mixes showed low
workability of 24 mm and below for 50% RC to 100% RC.
25% RC had a medium value of 39 mm, with 0% RC
(control concrete) showing the highest slump value of 65
mm. A similar observation is found in the % volume batch
formulation as shown in figure 3b.

The decreasing trend can be attributed to the size and
shape of the rubber aggregate by the mechanical cutting
(long angular particles). The sharp corners of the tyre
aggregates formed an interlocking structure resisting the
normal flow of concrete under its own weight thus
interfering with each other as the concrete flows. The water
content in the mix decreased as the tyre aggregates
substitution increased thus decreasing the slump value.

70+ E

{ = :
60 E
50 _

Slump (mm)

Control 25%RC 50% RC 75%RC  100% RC
Concret Mix (% Rubber Aggregate Replacment)
(®)

Figure 3. (a) Slump (workability) test (b) A Plot of Slump Values against
Concrete Mix

3.3. Unit Weight (Bulk Density) and Volumetric Mass
Density Test

The Unit weight (also known as bulk density) is the
measure of the weight of a given volume of graded

aggregate and their corresponding voids occupied in
concrete. The determination the density of concrete is a
means of classifying it as lightweight, normal weight, and
heavy weight concrete. The results of the bulk densities and
volumetric mass densities of as-prepared concretes are
presented in table 2.

The unit weights of the concrete samples in this work
were measured in the dried state after conditioning for 24
hours. The replacement of natural aggregates with the car
tyre rubber aggregates tends to reduce the unit weight of the
concrete. This reduction could be attributed to the low
specific gravity of rubber aggregate as compared to
ordinary (natural) aggregate. The unit weight of the
rubberized concrete mixtures as shown in figure 4a for all
the batches of samples based on %volume and % weight
decreases as the percentage of rubber aggregate increases.

From the results in figure 4b, the density of the concrete
decreased as substitution of rubber TA increased sharply
from 25% to 100%. The difference in weight between
granite and rubber TA causes poor compaction with
increased substitution thus influencing the density.

85

—a— Cube- Mix % mass
—e— Cube- Mix % volume

o3
o
—

Unit Dry weight (kg)
(&)
o

50

45 E

1 . 1 . 1 . 1
25%RC 50% RC 75%RC 100% RC

Rubber replacement (%)

(a)

1
Control

—a— % Volume
—o— % Mass

2100

Density (Kg/m®)
3 8 8 8

g T

Control 25%RC 50%RC 75%RC

Rubber replacement (%)
(b)

Figure 4. Variation of (a) Unit weight and (b) volumetric mass density
with % rubber replacement

100%RC
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Table 2. Results of Average Unit Dry Weights and volumetric mass density for Both Test Programs

Sample RTA Unit Weight Redustion Unit Weight Redustion Density Densitgf
P Replacement | (Kg) (by % (Kg) (by % (Kg/m?) (Kg/ m")
D (%) (%)
(%) mass) vol.) (by % mass) (by % vol.)
Control 0 7.92 0.00 8.06 0.00 2257.14 2305.29
25% RC 25 6.82 13.92 6.98 13.41 1926.55 2078.79
50% RC 50 5.67 28.4 5.84 27.54 1708.82 1922.52
75% RC 75 5.13 35.18 532 33.95 1660.82 1770.55
100% RC 100 4.63 41.49 4.89 39.32 1603.45 1737.59
3.4. Water of Absorption 50% RC batched by mass had more rubber aggregates than
50% RC batched by volume; However 75% and 100% RC
L e e L B M A — batched by volume showed a discrepancy which could be
I — attributed to the development of surface cracks during
651 T demoulding of the samples.
60 - T 3.5. Compressive Strength
;\? 55 - T T T T T
§ 1 251 4
S0 —=— %Mass | ] <
I —e— % Volume| 1 E 20| —a— % Volume -
45| = E —o— % Mass
=
- 15} g
aof - - 5
1 1 1 I 1 1 1 e
0 20 40 60 80 100 B 10l ]
Rubber replacement (%) _%
(7]
Figure 5. Variation of Water of Absorption with rubber tyre substitution g 5+ E
£
The amount of water absorbed by a composite material S 0 ~_
when immersed in water for a stipulated period of time is i 7
. . . . 1 " 1 " 1 L 1 L 1
termed as water of absorption. This technique is used to Control  25%RC _ 50%RC _ 75%RC __ 100%RC
determine the susceptibility to seepage of water through the Rubber replacement (%)

pores of unsaturated concrete when immersed in water. This
is affected by the pores (voids) within the concrete. This
was performed by determining the rate of water absorption
by the concrete considering the increase in the mass (weight)
of the test sample resulting from absorption of water as a
function of time when the sample is wholly immersed in
water and calculated using equation 1. From Figures 5, the
water of absorption tends to increase as rubber aggregate
substitution increased with the control samples showing the
least water absorbed in both batch formulations. This is due
to the fact that the control samples were denser with less
voids hence absorbing less water. On increasing the
substitution of granite with rubber aggregates, possibility of
cracks/voids/inclusions in the sample increases due the
weak bonding between rubber aggregates and mortar. This
results in rubberized concrete with higher rubber tyre
aggregate being more susceptible to seepage of water. The
samples of % mass batch, tested for water of absorption are
seen to increase more than that of % volume batch. The

Figure 6. Comparison of Compressive Strength Results for Both Test
Programs

Compressive strength is widely used to characterize the
quality of concrete and indirectly to evaluate its durability.
The of the concrete cube samples with a cross-sectional
area of 22500mm” (150mmx150mm) were tested for their
compressive strengths after 28 days of standard curing and
the results shown in figure 6. For the rubberized concrete,
the results show that the increase in percentage of rubber
aggregate caused a significant reduction in concrete
compressive strength compared with the control concrete
for all the two test programs. Losses in compressive
strength of 37.43% (TPI), 51.83% (TPII), were observed
when 25% of the coarse aggregate was replaced by an
equivalent mass & volume of rubber aggregate respectively.
When 50% of the coarse aggregates were replaced, the
losses in compressive strength were 78.45% (TPI) and
74.54% (TPII) respectively. These observations in the
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reduction of compressive strength of the rubberized samples
in comparison with the standard (granite/ mineral based)
concrete samples could be attributed to the lack of adhesion
at the rubber aggregate boundaries as well as between the
cement paste and the rubber aggregates. This usually results
in the creation of voids / inclusions and cracks which
greatly reduces the strength of the concrete. [16]. From
figure 6 , it is evident that test program I (% mass) decrease
more in compressive strength than test program II
(%volume) as substitution of rubber tyre aggregates
increased. Since more rubber tyre aggregates are found in
concrete batched by mass than in that batched by volume,
more rubber particles moves to the top surface during
compaction resulting in higher inhomogeneity in concrete
batched by mass; hence the lower compressive strengths.
Other research studies on rubberized concretes have shown
that there was a systematic reduction in the compressive
strength of about 85% and tensile splitting strength of 50%
with the increase in rubber content [8, 17]. This have also
been attributed partly to the entrapped air, which increases
as the rubber content increases; however, the compressive
strength reduction could be significantly reduced by adding
a de-airing agent into the mixing prior to the placement of
the concrete [18, 19, 16]. It is worth noting that, mineral
aggregates (granite, etc) are relatively incompressible with
high crushing strength than in the case of rubber aggregates
which are compressible, ductile with a Poisson’s ratio of 0.5
and a very low elastic modulus of about 7MPa. [20]

3.6. Flexural Strength

Flexural strength, a measure of the tensile strength of
concrete, is used to determine the ability of an unreinforced
concrete beam to resist failure during bending. During three
point bending, the test material is subjected to internal
stresses such as compressive stress above its neutral axis,
tensile stress below its neutral axis and high shear stresses
at its support ends. The applied failure load (force value at
which the concrete cracks heavily) is then recorded and
used to determine the tensile stress at which the concrete
failed. The prepared beam samples were tested after 28 days
of standard curing and the results of flexural strength tests
for the control concretes and the rubberized concretes are
summarized below in figure 7. Kaloush K.E. et al found
that the flexural strengths of rubberized concrete decreased
as the rubber content in the mix increased [18]. However,
Kang Jingfu et al [21], reported that there is an
improvement in flexural strength when the rubber
aggregates are added to a roller compacted concrete. In
comparison with the control concrete, when the
compressive strength was kept constant for roller
compacted concrete, the flexural strength, and ultimate
tension elongation increased with the increase of rubber
content.

The results of flexural strength in Figure 7 shows that
replacement of rubber reduces flexural strength as expected.
This was expected because it was found in literature that

concrete is higher in compressive strength than flexural
strength. The most important factor in reducing flexural
strength, as well as the compressive strength is lack of good
bonding between rubber particles and cement paste. This
was evident after breaking the concrete samples for flexural
strength test. It was observed that chipped rubber TA could
be easily removed from concrete.

Flexural Strength (N/mm?)
5 B
T T T

12 4
0.6 - 4
0.0 E
[ 1 L 1 L 1 L 1 L 1 i
Control 25%RC 50%RC 75%RC  100%RC
Rubber replacement (%)
Figure 7. Comparison of Flexural Strength Results for Both Test
Programs

3.7. Comparison of Water of Absorption, Density,
Compressive Strength and Flexural Strength for %
Mass and % Volume Batch Formulations

From figure 8, it is evident that as the substitution of the
rubber tyre aggregates are increased, the degree of water
absorption tends to increase. The increase in water of
absorption was found to decrease the various
physico-mechanical properties (unit weight, density,
compressive strength, and the flexural strength) of the
as-prepared rubberized concretes. The rates of increase /
decrease in properties were higher in the % volume batches
than in the mass batches.

2300
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€ 2000 .
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Figure 8. Plots of Water of Absorption against (a,b) Density; (c,d)

compressive strength; and (e,f) flexural strength for % mass and % volume
batch formulation

4. Conclusions

Generally, the introduction of recycled rubber tires into
the concretes significantly decreased the slump and
workability. A reduction in the unit weight of up to 13.41%
and 27.54% was observed when 25% and 50% by volume of
the coarse aggregate was replaced by rubber aggregate in the
rubberized concrete samples with compressive strengths of
11.56 MPa and 6.11 MPa respectively. Shredded rubber tyre
is about two and half times lighter than the conventional
mineral coarse aggregate and hence it is not unexpected that
the mass density (unit weight) of the mix would be relatively
lower. The addition of rubber aggregate resulted in a
significant reduction in concrete compressive strength
compared with the control concrete. This reduction increased
with increasing percentage of rubber aggregate. Losses in
compressive strength ranging from 12.44 MPa (51.83%) to
21.66 MPa (90.25%) were observed for replacement by
volume weight. This strength reduction could be attributed
both to a reduction of quantity of the solid load carrying
material and lack of adhesion at the boundaries of the rubber
aggregates: soft rubber particles behave as weak inclusions
or voids in the concrete matrix which tends to limit its use in
some structural applications. However, it has few desirable
features such as lower density, higher impact and toughness
resistance, enhanced ductility, and a slight increase in
flexural strength in the lower strength concretes. Rubberized
concrete can be used in non-load bearing members such as
lightweight concrete walls, building facades, or other light
architectural units; consequently, the rubberized concrete
mixes could give a feasible alternative to the normal weight
traditional concrete. The study show the feasibility of using
recycled rubber tires in concrete construction as a partial
replacement for coarse aggregates. However, the percentage
replacement should be limited to about 25% and the
application restricted to particular cases where the improved
properties due to the rubber aggregates are greater than the



American Journal of Materials Science 2015, 5(4): 75-83 83

corresponding demerits that may occur due to these
aggregates.
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