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A B S T R A C T

This study presents experimental results about the effect of incorporating waste rubber aggregates in combi-
nation with waste glass powder or silica sand powder obtained from dune natural sand, on the performances of
cementitious mixtures. Rubber aggregates (RW) were used to replace crushed sand in concrete mixes with ratios
of 10%, 20%, 40% and 60%, while glass powder (GP) and natural sand powder (SP) were used to replace 15% of
the cement weight. Nine different forms of concrete with the separate wastes and with the combination of them
were designed and prepared. The mixtures were characterized in the fresh and hardened states by means of
workability, fresh density, compressive and tensile strengths, propagation of ultrasonic waves and deformability
tests. The water/binder ratio and superplasticizer percentage of all mixtures were maintained constant. The
results showed that the strength increased with the incorporation of glass powder and rubber aggregates,
especially with 10% and 20% RW contents. In addition, the developed rubberized concrete with the in-
corporation of glass powder presented higher fresh density and deformability, compared to the cementitious
rubberized mixtures without GP. Furthermore, the simultaneous incorporation of rubber waste and glass powder
enhanced the concretes workability due to the low GP and RW water absorptions.

1. Introduction

Over the years the world production evolution of wastes has become
representing a very serious threat to the ecology. Particularly, about
270 million of discarded tires are disposed of at landfills, stockpiles or
illegal dumps [1] and the number would reach 1200 million tires yearly
by 2030 [2]. Locally, in Algeria alone, about 26.000 t of worn tires are
generated every year [3]. Disposal of used tires by burning is one of the
cheapest and easiest methods; however, it causes serious fire hazards
and environmental pollution [4,5]. In France, which produces over
than 10 million scrap-tires per year, the supply of landfills decreased
starting in July 2002, due to a new law that forbids any new landfill or
burned tires in the country [6]. At that point, sustainable techniques for
reuse these wastes need to be created. Among these techniques, is the
use of discarded tire as a fuel in cement kilns, road construction, civil
engineering applications specially geotechnical works and aggregate in
cement-based products. Despite the risk of the discarded tire problem,
in Algeria it is still limited to geotechnical works; as the project of
stability of an embankment road using the tyresol technique, situated at
Bousmail city (northern of Algeria) [7].

From another point of view, the use of industrial waste as a sub-
stitute material can very well help preserve the limited natural re-
sources as reported by Bostanci et al. [8].

Recently, researchers worldwide up the challenge to assess the us-
ability of this industrial waste in cementitious materials, however, their
performance has to be defined. The most recent studies related to the
use of rubber aggregates and chips obtained from the used tires milling
as a partial replacement of fine and coarse aggregates should be high-
lighted [9–24]. Blessen et al. [9] studied the properties of high strength
rubberized concrete that contains scrap tire rubber. Crumb rubber was
used to replace natural fine aggregate from 0% to 20% in multiples of
2.5%. It was observed a significant improvement on the abrasion re-
sistance and water absorption properties, while mechanical and dur-
ability of high strength rubberized concrete were observed to be less
than that of the control mix. Similarly, Ganjian et al. [10] tested the
effect of replacing coarse aggregates by chipped tire and cement by
powder tire crumb. Based on the results, they obtained a reduction in
compressive strength about 10–23% and 20–40% for replacing natural
aggregates and cement with chipped rubber, powder rubber respec-
tively. In addition, Aslani et al. [11] practiced the replacement of
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natural aggregates with three sizes of rubber aggregates 2mm, 5mm
and 10mm at volume ratios of 10%, 20%, 30%, and 40% to promote
the physical and mechanical properties of Self-compacting concrete.
They stated that rubber aggregates that were replaced at 10%, all
achieved a compressive strength greater than 30MPa and the in-
creasing of crumb rubber aggregates size showed an increase in the
maximum peak strains. Furthermore, investigations on the use of re-
cycled tire rubber in the materials utilizing in the base and subbase
layers of pavement have been made by Jie Li et al. and Saberian et al.
[12,13]. Jie Li et al. [12] studies the effects of crumb rubber and its size
fine (ranging from 400 to 600 µm), coarse (ranging from 10 to 15mm)
on the mechanical properties of recycled construction and demolition
(C&D) aggregates as the base/subbase layers of pavement. Based on the
experimental test results, it was found that the inclusion of both coarse
and fine rubbers led to an increase in the deformability index and
failure strain compared to the control one. From the Clegg impact
hammer test results, it was concluded that the strength of the ag-
gregates increased with the content of fine rubber but decreased with
the content of coarse rubber values. In the same context, the experi-
mental study of Mohammad Saberian et al. [13] about the effects of
crumb rubber and rubber size on permanent deformation behavior of
recycled concrete (RCA) and crushed rock (CR) aggregates showed
larger permanent strains and slower decrease in permanent strain rate
for CR samples by increasing the crumb rubber content.

As a consequence, according to the following studies [9,10,14–18]
the replacement of natural aggregates with tire rubber aggregates
considerably decreases the concrete and mortar strengths; while rub-
berized mixtures [11,19–22] demonstrated a greater deformability and
ductility compared with common mixes.

After that, efforts have been carried about improving the strength
and durability of rubber cementitious materials. Many works have
mentioned the use of pre-treated RW (rubber wastes) by immersion in
NaOH solution [23], by the use of styrene butadiene rubber (SBR) [24]
and silane coupling agent as cementitious layer [18] to increase the
adhesion between the cement paste and the rubber particles. Other
studies have been carried out based on the incorporation of additive
materials into rubber mixtures such as silica fume (SF) as pointed by
Obinna et al. [25] and Topçu et al. [26]. They replaced cement with
silica fume into rubber mixtures with 15%, 10% ratios respectively.
They found a marked improvement in strength and resistance to
chloride penetration, also a reduction in water, and gas permeability
coefficients was observed. Lime stone [18], fly ash and metakaolin were
also used to enhance the properties and the durability of concrete with
tire rubber waste [27]. There have also been investigations into using
recycled concrete aggregates (RA) in combination with recycled crumb
rubber (CR) to optimize the high-performance self-compacting concrete
properties [28]. The study found that combined RA with CR in self-
compacting concrete produced the lowest compressive strengths. In
addition, Aslani et al. [29] studied the properties of self-compacting
rubberized concrete incorporating polypropylene (PP) and steel fibers.
They using crumb rubber sizes of 2–5mm, as replacement of 20% of
fine aggregates and 0.1%, 0.15%, 0.2%, 0.25% of PP fibers, as well as,
0.25%, 0.5%, 0.75%, 1% for the steel fibers. Based on the results, it was
observed a minor increase of the compressive and tensile strengths with
the increase of steel fibers content.

However, the utilization of glass powder waste (GP) in replacement
of cement into rubber cementitious materials had not been studied in
spite of its pozzolanic reaction with the lime. The glass powder added as
weight replacement of cement to the basic rubber mixtures can com-
pensate the loss of compactness associated to the incorporation of RW
(rubber waste).

The usability of fine glass powder as a value-added product as it
could replace a proportion of an expensive concrete constituent, such as
Portland cement was possible [30,31]. The Recyc Quebec [32] analysis
showed that valorizing glass bottles as GP in concrete can allow for its
transportation within a radius of 8950 km without environmental

impacts compared to landfilling. So, using GP as a cement replacement
has very little environmental impact [33]. The results of this research
were a challenge for use of glass powder waste in the production of
concrete. Abdo Ali et al. [34] and others [35,36] investigated the effect
of using glass powder as cement replacement, they concluded that using
up to a 10% rate enhanced the mortar and concrete compressive
strengths. Cementitious materials expansion due to the alkali-silica-re-
action behavior can appear when the reactive silica from glass reacts
with the alkali from cement. Bignozzi [37] concluded that the chemical
composition and dimension of different glass sources in the supple-
mentary cementing materials (SCM) behavior, is a key point for its
potential expansion behavior (ASR). Particularly, it was reported that
ground soda-lime glass with dimension< 300 µm can safely be in-
troduced in concrete [31,32]. Add to this, Schwarz et al. [38] compared
the effect of glass powder modified concrete to that modified with fly
ash. It has been proven by this study that the increase in fineness of
glass powder improved strength and durability performances of con-
crete. Similar results were reported by other researchers [39–42]. So, it
should be noted that the pozzolanic reactivity of glass powder is di-
rectly related to its particle size. Also, Soliman [33] worked in the
development of ultra-high-performance concrete using glass powder
showing encouraged physical and mechanical results.

To the best of our knowledge, previous works have only focused on
the combined use of rubber and many additives on production of
concrete as mentioned in the precedent section. However, there has
been limitation knowledge related to the combined use of rubber ag-
gregates and glass powder wastes on concrete. To fill this knowledge
gap, it is proposed, in this study, to demonstrate the performance of the
eco-materials with those wastes. The main objective of the study is the
use of rubber of discarded tire and glass bottle in the production of new
eco-concrete, which helps to reduce those wastes. This study is to
provide the results of experimental investigations on physical and me-
chanical properties of this concrete where crush sand was replaced by
RW aggregates and glass powder replaced cement or both. The amounts
of replacement used were 10–20%-40% and 60% by volume for RW and
15% by weight for GP. The compressive and tensile strengths, fresh unit
weight, workability, ultrasonic waves and deformability of the studied
concretes were experimentally made. In addition, an investigation
comparing the effects of artificial powder glass bottle waste material
with a powder of natural sand on the performance of concrete was
made in this study.

2. Materials and methods

2.1. Materials

2.1.1. Cement
A local ordinary Portland cement (CEM II 42.5) produced by the

cement plant of Hadjar Soud (Department of Skikda, northern of
Algeria), complying with Algerian Standard NA 442 was used as a
binder for all the mixtures. Its absolute density and specific area were
3.1 g/cm3and 3200 cm2/g respectively. Its chemical composition is
given in Table 1. The laser granulometry curve is shown in Fig. 1(a) and
the photomicrograph at a magnification of 5.000, in Fig. 2.

2.1.2. Waste glass bottle powder (GP)
This powder is the outcome of the glass bottles recovery in landfills.

It was obtained by selecting only the bottles of the same color (green).
These were cleaned, crushed and finely grounded by an electric mill
without any treatment. According to the usual classification of the
French standard NF XP 18–540; the glass powder was classified as filler
material because 74% of the particles passed though the sieve of 36 µm.
Chemical analysis determined using X-ray fluorescence technique (XRF)
is presented in Table 2. The basic component (73.6%) was the silica
dioxide (SiO2) and the proportion sum of SiO2, Al2O3 and FeO3 was
75.8% (˃70%) allowing to the used glass powder to be classified as a
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good pozzolan according to the ASTM C618-02 norm. The morphology
of glass powder using scanning electron microscopy (SEM) at a mag-
nification of 5.000 is shown in Fig. 3.

2.1.3. Natural sand powder (SP)
The sand powder was obtained by mechanical grinding (electric

mill) of the same natural sand utilized in the mixtures. Its absolute
density was 2.54 g/cm3. Its chemical composition and distribution size
are reported in Table 2 and Fig. 1(b), respectively. The principal
component (i.e. SiO2) rate is 93.6%, much important compared to the
glass nature one. Its photomicrograph is shown in Fig. 4 and its aspect
in the picture of Fig. 5(c).

2.1.4. Fine aggregates
These are natural sand (NS) and artificial crushed sand (CS). The NS

was collected from Boussada (Department of Msila, northern Algeria). It
has a siliceous nature with 93.6% of SiO2. Its fineness modulus and
absolute density were 1.33 and 2.54 respectively while its sand
equivalent assessing its cleanliness was equal to 70. Fig. 6 exhibits its

Table 1
Chemical compositions of the used Portland cement.

Chemical composition (%) Clinker composition (%)

CaO 56–63 C3S 50–65
Al2O3 4–6 C2S 10–25
SiO2 19–27 C3A 9–12
Fe2O3 2.5–3.5 C4AF 7–11
MgO 1–2
Na2O 0.1–0.6
K2O 0.3–0.6
Cl- 0–0.2
SO3 2–3
Free CaO 0.5–2.5

Fig. 1. Laser granulometry curves of: (a) cement, (b) natural sand and (c) glass
powders.

Fig. 2. Cement photomicrograph (X 5000).

Table 2
Chemical compositions of glass and sand powders.

Chemical composition GP (%) SP (%)

SiO2 73.60000 93.60000
TiO2 0.02560 0.09700
Fe2 O3 0.79700 1.48000
Al2O3 1.44000 1.70000
CaO 8.04000 2.25000
MgO 2.78000 0.15300
SO3 0.23600 0.03550
Cr2O3 0.04700 0.23600
ZnO2 0.00773 0.01510
BaO 0.01380 0.00776
K2O 0.34400 0.29600
Na2O 12.60000 0.02900
Sn // 0.00478

Fig. 3. Glass powder photomicrograph (X 5000).

Fig. 4. Sand powder photomicrograph (X 5000).
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particle size distribution as well as that of CS, RW and coarse ag-
gregates.

The (CS) was collected from a career located at Ain Touta in Souk
Ahras department (eastern Algeria). It is a calcareous sand with an
absolute density of 2.51and a fineness modulus of 3.51. Its maximum
particle size, as determined by sieving method, was 4.5 mm (Fig. 6).

2.1.5. Coarse aggregates
Two types of calcareous gravels collected from the same career of

Ain Touta, having 3/8mm and 8/15mm in dimensions, were used to
manufacture the reference concrete. Their distribution curves, as pre-
sented in Fig. 6, are continuous and their absolute density and water
absorption were 2.5% and 1.75% respectively.

2.1.6. Rubber waste aggregates (RW)
Rubber waste aggregates (without steel fibers) used in this study

were obtained by mechanical grinding of worn tires from a local factory

(Algeria). Their dimensions were ranged between 0.2 and 4mm
(Fig. 6). Its absolute density, as calculated according to ISO 2781–2008
code, was found to be 0.98 g/cm3 and its aspect is shown in Fig. 5(a).

2.1.7. Superplasticizer
Superplasticizer used in the concrete mixes named Master Glenium

24, is based on modified ether polycarboxylic according to the standard
EN 934–2:2012. It ensures high water reduction, high performance and
very long workability. It was used at 0.5% of the cement weight to
control the workability of the studied rubberized concrete.

2.2. Mixture proportions

As part of the valorization of local materials, all the raw materials
used in this study, detailed in the previous section, were local.

An extensive concrete testing program was conducted to achieve
optimum reference concrete (C-ref) without any additive, having op-
timal mechanical strengths, and plastic workability. The cement dosage
was fixed to 400 kg/m3. Quantities of granular components were ob-
tained by Deux-Gorisse method [43] while water and superplasticizer
were determined experimentally on the basis of slump test (NF EN
12350–2) to achieve a slump value about 60mm corresponding to a
plastic concrete.

Based on results of these preliminary tests, the optimal 28 days
compressive strength was obtained after crushing tests on several cy-
linders 160mm x 320mm prepared and cured at ambient temperature
of 21 ± 2 °C according to the American standard ASTM C39. The
corresponding mixture proportions are presented in Table 3 as C-ref
mixture and its characteristics are summarized here after: 28 days
compressive strength = 40.08MPa, 28 days tensile strength, as de-
termined in accordance with ASTM C496=4.66MPa, average slump
=60mm, fresh density = 2.47 and W/C =0.43.

Fig. 5. (a) Recycled waste of tire, (b) Glass bottle powder and (c) Sand powder.

Fig. 6. Grain size analysis of the used raw materials.

Table 3
Mix proportions per cubic meter of concrete.

Mixes PC kg NS kg CS kg Gravel 3/8 kg Gravel 8/15 kg RW kg GP kg SP kg W L SP-Plast

C-ref 400 87.47 484.2 103.32 1050.6 – – – 172 2
10RW 400 87.47 436 103.32 1050.6 19 – – 172 2
20RW 400 87.47 387 103.32 1050.6 38 – – 172 2
40RW 400 87.47 290 103.32 1050.6 76 – – 172 2
60RW 400 87.47 194 103.32 1050.6 113 – – 172 2
0RW15GP 340 87.47 484.2 103.32 1050.6 – 60 – 172 2
0RW15SP 340 87.47 484.2 103.32 1050.6 – – 60 172 2
10RW15GP 340 84.93 436 101.72 1050.6 19 60 – 172 2
20RW15GP 340 84.93 387 102.05 1050.6 38 60 – 172 2
40RW15GP 340 84.93 290 102.72 1050.6 76 60 – 172 2
60RW15GP 340 85.57 194 103.32 1050.6 113 60 – 172 2
10RW15SP 340 87.47 436 103.32 1050.6 19 – 60 172 2
20RW15SP 340 87.47 387 103.32 1050.6 38 – 60 172 2
40RW15SP 340 87.47 290 103.32 1050.6 76 – 60 172 2
60RW15SP 340 87.47 194 103.32 1050.6 113 – 60 172 2

SP-Plast = Superplasticizer.
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After that, 15 different mixtures were prepared with the same
water/binder ratio at 0.43 level and superplastisizer percentage at
0.5%, one control concrete (C-ref) for comparison and 14 others with
different amounts of rubber waste (RW), glass powder (GP) and sand
powder (SP). The fifteen mixtures proportions are listed in Table 3.

The dry solid components were mixed for 3min. Once the mixture
was homogeneous, a solution containing 80% of water with the totality
of the superplasticizer was added and mixed for 2min. After that, the
20% of water was added and the mixtures were mixed for more 2min.
All mixtures were prepared in a pan mixer in a laboratory and then cast
in steel moulds. After removing from the steel moulds 24 h later, the
mixtures were cured in clean water at 21–23 °C until the age of the
tests. The tendency of crumb rubber to the top of the sample during
vibration is possible, due to their low specific gravity. For that reason,
vibration with poker was utilized to make the rubberized mixtures more
homogeneous.

2.3. Experimental test procedures

2.3.1. Workability
The slump test was used to investigate the influence of RW, GP and

SP on the workability of studied concrete. Each reported value was the
average of measurements of two tests for all mixtures.

2.3.2. Fresh density
The density of studied concrete specimens was calculated by di-

viding the mass by the volume of the concrete cube specimens of
100mm is a side in the fresh state after table vibration directly. Each
reported value was the average of measurements of three tests for all
mixtures.

2.3.3. Compressive strength test
The compressive strength test was performed at 7 and 28 days in

accordance with the standard ASTM C39. The moulds were cylinders
160mm x 320mm. The demoulding occurred after 24 h. The specimens
were cured in water at a temperature of 21 ± 2 °C. The compressive
strength was obtained from an average of three tests. The compressive
strength measurements were carried out using an automatic testing
machine with a capacity of 3000 kN.

2.3.4. Tensile splits strength test
The tensile strength test was determined following the standard

ASTM C496. Two cylinders with the same dimensions mentioned in
2.3.2 were prepared, for each mixture and cured in water at tempera-
ture 21 ± 2 °C until the age of 28 days. In the splitting test, the con-
crete cylinder is placed horizontally between the press platens and the
load is increased to the point of rupture by indirect traction, which

occurs as a split along the vertical diameter of the press.

2.3.5. Ultrasonic pulse velocity test
The incorporation of the crumb rubber into the concrete affects the

air voids and compactness. Therefore, the ultrasonic pulse velocity test
is necessary to assess the influence of crumb rubber on the compactness
of the specimens. The ultrasonic pulse velocity test (non-destructive)
was used following NF EN 12,504–4 standard. It's consists on holding
the two poles for computing the pulse velocity, each one in the sides of
the cylinder (160mm x 320mm) and reading the transmission time.
Pulse velocity was calculated by employing the following equation:

=V L
T (1)

where, “V” is pulse velocity (m/sec), “L” is the distance between two
transducers (mm) equal to 320mm, and “T” is the transmission time
(sec). The ultrasonic pulse velocity measurements were performed
using two specimens of each mixture.

2.3.6. Deformability and static modulus of compressive test
The deformability test was performed to determine the stress-strain

behavior and the static modulus of elasticity of the mixtures, with the
agreement of ASTM C469 standard using a compressometer/ex-
tensometer model 55-C0221/D under the axial compression action (see
Fig. 7). Three cylindrical specimens of 160mm x 320mm of each
mixture were produced and cured for 28 days. Controls hydraulic press
with a capacity of 3000 kN was used to apply the load. The stress–strain
curves were determined by measuring the relative displacement of
datum points on the cylinder surface during extensometer experiment
three times for all the mixtures.

3. Results and discussion

3.1. Workability

All slump values of tested mixtures are presented in Fig. 8. It was
observed that there was a global decrease in the slump of the following
mixes (10RW, 20RW, 40RW and 60RW) and with respect to RW re-
placement rates; in particular, the slump values reduced from 6 cm (C-
ref) to 5.5 cm (10RW), 5 cm (20RW), 4 cm (40RW) and 4.5 cm (60RW),
respectively. The results thus obtained are compatible with those con-
ducted by [11,16,18,26]. The most likely explanation of this decrease in
workability is the hydrophobic nature, particles shapes and cracks of
rubber aggregates (Fig. 5(a)), part of the water trapped between this
cracks serves for segregation and less homogeneous of the mixtures.
Similar to Aslani et al. [11] who's attributed the reason for this slump
decrease to the rubber aggregates shape which affects the concrete
consistency.

Regarding the effect of glass and sand powders (GP and SP) re-
placement on the reference concrete workability, it can be observed
that slumps increases from 6 cm (C-ref) to 7.5 cm and 7 cm for
(0RW15GP) and (0RW15SP) mixes, respectively. So far, there is no
general agreement on the glass concrete slump; it was often discussed,
yet rarely well understood. The slump increase of glass mixes (without

Fig. 7. Experimental set-up of stress-strain measured during compressive test.

Fig. 8. Workability of the prepared mixtures.
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rubber) may be due to the low water absorption of the glass powder
which raises the percentage of water in the matrix, then, in turn, in-
creases the workability. Add to this, mixtures containing cement and
glass powder were found to require less superplasticizer than the mix-
ture designed with cement alone [44,45].

In the same context, the effect of SP replacement on slump values of
reference concrete is close to those with GP, only about 1 cm of dif-
ference due to the lower GP water absorption compared with SP. In
addition, may be due to the minor difference in quantities of individual
compounds between glass and sand powders (Table 2). Also, SP parti-
cles are closer to spherical shape than GP particles as shown in (Figs. 3
and 4). Moreover, this can be attributed to the difference between SP
and GP grains distribution (Fig. 1), while the sand powder has a un-
imodal distribution, glass powder is bimodal. Guettala et al. [46] stu-
died the effect of partial replacement of cement with sand powder; they
reported that the granular effect relates to all the modification, was
induced by the presence of the mineral additions in the granular
structure of the cementitious materials in a fresh state.

Where data of separate effect of the rubber waste and the powders
are compared to the effect of combined of them (RW-GP) and (RW-SP)
on concrete. The slump values were 5.5 cm, 6.5 cm and 5.5 cm for the
mixes (10RW), (10RW15GP) and (10RW15SP) respectively; and 5 cm,
6.5 cm and 7 cm for the mixes (20RW), (20RW15GP), (20RW15SP)
respectively. It can be seen that the incorporation of the combined (RW-
GP) granulates allowed an increase of workability in the studied rub-
berized concrete. This may be due to the capacity of the fine particles of
glass powder to filling the voids between the grains and releasing the
water from these voids, creating a new porosity network. Furthermore,
it can be explained by the synergetic effect of the difference in particle's
shape and size of both, cement and glass powder (Figs. 2 and 3) which
created a friction between them that leads to increasing workability.
Concluded glass and sand powders can improve rubberized concrete
flow.

3.2. Fresh density

All values of fresh density of tested concrete mixtures are illustrated
in Fig. 9. They ranged from 2404 kg/m3 to 2147 kg/m3 depending on
glass, sand powders and rubber contents. It can be seen, for the mixes
with rubber aggregates that the density decreases from 2404 kg/m3

(reference concrete) to 2147 kg/m3 for 60RW. At 60% rubber content,
its decrease to as low as about 10.7% compared with the reference one,
attributable to the low absolute density of RW aggregates (0.98 g/cm3),
irrespective of glass and sand powders content. Moreover, this reduc-
tion can be explained by the segregation caused by the rubber ag-
gregates during the mixing of concrete which leads to the development
of air content. Comparative results were noted by other authors
[2,17,22]. According to E Guneyisi et al. [16], the increasing rubber
content reduced the fresh unit weight of the concrete. They concluded
that at 50% rubber content, the unit weight diminished to as low as
about 75% of the normal concrete.

The effect of GP and SP in the density of concretes was observed on

the second part of the Fig. 9. One can see a slight reduction in the mixes
0RW15GP and 0RW15SP about 1.88% and 2.62% compared to the
reference concrete. This is due to the low GP and SP densities (2.18 g/
cm3 and 2.54 g/cm3 respectively) in comparison to the cement which
were replaced (3.1 g/cm3).

The fresh density values obtained from the reference rubberized
concrete (20RW), (40RW), (60RW) were 2262 kg/m3, 2210 kg/m3 and
2147 kg/m3 respectively; and the corresponding values of fresh density
modified with GP were 2265 kg/m3, 2254 kg/m3 and 2223 kg/m3. After
comparing these results it can be noticed that the combined replace-
ment of (RW-GP) in concrete creates a compromise between the sepa-
rate effects of them. This synergetic effect can be attributed to the
ability of GP specific area (finer amorphous silica) to fill the voids
caused by crumb rubber addition, where it is greater than cement it
replaced. Ali et al. [34] studies the replacement of cement by GP on
mortar, they concluded that the use of glass powder refines the pores of
cement paste and this reflects the mortar and concrete properties. A
similar behavior with a little reduction was observed for the mixtures
with the same crumb rubber replacement ratios when SP was added to
the concrete but, with lower effectiveness.

3.3. Compressive and tensile strengths

The 7 and 28 days compressive strengths (Rc7 and Rc28), as well as
the 28 days tensile strengths (Rt28) obtained on 16 cm x 32 cm cylinder
specimens for all the mixes are reported in the Fig. 10. It is well known
that addition of rubber wastes in cementitious composites leads to
compressive and tensile strength loss [3,10,11,14–16,28], contrary,
they show a greater deformability and ductility compared with
common mixes [11,19,22]. Particularly, it should be mentioned that
the loss in Rc28 of the mixes 10RW and 20RW, is about 16.27% and
25.75% respectively, with respect to reference concrete (C-ref). In Rt28,
it is about 1.51% and 3% respectively. In addition, the mixes with
higher rubber percentages 40RW and 60RW show a significant com-
pressive strength loss; estimated at 48.26% and 64.95%, respectively. It
is to be noted that the Rc28 loss is greater than that of Rt28 (Fig. 11 and
Fig. 12). These results agree with the earlier field investigation
[6,14–17]. Authors explained this strength loss by the week bond be-
tween the crumb rubber as organic material and the binder of cement as
inorganic material. Also, the reduction in splitting tensile strength is
ascribed to the same factors which affected the compressive strength of
specimens [10,11,25,28]. The pictures of Fig. 13 and Fig. 14 show the
failure pattern of specimens after 28 days compressive and split tensile
tests, respectively. The control concrete exhibited brittle and sudden
failure while the rubberized concrete shows more ductile failure under
compression loading. Clear break was observed for the control speci-
mens and horizontal cracks were observed with the rubberized

Fig. 9. Fresh density of concrete mixtures. Fig. 10. Compressive (Rc28), (Rc7) and tensile (Rt28) strengths for all mixtures.
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specimens.
Compared to the rubberized concrete mixtures, the combined GP

with RW on concrete affects the accompanied decrease of compressive
strength at 7 days (Rc7) with respect to the RW contents. This indicates
that the hydration reactions are slow with the replacement of the part
of cement by glass powder at the early age (7 days). It can be due to the
slow rate of reaction between SiO2 from glass powder and Ca(OH)2
from cement which led to a reduction of hydration products (C-S-H),
accompanied by a decrease in the amount of C3S and C2S (the three are
responsible for the concrete strength) in the mixtures. Our results share
a number of similarities with Soliman et al. [33], Ali abdo et al. [34]
and Valeria et al. [47] findings of the negative effect of glass powder on
cementitious materials compressive strength at an early age (7days). On
the other hand, Rc7 of the composed (RW-SP) mixes is also observed to
be lower compared with the rubberized mixtures, when is higher
compared to the ones modified with GP. This may be due to the better

solubility of SP in water, which resulted from the small chemical sta-
bilizers amount (CaO + MgO = 2.4) when compared to the GP one
(CaO + MgO = 10.82%). Guettala et al. [46] investigated the partial
replacement of cement by sand powder in cement pastes and confirmed
that in the first seven days, the compressive strength is low for all
samples, whereas the following periods, the compressive strength in-
creases significantly.

A pronounced increase in the 28 days compressive strength of all
mixes modified with GP and SP compared to the C-ref and the common
rubberized concrete is frequently accompanied by the improvement in
other properties such as tensile strength (Fig. 10). It is established that
the combined incorporation of (RW-GP) and (RW-SP), respectively,
mitigates the negative effect of used RW separately on the concrete
strength at the late time. This beneficial effect of glass powder on the
compressive strength rubberized concretes was much higher for RW
contents of 10% and 20% by a gain of 7.3% and 5.24%, respectively.
This can be explained by the good effect of GP large specific area
(1,32 m2/g) on the bond between rubber particles and the surrounding
cement paste. This good effect enhances the interfacial transition zone
bonding, which, in turn, significantly enhances the compressive
strength of the rubberized concretes. Moreover, it seems that there is a
synergetic effect of glass powder and cement, which can be explained
by the GP pozzolanic behavior, after increasing the reaction through
time, with calcium from portlandite Ca(OH)2. Can be explained by the
increase of the chemical composition of the binder, especially SiO2 from
glass powder which led to decreasing the calcium hydroxide (CH)
quantity and producing a more C-S-H gel, which in turn, decreasing the

Fig. 11. Effect of GP incorporation with RW on the 28 days compressive
strength.

Fig. 12. Effect of GP incorporation with RW on the 28 days tensile strength.

Fig. 13. Failure pattern of specimens after 28 days compressive strength test.

Fig. 14. 40RW and 60RW specimens failure pattern after split tensile test.
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voids percentage in the mixtures. As reported by Greenberg [48], that
the second phase of C-S-H formed, able to improve rubbercrete strength
showed by the Eq. (1).

SiO2(s) + Ca2+(aq) + 2OH-(aq) = n1CaO·SiO2·n2H2O(s) (1)

According to [31,33,41,48,49], the amorphous silica in glass
powder appeared more active with lime and forms C-S-H at a later stage
of hydration. The mix with 10% RW and 15% GP is the best one
compared to the common rubberized concretes, which is associated to a
high compressive strength above 36.01MPa at 28 days. With the same
mixture, the 90 days compressive strength was superior to both the
reference concrete without, and with RW and achieved 41.46MPa
(Fig. 15). This result has further strengthened our confidence that glass
powder becomes more effective for concrete strength with time.

Regarding the 28 days strength of composed (RW-SP) concretes,
results clearly show the positive combined effect to minimize the
strength loss associated with the use of rubber waste separately. As the
dune sand powder is siliceous, can have the same physical and pozzo-
lanic benefits than other additions, despite its crystalline character
[50]. In the same way according to Arroudj et al. [51] the small content
of portlandite provided by the presence of dune sand powder in the
cement paste, translated the partial pozzolanic reaction, which con-
tributes to increasing the strength and the compactness of the paste.

It is evident that GP is more effective than SP concerning concrete
strength. For example, (10RW15SP) and (10RW15GP) mixes have
10.16% and 14.49% increase in 28 days compressive strength respec-
tively. The difference may be explained by the role of the varied par-
ticles size, surface texture, grain distribution and the pozzolanic reac-
tion of the powders.

Concerning tensile strength for the mixtures in the presence of the
GP and SP with respect to the rubberized control, a slight improvement
was detected. We should mention the following examples of the mixes
10RW15GP, 10RW15SP; they were improved 0.43% and 0.21% re-
spectively.

3.4. Ultrasonic pulse velocity

The results of the ultrasonic speed waves test for all mixtures are
shown in Fig. 16. It can be noted that, as expected, the rubber content in
the concrete increases, pulse velocity decreases and thus, concrete
strength decreases. The pulse velocity values ranged from 4640m/s (C-
ref) to 3700m/s (60RW). Li-Jeng Hunag et al. [52] reported that the
ultrasonic pulse velocity of concrete increases as the rubber particle
replacement percentage decreases. For the study group, 20% replace-
ment decreases the pulse velocity at 28 days by 506–2548m/s, com-
pared to 3054m/s for the control group. This reduction is probably due
to the relatively slowing down of ultrasonic pulses when they pass
through cracks, voids and flaws filled with air or water caused by the

addition of rubber aggregates. Also, the rubber aggregates have higher
sound insulation coefficient than mineral aggregates.

To compare the combined effect of RW and (GP and SP) replace-
ment of CS and cement, respectively, with the separate effects; the
experimental results relative to the 28 days speed ultrasonic pulse ve-
locity were regrouped in Fig. 16. It has been found that the combined
mixtures have a higher 28 days ultrasonic pulse velocity than that of the
mixtures containing only RW aggregates, except the 60RW15SP mix-
ture which was negatively affected. It should be noted that the im-
provement was great with GP than SP. It also can be seen that for C-ref,
0RW15GP and 0RW15SP the pulse velocity were 4640m/s, 4750m/s
and 4698m/s, while those of 10RW, 10RW15GP and 10RW15SP mix-
tures were 4540m/s, 4725m/s and 4660m/s. It may be concluded that
the combined incorporation of the (RW-GP) and (RW-SP) compacts and
creates a condensed matrix. This can be due to the same reasons
mentioned in the Section (3.3) for the compressive strength at 28 days.
There is an apparent calibration relationship between the Rc28 of the
concrete and its ultrasonic pulse velocity.

3.5. Deformability and static modulus

The partial volume incorporation of rubber aggregate, replacing
fine aggregate, was found to reduce the modulus of elasticity of con-
crete, as shown in (Figs. 17 and 18). Each curve represents the average
results of three tests conducted at the same age and conditions. For the
rubberized concrete, the values of static elastic modulus were
34.49 GPa, 29.03 GPa, 21.69 GPa, 15.19 GPa and 13.10 GPa for C-Ref,
10RW, 20RW, 40RW and 60RW mixtures, respectively. It can be seen

Fig. 15. Effect of glass powder on 90 days compressive strength and ultrasonic
pulse velocity of the mixtures C-ref and 10RW15GP.

Fig. 16. The ultrasonic pulse velocity and the corresponding compressive
strength of the mixtures.

Fig. 17. Stress-Strain curves of rubberized concrete with different rubber con-
tents.
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that the increase in rubber aggregate content leads to increasing strain
and decreasing static elastic modulus during the reduction in maximum
stress. These results similar to that of Aslani et al. [11]. They in-
corporated three crumb rubber sizes 2mm, 5mm and 10mm at volume
ratios of 10%, 20%, 30%, and 40% on the self-compacting concrete.
The results indicated that higher strains are generated at lower stress
states as the percentage replacement of rubber aggregates is increased.
Compared to the brittle reference concrete behavior, the rubberized
concrete specimens show ductile behavior. Indeed, the increase in
rubber content conducts to the increase in the ductility. In addition,
during rubberized concrete failure, a high deformation was detected.
When the stress-strain curves are compared, it is easy to note that C-ref
is the strongest and the most brittle. However, the mixes 10RW and
20RW have hardening and malleable strain phase until failure, which
showed a ductile failure mode compared to the C-ref one. Moreover,
40RW and 60RW have shown great deformability and elastic-plastic
behavior mode. Likewise, the mixture with the high rubber content
60RW is the weakest compared to the reference concrete. It should be
noted that for the reference concrete (C-ref) the maximum average
peak-stress before failure is 39.78MPa with the corresponding average
strain ɛ=0.137%. For the rubberized samples, these were 32.84MPa,
ɛ=0.192%, 28.86MPa, ɛ=0.375%, 20.89MPa, ɛ=0.448% and
13.93MPa, ɛ=0.281% for 10RW, 20RW, 40RW and 60RW, respec-
tively. In earlier studies, Dong et al. [18] and Noaman et al. [22] were
noted that the rubberized concrete exhibited ductile behavior and dif-
fered from that of traditional concrete. According to the same authors,
the increase in rubber content led to the increase in ductility and strain
capacity, defined as the strain at the maximum stress. Comparable re-
sults and analysis were reported by several authors [11,16,19–21].

The effect of the combination of the (RW-GP) incorporation on the
elastic modulus (Ec) is shown in Fig. 19. It was equal to 29.5 GPa and
24.77 GPa for 10RW15GP and 20RW15GP respectively. It should be
mentioned that the average value of peak stress for the mixes
10RW15GP and 20RW15GP were 34.83MPa, and 29.85MPa

corresponding to the average values of a strain of ɛ =0.207% and ɛ
=0.387%, respectively. The slight increase in the elasticity modulus
and in the strain corresponding to the peak stress may be due to the
positive synergy between the rubber waste and the glass powder. It may
be noted that combining the (RW- GP) in concrete slows the elastic and
plastic deformations and improves the energy of specimen's deforma-
tion before failure compared to those modified with rubber aggregates
alone. Glass powder is able to increase the strength and deformation of
the rubber mixes, by enhancing their capacity of deformability. Com-
parable conclusions were achieved by Noaman et al. [22] and Omran
et al. [53]. The (RW-GP) concrete becomes to be more ductile and more
resistant than rubberized concrete.

4. Conclusion

Based on the results of this study about rubberized concrete mod-
ified with 15% in mass of glass and sand powders, the following con-
clusions can be drawn:

• The combination of the RW and GP offers enhanced workability of
concrete due to the low GP and RW water absorptions.

• Higher fresh density was observed for the mixtures prepared by
rubber aggregates and glass powder or sand powder. It can be
concluded that the composed (RW-GP) particles in concrete create a
compromise on fresh density between the separate effect of RW and
GP replacement.

• The maximum 28 days compressive strength was obtained by the
rubberized concrete modified with glass powder. It was achieved by
the 10RW15GP mixture and attained 36,01MPa.

• The decrease of compressive and tensile strengths verified at 28 days
for rubberized concrete with the addition of glass powder. This is
may be due to the positive synergy brought by the combination of
RW, GP and cement which mitigates the loss of used RW separately
in the mixtures. It can be determined that glass powder finely
grounded can be used as a good pozzolan in cementitious materials.

• At 90 days the mixture 10RW15GP achieved compressive strength
value superior to both, the reference concrete without, and with RW
reaching 41.46MPa. This confirms that glass powder became more
effectiveness at a later age.

• Glass powder needs a supplementary agent for dissolving the
amorphous silica to react with the lime at an early age.

• Glass powder as an artificial material showed a more advantageous
behavior than natural sand powder, for 15% cement replacement by
mass.

• The increase in rubber waste leads to decreasing the static elasticity
modulus of the concretes. Moreover, the simultaneous incorporation
of rubber waste and glass powder increases the ductility of concrete
by slowing the elastic and plastic deformations and improving the
energy of specimen's deformation before failure.

• This study supports the large-scale recycling of scrap tires as ag-
gregates and glass bottle as filler to be used in the production of
concrete. It will surely bring enormous environmental benefits.

• Finally, an investigation about the durability of the prepared mix-
tures is needed to complete this work; moreover, microscopic jus-
tifications of the results remain requested.
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Fig. 18. Stress-Strain curves of rubberized concrete with and without glass
powder.

Fig. 19. Effect of the RW content on the static elastic modulus of concrete.
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