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a b s t r a c t

This paper reports result of a study conducted to investigate the effect of granulometric correction of
dune sand and addition of pneumatic waste metal fibers on the drying shrinkage of dune sand concrete.
Valorization of these materials provides both economic and environmental advantages.

A correction of the granulometry of dune sand (DS) by river sand (RS) was undertaken with the
proportions of 50% DS þ 50% RS and 40% DS þ 60% RS. Two types of fibers f1 (lf ¼ 20, d ¼ 0.28 mm) and f2
(lf ¼ 30, d ¼ 0.28 mm) with l/d ratios of respectively 71.43 and 107.14 were incorporated with volume
fractions of 0.5% and 1%.

For the sands obtained frommixing DS and RS, an improvement of fineness modulus of dune sand, and
the sand equivalent of river sand were observed, compared respectively to 100% DS and 100% RS. The
granulometric correction of dune sand and the addition of fibers reduced the drying shrinkage. The
maximum of shrinkage reduction was obtained for the mixtures prepared with 40% DS and 60% RS. The
fibers having the highest aspect ratio and a volume fraction of 1% presented a more significant effect on
drying shrinkage. The more significant reduction of shrinkage was 40.53% compared to concrete without
fibers. Weight loss was higher for the fiber reinforced sand concretes compared to plain sand concretes.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The irrational use of natural resources in the construction
threatens the environment. The valorization of local materials and
industrial wastes can contribute to the reduction of costs and the
preservation of the environment. However, these local materials,
can present defects requiring treatment or transformations. Several
studies (Al-Harthy et al., 2007; Tafraoui, 2009; El Euch Khay et al.,
2010; Guettala and Mezghiche, 2011; Abu Seif, 2013a; Abu Seif,
2013b; Belferrag et al., 2013) on dune sand have found that this
material exhibits fine granulometry causing a significant shrinkage.

Dune sand is available in large quantities in the south of Algeria,
characterized by a hot and dry climate which impacts negatively on
the shrinkage of concrete.

In fact, reduced durability of concrete is one of the major
problems caused by the hot weather conditions (Maslehuddin
et al., 2013).

According to Barr et al. (2003), shrinkage is a complex phe-
nomenon which is influenced by many factors including the con-
stituents, the temperature and relative humidity of the
environment, the age when the concrete is subjected to the drying
environment and the size of the structure or member.

The addition of fibers as reinforcement in concrete improves
both the mechanical and rheological (shrinkage) properties. The
principles of sustainable development and green buildings have
penetrated the construction industry at an accelerating rate in
recent years (Meyer, 2009). The concrete industry in particular,
because of its enormous environmental footprint, has a long way to
go to shed its negative image (Meyer, 2009). The hundreds of
millions of scrap tires generated each year in developed countries
pose a serious environmental problem (Meyer, 2009). According to
Thomas et al. (2015), by the year 2030 the number of used tires in
the world, would reach 1200 million tires yearly.

Because of the environmental threat associated with the waste
tires, their proper disposal has attracted a lot of attention in the last
years (Papakonstantinou and Tobolski, 2006). The successful use of
waste tire chips and fibers in concrete could provide one of the
environmentally responsible and economically viable ways of
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converting this waste into a valuable resource (Senthil Kumaran
et al., 2008). Many studies (Li et al., 2004a, 2004b; Turatsinze
et al., 2005; Nguyen et al., 2010; Bravo and de Brito, 2012; Guo
et al., 2014; Thomas et al., 2014; Onuaguluchi, 2015; Thomas and
Gupta, 2015; Thomas et al., 2015) are interested in recovery of
pneumatic waste especially the waste tire rubbers. However, very
little papers were devoted to the use of pneumatic waste metal
fibers (Belferrag et al., 2007; Aiello et al., 2009; Centonze et al.,
2012; Belferrag et al., 2013). The main benefits of waste recycling
are reduction in environmental pollution and conservation of nat-
ural resources (Onuaguluchi and Panesar, 2014).

In a previous study (Belferrag et al., 2013) we reported that the
addition of pneumatic waste metal fibers improves the compres-
sive strength for the sand dune concrete compared to the concrete
without fibers. The main objectives of this paper are to determine
the effect of the granulometric correction of dune sand (in order to
recycle a local material available in large quantities and at low cost)
and the addition of pneumatic waste metal fibers (valorization of
an industrial waste) on the drying shrinkage of concrete.

2. Experimental investigation

2.1. Materials

Two types of sands were used (Table 1). Dune sand (DS) was
taken from Ain El-beida in the area of Ouargla located in the North-
East of the Algerian Sahara. This region is characterized by an
hyper-arid climate with relative humidity of 28% and an average
maximal temperature reaching up to 45 �C in summer (Period:
1990e2011) (O.N.M, 2014). River sand (RS) was taken from career of
Hassi Sayah in the area of Ouargla.

The determination of sieve analysis and calculation of fineness
modulus (FM) were carried out in accordance with NF P 18-560,
sand equivalency (SE) was measured by NF P 18-598. The specific
and apparent density and the absorption test were conducted in
accordance with NF P 18-555.

Random powder samples of DS and RS were analyzed by X-ray
diffraction (XRD). The measuring system was a Bruker
D8.ADVANCE equipped with a copper anticathode (l¼ 1.5408 nm).
The 2-Theta values ranged from 10� to 60� and were recorded with
a 0.03� step with an acquisition time of 1 s per step.

Two types of fibers obtained from used tires (Fig. 1) were used:
f1 (lf¼ 20, d¼ 0.28mm) and f2 (lf¼ 30, d¼ 0.28mm), with l/d ratios
of respectively 71.43 and 107.14. The physical and mechanical
characterization of these fibers was given in a previous study
(Belferrag et al., 2007).

Table 2 shows the results of the specific and surface area of
3859 cm2/g tests realized on used metal fibers.

For this study, CPJ CEM II/A 32.5 Portland cement was used, with
density of 3.034 kg/dm3. The chemical composition of cement is
given in Table 3.

2.2. Mixing procedure and specimen preparation

Vebe test was used to determine water proportion. Two water-
to-cement ratios (W/C) 0.58 and 0.6 have been obtained from this

test (Table 4). Fifteen concrete mixtures were used for casting the
specimens that were further tested. Compositions of the concrete
mixtures are shown in Table 4.

Three plain sand concrete mixtures, designated as DSC (100%
dune sand concrete), DSRSC1 (Concrete with: 50% dune sandþ 50%
river sand), DSRSC2 (Concrete with: 40% dune sand þ60% river
sand) were prepared. The reason for choosing these different sand
proportions will be discussed later.

Based on these plain concrete mixtures, the metal fiber rein-
forced sand concretes were made for different fiber volumes (0.5
and 1.0%) and fiber types (f1 and f2). The metal fiber concrete
mixtures were labeled using the following codes: The first number
0.5 or 1.0 represent the fiber volume fraction followed by the no-
tation representing the designation of plain concrete, and letter f1
or f2 for the type of fibers. As an example: 1.0DSRSC1_f1.

Prismatic specimens with dimensions 40 � 40 � 160 mm were
used in this study. In mixing procedure, used sands were blended
first and then, cement was added to the mixture. Steel fibers were
carefully dispersed by hand in the mixture to achieve a uniform
distribution of fibers in the concrete. Then, water was gradually
added. The mixtures were cast in two layers into molds and com-
pacted on a vibration table. All the specimens were demoulded
after about 24 h, and exposed to laboratory conditions (T: 25e35 �C,
H: 40% ± 10).

2.3. Shrinkage test

The unrestrained shrinkage test was performed according to NF
P 15-433 (AFNOR, 1994). Three replicates were tested for each mix.
The results presented are mean values from these measurements.
Shrinkage measurements were made by means of a retractometer
(Fig. 2) accurate to ±5 mm/m. The first shrinkage reading was taken
at 24 h after casting and regular measurements were made there-
after up to 730 days age. The retractometer can be calibrated reli-
ably with an invar bar before each measurement is made. The
weight loss of samples with time was studied at the same time as
the shrinkage measurements.

3. Results and discussion

3.1. Workability

The workability was measured by Vebe test according to NF EN
12350-3 (AFNOR, 2012). The time of flow ranges between 20 and
30 s. The VeBe time for sand concrete reinforced by fibers was
higher compared to plain sand concrete (Fig. 3). In fact, the work-
ability decreases with addition of fibers, which is in agreementwith
several studies (K€oksal et al., 2008; Gencel et al., 2011; Belferrag
et al., 2013).

The percentage of dune sand used in the mixtures was 40%, 50%
and 100%. The increasing of the percentage of dune sand leads to
the decrease of the workability, explained by the low value of
fineness modulus of dune sand. Which is in accordance, with the
results obtained by Al-Harthy et al. (2007), proving that the
workability decreases at very high dune sand contents (>50%). In
the same context, Abu Seif (2013b) reported that the workability of

Table 1
Physical properties of used sands.

Sand Apparent density Kg/m3 Specific density Kg/m3 Absorption (%) Sand equivalent (SE) (%) Fineness modulus (FM) (%)

DS 1346.0 2613.7 1.02 97.46 1.00
RS 1471.7 2510.5 0.60 60.87 2.73
50% RS þ 50% DS 1415.8 2560.5 e 72.53 1.89
60% RS þ 40% DS 1380.6 2545.7 e 67.05 2.14
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