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Abstract

1. Introduction

Self-compacting concretes (SCC) are known to be very fluid
concretes, homogeneous, that take place by the only mean
of gravity without segregation and bleeding. Higher cement
and fines content is needed in SCC to increase their flowability
and stability. The use of sands rich in fines may be a cost
effective alternative source of filler. These sands may also
improve the performance and cost effectiveness of SCC. It
should be noted that little published investigation has been
done to study the effect of type and quality of sand on the
rheological and mechanical properties of SCC. Hence, the main
objective of this research work is to examine the influence of
various types of sand with different morphologies and origins
on the fresh and hardened properties of SCC. Various types
of sand were used: crushed sand (CS), river sand (RS), dune
sand (DS) and a mixture binary or ternary of these sands.
The mixture proportions were based on Okamura’s method,
with improvements made on the methods of selecting the
sand–mortar (S/M) ratio and the superplasticizer content.
For all mixtures the sand/mortar and water/cement ratios
were kept constant. The experimental results indicate that
the rheological and mechanical performances of mortars and
concretes improve with mixtures of crushed and river sands but
decrease with mixtures of crushed and dune sands especially
for higher dune sand content. This effect was also observed
with mortar and concrete containing ternary sands

Self-compacting concrete (SCC) is a new generation of concrete
that fits well with the current state of development of the
structures facing a labor less qualified. This range of concrete
is characterized by a high workability and a high deformability,
while being stable and ensures durable structures. The SCC can
be implemented without vibration, through confined areas only
under the effect of gravity, while developing good compactness
without requiring skilled labor during the consolidation.
These properties contribute to a sustainable concrete quality.
Depending on the density and complexity of the reinforcement
of structural elements, the need for vibration can decrease
significantly and even be eliminated, which is a labor-intensive
economy [1-2]. SCC is characterized, in general, by a formulation
containing various chemical and mineral additives in precise
proportions to meet the requirements of the specifications for
workability and stability. The incorporation of supplementary
cementitious materials improves the rheological, physical,
mechanical and durability properties of SCC [3-4]. For example,
the limestone fillers are generally used to increase the amount
of powder in the composition of SCC [5]. In the production of
crushed sand, there is a significant proportion of fines in the
sand, this proportion of fines is approximately 10-15% of the
total weight of crushed sand. The use of sands rich in fines may
be regarded as an alternative source of fillers. These sands
enhance the cost of SCC by reduction of the high demand for
fillers on the one hand, and secondly obtaining a SCC with
good physical and mechanical properties of BAP such as
permeability, absorption and strength [6-17]
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Moreover, the abundance of fine sand dunes, particularly in
Sahara desert of Algeria, the idea of promoting its value in
the manufacturing of concrete represents a great economic
importance. With the depletion of aggregate resources in
Algeria and the high cost of transportation, it becomes
economic and environmental interest that could present the
valuation of abundant local sands such as crushed sand and
dunes sand for manufacturing of concretes.
It is in this context that the present work is part and it aims
to use different types of sand for the manufacturing of SCC.
In this regard, three types of sand with different origin and
morphology are used; crushed sand, dune sand and river sand.
Binary and ternary mixtures of these sands were also used in
this study. Hence, the main objective of this study is to provide
more information about the effects of various types of sand
on fresh and hardened properties of self-compacting concrete.

2.2. Mixture proportions
SCC mixes were made, which had total cement content of 475
kg/m3 for. Coarse aggregates content was maintained at 31%
by volume of cement for concrete and fine aggregates content
at 50% by volume of mortar in concrete. The W/P was fixed at
0.4 by weight with air-content being assumed to be 1%.
SCC mixes were prepared with different types of sand: crushed
sand, river sand, dune sand and binary or ternary sands. The
SCC mixture proportions are summarized in Table 3.

Figure 1. Particle size distributions of different sands

Tests used to characterize the rheological and mechanical
properties of mortars include: slump flow, flow time, L-box
test, segregation test and compressive strength.
2. Materials and tests
2.1. Materials
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The cement used in the present study was a CEM I 42.5. The
chemical and physical properties of cement are given in Table 1.
A polycarboxlic-ether type superplasticizer (SP) with a specific
gravity of 1.07 and a solid content of 30% was used.

2.3. Mixing procedure

Continuously graded coarse aggregates (CA) (3/8 and 8/15
mm) were used in this study with a specific gravity and water
absorption of 2.7% and 2.52% respectively. Various types of
sand were used: crushed sand (CS), river sand (RS), dune sand
(DS) and a mixture of these sands. The physical properties and
sieve analysis results of these sands are given in Table 2 and
Figure 1 respectively.

The mixing procedure and time are very important, thus the
mixing process was kept constant for all concrete mixtures.
The batching sequence consisted of homogenizing the powder
and aggregates for 30 s in a rotary planetary mixer, then adding
70% of water and mixed for 1 min. Thereafter remaining water
(30%) with SP was introduced, and the concrete was mixed for
5 min, then the mixing was stopped for 2 min and again the
concrete was further mixed for 30 sec before it was discharged
from the mixer

Table 1. Chemical and physical properties of cement

Table 2. Physical properties of the investigated sands

Chemical composition (%)
SiO2
CaO
MgO
Al2O3
Fe2O3
SO3
MnO
K 2O
TiO2
Na2O
CI
Loss of Ignition
Physical properties
Specific density
Fineness (m²/kg)
Compressive strength at 28 days (MPa)

21.7
65.7
0.7
5.2
2.7
0.6
0.4
0.7
0.01
0.3
3.15
300
44

Properties

Sand type
CS

RS

DS

Specific gravity

2.68

2.67

2.65

Unit weight (kg/m3)

1541

1758

1520

Fineness modulus

2.21

2.45

0.78

71

87

83

Sand equivalent (%)

2.4. Concrete testing
In this investigation the filling ability was evaluated by slump
flow and V-funnel tests for SCC [8]. The passing ability was
measured by L-Box tests [8]. The resistance to segregation
was measured by GTM sieve stability test.
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Table 3. SCC mixture proportions
Mix N°

Cement
(kg/m3)

CS (%)

CS (kg/
m3)

RS (%)

RS (kg/m3)

DS (%)

DS (kg/
m3)

CA (kg/m3)

SP (kg/
m 3)

Water
(kg/m3)

SCC1
SCC2
SCC3
SCC4
SCC5
SCC6
SCC7
SCC8
SCC9
SCC10
SCC11
SCC12
SCC13
SCC14
SCC15

475
475
475
475
475
475
475
475
475
475
475
475
475
475
475

100
75
50
25
75
50
25
0
0
0
0
0
50
25
25

886
665
443
222
665
443
222
0
0
0
0
0
443
222
222

0
25
50
75
0
0
0
0
100
75
50
25
25
50
25

0
222
443
665
0
0
0
0
886
665
443
222
222
443
222

0
0
0
0
25
50
75
100
0
25
50
75
25
25
50

0
0
0
0
222
443
665
886
0
222
443
665
222
222
443

830
830
830
830
830
830
830
830
830
830
830
830
830
830
830

2.9
2.9
2.9
2.9
2.9
2.9
2.9
7.1
4.2
4.2
4.2
4.2
2.9
2.9
2.9

190
190
190
190
190
190
190
190
190
190
190
190
190
190
190

For compressive strength tests, from each concrete mixture
three prisms of 70x70x280 mm were cast. Specimens were left
covered with a plastic sheet. After removal from moulds, at 24 h
of age, concrete specimens were immersed in water saturated
with lime at 20 °C until the age of testing. The compression
test was conducted at the age of 28 according to NFP 15-451
on the half samples obtained after the flexural test.
3. Results and discussion
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3.1. Slump flow test
The results of slump flow are presented in Figure 2. We note
that the slump flow values of SCC: 3, 4, 8, 9, 10, and 13 are in
the range of SF3 class (760-850 mm). Whereas SCC: 1, 2, 5, 6, 7
and 11 are in the range of the SF2 class (660-750 mm) defined
by the AFGC recommendations [9]. We note an increase in the
slump flow of SCC with mixture sand of river and crushed sand,
this increase becomes very important when the percentage
of river sand exceeds 50%. As against a decrease in slump
flow was observed in SCC with mixture sand of crushed and
dune sand or river and sand dune, this decrease also becomes
very important when the sand dune percentage is very high.
Therefore, the addition of dune sand up to 25% improves the
slump flow of SCC. Beyond this content of dune sand, the
slump spread decreases and does not meet the criteria for selfcompacting concrete and behaves like an ordinary concrete.
From this, we can conclude that the river sand has a beneficial
effect on the slump spread, unlike the dune sand which reduces
remarkably the slump spread of SCC.

Figure 2. Slump flow of SCC with different types of sand

3.2. V-funnel flow time
The results of variation of the flow time using the V-Funnel test
are shown in Figure 3. This test indicates the filling capacity
of mixture. The test of the flow through the funnel in V is a
way to evaluate the viscosity and resistance to segregation
of concrete. From figure 3 it can be noted that the values of
the flow time through V- funnel are included in the interval (612 sec) proposed by Domone [20]. The addition of sand dunes
increases the flow time of SCC compared to river sand, but the
recorded values of the flow time meet the recommendations
of SCC production. One can say that even with moderate
dosages in sand dunes, the measured flow time shows that
incorporation of dune sand increases the viscosity of SCC and
this is due to the increase of the specific surface area of fine
aggregate.
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3.4. Sieve stability test GTM
Sieve stability results are shown in Figure 5. It is noted that
the percentages of milt passing through the sieve are between
6 and 15% according to recommendations ENFRAC [18], except
for SCC: 7 8, 12 and 15, which are slightly above than the
recommended values for SCC. This is due to high percentage
of sand dune used in blends, since the latter has a fine particle
size that passes through the sieve with the amount of milt.
Generally, we can say that the results obtained show that all
SCC have good resistance to segregation and bleeding. Further,
visual examination of SCC reveals that they are homogeneous
and stable. The use of calcareous sand with river or sand dune
increases the volume of the paste and therefore improves the
stability of the SCC.

Figure 3. V-funnel flow time of SCC with different types
of sand
3.3. L-box test
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The results of variation of H2 / H1 using L-box test are shown in
Figure 4. It is seen that all results comply with the requirements
of AFGC recommendations [19] (H2 / H1> 0.8). We also notice
a decrease in H2 / H1 in SCC with binary and ternary mixtures
sands when the sand dune percentage is above 50%. The
partial incorporation of sand dunes in the mixtures increases
the filling capacity of SCC, and therefore the mobility of SCC in
confined areas.
The use of binary and ternary mixtures sands improves the
rheological properties of SCC. R’mili et al [21] have studied the
effect of the incorporation of crushed sand and desert sand on
properties of self-compacting concrete. The results show that
the ability to fill in L-box, is improved when the crushed sand is
partially replaced by the desert sand.

Figure 5. Sieve stability GTM of SCC with different types
of sand
3.5. Compressive strength
Figure 6 shows the variation of the compressive strength of
different SCC at 28 days. We note that the best strengths
achieved after 28 days are obtained with SCC made with
mixture sand of river and crushed sand. It is shown that the
river sand has a beneficial effect on the compressive strength
of SCC due to its continuous particle size. However, the
strength gain for SCC containing crushed sand appears to be
linked to the existence of limestone fines in sand. A reduction
in the compressive strength was observed in SCC with binary
and ternary mixtures of crushed- dune sand, river - dune sand
and crushing- river -dune sand. This means that the dune
sand decreases compressive strength of SCC due to its very
fine particle size, high surface area and high porosity, which
gives less compactness of SCC than those made with river and
crushed sand [22-23].

Figure 4. L-box filling high of SCC with different types of
sand
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Figure 6. Compressive strength of SCC with different
types of sand
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4. Conclusion
The assessment of the behavior of SCC at fresh and hardened
state leads to the following:
- The use of binary and ternary mixtures sands improves the
rheological and mechanical properties of SCC.
- At different contents of river and crushed sand, the
rheological and mechanical characteristics are met and comply
with recommendations of the manufacturing of SCC. However,
the use of high dosages of sand dunes reduces the rheological
parameters of SCC. Therefore, to meet the self-compacting
properties, additional amounts of water and superplasticizer
are strongly required.
- The best strengths are obtained for SCC made with crushed
and river sand. This is due to the good size distribution of these
sands. The mechanical strengths decreased by adding a high
content of dune sand but they reach acceptable values.
Based on the obtained results, it can be argued that the use
of locally available materials in the manufacturing of concrete
can be an economic and technological important alternative
in some developing countries. The partial incorporation of the
sand dune in the composition of self-compacting concrete can
provide a solution for some work in the southern regions of
the country where this material is very abundant. Moreover,
crushed limestone sands are interesting alternative source to
replace the river sand (rolled) for making any kind of concrete.
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