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ABSTRACT. The development and research of a new formulation of concrete 
integrating natural resources such as sands (from dunes and/or quarries) as 
well as waste from steel factories in the form of granulated slag from blast 
furnaces lead to the development of new sand concretes for which the 
improvement of specific properties will lead to a search for an agreement 
between production cost and performance. The objective of this research is 
to study the influence of the dosage of the size of the largest aggregate on the 
workability of sand concretes as well as on the compressive strength at 7 days, 
14 days and 28 days. Five types of concrete are made by substituting 
aggregates (dune sand and quarry sand) with each other and with different 
percentages (100%, 75%, 50%, 25% and 0%). The results show that the 
workability of fresh concrete is considerably influenced by the nature of the 
sand; the richer the sand in coarse elements, the fineness modulus increases 
and the more handling improves. In the hardened state, the results show that 
optimization of the compressive strength is achieved when a good 
homogeneity of the concrete is achieved and when a large percentage of 
coarse sand is mixed with a small percentage of fine sand. 
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INTRODUCTION  
 

n a country like Algeria rich in sand of different granulometry (more than two million km2 with a very vast desert) 
and poor in stony materials, reinforced concrete constructions become a little expensive, the modification of local 
resources in terms of materials can at least partially solve the problem of the growing demand for housing [1]. Sand 

concretes (henceforth SC) are a new line of building materials that can replace traditional concrete for economic reasons 
and for its specific qualities [2-5]. 
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In addition to its richness in sand, Algeria has an "El-Hadjar" iron and steel complex which produces enormous quantities 
of waste and by-products each year, in particular crushed slag and granulated slag. These quantities are estimated at 
500,000 tons per year. These slags can be used in the manufacture of concrete and mortars in the form of sand, gravel and 
fine additions or mineral additions. Granulated slag as a mineral or fines additions or as a cement substitute is widely used 
in the formulation of different types of mortars, concrete and innovative concretes. 
Several countries around the world have started using BS (Sand Concrete). In France, a national program called Sablocrete 
has been launched. This project has largely introduced and developed the technique of sand concrete [2]. Russia, a rich 
country in sand, but poor in gravel and massive rocks, has not ceased since 1941 to use BS in various fields of civil 
engineering [2, 6]. Several studies and research have been carried out in Algeria in order to develop this material [7,8]. In 
Tunisia, research has led to very encouraging results [9,10] with a view to the use of sand concrete compacted into bodies 
of pavement, this material remains ignored in the building industry. 
Sand concretes can hence be used for the prefabrication of low or non-bearing elements, or structural elements. It can be 
poured in place for the construction of horizontal or vertical elements [2]. This material also presents a good alternative 
for sprayed concrete which eliminates complex formwork and allows various shapes [11]. 
Several studies have been conducted in order to minimize the drawbacks of sand concrete and improve mechanical 
performance by correcting the granular extent, the type and dosage of addition fines, addition of admixtures, addition of 
fibers, etc. 
The aim of this essentially experimental research is to study the influence of the dosage of the size of the largest aggregate 
on the workability of sand concretes as well as on the compressive strength. The main purpose of this work is also to find 
the optimal mixture possible between dune sand and quarry sand in order to obtain satisfactory mechanical characteristics 
and plastic sand concrete. 
Many works have been carried out for the use of dune sand as a substitute for quarry sand. [12,13] and they have shown 
that the incorporation of desert sand into the crushing sand improves the mechanical strengths, as long as the percentage 
of replaced dune sand is less than 15%, an excess of fines will be observed beyond this percentage. On the other hand 
[12,14], they have also shown that the best mechanical strengths were obtained for a substitution of 30% river sand and 
70% of crushed sand. This was explained by the decrease in the volume of voids following the incorporation of river 
sand. Thus [15], it has been found that the best resistances are obtained with the mixture of coarse quarry sand - fine 
siliceous sand with the same volume which show the best granular spread with a 23% cladding, then quarry sand and 
crystallized slag sand with gains of 15% and 12% respectively. This was explained by the improvement in the compactness 
of sand concretes and consequently the increase in density and mechanical resistance thanks to the good grain size 
distribution of quarry sand and the mixture of silica sand - quarry sand, which is confirmed by [16], that showed that the 
behavior of concrete is influenced by the type of sand, the rate of fines and the shape of sand particles. Other researchers 
have shown that aggregates with their shapes have a significant influence on the rheological properties of cement mortars 
as well as on the physical properties [17]. 
It is in this context that our study falls under the use of two types of fine and coarse sand, the aim of which is to obtain 
results that can improve the state of knowledge of the mechanical performance of  Sand Concrete. Finally, the 
comparison of the experimental results of compressive strengths and workability between the different formulations will 
complete this study. 
 
 
MATERIALS AND FORMULATION OF STUDY CONCRETES    
 
Materials 

o formulate a sand concrete one must respect the standard  NFP 18-101 which limits the size of the largest grains 
of sand to 5 mm. The selected constituents are represented in Fig. 1 and are as follows: 
Aggregates: two types of sand are used: dune sand (DS) with a granular extent of 0/1.25 with a fineness modulus 

of 2.1, quarry sand (QS) with a granular extent of 1.25/5 and a fineness modulus from 3.22. The mean values of the sand 
equivalents show that the study sands are slightly clayey with an acceptable cleanliness for concrete of current quality and 
shrinkage is not particularly feared. 
 
Cement  
The cement used is a Composite Portland Cement (CPJ-CEM II / A 42.5) (NF EN197-1) from a single delivery from the 
cement plant (GICA) in the town of CHLEF. The chemical and mineralogical compositions are given in Tabs. 1 and 2 
respectively. 
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Elements  CaO SiO2 Al2O3 P.A.F Fe2O3 SO3 
 

MgO Residue  

Content (%) 61.69 20.34 5.37 5.03 3.00 2.20 
 

1.80 1.12 
 

Table 1: Chemical composition of cement. 
 
 

Elements  C3S C2S C3A C4AF 

Content (%) 58.3 14.6 8.7 11.26 

 

Table 2: Mineralogical composition of the used cement. 
 
Filler  
The used additive fines are granulated slag fillers obtained by grinding the by-products of the iron and steel industry with a 
granular extent of <80μm. (Standard XP P 18-540). The chemical composition is shown in Tab. 3. 
 
 

Elements  CaO SiO2 Al2O3 
 

Fe2O3 
 
S 

 
MgO 

 
MnO 

Content (%) 43.0 40.8 5.2 0.50 0.8 
 

6.4 
 

3.0 

 

Table 3: Chemical composition of slag. 
 
Super plasticizer 
SIKA VISCOCRETE TEMPO 12 is the super plasticizer chosen for the formulation of sand concrete. It has a liquid 
form and a light brown color. It complies with standard NF EN 934-2. Its properties are shown in Tab. 4. 
 

P.H  Density Content in 
Na2O

Content in ions 
Cl- Dosage  

6  1 1.06  0.01  1%  0.1% 

 
0.2 to 3% of 

diluent weight 
or that of 
cement  

 

Table 4: Property of the SIKA VISCOCRETE TEMPO 12. 
 
Mixing water  
According to NFP 18-303, drinking water is always suitable. The used water is that of the tap. 
 
Formulation of study concretes 
The retained method for the sand concrete formulation will be a theoretical approach of SABLOCRETE formulation 
adjusted experimentally. The different formulations of study sand concretes are distinct in terms of the dosage of the two 
mixtures of dune sand (fine) and quarry sand (coarse), the aim of which is to seek the optimal type of concrete that gives 
the best physico-mechanical characteristics.: five types of sand concrete are tested: SC1 100% dune sand, 0% quarry sand; 
SC2 75% dune sand, 25% quarry sand; SC3 50% dune sand, 50% quarry sand; SC4 25% dune sand, 75% quarry sand); 
SC5 0% dune sand, 100% quarry sand. All the retained formulations are given in Tab. 5. 
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Figure 1: Constituents of the study Sand Concrete. 
 

Concrete References  
Dune Sand 
(DS) (kg) 

Quarry 
Sand (QS) 

(kg)

Cement  
(kg) 

Filler  
(kg) 

Water  
(Liters)  

Super
Plasticizer  
2% (kg)

SC1 
SC2 
SC3 
SC4 
SC5 

1472.8 
1183 
789 

394.5 
0 

0 
408 
816 
1224 
1932 

397.92 
362.49 
362.49 
362.49 
362.49 

195.32 
145.13 
145.13 
145.13 
145.13 

207.5 
182.33 
182.33 
182.33 
182.33 

11.86 
10.15 
10.15 
10.15 
10.15 

Table 5: Formulation and properties of sand concretes. 
 
EXPERIMENTAL PROCEDURE  
 

he mixing of the concrete is carried out according to the NF P18-404 standard in a concrete mixer with a capacity 
of 30 liters, with a total mixing time of 5 minutes. The vibration of the concrete is carried out on a vibrating table 
for 30 + 30s. After storing the molds in air for 24 hours, the test pieces are stored in saturated humidity (RH = 
100%) and at a room temperature. For each type of concrete, the average compressive and flexural tensile 

strengths were determined at a time period of 7, 14 and 28 days. the three-point bending tensile test is carried out on 
prismatic specimens with dimensions (4×4×16 cm) according to NFP18-406 (Fig. 2), the half obtained specimens after 
the tensile test were tested by the test compression according to EN 196-1 The resulting half-test pieces are therefore 
fitted between the two plates of the hydraulic press (Fig. 3) 
 

 
 

Figure 2: Tensile machine, three point bending test. 
 

Figure 3: Machine for compresiion test. 

T 
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RESULTS AND DISCUSSION  
 
Effect of varying the dosage of dune sand and quarry sand on the sag test of sand concrete  

he results of the influence of the dosage of dune and quarry sand are grouped together in Tab. 6. Fig. 4 shows 
clearly that the fine sand dosage influences considerably the workability of the concretes tested, for a constant 
dosage of water and cement and with use of a super plasticizer. Tests show that the richer the sand is in coarse 

elements (in the case of SC4 and SC5, it becomes more porous and very absorbent, the fineness modulus increases and 
the more the workability improves, on the other hand the increase in the fin content ( case of SC1, SC2) decreases the 
fineness modulus and results in poorer handling, the Abrams cone sag is of the order of 2cm which corresponds to firm 
concretes. Conversely, for SC3 and SC4 the mixture binary with the same dosage of coarse sand and fine sand or with a 
high dosage of coarse sand compared to fine sand gave the best maneuverability with subsidence of the order of 5 and 
7cm (according to the NFP18-451 standard) which reflects the plasticity of the study concrete thanks to the good 
granulometry of the granular extent. The SC5 is a very plastic concrete. During the test it was noted that before the 
vibration the water penetrates into the pores (observation of dry concrete) and during the vibration, a film of water is 
observed on the surface concrete (the water in the pores). 
In general, the variation in the workability of sand concretes depends on the dosage of coarse sand, the mineralogical 
nature and the morphology (surface condition, types and shapes of the pores) of the used sands. Fig. 5 presents an 
example of workability test carried out by the Abrams' cone on plastic concrete (SC3 and SC4). 
 

Type of Concrete   SC1 SC2 SC3 SC4 
 

SC5 

Sagging (cm) 2 2 5 7 
 

12 

 

Table 6: Evolution of the subsidence value of the 5 types of sand concrete. 
 

 
 

Figure 4: Influence of the dosage of the size of the largest aggragate 
on the sagging of sand concrete. 

 

Figure 5: Sagging of plastic concrete (SC3, SC4).
 

 
Influence of the dosage of the size of the largest aggregate on the resistance on the mechanical resistance   
Tensile strength by three-point bending (at 7 days, 14 days and 28 days) 
Fig. 6 shows that the granulometry, shape and surface condition of aggregates can play an important role in the tensile 
strength by bending of the studied concrete and that the coarse sand dosage influences the tensile strength by bending.  It 
can be seen that sand is the material which controls the tensile strength for sand concrete, and that increasing the dosage 
of the size of the larger aggregate has a positive effect on the tensile strength. It is clearly visible in Fig. 6 that, each time 
the percentage of quarry sand is increased, the tensile strength improves as a function of the age of the concrete for each 
type of concrete. The lowest three-point flexural tensile strength was recorded at 7 days of time; the minimum is reached 
by SC1 composed of 100% dune sand and the maximum was reported by SC3 composed of 50% DS and 50% QS, this 
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increase is of the order of 26.60% compared to SC1. For SC4, we noticed a decrease in resistance then it increases again 
for the SC5 but they always remain slightly lower than that given by the SC3. The rate of increase of SC5 over SC1 is in 
the order of 21.13%. 
At 14 days and 28 days, it was observed that the best strengths are obtained with SC5, which presents the best granular 
extent with a sheath of the order of 63.88% and 89.72% respectively compared to SC1, then the mixture composed of 
75% coarse quarry sand + 25% fine siliceous sand. The gain in strength compared to SC1 concrete with silica sand is 
mainly due to the good grain size, the rough surface state and the mineralogical nature of the coarse sand which gives 
good adhesion between the grains of this sand and the cement matrix and consequently the increase in resistance, which 
confirms the research results found by [15,16], which showed that the behavior of concrete is influenced by the type of 
sand, the level of fines and the shape of the particles of the sand. The highest flexural tensile strengths are obtained with 
quarry sands and the mixture of quarry sand-silica sand. 

 

 
Figure 6: Tensile strength by bending of the study SC at 7 days, 14 days and 28 days. 

 
Compressive strength (at 7 days, 14 days and 28 days) 
The results grouped together in Tab. 7 and illustrated in Fig. 7 show that the size of the largest aggregate has a favorable 
effect on the compressive strength of the study sand concrete for the various maturities. The best results obtained 
compared to SC1 are those of SC4 (25% DS and 75% QS). 
At 7 days, the increase in compressive strength of SC2, SC3, SC4 and SC5 was on the order of 30.43% and 75.21% and 
90.65% and 79.78% respectively. Going from SC4 to SC5, we observed a drop in resistance of around 12%. 
At 14 days, a gain in resistance of SC2, SC3, SC4 and SC5 is to be reported in the order of 4% and 40.56% and 71.04% 
and 54.19% respectively. A decrease in resistance is recorded going from SC4 to SC5 of around 23.72%. 
The same finding was observed at 28 days, the compressive strength of SC2, SC3, SC4 and SC5 increases by the order of 
3.46%, 51.54%, 80.21% and 73.53% respectively. Going from SC4 to SC5, we observed a drop in resistance of around 
8.33%.  
We can say that to have a good compressive strength, it is necessary to use a large percentage of coarse sand with a small 
percentage of fine sand. The essential effect of quarry sand is the improvement of the mechanical behavior such as the 
compressive strength and the addition of a dune sand (which occupies 25% of the amount of aggregates) has the role of 
closing the voids and the pores, thus avoiding porosity and achieving good homogeneity and workability for concrete, as 
well as good compressive strength. 
Various researchers [12,14,15] agree that mixing coarse sand with fine sand significantly improves the mechanical behavior 
of study sand concretes. 
It can be concluded that the best results obtained in compression are those with a strong dosage of coarse sand (SC) and 
other weak of fine sand (SD); one can consider SC4 as an optimal dosage. 
The compressive and flexural tensile strength is influenced by the mineralogical nature and the surface condition of the 
used sands.  
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Concrete Type  
Average compressive strength (ACS) 

7days  14days  28days  
SC1 
SC2 
SC3 
SC4 
SC5 

18.60 
24.26 
32.59 
35.46 
33.44 

25.52 
26.54 
35.87 
43.65 
39.35 

26.33 
27.24 
39.90 
47.45 
45.69 

 

Table 7: Average compressive strengths of the study Sand Concrete at 7days, 14days and 28days on half of the specimen (4x4x16)cm3. 
 

 
Figure 7: Compressive strength of study SC at 7 days, 14 days and 28 days. 

 
 

CONCLUSION 
 

ifferent types of concrete are produced in all structures that exist around the world. Each type of concrete has 
mechanical and physical characteristics depending on their material compositions and formulations. 
Sand Concrete has advantages such as improved workability to facilitate the pouring of heavily scrapped 

elements and in places with difficult access, as well as cost savings (especially in desert countries).Mechanical 
performances remain one of the most widely used criteria for judging the quality of these concretes and for their 
classifications. Several studies have been carried out in order to minimize the disadvantages of sand concrete and improve 
mechanical performance such as correcting the granular extent, adding fibers, etc. 
This study has highlighted the influence of the dosage of the size of the largest aggregate on the mechanical behavior of 
hardened sand concretes while maintaining the rheology in the fresh state necessary for their placement. Sand concrete 
composed of a high dosage of coarse sand and other weak of fine sand exhibits improvements in compressive strength 
and sagging which classifies this concrete (SC4) in the range of plastic concrete. The drawn conclusions from the study are 
the following: 

 In a fresh state; the richer the sand in coarse elements, the fineness modulus increases the better the workability 
improves, on the other hand, increasing the fineness content decreases the fineness modulus and results in poorer 
handling. 

 To ensure great sagging and therefore good workability, it is always necessary to substitute the small aggregate by 
the large aggregate, the latter forming the granular skeleton of the sand concrete. 

 A sand concrete which contains 100% or 75% dune sand of the mass of aggregates (SC1 and SC2) is a firm 
concrete, because of the fineness of the dune sand which contributes to the closing of the pores and voids and 
also the absorption of mixing water. 

D 
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 The use of quarry sand with percentages of 50% and 75% of the granular mass have obtained a plastic concrete 
thanks to the reduction of dune sand which absorbs water and occupies the pores that exist in the body of the 
concrete. As well as SC5 concrete which contains a percentage of 100% quarry sand is classified as very plastic 
concrete based on its slump value (12cm). 

 In the hardened state; using 100% and 75% SDD (case of SC1 and SC2) gave us low compressive and bending 
tensile strengths when compared to those of SC3, SC4 and SC5. 

 The SC4 gave a gain in compressive stress of around 90.69%; 71.04% and 80.21% at different ages 7 days, 14 
days and 28 days respectively compared to a control concrete without coarse sand SC1. 

 To achieve good compressive strength, it is necessary to ensure good homogeneity of the concrete and it is 
strongly recommended to use a large percentage of coarse sand with a small percentage of fine sand. 

 The increase in the dosage of coarse sand in the composition of sand concretes improves the tensile strength by 
bending, optimization is achieved for a SC5 composed only of quarry sand. The rate of increase of SC5 over SC1 
over 7 days, 14 days and 28 days is of the order of 21.13%, 63.88% and 89.72% respectively over SC1. 

According to the findings, we can conclude that the optimization of the study sand concretes is ensured by the SC4 
because it offers to the new sand concrete not only an improvement of the mechanical behavior (tension by bending and 
compression) but also a plastic grade sand concrete P. 
 
 
NOMENCLATURE  
 
SC: Sand Concrete  
SD: Sand Dune 
QS: Quarry Sand  
SC1: Sand Concrete type 1 
SC2: Sand Concrete type 2 
SC3: Sand Concrete type 3 
SC4: Sand Concrete type 4 
SC5: Sand Concrete type 5 
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