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 The valorization of waste in building materials, has now become widely of great concern, 
facing the economic; technical and environmental problems encountered. Resulting on the 
one hand from the high price of aggregates; the gradual exhaution of natural resources; and 
the high costs of waste management and disposal, on the other hand. For this purpose, our 
research topic was developed, focusing on the formulation of a sand concrete, using dune 
sand available in sufficient quantities in Algeria and local waste, specifically limestone filler 
and biomass ash as cementitious addition by a partial substitution of Portland CEM I cement 
at dosages of 0%, 8% and 24%; and the parameter water-to-cement ratio was maintained 
constant for all the mixes. A comparative study between the different ash-based concretes 
and a control one was carried out by studying their properties in the fresh and hardened 
states. The results obtained show that the properties of the fresh concrete (workability and 
density) and the mechanical characteristics (compressive and tensile strength at 28 days) vary 
according to the substitution rate of the addition used and the incorporation of 8% of biomass 
ash increases the workability; leads to an evolution of the density and improves the 
compressive and tensile strength of the dune sand concrete. 

1.Introduction 

Technological progress and the incessant demand of the actors of 
construction, have led researchers to find solutions to the gradual 
exhaustion of resources; their lack and their increasing cost as well, 
by the valorization of industrial or biomass wastes in building 
materials and therefore solve the environmental problems linked to 
the management and elimination of the said wastes. 
 
In addition to that, in recent years there has been a renewed interest 
in eco-materials and economical concretes, including sand concrete. 
This is a fine concrete, essentially composed of sand, fines, cement 
and water and possibly specific additions such as: additives, fibers, 
gravel to meet certain desired characteristics; and which constitutes 
a profitable alternative for regions rich in sand and low in aggregates 
(gravel) [1.,3.]. 
 

Also, thanks to its technical qualities, mainly its workability, absence 
of segregation, its good aesthetic aspect offering advantages of use in 
prefabrication and its economically interesting cost compared to 
traditional concrete [9.]. 

It is in this context that we opted for a sand concrete, using available 
local resources such as dune sand, limestone fillers and ashes from 
biomass waste, as a cementitious addition at dosages of 0%; 8% and 
24%; in order to study its effect on the properties of fresh (workability 
and density) and hardened states (compressive strength and flexural 
tensile strength at 28 days) compared to a control concrete (without 
addition).  

Several studies based on supplementary cementing materials to sand 
concrete, have indicated their effect on the improvement of their 
mechanical strengths. Guettala et al. (1999) [2.] investigated the 
mechanical characteristics of two types of sand concrete, based on 
rolled sand vs dune sand. it was observed that the mechanical 
strength rises with the age of the two types of sand concrete. 
Therefore, the mechanical strength decreases when increasing the 
water/cement ratio for rolled sand concrete and increases for the 
dune sand concrete. 
 
Bouziani et al. (2012) [5.] examined the effect of dune sand, on the 
properties of flowing sand-concrete (FSC) prepared with different 
proportions of dune and river sands. The results show that an optimal 
content of dune sand, which makes satisfied fresh and hardened 
properties of FSC, is obtained. Moreover, the obtained flow index 
(constant b) calculated by the help of power-law viscosity model is 
successfully correlated to the experimental results of v-funnel flow 
time. 

Bouaziz et al. (2013) [6.] checked if the dune sand (0/0.63) can replace 
completely the alluvial sand commonly used in the formulations of 
sand concrete and ordinary concrete. It seems that the substitution of 
a fraction in the cement (34%) by a judicious choice of limestone filler 
and alluvial sand and also the incorporation of synthetic or plant 
fibers can provide satisfactory results compared to the other ones 
deducted to theoretical formulation. 

Melais et al. (2015) [12.] described the influence of mineralogical and 
morphological nature of natural and artificial sands on the properties 
of sand concretes. Two mineral admixtures and artificial sands 
obtained by grinding or crushing granulated or crystallized blast 



Razika et all.  
 

PACE 2021- Ataturk University, Engineering Faculty, Department of Civil Engineering, Erzurum, 25030, TURKEY  20-23 June 2021 
  2 

 
 

furnace slag produced by Arcelor Mittal Steel plant of El Hadjar 
(Algeria), are used. The obtained results show that the rheological 
properties of fresh concrete (i.e., workability and density) and 
mechanical strength vary with the mineralogy, morphology, density 
and grain size distribution of sands used. The microstructure analysis 
shows a dense cement matrix for all concrete specimens tested. While, 
the cement matrix-aggregate adhesion depends on the nature and 
texture of sands. 

Djouhri et al. (2018) [13.] used the dune sand into the sand concrete 
composition with 90%; 85%; 80%; 75% dosages. Then study the effect 
of the cured environments (open air; tap water and ground water) on 
physical and mechanical properties. The results obtained show that 
the sand concrete cured in tap water, gives good results compared to 
those conserved in the open air and in the ground water. The 
evolution of the compressive strength up to 6.6 MPa and 3.7 MPa of 
the tensile strength, and 2030 kg/m3 of the density at 180days. 

In addition to that, in last years researchers has shown interest to the 
incorporation of biomass wastes as cementitious addition to sand 
concrete for environment and technical purposes. Gadri & Guettala. 
(2014) [7.] studied the effect of adding silica fume to wadi sand 
concrete on their mechanical characteristics and on their shrinkage; 
by partial substitution of limestone fillers (with and without 
superplasticizer) according to the percentages (0%, 5%, and 8%). A 
significant improvement of the mechanical characteristics as well as 
the decrease of the shrinkage, was noticed. The optimal compactness 
is obtained for a dosage of 180 Kg/m3 of filler (limestone + S.F), and the 
addition of 5% of silica fume makes the structure of the sand concrete 
denser, more closed. Hence, its resistance to the penetration of 
aggressive agents will be noted. 
 
Gadri & Guettala. (2014) [8.] experimented the incorporating of tile 
polishing waste as filler at different dosages in the sand concrete and 
studied its effect on the physical characteristics (shrinkage, 
longitudinal deformation) as well as mechanical ones (compressive 
and tensile strength), in order to use it in different fields and 
especially in the repair of reinforced concrete structures. The results 
indicated an economic and ecological gain, with an optimum dosage 
of 145 Kg/m3 of filler from tile polishing waste at the age of 28 days. 
It was possible to obtain a mechanical resistance to compression that 
exceeds 25 MPa with a moderate shrinkage. 

Guendouz et al. (2015) [10.] focused on recovering the plastic waste of 
the worn bottles in PET and enclosures of packing LDPE rejected into 
nature, added as a powder in the mass of the sand concrete by 
substitution (10%, 20%, 30%, 40%) and by fibers addition (0.5%, 1%, 
1.5%, 2%). According to results the substitution of sand by the plastic 
powder leads to remarkable reductions in the density of all the mixes 
carried out, as well as an improvement of the performances of sand 
concretes. In addition, the reinforcement of the cementing matrix 
with plastic fibers, show a clear improvement of the tensile strength. 

Melais et al. (2015) [11.] evaluated the effect of polypropylene, metal 
and a mixture of the two types of fiber content, on the properties of 
fresh sand concrete and on its mechanical behavior. It was noticed 
that the workability and the density of fresh concrete, are 
considerably influenced by the nature and the fibers content. 
Satisfactory results are obtained for mechanical behavior of bending 
elements whose steel fibers are placed only in the tensile area, which 
presents also an economical solution. 

Rihia et al. (2019) [14.] studied the performance of sand concretes in 
the fresh and hardened states (density, workability, air content, 
compressive and flexural tensile strengths) and durability parameters 
(capillary and immersion absorptions), by introducing treated plant 
straw fibres(wastes) separated and mixed into sand concretes at 
substitution rates of 10% and 20%. The study shows satisfactory 
results. 

Syafwandi & Sulistyawan. (2020) [15.] analyzed the effect of bagasse 
ash as a cement substitution at dosages of 2.5%, 5%, and 7.5% by 
weight of cement; and glass powder as sand substitution as 5%, 10%, 
and 15% by weight of sand. The results indicate that the workability 
decreased with the increased percentage of substitution materials. 

Compressive strength results variations are under the control 
concrete; however, the highest compressive strength is obtained with 
a mixture of 2.5% bagasse ash + 5% glass powder (24.50 MPa) at 28 
days.  

Aswin et al. (2021) [16.] explored utilizing the corn leaf ash (organic 
waste on agricultural area), on the concrete as cement replacement 
material (CRM) at eight different percentages, 0%; 2.5%; 5%; 7.5%; 10%; 
12.5%; 15% and 17.5%. The results showed that the compressive 
strength of the concrete ADJ of 2.5%, 5% and 7.5% increased. ADJ of 
7.5% provided the maximum compressive strength. Thus, corn leaf 
ash can be used as CRM. 

The above literature review shows particularly improvement on 
mechanical strengths for the studies conducted on sand concretes. 
Also, in this research the experimental results obtained, illustrate that 
the properties of fresh sand concrete (workability and density) and 
mechanical characteristics (compressive and flexural tensile strength 
at the age of 28days) vary according to the substitution rate of the 
addition used and the incorporation of 8% of biomass ash increases 
its workability, leads to an evolution of the density and improves the 
compressive and tensile strengths of dune sand concrete. 

 
2. Experimental program 

2.1. Materials 

The sand concretes studied are composed of dune sand, portland CEMI 
cement, limestone fillers, biomass ash addition, superplasticizer and 
tap water. These components are necessary to obtain sand concretes 
with the desired properties [1.]. 

The sand is the main component of sand concrete and composes its 
granular structure. In our study, it is a dune sand, siliceous from the 
region of Oued Zhor-Skikda/Algeria. 

The cement used, is a portland cement CEMI 42.5 N, coming from the 
cement factory Ain El Kebira of Setif-Algeria (SCAEK), its chemical 
composition and physical characteristics are mentioned on Table. 1 
and Table. 2. 

The fines of addition are limestone fillers, coming from the ENG Ben 
Azzouz-Skikda quarry. They are necessary for the mix design of sand 
concrete to improve the compactness of the granular structure. 

Biomass ash, are resulting from the combustion and grinding of 
biomass waste. This agricultural waste is available in the North of 
Algeria; in our study, it comes from the region of Skikda. These ashes 
are incorporated in the sand concrete by the partial substitution of 
cement with determined dosages. 

A highly water-reducing superplasticizer of the brand MasterGlenium 
26, supplied by BASF Construction Chemicals Algeria was used in this 
study. The superplastizer has a PH equal to 7 and a specific gravity of 
1.08±0.02.   
Its use is necessary for the deflocculation of the fine particles and the 
increase of the workability of the sand concrete.  

The mixing water used for the preparation of the sand concretes, is 
tap water. 

Table 1 and Table 2, illustrate the chemical composition and physical 
characteristics of the components. 
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Figure 1. Sand concretes components 

 

Table 1. Chemical composition of cement, biomass ash, dune sand 
and limestone fillers  

(%) 
Cement 

CEMI 
Biomass 

ash  
Dune  
Sand  

Limestone 
Fillers 

 

 

CaO  

SiO2  

Al2O3 

61.61 

21.35 

4.29 

6.98 

51.27 

1.34 

9.58 

83.08 

2.25 

51.17 

1.63 

0.91 

 

Fe2O3  

MgO  

Free CaO 

SO3 

LOI 

4.73 

1.39 

0.8 

1.43 

0.45 

1.07 

2.25 

- 

0.00 

12.56 

1.89 

0.21 

- 

0.01 

0.89 

0.51 

2.28 

- 

0.00 

40.63 

 

 

 

 

Table 2. Physical properties of cement, biomass ash, dune sand and limestone fillers  

Physical properties Cement 
CEMI 

Biomass 
ash 

Dune 
Sand 

Limestone 
Fillers 

Apparent density(g/cm3)  

specific density(g/cm3) 

specific surface(cm2/g) 

Sand equivalent (%)  

Fineness modulus 

Porosity (%)  

Standard Consistency (%) 

Initial setting time (min) 

Final setting time (min) 

Flexural strength 28days (MPa)  

Compressive strength 28days(MPa) 

- 

3.2 

3210 

- 

- 

- 

24 

240 

420 

7.10 

46 

0.45 

2.19 

2069 

- 

- 

- 

- 

- 

- 

- 

- 

1.4 

2.6 

- 

86 

1.50 

46.15 

- 

- 

- 

- 

- 

0.80 

2.62 

3520 

- 

- 

- 

- 

- 

- 

- 

- 

2.2. Mixtures proportions 

To study the properties of ash-based sand concrete, two steps were 
considered to formulate the mixes for our research: 

1st step: Formulation of a sand concrete with a composition without 
cement additions (basic formulation = control sand concrete). 

2nd Step: Formulation of a series of sand concrete with additition, 
made with two different mixtures with dosages of 8% and 24% of 
biomass ash, from the basic formulation. 

This formulation is based on the experimental approach of the 
SABLOCRETE project [1.], based on the realization of successive 
batches, to arrive at the basic formulation of the sand concrete 
(control). The sand concretes produced (Table 3), are noted as follows: 
BST; BSC8; BSC24.  

Table 3. Concretes mix proportions 

Mix N° BST BSC8 BSC24 

 
Cement (kg/m3) 

Biomass Ashes(kg/m3) 

Dune Sand(kg/m3) 

Fillers(kg/m3) 

SP(kg/m3) 

 
400 

- 

1190 

238 

5.2 

 
368 

20 

1190 

238 

5.2 

 
304 

66 

1190 

238 

5.2 

Water(kg/m3) 268 268 268 

Preparation of test specimen 

The specimens were demolded after 24 hours of casting and were kept 
for curing under tap water immersion at laboratory temperature 
23±2˚C until the specific ages. 

2.3. Testing procedure  

The objective of this work, is to study the effect of biomass ash on sand 
concrete in partial replacement of cement to dosages of 0%; 8% and 
24%, compared to control one. 

The characterization of the mixes is carried out in the fresh state in 
order to evaluate the workability and density characteristics of the 
studied concretes. Then, in the hardened state to determine the 
mechanical properties in compressive and flexural tensile strengths 
at the age of 28 days. In the fresh state, the workability of the 
formulated mixtures was characterized by the slump test (Figure 2). 

 

Figure 2. slump Test of sand concrete 

Limestone 
 

Dune sand 

Cement CEMI Bıomass ash 
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However, the density of the concrete was evaluated in the fresh state 
(Figure. 3). 

 

 

Figure 3. Density of sand concrete 

 

In the hardened state, the flexural tensile test, was performed on 
prismatic specimens 4x4x16cm at the age of 28 days (Figure. 4). Three 
(03) specimens were tested, and the average value was taken. 

The compressive test was carried out on the 4x4x16 cm prismatic 
half-tests, resulting from the tensile test at the age of 28 days (Figure 
4). 

 

 

Figure 4. Tensile and Compressive test machine 

 

3. Results and discussion 
 

3.1. Influence of the addition of biomass ash on the 
properties of sand concrete in the fresh state 

 
The results of the workability of sand concrete determined by slump 
test (Figure.5), show that the addition of biomass ash influences the 
workability of the studied concretes for a constant water dosage; and 
the rate of 8% shows a maximum slump. However, the increase in the 
dosage of biomass ash reduces the slump of the dune sand concrete 
due to the improvement of the cohesion between the particles because 
of the substitution of a part of cement by fine ground biomass ash 
whose nature, surface condition, porosity, granulometry and the rate 
of this addition, are the reasons for this variation.    

 

 

Figure 5. Effect of biomass ash on sand concrete workability 

 
Figure 6 shows an increase in the density of the sand concrete with 
8% of addition, which represents the optimum compared to the 
control one. Then a decrease of the density, is noted according to the 
increase of the rate of addition. This explains the filling role of these 
additions. 

 

Figure 6. Effect of biomass ash on sand concrete density 
 

3.2 Influence of the addition on the mechanical properties of sand 
concrete 

Figures 7 & 8 illustrate the effect of the addition (biomass ash) on the 
mechanical strengths at 28 days of sand concretes studied. 

 

Figure 7. Effect of biomass ash on sand concrete compressive 
strengths. 

According to figures. 7 & 8, it is noted that the flexural tensile and 
compressive strengths at 28 days of sand concretes, vary according to 
the dosage of addition, and the rate of 8% is the optimum in flexural 
tensile and compressive strengths at 28 days.   

0
5

10
15
20
25

BST BSC8 BSC24

Sl
um

p 
 (c

m
)

Concrete mix

Workability

1.98

2.03

2.08

2.13

2.18

BST BSC8 BSC24

De
ns

ity
 (g

/c
m

3 )

Concrete mix

Density at the fresh state

0

10

20

30

BST BSC8 BSC24Co
m

pr
es

si
ve

 st
re

ng
ht

 (M
pa

)

Concrete mix

Mechanical resistance at 28days (Mpa)



Razika et all.  
 

PACE 2021- Ataturk University, Engineering Faculty, Department of Civil Engineering, Erzurum, 25030, TURKEY  20-23 June 2021 
  5 

 
 

 

Figure 8. Effect of biomass ash on sand concrete flexural tensile 
strengths. 

 
 
The most significant effect on the evolution of flexural tensile and 
compressive strengths at 28days, is obtained for sand concrete BSC8 
with 8% of addition. Consequently, the incorporation of 8% of biomass 
ash improves the flexural tensile and compressive strengths at 
28days of dune sand concrete. 
This can be explained by the nature of the addition and the texture of 
the cementitious matrix of the rate 8% which positively affects the 
compressive and the flexural tensile strengths at 28 days of age. 

 

4. Conclusion 

The objective of this research work, is the valorization of biomass ash 
originating from wastes and to study their effects on the properties of 
fresh sand concrete (workability and density); and on its mechanical 
characteristics (compressive and flexural tensile strengths at 28 
days). According to the results obtained, it can be concluded that: 

The workability of dune sand concretes, is influenced by the addition 
of biomass ash and increasing their dosage over 8% reduces their 
workability. 

Also, the incorporation of biomass ash in sand concrete, contributes 
to the increase of its density and improves its flexural tensile and 
compressive strengths at 28 days.  

Thus, the valorization of biomass ash in the manufacture of sand 
concrete as a cementitious addition, seems to be beneficial on several 
aspects: technical, economic and ecological that should be explored 
further to rationalize the exploitation of existing resources in the 
context of sustainable development. 

Nomenclature 

SP: Superplasticizer 
BST: Control sand concrete (without addition). 
BSC8: Sand concrete based on 92% CEM I cement and 8% biomass ash. 
BSC24: Sand concrete based on 76% CEM I cement and 24% biomass 
ash. 
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