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Abstract. The present study is to investigate the physical and mechanical properties of the prepared sand 
mortars, mainly based on the local Oued Souf sand region south of Algeria, this in accordance with standard 
sand grading. The principal  aim of the research is to replace the restricted fine part between (0.08and 0.16 
mm) which is of the order 15% and to substitute it with additions active  slag (S) and inert glass 
powder(GP) with dosages of 5, 10 and 15 % and maintain the rest of the granular fractions of the sand 
studied fixed. Thus,  to see and analyze the influence of these additions on the physical properties and in 
regards the mechanical performances of confected prepared sand mortars.  The results showed the 
advantageous effect of replacing the said prepared sand with two additions (slag and glass powder) on 
physical, mechanical properties mortars based on this local sand by improving the performance of these 
cement products, especially at an optimal percentage of 10%. 

Nomenclature 
 MT, is the control mortar mixture without addition( 

15% Qtz). 
 MS5, is the mortar with 5 % slag replacement. 
 MS10,   is the mortar with 10 % slag replacement. 
 MS15, is the mortar with 15 % slag replacement. 
 MC1, is the combined mortar at 10 % replacement 

( 5 % S + 5 % GP) 
 MC2, is the combined mortar at 15 % replacement 

( 7.5 % S +7. 5 % GP) 

 

1 Introduction  
Now days, the improvements of qualities of cementitious 
materials still of a great interest as the subject of several 
scientific research dealing with parameters that can 
influence the performances of concrete and mortars. This 
could explain the major concern given for the activation 
of binder itself with a cement matrix improved 
performances [1], [2].   
These novel construction materials under certain 
conditions have lower greenhouse gas emissions, 
environmental impacts and CO2 emission associated 
with their manufacture [3], [4]. In the literature, most of 
the studies of alkali activated materials (AAMs) are 
bound to the use of only a few precursor materials such 
as blast furnace slag  [5-9],  metakaolin [10, 11] and fly 
ash [12, 13]. 
However. the use of the active additions in the 
granulometric composition of a quartz sand can grant it a 

character of an active material which can participate 
positively in the process of hydration and improved the 
different characteristic of cement materials whose are 
related exclusively to the enhancement of the mechanical 
responses [1, 14]. It is worth to mention that a lack of 
previous works on the  subject dealing with activated 
sand in bibliographical sources matters presented a real 
handicap in dressing a deep literature review for the 
moment. 

The study undertaken in this work aims to achieve the 
following main objectives. Principally, the first aim is to 
see the effect of the incorporation of mineral additions 
[active slag(S) and inert  glass powder (GP)] on the 
physico-mechanical properties of mortars made from 
local standardized sand prepared in the laboratory of the 
civil engineering department. The fine fraction of 0.08 to 
0.16 mm has been replaced by a mineral addition (slag 
and glass powder) at a replacement rates for slag of 5, 10 
and 15%. Further, combined blended mortars [Slag (S) 
and Glass Powder (GP)] up to a percentage of 15 % were 
the subject of this investigation. The experimental 
protocol covers the set of properties, density as well as 
mechanical responses.  

2. Experimental work 
2.1 Materials 
2.1.1 Cement  

Portland cement CEM I 42.5 NSR3; conforming to the 
standard (EN – 196, 1) was used. Which is a gray 
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sulfate-resistant cement resulting of milling a clinker 
containing a low level of calcium aluminates with a C3A 
level <3% and a proportion of gypsum less than that of a 
Portland cement composite. According to the European 
standard (EN 197-1) [15]. The properties of cement used 
are reported in table 1. 

Table 1. Properties of used cement  CEM I 42.5N-SR3. 

Chemical composition of cement 
L O I (%) 0.5-3 
SO₃)(%) 1.8-3 
MgO(%) 1.2-3 

Chlore (%) 0.01-0.05 
Physical properties of cement. 

Consistancy (%) 25à28 
Fineness (cm²/g) 3200à3800 

Shrinkage at 28 days (µm/m) ˂1000 
Expansion (mm) ≤2.0 

Heat of hydratation ˂270j/g 

2.1.2  Sand  

The sand used during this experimental action is a desert 
sand from the Oued Souf region (South-east of Algeria), 
which has an equivalent sand modulus before washing 
equal to 81.80 and a fineness modulus in the order of 
2.41, which shows the good quality of this natural sand, 
the activated sand subject to the preparation is made 
following the steps; 

Firstly, washing is carried out by the continuous use of 
hot water two or three times, to avoid the presence of all 
the harmful elements (presence of some very fine 
particles of white color).Then a drying is done in the 
open air. After that a sieving operation in a clean and dry 
sieve column series of 2.0, 1.6, 1.00, 0.5, 0.16, 0.08 mm 
is performed. The fractions of the quartz were mixed and 
packed in bags of 1350 g ± 5 g, which will be used for 
the preparation of the mortar mixtures later on. The 
prepared sand.is appreciated for its good characteristics 
and prepared for such use in the Laboratory of Civil 
Engineering department of Mohamed Boudiaf 
University of M’sila. The sand must have rational 
proportions of grains of different dimensions so that they 
have a minimum porosity [1, 9, 16]. 

2.1.3  Additions  
Granulated slag addition is widely used as a substitute 
for Portland cement in concrete to improve the 
mechanical and durability properties of concrete and to 
bring economic and environmental benefits. The use of 
slag has advantages due to their excellent hydraulic 
properties compared to ordinary Portland cement, but 
also disadvantages linked to the low initial resistance, 
which have limited its use. Several studies have been 
carried out in order to improve the reactivity of the slag. 
     In our study we used the granulated blast furnace slag 
from the steel plant of El-Hadjar, of Annaba region, the 
chemical composition was determined by the X-ray 
Fluorescence Spectrometry test at the Lafarge laboratory 

is indicated in the table 2 [17], [18]. For The Glass 
powder (GP) used, the chemical composition and the 
physical characteristic depends on the nature of the 
glass, its color and its hardness, but in the majority of 
cases, the essential elements about its properties are 
reported in table 2 [17, 19, 20]. 
 
2.1.4  Mixing water 
The mixing  tap water supplied and available at the 
laboratory of the department was used for studied 
mixtures. 

 

2.2 Mortar Preparation  
 
The sets of mortar obtained are related respectively to 
the proportions of the additions used in each mix. 
The mortar specimens adopted the following proportions 
1/4 cement, 3/4 sand and water cement ratio w/c equals 
to 0.5. Prismatic specimens of dimensions (40 x 40 x 
160) mm3 were used. After twenty four hours, specimens 
were demolded and cured in the water until the due age 
of testing  7, 14 and 28 dqys, weighted before  the  
flexural  and compressive strengths tests undertaken.. 

Table 2.  Properties of slag(S) and glass powder (GP) addition. 

 

3. Results & discussion 
3.1 Physical properties 
3.1.1 Density 
The results of tests regarding the density at hardened 
state are presented in table 3 below. 

Table 3. Density of the different types of slag studied mortars. 

 
Mortars type 

Density at ages 7, 14 and 28 days 
(g/cm³) 

7 14 28 

Control MT 2.16 2.17 2.19 

Slag(S) 

MS5 2.18 2.19 2.23 

MS10 2.19 2.20 2.20 

MS15 2.21 2.20 2.15 

Combined(S+GP) 
MC1 2.26 2.25 2.23 

MC2 2.23 2.22 2.21 

Chemical composition of slag and glass powder 
Eleme

nt 
% 

SiO2 Na2O 
CaO 

 
SO3 

 
K2O 

 
Al2O3 

 

Oxyde 
(SbO) 

 
(S) 39.48 - 41 1.5 0.4 4.2 § 

(GP) 
68 -
74 

12- 
16 

7- 
14 

 1 
0,3 - 

3 
0.3- 3 

% 
Physical Properties of glass powder 

Property Value 
Specific density (kg/l) 2.7 
Specific area  (cm2/g) 8530 

Color White 
Pozzolanic acitivity 28,5 g (Ca(OH) 2/g(GP) 
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Fig 1. The variation of the density versus the age for studied 
slag mortars 
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Fig 2. The variation of the density versus the age for combined 
studied mortars (S and GP). 

 
According to figure 1, 2 and table 3, it can be  noticed a 
slight increase in density in the period from 1 to 7 days 
for all mortar compositions and this can be explained by 
the need for water mortars in the first phase of 
hydrations. After the age of 7 days, there is a 
stabilization of the density because the need for water 
becomes lower later. Also, It can be noticed that for all 
the mixtures except the percentage of slag mortar, the 
density decreases after 28 days by comparison  to the 
control (MT, without additions), the density is slightly 
greater than that of the control mortar because of the 
physical effect. As, this makes the cement matrix to be 
more dense and compact by the filling effect role played 
of the additions [5, 9, 17]. 

   This variation in density can be explained by the 
capacity for adsorption of water from very fine particles 
of additions with a higher fineness that adsorbs more 
water. Consequently, part of the results obtained for 
density increase can be attributed to this phenomenon. 
The density values of the mixtures are higher for the 
MC1 mortar compared to other studied mixtures. 

3.2  Mechanical properties 

3.2.1.  Flexural strength 

The following table 4 grouped the test results for flexural 
strength results. 

Table 4. Flexural strength results of studied mixtures. 

Mortars type Flexural strength at 7, 14 and 
28 days 
(MPa) 

7 14 28 

Control MT 4.26 4.41 4.52 
Slag(S) MS5 3.85 6.28 6.82 

MS10 4.47 6.32 7.37 

MS15 5.07 6.32 5.085 
Combined 

(S+GP) 
MC1 6.13 6.93 7.44 
MC2 6.11 6.54 6.73 
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Fig 3. The variation of the flexural strength versus the age for 
slag studied mortars. 

 
It can be observed from figures 3, 4 and table 4 that the 
results of the mechanical resistance to bending, shows a 
normal development trend with the age, this according to 
the percentage rate of (slag; glass powder) for all mortars 
confected with additions and the witness control one 
(MT), without addition. However, the flexural strengths 
values are better for mortars with addition regardless of 
the type compared to the control mixture (MT). 
However, the flexural strengths values are better for 
mortars with addition regardless of the type compared to 
the control mixture (MT).,  
The trend towards a maximum value of mechanical 
resistance to bending is confirmed for the composite 
prepared from slag (MS10) with 7.37 MPa compared to 
all mortars with slag or  the witness at a value of 4.52 
MPa. Again, the increase of Rf is registered for 
combined mortars (S&GP) up to a maximum value equal 
to 7.44 MPa for MC1at 10 % replacement rate.  
That shows the advantageous contribution of the 
combination for this optimal percentage of 10 %((5 % 
Slag and 5 % Glass Powder) and reflects an effect of 
pozzolanic activity role for such additives. 
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Fig 4. Variation of the flexural strength  versus the age for 
combined mortars (S and GP). 

 

Previous research works in the literature on the use of 
these additions for cementitious materials  based on slag 
and glass powder  reported the advantageous role 
regarding the Improvement of mechanical responses [17, 
18, 19, 20]. 

3.2.2  Compressive strength (Rc)  

The results of compressive strength are reported in 
table.6: 

Table 5. Compressive strength (Rc) for studied mixtures.. 

Mortars type Compressive strength (Rc) at 7, 14 and 
28 days 
(MPa) 

7 14 28 

Control MT 17.48 24.99 31.35 
Slag (S) MS5 37.45 30.77 52.41 

MS10 29.68 37.78 58.77 

MS15 31.61 36.61 40.34 

Combined 
(S+GP) 

MC1 34.23 51.18 52.17 

MC2 37.55 41.34 47.93 

 
It can be noticed from figure 5, 6 and table 5 that the 
mortars containing 10% slag give higher compressive 
strengths compared to the  control mortar (58.77 MPa) 
and 30 MPa, respectively. 
The mechanical compressive strengths increase with the 
age of the composite in a growing manner regardless of 
the rate of additions (slag or glass powder). The results 
obtained show in a practical way that the increase in the 
content of additions (slag; glass powder) leads to a 
greater mechanical responses. This can be explained by 
the fact that the chemical components of these additions 
directly and positively influence the speed of the 
hydration mechanism.     This contributes to the 
formation of new hydrated products which increases the 
mechanical response by enhancement of the strength 
development of the cement matrix with mineral addition 
incorporation [17, 18, 19, 20]. 

 

Fig 5. The variation of the compressive strength  versus the age 
for mortars with slag. 

 

 

Fig 6. Variation of the compressive strength  versus the age for 
combined mortars (S and GP). 

 
It turns out therefore from what we have just seen that 
the best amount of hydrates formed could be  recorded 
for an optimal slag content equal to 10%. 
For combined mortars the strengths are very important 
once compared to the control with a acceptable 
mechanical performance reaching a higher values of  47. 
97, 52;17 MPa for the dosage of 10 %, 15 % (S and GP) 
compared to the control mix with a lower value of 29.69 
MPa.  
 Glass powder, like other conventional cement additions, 
changes the kinetics of development of the compressive 
strength of mortars. Thus, it leads to a slow development 
of resistance, than that of controls without GP. This 
observation can be explained by the modifications of the 
hydration of the matrix induced by the substitution of 
cement by GP which absorbs less water than OPC 
cement alone [19, 20]. 
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4. Conclusion 
 
This experimental work is a contribution to the 
improvement of the properties of mortars by partial 
substitution of the prepared sand standardized by the 
mineral addition, we used two types of additions (slag 
and glass powder) with different rates of  5%, 10% and 
15%  for the slag alone and combined in the case (slag + 
glass powder (GP) up to the dosage of 15 %. The results 
obtained in this experimental study allow us to draw the 
following conclusions, 
The incorporation of inert (glass powder) and active 
(slag) mineral additions to the prepared standard sand 
contributes positively to the improvement of mechanical 
performance and the density of prepared sand based 
mortars,at the different combinations slag alone or slag 
and glass powder. They allow an improvement in the 
compressive and flexural strengths  of the mortars which 
are greater than that of the control mortar in the short 
and long term.  
The introduction of up to 15% of slag has a marked 
effect on the resistance to compression as a function of 
time compared to that of the control reaching an increase 
more than 50% for the percentage of 10 slag 
replacement.  
The combined introduction of 10% (slag. 5% GP, 5% 
slag), also allows the mortar to develop a tensile strength 
by bending and compressive resistance close to that of 
the control mortar at young ages (3 and 7 days) and with 
better positive mechanical performances at medium and 
long term improvement exceeding 40 % for the optimal 
dosage of 10 % again. 
Finally, it could be concluded that the replacement of the 
fine fraction of 0.08 to 0.16 mm of prepared sand by 
these two additions pozzolanic slag and inert glass 
powder is much more advantageous and gives good 
physical properties and higher mechanical performances 
for the prepared sand based mortars.  
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