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Abstract 

The work presented in this paper aims to study the durability of mortars, in which part of the sand has been 
replaced with rubber aggregates from used tires and have undergone a surface treatment with a sodium 
hydroxide solution (NaOH). The substitution rates studied are 10%, 17.5%, and 25%. The results are compared 
with ordinary mortar and mortars with untreated rubber aggregates while samples with the same substitution 
rates were used. To do this, the following properties have been studied: compressive strength, flexural tensile 
strength, water absorption by capillarity, water absorption by total immersion, water-accessible porosity, water 
permeability, and resistance to the chemical degradation by sulfuric acid H2SO4. 
The results obtained show that the treatment of rubber aggregates by the solution method (NaOH) presented a 
considerable improvement in mechanical performance (increase in compressive strength and flexural tensile 
strength) and better durability compared to reference mortar and mortar with untreated rubber granulate.  

Key words: mortar, aggregate, rubber, tires, durability, surface treatment, sodium hydroxide solution (NaOH) 

1 Introduction 

The massive use of concrete exerts considerable pressure on natural resources, leading to 
intensive exploitation of quarry aggregates, with the consequences of risk of depletion of 
these resources and environmental problems (destruction of fauna and flora, pollution of 
groundwater, etc.). Thus and in order to remedy this problem, the Algerian authorities have 
tightened the conditions for opening new quarries, as well as the promulgation of increasingly 
drastic laws for the protection of the environment. Therefore, it is necessary to look for new 
sources of aggregate supply. Moreover, the accumulation of waste such as used tires becomes 
more and more uncontrollable and occupies a significant public space. According to their 
compositions, tires are classified as non-dangerous and non-degradable waste (approximately 
400 years), but due to the risk of uncontrollable fires in landfills because of toxic fumes given 
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off, the stagnation of water in these places, as well as insects, their valorization seems to be an 
obligation rather than a choice [1,2]. 
 
Anterior studies on the incorporation of rubber aggregates from used tires into cementitious 
materials have shown better toughness, better impact resistance [3,4], and also better thermal 
and sound insulation properties than ordinary cementitious materials [5]. On the other hand, 
they observed drops in the mechanical resistances [6,7].  
 
Among the causes of this decreased resistance is low adhesion between the rubber aggregate 
and cement paste. For this, much research has been carried out to improve the performance of 
cementitious materials incorporating rubber aggregates by a surface treatment. Among the 
surface treatment methods used for rubber aggregates, there is the treatment method with the 
alkaline solution of sodium hydroxide (NaOH). 
 
Several studies on the influence of this treatment method on the performance of cementitious 
materials were already carried out. Marques et al. [8] in their study on the Influence of the 
surface treatment with NaOH solution of rubber aggregates on the properties of mortars found 
that this method of treatment did not show a significant improvement. Compared to mortars 
with untreated aggregates, mortars with treated rubber aggregates showed a slight decrease in 
workability and water absorption. On the other hand, the mechanical properties (compressive 
strength, tensile strength, and modulus of elasticity) of mortars with untreated rubber 
granulate showed better results than those treated. 
 
In addition, Iman Mohammadi et al. [9] studied the influence of the treatment of rubber 
aggregates on the mechanical properties of concrete. They noticed that using this treatment 
method resulted in notable improvement for the compressive strength, and moderate 
enhancement in the flexural strength. Qingwen snd Jinchao [10] observed the same remark. 
They used different kinds of rubber aggregate (rubber powder 28 meshes, colloidal particle 
0.1-5mm and colloidal particle 2-8mm). They found that the compressive strength and 
bending strength of rubber concrete improved after soaking in NaOH solution, and the growth 
rate was related to particle size (the growth rate increases with the decrease in the size of 
particles). 
 
Ruizhe et al. [11] studied the effect of the treatment of rubber aggregates with NaOH on the 
properties of self-compacting concrete (fresh state and in the hardened state). They noticed 
that this method of treatment slightly decreased the workability, expansion, drying shrinkage 
and improved the compressive and the splitting tensile strength compared to self-compacting 
concrete with untreated rubber aggregates.  
 
Most of these studies are focused on the influence of treatment with NaOH solution on the 
improvement of mechanical characteristics and only several studies on the influence of this 
method on the durability of cementitious materials. 
 
The purpose of this work is to study the effect of incorporating rubber aggregates treated with 
the alkaline solution of sodium hydroxide (NaOH) on the durability of the mortar. We were 
interested in the mechanical aspect (compressive strength and flexural tensile strength) as well 
as the most decisive indicators of durability, namely: absorption by capillarity, water 
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absorption by total immersion, porosity, permeability to water, and resistance to chemical 
attack by sulfuric acid H2SO4. 

2 Materials and experimental procedures 

2.1 Materials 

Cement: a CEM II-A with strength class 42.5 was used, manufactured according to the 
Algerian standard NA 442-2008 [12]. The absolute density and apparent density of the 
cement were 3.11 g/cm3 and 1.09 g/cm3 respectively. A specific surface area was 3371 cm2/g 
and with the chemical composition as presented in Table 1.  
Sand: the class 0/3 of natural sand from the Tebessa region (Algeria) was used, the absolute 
density and apparent density of the sand were 2.56 g/cm3 and 1.6 g/cm3 respectively, and the 
fineness modulus was 2.26. 
Rubber granulate: comes from the mechanical grinding of used tires, the maximum 
dimension of which was 2 mm (Figure 1), and the absolute density and apparent density were 
0.87 g/cm3 and 0.47 g/cm3 respectively. 
Superplasticizer: The superplasticizer used in the mortar mixtures is an Algerian 
superplasticiszer based on Ether Polycarboxylate, commercially named POLYFLOW SR 
3600.  
Sodium hydroxide: Also called caustic soda, Chemical Formula: NaOH of U.E origin and 
packaged by the Algerian company PROCHIMA-SIGMA. In the form of white pearls. 
Melting point: 318.4 ℃ and-Boiling point: 1393 ℃. PH: 13-14 (0.5% solenoid).  
Sulfuric acid (H2SO4): the sulfuric acid used is from Sigma-Aldrich Chemie GmbH 
Company – Germany. In liquid form, colorless, odorless, pH 0.3 at 49 g/l at 25 °C and their 
density was 1,84 g/cm3. 

 Table 1: Chemical composition of the cement CPJ-CEM II/A 

Compounds CaO SiO2 Al2O3 Fe2O3 MgO K2O Na2O SO3 PAF MnO 
(%) 58.6 24.9 6.6 3.6 1.2 0.8 0.08 2.2 1.7 -- 

 

 
Figure 1: Sieve analysis for sand and rubber used. 
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Figure 2: Rubber aggregate used 

2.2   Experimental program 

2.2.1 Mix design 

Test specimens of mortar were prepared according to the standard EN196-1 [13]. The same 
W/C ratio of 0.5 was fixed for all mixes. The superplasticizer dosage is 1.5% of the cement 
weight.  
We are prepared two series of mortars. The first series with untreated rubber aggregate and 
the substitution percentages of 10%, 17.5% and 25% (RM10%, RM17.5%, and RM25% 
successively) by volume of sand, the second series with treated rubber aggregate and with the 
same percentage of substitution (RMT10%, RMT17.5%, and RMT25% successively) and 
reference mortar (M) (0% rubber aggregate) was used as a reference. 

The different compositions of the mortars are grouped in Table 3. 
 

Table 3: Mortars mix constituents 

 M RM10% RM17.5% RM25% RMT10% RMT17.5% RMT25% 
 Cement  (kg/m3) 500.0 500.0 500.0 500.0 500.0 500.0 500.0 
 Sand (kg/m3) 1500.0 1350.0 1237.5 1125.0 1350.0 1237.50 1125.0 
 Rubber (kg/m3) -- 52.2 91.4 130.5 52.2 91.4 130.5 
 Water (kg/m3) 250.0 250.0 250.0 250.0 250.0 250.0 250.0 
 Superplasticizer (%) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
 
For the treatment of rubber aggregates with NaOH: 
- The rubber aggregate is immersed in NaOH solution (prepared from the dissolution of 10 g 
of sodium hydroxide NaOH in 90 cm3 of distilled water) for 30 minutes. 
- After 30 min of immersion, rinsing with distilled water follows to remove all the soda 
adsorbed on the surface of the rubber aggregates. To ensure that all the soda has been 
removed from the rubber aggregates, the pH of the solution is tested until this pH is equal to 
7. 
- The rubber aggregates are dried in the open air before use [14]. 
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2.2.2 Testing methods 

The tests carried out on the different formulations are: 
- Compressive strength and flexural tensile strength on specimens of size (40x40x160) 

mm3 in accordance with standard EN 196-1 [13]. These tests were studied at the age 
of 14 and 28 days. 

- Capillary water absorption test, water absorption test by total immersion, and porosity 
test were carried out on specimens of size (40x40x160) mm3 in accordance with 
standard NF EN 480-5 [15], standard NBN B15-215 [16], and standard EN18-459 
[17] respectively.  

- Water permeability tests (based on the depth of penetration of water under pressure), 
were carried out on specimens of size (150×150×150) mm3 in accordance with 
standard NF EN 12390-8 [18]. To determine diffusion depth into specimens after 
water penetration, the specimens were crushed, and water diffusion depth was 
measured. 

- Attack acid: after a 28-day water cure (zero time), the (40×40×160) mm3 mortars 
specimens were weighed to determine the mass (M0) before being subjected to 
immersion for 14, 28, and 90 days in acid sulfuric solution H2SO4 concentrated at 5%. 
They were used to estimate the loss in mass according to the standard       ASTM C 
267-96 [19]. The attack solution was renewed every 15 days.  

  

3 Results and discussion 

3.1  Compressive strength  

The variation of compressive strength as a function of time is presented in Figure 3. We note 
that the substitution of part of the sand by rubber aggregates is accompanied by a decrease in 
compressive strength and that for the different ages studied. This decrease increases with the 
increase in the substitution rate. The drop in compressive strength is explained by the fragile 
adhesion between the cement matrix and the rubber aggregate, as well as the low rigidity of 
rubber aggregates compared to that of natural aggregates [20,21]. 
For example, at the age of 28 days, the compressive strength was 41.05MPa for the reference 
mortar (M) against compressive strengths of 21.43 MPa and 25.57 MPa for the RM25% and 
RMT25% mortars respectively, decreases of 47.80% and 37.71% respectively. Therefore, for 
RMT25%, there is an improvement in compressive strength of 19.3% compared to RM25%. 
The same for RMT10% and RMT17.5% mortars, there is an improvement in compressive 
strength but with different speeds. Improvement of 15.02% for the RMT10% and of 20.46% 
for the RMT17.5% compared to RM10% and RM17.5% respectively. 
The treatment of rubber aggregates with the NaOH solution contributed to an increase in the 
compressive strength of the mortars studied (improvement of more than 15%). This increase 
is justified by the fact that the treated rubber aggregates have undergone considerable 
modifications in the roughness of their outer surfaces, which has improved their adhesion to 
the cement matrix. In addition, the treatment of rubber aggregates with the NaOH solution 
improved hydrophilicity and homogeneity of these particles, thus increasing the rate of water 
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transfer around the particles, which can also ensure the compilation of hydration of cement 
around particles [11]. Similar results have been observed by Naji Hilal [22].   
 

 
Figure 3: Compressive strength of the mixtures as a function of curing time 

3.2  Flexural Tensile Strength 

The results of the flexural tensile strength at the age of 14 and 28 days are shown in Figure 4. 
For the flexural tensile strength, the observation is the same as for the compressive strength, a 
decrease in the flexural tensile strength of rubber mortars compared to the reference mortar. 
This drop increase with increasing dosage of rubber. The treatment of rubber aggregates with 
NaOH solution improved the flexural tensile strength of rubber mortars. For example, at the 
age of 28 days, the RM25% mortar gave a flexural tensile strength of 4.4 MPa, therefore, a 
decrease of 46.24% compared to the reference mortar (8.18 MPa); against a flexural tensile 
strength of 5.76 MPa for MCT25%, so a decrease of 29.69% compared to the reference 
mortar (M). Therefore, NaOH treatment of rubber aggregate showed an improvement of 
30.78% compared to MC25%.  
 

                                       
                 Figure 4: Flexural tensile strength of the mixtures as a function of curing time. 
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3.3  Absorption by capillarity  

From Figure 5, we notice that the rubber aggregates decrease the amount of water absorbed 
gradually as the rate of rubber aggregates increases. After 48 hours, the quantity of water 
absorbed by the mortars RM10%, RM17.5%, RM25%, RMT10%, RMT17.5%, RMT25% 
was respectively reduced by 3.48% ; 7.68% ; 22.78% ; 5.39% ; 17.25% and 30.43% 
compared to that of the reference mortar (M). The incorporation of rubber aggregates in the 
cement matrix tends to limit the water absorption of the composite. The addition of rubber 
particles decreases the amount of water absorbed, because the rubber particles are 
hydrophobic, do not absorb the water [23]. Similar results have been found by [23,24]. 
We also note that the quantities of water absorbed by mortars with treated rubber are lower 
than the quantities of water absorbed by mortars with untreated rubber. This decrease varies 
between 1.98% and 10.36%. The decrease in water absorption is justified by the improvement 
in the adhesion between the cement paste and the rubber aggregates. Similar results have been 
found by [25]. 
 

  
Figure 5: Absorption by capillarity of different types of mortars mixtures 

3.4  Water absorption by total immersion 

From Figure 6, it may be noted that the water absorption by total immersion of untreated 
rubber mortars is greater than that of reference mortar, and it increases with the increase in the 
substitution rate. Compared to reference mortar (M), there is an increase of 12.22% for 
RM10% against an increase of 24.44% for mortar RM25%. This result could be linked to the 
pores generated by the rubber aggregates due to their non-polar nature and their tendency to 
trap air on the surface. Air trapped in the mortar containing rubber aggregates makes the 
mortar more porous, thus becoming more permeable and thus allowing increased water [26]. 
 
For mortars with treated rubber, there was a remarkable reduction in the amount of water 
absorbed by total immersion of these mortars compared to mortars with untreated rubber 
aggregates and compared to reference mortar (M). It goes from 7.20% for (M) to 7.03% for 
RMT10%, 6.19% for RMT17.5% and 4.96% for RMT25%. So a decrease of 2.36%, 14.03%,  
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and 31.11% respectively compared to (M). This reduction in water absorption is justified by 
the improvement in the adhesion between the cement paste and the rubber aggregates which 
has made it possible to reduce the voids through which water can infiltrate. This same trend 
was observed by [27]. 
 

 
Figure 6: Water absorption of different types of mortars mixtures 

3.5  Water-accessible porosity 

In Figure 7, we have assembled the results of the measurements of the Water-accessible 
porosity of the different study mortars. We note that the porosity of rubber mortars is slightly 
lower than that of reference mortar, and that it decreases with an increasing substitution rate. 
For example, the porosity of the reference mortar (M) is 14.77% against a porosity of 13.38% 
for the rubber mortar RM25%, therefore a decrease of 9.41%. This decrease can be justified 
by the fact that rubber is a hydrophobic material that does not absorb water. 
 
For mortars with treated rubber granulate, there is a considerable reduction compared to 
reference mortar (M) as well as compared to mortars with untreated rubber granulate. 
Compared to reference mortar (M), there are decreases of 20.65%; 24.78%, and 36.63% for 
mortars (RMT10%); (RMT17.5%) and (RMT25%) respectively. This reduction in porosity is 
always justified by the treatment of the rubber aggregates with the NaOH solution which has 
improved the adhesion between the cement paste and the rubber aggregates and has reduced 
the voids through which water can infiltrate. 
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Figure 7: Porosity of different types of mortars mixtures 

3.6  Water permeability depth  

 

From Figure 8, we notice that the depth of water penetration of mortars containing rubber 
aggregates is greater than that of reference mortar, and that it increases with the increase in 
the substitution rate. It goes from 2.1cm for reference mortar to 3.4cm; 4.2cm; 5.7cm; 2.9cm; 
3.1cm and 4.8cm for rubber mortars RM10%; RM17.5%; RM25%; RMT10%; RMT17.5% 
and RMT25% respectively. Expressed as a percentage, 36%; 68%; 128%; 16%; 24% and 
92% respectively. 
 
Moreover, we note that the water penetration depths for mortars with treated rubber are lower 
than the water penetration depths for mortars with untreated rubber. This decrease is the order 
of 55.56%; 64.71% and 28.13% for RMT10%; RMT17.5% and RMT25% respectively. The 
decrease in permeability is always justified by the fact that the treatment with the NaOH 
solution improved the adhesion between the cement paste and the rubber aggregates which 
made it possible to reduce the voids through which water can infiltrate. 
 
Although the porosity and water absorption of mortars with treated rubber aggregates is lower 
than that of reference mortar (M), the permeability increases. The reason for this behavior is 
the lack of good bonding between the rubber aggregates and the cement paste, where the 
interface surface between the cement paste and the rubber aggregates acts as the bedding for 
pressurized water to flow in the mortar containing rubber [28]. Similar results have been 
observed by Ganjian et al. [28]. 
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Figure 8: Water permeability depth results 

3.7  Attack with sulfuric acid H2SO4 (loss in mass) 

The values of the loss in mass test observed after 14, 28, and 90 days for the mortars studied 
are presented in Figure 9. The substitution of part of the sand by rubber aggregates is 
accompanied by a loss in mass, and that for the different ages studied. This loss in mass 
decreases with the increase in the substitution rate of sand by rubber aggregates. This same 
tendency has been observed by Kechkar et al. [29]. For example, at the age of 90 days, we 
notice a loss in mass of 22.98% for reference mortar (M) against losses in mass of 20.18% ; 
17.93% ; 12.76% ; 15.43% ; 13.12% and 9,38% for rubber mortars RM10% ; RM17,5% ; 
RM25% ; RMT10% ; RMT17,5% and RMT25% respectively. This reduction of loss in mass 
for mortars containing rubber aggregates is justified by the nature of being chemically 
resistant to the penetration of acid of these particles.  
 
We also note that the mortars with treated rubber showed a lower loss in mass than that of the 
mortars with untreated rubber. Mortars with treated rubber granulate showed a decrease in 
mass loss of 23.54%; 26.83% and 26.49% compared to RM10%; RM17.5% and RM25% 
respectively. This reduction in mass loss is justified by the improvement in the adhesion 
between the cement paste and the rubber aggregates, which has made it possible to reduce the 
voids through which the acid can infiltrate.  
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Figure 9: Variation of the mass of mortar according to the immersion time in H2SO4 

4 Conclusions 

This experimental study was carried out to evaluate the influence of the treatment of rubber 
aggregates with the solution (NaOH) on the durability of mortars based on rubber aggregates 
as a partial replacement for ordinary sand. Rubber aggregate partially replaced sand at 0%, 
10%, 17.5%, and 25% by volume. From the results, we can draw the following main 
conclusions: 
- Generally, the incorporation of rubber aggregates to mortars reduces the mechanical 
characteristics of the mortars. However, the treatment of rubber aggregates with NaOH can 
decrease this negative point or at least reduce their effects to acceptable limits. 
- The use of rubber aggregates lowers the amount of absorption by capillarity and porosity. 
This decrease is more significant in the case of rubber aggregates treated with the solution 
(NaOH) compared to untreated rubber aggregates. 
- The water absorption by total immersion of mortars containing rubber aggregates is greater 
than that of reference mortar. However, the treatment of these aggregates with the NaOH 
solution improved this property. Mortars with treated rubber aggregates gave a lower water 
absorption than ordinary mortar. 
- The water permeability of mortars containing rubber aggregates is higher than the reference 
mortar. The rubber granulate treatment with NaOH solution has improved this property, 
mortars with treated rubber aggregates have lower water permeability than mortars with 
untreated rubber aggregates. 
- Treatment of rubber aggregates with NaOH improved resistance to chemical attack by 
H2SO4. A reduction in the mass loss of mortars with treated rubber aggregates compared to 
reference mortar and mortars with untreated rubber aggregates. 
Therefore, the treatment of rubber aggregates with the NaOH solution has improved the 
mechanical performance and durability of rubberized mortars by improving the adhesion 
between the rubber aggregates and the cement matrix.  
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