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Abstract: This study relates to the use of the industrial waste as substitute to the natural aggregates. It relates to two types of 

waste: Crushed glass and waste tires. These wastes were incorporated into concrete for a partial substitution of the aggregates 

in the proportions of 5%, 10%, 15%, 20%, 25% and 30% for the same matrix (mortar). The compressive strength and the mode 

of rupture are compared. The results show a decrease of compressive strength when the proportion of waste increases. 

Moreover, the compressive strength of concrete of used tire is lower than that of the concrete of crushed glass. Variation of the 

mode of rupture between these two types of concrete was also observed. 
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1. Introduction 

Certain waste constitutes traps for water where the 

mosquitos responsible for many diseases such as malaria can 

reproduce. The collection and especially the creation of a 

viable economic activity of recycling this waste can bring a 

durable solution. 

Also, with a view on economy and protection of the 

natural resources like crushed rocks and alluvial aggregates, 

a study aiming at reducing their quantity in the concrete is 

carried out. It consists in making a partial substitution of 

natural aggregates (crushed granite) by various proportions 

of waste and at studying their effect on the mechanical 

properties of these concretes. 

Thus, an association of crushed glass on the one hand and 

used tire on the other hand are carried out with the natural 

gravels by a substitution from 5% to 30%. 

The use of siliceous aggregates such as glass in the 

concrete involves a reaction of the concrete on the aggregate 

(alkali-silica reaction). An expansive gel is formed on the 

interface aggregate-paste and involves an embrittlement of 

material by creation of microscopic cracks. As Glass is 

mainly made up of silica, the recycling of glass in the 

concrete raises this problem. If glass is crushed into fine 

powder, it can react with the portlandite (pozzolanic reaction) 

and form new Calcium Silicate Hydrate (CSH), which 

improves resistance of the concrete. 

Many authors like [1-5] located the critical size of glass 

aggregate between 0.038 and 1.18 mm. Over those 

dimensions the alkali-silica reaction occurred (ASR). The use 

of crushed glass as gravels would thus induce an alkali-silica 

reaction whatever the selected reference. However, this 

reaction (ASR) occurs more than ten years later and also the 

importance of environmental problems caused by non-

recycling glass and the waste of used tires, on the protection 

of the natural resources justify this study. 

2. Materials and Methods 

2.1. Materials 

Glasses used in this study are non-recycling bottles. They 

were collected from discharges in Abidjan. After a sorting, 

only the green bottles were used as according to [6], these 
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bottles because of their low silica content will induce less 

ASR. 

In Côte d’Ivoire, the main way of elimination of waste 

tires is incineration which produces an important quantity of 

CO2. To solve this situation, used tires were collected to be 

used as aggregates in this study. Tires and bottles are 

manually reduced into small pieces by cutting for the first 

and crushing for the other. 

The grain size analyses of natural aggregates and glass 

were carried out by sifting according to (NF P 94-056 

Standard) and the results are presented on figure 1. That of 

the tire was carried out by measuring the median 

dimension of the parallelepiped aggregate and the mass of 

each one of them. Indeed because of the metal 

reinforcements of tire; it was very difficult to sieve the 

aggregates of tire.The curve was carried out starting from 

measurements taken on 116 samples for a total mass of 

863 g. 

 

Figure 1. Curves grading (a) sand (b) aggregates. 

2.2 Methods 

2.2.1. Elaboration of Concrete 

In order to study the effect of the volume of aggregates, 

concretes are elaborated like a mortar, in which content of 

aggregates in gradually increased. All concretes are similarly 

made. 

Thus each mixture has the same quantities of cement, sand 

and the ratio water/cement is constant. 

Table 1. Proportions of mixture. 

Material Concretes 

 N V5 V10 V15 V20 V25 V30 

Cement (kg) 16 16 16 16 16 16 16 

Water (l) 6 6 6 6 6 6 6 

W/C 0,37 0,37 0,37 0,37 0,37 0,37 0,37 

Sand (kg) 16 16 16 16 16 16 16 

Natural 

Aggregates (kg) 
14 13,3 12,6 11,9 11,2 10,5 9,8 

Recycling 

aggregates (kg) 
- 0,7 1,4 2,1 2,8 3,5 4,2 

Substitution (%) 0 5 10 15 20 25 30 

Vgp 0 6,20 6,34 6,48 6,62 6,76 6,90 

Vgv 0 6,08 6,09 6,11 6,13 6,15 6,16 

Vgp: Volume of used tire in concrete  

Vgv: Volume of crushed glass in concrete 

The concrete samples of 16x32 Cm2 are made in accordance with the 

standard P 13-451. They are unmolded after 24 hours. Moreover, the 

conservation is done in a wet basin until maturation (28 days). 

2.2.2. Characterization of Samples 

After the 28 days of maturation the bulk density of the 

samples was determined by measurement of their mass and 

dimensions. 

The compressive strength was also determined according 

to standard NF P 18-406. 

3. Results and Discussion 

3.1. Compressive Strength and Bulk Density 

Table 2 and figures 2, 3 present the value of compressive 

strength test and the average value of bulk density for each 

proportion of concretes. 

Table 2. Values of compressive strength and density. 

PA (%) CS (MPa) A ET CV D 

Concrete of natural aggregates and crushed glass 

0 36,2 34,5 36,1 35,6 0,9 0,047 2,3 

5 18,9 20,4 21,8 20,4 1,5 0,171 2,2 

10 20,6 22,3 18,1 20,3 2,1 0,317 2,2 

15 22,6 22,4 21 22 0,9 0,201 2,3 

20 18,8 23,1 24,6 22,2 3,0 1,357 2,2 

25 18 18,4 18,7 18,4 0,4 0,089 2,3 

30 20,4 16,4 17,9 18,2 2,0 0,289 2,2 

Concrete of natural aggregates and waste tire 

0 36,2 34,5 36,1 35,6 0,95 0,027 2,3 

5 14,7 10,4 12,5 12,5 2,15 0,172 2,2 

10 06,9 10,8 08,5 08,7 1,96 0,224 2,1 

15 07,6 05,7 06,2 06,5 0,98 0,152 2,1 

20 06,3 04,9 07,1 06,1 1,10 0,180 2,1 

25 05,4 06,1 05,8 05,8 0,35 0,070 2,0 

30 03,8 04,1 04,4 04,1 0,30 0,073 1,9 

PA: proportion of aggregates; CS: compressive strength; A: average;  

ET: ecart type; CV: Coefficient of variation; D: density 
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Figure 2. Compressive strength of the concrete according to the proportion 

of aggregate of glass. 

 

Figure 3. Compressive strength of the concrete according to the proportion 

of aggregate of tire. 

Table 2 shows that compressive strength of the different 

samples decreases when the proportion of recycling 

aggregates increases.It can be explained by the low 

adherence between aggregates and mortar. Indeed the 

recycling aggregates used (glass and tire) have none 

absorbing and smooth surfaces. These surfaces prevent a 

good fixing of the mortar so application of load causes a fast 

separating of the mortar from aggregate [7-8]. 

For these authors, the decrease of compressive strength 

depends on the adherence of those aggregates to the mortar. 

However, for [9] it can be caused by the shape of aggregates. 

[10] show that the compressive strength decrease linearly 

according to the ratio of replacement. 

The over reason is the volume occupied by the recycling 

aggregates (table 1). Indeed, when the volume occupied by 

the aggregates increases, the quantity of mortar becomes 

insufficient to bind the aggregates suitably. That induces the 

creation contact between aggregates of different nature; that 

is to say contact between a stiff element (natural 

aggregates) and a less stiff element (tire or glass).This 

contact constitutes a weakness zone through which the 

crack can propagate. 

Many authors, [11-17] estimate the loss of compressive 

strength between 21 and 99.95% compared to a concrete of 

reference. 

For this study (substitution of 30%) the loss of resistance is 

approximately 50% for crushed glass and 90% for waste 

tires. 

Table 2 also shows that the bulk density of the concretes 

containing the glass aggregates is similar to that of the 

concretes of reference, on the other hand that of the concretes 

containing tire aggregates decreases with the increase in 

those aggregates. Thus, like [18-19], this study indicates that 

tire aggregates contribute to the lightening of the concretes 

by their low density.  

3.2. Influence of Nature of Recycling Aggregates on the 

Mode of Rupture of the Concretes 

The effect of this association is also observed on the 

samples of concrete after being submitted to a constraint. The 

figure 6 shows samples after compressive strength test. 

 

Figure 4. Samples after compressive strength test. 

a. Concrete of natural aggregates and used tire 

b. Concrete of natural aggregates and crushed glass 

The concrete containing the association of waste tire and 

the natural aggregates (figure 4a) present vertical cracks but 

they are not dislocated. Whereas, the concretes containing the 

association of crushed glass and natural aggregates (figure 

4b) are dislocated and exploded under the constraint (effect 

of brittleness of material). Indeed after the maximum 

constraint, compressive strength of used tire concrete 

decreases gradually indicating that the samples are not 

completely dislocated because of the presence of the rubber 

aggregates and can support loads post-rupture with increase 

in the deformations. Degradation is more significant for the 

concrete of crushed glass than the concrete containing of the 

rubber aggregates. 

According to the observation, it can be notice that rubber 

attenuates the constraint and blocks cracking which weakens 

material. The aggregates of tire absorb energy associated to 

cracks propagation and behave like cracks stoppers. 

4. Application of the Concrete of TireThe 
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tire concrete can be advantageous for special applications 

where the main request is not the mechanical properties, such 

as the production of sound barriers, terraces and platform.... 

According to [20] the association of used tire concrete can be 

used in applications where there is a need for weak 

penetration of chloride ions in structures and where the 

corrosion of the reinforcements must be avoided. 

In spite of the bad compressive strength, the concretes of 

waste tire present obvious interest in all the applications 

where compressive strength is less of interest than the post 

rupture behaviour.  

5. Conclusion 

Partial substitution of the natural aggregates by crushed 

glass and used tires generates significant differences in the 

properties of the concrete, with consequences on durability. 

Tests carried out obviously show that the incorporation of the 

recycling aggregates involve a decrease of the compressive 

strength. Which can be explained by a low adherence of the 

waste tire and crushed glass aggregates to the matrix. 

However, the compressive strength of crushed glass 

concrete is higher than those of used tire. 

In spite of the decrease of compressive strength, the used 

tire concrete, under the constraint resist to cracking. Cracking 

which represents the main handicap of cementitious materials 

such as concrete. Lastly, an application of used tires 

concretes of would be the use for large surfaces more 

sensitive to the cracking and the structures of protection 

against the corrosion of the reinforcements. 
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