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Resumen 

La implementación de materiales alternativos es un aporte a la mitigación del impacto ambiental y a la creación de nuevas técnicas de la 

Ingeniería civil sostenible. En Colombia se producen 17 millones de toneladas de residuos sólidos, los cuales afectan negativamente a la 

preservación y conservación del medio ambiente en términos de la disposición final de residuos sólidos. Éste documento tiene como objetivo 

estudiar en laboratorio la aplicación del uso de residuos triturado de vidrio (RTV) en sustitución parcial y total del llenante mineral de una mezcla 

asfáltica densa en caliente. Para tal fin, se realizó el diseño de una mezcla asfáltica convencional con cemento asfáltico (CA 60/70) y agregados 

pétreos naturales, a fin de obtener el porcentaje óptimo de asfalto. Posteriormente, se fabricaron 2 mezclas asfálticas de estudio con sustituciones 

del 50 y 100% del peso total del llenante mineral de la mezcla de control, correspondientes al 3 y 6% de RTV sobre el total de la mezcla. Luego, 

se realizaron ensayos para evaluar la respuesta ante la acción de la carga monotoníca (estabilidad y flujo Marshall y resistencia a la Tracción 

Indirecta), así como también la adherencia (Desgaste a la abrasión – cántabro). Los resultados indican que sustituyendo el 50% del llenante 

convencional con RTV en la mezcla asfáltica, puede mejorar la rigidez y la adherencia. Finalmente, la utilización del residuo de vidrio de la 

forma propuesta es viable, por permitir una forma de disposición final de residuos sólidos, que contribuye a la preservación y conservación del 

medio ambiente. 

 

Palabras clave: mezclas asfálticas modificadas; glassphalt. 

 

Abstract 

The implementation of alternative materials is a contribution to the environmental impact mitigation and the creation of new techniques of 

environmental civil engineering. In Colombia, 17 million tons of glass are produced per year, which affect negatively the preservation and 

maintenance of the environment in terms of the final disposition of solid wastes. This document has as objective to study at laboratory scale the 

application of crushed waste glass (CWG) as a partial and total replacement of the compact asphaltic mixture in high temperatures. For this 

purpose, the design of a conventional asphaltic mixture with asphaltic cement (AC 60/70) and stony nature mineral aggregates was made, this 

to get the optimum percentage of asphalt. Subsequently, 2 asphaltic mixture study samples were made by substituting 50% and 100% of the 

total weight of the control mixture mineral filler, corresponding to the 3 and 6% of CWG on the total of the mixture. Then, experiments were 

carried out to assess the response to the action of monotonic loads (stability and Marshall flux and indirect traction resistance), as the adherence 

to (wear to burning - Cantabrian). The results show that replacing the 50% of the conventional filler with crushed waste glass on the asphaltic 

mixture can improve the stiffness and adherence. Finally, the use of waste glass as proposed is viable, allowing a way to a final disposition of 

solid wastes, that improves the preservation and maintenance of the environment. 

 

Keywords: modified asphalt mixtures; glassphalt. 

 

1 Introduction 

 

Statistical data on the condition of the Colombian road network 

carried out by Instituto Nacional de Vias (INVIAS) indicate that 

Colombia has a road network consisting of approximately 9,300 

kilometers, of which: 74.93% are paved roads, 24.87% unpaved 

roads and 0.20% are in the planning phase and previous studies 

for improvement. From the paved roads, approximately 63.6% 

are in good condition and 36.4% in regular to deficient 

condition [1]. Given this panorama, in order to strengthen the 

Colombian road network, is necessary to create new materials 

for the construction of roads, mainly for the surface course, 

which are durable, economical and that contribute to the 

preservation and conservation of the environment. Being the 

preeminent technical study on pavement mixtures, since it is the 

most used material for the road’s construction in the world [2]. 

 

Dense asphalt mixtures are mainly composed of natural stone 

aggregates and asphalt. The natural stone aggregates are divided 

into three large fractions depending on their size (thick, fine and 
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filler), which make up the stony skeleton of the mixture and are 

responsible for receiving and transmitting the loads coming 

from the vehicles. In another hand, asphalt covers the 

aggregate´s surface and allows the particles to adhere to the 

mixture [3]. The interaction between the filler and the asphalt is 

commonly known as asphalt mastic and is responsible for the 

physical-mechanical characteristics of the mixture and for the 

development of the most common phenomena of pavement 

damage, such as sagging and fatigue. [4] [5] [6]. 

 

Several researchers have studied the physical, chemical and 

rheological characteristics of asphalt mastic with conventional 

and alternative materials,      to characterize the mechanical 

behavior of the mixture and induce pavement performance 

during the useful life [5] [6] [7 ] [8] [9]. The study of alternative 

materials for pavements is considered a viable alternative from 

an environmental point of view due it allows final disposal of 

solid waste, reduces the exploitation of quarries and purpose 

new sources of materials that can be used as a filler in the 

mixture. Solid wastes are considered to be materials that result 

from daily consumption or industrial activities, which are 

rejected by the generator and are susceptible to use or final 

disposal [3]. In Colombia, annual production of 13.6 million 

tons of solid waste is estimated, which only 17% are recycled 

[10]. Improper management of solid waste causes 

environmental problems related to lack of capacity in sanitary 

landfills, contamination of water sources and overexploitation 

of renewable and non-renewable natural resources [11] [12]. 

 

Since the early 1970s, research has been conducted on the 

technical possibility of incorporating glass waste into asphalt 

mixtures, commonly known as Glassphalt [13]. [14] studied the 

incorporation of glass particles smaller than 4.75 mm as a 

replacement for the fine aggregates in a dense asphalt mixture. 

As a great conclusion, the authors reported that recycled glass 

produces a positive effect on the functional characteristics of 

the pavement, allowing greater light reflection, which improves 

night visibility. 

  

[5] analyzed the behavior of hot asphalt mixtures with different 

types of fillers, such as limestone, cement and glass dust. The 

results indicate that the use of alternative mineral fillers in the 

asphalt mixture considerably increases Marshall stability due to 

the decrease in the percentage of total voids of the specimens. 

Concluding that the glass dust improved it behavior. 

 

[15] determined that the use of glass in asphalt mixtures reduces 

aging susceptibility and increases resistance against permanent 

deformation and fatigue life with respect to asphalt mixing with 

conventional materials. 

 

[16] evaluated the mechanical characteristics of the asphalt 

mixture with substitution of natural stone aggregates with glass 

residues in percentages of 0%, 5%, 10%, 15%, and 20%, with 

respect to the total mass of the mixture. To this end, the 

Marshall test, indirect tensile strength (monotonic load), 

dynamic modulus and dynamic creep was performed. Based on 

the results obtained, the authors evidenced increased stiffness 

and reduced deformation as a function of the percentage of glass 

added compared to conventional asphalt concrete. Due to the 

low absorption of the glass, it is concluded that it is necessary 

to decrease the asphalt content as the percentage of glass is 

increased. The stiffness modulus increased because the glass 

particles have an angular shape, which allows a better 

accommodation between the conventional stone aggregates of 

the mixture. On the other hand, the authors conclude that the 

increase in resistance to permanent deformation is attributed to 

the properties of glass such as hardness and fracture. 

 

[17] replaced the fine aggregate of an asphalt mixture with 

different solid waste such as plastic and glass. In conclusion, 

the authors report that the optimum percentage for the use of 

crushed glass waste in an asphalt mixture is in a range of 2.5% 

to 7.5%. Otherwise, the Marshall Stability of the asphalt 

mixture with solid waste increased 50% more than the 

conventional mixture. 

 
[18] Studied the behavior of asphalt mixtures by indirect tensile 

tests, fatigue test for modified asphalt mixtures with 5%, 10%, 

15% and 20% glass with respect to weight. The results conclude 

that the use of glass in asphalt mixtures improves the internal 

cohesion of the mixture and increases its resistance to 

deformations, since the glass in the asphalt mixture produces a 

greater angle of internal friction, this characteristic reduces the 

tensile stress in the sample and prevents the initial cracking and 

the propagation of the cracks in the mixture. 
 

In synthesis, with respect to mechanical behavior, the 

incorporation of glass in substitution of aggregates in the 

conventional asphalt mixture increases the response to the 

action of the monotonic and dynamic load. Literature report 

increases in Marshall Stability, Indirect Tensile Strength, 

resilient modulus, dynamic modulus and fatigue resistance [5] 

[17] [19] [20]. The foregoing evidence an increase in stiffness 

and consequently the reduction of permanent deformation. This 

could be attributed to the physicochemical interactions of glass 

with asphalt. However, additional and local studies should be 

performed in order to validate the results presented. Moreover, 

economic studies report the validation of the pavement 

technique. However, high production costs are stated in the 

crushing of glass [18]. 

 

Under this background, the present study seeks the application 

of solid glass waste as filler in a dense asphalt mixture, in order 

to be used as an alternative material for roads. This article 

considers the application of an innovative technique for 

Colombia, to incorporate the recycling of alternative materials 

in the way proposed to contribute to the preservation and 

conservation of the environment. 
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2.  Materials & Methods 

 

2.1 Crushed glass waste 

 
Glass is defined as an inorganic fusion product that has cooled 

in a rigid condition without crystallization [21]. The material 

used during the investigation comes from a Recycling Center 

located in the city of Bogotá, whose purpose would be the 

landfill disposal. Table 1 shows the glass chemical composition      

obtained in technical literature according to [3] [14] [19]. 
 

Table 1. Chemical composition of the crushed glass residue. 

Component  [3] [14]  [19]  

Silicon Dioxide SiO2 (%) 71.41 70.87 72.1 

Sodium Oxide Na2O (%) 12.05 12.4 13.1 

Calcium Oxide CaO (%) 7.46 8.84 8.1 

Magnesium Oxide MgO (%) 3.72 0.11 2.50 

Aluminum Oxide Al2O3 (%) 1.21 1.47 1.6 

Di Potassium Monoxide K2O (%) 0.46 0.79 --- 

Di Iron Trioxide Fe2O3 (%) 0.30 0.03 --- 

Sulfur Trioxide SO3 (%) 0.29 0.20 0.3 

Strontium Oxide SrO (%) 0.24 --- --- 

Zinc Oxide ZnO (%) 0.042 --- --- 

Others 2.82 5.29 2.3 

Lost by ignition LOI (%) 2.807 --- 0.41 

 

From the results of Table 1, it can be shown that the three main 

chemical components of glass are Silicon Oxide, Sodium Oxide 

and Calcium Oxide with percentages of 71.41%, 12,048%, and 

7,462%. 

 

The glass was crushed manually with a compaction hammer in 

the laboratory until a particle size of less than 0.075 mm was 

obtained, as evidenced in Figure 1. Some authors [22] [14] [23] 

suggested that the size of glass particles is related to the 

performance of the asphalt mixture's mechanical behavior, 

being 4.75 mm the maximum particle size with optimum 

results, glass particles with larger sizes cause less mechanical 

strength and durability of the mixture. 

 

  
Figure 1. Glass residue: (a) Initial form; (b) Form after crushing. 

 

 

 

 

2.2 Asphalt Cement 

 

The Asphalt Cement (AC) used is from the Barrancabermeja 

Colombian refinery and corresponds to type 60-70. Table 2 

presents the physical characterization tests of AC 60-70 under 

the standards established in Article 450 of the Instituto Nacional 

de Vias INVIAS (2013). From the results of the physical 

characterization, it can be concluded that the asphalt meets the 

requirements range of INVIAS for the manufacture of asphaltic 

mixtures for pavements. 
 
Table 2. Results of the physical characterization of asphalt CA 60-70 

Item Test Unit Specification Limits Result 

1 Penetration  
0.1 

mm 
INV E-706 máx 70 66.0 

2 Softening Point ºC E - 712 máx 54 48.0 

3 
Absolute 

viscosity (60°C) 
P E - 716/717 

min 

1500 
2400 

4 Ductility  cm E - 702 
min 
100 

150 

5 
Solubility in 

trichlorethylene 
% E - 713 min 99 99.9 

6 Ignition Point  ºC E - 709 
min 
230 

296.0 

Short-term aging in thin film furnace in motion RTFOT 

7 Loss of mass  % E-720 máx 1 0.8 

8 
Viscosity ratio at 
60 ° C after and 

before RTFOT 

% E-717 máx 54 50 

9 

Penetration to 

the residue after 

RTFOT with 
respect to the 

original 

penetration 

% E-706 min 54 75 

10 
Softening point 

increase 
ºC E - 709 máx 9 5 

 
2.3 Stone Aggregates 

 

The stone aggregate used for the preparation of asphalt mixtures 

is from the alluvial quarry Rio Coello located in the department 

of Tolima. The granulometry recommended for the production 

of the HMA 19 mixture is indicated in Figure 2. 

 

 
Figure 2. Granulometric specification for the HMA 19 mixture (INVIAS). 
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The characterization of the physical-mechanical properties of 

the stone aggregates was carried out following the 

specifications indicated by INVIAS for the Hot Mix Asphalt of 

continuous gradation HMA 19, for a high traffic level (NT3). 

The results obtained are shown in Table 3. According to the 

results found, it can be concluded that the aggregates used fulfill 

the parameters for the manufacture of asphalt mixture referred 

to in [24] 
 

Table 3. Characterization of physical-mechanical properties of aggregates. 
 

Test INVIAS Code Unit Specification Result 

Flattening index INV E-230 % --- 19 

Elongation 
index 

INV E-230 % --- 14 

Percentage of 

fractured faces 
INV E-227 % 100 85.2 

Specific gravity 
of coarse 

aggregate 

INV E-223 --- --- 2,60 

Coarse 

aggregate 
absorption 

INV E-223 % --- 3,1 

Specific gravity 

of fine 
aggregate 

INV E-222 --- --- 2,64 

Fine aggregate 

absorption 
INV E-222 % --- 2,9 

Sand equivalent INV E-133 % min 50 63 

Los Angeles 

Machine Wear 
INV E-218 % máx 25 19,5 

Solidity INV E-220 % máx 18 13,34 

Organic matter 

content 
INV E-212 --- máx 3 <1 

Blue methylene 
value 

INV E-235 mg/g máx 10 1,25 

 

2.4 Marshall Test 

 

The optimal percentage of asphalt in the control mixture was 

obtained using the Marshall methodology, following [24]. The 

manufacturing and compactation temperatures of the mixture      

were 135 and 160 ° C      respectively, according to the eco-

viscosity method. For the purposes of this study, 3 Marshall 

briquettes were made for each of the probable asphalt contents 

(See Figure 4). The testing asphalt contents were: 4.5, 5.0, 5.5 

and 6.0% respectively, that means, 12 briquettes were made. 

The results obtained in the Marshall test, referring to the 

volumetric composition of the mixtures (percentage of air voids 

- Va, in the mineral aggregates - VMA and full of asphalt - 

VFA) and the resistance parameters under monotonic load at a 

deformation rate of 48 mm/minute until breaking (Stability - S, 

Flow-F and S/F ratio) are presented in Figure 3. Based on the 

results obtained in this phase, the optimum percentage of 

asphalt to be used in the control mixture was chosen for the 

execution of the subsequent phases. 

  
                           (a)                                                (b) 

  
                            (c)                                                (d)      

  
                             (e)                                                (f)      
 

Figure 3. Evolution of the Marshall test parameters with asphalt content: (a) 
Stability; (b) Flow; (c) Air Volume; (d) Voids in natural aggregates; (e) Voids 

filled with asphalt; (f) Stability-Flow Ratio. 

 

 
Figure 4. Briquettes used in the Marshall Test. 

 

 

The results indicated an optimal asphalt content of 5%, mainly 

considering the maximum Marshall Stability. It also meets the 

volumetric parameters such as the volume of air voids (VA), 

asphalt filled voids (VAF) and voids in the mineral aggregate 

(VAM) required in the specification [24]. 
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2.5 Evaluation of the control asphalt mixture and with crushed 

residual glass. 

 

From the optimal asphalt cement content determined for the 

control mixture, two asphaltic study mixtures were made with 

50% and 100% substitutions of the total weight of the filler of 

the control mixture, corresponding to 3% and 6% of CWG 

respectively. The percentages of addition of CWG were 

chosen based on the recommendations made by [3] [19] [21]. 

 

2.6 Indirect tensile test 
 

Using the asphalt content determined in the Marshall test for the 

control mixture, 6 Marshall briquettes were additionally 

manufactured for each type of mixture (control, 50% and 100% 

CWG as filler). In order to measure the resistance to indirect 

traction by diametral compression at 25 ° C in a loading press, 

following the guidelines established by [25] (Figure 5). Each 

briquette was subjected to the application of monotonic loading 

at a deformation rate of 50 mm/minute until rupture. Indirect 

Tensile Strength (ITS) in kPa was determined using Equation 

1, where P is the maximum breaking load in N, h and d is the 

height and diameter in millimeters of each briquette 

respectively. 

 

𝑰𝑻𝑺 =
𝟐𝟎𝟎𝟎. 𝑷

𝝅. 𝒉. 𝒅
 (𝟏) 

 

The resistance determination was converted into conditioned 

(dry) samples. Samples conditioned or in wet conditions were 

subjected to a water bath at 60 ° C for 24 hours, then placed at 

for two hours at 25 ° C for the performance of the test, in order 

to establish the Indirect Tensile Strength Ratio (ITSR). The 

relationship is proportional between the saturated ITS and dry 

ITS, according to the presentation in Equation 2. 

 

𝑰𝑻𝑺𝑹 =
𝑰𝑻𝑺𝒔

𝑰𝑻𝑺𝒅
  (2) 

 

  
Figure 5. Indirect tensile strength test. 

 

2.7 Cantabrian Test 
 

On three Marshall samples for each type of mixture analyzed 

(control, 50% and 100% CWG as filler) wear tests (without 

abrasive loading) were carried out on the Los Angeles machine, 

applying 300 turns at 33 revolutions per minute [26] (see Figure 

6). The briquettes used the optimal asphalt content from the 

Marshall test. The temperature of the samples during the test 

was 25 ° C.  

 

The loss of mass of the sample is a the difference between the 

initial mass of the sample and the final mass after the test. The 

wear test has become a relative measure of the decay resistance 

of open gradation mixtures. However, in the case of hot dense 

asphalt mixtures, it can be used to assess durability (generally 

includes cracking, fractures and wear associated with loads) and 

cohesive properties [27] [28].  
 

 
Figure 6. Marshall Briquettes: (a) before (b) after the wear test 

 

3 Results and Discussion 

 

3.1 Stability and flow test - Marshall 

 

The stability and flow results for the control mixture and asphalt 

mixtures with incorporation of 3 and 6% of CWG are presented 

in Figure 5. 

  
(a)            (b) 

  
(c)                             (d)           

   

(A) (B) 
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                              (e)                            (f)         
 

Figure 5. Evolution of the Marshall test parameters with the percentage of 

crushed glass residue in the mixture: (a) Stability; (b) Flow; (c) Air Volume; (d) 
Voids in natural aggregates; (e) Voids filled with asphalt; (f) Stability-Flow 

Ratio. 

 

According to the results obtained, the asphalt mixture with 3% 

of CWG addition showed the best behavior in response to the 

monotonic load response, defined by the greater Marshall 

Stability and Stiffness (S /F). In this sense, an increase in 

Stability of approximately 31% and reduction of Marshall flow 

in approximately 5.4% of the mixture with the addition of 3% 

of CWG with respect to the control mixture can be evidenced. 

The increase in Marshall stability and stiffness in the 3% CWG 

mix is attributed to the reduction in air volume, as well as to the 

physical-chemical interactions of filler surfaces with asphalt. 

The interactions between the asphalt and the CWG filler 

considerably increases the consistency of the asphalt [29]. The 

increase in asphalt consistency due to contact with the CWG 

can be attributed to the presence of Silicon Oxide, providing 

greater rigidity in the mixture. 

 

With regard to volumetric parameters (Va, VAM and VFA), 

asphalt mixing and mixtures with the participation of CWG 

can be evidenced to satisfy the parameters required for high 

traffic volume roads [24]. However, the mixture with 3% of 

CWG presented the smaller Va and higher VFA, which can be 

concluded with the replacement of 50% of the filler with CWG 

leads to a better arrangement of particles in the stony scheme 

of the mixture. 

 

3.2 Indirect Tensile Strength (ITS) 

 

Figures 7 and 8 show the results of the ITS obtained for the 

briquettes without conditioning (dry) and conditioned 

(saturated), as well as the relationship between them. 

 

 

 
Figure 6. Evolution of Indirect Tensile Strength with the percentage of crushed 
glass waste in the mixture. 

 
Figure 7. Evolution of the Indirect Tensile Strength Ratio with the percentage 

of crushed glass waste in the mixture. 

 

From the results, it can be evidenced that the mixture with 3% 

CWG exhibits the best behavior before ITS in the samples with 

and without conditioning in relation to the control mixture, 

being an indicator of greater adherence between the particles. 

In this sense, the mixture with 3% CWG showed an increase of 

ITS by approximately 9.4% with respect to the control mixture. 

The increase of the ITS in the alternative mixture is attributed 

to the reduction of Va and increase of the VFA, an inverse 

relationship between the volume of air voids and the ITS is 

observed. This is because a low volume of air indicates good 

cohesion between particles. 
 

The ITSR is an indication of the adherence of the mixture due 

to variations in temperature and presence of water [30] [31]. 
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From the results, it can be evidenced that the mixture with 3% 

CWG showed a slight increase in the ITSR with respect to the 

control mixture. However, the asphalt mix with 6% CWG 

significantly decreases the ITSR with respect to the control mix. 

In this sense, it can be concluded that the presence of CWG in 

partial substitution of the mineral filler of the mixture keeps the 

adherence of the mixture with respect to the control mixture, 

providing the durability of itself. The aforementioned can be 

attributed to the reduction of air volume and physical-chemical 

interactions by contact between asphalt-filling mineral 

materials. 

 

3.3 Cantabrian wear loss test 

 

The results obtained for the Cantabrian wear loss test are 

presented in Figure 6. 

 
Figure 6. Evolution of Cantabrian Wear with the percentage of crushed glass 

waste in the mixture. 
 

From the results acquired, it is possible to show that asphalt 

mixtures with 3% and 6% CWG showed a reduction of the 

abrasion wear percentage in the Cantabrian test with reference 

to the control mixture. In this sense, the control mixture has an 

abrasion wear percentage of 7.5% and the mixtures with 3% and 

6% CGW presented a wear percentage of 6.5% and 5.4% 

respectively. The above can be attributed similary to the 

previous results, to the reduction of the air volume and the 

physical-chemical interactions due to the contact between the 

asphalt-filling mineral materials. Consequently, the presence of 

CGW increases the adhesion of the mixture according to the 

results presented in the literature [32] [33]. 
 

4 Conclusions and recommendations 

 

This article evaluates in the laboratory the mechanical behavior 

before the action of the monotonic load (Marshall and indirect 

traction), as well as the adherence (ratio of tensile strength and 

Cantabrian wear) of a conventional asphalt mixture and two 

asphalt mixtures with 3 % and 6% of Crushed Glass Waste, 

corresponding to 50% and 100% of the total filler. Based on the 

results found, it can be concluded that: 

 

• The incorporation of 50% of CWG as a conventional filler, 

contributes to increased cohesion and adherence between 

aggregates and asphalt, allowing greater stiffness in the asphalt 

mix. 

 

• The increase in stiffness of the asphalt mixture with 50% 

replacement of filler with CWG, can be attributed to the 

physical-chemical interactions between asphalt and silicon 

oxide present in the crushed glass waste, allowing the increase 

of the asphalt consistency and consequently the increase in 

Marshall Stability and Indirect Traction Resistance. 

 

• The incorporation of residual glass in asphalt mixtures can be 

considered a solution that contributes to the correct disposal of 

solid waste, considering that it is a technical alternative in 

Pavement Engineering and is environmentally sustainable. 

However, additional laboratory studies should be performed to 

validate the results. 
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