
 

 

   

 

 

Effect of geosynthetic reinforcement insertion on mechanical properties  

of hot and cold asphalt mixtures 

Géssica Soares Pereira*, Heraldo Nunes Pitanga, Taciano Oliveira da Silva,  

Déborah Castro e Almeida, Kamila Bazoni Lunz 

Civil Engineering Department, Federal University of Viçosa, Viçosa, Minas Gerais, Brazil 

Received 26 March 2020; received in revised form 13 September 2020; accepted 3 October 2020; available online 27 October 2020 

Abstract 

The main objective of this research is to analyze the effect of the insertion of a geogrid reinforcement in the mechanical behavior of the hot mix asphalt 

(HMA) and the cold mix asphalt (CMA). For this purpose, an experimental program was developed, in which HMA and CMA were designed by the Marshall 

mix design method and specimens with and without a geogrid were molded. The mechanical properties were investigated through tensile strength (Brazilian 

test), resilient modulus and Marshall Stability tests. The insertion of the geogrid into the HMA provide an increase in the responses of reinforced specimens 

for the three analyzed tests, which is not observed in the CMA. The adhesion between the asphalt mixture and the geogrid is observed only in the hot asphalt 

mixture. Therefore, its mobilization shows to be dependent on the temperature of the asphalt mixture, which alters the viscos ity of the asphalt binder. It is 

assumed that the geogrid reinforcement is mobilized due to the adhesion between this geosynthetic element and the hot asphalt mixture. Additionally, the 

trapping of the asphalt mixture in the geogrid mesh openings provides the formation of a structural system with higher interl ocking, lower susceptibility to 

deformations and as a consequence greater mechanical strength and stiffness, in comparison to unreinforced systems. 
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1. Introduction  

In road engineering, most of the pavement structures have the 

asphalt layer composed of asphalt mixtures. Two main options of 

this paving material are hot mix asphalt (HMA) and cold mix 

asphalt (CMA). As the name implies, HMA is a mixture of 

aggregates and asphalt cement that requires heating before 

installation. Hot mix asphalt is more useful for large-scale paving 

applications because it can resist all types of weather and is the 

most durable grade of paving asphalt. On the other hand, CMAs 

are the most basic asphalt types and are much more affordable than 

hot mix asphalt. As they can be laid in colder temperatures, health 

risks are reduced because heating of materials is not required for 

application, and furthermore, they can provide a longer storage 

time than hot mix asphalt. 
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According to Slebi-Acevedo et al. [1], scientists and engineers 

are permanently trying to improve the properties of asphalt 

mixtures, such as their stability and durability. In this context, this 

research aims to evaluate the improvement of mechanical 

properties of HMA and CMA through the insertion of 

geosynthetics.  

Geosynthetics have been widely used in paving engineering, 

mainly for application in drainage systems and reinforcement of 

embankments and structural layers of pavements. Kakuda et al. [2] 

state that the use of geosynthetics as a reinforcement element 

allows the control and reduction of distress manifestations such as 

rutting or fatigue cracking, being effective in reducing both 

permanent and resilient deformation. Correia [3] points out that the 

presence of these materials in asphalt pavements can lead to 

significant improvements in the rehabilitation of pavements by 

increasing their service life and consequently reducing 

maintenance costs. 

In addition, research has shown that the service life of flexible 

pavements can be extended by the inclusion of geotextiles or 

geogrids between the existing layer and the new asphalt overlays, 

due to the ability of the geosynthetic to absorb stresses and 

therefore minimize the mechanism of reflection cracking [4-13]. 

Fonseca et al. [14] state that the use of geogrids to reinforce 

asphalt  pavements  can  increase  the  fatigue life of the pavement 
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because   the   reinforcing   elements   prevent  the  mechanism  of 

reflection cracking. According to Montestruque [15], it prevents 

the formation of a single reflection crack that monopolizes the 

dissipation of energy at its end and forces the appearance of many 

microcracks distributed over the asphalt layer with a scattered 

propagation pattern, lower growth speeds and lower severity. 

The use of geogrids in asphalt mixtures to achieve an 

improvement in pavement performance is governed by 

confinement/interlocking and bonding mechanisms [16]. 

Antunes [17] states that the reinforcement of asphalt layers with 

geogrid contributes to a greater performance of the pavement, 

promoting the reduction of deformations and a better absorption of 

horizontal stresses. Therefore, the reinforcement reduces the shear 

stresses transferred to the layers in which the geosynthetic is 

inserted due to the interlocking created between the mesh openings 

and the aggregates of the asphalt mixture [18]. Without this 

interlock, the shear strength at the interface decreases excessively 

due to the presence of the reinforcement and negatively affects the 

overall strength of the mixture [19]. 

According to Knonw et al. [20], among the various geosynthetic 

products, geogrids are believed to improve the confinement under 

the vehicles’ wheel loading. Therefore, they are the best option for 

achieving an improvement in the structural performance of flexible 

pavements, mainly providing reinforcement for the pavement 

structure.  

According to several researches [21-25], adhesion is the 

determining factor for the good performance of the reinforcement 

in pavement layers. Moreover, according to Montestruque et al. 

[26], the appearance of premature cracks can be caused by the lack 

of adherence between an asphalt layer and a geogrid. Kakuda [27] 

states that asphalt mixtures must constitute a monolithic structure, 

as the lack of adherence leads to an increase in shear stress at the 

layer interface. 

Bastos [28] states that the anchoring of the geosynthetic in the 

asphalt layer is given by the adhesion between a geogrid and an 

asphalt mixture. The researcher also states that there should be no 

relative displacement between the geogrid and the asphalt concrete 

for the geogrid to absorb stresses when it is stimulated to deform.  

Montestruque et al. [26] say that the eventual relative movement 

between the asphalt layers and the geogrid prevents the adequate 

mobilization of the reinforcement and, consequently, the adequate 

absorption of the stresses to which the system is subjected. Thus, 

one must ensure the integrity of the whole through a good adhesion 

between the geosynthetic and the asphalt mixture. 

Obando-Ante [29] highlights that the efficiency of geosynthetics 

as reinforcement of asphalt mixtures is strongly influenced by 

factors such as the selection of the asphalt binder and its viscosity. 

Nithin et al. [30] affirm that the temperature used on the 

installation of the geosynthetic is fundamental to guarantee the 

adhesion between the asphalt layer and the geogrid. Button and 

Lytton [31] indicate that the installation of the geosynthetic must 

be carried out with petroleum asphaltic cement at temperatures 

between 82ºC and 132ºC, in order to guarantee the adequate 

viscosity of the binder. 

The particularities of hot and cold asphalt mixtures can lead to 

different influences on the reinforcement mechanisms associated 

with the insertion of geosynthetics in such mixtures. In this context, 

this research aims to perform a comparative analysis between the 

mechanical properties (tensile strength, resilient modulus and 

Marshall Stability) of HMA and CMA with and without geogrid 

insertion. 

2. Materials and methods 

2.1. Materials 

The components of the HMA studied are mineral aggregates of 

gneissic origin (gravel 1, gravel 0 and stone powder) and a 

conventional petroleum asphaltic cement (CAP 50/70). Regarding 

to the composition of the CMA, the same mineral aggregates of 

gneissic origin present in the HMA composition and a 

conventional cationic asphalt emulsion (RL-1C) were used. The 

Tables 1, 2, and 3 present the normative procedures for the 

characterization tests of these materials.  

The geogrid analyzed in this research was developed to reinforce 

the asphalt layers. This geogrid is composed by polymeric 

filaments produced from high modulus glass fibers and covered 

with bituminous material. These filaments are adhered to an 

ultralight non-woven geotextile whose purpose is to assist the 

geogrid installation process in a real asphalt pavement structure. 

Then, it does not have any structural function. The technological 

characteristics of this geogrid (Fig. 1) provided by the 

manufacturer are shown in Table 4. 

2.2. Methods 

For the hot asphalt mixture, a granulometric composition was 

defined  according  to  the  Brazilian   specification   ES 031  [32],  

Table 1 

Characterization tests of mineral aggregates for composition of 

HMA and CMA. 

Test Standard 

Adhesivity to the asphalt binder ME 078 [33] 

Form index ME 086 [34] 

Sand equivalent test ME 054 [35] 

Los Angeles abrasion ME 035 [36] 

Absorption ME 081 [37] 

Real and apparent specific density ME 081 [37] 

Granulometric analysis ME 083 [38] 

Specific density of fine aggregate ME 194 [39] 

Table 2 

Characterization tests for petroleum asphaltic cement (CAP 

50/70). 

Test Standard 

Viscosity Saybolt-Furol ME 004 [40] 

Flash point ME 148 [41]  

Fire point ME 148 [41] 

Real specific density ME 009 [42] 

Relative density ME 009 [42] 

Solubility in Trichlorethylene NBR 14855 [43]  

Softening point ME 131 [44] 

Penetration ME 155 [45] 

Table 3 

Characterization tests for asphalt emulsion (RL-1C). 

Test Standard 

Density ME 193 [46] 

Particle charge test ME 156 [47] 

Determination of pH NBR 6299 [48] 

Sieve test NBR 14393 [49] 
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Fig. 1. Geogrid used in the research. 

Table 4 

Properties of the geogrid analyzed in the research. 

Property Magnitude 

Ultimate tensile strength 64.60 kN/m 

Elongation at maximum load 2.4% 

Strength at 2% strain 56.48 kN/m 

Aperture size 30 mm x 30 mm 

 

which is applicable to HMA (Grading Envelope C). Then, the 

asphalt binder design content of the hot asphalt mixture was 

defined using the Marshall mix design method, according to the 

ME 043 standard [50].   

For the cold asphalt mixture, a granulometric composition was 

defined in order to fit the Grading Envelope D of the ES 153 

standard [51]. Then, the formulation proposed by Duriez and 

Arrambide [52] was used to calculate the residual binder content, 

that is, the amount of effective asphalt present in the asphalt 

mixture for the composition of mineral aggregates. To determine 

the moisture content of the aggregate composition, usual values 

were sought in the technical previous literature [53-56] and the 

value of 2.5% was selected, since it provides satisfactory results of 

workability and grain covering.  

After choosing the moisture content and defining the initial 

asphalt emulsion content, a moisture content in relation to the 

aggregate mass of 4.4% was used for compaction of the asphalt 

mixtures. This moisture content was determined based on Marshall 

Stability values presented in the ME 107 standard [57]. The 

mixture was designed using the Marshall mix design method, 

according to the ME 043 standard [50], and the asphalt binder 

design content was then obtained. 

After determining the asphalt binder design content for both 

mixtures, some specimens were molded with the insertion of the 

geogrid and others without the geogrid. For the molding of 

specimens with geogrid, the asphalt mixtures were divided and 

homogenized in two separate containers, each containing 50% of 

the aggregate fractions and 50% of the asphalt binder content 

defined in the design process. These halves of asphalt mixtures 

were used to cast each half of the same specimen.  

In the case of HMA mixtures, the sample of the first half of the 

specimen was homogenized and returned to the oven for two 

minutes, which is a time interval defined by ME 043 [50] for hot 

asphalt mixtures. While the first sample was kept in the oven, the 

second half of the sample was homogenized. Then, this second 

sample was also taken to the oven for two minutes. During this 

interval, the first sample was deposited in the mold of the Marshall 

compactor. After that, two blows (impact type) were applied in 

order to obtain a leveling and then the geogrid was inserted. After 

these procedures, the second half of the sample was taken from the 

oven and placed in the same mold over the geogrid. Then, this 

Marshall mold was prepared with 75 blows (impact type) on either 

side. 

With regard to the CMA mixtures, the same proceedings were 

used, except for the steps of heating the mixture. Fig. 2 shows a 

molded specimen reinforced with geogrid and a demarcation of the 

position of its reinforcement.  

For the analysis of the mechanical properties of reinforced and 

nonreinforced HMA and CMA specimens, mechanical tests of 

tensile strength, resilient modulus, and Marshall Stability were 

performed as per ME 136 [58], ME 135 [59], and ME 043 [50], 

respectively. Although they do not represent the dynamic loading 

condition that asphalt layers are typically subjected due to the 

vehicle traffic in a pavement structure, the static tests of tensile 

strength and Marshall Stability are justified because they 

correspond to requirements defined in Brazilian specifications for 

asphalt mixtures (ES 031 [32] for hot asphalt mix and ES 153 [51] 

for cold asphalt mix). These specifications prescribe minimum 

values for such properties that must be met by the respective 

designed asphalt mixtures. Thus, together with the resilient 

modulus test (performed under dynamic loading condition), these 

static tests will be used for comparative purpose. 

In the Marshall Stability tests, the specimens were heated to 

60°C in an oven and then placed in lower segment of the breaking 

head. The upper segment of the breaking head of the specimen is 

placed in position and the complete assembly is placed in position 

on the testing machine as shown in Fig. 3. The test consists of 

applying an increasing compressive load on the specimen and the 

Stability of the mix is defined as the maximum load carried by the 

compacted specimen. 

 

Fig. 2. Illustration of a test asphalt mixture specimen reinforced 

with geogrid. 

 

Fig. 3. Marshall Stability testing machine. 
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In the Brazilian diametrical compression test, an indirect 

determination of the tensile strength of the asphalt mixtures was 

developed, considering a monotonic compressive loading applied 

by loading strips to the Marshall size samples (with and without 

geogrid), as shown in Fig. 4. The application of the diametrically 

opposed compressive loads generates uniform tensile stresses 

perpendicular to the vertical diameter of the cylinder.  

The tensile strength at failure is calculated using the theory of 

elasticity and neglecting the effects of multiaxial state of stress. 

According to the Brazilian standard method for asphalt mixtures, 

it is assumed that the specimen fails when the uniform tensile 

stresses generated over the requested diameter is equal to the 

maximum allowable tensile stress of the sample. So, the indirect 

tensile strength is the maximum tensile stress applied to the sample 

during the test.  

In order to determine the asphalt mixtures stiffness, resilient 

modulus tests of Marshall cylinder specimens of HMA and CMA 

with and without geogrid were performed, at a controlled 

temperature of 25°C. During the tests, the specimens were 

subjected to a cyclic axle load on the vertical diametrical plane. 

The load applied by the loading strips generates tensile stresses 

along the vertical diametrical plan. These tensile stresses cause 

recoverable diametrical strains along the horizontal direction. 

Diametral and horizontal strains were measured with 

electromechanical Linear Variable Differential Transformers 

(LVDTs) (Fig. 5). The value of resilient modulus was calculated 

as the ratio of applied axle deviator stress and axle recoverable 

strain. 

 

Fig. 4. Tensile strength testing machine. 

 

Fig. 5. Resilient modulus testing machine. 

3. Results and analysis 

3.1. Characterization of mineral aggregates 

Table 5 presents the results regarding the characterization of the 

mineral aggregates used for the HMA and CMA mixtures analyzed 

in this research. The particle size analysis of mineral aggregates is 

presented in Fig. 6. 

3.2. Asphalt binder characterization  

Tables 6 and 7 present the results of the characterization of the 

petroleum asphaltic cement (CAP 50/70) and the cationic asphalt 

emulsion (RL – 1C), respectively. 

3.3. Grading of design 

In this research, designed asphalt mixtures corresponding to two 

grading envelopes [C specified by ES 031 [32] to HMA and D 

specified by ES 153 [51]   to  CMA  were used. Fig. 7 presents the  

Table 5 

Results of the characterization tests of mineral aggregates for 

HMA and CMA. 

Test Result 

Adhesivity to asphalt 

binder 

Satisfactory with the addition of 

0.10% doping material 

Form index 0.68 

Sand equivalent test- 

Stone powder 

59% 

Los Angeles abrasion 45% 

Absorption – Gravel 0 1.14% 

Absorption - Gravel 1 1.14% 

Real specific density - 

Gravel 0 

2.796 g/cm³ 

Real specific density - 

Gravel 1 

2.817 g/cm³ 

Apparent specific 

density - Gravel 0 

2.705 g/cm³ 

Apparent specific 

density - Gravel 1 

2.705 g/cm³ 

Real specific density - 

Stone powder 

2.825 g/cm³ 

 

Fig. 6. Particle size analysis of mineral aggregates to HMA and 

CMA. 
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grading of design used in this research for the two grading 

envelopes analyzed. For these envelopes, the design gradation 

curves were determined in accordance with the limits imposed by 

the mentioned service specification. 

Table 6 

Results of the characterization tests of the petroleum asphaltic 

cement (CAP 50/70). 

Test Result 

Viscosity Saybolt-Furol 
135°C – 172 seconds 

150°C – 64 seconds 

Flash point 343°C 

Fire point 365°C 

Real specific density 1.010 g/cm³ 

Relative density 1.006 

Solubility in Trichlorethylene 100% 

Softening point 51°C 

Penetration 57 dmm 

Table 7 

Results of the characterization tests of the cationic asphalt 

emulsion (RL-1C). 

Test Result 

Density 1.030 g/cm³ 

Determination of pH  3.09 

Particle charge test Positive charge 

Sieve test 0.01% 

 

Fig. 7. Design gradation curves for both grading envelopes of this 

research: (a) HMA and (b) CMA. 

3.4. Design asphalt mixtures 

Table 8 presents the results of the volumetric parameters of the 

HMA and CMA with their asphalt binder design contents defined 

by the Marshall mix design method. These values of asphalt binder 

design contents were determined so that the corresponding 

volumetric parameters are within the range imposed by the service 

specifications ES 031 [32] and ES 153 [51] for the HMA and CMA, 

respectively. 

3.5. Mechanical tests  

Figs. 8, 9, and 10 present the results of tensile strength, resilient 

modulus and Marshall Stability tests performed on the test 

specimens of HMA and CMA design asphalt mixtures with and 

without geogrid reinforcement. 

Table 8 

Volumetric parameters for the HMA and CMA design asphalt 

mixtures. 

Asphalt mixture HMA CMA 

Grading envelope C D 

Asphalt binder design content (%) 4.70 7.00 

Voids Content (%) 4.19 11.9 

Voids filled with bitumen (%) 76.10 44.81 

 

Fig. 8. Results of tensile strength for the design asphalt mixtures 

investigated. 

 

Fig. 9. Results of resilient modulus for the design asphalt mixtures 

investigated. 
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Fig. 10. Results of Marshall Stability for the design asphalt 

mixtures investigated. 

These results showed that the geogrid insertion provided an 

increase in the mechanical properties of conventional HMA, which 

was not observed when geogrid was inserted into the CMA. 

Specimens of the two types of reinforced mixtures were exhumed. 

An investigation of these specimens suggested that the difference 

in the mechanical responses is associated with the evidence of 

adherence of the geogrid to the HMA (Fig. 11), which was not 

verified in the CMA (Fig. 12).  

Regarding the interaction of the geogrid with the HMA, an 

inspection of divided reinforced specimens indicated (Fig. 11) that 

the geogrid meshes were totally connected to the hot asphalt 

mixture. Therefore, they constituted a monolithic system with a 

high degree of integrity. 

 

Fig. 11. Geogrid adhered to the hot asphalt mixture (HMA). 

 

Fig. 12. Geogrid not adhered to the cold asphalt mixture (CMA). 

The geogrid used in this research has filaments covered with 

bituminous material. Thus, for the compaction temperature, the 

asphalt present in the geogrid and in the hot asphalt mixture is in a 

state of consistency that promotes adequate adhesion between the 

geogrid and the hot asphalt mixture. This adhesion was preserved 

after the specimens have cooled down to room temperature. 

Regarding the interaction of the geogrid with the CMA, no 

adherence between these elements was observed when the 

reinforced specimens were divided (Fig. 12). The lack of adhesion 

between the filaments of the geogrid mesh and the asphalt mixture 

resulted in the detachment of the geogrid from the cold asphalt 

mixture. Thus, the impossibility of mobilizing the adhesion 

prevented the geogrid and the cold asphalt mixture from forming 

a monolithic system, thus restricting the geogrid's ability to act as 

a reinforcement of the asphalt mixture.  

It is important that the aforementioned experimental findings and 

corresponding interaction mechanisms described support the 

mechanical responses obtained by each of the systems investigated, 

according to the particularities of the tests contemplated in the 

experimental program of this research. 

Since in the tensile strength test the specimen breaks due to 

tensile stresses along its vertical diametrical plane, it is possible to 

infer that the adhered geogrid deformed in the geogrid-asphalt 

mixture contact zone, promoted a redistribution of internal stresses 

and absorbed part of the tensile stresses at the central region of the 

specimen. As the geogrid and the hot mix asphalt form a 

monolithic system, the reinforcing effect is transmitted through the 

system, increasing the internal tensile strength in the vertical 

diametrical plane, in relation to the unreinforced specimens. 

In the specimen of CMA, adherence between the reinforcement 

element and the cold asphalt mixture was not verified. It is 

assumed that the geogrid does not satisfactorily absorb the tensile 

stresses in the central region of the specimen. Consequently, it 

does not transmit the reinforcing effect to the CMA mixture. In 

addition, the lack of adherence between the geogrid and the 

compacted asphalt mixture allowed a relative displacement 

between them. It compromised the integrity of the reinforced 

specimen and created a physical discontinuity zone within the 

system, which reduced the tensile strength.  

In terms of reinforcement, the general behavior observed in the 

specimens subjected to the resilient modulus (RM) tests was very 

similar to that observed in the tensile strength (TS) tests. In the 

same way of the TS tests, the increments of RM response observed 

in the reinforced HMA is associated with the stress absorption by 

the geogrid, which results from the adhesion between the hot 

asphalt mixture and the geogrid meshes. This adherence allows the 

mobilization of the geogrid under the action of the internal stresses 

generated by the dynamic loading that characterizes this test, 

resulting in an increase in the resilient stiffness of the HMA 

reinforced. This behavior was not observed in CMA specimens 

due to the lack of adherence between the geogrid and the cold 

asphalt mixture. 

Knowing that the RM test occur through the application of 

repeated loading and that the horizontal deformations resulting 

from this test are analyzed, it is inferred that the geogrid adhered 

to the hot mix asphalt absorbs the tensile stresses when deforming 

at each loading cycle and consequently reduces the recoverable 

horizontal displacements. Thus, an increase in the elastic stiffness 

of the geogrid-HMA system was observed.   

In the reinforced cold asphalt mixtures, because a lack of 

adherence, a formation of a monolithic system was not observed. 

This condition allowed a relative displacement of the geogrid, 
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which restricts their confinement/interlocking mechanism and 

implies in a not satisfactory solicitation of the reinforcement 

element. In addition, the non-adherent geogrid constitutes an area 

of physical discontinuity within the specimen that impairs its 

performance during the application of the cyclic loading and 

generates lower RM tests results. 

In Marshall Stability tests, the force applied during the tests 

increases until excessive displacement or failure of the asphalt 

mixture occurs. Then, the results presented in Fig. 10 indicate that 

one of the effects of the presence of the geogrid is to provide 

greater interlocking and confinement to the system. In this way, 

the system formed by geogrid and asphalt mixture is less 

susceptible to structural collapse and presents highest values of 

Marshall Stability.   

In reinforced HMA, the combination of the adhesion and the 

trapping of the asphalt mixture in the geogrid mesh openings 

provides the formation of a structural system with higher 

interlocking and greater Stability, consequently. Regarding to the 

CMA, as the geogrid is loose in the asphalt mixture and dislocates 

during the application of the loading, an unsatisfactory condition 

is provided for the development of the geogrid reinforcement 

mechanisms, implying in a restricted potential for increasing 

Stability by the geogrid.  

This research deals with specific types of asphalt mixtures (cold 

and hot), geosynthetic reinforcement (geogrid) and static 

(Marshall Stability and tensile strength) and dynamic (resilient 

modulus) tests. Considering these particularities, the results of the 

experimental program corroborate with the previous knowledge 

that adherence is the primary mechanism necessary to mobilize the 

geogrid reinforcing ability, which is responsible for improving the 

mechanical properties of asphalt mixtures. As a consequence of the 

experimental findings presented in this paper, future research must 

be carried out in order to propose and evaluate complementary 

procedures focused on solving the problem of lack of adherence 

and, consequently, the lack of reinforcement in cold asphalt 

mixtures reinforced by geogrids, with a view to make this 

technique feasible as evidenced for the hot asphalt.  

4. Conclusions 

Based on the results and considering the particularities of this 

research, it was possible to verify that: 

1. The geogrid showed satisfactory adherence to the hot mix 

asphalt and did not show any adherence to the cold mix 

asphalt. 

2. The efficiency of transmission of the reinforcing effect, 

which is mobilized by the actuation of the geogrid, has been 

shown to be associated with the geogrid-asphalt mixture 

adherence. This adherence was achieved only in the hot 

asphalt mixture. Therefore, it was dependent on the 

compaction temperature of the asphalt mixture. 

3. The adhesion between the geogrid and the asphalt mixtures 

was shown to be associated with the temperature of the 

mixture. It is due to the influence of the geogrid on the 

viscosity of the asphalt binder of the mixture and the geogrid, 

which allows the adhesion between them. 

Acknowledgements 

This study was financed in part by the Coordenação de 

Aperfeiçoamento de Pessoal de Nível Superior - Brasil (CAPES) - 

Finance Code 001. 

References 

[1] C. J. Slebi-Acevedo, P. Lastra-González, P. Pascual-Muñoz, 

D. Castro-Fresno, Mechanical performance of fibers in hot 

mix asphalt: A review, Constr. Build. Mater. 200 (10) (2019) 

756-769. 

[2] F. M. Kakuda, A. B. Parreira, G. T. P. Fabbri, Análise de um 

pavimento reforçado com geossintético a partir de resultados 

de ensaios em equipamento de grandes dimensões [Analysis 

of a pavement with geosynthetics reinforcement from results 

of tests on large equipment], Transp. 19 (3) (2011) 28-34. 

[3] N. S. Correia, Performance of flexible pavements enhanced 

using geogrid-reinforced asphalt overlays, (PhD Tesis), São 

Carlos School of Engineering, São Paulo, Brazil, 2014. 

[4] J. N. Prieto, J. Gallego, I. Perez, Application of the wheel 

reflective cracking test for assessing geosynthetics in anti-

reflection pavement cracking systems, Geosynth. Inter. 14 (5) 

(2007) 287-297. 

[5] A. Bühler, Estudo do efeito de grelhas de reforço na 

restauração de pavimentos [Study of the effect of 

reinforcement grids on pavement restoration], (PhD Tesis), 

Aeronautical Technological Institute, São José dos Campos, 

Brazil, 2007. 

[6] A. Virgili, F. Canestrari, A. Grilli, F. A. Santagata, Repeated 

load test on bituminous systems reinforced by geosynthetics, 

Geotext. Geomembr. 27 (3) (2009) 187-195.  

[7] I. L. Al-Qadi, S. H. Dessouky, J. Kwon, E. Tutumluer, 

Geogrid-reinforced low-volume flexible pavements: 

pavement response and geogrid optimal location, J. Transp. 

Eng. 138 (9) (2012) 1083-1090. 

[8] G. Ferrotti, F. Canestrari, E. Pasquini, A. Virgili, 

Experimental evaluation of the influence of surface coating 

on fiberglass geogrid performance in asphalt pavements, 

Geotext. Geomemb. 34 (1) (2012) 11-18.  

[9] J. R. Obando-Ante, Uso de geossintéticos como reforço de 

revestimentos em pavimentação [Use of geosynthetics as a 

reinforcement for paving coatings], (Master Dissertation), 

University of Brasília, Brasília, Brazil, 2010.   

[10] B. Yu, Q. Lu, J. Yang, Evaluation of anti-reflective cracking 

measures by laboratory test, Inter. J. Pavement Eng. 14 (6) 

(2013) 553-560.  

[11] F. M. Nejad, A. Noory, S. Toolabi, S. Fallah, Effect of using 

geosynthetics on reflective crack prevention, Inter. J. 

Pavement Eng. 16 (6) (2014) 477-487.  

[12] I. Gonzalez-Torre, M. A. Calzada-Perez, A. Vega-Zamanillo, 

D. Castro-Fresno, Experimental study of the behavior of 

different geosynthetics as anti-reflective cracking systems 

using a combined-load fatigue test, Geotext. Geomembr. 43 

(4) (2015) 345-350. 

[13] F. M. Nejad, S. Asadi, S. Fallah, M. Vadood, Statistical-

experimental study of geosynthetics performance on 

reflection cracking phenomenon, Geotext. Geomembr. 44 (2) 

(2016) 178-187.  

[14] L. L. Fonseca, M. G. G. Almeida, J. A. S. Greco, Avaliação 

da resistência a tração na flexão de camadas asfálticas 

reforçadas com geossintéticos [Evaluation of tensile strenght 

in flexing asphalt layers reinforced with geosynthetics]. 

Congresso Brasileiro de Mecânica dos Solos e Engenharia 

Geotécnica [Brazilian Congress of Soil Mechanics and 

Geotechnical Engineering], Belo Horizonte, Brazil, 2016. 

[15] G. E. Montestruque, Contribuição para a elaboração de 

método de projeto de restauração de pavimentos asfálticos 



 

 G. S. Pereira et al. / International Journal of Pavement Research and Technology 14 (2021) 496-504  503 
 

 
 

utilizando geossintéticos em sistemas anti-reflexão de trincas 

[Contribution to the elaboration of a project method for 

asphalt pavements restoration using geosynthetics in anti-

reflective cracking systems], (PhD Tesis), Aeronautical 

Technological Institute, São José dos Campos, Brazil, 2002.  

[16] J. Lee, Y. R. Kim, J. Lee, Rutting performance evaluation of 

asphalt mix with different types of geosynthetics using 

MMLS3, Inter. J. Pavement Eng. 16 (10) (2014) 894-905.  

[17] L. G. S. Antunes, Reforço de pavimentos rodoviários com 

geossintéticos [Reinforcement of road pavements with 

geosynthetics], (Master Dissertation), University of Brasília, 

Brasília, Brazil, 2008. 

[18] S. J. Lee, Mechanical performance and crack retardation 

study of a fiberglass-grid-reinforced asphalt concrete system, 

Can. J. Civ. Eng. 35 (10) (2008) 1042-1049.  

[19] E. Pasquini, M. Bocci, G. Ferrotti, F. Canestrari, Laboratory 

characterization and field validation of geogrid-reinforced 

asphalt pavements, Road Mater. Pavement Des. 14 (1) (2012) 

17-35.  

[20] J. Knonw, E. Tutumluer, H. Konietzky, Aggregate base 

residual stresses affecting geogrid reinforced flexible 

pavement response, Inter. J. Pavement Eng. 9 (4) (2008) 275-

285.  

[21] G. E. M. Vilchez, A. E. F. Silva, Principais efeitos da 

incorporação de geogrelhas no concreto asfáltico [Main 

effects of geogrid’s incorporation in asphalt concrete]. 

Seminário Nacional de Modernas Técnicas Rodoviárias 

[National Seminar on Modern Road Techniques], 

Florianópolis, Brazil, 2000. 

[22] H. Delbono, Restorarion of pavements: adhesion between 

layers with geosynthetic interposition of different mesh 

opening, Rev. Ing. de Constr. 34 (3) (2019) 307-320. 

[23] A. Bühler, L. E. P. Severo, L. F. Vanacor, P. Ruwer, F. 

Montez, G. M. Vilchez, Avaliação de viabilidade e 

implantação de geogrelhas poliméricas no combate ao 

trincamento por fadiga. [Feasibility assessment and 

implantation of polymeric geogrids to combat fatigue 

cracking], Revista Estrad. 10 (2006) 49-54. 

[24] L. Vlest, C. Ramos, Estudo e emprego de grelha polimérica 

anti-reflexão de trincas em pavimentos flexíveis [Study and 

use of a crack-resistant polymeric grid on flexible 

pavements]. XV Congresso Íbero-Latino Americano de 

Asfalto [XV Ibero-Latin American Congress of Asphalt], 

Lisboa, Portugal, 2009. 

[25] E. M. Palmeira, J. A. Obando-Ante, Laboratory Study on the 

Performance of Geosynthetic Reinforced Asphalt Overlays, 

Inter. J. Geosynth. Gr. Eng. 1 (5) (2015) 1-11. 

[26] G. Montestruque, L. Bernucci, F. Leite, C. Carmo, Avaliação 

da aderência de geogrelhas entre camadas asfálticas 

[Evaluation of geogrid adherence between asphalt layers], 

XVIII Congresso Íbero-Latino Americano de Asfalto [XVIII 

Ibero-Latin American Congress of Asphalt], Bariloche, 

Argentina, 2015.  

[27] F. M. Kakuda, Estudo de ensaios de arrancamento de 

geogrelha com utilização de equipamento reduzido [Study of 

pull-out tests of geogrids reinforcements using reduced 

equipment], (Master Dissertation), São Carlos School of 

Engineering, São Carlos, Brazil, 2005. 

[28] G. A. Bastos, Comportamento Mecânico de Misturas 

Asfálticas Reforçadas com Geogrelhas para Pavimentos 

Flexíveis [Mechanical Behavior of asphalt mixtures with 

geogrid’s reinforcement for flexible pavements], (Master 

Dissertation), Pontifical Catholic University of Rio de 

Janeiro, Rio de Janeiro, Brazil, 2010. 

[29] J. R. Obando-Ante, Desempenho de misturas asfálticas 

reforçadas com geossintéticos [Performance of asphalt 

mixtures with geogrid reinforcement], (PhD Tesis), 

University of Brasília, Brasília, Brazil, 2016.  

[30] S. Nithin, K. Rajagopal, A. Veeraragavan, State-of-the art 

summary of geosynthetic interlayer systems for retarding the 

reflective cracking, Indian Geotech. J. 45 (4) (2015) 472-487. 

[31] J. W. Button, R. L. Lytton, Guidelines for using 

geosynthetics with hot-mix asphalt overlays to reduce 

reflective cracking, Transp. Res. Rec. 2004 (1) (2007) 111-

119. 

[32] Departamento Nacional de Infraestrutura de Transportes, 

Pavimentos Flexíveis – Concreto Asfáltico – Especificação 

de Serviço [Hot Mix Asphalt – Petroleum Asphaltic Cement 

- Specification ES 031]. ES 031–06. DNIT, Rio de Janeiro, 

Brazil, 2006. 

[33] Departamento Nacional de Estradas de Rodagem, Agregado 

Graúdo - Adesividade a Ligante Betuminoso [Adhesivity to 

the Asphalt Binder]. ME 078–94. DNER, Rio de Janeiro, 

Brazil, 1994. 

[34] Departamento Nacional de Estradas de Rodagem, Agregado: 

Determinação do Índice de Forma [Determination of Form 

Index]. ME 086–94. DNER, Rio de Janeiro, Brazil, 1994b. 

[35] Departamento Nacional de Estradas de Rodagem, 

Equivalente de Areia [Sand Equivalent Test]. ME 054–97. 

DNER, Rio de Janeiro, Brazil, 1997. 

[36] Departamento Nacional de Estradas de Rodagem, Agregados: 

Determinação da Abrasão “Los Angeles” [Determination of 

Los Angeles Abrasion]. ME 035–98. DNER, Rio de Janeiro, 

Brazil, 1998. 

[37] Departamento Nacional de Estradas de Rodagem, Agregados: 

Determinação da Absorção e da Densidade de Agregado 

Graúdo [Determination of Absorption and Real and 

Apparent Specific Density]. ME 081–98. DNER, Rio de 

Janeiro, Brazil, 1998. 

[38] Departamento Nacional de Estradas de Rodagem, Agregados 

– Análise Granulométrica: Método de Ensaio 

[Granulometric Analysis]. ME 083–98. DNER, Rio de 

Janeiro, Brazil, 1998. 

[39] Departamento Nacional de Estradas de Rodagem, Agregados 

- Determinação da Massa Específica de Agregados Miúdos 

por Meio do Frasco Chapman [Determination of Specific 

Density of Fine Aggregate]. ME 194–98. DNER, Rio de 

Janeiro, Brazil, 1998. 

[40] Departamento Nacional de Estradas de Rodagem, Material 

Betuminoso – Determinação da Viscosidade Saybolt-Furol a 

Alta Temperatura [Determination of Viscosity Saybolt-

Furol]. ME 004–94. DNER, Rio de Janeiro, Brazil, 1994c. 

[41] Departamento Nacional de Estradas de Rodagem, Material 

Betuminoso – Determinação dos Pontos de Fulgor e de 

Combustão: Método de Ensaio [Determination of Flash 

Point and Fire Point]. ME 148–94. DNER, Rio de Janeiro, 

Brazil, 1994. 

[42] Departamento Nacional de Estradas de Rodagem, Petróleo e 

Derivados – Determinação da Densidade – Método do 

Densímetro [Determination of Real Specific Density and 

Relative Density]. ME 009–98. DNER, Rio de Janeiro, 

BRASIL, 1998. 

[43] Associação Brasileira de Normas Técnicas, Ligantes 

Asfálticos – Determinação da Solubilidade em 



 

504    G. S. Pereira et al. / International Journal of Pavement Research and Technology 14 (2021) 496-504 

 

 

Tricloroetileno [Asphalt Binder - Determination of 

Solubility in Trichlorethylene]. NBR 14855–15. ABNT, Rio 

de Janeiro, Brazil, 2015. 

[44] Departamento Nacional de Infraestrutura de Transportes, 

Materiais Asfálticos – Determinação do Ponto de 

Amolecimento – Método do Anel e Bola [Determination of 

Softening Point]. ME 131–10. DNIT, Rio de Janeiro, Brazil, 

2010a. 

[45] Departamento Nacional de Infraestrutura de Transportes, 

Material Asfáltico – Determinação da Penetração 

[Determination of Penetration]. ME 155–10. DNIT, Rio de 

Janeiro, Brazil, 2010. 

[46] Departamento Nacional de Estradas de Rodagem, Materiais 

Betuminosos Líquidos e Semi-sólidos – Determinação da 

Densidade [Determination of Density]. ME 193–96. DNER, 

Rio de Janeiro, Brazil, 1996. 

[47] Departamento Nacional de Infraestrutura de Transportes, 

Emulsão Asfáltica – Determinação da Carga de Partícula 

[Determination of Particle Charge Test]. ME 156–11. DNIT, 

Rio de Janeiro, Brazil, 2011. 

[48] Associação Brasileira de Normas Técnicas, Emulsões 

Asfálticas - Determinação do pH [Determination of pH]. 

NBR 6299–12. ABNT, Rio de Janeiro, Brazil, 2012a. 

[49] Associação Brasileira de Normas Técnicas, Emulsões 

Asfálticas - Determinação da Peneiração [Sieve Test]. NBR 

14393–12. ABNT, Rio de Janeiro, Brazil, 2012b.  

[50] Departamento Nacional de Estradas de Rodagem, Misturas 

Betuminosas a Quente – Ensaio Marshall para Misturas 

Betuminosas [Marshall Mix Design Method]. ME 043–95. 

DNER, Rio de Janeiro, Brazil, 1995. 

[51] Departamento Nacional de Infraestrutura de Transportes, 

Pavimentação Asfáltica – Pré-misturado a Frio com Emulsão 

Catiônica Convencional: Especificação de Serviço [Cold 

Mix Asphalt – Cationic Asphalt Emulsion - Specification ES 

153]. ES 153–10. DNIT, Rio de Janeiro, Brazil, 2010c. 

[52] M. Duriez, J. Arrambide, Liants hydrocarbonés 

[Hydrocarbon binders], Dunod, Paris, 1954. 

[53] M. S. Mamlouk, L. E. Wood, A. A. Gadallah, Laboratory 

evaluation of asphalt emulsion mixtures by use of the 

Marshall and indirect tensile tests, Transp. Res. Board 754 

(1980) 17-22. 

[54] J. R. Tuchumantel, Influência da Umidade de Compactação 

no PMF Denso [Influence of Compactation Humidity on 

Cold Asphalt Mixture]. X Encontro de Asfalto [X Asphalt 

Meeting], Rio de Janeiro, Brazil, 1990. 

[55] A. S. Quimi-Kao, Curso Básico de Emulsões Asfálticas 

[Basic Course on Asphalt Emulsions], Quimi-Kao S.A, 

Ciudad de México, 1993.  

[56] D. D. S. Clerman, Estudo laboratorial de misturas asfálticas 

a frio produzidas com incorporação de borracha de pneus 

[Laboratory study of cold asphalt mixtures produced with 

rubber tires incorporation], (Master Dissertation), Federal 

University of Rio Grande do Sul, Porto Alegre, Brazil, 2004. 

[57] Departamento Nacional de Estradas de Rodagem, Mistura 

Betuminosa a Frio, com Emulsão Asfáltica – Ensaio 

Marshall [Marshall Stability Test]. ME 107–94. DNER, Rio 

de Janeiro, Brazil, 1994. 

[58] Departamento Nacional de Infraestrutura de Transportes, 

Pavimentação Asfáltica - Misturas Asfálticas - Determinação 

da Resistência à Tração por Compressão Diametral [Tensile 

Strength -Brazilian Test]. ME 136–18. DNIT, Rio de Janeiro, 

Brazil, 2018. 

[59] Departamento Nacional de Infraestrutura de Transportes, 

Pavimentação Asfáltica - Misturas Asfálticas - Determinação 

do Módulo de Resiliência [Resilient Modulus Test]. ME 

135–18. DNIT, Rio de Janeiro, Brazil, 2018. 

 

 


