
ORIGINAL PAPER

A Laboratory Study on the Performance of Geosynthetic
Reinforced Asphalt Overlays

Jaime Obando-Ante • Ennio M. Palmeira

Received: 2 December 2014 / Accepted: 16 December 2014 / Published online: 15 January 2015

� Springer International Publishing AG 2015

Abstract Geosynthetics can improve pavement perfor-

mance in different ways, such as drainage layers, reinforce-

ment and barriers. The use of geosynthetic reinforcement in

pavement base and cap layers has increased markedly in the

last decades mainly because of better overall performance and

greater life of reinforced pavements in comparison with

unreinforced ones, as reported in several laboratory and field

experiments. This paper presents and discusses results of

laboratory load tests on reinforced and unreinforced asphalt

concrete layers focusing on the use of geogrids as reinforce-

ment in asphalt overlays. Cyclic loads were applied by a

loading platen on asphalt concrete beams consisting of a new

cap overlying a cracked cap resting on a compressible layer.

Four different types of reinforcements were tested between

the new and the damaged asphalt concrete caps under varying

values of cyclic loads. The reinforcements tested consisted of

a geocomposite, 2 polymeric grids and a wire mesh. The

results obtained showed the marked increase in the number of

load repetitions due to the use of geogrid reinforcement and

that adherence between asphalt concrete and reinforcement is

a key issue for a good performance of reinforced overlays.

Keywords Geosynthetics � Reinforcement � Pavements �
Asphalt overlays

List of symbols

CU Coefficient of uniformity (=D60/D10)

(dimensionless)

CC Coefficient of curvature (D30
2 /D10D60)

(dimensionless)

Dn Diameter for which n % of the remaining particles

are smaller than that diameter (m)

ER Efficiency ratio (dimensionless)

Gmb Asphalt concrete specific gravity (dimensionless)

Gmm Asphalt concrete maximum theoretical specific

gravity (dimensionless)

J5% Secant reinforcement tensile stiffness at 5 % strain

N Number of load repetitions (dimensionless)

Pb Total binder content (dimensionless)

Tmax Reinforcement tensile strength (N/m)

emax Maximum reinforcement tensile strain

(dimensionless)

r Vertical stress applied on the beam top (Pa)

Introduction

The use of geosynthetic to improve the performance of

pavements has increased markedly in the last years [1–18].

Different types of geosynthetics can be used to improve

pavement performance with varying functions (reinforce-

ment, drainage and barriers). Geogrids and geotextiles can

be employed to reinforce the pavement base or asphalt cap.

Geotextiles impregnated with asphalt can be used to avoid

pumping of fines from the base or subgrade through cracks

in the asphalt cap. In addition to traditional filter applica-

tions, nonwoven geotextiles can be used as capillary bar-

riers to reduce pavement base moistening or saturation.

When impregnated with asphalt they can also function as

barrier against moistening of pavement layers. Ribeiro

et al. [19] described a successful field application of an

asphalt impregnated nonwoven geotextile layer enveloping
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a fine grained soil used as pavement base layer to avoid

moisture content increase in the latter. Geosynthetics (ge-

ogrids, geotextiles and geocomposites) can also be suc-

cessfully applied in pavement asphalt overlays.

Austin and Gilchrist [5] investigated the use of a geo-

composite to minimise crack reflection in real scale

experiments. One of the reinforced sections had the geo-

composite installed at the middle of the asphalt layer and

the other at its base. The test sections were subjected to a

tire pressure of 300 kPa. The results showed that the

reinforced layers resisted three times more load repetitions

than the control unreinforced section. Similar studies and

conclusions were obtained by Fritzen [20].

Hosseini et al. [14] described the use of geogrid rein-

forcement in pavements in the Khomeini Airport, Tehran,

Iran. Tests were carried out on prismatic specimens

extracted from the pavement, according to ASTM D 7460

[21], with a load frequency of 10 Hz. The results showed

that the reinforced specimens presented greater stiffness

and lower crack reflection than the unreinforced ones.

The evaluation of the performance of high tensile

stiffness geogrids in pavements was carried out by

Komatsu et al. [22]. Test using reinforced and unreinforced

layers in a traffic simulator showed that the presence of the

reinforcement reduced the formation of ruts and that the

adherence between geogrid and asphalt layer was a very

important factor for geogrid performance.

Field experiments have also shown that the use of

geogrid reinforcement can improve asphalt overlay per-

formance. Fritzen [20] investigated the performance of

different reinforcement types in experimental sections in a

highway in Brazil that were subjected to accelerated traffic

simulation. The best performance was observed in the

experimental site where geogrid reinforcement was

employed. Similar results were obtained by Zou et al. [23]

in field experiments in a reinforced cap on a cement sta-

bilized base. In the experiments fibre glass and polymeric

geogrids were used as well as two geotextiles and a geo-

composite. The results obtained showed less surface rutting

in the reinforced sections in comparison with the reference

unreinforced section.

Montestruque [24] conducted laboratory tests on rein-

forced and unreinforced asphalt concrete beams aiming at

investigating the use of geosynthetic reinforcement in

pavement overlays. Geogrids and a nonwoven geotextile

were used as reinforcements. The results showed a better

performance of the geogrid reinforced specimens in com-

parison with the geotextile reinforced and with the unre-

inforced specimens. Similar tests were carried out by

Bühler [25], where the use of geogrid reinforcement

improved the performance of the overlay layer with regard

to crack reflection. Khodaii et al. [15] and Barraza et al.

[18] carried out similar tests also finding that the use of

geogrid reinforcement improved the performance of the

overlay with respect to the reduction of crack reflection.

Barraza et al. [18] observed a better performance of

overlays reinforced with stiffer geogrids. The Four Point

Beam Bending Test has also been employed in the study on
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Fig. 1 Equipment used in the tests. a Geometrical characteristics of

the equipment. b View of the equipment during a test

Table 1 Characteristics of the asphalt concrete

Property

Percentage of aggregate % 95.0

Total binder content % (Pb) 5.0

Air voids % 4.93

Voids in the mineral aggregate % 14.59

Bulk specific gravity (Gmb) 2.404

Maximum theoretical specific gravity (Gmm) 2.529

Marshall stability (N) 9,751

Marshall flow (mm) 4.5

Stability Marshall/flow ratio (N/mm) 2166

Dust/asphalt ratio 2.23
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the use of reinforcement in asphalt overlays. Virgili et al.

[16], Ferrotti et al. [17] and Pasquini et al. [26] report good

performance of geogrid reinforced overlays in this type of

test.

The interaction mechanism between a geosynthetic

reinforcements and an asphalt layer is quite complex and

the level of benefit brought by the use of such reinforce-

ment depends on several factors (properties of materials,

loading conditions, temperature, etc.). Because of such

complexity, further research is needed on this type of

geosynthetic application. In this context, this paper pre-

sents results of laboratory experiments on unreinforced and

reinforced asphalt concrete beams subjected to cyclic

loading. The performance of different types of geogrids

and of a geocomposite was investigated. The results

obtained are presented and discussed in the following

sections.

Experimentals

Equipment

The equipment used in the tests is schematically shown in

Fig. 1a. A view of the equipment during one of the tests is

presented in Fig. 1b. It consisted of a hydraulic cylinder

that applied the vertical load on a plate with dimensions

100 mm (width) 9 200 mm (length) 9 25 mm (thick-

ness), resting on the top of the asphalt concrete beam

specimen. The vertical load on the loading plate was varied

to produce vertical stresses on the beam equal to 350, 450

and 560 kPa (typical tire pressure value in Brazil) and was

applied at a frequency of 1 Hz. The asphalt concrete beam

rested on a pile of stiff (Young’s modulus of 21 MPa)

rubber layers, 305 mm high, to simulate a hypothetical

pavement base. A load cell and displacement transducers

allowed for the measurement of loads and displacements

during the tests. A data acquisition system acquired the

signals from the instrumentation automatically. The tests

were ended when a vertical displacement of the loading

plate of 25 mm was reached.

It should be pointed out that the type of test employed

is an approximation of a real situation, where tyres of a

moving vehicle load the pavement. In this case addi-

tional stresses may be mobilised in the pavement layers

due to inertia forces, for instance. In spite of these

limitations, the type of apparatus and testing methodol-

ogy employed were the same for reinforced and unre-

inforced situations, which allowed comparisons between

these situations under the same loading and geometrical

conditions.

The tests were filmed with a digital camera to allow the

identification of crack formation or reflection during the

Table 2 Aggregate properties

Property

Shape index 0.6

Sand angularity (%) 42.5

Sand equivalent (%) 64.0

D85 (mm) 8.8

D50 (mm) 3.4

D10 (mm) 0.11

CU 41.9

CC 4.3

Los angeles abrasion (%) 15.6

Dn = diameter for which n % of the remaining particles are smaller

than that diameter; CU = coefficient of uniformity (=D60/D10),

CC = coefficient of curvature (D30
2 /D10D60)

Table 3 Properties of the reinforcements

G1 G2 G3 G4

MD

Tmax (kN/m) 38 49 128 55

J5% (kN/m) 585 2320 1,390 875

emax (%) 9.1 % 4.5 % 14.2 % 7.6 %

CMD

Tmax (kN/m) 34 49 48 43

J5% (kN/m) 657 2,055 557 585

emax (%) 12.1 % 4.7 % 11.1 % 9.3 %

Type Geocomposite Wire mesh Geogrid Geogrid

Material PET Steel PET PET

Aperture dimensions (mm) 40 9 40 20 9 20 20 9 20 20 9 20

Mass per unit area (g/m2) 270 1,850 440 280

MD machine direction, CMD cross-machine direction, PET polyester, Tmax tensile strength (wide strip tensile tests according to ASTM D6637

[27]), J5% = secant tensile stiffness at 5 % strain from wide strip tensile tests; emax = maximum tensile strain from wide strip tensile tests
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tests. The side of the beam underneath the loading plate

was painted white to better expose crack development

(Fig. 1b).

Asphalt Concrete Beams

The asphalt concrete beams were moulded by static com-

pression in a rigid container. The beams were 480 mm

long, 200 mm wide and 100 mm thick (Fig. 1a). The top

beam simulated a new overlay 50 mm thick over a dam-

aged cap, also 50 mm thick, with or without reinforcement

between them, depending on the test configuration

(Fig. 1a). CAP 50–70 asphalt binder was used in the

preparation of the beams. The relevant properties of the

asphalt concrete are presented in Table 1. A tack-coat

(cationic, with viscosity degree equal to 1—RR-1C) was

used during beam preparation to favour the adherence

between the reinforcement and the asphalt concrete. The

aggregate used to prepare the beams had particle diameters

smaller than 25 mm. The relevant properties of the

aggregate are listed in Table 2.

The optimum content of the asphalt binder in the mix-

ture used to manufacture the beams was determined using

Marshall’s method of asphalt concrete mix design. The

tests carried out on the asphalt binder and asphalt concrete

followed the standards of the Brazilian National Depart-

ment of Transportation Infrastructure (DNIT).

For the asphalt concrete beam preparation the aggre-

gate and the asphalt cement were heated at temperatures

of 160� and 150�, respectively, prior to mixing. The

mixture was then submitted to a static vertical stress equal

to 312.5 kPa. The beam formed under such conditions

showed the properties listed in Table 1. In reinforced tests

the reinforcement layer was installed using the appropriate

content of asphalt emulsion after cooling of the bottom

asphalt concrete beam under ambient temperature. The

same compaction pressure was employed to prepare both

the upper (overlay) and lower (damaged cap) asphalt

concrete beams. Similar procedures to produce asphalt

concrete beams were employed by Monstestuque [24] and

Bühler [25].

A pre-established 16 mm deep (%1/3 of the beam

thickness) crack was produced at the bottom of the lower

asphalt concrete beam aiming at simulating a bottom

cracked cap. The crack was 4 mm wide and covered the

entire beam width.

Geosynthetics

Three types of geosynthetics and a wire mesh were used in

the tests. The relevant properties of the geosynthetics used

are presented in Table 3. Geosynthetic G1 is a geocom-

posite material for pavements consisting of geogrid on a

fabric coated with asphalt on both sides, as can be seen in

Fig. 2a. The wire mesh (code G2, Fig. 2b) is manufactured

with galvanized steel wires, 3 mm in diameter, forming a

grid with 20 9 20 mm apertures. It should be noted that

Fig. 2 Reinforcements used in the tests. a Reinforcement G1.

b Reinforcement G2. c Reinforcement G3. d Reinforcement G4
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due to its manufacturing process G2 behaves as a very

extensible material in in-air tensile tests, requiring rather

large overall tensile strains for usual metallic grids to

mobilise significant tensile forces. This extensibility is a

consequence of the way the wires are connected to each

other. Inside the asphalt concrete beam such deformation is

restricted to some extent by the confinement provided by

the surrounding material. Reinforcement G3 (Fig. 2c) is an

uniaxial geogrid, with 20 mm 9 20 mm apertures, formed

by polyester filaments encapsulated in a PVC cover with

secant tensile stiffness values at 5 % strain (J5%) of 1,390

and 557 kN/m in machine and cross-machine directions,

respectively. Figure 2d shows reinforcement G4, consist-

ing of a similar geogrid as reinforcement G3 with

20 mm 9 20 mm apertures and tensile stiffness values of

875 and 585 kN/m in machine and cross-machine direc-

tions, respectively. In the asphalt concrete beams the

reinforcement layers were installed with their strongest

direction aligned with the direction of mobilization of

maximum tension. The research programme involved tests

on reinforced and unreinforced asphalt concrete beams.

Results

Unreinforced Tests

Figure 3a presents results of tests on unreinforced overlays

under different vertical stresses in terms of loading plate

vertical displacement versus number (N) of load repeti-

tions. The greater the vertical stress the sooner the loading

plate reaches the final vertical displacement of 25 mm. In

the test under 560 kPa vertical stress the maximum vertical

displacement was reached after a number (N) of load rep-

etitions equal to 206, whereas for 350 kPa normal stress the

maximum vertical displacement was reached after 544 load

repetitions.

Figure 3b–d shows images of the development of cracks

in the unreinforced test for different values of N (plate

vertical stress of 450 kPa). At N equal to 250 the first

cracks appeared at the corners of the loading plate

(Fig. 3b). Failure of the lower cap yielded in a punching

failure mechanisms of the top cap, as shown in Fig. 3c

(N = 350) and Fig. 3d (end of the test).
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Fig. 3 Result of unreinforced beam. a Plate displacement versus number of load repetitions. b N = 250. c N = 350. d End of test
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Reinforced tests

Figures 4, 5, 6 and 7 show the variation of loading plate

vertical displacement versus number of load repetitions

for tests on geogrid reinforced overlays. The overlay

reinforced with geocomposite G1 supported in average 5

times more load repetitions than the unreinforced overlay

for the different levels of vertical stress considered, with

values o N varying between 801 and 3,245, depending on

the plate vertical stress, as shown in Fig. 4a. It is inter-

esting to note in this figure a distinct pattern of variation

of vertical displacement with N after approximately 250

load repetitions. This was the value of N for which the

first additional cracks were noticed in lower beam. Fig-

ure 4b–d present images of the asphalt concrete beams at

different values of N (plate vertical stress of 450 kPa).

Comparing the results in this figure with those in Fig. 3b–

d (unreinforced overlay) one can notice that the presence

of reinforcement G1 attenuated considerably the severity

of the crack mechanism.

The use of geogrid G2 (wire mesh) increased in average

approximately 7.7 times the number of load repetitions to

reach maximum plate vertical displacement in comparison

with the results obtained in the unreinforced case, as shown

in Fig. 5a. The crack development pattern was similar to

that of the test with geogrid G1, as shown in Fig. 5b and c,

with the first cracks appearing at N equal to approximately

250. However, poor adherence between the wire mesh

members and asphalt concrete was noticed in this test,

which may have been the main reason for a more severe

crack reflection mechanism in the test with geogrid G2 in

comparison with what was observed in tests with the other

grids. However, the development of cracks in the beams

reinforced with G2 was considerably delayed in compari-

son with was observed in the unreinforced tests. The poor

adherence between G2 and asphalt concrete was confirmed

during exhumation of this grid from the beam for inspec-

tion after the test, as will be commented later in this paper.

The results of the test with geogrid G3 are presented in

Fig. 6. The presence of this grid increased the number of
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Fig. 4 Results for the beam reinforced with geogrid G1. a Plate displacement versus number of load repetitions. b N = 250. c N = 1,300. d End

of test
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load repetitions by a factor of approximately 10 with

respect to the value observed in the unreinforced test

(Fig. 6a). The patterns of crack development in the beam

reinforced with G3 are shown in Fig. 6b and c and were

similar to those of the previous reinforced tests described

above. Despite increasing significantly the number of load

repetition for maximum vertical displacement, rather poor

adherence between G3 and the asphalt concrete was also

noted in this test, which also accelerated the reflection of

the cracks from the underneath cap to the overlay (Fig. 6b,

c).

The best performance in terms of increase in the number

of load repetitions for maximum vertical displacement was

obtained in the test with geogrid G4, as shown in Fig. 7. In

this case the number of load repetitions was in average 16.6

times greater than that obtained in the unreinforced test for

the different plate vertical stresses used. A change of pat-

tern of variation of vertical displacement with N was noted

for N approximately equal to 600 (Fig. 7a), when the first

cracks were noticed (Fig. 7b), in contrast with the value of

approximately 250 observed for the previous reinforced

tests. Damages to the overlay were also noticed in the test

with geogrid G4, but in the form of small fissures. There-

fore, as in the previous reinforced tests the presence of the

reinforcement did not avoided crack reflection but delayed

considerably its development.

Figure 8 summarises results of tests on unreinforced and

reinforced overlays in terms of number of load repetitions

required to reach the maximum vertical displacement of

25 mm versus vertical pressure on the loading plate. This

figure shows a rather linear variation of vertical pressure

with N in a semi-log plot, where N decreases with the

increase of plate vertical stress. The results also show that

despite having the same aperture, the performance of ge-

ogrids G2, G3 and G4 was quite different, having been

certainly influenced by different levels of adherence

between geogrid and asphalt concrete.

Values of efficiency ratio (ER) for the reinforcements

tested are shown in Fig. 9 as a function of the vertical

stress applied on the asphalt concrete beam. The ER is

defined as the number of load repetitions for a plate dis-

placement of 25 mm in a reinforced test divided by the
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Fig. 5 Results for the beam
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number of load repetitions.

b N = 250. c End of test
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number of load repetitions in the unreinforced test for the

same displacement. The value of ER varied between 4 and

18.8, depending on the reinforcement and vertical stress

considered, with greater values (between 15.3 and 18.8)

having been observed in the tests with geogrid G4. The less

effective reinforcement regarding the increase in the

number of load cycles was G1 (geocomposite). This less

effective performance can be attributed to the smaller

tensile stiffness of G1 and greater aperture size (twice as

much as those of the other grids) in comparison with the

other reinforcements tested.

Images of exhumed reinforcement specimens after the

end of the tests are depicted in Fig. 10. No visible damages

caused by sample preparation conditions (compaction and

temperature) were noted in the geogrids after the tests. The

easiness or difficulty in exhuming the specimens was an

indirect assessment of the adherence between geogrid and

asphalt concrete. A significant degradation of the asphalt

coated fabric in reinforcement G1 was noted after the test,

but pieces of that fabric remained for the test conditions

employed in this study (Fig. 10a). From the exhumation

process it could be noticed that the geocomposite G1 was

the reinforcement with greatest adherence to the asphalt

caps. On the other hand, the wire mesh G2 was the rein-

forcement with least adherence to the caps. The latter

factor explains the less performance of reinforcement G2 in

comparison with geogrids G3 and G4, despite its higher

tensile stiffness.

Conclusions

This paper presented and discussed results of tests on

reinforced and unreinforced concrete asphalt caps focusing

on the use of geosynthetic reinforcement in asphalt over-

lays. The main conclusions from this study are summarized

below.

Crack reflection was observed in all tests performed, but

it was considerably more severe in the unreinforced case.

Reinforced caps resisted between 4 and 18.8 more load

cycles than the reference unreinforced cap, depending on

the type of reinforcement and vertical stress considered.
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Fig. 6 Results for the beam

reinforced with geogrid G3.

a Plate displacement versus

number of load repetitions.

b N = 250. c End of test
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The larger the vertical stress on the beam the less the

number of load cycles resisted by the beam in unreinforced

and reinforced cases.

Images obtained during the tests showed that the crack

propagation and damage to the beam were much more severe in

the unreinforced case in comparison with the reinforced ones.
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Fig. 7 Results for the beam
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a Plate displacement versus

number of load repetitions.

b N = 600. c End of test
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The geocomposite consisting of a geogrid on an asphalt

coated fabric was the less effective reinforcement in terms

of increases in number of load repetitions. Nevertheless,

the beam reinforced with the geocomposite resisted

between 4 and 5.9 times more load repetitions than the

unreinforced beam. The less performance of this rein-

forcement may be related to its smaller tensile stiffness and

larger aperture size in comparison with those of other the

reinforcements tested. The asphalt coated can degrade

partially or entirely during construction, leaving just the

geogrid to fulfill the reinforcement function. The exhumed

specimens showed that the asphalt coated fabric degraded

significantly but not entirely for the conditions of the tests

performed in the present study.

The behaviour of reinforced overlays is very complex

and much research is required for the development of

reliable design methods. Further research is in progress for

a better understanding on the performance of geosynthetic

reinforced overlays.
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