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Abstract. Geogrid materials applied within asphalt layers defer or prevent the occurrence of reflective cracking. The
contribution of this work significantly adds to extending pavement serviceability and improving benefit/cost analy-
sis. Since 1970s many studies have demonstrated the benefits of geogrid reinforcement in asphalt pavements, but this
knowledge did not translate to their extensive usage in the actual construction practice. Among potential reasons are
higher initial costs, lack of in-depth understanding of working mechanism within adjacent asphalt layers and lack of
commonly standard design procedures. This paper presents a recent study, which investigated the effect of geogrid
reinforcement on asphalt mixture specimens. Two types of laboratory experiments were conducted, namely mono-
tonic (strength and fracture) testing and cyclic (fatigue and modulus) testing. The results demonstrated a significant
strengthening contribution of geogrid, which was observed regarding fracture energy results and terminal deflections
in the fatigue testing. This paper also presents a short example connecting pavement deflections with the allowable axle
loading (also known as fatigue life) to demonstrate the practical implications of geogrid reinforcement. The undertaken
analysis shows the reduction of pavement deflections due to the geogrid application, which potentially leads to a signifi-
cant extension of pavement fatigue life. Paper concludes with several recommendations for further work in the area of
geogrid reinforcement.
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1. Introduction and objectives

Geosynthetics application in asphalt pavements has been
in practice since the 1970s. However, despite numer-
ous laboratory, analytical and demonstration studies, no
general methodology has been developped for selection,
assessment, and implementation of geosynthetics into
pavement design. Available approaches differ on their in-
put parameters and basic conspects. On the other hand,
this situation unstopped the growing demand for geosyn-
thetics products worldwide. It is quite apparent that the
driving force behind such a market success ought to be a
superior performance of existing field sections with docu-
mented distress history. These sections were designed us-
ing predominantly empirical approaches. It is very likely
the application of geosynthetics increases with more sci-
entific and proven evidence from the demonstration pro-
jects and associated Life Cycle Analysis (LCA). Addition-
ally, geosynthetics application is envisaged to be even more
extensive as many national highway networks are in the
deteriorating condition, and significant investments are
required for their rehabilitation.

There have been several comprehensive studies in
the recent years that tried to systemize application of ge-
osynthetics in asphalt pavements (Andrews 2013; Button,
Lytton 2007; Rathmayer 2007; Vaitkus et al. 2007, 2010;
Virgili et al. 2009).

Some experiments have been performend on the
IFSTTAR accelerated pavement testing facility (APT) in
Nantes, which is is an outdoor circular carousel dedica-
ted to full-scale pavement experiments. The experiments
were carried out in order to compare the behaviour of a
section reinforced with a traditional grid with a tack coat
and of an unreinforced pavement section. Results showed
that the glass fiber grid properly installed near the bottom
of the asphalt layer improves significantly the fatigue life of
the reinforced pavement (Nguyen et al. 2013).

Since asphalt reinforcement techniques are currently
not thoroughly covered in any standard or method state-
ment in most parts of the world, Brusa et al. (2016) propo-
sed a design methodology for asphalt pavement reinforce-
ment. It is an empirical mechanistic process and is based
on the research commissioned by the Highway England,
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which resulted in a design software for reinforced overlays.
The proposed method and software called OLCRACK is
suitable for use in overlay design and which uses a linear
elastic crack fatigue model.

In summary, with appropriate design and correct ins-
tallation, many improvements can result from reinforcing
asphalt overlays: increased tensile strength; increased resi-
stance to reflective cracking and bottom-up fatigue crac-
king; increased shearing resistance and hence may reduce
shoving and flow rutting; increased coherence in the over-
lay; and potential material savings and enhanced pavement
performance so significant whole design life benefits (Brusa
et al. 2016; Cygas et al. 2004; Zofka et al. 2015). In addition,
it seems the geosynthetics have growing potential particu-
larly in alternative maintenance techniques.

According to Al-Qadi et al. (2008) and Gorszczyk
and Gaca (2012)as well as macros specially designed in
APDL programming script and VBA were used to model
the considered problem. The analysis included compu-
tation of stress, fatigue life, damage matrix and rainflow
matrix. The method applied was the one of fatigue cal-
culation: stress - number of cycles in short S-N. On the
basis of the performed high cycle fatigue analysis, the inf-
luence of the location of the used geogrid and of its bond
with asphalt layers on the fatigue life and the work of the
asphalt pavement structure were determined. The study
was carried out for three temperature seasons, i.e. spring
and fall (assumed as one season geosynthetics may provi-
de one (or more) of the following functions when applied
to a pavement structure:

— separation;

— filtering;

— moisture barrier;

— reinforcement (geogrids);

— stress relief/strain absorption.

A detailed discussion of each of the function is bey-
ond the scope of this paper, but it needs to be noted that
every function is based on different mechanism and thus
different properties and physical parameters of geosynthe-
tics are desirable. This article is focused on geogrids and
their reinforcement effect.

Results and discussion presented in this paper are
a first stage of the long-term study initiated in Poland to
characterize and quantify the benefits of using geogrids
within asphalt layers. The details are presented elsewhere
(Zofka et al. 2017). In this paper, the following objectives
were considered:

1. Demonstrate the effect of geogrid reinforcement
on asphalt mixture specimens in two types of laboratory
experiments: monotonic (strength and fracture) and cyclic
(fatigue and modulus).

2. Present a short example connecting pavement def-
lections with the allowable axle loading (also known as fa-
tigue life).

2. Methodology

The following paragraphs present materials and specimen
preparation used in this study together with an experimen-
tal methodology for both monotonic and cyclic testing.

2.1. Materials

This study utilized double layered hot mix asphalt beam
specimens, reinforced with different geogrids installed
within the lower part of the beam. Hot mix asphalt speci-
mens were prepared from dense-graded asphalt concrete
AC 16 comprising basaltic and limestone aggregate and
penetration 50/70 neat bitumen. Both layers of composite
beam specimens were prepared with the same mix.

Regarding geogrid materials, there were two diffe-
rent geogrids utilized in this research study: glass grid,
abbreviated as GF and carbon grid, abbreviated as CF. The
average grid opening for the two materials is 18 mm. The
glass grid is formed with the use of glass fibers in both
directions, while for the carbon grid geogrid the longitu-
dinal direction is made of glass fibers, and the transverse
direction is formed with carbon fibers. The unique featu-
re of these geogrid materials is that all fibers are covered
with a thin asphalt layer to promote adhesion among pa-
vement layers.

Composite beam specimens were prepared and com-
pacted in the laboratory slab compactor to examine the
effect of geogrid reinforcement. Nominal beam dimensions
were 100x200x400 mm. In all beams, the interlayer interfa-
ce was located approx. 30 mm from the bottom of the beam.
In total 18 beams were prepared: 6 without any reinforce-
ment (NR), 6 with GF interface, and 6 with CF interface.

2.2. Methodology

Composite beams were examined in two different laborato-
ry experiments: three-point bending (3PB) and four-point
bending (4PB). During the testing several specimen re-
sponses were simultaneously recorded such as beam mid-
span deflections at the neutral axis, beam mid-span deflec-
tions at the top of the beam, applied force and horizontal
gauge displacement at the bottom of the beam (for 4PB
testing only). All testing was conducted at 13+1 °C. This
temperature was recently calculated as an equivalent tem-
perature suitable for temperature conditions in Poland (Rys
et al. 2015). Monotonic testing in 3PB was conducted with
1 mm/min in actuator displacement control mode. Cyclic
testing in 4PB comprised two groups. The first group was
devoted to modulus testing performed in a controlled force
mode with five different amplitudes at 1 Hz. The second
test was fatigue assessment with 4 kN amplitude at 1 Hz.
The test termination was set to 36 000 load cycles.

3. Results

The loading mode organizes results obtained in this study,
i.e. first, the summary of monotonic testing is presented
followed by the results from the cyclic testing.
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3.1. Monotonic testing

Figure 1 shows the middle section of the beam specimen
after monotonic (strength) testing. Crack paths in Fig. 1 in-
dicates the crack initiation at the bottom of the beam due
to tension and then upward movement till the geogrid in-
terface. At the interface, the crack propagated along the ge-
ogrid until the deflection caused the excessive tensile con-
dition in the layer above the interface. At such condition,
the crack crossed the interface and propagated vertically
upwards until complete failure, which translated to virtually
no bearing capacity and test termination.

The summary of monotonic testing is presented in
Fig 2. Several parameters were calculated:

1. Maximum (i.e. peak) force recorded during the test.

2. Time of maximum force measured from the test start.

3. Beam deflection recorded at the time of maximum
force.

4. Total fracture energy calculated as the area under
the force-displacement curve.

Based on Fig. 2 one deducts that the maximum force
for all beams is similar, which suggests no effect of rein-
forcement on the crack initiation. More information and
distinction among different interfaces are provided by
the time and deflection measurements at the maximum
force. It is noted in both cases that the values correspon-
ding to CF interface are significantly higher and therefore
the reinforcement effect is clearly defined. Similarily, this
effect is also shown in the Fig. 2 (total fracture energy)
where total energy for the CF is significantly higher than
for the other two interfaces. The practical interpretation
of this observation is that 2.5 times more energy is neces-
sary for the crack to propagate through the CF reinforced
beam than for the unreinforced beam.
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Fig. 2. Different parameters from monotonic testing

3.2. Cyclic testing

Figure 3 presents results from the cyclic testing regarding
deflection histories. Similar to other studies mentioned
supra, the reinforcement effect of geogrids is present. Ge-
ogrids located at approximately 31% height of the beam
(measured from the bottom) contributed effectively in the

Fig. 1. Middle sections of beams after monotonic (strength)
testing (beams reinforced with carbon grid)
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tension zone, which resulted in smaller vertical deforma-
tions at the test termination (36,000 cycles). Keeping in
mind that deflections are of particular importance in the
evaluation of pavement bearing capacity, results presented
in Fig. 3 indicate a significant extension of fatigue life for
the pavements reinforced with geogrids. A representative
example is presented in the following section.

4, Discussion

As mentioned earlier, reduction of pavement deflections
is one of the measures to extend pavement fatigue life.
A simplified example is presented to demonstrate a link
between pavement deflections and pavement fatigue life.
This example is using a standard fatigue life criterion from
the Asphalt Institute (Shook et al. 1982). A simple formu-
la proposed by (Molenaar 2007) is used to estimate tensile
strain at the bottom of asphalt layers. The two steps are as
follows:

1. Determine tensile horizontal strains at the bottom
of asphalt layers using the following formula:

log(e,) =0.481+0.99110g(SClI5,) » (1)

where €, - strains at the bottom of asphalt layers; SCI5, —
Surface Curvature Index (SCI) calculated as:

SClyy =GF -dy —d5 (2)
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Fig. 3. History of beam deflections in cyclic testing
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Fig. 4. An example of the effect of grid reinforcement (geogrid
factor) on pavement fatigue life: a) relationship between geogrid
factor and strain ratio; b) normalized fatigue life as a function of
strain ratio

where GF - strengthening geogrid factor, assumed to vary
between 1 and 2; d; and ds, deflections at 0 mm and
300 mm assumed as 150 pe and 50 pe, respectively.

2. Determine pavement fatigue life from the follo-
wing formulas:

N;=18.4C(6.167:107 2291 E-0.85%), (3)

oo 10[4.84[ Va‘:hV;, —0.69}] (4)

>

where E - modulus of asphalt layer, assumed as 9000 MPa;
V, and V, - air voids and binder volume in the asphalt
mix, assumed as 5 vol% and 11 vol%, respectively.

It is noted that Equation (1) is valid only for relative-
ly thick pavements with a total thickness of asphalt layers
more than 150 mm. GF is be determined from the Fig. 3
and is be defined as:

GF =N | (5)

If glass grid equals to 1, there is no strengthening effect
of geogrid whereas when GF equals to 2, then terminal def-
lections of NR specimens are twice the deflections of CF
specimens. In Figure 3, GF parameters equal to approxima-
tely 5.5/2.8 = 1.96. It should also be mentioned as it was as-
sumed that GFis only affecting d,, in SCI calculations. Figu-
re 4a presents a relation between GF and normalized strain
at the bottom of asphalt layers. It is easily observed the
stronger the geogrid effect then the strains are increasing
for a given un-reinforced structure. Figure 4b is next con-
necting these strains with the fatigue life calculated from
Eq (3)—(4). Fatigue life ratio is defined similar to Equation
(5), i.e. fatigue life for un-reinforced pavement is normali-
zed with the fatigue life of the geogrid reinforced pavement.
For example, when GF equals to 1.5 it results in 60% higher
strains for the NR case (Fig. 4a). Then from Fig. 4b it can be
concluded that NR pavement would have only 20% of fati-
gue life as compared to CF reinforced pavement. While this
example may overestimate the effect of geogrid reinforce-
ment on pavement fatigue life, nonetheless it demonstrates
the potential benefit of using the geogrid in asphalt pave-
ments. Further, this example considers only one pheno-
menon (bottom-up cracking) while there are other factors
either affecting this phenomenon or contributing to other
phenomena such as resistance to low temperature (Zofka,
Braham 2009), pavement dynamic response (Li et al. 2012)
or aging resistance (Li et al. 2006). In the recent years, there
is also a growing awareness that there is a close link betwe-
en chemical and mechanical properties of asphaltic materi-
als, which also needs to be taken into consideration (Paliu-
kaité et al. 2015; Yut, Zotka 2014).

5. Conclusions

The results presented in this paper shows there is a sig-
nificant strengthening contribution of geogrid onto
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composite beam response in the tree-point bending and
four-point bending testing in the laboratory. This effect
is observed for the fracture energy results (tree-point
bending testing) as well as in terminal deflections in the
fatigue testing (four-point bending). Geogrid reinforced
beams produced 2.5 times higher fracture energy then
non-reinforced beams. In terms of terminal deflections,
the observed difference was similar with non-reinforced
beams producing approximately 5.5 mm whereas rein-
forced beams only 1.9 mm. To further demonstrate the
practical implications of geogrid reinforcement, a short
representative example was prepared. This case showed
that reduction of pavement deflections due to the ge-
ogrid application might lead to a significant extension of
pavement fatigue life. However, this the described case
is based on certain assumptions and simplifications, and
more rigorous research study is required to prepare a
comprehensive implementation plan for the mechanistic-
empirical design procedure for geogrids within asphalt
layers. Such a plan should start with definition of work
mechanism(s) of geogrids within asphalt layers. Then
one should prepare proper computational algorithm in-
cluding important factors influencing the behaviour of
geogrids within asphalt layers. Such algorithm requires
also development of performance-related laboratory ex-
periments for geogrid characterization and should model
geogrid bonding and anchoring as well as incorporate re-
alistic material, loading and temperature conditions. Any
mechanistic-empirical design requires verification and
validation so calibration field sections should be estab-
lished in parallel and their condition should be evaluaed
in systematic and unbiased manner. Based on the assess-
ment results, each model in the algorithm should be cali-
brates and further refined if necessary. In the final step,
one should assess cost-effective for the application of ge-
ogrids. Only a few studies have been considering this as-
pect, and they seem to agree the geogrids are beneficial,
under certain conditions, when included in the Pave-
ment Life Cycle Cost Analysis.
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