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ABSTRACT

One of the most common applications of geosynthetics is in highways and railways; this type of material has been widely
used in pavement structures over the past 30 years. They can be applied for: separation, stiffening, drainage,
reinforcement, filtration, barrier etc. As reinforcement, these materials can be used to increase the number of loading
cycles or reduce the thicknesses of asphalt layer, base or subbase, increase the stiffness of the subgrade, etc. Many
experimental and numerical studies have been conducted aiming at evaluating the performance of geosynthetics as
reinforcement of pavements. This study compares predictions from numerical analysis of geosynthetic reinforced asphalt
pavements with results from large scale tests in the laboratory. Four types of geosynthetics were used in the investigation:
a PET geogrid and geocomposite, and two PVA geocomposites. The numerical simulation was carried out using finite
element software. The numerical analyses allowed to extend the results and conclusions obtained by the experimental
study. The results obtained showed that the performance of geosynthetics as reinforcement increased the service life,
ending the crack propagation in a low cycle fatigue based in fracture mechanics approach.

Key-words: geosynthetics, reinforcement, flexible pavements, numerical modelling.

RESUMO

Uma das aplicagdes mais comuns dos geossintéticos é em rodovias e ferrovias; esse tipo de material tem sido
amplamente empregado em pavimentos nos ultimos 30 anos. Eles podem ser aplicados com a finalidade de: separagao,
enrijecimento, drenagem, reforco, filtragdo, barreira, etc. Como reforco, esses materiais podem ser utilizados para
aumentar o namero de ciclos na vida util ou reduzir a espessura de uma camada de asfalto, base ou sub-base,
aumentando a rigidez do subleito, etc. Muitos estudos numéricos e experimentais tém sido realizados com o objetivo de
avaliar o desempenho de geossintéticos como reforco em pavimentos. O presente estudo compara respostas de uma
analise numérico de geossintéticos como refor¢o de pavimentos com resultados de ensaios em laboratdrio. Quatro tipos
de geossintéticos foram usados na pesquisa: uma geogrelha e um geocomposto de PET e dois geocomposto em PVA.
A simulagdo numérica foi realizada utilizando um programa comercial de elementos finitos. A andlise numérica permitiu
ampliar os resultados e conclusBes obtidas experimentalmente. Os resultados mostraram que o desempenho dos
geossintéticos como reforgco aumentaram a vida Util de servigos, estabilizando a trinca para uma abordagem de fadiga de
baixo ciclo em mecénica da fratura.

Palavras-chave: geossintéticos, refor¢o, pavimentos flexiveis, modelagem numérica.

1. INTRODUCTION

The pavement surface that presents excessive cracking represents a relatively expensive and continuous work to the
responsible for roadways maintenance. Commonly, the cracked pavements are treated using a new overlay layer, whose
thickness change between 25 and 100 mm (Koerner, 1989). An alternative to inhibit or delay the reflective cracking in
asphalt overlays is the use of geosynthetics reinforcement.

One of the most severe problems associated with shortening pavement life is cracks. This phenomenon can occur due to
low-frequency charging cycles, higher traffic, pavement oxidation and/or temperature variations (De Bondt, 1998). The
cracks, besides representing a zone of pavement weakness, which modifies the stress distribution along with the upper
layers, also act as a water inlet for the base and subbase layers and may lead to pumping — fines and degradation of
these layers, mainly when composed of soils with lateritic behavior.

Roberts et al. (1996) define four main methods for reducing crack reflection. They include:

i. Increased HMA layer thickness;
ii. Special treatments on an existing surface;
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ii. Treatments only in cracks and/or joints; and
iv. Special design considerations for the HMA layer (including geosynthetics reinforcement).

These reinforcements can be a mesh steel inclusion, glass fiber, polypropylene or polyethylene geogrid, geotextiles, etc.,
and works as a reinforcement element as well stiffening, also could function as stress decreasing zone at the crack tip
(Zornberg, 2017; Koerner, 1989). The main aims of the use of these reinforcements are: decrease the overlay thickness
for the same life service; or increase the life service using the same overlay thickness (Koerner, 1989).

The Fracture Mechanics, through the initial Griffith’s (1921) and Irwin’s (1957) studies, studies the crack behavior from
three independent kinematics movements, from the crack tip, whose relative displacement mode near this tip contributes
to the crack growth. These modes are presented in Fig. 1 and defined as:

a) Mode | (opening) — the main separation occurs in the normal direction from the normal plane of the fracture, trying
to open it in two planes of separation, with symmetric displacements.

b) Modo Il (in-plane shear) — occurs the in-plane shear along the same loading direction with antisymmetric
displacements.

¢) Modo Il (out-of-plane shear) — occurs the in-plane shear along the normal loading direction with antisymmetric
displacements.
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Figure 1. Crack modes of movements: (a) Mode | — opening; (b) Mode Il — in-plane shear; (c) Mode Il — out-of-plane
shear

The cracking mechanisms of the mode | are most common in pavement loads. These mechanisms are due to traffic and
temperature changing (dilatation and contraction of the overlay). Also, the inducted loading due to the traffic can generate
mode Il. However, mode Il can occur in rigid pavements due to the longitudinal deformation of the concrete plates but
rarely is found in asphalt overlays.The three modes are sufficient to describe the crack movement (Rodrigues, 1991).

The fatigue crack growth in pavements can be model using the modified Paris’ Law (Paris; Erdogen, 1963), considering
the stable stage of crack propagation (Eq. 1):

— = AK" [1]

where:

a = crack length;

N = number of loading cycles
K = Stress Intensity Factor
A, n = material constants
da/dN = crack growth rate

The Traffic Benefit Ratio (TBR) represents the service life gain, in terms of load repetition cycles, for a reinforced pavement

relative to unreinforced pavement, expressed as in Eq. 2:

N
TBR= N—R 2]
UR

where:

TBR = the traffic benefit ratio;
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Nr = the number of load cycles required for crack reflection in the case of geosynthetic reinforcement; and
Nur = the number of load cycles required for crack reflection in the case without reinforcement.

Fei & Yang (2008) analyzed the performance of geogrid reinforced asphalt pavements using the finite element method. In
the study, numerical analyses were performed to calculate the stress in the pavement with and without reinforcement, as
well as under different interaction conditions between geogrid and pavement. The results demonstrate that the ideal
position varies with the different pathology prevention requirements, with useful improvement in the stress conditions in
the crack region with the presence of the geogrid.

Several experimental and numerical modeling studies have been carried out to verify the performance of geosynthetics as
a system against crack reflection in flexible pavements. The researchers found that in all cases the pavement life was
increased compared to the unreinforced situation (Alexander, 1996; Jaecklin & Scherer, 1996; Bihler, 2007; Khodaii et
al., 2009; Barraza et al., 2011; Obando-Ante & Palmeira, 2015; Fallah & Kodhaii, 2015; Noory et al., 2017; Sireesh-Saride
& Vinay-Kumar, 2017).

2. BACKANALYSIS AND NUMERICAL MODELLING
2.1 Problem Description

The problem is the growth analysis of a crack (bottom-up) from a two-dimensional model composed of an asphalt concrete
beam supported by a Neoprene compressible layer, which rests on a surface considered slightly displaceable in the vertical
direction. The beam has an initial notch, with 16 mm high and 4 mm wide, positioned in the lower center of the component.
Two conditions were considered: one unreinforced condition and one reinforced with geosynthetic material positioned in
the center of the beam (50 mm from the base). The numerical simulation was carried out on ABAQUS®.

2.2 Constitutive Models and Material Properties

For the numerical simulation, it was considered an elastic linear model for the asphalt concrete behavior, whose
characteristics considered were: dynamic modulus E * = 6,060 MPa and Poisson's ratio v = 0.35 defined by Obando (2016)
for the condition of charging frequency equal to 1 Hz.

In addition to the elastic-linear model, damage initiation and surface interaction are included, which are suitable for crack
growth analysis. In the numerical simulation, it was adopted the maximum stress model, whose value specified for asphalt
concrete was 1.15 MPa.

For the neoprene support, the same model was matched, whose material properties is: Young’s modulus E = 21 MPa and
Poisson’s ratio v = 0.35 (Obando-Ante & Palmeira, 2015). The material properties of geosynthetics reinforcement are
detailed in Table 1.

Table 1. Reinforcement material properties

Characteristics Gl G2 G3 G4
Type of Geosynthetic GCO GCO GG GCO
Material PET PVA PET PVA
Grammage (g/m?) 280 520 250 230
Thickness (mm) 1.70 2.45 1.30 1.60
Tmax (KN/m) 38 62 55 64
Jsec (KN/m) 5000 6900 789 9371
Emax (%) 9.1 11.7 7.6 12.1
Omax (MPa) 12.67 20.67 18.33 21.33
E (MPa) 1,470 1,408 3,035 2,928

Note: Jsec secant stiffness measured for 5% strain, Tmax = maximum
tensile force; emax = maximum stress; Omax = maximum stress; E = Young'’s
Modulus; GCO = geocomposite; GG = geogrid.

2.3 Loads and Boundary Conditions
The model consists of an asphalt concrete beam supported by a neoprene layer (compressible) that is restricted in the

horizontal axis in 1 point and vertical restricted in the whole bottom surface. The load magnitude is 560 kPa, with a
frequency of 1 Hz. In Figure 2 can be seen the loads and boundary conditions of the problem.
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Figure 2. Load and boundary conditions in the numerical model.
2.4 Mesh Generation
The numerical simulation was carried out in an FE software using quadratic elements for plane stress condition and beam
elements for the geosynthetics reinforcement. According to Vethe (2011), for better accuracy of the results, the elements
of mesh in the crack region need to have a size of about 3% of the crack length.

25 Steps of loading

There are three steps of loading conditions:

i) Initial conditions: crack initial size and boundary conditions;

i) Static step: an initial and static load which propagates the damage for one finite element before the cyclic;
and

iii) Direct cyclic step: application of cyclic load until the failure or stabilization of the damage. The constitutive

properties cannot be changed in this step.
3. RESULTS AND DISCUSSION
3.1  Crack Reflection
The Paris constants obtained for unreinforced asphalt using backanalysis were: A = 1.6 x 10-8 mm/cycle.(MPaym)"2 and
n = 3.75, whose values are according with default values (Elseifi & Al-Qadi, 2004;). The constants for reinforced asphalt
cannot be found due to the reflection was partial. In Fig. 3 are showed the predicted life service using XFEM and LCF

approach for reinforced asphalt. In Fig. 3 are presented the predicted life service for unreinforced (SR) situation and for
each geosynthetic-reinforced beam (G1, G2, G3 and G4) investigated.
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Figure 3. Predicted life service for unreinforced and reinforced pavement

All of the geosynthetics reinforcements stabilized the crack propagation, which can be inferred that tensile-stress intensity
at the crack tip may is less than sufficient to continue propagating the damage. The compressive-stress stabilize the crack,
stopping its opening, which can be the most significant benefit of the geosynthetic reinforcement. The geosynthetic G1
and G2 presented a crack length for asymptotic behavior bigger than other geosynthetics (G1 and G2 around 86 mm and
others around 78 mm).

3.2 Traffic Benefit Ratio (TBR)

The TBR was calculated considering a crack length of 70 mm (approximated best value for geosynthetic-reinforced
pavement) and are presented in Fig. 4. The reinforcement G4 showed the better TBR for numerical modelling, that is
expected due its higher stiffness. However, G2, although its stiffness smaller than G3, presented a TBR bigger than it
which means its thickness could increase the predicted service life.
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Figure 4. TBR on numerical model for 85 mm of crack length
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4. CONCLUSIONS

In the numerical model, the geosynthetic reinforcement stabilizes the crack, preventing its reflection until the overlay
surface. An analysis based only on TBR is not sufficient to understand the behavior and performance improvement of a
geosynthetic-reinforced asphalt overlay. The differences between numerical modeling and laboratory tests can be related
to the changes in damage criterion in reinforced asphalt. These changes need to be investigated for conclusive results
about the benefit generated by geosynthetics in asphalt concrete.
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