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Reflective Cracking in Asphalt Overlays
Reinforced with Geotextiles

'aulina Leiva-Padilla, Luis Loria-Salazar, Jose Aguiar-Moya
ind Fabricio Leiva-Villacorta

Abstract The use of overlays in pavement rehabilitation is onc of the most
common techniques in pavement management systems. Jt can be used when a
pivement structure is still in adequate structural condition and the observable
distresses can be corrected, ensuring that pavement condition can be maintained for

" dn ndditional service period. The main issue related to the petrformance of this
- lechnique is the reflection of existing cracks. In order to delay the propagation
* process, interlayer systems can be used (e.g. geosynthetics). Although research on |
- s airea has been conducted previously, it is still necessary to better understand the
‘fwechanical behavior of the hybrid system to improve the efficiency of its perfor-

tiiiee. The following paper shows the results obtained from the measurements and
thiideling based on core samples extracted from an experimental test section built
iy peotextiles as an interlayer system prior to overlaying. The samples were

alunied in the laboratory by means of the Overlay Tester, The fracture mechanics
il viscoelasticity properties were determined from Indirect Traction Tests, in
ler to define the Cohesive Zone Model (damage), and Dynamic Modulus Tests -
¥lsuelastic Prony Series parameters). The results helped describe the mechanical
wliavior associated with the reduction in the reflective cracking process when
tpalile materials are used as interlayer system: (i) increase in fatigue life (up to
t) H, due to the energy dissipation capabilities of the material), and (it} crack
gution trend (which generally follows geotextile-asphalt layer interface, and
It on the amount of binder content, testing conditions and existing material}.
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1 Introduction and Motivation

affecting the effectivencus
of asphalt mix overlay systems.

This process is associated with the propagation of cracks from the exisicn;
asphalt layer to the constructed overlay, as a result of traffic loading and environ
mental changes.

According to Marchand and Goacolou (1982) crack prop

agation in overlay
systems is dependent upon the direction of crack growth (vertical or haorizontal) an

The following paper shows results obtained from cores evalnated using the

Texas Overlay test [OT, (Ma 201431, proposed by Claros and Lytton in 197

(Lytton 1989; Zhoy 2007). The cores were extracted from a rehabilitated pavemen|
section that incorporated the use of

geotextiles. Additionally, asphalt mix{ure
Properties were characterized in the lab

oratory based on the dynamic modulus (eyf.
indirect tensile test and in field with

a falling weight deflectometer FWD). The
geotextile properties were obtained based on a tensile test.

Based on the measured Itaterial
sample was developed to study the
the ovetlay systems.

properties, a finite element model of the O
mechanical performance of the geosynthetic in

2 Dissipated Energy Theory

The dissipated energy concept started to be used in 1975, after Van Dijk proposed
mathematical relationship between accumulated energy and faflyre condition. Thix
unigue relationship does not depend on loading mode, stresses level, frequency or
Testing period (Ma 2014),

In dynamic loading tests, dissipated energy (DE) can be computed as the integ ru|
of the curve Stress-strain (Eq. 1), In linear-elastic range, these curves are constan,
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Jtelluctive Cracking in Asphalt Overlays Reinforced ...

DE = rogsend; (1)

where, o;: stress at cycle i, & sirain at cycle i, and ;- phase angle from stress and
alrnin during the ith cycle.

In 2000, Ghuzlan and Carpenter proposed the use of dissipated energy ratio
{RDEC) to analyze damage and performance in asphalt mixtures. RDEC is the ratio
lelween the change in dissipated energy from cycle i to cycle i + 1 (ADE) and
dinsipated energy up to cycle i (DE in i cycle) (Eq. 2) Ghuzlan and Carpenter (2000}

DE, — DE;
RDEC, T DE x(b—a) @)
where, RDEC,: average energy ratio during cycle a, and; DE,, DEy: dissipated
onergy in cycle g and &. )
During testing, RDEC decreases up to a constant Plateau Value (PV, Fq. 3),
hecanse of the micro-structural realignment of the material. Once the material fails
{with failure defined as a 50 % reduction in stiffness), the PV increases.

PV =[1-(1+ 100/Ny50)"1/100 (3)

where, Ni.so: number of cycles to 50 % reduction in stiffness; and, f: slope from
linear relationship between DE and number of cycles over Neso-

2.1 Texas Overlay Test

T'he first OT was designed in 1970 by Claros and Lytton. The system consists in
pluing a sample (obtained from a 150 mm diameter core with 2 height of 62 mmy) o
(wo steel plates separated by a 2 mm gap as shown in Fig. 1. A constant dis-
placement of 6.35 mm is applied to simulate the opening and closing of cracks.
During testing, three phases of cracking are identified (Zhou and Scullien 2003):
(i) Phase 1—Crack initiation and early propagation: During this phase, Toad and
displacement have similar shapes; as maximum displacement is reached, load
increases too, (i) Phase IT—Late crack propagation: After the maximum load, crack
slarts to propagate and load decreases, load and displacement are still in the same

Fig. 1 Overlay test system Geotextile 150 mm R
38 mm PN Displacement =
, I , 0.635 mm
- I - b ~—— — ]
Fixed plate _.l r_4_z mm  Movable plate
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1 Failure: In this phase the crack extends to (he

phase; and (jii) Phase TI-—Specime
£ load remaining is associated with the minu

top of the specimer. The amount O
adhesion.

Based onTex-248-F testing protocol,
reduction in the load is achieved (moment

traveled thru the full thickness of the specimen).
Ma (2014) proposes the use of ASTM D7460 (Standard Test Method [

Determining Fatigue Failure of Compacted Asphalt Concrete Subjected to Repuate]
Flexural Bending), to analyze fatigue failure. ASTM D7406 defines fatigue failure
as the maximum point of the normalized load curve NLC, Eq. 4) as a funclion of

the number of cycles.

failure criteria occurs when a g3 G

where the crack is expected to luave

NLC; = PiN;'P o

where, NCL;: normalized load at cycle i, P: maximum 1oad after first cycle, M,

cycle i, and Py maximuom load at cycle i.

3  Test Methods

The study consisted of testing and simulating the reflective cracking phenomenan in
the OT device under testing protocol Tex-243-F.

Nine cores were extracted from a section of an overlay rehabilitaled projed
where 50 mm of the existent agphalt layer was milled, a nonwoven geolerlile wee
placed as interlayer system, followed by a 50 mm of asphalt mixtare overlny  The
existing pavemnent structure was as follows: 80 mm asphalt layer, 100 mm g B
base, 150 mm granular subbase over & subgrade soil.

The mechanical properties of the existing materials were described (ronn vl

backcalculation (Table 1). Additional testing was performed on the overlny naphisb
cribe mixture modulus, indireel letstle

mixture: dynamic modulus testing to des
tests to define CZM (Cobesive Zone Model) properties of the asphall miafie i
traciion GRAB tests (ASTM D4632) to compuite geotextile modulus.

Using the previous results and geomelry dimensions of the OT, a triclimeiiguit
finite element model was built. The model consists of 128,336 elements nid A1 Aee

nodes. A displacement of 0.635 mm is applied to the movable face, ay shem i i
Fig. 2.
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‘e crack extends to the 'Fuble T Material mechanical characterization properties

ssociated with the minor Mauterial Material Test Property —
: type
eria occurs when a 93 % Iixistent asphalt Lineal FWD Elastic modulus = 2722 MPa (25 °C)
= crack is expected to have mixture elastic
‘ Mew asphalt Viscoelastic | Dynamic Trelaxation(5) Prony parameters, Ei
hixture modulus (MPa)

(Standard Test Method for
ncrete Subjected to Repeated
Y7406 defines fatigue failure
NILC, Eq. 4} as a function of

| 1.00E - 06 |2.01E + 00
1.00E — 05 |8.20E + 01
100E ~ 04 | LO4E + 03
|LOOE - 03| 2.72E + 03
100E— 02 |3.19E + 03
L.OOE - 01 | 2.97E + 03
LOOE + 00 |4.18E + 03
1.00E + 02 |1.51E + 03
LOOE + 03 |341E + 02
LOOE + 04 | 2.33E + 02
LOOE + 05 |9.34E + 01

Baw ns|)lﬁ11t Cohesive Indirect Elastic modulus = 2722 MPa 25 °C)
il zone tensile Max principal stress = 1.3 MPa

(4)

1m load after first cycle, Ni:

o Displacement at failure = 00209
stive cracking phenomenon in Hinwoven Linear Traction Tension GRAB = 0.9 kN
geopex]le elastic GRAB glong = 0.7 mm/mm

Elastic modulus = 184 MPa

overlay rehabilitated project,
1, a nonwoven geotextile wini
‘asphalt mixture overlay. The

(b) ()

sphalt layer, 100 mm granular A
&=

1s were described from FWID) '

formed on the overlay asphinli Fixed

ure modulus, indirect tensile face

es of the asphalt mixture, anit

otextile modulus.

ns of the OT, a tridimensiomil CZM Mavable

128,336 elements and 69,400 elermnents face

e movable face, as shown It

€17 wumple finite element model

t in the dissipated energy concept, fatigue performance was analyzed based

i (V1 Vigure 3a shows how the dissipated energy drops with the number of
# heviuae of loss of capacity in the material.
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Fig. 3 Overlay tester results 2 dissipated energy and b dissipated energy rafio

Additionally, from the RDEC plot shown in Fig. 3b, it is evident that complels
failure does not occur during testing. However, the PV is near to zero, whih It
jmplies a lower damage per cycle and longer fatigue fife (Vargas-Nordcheck ¢l i
2014; Prowell et al. 2010; Shen and Carpenter 2007).

According to Ma (2014), rich bottom asphalt mixtures require approximnntyls
750 cycles to fail in the OT. Consequently the analyzed specimens hitve
remaining life of over 260 % prior to reaching failure. This could be associte] 1o
the energy absorption by the geoiextile.

As a second step, the OT finite element model was developed. Material juop
erties and used geometry are as described in Table 1 and Fig. 2.

Results obtained shows concentration of tensile stresses at the interface helwrer
the new and the existent asphalt mix layer (Fig. 4a), causing a gradual loss vl JF

bond capacity between the geotex ile and the existent layer. The previous tiftenls
what was observed on laboratory samples (Fig. 4c). The gradual loss of el
capacity generates stretching and higher tensile stresses in the geotextile (I Ain
reducing the tensile stressed that is transmitted to-the upper layer, anel theqelive
delaying the development of the reflective cracking mechanism.

Fig. 4 Finite element modeling results. Maximum principal siresses a in the gpevinisn s b s

the geotextile. ¢ Falled OT specimen
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i 3 Conclusions and Recommendationg |
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