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Abstract. This paper provides an overview of the asphalt ealitterlayer benefits
on reflective crack retardation in overlays ovgiidipavements. These interlayers
are known in California as asphalt rubber absorbiegnbrane interlayers (SAMI-
R) or as asphalt rubber aggregate membrane intgd@ARAM-I) chip seals. The
paper focuses on the performance in terms of fpglgect reviews, laboratory
performance tests and finite element analysis. SRMias been given a reflective
cracking equivalent thickness of 15 mm of asphabber hot mix overlays or 30
mm of dense graded hot mix overlays. The finitenglet analysis confirms the
quantified reflective cracking benefits of SAMI-Ridh provides optimum design
alternatives to conventional dense grades asploaltrete overlays. The paper
concludes that SAMI-R is effective in minimizingflextive cracking distress and
in extending pavement life.

Introduction

In the rehabilitation of rigid pavement structuresng asphalt concrete overlays,
interlayers are often used to minimize reflectivacking. One of these types of
interlayers are asphalt rubber chip seals whichsgmss low stiffness and high
deformability. These interlayers dissipate the sstrand strain energies that
accumulate at the crack and joint tips of an rigg¢lement which would otherwise
get transferred to the underside of the HMA overlBye dissipation of these high
level stresses and strains minimizes the potestigdflective cracking in the HMA

overlays. Reflective cracking is considered a mpprement distress which occurs
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as a result of cracks that reflect through an HM#&rtay from cracks or joints of

an existing pavement. Another additional benefiaofinterlayer is its ability to

prevent water intrusion into the lower layers o€ thavement structure; thus
protecting the structural integrity of the pavemsygtem.

Asphalt rubber chip seals have been used effegtalinterlayers over distressed
flexible and rigid pavements, and as a surfacetrtreat [1]. In California, these
interlayers are known as rubberized stress abgpribmembrane interlayers
(SAMI-R) or asphalt rubber aggregate membrane laers (ARAMI) [2,3], and
are often used interchangeably in the pavemennieghliterature and throughout
this white paper. A schematic of a pavement sedtfamwing a typical ARAMI is
shown in Figure 1. When used as a surface laydr asaubberized open graded
friction course, it is called asphalt rubber aggtegnembrane (ARAM) or simply
a rubberized chip seal.

Asphalt-Rubber Membrane Surface Course

R it

Cracked Pavement

Figure 1. Schematic of a cracked pavement receiving an ARpfibr to an HMA
overlay.

Interlayers can extend the life of preservation aglthbilitation strategies. The
magnitude of life extension depends on many fadtarsiding existing pavement
condition, traffic loading, climatic and environmahconditions, and the type and
engineering properties of the interlayer used [lje excellent performance of
these interlayers is primarily due to the (1) ueigeiastic properties, and (2)
superior aging characteristics of the asphalt rulbieder which can withstand as
much as five times more strain than the unmodiigghalt binder [4].
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Performance of Interlayer Systems

The merits of ARAMI’'s have been proven both in fiedd and the laboratory.
Additionally, a number of analytical studies usifigite Element Methods (FEM)
have demonstrated the efficacy of interlayer systemminimizing the potential of
reflection fatigue cracking in HMA surface coursés.the following, a brief
discussion of some related performance studieseisepted.

Field performance of many projects in Californiad akrizona, since the 1970’s.
has shown the significant benefits of SAMI-R inareling reflective cracking on
HMA overlays [5-12]. These studies concluded theativeness of SAMI-R in

reflective cracking retardation and the superioritfy the pavement systems
incorporating SAMI-R'’s to those without SAMI-R’s.

Many laboratory experiments were conducted to itigate the effectiveness of
SAMI-R’s in retarding reflection cracking in new HMoverlays. Recently, Bin et
al. [13] conducted a laboratory simulation studyngghe Hamburg wheel tracking
test to compare the relative reflective crackingfqgrenance of various types of
interlayers that were placed below a hot mix adpbaérlay over an existing
cracked pavement. These interlayers included SBdfimd asphalt sand, Asphalt
rubber sand, Fiber glass polyester mat and SAMi-Rdidition to a control section
without an interlayer. Note, the SAMI-R is the iléger type modeled in this
paper. The tests were conducted at a rate of 52yer minute to simulate the
development of reflective cracking under a moviogd. The test specimens were
simply supported beams conditioned at -20 °C forhdurs prior to load
conditioning by the application of 8000 loading legcto stabilize the deflection.
The specimens were then subjected to loading cyates failure; which was
described as the first appearance of a crack abaktem of the surface layer. It
was found that the use of an interlayer would ektpavement life significantly
when compared with the option of not using an later. In addition, the SAMI-R
interlayer was superior to the other types of iatgsrs tested in these experiments
in retarding reflective cracking and extending lifeeof the overlay.

Additionally, a number of analytical studies haveeb conducted using finite
element analysis to theoretically investigate tbatgbution of SAMI-R’s to the

performance of rigid and flexible pavement systeAmong the early studies are
those conducted by Coetzee and Monismith [14] anenGat al. [15]. In Coetzee
and Monismith [14], 48 simulations representingmas configurations of cracked
concrete pavements overlaid with a rubberized stralssorption membrane
followed by an asphalt overlay. In the simulatiotis effect of many variables
was studied including the asphalt concrete overtaydulus (varied between
100,000 psi to 1,500,000 psi) and thickness (vabietiveen 2 to 4 inches). The
modulus of the interlayer was assumed between 1&@D 20,000 psi with a
thickness between 0.125-0.5 inch. The concrete lagelulus was varied between
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1,000,000 and 4,000,000 psi and its thickness l@twleand 8 inches. A crack in
the concrete layer 0.25-0.5 inch wide was assurhadlly, the base layer was
assumed 12 inch thick and 20,000 psi modulus ardsthbgrade modulus was
varied between 5000-10,000 psi. A general purpeBefiite element program

was used in the analysis. The analysis confirmedetfiectiveness of the low-

modulus interlayer in reducing the crack tip effeetstress (described by the Von
Mises criterion), and the inhibition of reflecti@nacking resulting from both load

(traffic loading) and temperature changes (thertoating). The study found a

significant reduction in crack tip stress with tiee of the rubber asphalt interlayer.
This was found to be more pronounced in those cakese the overlay modulus
is 0.1-0.25 that of the cracked PCC layer. Thestuals also shown that crack
width, interlayer modulus, and overlay thicknessehaignificant effect on the

crack tip stress, but that the ratio of overlay miod to cracked layer modulus
appears to be more influential.

Chen et al. [15] analyzed the Arizona three-lajén-bverlay system with the use
of a 2-D finite element program in which an aspmaliber concrete is placed in
two lifts each 5/8 inch thick and a low-modulus leap rubber interlayer 3/8 inch
think placed in between. The bottom lift may be sidared as a leveling course.
This system, also called SAMI-R in Arizona, was ooomly placed on top of
cracked Portland cement concrete pavements priavéslaying with hot mix
asphalt. In the analytical studies, a 9 inch PC@rlavith a crack 0.3 inch wide
was assumed. An HMA overlay of various thicknegdased over the interlayer
system was analyzed under the effect of both motraffjc and thermal loadings.
The results of the analysis indicated the signifidaenefits of using the interlayer
system in reducing the critical stresses and &raimd in dissipating the stress
concentrations at the crack tip for HMA overlayaqad over rigid pavements. The
study demonstrated a significant reduction in hibih effective stress and shear
stress above the crack tip upon using an interldyerto both temperature changes
and traffic loading. It was also observed that upmorporating an interlayer, the
effect of overlay thickness becomes less critiedding to more economical
designs.

Finite Element Analysis

Two dimensional finite element analyses was coratlidb study a number of
factors and their influence on the performance igidrand flexible pavement
systems incorporating ARAMI's (SAMI-R’s) in compsaoin with systems that did
not include these interlayers. Table | providesm@amary of the parameters used in
the analysis. A total of 36 scenarios involving iwas variables pertaining to
concrete pavements overlaid with HMA were analyZaxhcks 3 mm wide with a
60 cm spacing were assumed. The finite element Imededied consisted of an
HMA overlay with or without ARAMI layer, with or whout leveling course on
top of a rigid cracked pavement; thus represerfbngtypes of configurations.
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Two types of ARAMI’s, varying in their stiffness,ase used in the analysis. The
ARAMI was assumed to be orthotropic with regardittomodulus. The “Soft”
ARAMI has a modulus of 7 MPa in the horizontal diren and 100 MPa in the
vertical direction. The “Hard” ARAMI was assumedhave a modulus of 35 MPa
in the horizontal direction and 100 MPa in the wattdirection. Whenever used,
the ARAMI thickness was assumed to be equal tawth0

The 2-D finite element model used in the analysg@sents an HMA overlay with
or without ARAMI layer, with or without leveling aose on top of a rigid cracked
pavement which, in turn, rest on top of a granblse layer and a subgrade layer.
The model was designed considering the existendelldfiction between the old
and new pavement layers. The materials were modededming a linear elastic
behavior.

The mesh of the model was designed as a plainnspyeoblem, by using
quadrilateral, two-dimensional structural-solid reénts, with eight nodes, with
two degrees of freedom at each node. The mesh esgned to apply a load with
a dual wheel configuration representing a standalel wheel of 80 kN, applied on
the pavement surface in a representative areaeofith-pavement contact. The
finite element model used in the numerical analygs developed in a general
finite elements code, ANSYS(R) Academic Teachingolductory, V12.1. The 2-
D finite element model used in the analysis considgpical values for thickness
and stiffness as indicated in Table I. Many strang stresses (X, Y, and XY)
were determined with the finite element models yred at a number of locations;
both within the interlayer and in the overlaysshewn in Figure 2.

I nput parameter Values
HMA overlay thickness (cm) 2.0,6.0,12.0
HMA overlay stiffness (MPa) 2000, 4000
ARAMI thickness (cm) 0 (none), 1.0
ARAMI stiffness (MPa) Case 1 (Soft interlayer): (7,100)
(Horizontal, Vertical) Case 2 (Hard interlayer):(35,100)
Leveling course thickness (cm) 0 (none), 3.0
Leveling course stiffness (MPa) Equal to that & HMA overlay
Existing PCC thickness (cm) 20.0
Existing PCC stiffness (MPa) 20,000
Existing PCC crack spacing (cm) 60.0
Existing PCC crack opening (cm) 0.3
Aggregate base layer thickness (cm) 20.0
Aggregate base layer stiffness (MPa 270
Subgrade stiffness (MPa) 35

Table | — Material properties used in the finite elememdlgsis of rigid pavements.



Crack

6 Shakir Shatnawi, Jorge Pais and Manuel Minhoto
Case 1-6 Case 7-18
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0.25m Point 1
Crack M Poin
Crack
Case 19-24 Case 25-36
Overlay Overlay
Point 3 Point 5
Leveling Point 2 ARAMI Point 4
0.3 mm )
0.25 mrn+H>< Point 1 Point 3
Leveling Point 2
0.3 mm

0.25 mm;i Point 1

Crack

Figure 2. Location of the points used in the analysis gitipavements.

In cases where a leveling course may be used friptacement of the interlayer
and subsequently the HMA overlay, the Von Misesistwas calculated at the
interface between the leveling course and ARAMI aetiveen the ARAMI and
the overlay. Also, Von Mises stresses were caledlat the same locations as for
strains. Also included for the analysis is the aunfation where a rigid pavement
receives only a leveling course without any intggtathen an HMA overlay, as
shown in Case 19-24 of Figure 2.
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In this paper, only the effective stresses andratrdefined by Von Mises criterion

will be used in evaluating the benefits of the iilatgers. The Von Mises stresses
and strains have been used by many researchexalmagng pavement systems
[9, 14, 15]. The Von Mises stress is calculatedmfrthe principal stresses

according to the following equation:

2 2 2
o _\/(01_03) +(02 _03) +(01_02)
w =
2
whereoyy, is the Von Mises stress, agd, 0, , ando; are the major, intermediate,

and minor principal stresses, respectively. A sméquation may be written for
the Von Mises strain as follows:

Ewm

1 \/(‘91_‘93)2+(£2_‘93)2+(‘91_‘92)2
1+v 2

wheregyy is the Von Mises strain, ardd, €, , ande; are the major, intermediate,
and minor principal strains, respectively. For & 2system, the above two
equations are reduced by assungggf) andos=0. In order to study the benefits of
interlayers in extending the fatigue life of the WMoverlay, the Von Mises
stresses and strains were calculated at the uddesSihe HMA overlay for all the
systems with and without interlayers. Once thesesseés and strains are
calculated, they may be used with appropriate tearfanction to calculate fatigue
life.

Figure 3 shows the Von Misses stress that developise underside of the HMA
overlay in the various overlay configurations saediSimilarly, Figure 4 shows the
calculated Von Mises strain at the bottom of theAlberlay.

In order to study the effect of using ARAMI on tfegtigue reflective cracking
performance of HMA overlays placed over crackeddrigavements, a transfer
function would be required to describe the rateetierioration as function of the
strain at the bottom of the overlay. Since a Vorséditype of strain was used, it
would be necessary to have a transfer function siith a strain in its statement.
Sousa et al. [9] provided such equations for HMA gap graded rubberized hot
mix asphalt (RHMA-G) as shown in Figure 5. In thesgiations, the fatigue life
represents the number of loading cycles until cragation and it does not
consider crack propagation. In this study, the layers made of HMA (dense
graded asphalt concrete) and therefore, the camelspg transfer function shown
in Figure 5 will be used in computing the fatigife lof the overlay in terms of
repetitions of the 80-kN axle load (1 ESALs). Figu shows the calculated
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fatigue life for three HMA thicknesses (2, 6, angl dm) and the 12 pavement
configurations used in the analysis (total 36 cases
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Figure 3. Von Mises stress at the bottom of the HMA oveftaythe rigid
pavement configurations.

The notation used to describe the configurationSigure 6 consists of the HMA
overlay thickness in cm followed by the HMA stifB® in parentheses, in MPa.
For example, 2HMA(2000) represents the cases wierddMA overlay is 2 cm
thick and of 2000 MPa modulus. In each group, abemof cases is considered as
described in the legend of Figure 6. The contreleca with no ARAMI and no
leveling course and represented with the greerirbkigure 6. The soft and hard
interlayers are described by their modulus as showiable I. Inspection of
Figure 6 reveals the following:

e Strains and stresses are largest for the contreéscdi.e., pavement
structures without ARAMI or leveling course).

e Using a soft ARAMI results in reduced levels ofess and strain
compared to using hard ARAMI.

e The use of a 3 cm leveling course tends to sigaitiy reduce the stresses
and strains compared to similar cases without éweling course. The
additional leveling course provides a structurgletathat reduces the
strain and stress at the bottom of the HMA overlays
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Figure 4. Von Mises strain at the bottom of the HMA overlay the rigid
pavement configurations.
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Figure 5. Fatigue transfer function for HMA and ARHMA mixefsdm Sousa et
al. [9)]).
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Figure 6. Fatigue life as function of overlay thickness floe tL2 concrete
pavement configurations analyzed.

Increasing the HMA overlay thickness up to 12 cningw used without
ARAMI or leveling course) was not able to reduce #train and stress to
the levels achieved when using ARAMI even with thienest HMA of 2
cm. A similar trend was observed in the studies Ggetzee and
Monismith [14] and Chen et al. [15]. For examplensidering the 2000
MPa modulus HMA, a 12 cm overlay without ARAMI @vkling course
would produce a stress of ~20 MPa whereas usifgR#MI with a 2 cm
HMA overlay resulted in a stress of only 1 MPa. fEmtrends were
observed with the Von Mises strains shown in FigdireThe use of a
leveling course tends to diminish the benefits ©ihg thicker overlays by
always producing nearly same level of stress amainstegardless of
HMA thickness. As an example, for the 2000 modiiA, the use of 3
cm leveling course without ARAMI always producedoabl MPa of
stress regardless whether a 2 cm, 6 cm, or 12 crA Bixérlay was used.
Without ARAMI or leveling course, the HMA overlagxhibit shorter life
than when an interlayer or a leveling course waslus

The use of soft ARAMI resulted in greater extensianoverlay life
compared to hard ARAMI.

Without an ARAMI, the HMA overlay tends to fail imediately upon
loading due to experiencing “exceptionally highvéés of Von Mises
strain in the range of 0.01-0.02 (see Figure @} ¢fuestionable, however,
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if the transfer function (Figure 5) used in caldwlg the fatigue life is
valid for this level of strain.

As can be seen, there is significant increaseerlifa of the overlay with the use

of ARAMI. This is due to reduced level of strainampusing these interlayers. It is

believed that the interlayers absorb a great amofttie stress and strain and as
such only small amount of these stresses and staafives at the underside of the
overlay.

Conclusions

This white paper has demonstrated the benefitssofguoverlay systems with
asphalt rubber interlayers. The ARAMI (or SAMI-Rashconsistently been shown
to reduce reflective cracking when used as pagre$ervation and rehabilitation
strategies. Field studies, accelerated wheel tngckeéxperiments, laboratory
testing, and analytical studies have all confirntleel significant contribution of
these interlayers in extending pavement life anchinimizing reflective cracking
in hot mix asphalt overlays. In this paper, 36 digiavement configurations
representing a variety of cases were modeled aalyzed using the finite element
method (FEM) to quantify the benefits of the irdgdrs in these systems when
subjected to loading. The FEM analysis validatesl dhtstanding performance of
these composite systems when interlayers were pocated, and further
quantified the benefits of these ARAMI's in termsé aitical stress and strain
reduction and related pavement life extension. isst reduction ranging from
92% to 98% was achieved with the use of ARAMI coregato non-ARAMI
system. Soft ARAMI's were found to be more effeetiin reducing stress and
strain levels compared to hard ARAMI’s. It was alsand that the use of leveling
course below the interlayers was very beneficidbimering the strain levels and in
increasing pavement life.
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