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ABSTRACT

The proper use of interlayers in asphalt pavemeats be an effective and economic
option to enhance their service life. However, phesence of a foreign element at the interface
should be properly taken into account during desmpnstruction and control of reinforced
pavements. Given this background, the present &ty study investigated stiffness and
interface bonding properties of reinforced asplsgdtems in order to achieve fundamental
information for a correct design as well as propenstruction and control of reinforced
pavements. To accomplish this objective, differenmposite reinforcements (grids/fabrics
embedded in bituminous membranes) were studiechtaslayers of double-layered systems
prepared with both traditional and polymer-modifieésphalt concretes. Dynamic flexural tests
and static interface shear tests were carriedunreinforced reference systems was also studied
for comparison purposes. Results confirmed the atmewntioned warnings that will allow
delineating some preliminary guidelines relatetheouse of reinforcements in pavements.

Keywords: Reinforced asphalt pavements, composite reinfoeces, interface bonding
properties, stiffness.

1. INTRODUCTION AND PROBLEM STATEMENT

Interlayer reinforcement systems can be considareeffective option to enhance the
service life of asphalt pavements, particularlytie case of maintenance and rehabilitation
projects [1-5]. Recently, attempts at producing posite materials by embedding grids or
fabrics (high-stiffness/low-elongation products)ituminous membranes (soft interlayers) have
been carried out [6-11]. The idea is to obtain@dpct able to hold tensile stresses and strains
(reinforcement action of grids/fabrics) while abdsog and relieving concentrated energy,
especially along pavement discontinuities (stretiswing action of membranes) [12-17].
Moreover, this kind of reinforcement system faatks construction since it should be applied
directly (without tack coats or levelling courseskr both new and milled surfaces [9, 10, 18]. It
is worth noting that the membrane also providesrpabofing and/or anti-pumping properties.

Despite several promising laboratory and field itssagainst fatigue and reflective
cracking phenomena [6-11], some issues due to tbésepce of a “foreign” element at the
interface could be detected [4, 5, 8, 16, 17, 1P-a2@#l should be considered during design,
construction and control.

Given this background, the present paper illustrate experimental laboratory study
aimed at investigating stiffness and interface lmgdoroperties of double-layered asphalt
systems reinforced with selected composite prod(mtisls/fabrics embedded in bituminous
membranes). This preliminary study is thus orientegards the achievement of fundamental
information for a correct design as well as propenstruction and control of reinforced
pavements, highlighting the main warnings to beemaknto account. To this aim, different
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double layered asphalt systems were subjectedttodymamic flexural tests and static interface
shear tests. The selected samples were preparadbuaih traditional and polymer-modified
asphalt concretes. Unreinforced reference systesssalgo studied for comparison purposes.

2. MATERIALSAND METHODS
2.1 Materials

Different dense graded asphalt concretes preparethe plant with crushed limestone
aggregates and different types of bitumen were ueeprepare the selected double-layered
asphalt systems. In particular, the lower layetheftested samples consisted of an AC16 asphalt
concrete characterized by 16 mm nominal maximumeggde size and 5.0% (by the weight of
the mix) conventional 50/70 pen bitumen. Conversitlg upper layer was realized using asphalt
concretes prepared with the abovementioned plaifi050en bitumen or with a SBS (Styrene-
Butadiene-Styrene) polymer modified binder, code®®B 25/55-75. Since both mixtures were
constituted by 10 mm maximum size aggregates, ¢haybe classified as AC10 and AC10 PMB,
respectively. AC10 contained 6.5% plain 50/70 petunten whereas AC10 PMB was
manufactured with 5% of the PMB bituminous bind®y the weight of the mix).

In the case of the unreinforced double-layeredssi@eference configuration), a cationic
emulsion containing 69% SBS polymer-modified bitenf€69BP3) was applied as tack coat at
the interface. Thanks to the presence of the bitoos membrane, reinforced systems did not
need tack coats.

Three factory-produced 2.5 mm thick reinforcing gurots were evaluated during the
laboratory research study. The “controlled” productin the factory should provide higher
guarantee of high-performance reinforced pavenianeshe related drawbacks could be limited
as much as possible. In this case, this attemptasesmplished by combining two bituminous
membranes (similar to those typically used as ngpfaterial) having different compounds with
two fibreglass grids as detailed in the following:

» composite ELS, obtained by embedding a thin fitagglsheet into an elastomeric SBS

modified membrane (“factory-made” SAMI — Stress atisng Membrane Interlayer);

* composite PL5, obtained by embedding a 5 mm squossh fibreglass grid into a

SBS/APP (atactic polypropylene plastomeric) modifieembrane;

» composite EL12, obtained by embedding a 12.5 mnaregmesh fibreglass grid into an

elastomeric SBS modified membrane.

PL5 and PL12 were characterized by a tensile stineafy20 kN in both longitudinal and
transversal direction whereas reinforcement ELS eot@asacterized by a tensile strength of 8 kN
and 4 kN in longitudinal and transversal directigspectively.

2.2 Specimen preparation

Tested specimens were obtained from slabs (3000xx480 mnd) prepared in laboratory
through a steel roller compactor compliant with HR697-33 standard. First, AC16 was
compacted to obtain the 30 mm thick lower layed%b.target air void content). Then, the
bituminous emulsion (unreinforced configuration Udl) the proper composite reinforcement
(reinforced configurations) were applied on theledosurface. The emulsion was hand-spread
on the unreinforced interface with a rate of 150gsf residual bitumen. Finally, AC10 or AC10
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PMB were compacted to obtain the 20 mm thick upgezr (4.4% target air void content). Thus,
eight double-layered systems were prepared as stipgdan Table 1.

For each configurations, six cylindrical speciméi30 mm nominal diameter) as well as six
prismatic specimens (400 mm long, 50 mm wide andn&® thick) were obtained to assess the
possible reductions in stiffness and interface shesistance by performing dynamic four point
bending (4PB) tests and static shear bond test§)(38spectively.

TABLE 1 Tested configurations
Configuration Upper layer  Reinforcement

PO AC10 None
PS AC10 ELS
P5 AC10 PL5
P12 AC10  EL12
MO AC10 PMB None
MS AC10 PMB ELS
M5 AC10 PMB PL5
M12 AC10 PMB EL12

2.3 Shear bond test

The SBT (prEN 12697-48) consists of inducing atnetadisplacement at constant rate
between the two parts of the double-layered cylgadirspecimens without applying a normal
load (pure shear test). In this research, SBTs warged out at 20 °C applying two nominal
speeds (1.27 and 50.8 mm/min) in order to invesidhe time-dependent behaviour of the
bituminous interfaces. For each configuration asd tondition, three replicates were carried out.

During the test, both the applied shear load aedr¢hative displacement at the interface
are measured. This allowed the calculation of terlayer shear stressdividing the shear load
by the initial cross sectional area of the specinfére main SBT parameters used to assess the
interface shear properties of the tested sampkesi)athe interlayer shear strengthx (i.e. the
maximum calculated shear stress); ii) the interalgformation rate at failuremax (i.e. the ratio
between the shear deformation at faildisgx and the time to reach the failure).

2.4 Dynamic modulustest

According to EN 12697-26, 4PB test consists of ypgla cyclic loading/displacement on a
beam specimen through inner movable clamps postii@t the middle of the sample that is held
at its extremities by outer fixed clamps. In thesearch, 4PB frequency sweep stiffness tests
were performed in strain-controlled mode (non-desive strain amplitudeso = 50 pstrain) at
6 test frequencies (0.1, 0.3, 1, 3, 10 and 30 Hz)rder to assess the time-dependent stiffness
response of the bituminous systems. Also in thse ceests were carried out at 20 °C taking into
account six replicates for each configuration ast tondition.

During the test, the applied load and the corredppmncontrolled displacement at the mid-
span of the beam are continuously measured. Thesydrm of complex modulus E* (based on
the linear elastic beam theory) and the correspgnplhase anglé (time lag between the applied
displacement and the corresponding load respomsehe returned. According to EN 12697-26,
the mechanical properties measured at thé" 184xling cycle are assumed as representative of
the intrinsic (undamaged) condition of the tesfaecgnens.
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3. RESULTSAND DISCUSSION
3.1 Interlayer shear bond properties

Figure 1 depicts representative results obtainedugh SBT tests carried out on the
P systems (upper layer prepared with the plain A@baure). Similar findings were found in
the case of M systems (upper layer prepared weghAG10 PMB asphalt mixture) and are not
reported for the sake of brevity. A clear differ&shaviour between the reference unreinforced
configuration (P0) and the reinforced configurasi@an be observed at both testing speed.

The experimental data show a brittle behaviouh&ndase of unreinforced systems that were
characterized by a physical failure of the integf@eing the two layers of the specimen separated
at the end of the test. This response reflectsalear hightmax followed by a quick reduction of
the measured shear stress. Conversely, the resafaggstems exhibited a ductile behaviour
being the two layers of the reinforced specimeitish&tld together by the membrane at the end
of the test (the asphalt layers shifted each othigout physical failure). As a consequence, such
reinforced samples were characterized by a defynitev tmax and a very slow increase of
during the test. Among the studied reinforcemecisracterized by fairly comparable results,
the composite membrane ELS (elastomeric membram@ioing a thin fibreglass sheet) showed
slightly higher performance. Based on previous Igsimexperiences [9, 10, 18], this is probably
due to the fact that the grids contained in the Bh8 EL12 further reduced the cohesion of the
bituminous membrane, thus lowering the overallrlater shear properties.

3.0 ] ] v =50.8 mm/min\ 3.0 ] ] v=1.27 mm/min\

2.5 251 ?Eg

2.0 1 201 °P5
] ] o P12

1.5 ] 1.5 1
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Interlayer shear stress [MPa]
Interlayer shear stress [MPa]
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a) Displacement [mm] b) Displacement [mm]

FIGURE 1 SBT representative resultsfor P systemsat 50. 8 (a) and 1.27 (b) mm/min

The overall SBT findings are resumed in Figure Zekgh according to [23], isothermal
curves are constructed using a logarithmic modelkHe linear regression of the experimental
data reported in terms ofax as a function of the correspondingax Obviously, the higher the
deformation rate the higher the shear strengtHl dha tested configurations due to the viscous
nature of the bituminous interfaces. Moreovers wvorth noting that the isothermal model of the
PO system was found to be practically identicakhte results obtained by other researchers
performing a similar test program with other matksr[{23]. Such results were also in very good
agreement with the master curve of the interlajeas strength found by the same researchers
[23]. These facts confirm the reliability of theepent experimental data and it seems to suggest
that the shear properties are mainly due to theackexistics of the interlayer rather than to those
of the bituminous mixtures. On the other hand, \different responses can be outlined for the
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geocomposite-reinforced systems, regardless tleediypsphalt concrete used for the upper layer.
In particular, undoubtedly lower shear strength loamguaranteed even if such strength is clearly
less time-dependent than that of the corresponginginforced configuration.
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Average results at 50.8 mm/min nominal deformatiate are also depicted in Figure 3
along with the error bars reporting the maximum amaimumtmax for each tested configuration.
Similar trends (not reported here) were observed1&7 mm/min deformation rate.
Corresponding P and M systems denoted analogou#tsréabus demonstrating that interface
shear properties mainly derives from the interlag@rfiguration, regardless the use of plain or
polymer-modified asphalt concrete as upper layatédver, the significant reduction (70-90%)
of the shear strength due to the presence of thgasite reinforcement is clearly observable,
confirming literature findings [1, 5, 8-10, 14, P4} Thus, specific studies are needed to
establish if this reduced interface shear strengthd affect in a decisive manner the mechanical
response of the pavement taking into account tleetefe temperature and traffic conditions.
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3.2 Stiffness properties

4PB frequency sweeps experimental results are sumedan Figure 4 where the average
stiffness moduli are plotted as a function of test frequency for each interface configuration.
Error bars representing the minimum and maximunsteged values are also reported.

It can be noted that, according to previous studi®s21, 22, 24], the lower bonding at the
interface reported above (83.1), due to the presenche reinforcements at the interface, also
causes a reduction of the overall stiffness of dbable-layered systems with respect to the
corresponding unreinforced configurations, regaslléhe material used for the upper layer.
According to the previous considerations, the casitpoproduct ELS produced a lower de-
bonding effect (S systems) than PL5 and EL12, thflscting the hierarchic behaviour observed
in terms of interface shear strength.

Finally, a slight decrease in stiffness can be galyeobserved if a polymer-modified
asphalt concrete is used instead of a plain mixfarethe preparation of the upper layer,
regardless the interlayer. Thus, the enhanced pgrep@®f the polymer-modified binder seems to
provide a contribution in enhancing the stiffnesbath unreinforced and reinforced systems.
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FIGURE 4 Average complex stiffness modulusfor P (a) and M (b) systems (g0 = 50 pstrain)
6. CONCLUSIONSAND RECOMMENDATIONS

The present laboratory study was aimed at outlingsges related to design, construction
and control of reinforced pavements. In particutaree composite products were taken into
account as reinforcements for asphalt systems pépaith both plain and polymer modified
asphalt mixtures. Such products were obtained byedding grids/fabrics into selected
bituminous membranes. Based on the results commomg fnterlayer shear strength tests and
stiffness tests, the following preliminary concluss and recommendations can be reported:

» a proper “application” of the reinforcement consisot only of taking particular care on
the conditions (cleanness, dryness, etc.) of thimdasurface but also of designing the
installation depth taking into account the predict&resses and strains at the interface;

* a proper mechanistic design of reinforced pavem&misild consider a lower stiffness of
the reinforced double layered system;

» the control of the stiffness response of new ot-jekabilitated reinforced pavements is
not the right way of verifying the contribution tdie reinforcement since it is mainly
addressed to enhance the cracking resistance thtreto increase the bearing capacity.



A OWN

ACKNOWLEDGEMENTS

This study was sponsored by Polyglass S.p.A. {lt#hwat gave both financial and
technical support for the research project. Testilte and opinions are those of the authors and
do not necessarily reflect those of the sponsarorgpany.

REFERENCES

[1] Brown S.F., Thom N.H. and Sanders P.J. A stifdyrid reinforced asphalt to combat
reflection cracking. Journal of the AssociationAsiphalt Paving Technologists, 70, pp. 543-569.
2001.

[2] Ogundipe O.M., Thom N. and Collop A. Investiigat of crack resistance potential of
stress absorbing membrane interlayers (SAMIs) utrdéfic loading. Construction and Building
Materials, 38, pp. 658-666, 2013.

[3] Dhakal N., Elseifi M.A. and Zhang Z. Mitigatiostrategies for reflection cracking in
rehabilitated pavements — A synthesis. Internatiod@urnal of Pavement Research and
Technology, 9, pp. 228-239, 2016.

[4] Nithin S., Rajagopal K. and Veeraragavan A. t&@f-the art summary of
geosynthetic interlayer systems for retarding &feective cracking. Indian Geotechnical Journal,
45(4), pp. 472-487, 2015.

[5] Raab C., Arraigada M. and Partl M.N. Effect reinforced asphalt pavements on
reflective crack propagation and interlayer bongiegormance. RILEM Bookseries, vol 13, pp.
483-488, Springer, Dordrecht, 2016.

[6] Tschegg E.K., Jamek M. and Lugmayr R. Cracknghobehaviour in geosynthetic
asphalt interlayer systems. Road Materials andrmRemeDesign, 13(1), pp. 156-170, 2012.

[7] Arraigada M., Raab C., Partl M.N., PerrottaalRd Tebaldi G. Influence of SAMI on
the performance of reinforcement grids. RILEM Baafess, vol 13, pp. 297-302, Springer,
Dordrecht, 2016.

[8] Pasquini E., Bocci M., Ferrotti G. and Canestfa Laboratory characterisation and
field validation of geogrid-reinforced asphalt pmants. Road Materials and Pavement Design,
14(1), pp. 17-35, 2013.

[9] Pasquini E., Pasetto M. and Canestrari F. Geposites against reflective cracking
in asphalt pavements: laboratory simulation ofetdfapplication. Road Materials and Pavement
Design, 16(4), pp. 815-835, 2015.

[10] Pasquini E., Bocci M. and Canestrari F. Labama characterisation of optimised
geocomposites for asphalt pavement reinforcemembs@thetics International, 21(1), pp. 24—
36, 2014.

[11] Ishai 1., Livneh M., Kief O. and Altus E. Expmental and analytical model for the
role of reinforced asphaltic membranes in retaothaf reflective cracking. Journal of the
Association of Asphalt Paving Technologists, 62, 1$0-149, 1993.

[12] Francken L. Prevention of cracks in pavemei®ead Materials and Pavement
Design, 6(3), pp. 407-425, 2005.

[13] de Souza Correia N. and de Souza Bueno BcEfEbituminous impregnation on
nonwoven geotextiles tensile and permeability prige Geotextiles and Geomembranes, 29,
pp. 92-101, 2011.



OooO~NOOThWNPE

[14] Ogundipe O.M., Thom N. and Collop A. Evaluatiof performance of stress-
absorbing membrane interlayer (SAMI) using accéderpavement testing. International Journal
of Pavement Engineering, 14(6), pp. 569-578, 2013.

[15] Sobhan K. and Tandon V. Mitigating reflectioracking in asphalt overlay using
geosynthetic reinforcements. Road Materials anéPawnt Design, 9(3), pp. 367-387, 2008.

[16] Elseifi M.A. Performance quantification of ertayer systems in flexible pavements
using finite element analysis, instrument respoasd,non destructive testing. PhD Dissertation.
Via Department of Civil and Environmental Engineeri Virginia Polytechnic Institute and
State University. Blacksburg, Virginia. 2003.

[17] Ogundipe O.M., Thom N. and Collop A. Finiteeslent analysis of overlay
incorporating stress absorbing membrane interlaggainst reflective cracking. Journal of
Modern Transportation, 22(2), pp. 104-111, 2014.

[18] Canestrari F., Pasquini E. and Belogi L. Ojation of geocomposites for double-
layered bituminous systems. RILEM Bookseries, vppg. 1229-1239, Springer, Dordrecht,
2012.

[19] Zamora-Barraza D., Calzada-Perez M., Castesho D. and Vega-Zamanillo A.
New procedure for measuring adherence between syg@tic material and a bituminous
mixture. Geotextiles and Geomembranes, 28(5), 483-2010.

[20] Caltabiano M.A. and Brunton J.M. Reflectioracking in asphalt pavement. Journal
of the Association of Asphalt Paving Technologié®, pp. 310-330, 1991.

[21] Ferrotti G., Canestrari F., Pasquini E. andgilii A. Experimental evaluation of the
influence of surface coating on fiberglass geogedormance in asphalt pavements. Geotextiles
and Geomembranes 34, pp. 11-18, 2012.

[22] Graziani A., Pasquini E., Ferrotti G., VirgAi. and Canestrari F. Structural response
of grid-reinforced bituminous pavements. Matergatsl Structures, 47, 1391-1408, 2014.

[23] Graziani A., Canestrari F., Cardone F. andrdigr G. Time—temperature
superposition principle for interlayer shear sttengf bituminous pavements. Road Materials
and Pavement Design, 18(S2), 12-25, 2017.

[24] Austin R.A. and Gilchrist A.J.T. Enhanced perhance of asphalt pavements using
geocomposites. Geotextiles and Geomembranes, 54188, 1996.



