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ABSTRACT: Very Thin Asphalt Overlay (VTAO) has been introduced as an alternative to traditional thick
overlays, seal coats, and micro-surfacings. Nonetheless, there are some challenges that still remain regarding the
application of VTAOs (such as mixture type, cohesiveness, wear resistance, cracking and durability), particularly
in heavy traffic urban areas. Therefore, this paper presents an extensive comparative evaluation of the mechani-
cal performance, durability and safety issues (cohesiveness, adhesiveness, ageing, cracking, plastic deformation,
permeability, macrotexture, skid and wear resistance, and fuel resistance) of a VTAO (20 mm thick) and a high
performance BBTM 11B (35 mm thick), commonly used as an open-graded mixture for pavement overlays. The
results demonstrated that VTAO is an appropriate material for urban pavements as it provides good durability
and resistance to the propagation of defects. Nonetheless, further studies are required to improve its behavior
under distresses related to plastic deformations and safety properties.
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RESUMEN: Evaluacion del comportamiento mecanico de capas bituminosas ultra delgadas como una adecuada
estrategia para la rehabilitacion de pavimentos urbanos. Las capas bituminosas ultra delgadas para rehabili-
tacion superficial de carreteras son una alternativa a las tradicionales capas asfalticas, riegos bituminosos y
micro-aglomerados. No obstante, atin son numerosos los aspectos a estudiar para la generalizacion de su uso,
particularmente en zonas urbanas con elevado trafico. Asi, este articulo recoge un analisis comparativo del com-
portamiento mecanico, durabilidad y factores de seguridad (evaluando parametros como cohesividad, adhevis-
vidad, envejecimiento, fisuracion, deformaciones, permeabilidad, macrotextura, y resistencia al deslizamiento,
al desgaste y a los combustibles) entre una capa delgada de 20 mm de espesor, y una mezcla discontinua de altas
prestaciones (BBTM-11B con 35 mm), comunmente utilizada en capas de rodadura. Los resultados indican que
puede ser una adecuada solucion para pavimentos urbanos dada su durabilidad y resistencia a la propagacion
de fallos. No obstante, se requieren futuros estudios centrados en la mejora de parametros de seguridad y de su
resistencia a las deformaciones permanentes.
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1. INTRODUCTION

Transportation infrastructures play a fundamen-
tal role in the economic growth of nations. Over the
last three decades, the volume of traffic in highway
networks has notably increased (1). Nonetheless, in
the field of construction engineering, sustainability
issues have been of increasing concern (2). Therefore,
the optimization of the maintenance activity of
highway and road networks can be considered as a
critical aspect to be solved. Clearly, the main aim
of rehabilitation and maintenance programs is to
extend the service life of these infrastructures. Thus,
highway agencies worldwide are attempting to find
the most cost-effective and efficient solutions to
achieve this goal (3). Traditionally, dense-graded
mixture overlays (with a thickness around 50 mm)
have been used as a rehabilitation action for asphalt
pavements. Later, in order to diminish the consump-
tion of natural resources and due to the development
of modified bitumen, other types of gap-graded
mixtures with a reduced thickness (around 30-40
mm) such as BBTM or SMA, have successfully
substituted the traditional dense-graded mixtures.
In recent years, whilst there are other alternative
rehabilitation methods (seals, micro-surfacings,
etc.), budget limitations and environmental consid-
erations have encouraged highway agencies to use
Very Thin Asphalt Overlay (VTAO) as a new reha-
bilitation strategy (4-6). According to available sci-
entific references, there is no maximum determined
thickness for VTAOs, but based on previous studies
it appears that a thin overlay refers to an overlay with
a maximum thickness of 38 mm (4-7). Additionally,
World Road Association (PIARC) has defined thin
asphalt surfacing and very thin asphalt surfacing as
layers which have an average laying thickness of 30
to 50 mm and 20 to 25 mm respectively (5). Usually,
VTAO can be efficiently utilized as a rehabilitation
method for pavements with an adequate structure
and in which initial symptoms of distress (e.g. block
cracking, longitudinal cracking in the wheel path,
shallow rutting, raveling, oxidation, and loss of skid
resistance) have appeared (8).

As reported by some researchers, VITAOs provide
certain environmental benefits such as reducing
rolling noise level (4, 5) or diminishing the rolling
resistance, which might decrease CO, emissions (5).
Furthermore, some investigations have revealed the
strong anti-spray properties, efficient light reflec-
tion, and good skid resistance of VTAOs (4, 5). The
cost-effectiveness of VTAOs has also been reported
in some studies, particularly in the US (4, 6). For
instance, according to Chen and Scullion (4), the
total costs for utilizing a 25 mm VTAO are 30% less
than a traditional 50 mm overlay. In this regard, the
fast paving operation of VTAOs results in shorter
periods of closure to traffic flow (5). Consequently,
VTAOs are introduced as an alternative to seal

coats or micro-surfacings (4) and they can be used
primarily for improving ride quality, maintaining
surface geometrics (i.e. preserving the road grade
and slope), decreasing noise generation, reducing
life cycle costs, and providing a longer-lasting ser-
vice (7, 9).

Both the mechanical performance and dura-
bility of VTAOs directly depend on the mixture
used, environmental conditions, and traffic load-
ing. Clearly, the bearing capacity of lower layers
and distress levels of the existing pavement must be
investigated before paving a VTAO as a rehabilita-
tion method (5). Based on the results of some stud-
ies, the mechanical performance of VTAOs in terms
of crack resistance was shown to be satisfactory (4,
6). However there are still some issues that require
investigation, given the limited information regard-
ing the long and short-term performance of VTAOs.
In the US, there have been some efforts to develop
comprehensive instructions for the design and con-
struction of VTAOs, as shown, for instance, by the
Texas Department of Transportation (TxDOT) in
their introduction of a set of specific requirements
for the application of VTAOs (4). Utilizing proper
mixtures for VTAOs based on environmental and
traffic conditions is a matter of critical importance
(5, 6). Usually, dense-graded, open-graded and
gap-graded (known in Europe as PA and BBTM),
and Stone Matrix Asphalt (SMA) have been used
for paving VTAOs based on rehabilitation require-
ments (4, 5). Further, SMA has already been shown
to be a suitable mixture for paving a VTAO (6).
Additionally, for improving workability —which
is a problem owing to the high cooling rate dur-
ing the paving processes of VTAOs — warm mixes
can be used (6). Furthermore, it is recommended
that rubber or polymer modified binders can be
employed for laying VTAOs, notably in heavy traf-
fic roads to improve mechanical behavior, durabil-
ity, and skid resistance (5, 7). Regarding this issue,
it was found that VTAO constructed with a poly-
mer modified binder has a superior performance in
terms of resistance to fatigue and reflective crack-
ing in comparison with VTAO constructed with a
rubber modified binder when a traditional hot mix
is used (10). However, a number of challenges have
been identified in relation to using VTAOs such
as the bonding between the VTAO and the lower
layer (interlayer cohesiveness), wear resistance (par-
ticularly to studded tires), susceptibility to cracking
(structural defects in the lower layers), skid resis-
tance, and durability under heavy traffic loads (4, 5,
8). Because of this fact, and due to the high traffic
stresses in roads and highways, the application of
VTAO:s in these types of pavements is limited, while
their use in urban pavements has a higher potential.
Nonetheless, urban pavements also support high
efforts under certain circumstances (high exposure
to environmental agents, high shear efforts due to
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reduced radius of gyration and braking zones, slow
traffic, etc.), and further research is necessary in
order to offer stronger assurances regarding the use
of VTAO as a rehabilitation solution for these types
of pavements.

Based on the issues just described, this article
aimed to evaluate the mechanical performance of
VTAO s as a rehabilitation strategy for urban pave-
ments. For this purpose, a VTAO with thickness of
20 mm was studied using a range of tests (internal
cohesion, resistance to climate deterioration, resis-
tance to plastic deformations and fatigue cracking,
skid resistance, fuel resistance and permeability),
and the results were compared with those produced
by a high performance BBTM 11B.

2. EXPERIMENTAL DESIGN
2.1. Materials
For this study, two types of asphalt mixtures were

used: a VTAO mixture (referred as VTAOM in this
paper) and a BBTM 11B (employed as a control)

commonly used as overlay in asphalt pavements.
The gradations of studied mixtures are depicted in
Figure 1.

As can be observed, the maximum size of aggre-
gates in the VTAO mixture (referred to as VTAOM
in this paper) is 8§ mm (in order to apply this mix-
ture in layers of reduced thickness). Ophitic and
limestone aggregates were used as coarse and fine
fractions respectively (sand and filler) for prepar-
ing VTAOM. Ophitic aggregates were used to meet
the demands for high polish and wear resistance in
such a thin asphaltic layer while limestone aggre-
gates were used to improve the durability by virtue
of a better affinity with the bitumen (11). Further,
a SBS (styrene-butadiene-styrene) polymer-modi-
fied bitumen (BM3b) was used to manufacture the
VTAOM. The optimum bitumen content of the
VTAOM was fixed at 5.3% by the total weight of
mixture (Table 1), defined from the results obtained
in the mix design procedure.

For the BBTM 11B (EN 13108-2) (12), its gra-
dation (with a maximum size of 11 mm) was also
formed using ophitic and limestone aggregates for
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FIGURE 1. The aggregate gradation curves for studied mixtures.

TABLE 1. Properties of the mixtures studied and their optimum bitumen content.

Property (unit) Standard VTAOM BBTM 11B AC 32
Optimum bitumen content (%) - 53 5.0 3.8
Bulk density (g/cm’) UNE-EN 12697-6 2.652 2.498 2.423
Air void (%) UNE-EN 12697-8 4.100 12.100 5.800
Voids in Mineral Aggregate (%) UNE-EN 12697-8 17.500 24.200 14.600
Marshall stability (kN) UNE-EN 12697-34 19.900 16.600
Marshall flow (mm) UNE-EN 12697-34 3.750 - 2.4100
Particle loss (%) UNE-EN 12697-17 - 3.000 -
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the coarse and fine fractions, respectively. Cement
was used as filler in this mixture. The binder used
for manufacturing BBTM 11B was a polymer (SBS)
modified bitumen type BM3c. According to Table 1,
the optimum bitumen content for BBTM 11B is
equivalent to 5.0% of the total weight of mixture.
In order to evaluate the mechanical performance
of VTAOM and BBTM 11B as thin overlays, an
AC 32 mixture (EN 13108-1) (13) containing lime-
stone aggregates (i.e. coarse, fine, and filler frac-
tions) was used as the base asphaltic layer in some
of the tests developed in this study. The gradation
used in AC 32 is displayed in Figure 1. A 35/50
penetration grade bitumen was used for producing
this mixture. As shown in Table 1, the optimum
bitumen content for AC 32 was specified at 3.8%
of the total weight of the mixture. The surface
appearance of the three mixtures used in this study
after their compaction can be observed in Figure 2.
To develop an adequate adhesiveness between
the thin overlays (VTAOM and BBTM 11B) with
the base asphaltic layer (AC 32), an ECR SBS mod-
ified bitumen emulsion (C60BP4) was selected as

VTAOM

BBTM 11B

tack coat. A 2.0 kg /m” dosage of this emulsion was
selected to provide an adhesive interlayer between
the VTAOM and AC 32 (since the maximum aggre-
gate size of VTAOM is considerably low, it is neces-
sary to provide a tack coat with a considerably high
dosage of emulsion in order to avoid the appear-
ance of distresses related to a lack of adhesion such
as slippage, striping, etc.). The quantity of emul-
sion sprayed between BBTM 11B and AC 32 was
equal to 0.6 kg /m’, which is the common dosage
used for these types of interlayers (5).

2.2. Main laboratory tests

The analysis of the mechanical behavior of the
VTAOM and BBTM 11B was based on the main
issues of concern regarding its application in urban
pavements (cohesiveness, adhesiveness, thermal sus-
ceptibility, ageing, cracking, plastic deformation,
permeability, macrotexture, skid and wear resis-
tance, and fuel resistance). Table 2 lists the testing
plan developed for each type of overlay asphalt
mixture.

FIGURE 2. The surface appearance of the compacted mixtures.

TABLE 2. Testing plan carried out for each overlay asphalt mixture studied.

Properties Test Specimen Temperature (°C) Observations

Internal cohesiveness UCL 3 25 -

Moisture susceptibility UCL 3 25 -

Thermal susceptibility UCL 9 0, 30 and 60 -

Aging UCL 9 25 Different ageing durations
(2,6 and 12 h)

Plastic deformations Cyclic triaxial 3 40 10000 cycles

Fatigue cracking and interlayer UGR-FACT 18 10, 20 and 30 Stress levels: 335 and 500 kPa

adhesiveness Specimens: base+surface layer

Permeability LCS permeameter 2 Ambient Specimens: base+surface layer

Surface macrotexture Sand patch 2 Ambient Specimens: base+surface layer

Skid and wear resistance Accelerated polishing 4 Ambient Specimens: base+surface layer

Fuel resistance Immersing in diesel 3 25 -
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2.2.1. Cohesiveness, adhesiveness, thermal
susceptibility, and ageing tests

A similar procedure to that used in the UCL
method (14) was employed to evaluate the behavior
of the mixtures (VTAO and BBTM 11B) in terms
of cohesiveness, adhesiveness, thermal suscepti-
bility and ageing resistance. This method is based
on the particle loss test (EN 12697-17) (15), where
Marshall specimens (manufactured using 50 blows
per side) are located in a Los Angeles machine
(under 200 rotational cycles) (Figure 3A). To eval-
uate the cohesiveness of the mixtures, the weight
loss is measured at 25°C (16). Mixture adhesive-
ness can be analyzed by measuring the increase of
the weight losses of the mixture when the speci-
mens are immersed in water at 60 °C for 24 hours.
Moreover, thermal susceptibility can be evaluated
by studying the variations in the weight losses when
the test is carried out at various temperatures (10
and -10 °C). Finally, the study of the ageing resis-
tance of the mixtures was conducted by exposing

the specimens (placed in a special metallic device)
to different ageing conditions (the specimens were
kept in a convection oven at 163 °C for 2, 4, and 8
hours before being tested).

2.2.2. Resistance to plastic deformations

To analyze the resistance to plastic deforma-
tions of the VTAO and BBTM mixtures, The cyclic
triaxial confined test based on UNE-EN 12697-25
(part B) standard (17) was conducted on cylindri-
cal specimens with a diameter of 101.6 mm and
height of 63 mm (Figure 3B). These specimens
(compacted by applying 50 blows per side with a
Marshall standard hammer) were tested using a
120 kPa constant confinement stress (in order to
simulate the generated stress due to the presence of
an existing mass around the loading zone), and a
300 kPa cyclic axial load with a frequency of 3 Hz
(which simulates the stresses generated by traffic).
The triaxial tests were carried out at 40 ° C, apply-
ing 10,000 load cycles.

FIGURE 3. Visual appearance of the configuration of the tests developed in this study.
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2.2.3. Cracking resistance and interlayers
adhesiveness

The UGR-FACT (University of Granada —
Fatigue Asphalt Cracking Test) method was used
to examine the combined action of the traffic loads
and thermal gradients on the fatigue cracking resis-
tance and interlayer adhesiveness of the mixtures
studied (18-20). This test method simulates the
efforts that lead to the failure of an asphalt pave-
ment (Figure 3C). The test device consists of a
base (Figure 4a), two supports where the speci-
men is fixed (Figure 4b), and a load application
plate (Figure 4c). The base has a platform that is
composed of two sloping surfaces with two rails
that allow for the sliding of the supports, and two
vertical spindles that are used to measure vertical
deformations in the upper part of the test specimen
(Figure 4d). The two supports are composed of a
carriage that is adapted to the shape of the rail at
the base (leading to effective load transmission),
and a support plate (to which the test specimen is
attached with epoxy resin) where the horizontal
deformation gauges (LVDT) are located (Figure 4e).
Furthermore, under these support plates, two elastic
elements are placed in order to allow for the flexion
of the specimen (Figure 4f) and a spring that simu-
lates the foundation layers (Figure 4g). The distance
between the supports can vary according to the type
of deterioration that needs to be reproduced (e.g.
a crack, pre-crack, dilatation joint, pothole, etc.).
Finally, the load application plate is composed of a
piece of steel that is thick enough to prevent defor-
mations during the load application (thus avoiding
differential errors due to its own deformation) whilst
providing a flat surface for the vertical deformation
gauges (Figure 4e).

Thus, the UGR-FACT method is capable of
evaluating both the mechanical performance and

interlayer adhesiveness of asphalt layers, using vari-
ous specimens that simulate pavement structures.
For this purpose, specimens (with a dimension of
300 x 300 x 90 mm) composed of a 70 mm AC 32
mixture base layer and a 20 mm VTAOM surface
layer (bonded with 2 kg/m” of emulsion) were manu-
factured using a vibratory compactor. Following the
manufacture of these samples, they were sawed into
smaller prismatic specimens (with dimensions of
220 % 60 x 90 mm) that were used for testing with
the UGR-FACT method. Other specimens com-
posed of a 70 mm AC32 base layer and a 35 mm
BBTM 11B surface layer were manufactured using
a similar procedure, but with a dosage of emul-
sion equal to 0.6 kg/m” to ensure the adherence
between layers. Finally, the 300 x 300 X 105 mm
compacted specimens were sawed into smaller
specimens of 220 x 60 X 105 mm for testing with
the UGR-FACT method.

The fatigue cracking resistance of these speci-
mens was evaluated using the UGR-FACT test at
three different temperatures of 10, 20 and 30 °C. In
addition, to assess the influence of traffic loading,
these tests were carried out at two different levels of
traffic — 335 and 500 kPa — to simulate medium
and high stress levels respectively. Similarly, a fre-
quency of 5 Hz was used to simulate heavy traffic
conditions at 80-100 km/h. In order to obtain a rep-
resentative profile of the mechanical response of the
studied asphaltic layers, for each type of mixture,
temperature, and load conditions used, three speci-
mens were tested.

To evaluate the cracking resistance and inter-
layer adhesiveness, different phases of degradation
in the specimens are considered during the UGR-
FACT tests. These phases are displayed in Figure 5,
where the first phase is related to the occurrence of
plastic deformations and other visco-elastic phe-
nomena (21). The modulus of the base layer and its

FIGURE 4. UGR-FACT test device.
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FIGURE 5.  Steps during fatigue cracking test of multilayer specimens.
horizontal deflection were determined at the bot- Ny
tom, which allows for identifying the provided bear- 4 IRDE &
. . —_ =
ing capacity by surface course. The second phase (the Y= N, 2]
S

longest) is related to the development of crack dam-
age and deterioration of the base layer (AC 32). In
this phase, the number of cycles required to induce
the appearance of macro-cracks in the base layer
were determined (which is partly determined by the
protective capacity of the surface layer used). The
third phase shows the propagation speed of defects
(macro-cracks) from the base layer to the surface,
and the fourth phase illustrates the number of cycles
for which the surface layer is able to overcome dam-
age generated by the lower layers. Hence the ability
of the used surface layer to prevent the propagation
of the defects (measured as number of cycles) is a
fundamental result in this test. It is worth mention-
ing that such an increase in the amount of dissipated
energy during the test (y axis) corresponds with the
increasing damage in the material.

The results are expressed in terms of dissipated
energy, and the damage produced in the specimen
is quantified in accordance with the fact that only
the difference in dissipated energy from one cycle
to another causes degradation in the material (21).
Thus, the cumulative RDEC (Ratio of Dissipated
Energy Change, Equation [1]) is used to analyze the
development of the damage produced in the speci-
men, and the Mean Damage Parameter (y) [2] is a
value used to establish a reference for the resistance
to fatigue cracking of the pavement (22).

@41 — O,

RDEC,,, = [1]

n

Where o, is the energy dissipation produced in
loading cycle n (in J/m’); and w,,, is the energy dis-
sipation in loading cycle n+1 (in J/n?).

Where N;is the failure cycle of the specimen.
2.2.4. Permeability

This test is used to measure the drainage capac-
ity of pavement wearing courses. This property is
directly related to the void content, which is deter-
mined by the type of mineral skeleton, bitumen
content and compaction level of the asphalt layer.
For determining this parameter, the LCS permeam-
eter (Figure 3D) was used according to NLT-327/00
standard (23), which requires the manufacture of
three specimens of each type of pavement stud-
ied. Each specimen has a section of 300 X 300 mm,
and a height corresponding to the thickness of the
road pavement (therefore the specimens were simi-
lar to those prepared for the UGR-FACT method
described in the previous section). To conduct this
test, the LCS permeameter was placed on on each
sample. The transparent cylinder should be filled
with water 15 cm above the upper measuring mark.
The cylinder was then emptied on the surface of
the specimen and the time taken to discharge the
cylinder between upper and the bottom marks was
measured (24). Finally, based on an abacus that was
presented in NLT-327/00 standard (23), the perme-
ability coefficient (cm/s) of the pavement can be
specified.

2.2.5. Surface macrotexture
The surface texture of asphalt pavements can

directly affect their skid resistance (25). The pur-
pose of this test is to determine the average depth of
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the surface macrotexture by a volumetric technique,
which is also known as the sand patch test, based
on NLT-335/00 standard (26). To carry out this
test, three test specimens were used with the same
dimensions described in the last two sections (hori-
zontal surface of 300 X 300 mm, and a height that
will vary as a function of the type of mixture used
in the surface layer, 90 mm for the AC32+VTAOM,
and 105 for the AC32+BBTM 11B). This test is
conducted by spreading a known volume of silica
sand (25,000 mm®) onto the surface of the samples,
over a circular area that is clean and dry. A wooden
disc with a hard rubber surface was used to spread
the silica sand until a circular area with a radius
of between 5 and 18 cm was achieved (Figure 3E).
Once the circle appeared, its diameter was measured
with calipers, and the average depth of macrotexture
(H) was calculated according to Equation [3]. This
test procedure was conducted four to five times on a
single specimen, creating a circle on the central part
of the specimen, and a circle in each of its corners.
4V
H D [3]
where V is the volume of the granular material
(mm’), and D is the diameter of the circle area (mm).

2.2.6. Skid and wear resistance

This test is conducted to determine the skid and
wear resistance of surface courses, and it is an adap-
tation of the test described in EN 1097-8 standard
(determination of accelerated polishing coefficient)
(27). Accordingly, eight specimens were manufac-
tured with the mixtures on the top (four with the
VTAOM and the other four with the BBTM 11B)
and a resin on the bottom. The friction coefficient
of each specimen was determined using a stan-
dard pendulum (obtained as an average value from
five drops of the pendulum on each specimen)
(Figure 3F). After obtaining the initial friction coef-
ficient, the specimens were placed on the acceler-
ated polishing machine to wear down the surface
and simulate pavement degradation, according to
the UNE-EN 1097-8 procedure. After this polish-
ing process, the pendulum test was repeated in each
specimen to determine variations in the friction
coefficient. Prior to conducting the pendulum test,
it is important to ensure that the samples are clean
by submerging them in water for 20 min in order to
remove any traces of emery.

2.2.7. Resistance to fuels

The purpose of this test is to determine the resis-
tance of bituminous mixtures against fuel attacks
and it is conducted according to EN 12697-43 stan-
dard (28). The procedure involves preparing three

cylindrical specimens using a Marshall compactor
(50 blows per side) for each type of mixture stud-
ied. After determining the density of each speci-
men, they are immersed in diesel for a period of
24 hrs. Each specimen is then washed with water
until the released water from the washed specimen
has a constant pH of £ 0.5. The test samples were
then carefully cleaned and placed in a chamber at
25°C for 24 hrs. Following this, the loss of mass
was determined by weighing the sample. If the loss
is greater than 5%, the test is finished. In contrast,
when the loss is equal to or less than the specified
value, the specimens are brushed with a steel brush
that makes epicyclic movements for 120s according
to EN 12697-43. For each group of samples the A,
B and C parameters were calculated where A is the
loss of mass after immersion in fuel (%), B is the loss
of mass after the brushing test (%) and C indicates
the total mass lost (%) after chemical and abrasive
action (Figure 3G). The category of fuel resistance
in this test was assigned according to EN 12697-43
as follows:

- If B A<5% and B<1%, the mixture has a good
resistance to fuel.

- If A<5% and 1%< B<5%, the mixture has a
moderate resistance to the fuel.

- If A> 5% or B> 5%, the mixture has a low resis-
tance to that fuel.

3. RESULTS AND DISCUSSION

3.1. Cohesiveness, adhesiveness, thermal
susceptibility, and ageing tests

Figure 6 shows the internal cohesion and adhe-
sion (moisture susceptibility) of BBTM 11B and
VTAOM as a function of mass lost following spe-
cific climate conditioning designed to evaluate
these properties. As can be observed, the VTAOM
recorded a lower percentage loss of mass after both
dry and water conditioning, which indicates that
this mixture presents better internal cohesion whilst
offering lower susceptibility to moisture compared
with the BBTM 11B. These findings suggest that the
VTAOM could offer higher resistance to the detach-
ment of aggregates (stripping), particularly under
moist conditions, which is considered to be one of
the main sources of distress in urban asphalt pave-
ments (29).

Figure 7 shows the variation in mass loss depend-
ing on the test temperature, which represents the
thermal susceptibility of the studied mixtures.
According to this figure, the eventual aggregate
loss for these mixtures is more likely to occur at
lower temperatures (winter) due to the more brittle
behavior of the bitumen (30) that leads to the loss
of adhesiveness. Nonetheless, it can be noted that
the VTAOM showed lower values of aggregate loss
when the temperature decreased, thus indicating
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lower susceptibility to failure at low temperatures
than the mixture of reference. Moreover, since vari-
ations in VTAOM behavior are with decreases in
temperature, it appears that its thermal susceptibil-
ity is lower than in the case of the BBTM 11B.
Regarding resistance to aging, Figure 8 shows
that VTAOM has a lower susceptibility to aging (in
terms of aggregate loss) than the BBTM 11B mix-
ture. This implies that the loss of material during
its application in pavements for roads is expected to
be low since this mixture showed lower sensitivity to
the oxidative effect of the bitumen during its service
life under climate actions such as solar radiation.
Finally, both the present results and those of previ-
ous studies suggest that the UCL method is an appro-
priate technique for comparing the performance of

Thermal susceptibility of VTAOM and BBTM 11B.

various asphalt mixes whilst permitting the analysis
of the critical properties of binders (31).

3.2. Resistance to plastic deformations

Table 3 lists the results obtained in the cyclic tri-
axial test for specimens of VTAOM and BBTM 11B
at 40°C. These results indicate that the VTAOM has
higher accumulated deformations after a total num-
ber of 10.000 loading cycles as well as a higher creep
slope during the test (which defines the sensitivity of
the material to the accumulation of plastic deforma-
tions as a result of the repeated loads) and less creep
modulus. Therefore, it appears that the VTAOM
has lower resistance to plastic deformations than
the BBTM 11B under the higher temperatures
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TABLE 3. Results of cyclic triaxial confined test.
VTAOM BBTM 11B
Permanent Permanent
Sample deformation (%)  Creep slope Modulus (kPa) deformation (%) Creep slope Modulus (kPa)
1 2.16 0.36 138.89 1.38 0.27 217.39
2 2.66 0.52 112.78 1.34 0.21 223.88
3 2.30 0.79 130.43 1.40 0.32 214.29
Average 2.37 0.56 127.37 1.37 0.27 218.52
Standard deviation 0.26 0.22 13.32 0.03 0.06 4.90
Coefficient of variation (%) 10.87 39.04 10.46 2.22 20.65 2.24

that it is likely to experience during its service life.
Presumably, the higher binder content could affect
the resistance of VTAOM to plastic deformations.
However, since VTAOM is applied with a very low
thickness in urban asphalt pavements, the possible
risk associated with the development of rutting is
reduced while the depth of the probable rut that
may occur is very limited (32). Nonetheless, other
types of distresses related to plastic deformations in
the tangential direction (such as shoving or corruga-
tion) could still appear.

3.3. Cracking resistance and interlayer adhesiveness

The summarized results of the UGR-FACT test
with applied stresses of 335 kPa and 500 kPa at dif-
ferent temperatures (10, 20 and 30°C) are presented
in Tables 4 and 5. According to these results, BBTM
11B recorded a slightly greater bearing capacity
than VTAOM (particularly under a medium stress
level), which could be related to the higher thick-
ness of the layer with the BBTM 11B mixture
(35 mm) in comparison with the VTAO (20 mm),

so that the deflections appearing in the bottom of
the base layer are slightly lower (Phase 1). Similarly,
the increase of the bearing capacity allows for a
greater protection of the base layer and thus con-
tributes to the reduction in the speed of initiation
and propagation of damage throughout the speci-
men (phases 2 and 3).

Nonetheless, it is important to note that the
difference in behavior during these last stages
is reduced (and, in fact, the VTAOM presents a
higher number of cycles, and thus, higher resis-
tance), which could be associated with higher
flexibility of the VTAOM due to its higher bitu-
men content. In addition, according to the results
displayed in Tables 4 and 5, during phase 4 both
mixtures behave similarly, thus suggesting that they
have similar resistance to the propagation of defects
from the underlying layer (in spite of the VTAOM
having a reduced thickness).

Regarding the effects of temperature, the results
show that at higher temperatures there is a lower
resistance to the propagation of damage in the
mixtures. Thus, at high temperatures there is a
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faster development of damage than at lower tem-
peratures, where the materials have a better elas-
tic response. In this regard, the VTAOM recorded
quite similar susceptibility to temperature in terms
of cracking to that measured for the mixture of
reference, which indicates its suitability for appli-
cation in pavements for roads. Further, the results
displayed in Tables 4 and 5, suggest that both mix-
tures showed quite similar sensitivity to the increase
in stress level.

Figure 9 shows the results of the mean damage
parameter. It is clear that this parameter signifi-
cantly increases when the stress level and tempera-
ture increase, which indicates higher level of damage
in the asphalt layer, thereby leading to faster degra-
dation of the bituminous material. Nonetheless, it is
striking that in spite of offering a similar number of
failure cycles to the BBTM 11B, the VTAOM has a
lower amount of internal damage, which could be
due to its stronger internal cohesion.

TABLE 4. Results of UGR-FACT test with applied stress of 335 kPa at 10, 20 and 30°C for the specimen where VTAOM and
BBTMI11B have been used as wearing course.

VTAOM BBTM11B
Phase 4 Retention of crack
Temperature (° C) 10 20 30 10 20 30
Average (No. cycles) - 1,487 230 - 1,603 260
Standard deviation - 249 121 - 770 125
Phase 3 Crack propagation in base course
Temperature (° C) 10 20 30 10 20 30
Average (No. cycles) - 4,357 830 - 10,137 960
Standard deviation - 2,165 226 - 2,807 362
Phase 2 Development of damages in base course
Temperature (° C) 10 20 30 10 20 30
Average (No. cycles) - 23,767 1,067 - 22,767 1,333
Standard deviation - 7,974 252 - 6,127 551
Phase 1 Deflection in the bottom of the base course
Temperature (° C) 10 20 30 10 20 30
Average (mm) 0.0494 0.0641 0.0772 0.0482 0.0523 0.0711
Standard deviation 0.0074 0.0111 0.0057 0.0087 0.0121 0.0025

TABLE 5. Results of UGR-FACT test with applied stress of 500 kPa at 10, 20 and 30°C for the sample where VTAOM BBTM 11B
have been used as wearing course.

VTAOM BBTM11B
Phase 4 Retention of crack
Temperature (° C) 10 20 30 10 20 30
Average (No. cycles) 3,800 730 65 3,500 600 40
Standard deviation 1,558 241 15 2,030 156 14
Phase 3 Crack propagation in base course
Temperature (° C) 10 20 30 10 20 30
Average (No. cycles) 38,400 1,670 215 52,700 1,000 180
Standard deviation 14,208 685 105 47,376 340 92
Phase 2 Development of damages in base course
Temperature (° C) 10 20 30 10 20 30
Average (No. cycles) 241,300 5,300 230 264,250 2,800 150
Standard deviation 101,346 1,961 113 77,711 1,260 59
Phase 1 Deflection in the bottom of the base course
Temperature (° C) 10 20 30 10 20 30
Average (mm) 0.0836 0.0989 0.1631 0.0803 0.0849 0.1683
Standard deviation 0.0004 0.0049 0.0008 0.0033 0.0059 0.0134

Materiales de Construccion 67 (327), July-September 2017, e132. ISSN-L: 0465-2746. doi: http://dx.doi.org/10.3989/mc.2017.05016


http://dx.doi.org/10.3989/mc.2017.05016

12 « M. Sol-Sanchez et al.

= O
o
S 001 =
©
[e%
(0]
(o))
£
E  0.001
©
c
]
(]
= 0.0001
e
0.00001
0 5 10 15

y= 5E-QBe0-2244x

y = 2E-0Be02062x

0.9992

y = 3E-06601854x

20 25 30 35 40 45

Temperature (°C)

® VTAOM 335kPa

OBBTM 11B 335 kPa

OVTAOM 500kPa  [C0BBTM 11B 500kPa

FIGUREY9. Mean damage parameter results obtained at different stress levels and temperatures.

TABLE 6. Results obtained in permeability test.

VTAOM BBTM 11B
Water evacuation time  Permeability coefficient =~ Water evacuation time  Permeability coefficient
Sample () (cm/s)x107 () (cm/s)x107
1 200.00 1.62 31.00 19.98
2 160.00 2.19 42.00 13.27
Average 180.00 1.91 36.50 16.63
Standard deviation 28.28 0.40 7.78 4.74
Coefficient of variation (%) 15.71 21.16 21.31 28.54

3.4. Permeability

The measured permeability values of the studied
mixtures are shown in Table 6, which lists the time of
water evacuation and the permeability coefficient. It
is clear that the permeability of BBTM 11B is sub-
stantially higher than that offered by the VTAOM
(due to the higher void content of the BBTM 11B
mixture). Therefore, BBTM 11B reduces the pres-
ence of water on the road surface and, as a result,
this mixture could reduce the risk of hydroplan-
ing. The high content of bitumen in VTAOM and
its continuous mineral skeleton are the main causes
of this low permeability, and this property must be
taken into account during its application in pave-
ments, considering elements such as construction
pumping, the slope of the road section, or the use of
a more porous mineral skeleton.

3.5. Surface macrotexture
The surface macrotextures of the studied mix-

tures (measured using the volumetric technique)
are illustrated in Table 7 as a function of the circle

TABLE 7. Measured surface macrotexture of studied

mixtures.
VTAOM BBTM 11B
Radio Macrotexture Radio Macrotexture

Sample (mm)  depth(mm) (mm) depth (mm)
1 83.00 1.20 67.00 1.80

2 84.00 1.10 61.00 2.10
Average 83.50 1.15 64.00 1.95
Standard 0.71 0.07 4.24 0.21
deviation

Coefficient of  0.85 6.15 6.63 10.88

variation (%)

radius and depth of the macrotexture. As can be
observed, BBTM 11B provides a lower value of the
radius due to greater depth of the macrotexture, so
that a higher void volume is to be filled with sand.
Thus the VTAOM showed lower macrotexture than
the mixture of reference, providing lower friction
between pavement and tire (reducing traffic safety
in reference to the BBTM 11B) and thus a higher
level of noise could be expected. This effect could be
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associated with the continuous mineral skeleton of
the VTAOM (5), which leads to a lower volume of
internal and external voids.

3.6. Skid and wear resistance

Table 8 shows the results obtained in the skid and
wear resistance tests, this last parameter being calcu-
lated as the percentage of preserved resistance after
the polishing process. According to Table 8§, VTAOM
and BBTM 11B exhibit quite similar skid and wear
resistance since they recorded similar values before
the polishing process. Nonetheless, it is worth not-
ing that the BBTM 11B showed higher sensitivity
to degradation by polishing (as already observed
during the internal cohesiveness test), which could
reduce its skid resistance during its service life.

3.7. Resistance to fuels
Table 9 lists the values of the coefficients A, B,

and C measured during the fuel resistance tests car-
ried out for both asphalt mixtures. It is clear that

both mixtures show a similar resistance to fuel
attacks since the value of A is lower than 5% in each
mixture, whilst value of B falls within 1 and 5%.
These results imply that both types of mixtures pres-
ent a moderate resistance based on the EN 12697-43
standard (28).

4. CONCLUSIONS

This research aimed to evaluate the mechani-
cal performance of very thin asphalt overlay
mixtures (VTAOM) as a sustainable solution for
the rehabilitation of urban pavements. A com-
parative study has been conducted between the
mechanical behavior of VTAOM and a high
performance overlay mixture (BBTM 11B) com-
monly used in pavement rehabilitation. The study
was concerned with the implementation of these
mixtures in urban areas and focused on both
mechanical and durability features. Based on
these considerations, and the results obtained
from the various tests, the following conclusions
can be drawn:

TABLE 8. Results of skid and wear resistance test.
VTAOM BBTM 11B
Skid Resistance after Preserved Skid Resistance after Preserved
Sample resistance Polishing resistance (%) resistance Polishing resistance (%)
1 50 48 96 49 45 92
2 50 47 94 50 45 90
3 49 46 94 49 45 92
4 46 46 100 46 45 98
Average 48.75 46.75 95.97 48.50 45.00 92.87
Standard deviation 1.89 0.96 2.86 1.73 0.00 3.41
Coefficient of variation (%) 3.88 2.05 2.98 3.57 0.00 3.67

TABLE 9. Results of fuel resistance experiment.

VTAOM

Specimen Density (Mg/ms) my;(g) m,; (g) m;; (g) my;(g) ms;(g) A B G A B C
1 2.660 1183.1 1148.9 1141.8 1139.0 1135.8 2.9 1.1 4.0

2 2.663 1185.2 1153.4 1148.5 1145.8 1143.2 2.7 0.9 3.5 3 1 4
3 2.662 1185.0 1147.2 1139.1 1138.2 1132.9 3.2 1.2 4.4

BBTM 11B

Specimen Density (Mglms) my; (g) m,; (g) my; () my; () ms; () A; B G A B C
1 2.514 1181.6 1148.1 1144.1 1134.4 1133.2 2.8 1.3 4.1

2 2.476 1165.5 1131.1 1119.1 1115.7 1110.4 3.0 1.8 4.7 3 2 5
3 2.504 1158.2 1124.3 1113.9 1112.1 1109.7 2.9 1.3 4.2
Note:

m, ;: The initial dry mass of the specimen before immersing in fuel (g)

m,;: The Dry mass specimen after immersing in fuel (g)

ms;: The mass of the specimen after being subjected to brushing for 30 s (g)
my;: The mass of the specimen after being subjected to brushing for 60 s (g)
ms;: The mass of the specimen after being subjected to brushing for 120 s (g)
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- According to the results obtained in the cohe-
siveness, adhesiveness, thermal susceptibility
and ageing tests, the VTAOM has a greater
internal cohesion compared with BBTM 11B,
which can protect the wearing courses from pos-
sible common aggregate detachment. Similarly,
VTAOM has a lower susceptibility to moisture,
temperature, and aging by oxidation compared
with BBTM 11B.

The VTAOM shows greater susceptibility to
plastic deformations compared with BBTM
11B. The lower resistance of the VTAOM to
plastic deformation could be due to its higher
bitumen content. In fact, this factor causes a
lower creep modulus in the material and gen-
erates higher plastic deformations under cyclic
loading. However, since the VTAOM paves
very thinly (2 cm), the risk of rutting appears
to be limited (although other type of distresses
related to plastic deformation could appear
in the tangential direction such as shoving or
corrugation).

According to the results obtained in the UGR-
FACT experiments, VTAOM as a wearing
course provides slightly less protection to the
lower layers compared with BBTM 11B, which
could be related to the decrease in the thickness
of the layer. However, regarding damage prop-
agation from the base course to the wearing
course, both mixtures exhibited similar behav-
ior although VTAOM is paved with a lower
thickness.

Concerning the experiments related to traf-
fic safety issues and road user convenience,
VTAOM is not as permeable as BBTM 11B
(which could increase the risk of certain phe-
nomena such as hydroplaning).

Moreover, the lower macrotexture depth of
VTAOM compared with BBTM 11B could pre-
vent adequate friction with the tires and also
increase noise levels, which is a matter of con-
cern in urban areas.

VTAOM has been proven to present appropri-
ate skid resistance in reference to the BBTM
11B, rand also recorded higher resistance in the
degradation of aggregates in the wearing course
layer.

Regarding fuel resistance, VTAOM and BBTM
11B exhibited very similar behavior and they
comply with the minimum requirements for
these types of materials based on the standard.
Thus, in urban areas — which are potentially
at greater risk of fuel attacks — both mixtures
appear to be acceptable alternatives for applica-
tion in pavements for roads.

Based on these results it can be concluded that
the use of VTAOM could be very useful in the
rehabilitation of urban pavements, as it pro-
vides both good internal cohesion (even under

different climatological, fuel, and ageing effects)
and good resistance to the propagation of
defects from the underlying layers. Nonetheless,
it is important to note that the mineral skeleton
and bitumen content of these mixtures could be
improved in order to avoid the appearance of
distresses related to plastic deformations (such
as shoving or corrugation), as well as improving
the comfort of the users by increasing its per-
meability and macrotexture (reducing the roll-
ing noise and increasing the adherence between
tire and pavement).
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