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Effect of Asphalt Film Thickness on Shear Mechanical Properties of
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Highlights:

® Developed an experimental control method of the asphalt film thickness

® Captured the shear behaviour of asphalt-aggregate interface under different

asphalt film thickness

e Obtained the shear failure mechanism of asphalt-aggregate interface

ABSTRACT: This paper focuses on the effect of asphalt film thickness on the shear
mechanical properties of asphalt aggregate interface. Firstly, an experiment controlling
the asphalt film thickness was designed to build the relationship between the asphalt
film thickness and the molding load. Then, a shear test was carried out to characterize
the properties of asphalt-aggregate interface under different asphalt film. The stress-
displacement curves showed two modes: single and double wave peaks. The probability
relationship between the two modes and the asphalt film thickness was established.
Finally, the influence of asphalt film thickness on the shear failure mechanism of
asphalt-aggregate interface phase was analyzed. Results show that an experimental
method for controlling the asphalt film thickness is effectively developed. When the
asphalt film thickness is 23.6 um and 219 um, only the single wave peak mode appears
in the stress-displacement curves. Otherwise, the stress-displacement curves of
comparison experiments with other thicknesses show single wave peak and double
wave peak, respectively. The double peak probability is found to be related to the
asphalt film thickness. The asphalt film thickness is the key point which determines the
shear failure behavior of the aggregate-asphalt interface phase, such as cohesive failure
or adhesion failure.
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1. Introduction

Asphalt pavement, as a continuous and seamless pavement, has been widely used
around the world. Shear deformation can occur in the asphalt road surface due to the
repeated traffic load, especially in the intersection of roads where the vehicle is
frequently braked and started. Thus, the asphalt pavement performance is degraded,
affecting the normal use of roads [1-3]. The deterioration of asphalt pavement
performance during the life of the road is a process of damage accumulation of the
internal structure of the pavement or a process of multi-scale crack initiation and
propagation of the asphalt mixture inside the pavement [4].

Asphalt mixture is usually regarded as a three-phase material composed of asphalt,
aggregate and void [5]. A layer of structural asphalt is formed during the mixing process
of asphalt and aggregates. The mechanical properties of structural asphalt are
significantly different from that of the free asphalt. As shown in Fig. 1, the asphalt
mixture can be viewed as a three-phase material consisting of a reinforcing phase
(aggregate), a matrix phase (asphalt), and an interfacial phase between asphalt and
aggregate. The interface phase shows a complex structure with a large stress gradient,
where a crack initiation is easily appeared. The mechanical properties of the interface
phase have a significant impact on the overall performance of the asphalt mixture [5-
7]. It has been reported that the failure behavior of asphalt pavement is directly related
to the nature of the asphalt-aggregate interfacial zones in asphalt mixture [9, 10].

Aggregate Asphalt

Reinforced phase
Interface phase

Matrix phase

Fig.1. Asphalt mixture structure diagram

The asphalt-aggregate interfacial adhesion characteristics are complex, and related to
aggregate mineralogy, adsorbed cations on the aggregate surface, specific surface area
and surface free energy of the aggregate [11]. Some adhesion-based theories have been
proposed for explaining the adhesion mechanism of the asphalt-aggregate interface.
Based on them, the adhesion between asphalt and mineral material is mainly attributed
to the intermolecular force. The surface of the mineral material is usually rough, which
increases the surface e area of mineral material and improves the interfacial adhesion
[12, 13]. Electrostatic theory points out that the asphalt-aggregate interface forms a
double-layer electrical layer, which produces attractive electrostatic coulomb force. The
strength of interface phase comes from the interaction between the two-layer electrical
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layers [14, 15]. The theory of surface free energy focuses on the physical and chemical
adsorption between asphalt and aggregate. The adhesion of asphalt to aggregate is
calculated by measuring the work of adhesion between asphalt and aggregate [16-18].
The adhesion, moisture resistance and wettability of the asphalt-aggregate system are
evaluated according to the energy index of the asphalt-aggregate system [19, 11].
According to molecular orientation theory, the polarity of asphalt is the nature of
adhesion. The combination film between asphalt and aggregate is formed by the
orientated adsorption of asphalt surfactant to the aggregate surface. These findings
provide a good theoretical basis for understanding the interaction between asphalt and
aggregate under different conditions.

In addition to these adhesion-based theories, the mechanical properties of the asphalt-
aggregate interfacial adhesion were also experimentally investigated under tensile and
shear loads [20-23]. Failure of the asphalt-aggregate interface is caused by cohesive
failure (internal failure of asphalt), adhesion failure (interfacial zone failure), or the
combination of them [24]. Asphalt in the asphalt mixture is presented in the form of a
film. It was found that the asphalt film on the aggregate surface plays a key role in the
bonding performance of the asphalt-aggregate interface, affecting the durability of
asphalt mixture [25]. The asphalt film thickness is directly related to the two different
failure mechanisms including adhesion failure and cohesive failure [26]. However, the
influence of the asphalt film thickness on the pavement performance of asphalt mixture
is usually ignored in road construction projects when the performance of asphalt
mixture does not meet the requirements of the specification. Thus, it is necessary to
deeply understand the effect of asphalt film thickness on the mechanical property of
asphalt-aggregate interface.

The thickness control of asphalt film has always been a difficulty in studying the
performance of asphalt mixtures. Cala et al [27] prepared a thin film of asphalt of 20
pm between a metallic stub and a cylindrical rock core with a controlled geometry by
a modified micrometer. In the asphalt mixture design, the controlled film thickness
ranges from 8 to 10 um according to the film thickness calculation method of density
grading mixture. This method can only calculate the average asphalt film thickness in
asphalt mixture [28-30], but does not accurately reflect the difference of asphalt film
thickness in microscopic scale that is extremely important for the asphalt-aggregate
interfacial durability.

The objective of this study is to investigate the influence of asphalt film thickness on
the mechanical behavior of the asphalt-aggregate interface under shear loads. A new
test method was designed to control the asphalt film thickness. The mechanical
behavior of the asphalt-aggregate interface with different asphalt film thicknesses was
experimentally investigated. The shear failure mechanisms of the asphalt-aggregate
interface were analyzed based on the test results. The research scheme adopted in this
study is shown in Fig.2.
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Fig.2. Research methodology adopted in this study

2. Materials and laboratory tests

2.1 Materials and specimen preparation

SBS modified asphalt is used in this study. The property parameters of the asphalt are
shown in Table 1. The aggregate used in the test is limestone, which was obtained from
Huangshan Mountain in the south of Anhui province in China, and its property
parameters are presented in Table 2. Limestone is a kind of carbonate rocks with main
composition of CaCO3 and the apparent relative density of 2.473 g/cm?. The interface
sample is designed as an aggregate-asphalt-aggregate sandwich form to simulate the
basic composition unit in asphalt mixture system, as shown in Fig. 3.

Table 1. Performance indexes of SBS modified asphalt

Test item Test results Technical index
Penetration index (0.1mm)(25 °C,100g,5s) 50 30~60
Softening point (ring-and-ball method) (°C) 81 >60
Ductility(5 °C, 5cm/min)  (cm) 24 >20
Density(15 °C) (g/cm®) 1.027

Table 2. Technical indexes for aggregate

. . . Water Apparent
Technical Los Angeles abrasion Crushing value . .
. absorption relative
indexes value (%) (%) .
(%) density
Test results 11.9 121 0.84 2.473
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Fig. 3. Diagram of aggregate-asphalt-aggregate sample

The specimens shown in Fig. 3 were prepared as follows:

(1) A cylindrical sample with the diameter of 19 mm and the height of 40 mm was
drilled from a limestone using a core-drilling machine, as shown in Fig.3 (b). The stone
pillar was cut as a slice with thickness of 1 mm by a cutter to prepare the sample A.

(2) The roughness of the original aggregate is quite different. In order to facilitate the
comparison, the sample is polished before the experiment. The surface of the stone
pillar and the slices were polished with the abrasive of 120 grade SIC particles whose
roughness is 37.8 um. Surface roughness refers to the unevenness of small peaks and
valleys on the machined surface here.

(3) Place the stone pillars or the stone slices in a self-made fixture shown in Fig. 4(a).
The lower stone pillar or stone slice was fixed, and the upper stone pillar or stone slice
can be moved up and down freely after centering to the lower stone pillar or stone slice.

(4) The stone pillar or stone slice and the fixture are placed in a 30 °C oven. The hot
asphalt was evenly painted on the surface of the lower stone pillar or stone slice, and
then the upper stone pillar or stone slice was quickly placed on the lower stone pillar or
stone slice with the hot asphalt. To control the asphalt film thickness, weights were
placed on the loading platform to provide vertical loads. The loading platform is shown
in Fig. 4(b).

(5) The temperature of the oven was increased to 80 °C at the rate of 4 °C/min, keeping
for 3 minutes at 80 °C.

(6) Remove the load, take out the test specimen, and maintain it for 24 hours at room
temperature of 25 °C.
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Fig.4. Diagram of self-made fixture for sample preparation

2.2 Control and measurement of asphalt film thickness

The asphalt film thickness was controlled by applying different loads on the upper stone
piece during the preparation of the sandwich specimens. The applied loads were 10.37
kPa, 27.67 kPa, 47.56 kPa, 61.38 kPa, 90.57 kPa, and 179.76 kPa, respectively. The
specimens were divided into 6 groups and each group was consist of five A type samples
(shown in Fig.3a). The sample A was maintained in a temperature chamber of 25 °C for
24 hours and then frozen in a temperature chamber of -16°C for 6 hours. Then, the
sample A was broken from the middle point to obtain a cross section sample of the
aggregate-asphalt-aggregate. The cross section images of sandwich test piece under
different molding loads were obtained by means of an scanning electron microscope
(SEM) to measure the asphalt film thickness, which overcomes the difficulty of direct
measurement on film thickness of the sample A. Fig. 5 shows the measurements of the
asphalt film thickness between two aggregate surfaces (Sample A-1 and Sample A-2)
in the sandwich samples. The thickness of the film was measured by SEM, five
independent samples were selected under each load, five points were randomly
measured for each sample, and the average value of over 15 points was taken as the
final thickness value.

Sample A-1 Sample A-2

Fig.4. Measurements of asphalt film thickness

The asphalt film thicknesses of all the tested samples were measured by SEM and the
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results are shown in Table 3. Asphalt film thickness with different load levels are shown
in Fig. 6. The quantitative relationship between the asphalt film thickness and the load
levels is fitted as follows:

y = 22.66 + 273.94e(=%/30.609) 0

Where, y is the thickness of asphalt film, um; x is the load level, kPa.

It can be seen from Fig.5 that as the molding load increases, the asphalt film thickness
first decreases rapidly and then slowly approaches the thickness of structural asphalt.

Table 3. Test results of asphalt film thickness with different molding loads

Group G1 G2 G3 G4 G5 G6
thickness of Asphalt film
(m) 219.00 129.81 83.16 61.20 34.36 23.61
pm

(-x/30.609)

y=22.661+273.941¢
R’=0.997

Asphalt film thickness(um)

0 1 " 1 " 1 L 1 n 1 " 1 n 1 " 1 L 1 " 1 n

0 20 40 60 80 100 120 140 160 180 200
Molding load (kPa)

Fig. 6. Relationship between molding load and asphalt film thickness

2.3 Direct shear tests of asphalt-aggregate interface

The direct shear test was carried out using WDW-1 universal material testing machine
with temperature-control chamber, which is shown in Fig.7. During the shear testing,
the applied load and displacement response of the tested sandwiched specimen are
recorded automatically by the microcomputer. The direct shear test would be ceased
when the shear load dropped to a relatively small residual load level. The detailed
experimental process can be referred to the literature [20]. Sandwich test pieces of
aggregate-asphalt-aggregate were firstly prepared according to the method shown
above. Then the test specimens were cured at 25 °C for 24 hours. Before the shear test,
all the samples were held in the temperature chamber at 25 °C for one hour, and all test
pieces were preheated sufficiently. The above six groups of specimens were subjected
to the shear loads at the temperature of 25 °C and the loading rate of 5 mm/min. When
the shear force was reduced to 10 N, the test stopped automatically. Twenty shear tests
were carried out for each asphalt film thickness to analyze the probability of single and
double peaks.
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3. Results and discussion

3.1 Shear response of asphalt-aggregate interface

Fig. 8 and Fig. 9 show the typical shear responses of the asphalt-aggregate interfaces
for all the tested groups with different asphalt film thicknesses. The tested samples in
Groups 1 and 6 present a single-peak stress-displacement curve. However, some
samples in Group 2-5 show single-peak stress-displacement curves and the rest have
double-peak stress-displacement curves. Based on the results of the direct shear tests
for all the tested groups, the stress-displacement curves of the asphalt-aggregate
interface under the shear loads present two different modes, which are further shown in
Fig. 10. One mode is a stress-displacement curve with only one peak, called single peak
mode shown in Fig. 10(a). The other mode is a stress-displacement curve with two
peaks, called double peak mode shown in Fig. 10(b). It should be noted that the double
peak curves were only found in tested Groups 2-5.
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Fig.10. Stress-displacement curves of asphalt-aggregate interface under the shear
loads

The single peak curve can be divided into three parts: rising zone I, falling zone Il and
residual zone I11, as shown in Fig. 10(a). At the initial stage of the shear load, the shear
stress of specimens increases rapidly and then the growth rate gradually decreases until
reaches zero. At this moment, the stress increases to the peak value, which is the shear
strength of the interface phase. After reaching the peak, the curve enters the falling zone
I1. The rate of stress reduction is first slow and then becomes fast until an inflection
point occurs. Then the stress drop rate gradually decreases and finally transits to the
residual zone 111 and the shear stress value gradually approaches zero.

The double peak curve shown in Fig. 10(b) can be divided into five parts: the first rising
zone, the first falling zone, the second rising zone, the second falling zone, and the
residual zone. At the initial stage of the shear load, the shear stress of interface phase
increases sharply in a short time period and reaches the first stress peak. After reaching
the first stress peak, the shear stress drops rapidly and enters the first falling zone until
the trough. Subsequently, the shear stress goes to the second rising zone, and the slope
of stress-displacement curve is first large and then becomes small, reaching the second
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stress peak. After reaching the second stress peak, it comes to the second falling zone.
The linear feature of the second falling zone is similar to the falling zone of the single
peak curve. Finally, the shear stress decreases slowly and gradually transits to the
residual zone.

3.2 Effects of asphalt film thickness

The effects of asphalt film thickness on the shear mechanical response of the asphalt-
aggregate interfaces can be investigated based on the results of the direct shear tests for
all the tested groups. The occurrence probability of the double peak curve (DPC) is
calculated in every tested group and the probability of DPC with different asphalt film
thicknesses is shown in Fig.11. It is found from Fig. 11 that the modes of the stress-
displacement curve are directly related to the asphalt film thickness between the
aggregates. When the asphalt film thickness is 23 um (Group 6), the stress-
displacement curves of the tested samples show single peak mode and the double peak
curve does not occur. As the asphalt film thickness increases, the occurrence probability
of DPC increases and then reaches a maximum value of 40% when the asphalt film
thickness is 83 um (Group 3). After that, the probability of DPC decreases as the asphalt
film thickness further increases. When the asphalt film thickness reaches 219 pum
(Group 1), DPC does not appear. It can be concluded that the asphalt film thickness
significantly affects the probability of occurrence of double peak in the stress-
displacement curves of the asphalt-aggregate interface under the direct shear loads. As
the asphalt film thickness increases, the probability of occurrence of double peak
gradually increases from zero to the maximum value, and then gradually decreases back
to zero.
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Fig. 11. Relationship between occurrence probability of double peak and asphalt
film thickness

Fig. 12 and Fig. 13 show the peak stress and the corresponding displacement with
different asphalt film thicknesses in single peak mode, respectively. When the asphalt
film thickness is 219 pm (Group 1, single-peak mode), the mean peak stress is 0.26
MPa and the displacement corresponding to the peak stress is 3.10 mm. When the
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asphalt film thickness decreases to 130 um (Group 2), 83 um (Group 3), 62 um (Group
4) and 34 um (Group 5), the mean peak stress is 0.37 MPa, 0.39 MPa, 0.43 MPa or 0.45
MPa, and the corresponding displacement is 1.94mm, 1.64 mm, 1.37 mm or 1.04 mm,
respectively. At these four film thicknesses, the stress-displacement curves show single
and double peak mode. When the asphalt film thickness is 23 um (Group 6, single-peak
mode), the mean peak stress is 0.61MPa and the displacement corresponding to the
peak stress is 0.8 mm. It can be concluded that, as the asphalt film thickness increases,
the peak tress deceases but the corresponding displacement increases. There is a
nonlinear or linear relationship between the peak stress or the corresponding
displacement and the asphalt thickness for the asphalt-aggregate interface.
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Fig.12. Displacement of peak stress vs. asphalt film thickness
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3.3 Structural characterization of asphalt film

In order to explain the effects of asphalt film thickness on the shear response of asphalt-
aggregate interface, the structure of asphalt film between aggregates is analyzed based
on the asphalt-aggregate adhesion mechanism. Fig. 14 shows the interaction between
the asphalt and the aggregate surfaces. In the asphalt-aggregate interfacial system, the



285
286
287
288
289
290
291
292
293
294
295
296

297
298
299
300

301

302
303
304
305

306

307

asphalt molecules can be chemisorbed on the surface of mineral aggregates. This
chemisorption results in a redistribution of the components in asphalt film, forming a
layer of adsorbed solvation film that is termed as structural asphalt (see Fig. 14). The
structural asphalt film layer is relatively thin (about 10 um [31]). The asphalt outside
the structural asphalt layer is referred to as the free asphalt, which maintains the initial
cohesion of asphalt, as show in Fig. 14. When the aggregates are only bonded by the
structural asphalt, where there is no free asphalt between two layers of the structural
asphalt film, a greater cohesive force can be obtained. If there is a large amount of free
asphalt between two layers of structural asphalt on aggregate surface, the cohesive force
would become small. The asphalt film thickness determines the proportions of free
asphalt and structural asphalt between the aggregates, which directly affects the failure
behavior of the asphalt-aggregate interface.

Structural asphalt Structural asphalt

Free asphalt

Aggregate

Asphalt film

Fig.14. Structural characterization of asphalt film between aggregate surfaces

The free asphalt proportion in the aggregate-asphalt-aggregate sample can be calculated
by Eq. (2).

H—2h
Pfa = X 100% 2)
Where, Pfa is the free asphalt proportion, H is the thickness of asphalt film in aggregate-
asphalt-aggregate sample, and / is the thickness of structural asphalt that is 10 um in
this study. Table 4 gives the proportion of free asphalt in different asphalt film
thicknesses in the tests.

Table 4. Free asphalt proportion of aggregate-asphalt-aggregate samples

Groups G1 G2 G3 G4 G5 G6
Thickness of
. 219.00 129.81 83.16 62.00 34.36 23.61
asphalt film (um)
Proportion of free
90.87 84.59 75.95 67.32 41.79 15.29

asphalt (%)

The asphalt-aggregate interface failure is caused by cohesive failure or adhesive failure,
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which depends on the properties of the asphalt and the aggregate, asphalt film thickness
and the loading rate [4]. In this study, the same asphalt and aggregate and the loading
rate are used in the shear tests. Thus, the shear failure modes of the interface results
from the asphalt film thickness in the aggregate-asphalt-aggregate system. The film
thickness dominates the proportion of free asphalt in the film. The cohesive force of
structural asphalt is greater than that of the free asphalt at 25 °C. The larger the free
asphalt content, the worse the overall cohesive performance of asphalt film [32]. Thus,
the film thickness can eventually affect the mechanical properties of the interface phase.

3.4 Shear failure mechanism for single peak mode

Based on the structural analysis of asphalt film with different thicknesses, the shear
failure mechanism of the asphalt-aggregate interface is investigated. In the direct shear
tests, results of the first group (G1) experiment show that, when the proportion of free
asphalt in asphalt film with the thickness of 219.00 um is over 90.87%, the failure of
interface phase is the cohesive failure. The shear stress peak is minimum 0.26 MPa and
the displacement for the peak stress is maximum 3.10 mm. Fig. 15 illustrates the thick
interfacial states of the aggregate-asphalt-aggregate system before and after the shear
loads are applied. In this case, the asphalt film in the interface phase is composed of a
certain thickness of structural asphalt and a large amount of free asphalt. The interface
phase has poor cohesive property due to the presence of a large amount of free asphalt.
When the asphalt-aggregate interface is subjected to shear loads, the damage is more
likely to initiate within the free asphalt (cohesive failure), as shown in Fig. 15. Thus,
the stress-displacement curves are all single peak curves because of a single cohesive
failure.

Results of the sixth group (G6) experiment show that, when the proportion of free
asphalt in asphalt film is less than 15.29%, the failure of interface phase could be the
adhesion failure. The stress peak value is largest 0.61MPa and the corresponding
displacement is minimal 0.8 mm. Fig. 16 demonstrates the thin interfacial states of the
aggregate-asphalt-aggregate system before and after the shear loads are applied. In this
case, the asphalt film of aggregate-asphalt-aggregate interface is thinnest, mainly
composed of structural asphalt with larger cohesive strength. When the asphalt-
aggregate interface is subjected to shear loads, the failure is more likely to occur on the
contact surface of the asphalt and the aggregate, resulting in the adhesive failure, as
shown in Fig. 14. Thus, the stress-displacement curves are all single peak modes due to
a single adhesive failure.

3.6 Shear failure mechanism for double peak mode

In the second to fifth group (G2-G5) of experiments, both single peak and double peak
modes of the stress-displacement curves occurs, which are different from the results of
the first and sixth group (G1 and G6) of experiments with the single mode. When the
molding loads increases from 10.37 kPa to 179.76 kPa in these shear tests, the thickness
of the asphalt film between aggregates varies from 129.86 um to 34.36 um. Within this
thickness range, the adhesive and cohesive failure can occur simultaneously at the
aggregate-asphalt-aggregate interfacial system. The cohesion within asphalt film and



350 the adhesion at the asphalt-aggregate interface are prone to cause a slip phenomenon
351  [20]. Slippage plays the lubricating role in the interface failure, which makes the shear
352  stress be rapidly reduced. Thus, this slippage might be the cause of the double peak
353  curves.
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358 Fig.15. Failure mechanism of thick asphalt film interface
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Fig.16. Failure mechanism of thin asphalt film interface

In the view of the slip theory, there is a viscous fluid layer with a certain thickness at
the junction of solid and fluid. The slip phenomenon can occur between the viscous
fluid layer and the fluid [33, 34]. Some researchers have investigated the slip
phenomenon. Vinogradova [35] proposed a Navier slip length model and found that the
slip length is a fixed value under the same conditions. Granick, et al. [36] and Neto, et
al. [37] inclined to the view that the slip length is related to the test conditions. In
addition, Zhu, et al. [38] presented that the slip phenomenon only occurred when the
stress reached a certain value. Based on these studies, it can be concluded that the slip
phenomenon is generated under a certain condition and there is a randomness in the
slip length.
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In this study, the shear tests are carried out in an environment of 25 °C. At this ambient
temperature, the asphalt-aggregate interface does not meet the boundaryless slip
condition during the shearing process, nor does it belong to complete slip. The shearing
and slipping effects exist at the asphalt-aggregate interface at the same time. For the
asphalt-aggregate interface, a layer of structural asphalt exists on the aggregate surface,
which forms a viscous layer. The free asphalt in the asphalt film is regarded as the fluid.
The viscosity difference between the structural asphalt and the free asphalt makes the
asphalt-aggregate interface have the possibility of slippage.

When the asphalt film thickness between aggregates is 23.61 um, the asphalt film is
mainly composed of structural asphalt and the free asphalt content in the film is very
low. Although the aggregate surfaces form a viscous layer, the slip cannot occur because
of the low free asphalt content. When the asphalt film in the interface has a thickness
of 219.00 um, a large amount of free asphalt exists in the asphalt-aggregate interface.
The interface failure is dominated by the cohesive failure with small stress and large
strain. The shear stress does not reach the value where a slip can be initiated so the slip
cannot occur due to the high free asphalt content. Therefore, there are no double peak
curves in the first and sixth group (G1 and G6) of experiments.

When the asphalt film thickness between aggregates is within a range from 34 um to
129 um, the structural asphalt and the free asphalt in the film have the probability of
slipping under the shear loads. When the shear stress reaches a certain value, the slip
phenomenon occurs. The slip plays a role of interface lubrication and the shear stress
is reduced, resulting in a double peak curve. Therefore, in the failure process of the
asphalt-aggregate interface, the slip between the structural asphalt and the free asphalt
in asphalt film leads to the appearance of double peak curve. When the slip phenomenon
does not appear, the stress-displacement curve of the shear test shows a single peak
mode.

4. Conclusions

In this paper, the influence of asphalt film thickness on the mechanical failure
mechanism of asphalt aggregate interface is investigated by aggregate-asphalt-
aggregate shear test, and the following conclusions are drawn:

(1) A molding method for test piece with expected thickness of asphalt film was
developed. By adjusting the molding load, the test pieces with different asphalt film
thickness could be obtained, and then the functional relationship between molding load
and asphalt film thickness was established to realize the control of asphalt film
thickness.

(2) The asphalt film thickness affects the probability of occurrence of double peak in
the shear test on asphalt-aggregate-aggregate sandwich specimens. When the asphalt
film thickness was between 34.36um and 129.81um, double peak curves appeared.
When the asphalt film thickness was 83um, the probability of occurrence of double
peak curve was the largest.

(3) The asphalt film thickness affected the failure mechanism of asphalt-aggregate
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interface. When the asphalt film thickness was less than 23.61pum, the failure of asphalt-
aggregate interface was mainly adhesion failure. When the asphalt film thickness was
greater than 219 um, the failure of asphalt-aggregate interface was mainly the cohesion
failure. When the asphalt film thickness was 23.61um to 219um, the failure mechanism
of asphalt aggregate was the joint failure of adhesion failure and cohesive failure.
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