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In order to study the stripping mechanism of asphalt aggregate comprehensively, the conditions of the stripping of asphalt
aggregate are divided into two types, which are anhydrous environment and water environment.*e stress generation and release
of asphalt film under anhydrous environment and the differences in stripping mechanism of asphalt film under tensile and
pressure stress were analyzed. *e existence of water in the mixture and its harmfulness to stability were also described in this
paper. Moreover, the transport behavior of water in asphalt was studied by the principles of electrochemical testing. *e test
results show that the diffusion rate of water in modified asphalt film is one half of that of base asphalt, so the blocking water ability
of modified asphalt is better than that of matrix asphalt. Moreover, the condition of water spalling the asphalt-aggregate interface
is characterized by a change in the mass of asphalt film before and after boiling. It can be concluded that the mass loss of asphalt
film is minimal with limestone and modified asphalt, which shows that it has the best spalling resistance.

1. Introduction

Water damage of asphalt pavement can seriously reduce
pavement performance [1, 2]. With the increase of service
life of asphalt pavement, asphalt in the mixture will also have
different degrees of aging. When the aging is more serious,
its ductility and plasticity become very poor [3, 4]. Due to the
intrusion of water, asphalt film will gradually peel off. In
addition to external factors such as load and moisture, the
resistance to water damage of asphalt pavement also depends
on the water stability of the asphalt mixture [5–7].

Many mechanics models have been proposed to char-
acterize the stripping mechanism of asphalt aggregate. Silvia
et al. proposed the coupling micromechanical model of
water damage of asphalt mixture, analyzed the damage
caused by water diffusion in the mixture and the coupling
effect of vehicle load on the mixture, determined the location
and time of the damage, and provided a strong basis for the
study of water damage [8]. Kim et al. proposed a model that
can predict and evaluate the process of stripping in mixtures
[9]. *e microstructure, viscoelasticity, and crack tip

properties of the mixture are considered in this model.
*rough the experimental observation data, the model was
modified, making the model more authentic. Based on the
surface energy theory, Zhang compared the free energy
variation values of four typical asphalt-aggregate combi-
nation systems by calculating the surface energy parameters
of different asphalts and aggregates [10]. Laurence applied
physicochemical methods to analyze the interface stripping
mechanism between asphalt and aggregates and proposed
that improving the ratio of the aromatic fraction to colloid in
asphalt was beneficial to the adhesion of the asphalt-ag-
gregate interface, thus reducing the water sensitivity of the
mixture [11]. Liu revealed the stripping mechanism of oxide
skin under different stress states by studying the growth and
thickening process of oxide skin in a supercritical boiler,
which can play a reference role in the stripping of asphalt
aggregate [12].

*e study on the stripping mechanism of asphalt ag-
gregate is inseparable from the study on adhesion. Most of
the stripping mechanisms are analyzed using adhesion or
stripping tests and by establishing the damage model of the
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mixture. However, the research only focuses on the stripping
of asphalt aggregate by water, and there is less research on
stripping in the absence of water. When water stripping is
considered, most cases of adhesion are evaluated by the final
stripping results, and the water damage process is not re-
fined. In response to these problems, this paper analyzes the
stripping of asphalt films under external force under wa-
terless conditions. Water-immersion damage is divided into
two stages: water invasion of asphalt films and water to
asphalt-aggregate interface stripping.

2. Materials and Methods

Aggregate is limestone, basalt and granite. *e performance
indicators are shown in Table 1. Asphalt is 70# matrix as-
phalt and SBS modified asphalt. *e basic properties are
shown in Table 2.

3. Stripping Mechanism of Asphalt Film in
Anhydrous Environment

3.1. Generation of Load Stress and Temperature Stress.
*e action of vehicle load is one of the key factors affecting
the pavement service life. *e effect of vehicle load on the
road can be divided into stopping state and running state.
When the car is stopped, the force on the road surface is
static pressure, mainly the vertical pressure from the tire to
the road surface. In addition, the vehicle also exerts hori-
zontal force, seismic force, and asphalt suction on the road
[13, 14]. *e repeated action of these vehicle loads has an
important effect on the stripping of asphalt film from the
aggregate surface.

*e asphalt film is also affected by temperature stress
during the use of asphalt pavement. Asphalt aging leads to
the increase of asphalt viscosity, smaller needle penetration,
poor ductility, rheology, and so forth, which are manifested
as “brittle” on the macro level and show as a solid state to a
certain extent [15–17]. In the process of constant replace-
ment of high and low temperature, asphalt swells and
shrinks. Due to the difference of thermal expansion coef-
ficient between the aged asphalt film and aggregate, thermal
stress is generated in the asphalt film, which promotes the
stripping of the asphalt film.

3.2. Stress Release of Asphalt Film. *rough the above
analysis, it is inevitable that the stress of asphalt film exists.
When the stress of the asphalt film reaches a certain limit
value, the asphalt film or aggregate needs to change to reduce
the stress between the asphalt film and the aggregate. In
theory, the release of the stress can be achieved by the
destruction of the asphalt film and the plastic deformation of
the asphalt film or the aggregate.

Firstly, combined with previous studies, the data suggest
that the asphalt film of asphalt pavement aged seriously after
being used for a long time and almost lost its deformation
capacity [18, 19]. Due to the nature of aggregate, the de-
formation space is very small under high and low tem-
perature and repeated load. *erefore, it is impossible to

consider the plastic deformation of aggregate. Under the
condition of severe asphalt aging, the fracture and damage of
asphalt film lead to stripping, which is the main cause of
stress release of asphalt film.

3.3. Stripping of Asphalt Film in Anhydrous Environment.
In the normal operation stage, the vehicle load produces
various stress effects on the asphalt mixture. At the same
time, the alternations of the ambient temperature of asphalt
mixture cause the alternations of expansion and contraction
of asphalt and aggregate. In general, the thermal expansion
coefficient of asphalt film and aggregate is different. At this
time, thermal stress will be generated inside the asphalt film,
especially in areas with large temperature difference between
day and night [20]. *e better adhesion of asphalt to the
aggregate surface depends on the comparison of the fracture
strength of the asphalt-aggregate interface and the asphalt
itself. If combined with the mentioned stress, when the stress
of the asphalt film exceeds its fracture limit, it will peel off
from the aggregate surface.

3.3.1. StrippingMechanism under Tensile Stress. As shown in
Figure 1, due to the varying degrees of asphalt film aging, the
aging of a certain surface or intermediate parts is the most
serious, or defects in the process of stress will produce stress
concentration. Under the action of tensile stress, due to the
weak strength of this part, when the tensile stress exceeds the
tip limit stress, cracks will occur. With the alternating action
of temperature stress and load stress, as well as the entry of
external water and debris, the crack further expanded,
resulting in penetration crack, until the stripping of the
asphalt film.

3.3.2. Stripping Mechanism under Compressive Stress. As
shown in Figure 2(a), when the aging site or defect site is
located at the bottom of the asphalt film, the interface crack
first grows from there under the action of tensile stress or
compressive stress and then develops into the stripping of
the asphalt film.

As shown in Figure 2(b), due to the lack of adhesion
force at an interface, it is obviously less than the internal
strength of the asphalt film. Under the action of compressive
stress, the asphalt film at the surface will wrinkle. At this
time, the top of the wrinkle is continuously thinned by stress,
and the fracture stress limit is reduced. As a result, the
asphalt film will break and fail.

As shown in Figure 2(c), when the strength of the as-
phalt-aggregate interface is less than the internal strength of
the asphalt film but the difference is not obvious, the asphalt
film will arch under the compressive stress and the tensile
stress is biased towards the vault. At this time, the cracks in
the asphalt film grow in a biased direction, and the stripping
occurs when the critical stress value is reached.

As shown in Figure 2(d), when the strength of the as-
phalt-aggregate interface is much greater than the internal
strength of the asphalt film, the asphalt film will peel off
under large compressive stress.
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From the above studies, it can be known that the ductility
of asphalt deteriorates with aging. When the aging reaches a
certain level, the alternating effects of tensile or compressive
stress caused by traffic load and temperature stress on the
asphalt, aggregate, and the interface between them will cause
the interface to break and the stripping of the asphalt. But
under tensile and compressive stress, there are some dif-
ferences in the way the asphalt film peels off.

4. Stripping Mechanism of Asphalt Film under
Water Environment

4.1. Destruction of Asphalt-Aggregate Interface by Water.
*e spalling of asphalt and aggregate in the mixture by water
is divided into two stages: the first stage is the process of
water infiltrating the asphalt and destroying the asphalt film;
the second is the damage to the interface after the water
invades the asphalt-aggregate interface. It is actually a
continuation of the content of the previous section. *e
destructive effect of water on the asphalt-aggregate interface
was studied by the water boiling test in the test specification
[21, 22]. In order to avoid the influence of human factors in
the boiling method, this test combines the quality of the
asphalt film before and after boiling to characterize the
stripping of the asphalt.

4.1.1. Test Methods. First, pick out some particles larger than
13.2mm, 24 each of limestone, basalt, and granite. *e
aggregates are washed and dried and numbered one by one.
*en, tied with thin iron wires and weighed and recorded as
m1, the asphalt is completely covered with aggregate, the test
method is the same as the conventional boiling method, and
the prepared particles are weighed and recorded asm2.*en,
the boiled test was started and three aggregates were taken
out every 10 s within 1min after the start, dried, and
weighed. After 1min, the three aggregates are taken out
every 1min, dried, and weighed until the boiling test is
3min; finally, the aggregate particles are taken out after
boiling for 3min to determine the adhesion level.

*e calculation of the asphalt spalling rate Wb is shown
in

Wb �
m3 − m2

m2 − m1
. (1)

*emain reason for the determination of the stripping of
the asphalt within 1min of the previous boiling test is to
determine whether the water boiling method can be used to
characterize the effect of water on the asphalt-aggregate
interface.

4.1.2. Analysis of Test Results. Tables 3 and 4 are the results
of boiling test.

From the above data, the stripping of the asphalt has
occurred within the boiling time of about 10 s to 20 s, but the
amount of stripping is small, and the stripping rate increases
rapidly later. *erefore, it can be considered as the time for
water to invade the asphalt film under boiling conditions. At
the same time, the intrusion time is very small compared
with the test time of 3min in the adhesion rating test of the
boiling method, which can be ignored. *erefore, the in-
fluence of water on the interface between asphalt and ag-
gregate can be approximated by boiling test.

Asphalt membrane
Aggregate particlesTensile crack growth

Physical defects
Weak aging

Figure 1: *e weak state of the asphalt-aggregate interface.

Table 1: *e performance indicators of aggregate.

Indicators
Limestone Basalt Granite

Standards results Standards results Standards results
Crushing value (%) ≯26 15.0 ≯26 13 ≯26 13.5
Wearing value (%) ≯28 21.0 ≯28 23 ≯28 12.9
Percentage of flat-elongated particle (%) ≯15 1.8 ≯15 1.5 ≯15 10.5
Percentage of soft rock (%) ≯3 0.5 ≯3 0.3 ≯3 0.6
Polished value (%) / / ≮42 0.7 ≮42 44.1

Table 2: *e performance indicators of asphalt.

Indicators SK70# SBS-modified asphalt
Penetration (25°C, 100 g, 5 g) (0.1mm) 69.0 56.0
Ductility (5 cm/min, 5°C) (cm) >150 30
Softening point (TR&B) (°C) 50 70
Density (g/cm2) 0.987 0.997
Solubility (trichloroethylene) (%) 99.8 99.85

RTFOT 163°C, 85min
Quality loss (%) 0.33 0.01

Ductility (5°C) (cm) 140 16
Softening point (°C) 53 75
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Table 5 shows the adhesion level of asphalt aggregate
after 3 minutes of boiling.

It can be seen from the above table that the antistripping
performance of limestone, basalt, and granite at the interface
with asphalt is decreasing. At the same time, compared with
matrix asphalt, modified asphalt has better interface anti-
stripping performance.*e analysis of the influence of water
on the stripping of asphalt film in the presence of water
shows that the antistripping properties of limestone, basalt,
granite, matrix asphalt, and modified asphalt have good
regularity.

4.2. Water Transport Behavior Based on Electrochemistry.
Asphalt is the first to be damaged by water in the mixture,
and the ability of asphalt to resist water immersion plays a
significant role in the water stripping resistance of the

mixture. *ere are many methods to study the transport
behavior of water in asphalt, such as weight method [23],
infrared spectroscopy-attenuated total reflection [24], and
diffusion-through test [25]. Different from the above
methods, this paper uses an electrochemical method to test
the basic principle as follows.

Firstly, the asphalt film can be regarded as a parallel-plate
capacitor with certain electrochemical properties, and its
capacitance value can be calculated by the following
equation:

Asphalt membrane

Aggregate particles

Physical defects Weak aging

(a)

Strong asphalt membrane

Weak interface

(b)

Strong asphalt membrane

Weak interface

(c)

 Weak asphalt membrane

Strong interface

(d)

Figure 2: Stripping mechanism of asphalt film under compressive stress. (a) Interfacial crack growth. (b) Asphalt membrane wrinkling. (c)
Crack biased growth. (d) Asphalt membrane striping.

Table 3: Stripping rate of matrix asphalt in boiling test Wb (%).

Testing time 10 (s) 20 (s) 30 (s) 40 (s) 50 (s) 1 (min) 2 (min) 3 (min)
Limestone 0.01 0.05 0.12 0.19 0.27 0.43 5.52 7.20
Basalt 0.01 0.06 0.15 0.20 0.42 1.28 5.99 9.12
Granite 0.01 0.11 0.34 1.16 2.44 3.56 10.22 34.73

Table 4: Stripping rate of modified asphalt in boiling test Wb (%).

Testing time 10 (s) 20 (s) 30 (s) 40 (s) 50 (s) 1 (min) 2 (min) 3 (min)
Limestone 0.01 0.03 0.08 0.14 0.25 0.40 3.75 4.48
Basalt 0.01 0.04 0.13 0.18 0.37 1.09 4.33 7.43
Granite 0.01 0.07 0.22 0.81 1.94 2.32 9.34 25.65

Table 5: Comparison of adhesion levels.

Level of adhesion Limestone Basalt Granite
Matrix asphalt 5 4 3
Modified asphalt 5 5 4
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C � εε0
S

H
, (2)

where ε0 is the dielectric constant of vacuum (8.85×10–14 F/
cm), ε is the dielectric constant of asphalt film, S is the area of
asphalt film acting as a capacitor plate, andH is the thickness
of asphalt film.

It is generally believed that asphalt has hydrophobicity,
but after the asphalt is soaked in water for a long time, the
water will gradually infiltrate into the asphalt, so with the
change of time, the electrochemical properties of asphalt film
will change. In formula (2), the main components of the
dielectric constant of asphalt film are as follows:

ε � εϕs

s · εϕw

w · εϕa

a , (3)

where ε is the dielectric constant, ϕ is the volume fraction of
each component, and s, w, and a represent the polymer
body, water, and air in the asphalt film.

*e specific reason is that the dielectric constant of water
is about 80 F/cm (20°C), which is much higher than the
dielectric constant of asphalt (2–6 F/cm). *erefore, the
dielectric constant of asphalt film will increase after soaking
in water, and the capacitance of asphalt film will increase.
*e diffusion of water in asphalt can be inferred from the
relationship between the capacitance of asphalt film and
soaking time.

4.2.1. Test Equipment and Sample Preparation. *e test
capacitance measuring equipment includes LCR digital
bridge (as shown in Figure 3), graphite rod, airtight con-
tainer (5 cm long, 3 cm wide), waterproof washer, aluminum
plate (alloy hard aluminum), Vernier calipers, asphalt
(matrix, modified asphalt), and water (electrolyte). *e
general schematic diagram of the test device is shown in
Figure 4.

Put a piece of aluminum plate that is 15 cm long and
7 cm wide on the heater, then heat the asphalt to 160°C, take
a small amount of aluminum plate, and use a powder scraper
to drag down the surface of the asphalt evenly coated on the
aluminum plate surface, waiting for the asphalt and alu-
minum plate to cool to room temperature. Vernier calipers
were used to measure the thickness of the asphalt film to
10 μm. *ree parallel samples were prepared for each of the
two asphalt samples to calculate the mean value.

4.2.2. Test Results and Analysis. According to the CMmodel
of water transport behavior in general coatings proposed by
[26, 27], which is used for water transport in asphalt films,
the following expression can be obtained [28]:

lgCt − lgC0

lgC∞ − lgC0
�

2
H

��
D

π


�
t

√
, (4)

where Ct is the capacitance value of the asphalt film at time t,
C0 is the capacitance value of the asphalt film at t� 0, C∞ is
the capacitance value when the asphalt film is saturated with
water, D is the diffusion rate of water in the asphalt film, and
H is the thickness of the asphalt film.

*e above formula shows that there is a linear rela-
tionship between lgCt∼

�
t

√
during soaking. *erefore, the

diffusion coefficient of water in the asphalt can be obtained
by calculating the slope of the linear law, and then the ability
of the asphalt film to block water molecules can be judged.
*e change of asphalt film capacitance with time is shown in
Table 6.

It can be seen from the above table that with the
lengthening of soaking time, the capacitance of asphalt film
gradually increases, but the capacitance of the modified
asphalt film is significantly smaller than that of the matrix
asphalt under the same soaking time, which means that the
moisture content in the modified asphalt film is less, indi-
cating that the water-resistance capacity of the modified
asphalt is better than that of the matrix asphalt.

According to the data in the fitting Table 6, Figures 5 and
6 show the relationship between the capacitance of matrix
asphalt film and modified asphalt film with soaking time.

*e slope K of the curve is shown in Table 7.
Since the slope of the curve and the diffusion rate have

the following relationship, K � 2
��
D

√
/H

��
π

√
, we can get the

following formula:

D �
H

2π
4

k
2
. (5)

*e diffusion rate of water in different asphalt films is
shown in Table 8.

*e comparison shows that the diffusion rate in the
modified asphalt film is smaller than that of the matrix
asphalt, and the ability of the modified asphalt to block water
is better than that of the matrix asphalt.

Figure 3: LCR digital bridge (IM3533-01).

Wire 1

LRC

Wire 2

LRC bridge

Carbon rod

Water

Sealed container

Waterproof washer

Aluminum plate
Asphalt membrane

Figure 4: *e general schematic diagram of the test device.
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5. Conclusions

(1) *is paper mainly discusses the mechanism of as-
phalt-aggregate stripping, which is divided into two
parts: the stripping mechanism of asphalt-aggregate
in anhydrous environment and the stripping effect of
water on the asphalt under water environment. At
the same time, the measures to improve the anti-
stripping property of asphalt aggregate are analyzed.
*e main conclusions are as follows.

(2) From a mechanical point of view, it is possible to
intuitively analyze the stripping mechanism of as-
phalt in the absence of water, and it can be known
that the mechanism of asphalt stripping may be
different under tensile or compressive stress.

(3) *e stripping of the asphalt film at different time
periods was analyzed by the boiling method. It is
considered that the time for water to invade the
asphalt film is shorter than the adhesion level
evaluation time under boiling conditions. So, it is
negligible and the effect of water on the asphalt-
aggregate interface can be approximated by the
boiling method. *e antistripping performance of
limestone, basalt, and granite with matrix asphalt
and modified asphalt has good regularity.

(4) *e electrochemical method was used to study the
change of the asphalt film capacitance during the
immersion of asphalt in water.*e capacitance of the
asphalt film increases with the immersion time, and
the logarithm of the capacitance value increases
linearly with the square root of the immersion time,
indicating that the asphalt’s ability to block water
gradually decreases. In addition, the capacitance of
the modified asphalt film is significantly smaller than
that of the matrix asphalt under the same soaking
time. *erefore, the modified asphalt has better
water resistance than matrix asphalt.

(5) Analyzing the test data, we get the diffusion rate of
water in different asphalt films. *e diffusion rate of
water in the modified asphalt film is smaller than that
in the matrix asphalt, and the ability of the modified

Table 6: *e change of asphalt film capacitance with time.

Test time 1 (h) 12 (h) 24 (h) 120 (h) 240 (h)

Matrix asphalt (×10−8F)

Specimen 1 1.44 1.89 2.18 4.34 6.95
Specimen 2 1.63 1.93 2.35 4.33 7.17
Specimen 3 1.67 2.04 2.33 4.45 7.12
Average 1.58 1.95 2.29 4.37 7.08

Modified asphalt (×10−8F)

Specimen 1 0.96 1.22 1.24 1.98 2.25
Specimen 2 0.91 1.10 1.16 1.83 2.20
Specimen 3 0.86 1.03 1.30 2.15 2.24
Average 0.91 1.12 1.23 1.99 2.23

–7.0

–7.1

–7.2

–7.3

–7.4

–7.5

–7.6

–7.7

–7.8

–7.9
0 2 4 6 8 10

Soaking time √t/h

Matrix asphalt R2 = 0.98738

Ca
pa

ci
ta

nc
e o

f a
sp

ha
lt 

m
em

br
an

e l
gC

t/F

12 14 16 18

Measured values
Fitting straight line

Figure 5: *e relationship between the capacitance of matrix
asphalt film and soaking time.
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Figure 6: *e relationship between the capacitance of modified
asphalt film and soaking time.

Table 7: Slope K of curve.

Asphalt Matrix asphalt Modified asphalt
Slope K 0.0462 0.0336

Table 8: *e diffusion rate of water in different asphalt.

Asphalt Matrix asphalt Modified asphalt
Diffusion rate (cm2·s−1) 4.63×10−13 2.46×10−13
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asphalt to block water is better than that of thematrix
asphalt.
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