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Cold patching asphalt mixture (CPAM) has been widely used in pothole repair due to

the advantages of convenient construction and easy storage. However, CPAM usually

has a short service life because of insufficient bonding to the old pavement during

service. Therefore, in order to ensure the good bonding of CPAM to the old pavement

and improve the integrity and durability of pothole repair, this work carried out a study

on the influencing factors of the bonding characteristics between CPAM and the old

pavement. The oblique shear test was used as the research method with an evaluating

index shearing strength. The influencing factors which affect the interface bonding

characteristics, such as temperature, humidity, types of tack coat, the amount of tack

coat spreading, and surface roughness, were compared and analyzed. The analysis

results illustrated that the interface bonding characteristics are weak at high temperature

and decrease with the increase of humidity. There exists an optimal binder spreading

amount, where the denser the CPAM is, the smaller the spreading amount of the tack

coat is. The groove on the old pavement can increase the bond strength of the interface,

and there is optimal groove spacing. Based on this, the gray correlation analysis method

was used to clarify the degree of influence of various factors and reveal the dominant

factors that affect the interface bonding characteristics. The analysis indicated that the

dominant influencing factors of the interface bonding characteristics are the type of tack

coat and the roughness of the surface.

Keywords: cold patching asphalt mixture, influencing factors, interface bonding, gray correlation analysis,

dominant factors

INTRODUCTION

A pothole is a common type of damage in asphalt pavement (Adlinge and Gupta, 2013; Kim
and Ryu, 2014; Kim et al., 2017; Ouma and Hahn, 2017). Potholes seriously affect the driving
comfort and safety, shorten the life of the pavement, and reduce the service level of the pavement.
Therefore, the pavement should be repaired in a timely fashion after potholes appear (Dong et al.,
2014; Zhang et al., 2014; Wang et al., 2015; Tedeschi and Benedetto, 2017). Currently, there
are many kinds of materials used for pothole repair (Prowell and Franklin, 1996; Ouyang et al.,
2019a, 2020). Cold patching asphalt mixture (CPAM) has been widely used in pothole repair
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because of its strong environmental adaptability, simple repair
process, and convenient storage and transportation (Anderson
et al., 1998; Li et al., 2010a; Zhao and Tan, 2010; Zhang
et al., 2014; Diaz, 2016; Liao et al., 2016). However, the
poor bonding performance between CPAM and old pavement
materials is a common issue during application due to
the differences in material composition, environment, and
construction technology. The bonding performance between
them seriously affects the service life and the durability of CPAM
(Rosales Herrera and Prozzi, 2008; Tan et al., 2014; Rezaei et al.,
2017).

Considering its particularity and the complexity in its service
environment, the influencing factors of the interfacial bonding
characteristics between CPAM and the old pavement are varied
(Munyagi, 2007; Li et al., 2010b). Compared with hot mixture
asphalt (HMA), CPAM has a special composition in which the
binder is usually cutback asphalt or emulsified asphalt with
low viscosity, poor initial strength, and cohesive properties in
the early stage. Therefore, the material composition, such as
type of binder, composition structure, and type of additive, can
affect the interfacial bonding characteristics (Berlin and Hunt,
2001; Ferrotti et al., 2014; Ouyang et al., 2019b). Additionally,
the external environment has an important influence on the
interfacial bonding characteristics. In hot weather conditions, the
viscosity of the tack coat decreases. Thus, the bonding between
CPAM and the old pavement decreases. In contrast, the materials
shrink in cold conditions, resulting in the expansion of the seam
between CPAM and the old pavement (Ouyang et al., 2018).
In a humid environment, moisture isolates CPAM and the old
pavement, which reduces the interfacial bonding characteristics
(Kuhn et al., 2005; Dong et al., 2014). Furthermore, the on-
site construction treatment has some effects, such as compaction
level, choice of tack coat, spreading amount of the tack coat,
and the interface treatment method (Gómez-Meijide and Pérez,
2014). The above mentioned factors have different effects on the
interfacial bonding performance (Ma et al., 2015). Choosing a
tack coat with high viscosity and convenient construction may
greatly improve the interfacial bonding performance. However,
it is difficult to choose a suitable tack coat because there are many
types of tack coat. In the actual construction process, the degree
of compaction should generally meet the requirements, and the
influence level is very small. This shows that the influencing
factors of the interfacial bonding characteristics are complicated,
so it is necessary to obtain a clear analysis of these factors.

Gray correlation analysis is very meaningful for the analysis of
multiple complex influencing factors. The main problem solved
by gray correlation analysis is finding a quantitative method
that can measure the correlation between various factors in a
system containing various factors in order to determine the main
influencing factors (Julong, 1989; Zhang and Zhang, 2007). Gray
correlation analysis has been used in various fields to analyze
complex influencing factors, such as the study of the influence of
asphalt surface properties on freezing viscosity strength (Zhang,
2013), effect of the crumb rubber modifier (CRM) content,
CRM particle size, mixing time, and curing temperature on the
viscosity of the crumb rubber-modified asphalt (Sun and Li,
2010) and evaluation of the shear performance of a flexible,

FIGURE 1 | Aggregate gradation for CPAM.

moisture proof-adhesive layer in a concrete bridge pavement
base (Fen et al., 2009). Gray correlation analysis provides an
opportunity to analyze the influencing factors of the interfacial
bonding characteristics between CPAM and the old pavement.

In order to solve the above mentioned problems, in this
work, the temperature, humidity, type of tack coat, amount of
tack coat spreading, and surface roughness were taken as the
influencing factors for the oblique shear test, and the influences
of different factors on the interface bonding characteristics were
analyzed. On this basis, a gray correlation analysis was performed
to determine the degree of influence of each factor and to find the
dominant factors. This analysis has a good guiding significance
for the practical repair of potholes with CPAM.

MATERIALS AND METHODS

Materials
Cold Patching Asphalt Mixture
Three kinds of CPAMwere selected for testing in the study. They
were Changlin from China, Shell from Netherlands, and Maple
from Canada, respectively, recorded as A, B, and C. Extraction
and sieving of the three kinds of CPAMwere performed to obtain
a gradation curve, as shown in Figure 1. CPAM A contains less
fine aggregate and more coarse aggregate, CPAM B contains
more coarse and fine aggregate, and CPAM C contains more fine
aggregate and less coarse aggregate.

Tack Coat
The tack coat was daubed onto the interface between the pothole
and the old pavement before repair in order to wet the pothole
so that CPAM could be well-bonded with the old pavement
overall. Binders with different viscosities were chosen to make
the test results obvious. From a wide variety of binders, modified
emulsified asphalt A, modified emulsified asphalt B, SBSmodified
asphalt, matrix asphalt, and rubber asphalt were selected for
this research.
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FIGURE 2 | The progress of specimen preparation.

Experimental Methods
Specimen Preparation
The specimens used in the test were composite specimens
composed of CPAM and HMA. The preparation process is
as follows:

First, rutting specimens made of AC-13 with a size of 300mm
× 300mm × 50mm were prepared. Second, they were cut into
six trabeculae with a size of 300mm × 300mm × 50mm and
placed in the rutting specimen mold at 50-mm interval, and the
gap was filled with CPAM. The interface in one side was daubed
with tack coat, and the interface in the other side was daubed
with a paper sheet coated with petroleum jelly to prevent sticking.
Then, after rolling the specimen 16 times, the specimen with the
mold was put into an oven at 110◦C for 24 h, and then it was
rolled again eight times, as shown in Figure 2. After the specimen
had cooled, it was cut again. The interface between the CPAMand
the original rutting specimen was well-bonded with the tack coat,
and finally, specimens with a size of 100mm× 50mm× 100mm
for the oblique shear test were finished.

Experimental Methods
In this work, five factors were mainly studied: temperature,
humidity, type of tack coat, amount of tack coat spreading,
and interface roughness. In order to create the interface at a
differently wet state, the specimens were immersed in moisture
for different amounts of time. For the purpose of increasing
the interface roughness, grooves were made on the surface
at different intervals to increase the interface friction. The
pendulum friction tester was used to determine the British
pendulum number (BPN) value of the specimen surface in the
direction of the groove (Karaca et al., 2013). For this test, a
condition with temperature of 25◦C, no moisture immersion,
tack coat of modified emulsified asphalt, spreading amount of
0.5 kg/m2, and no grooving was used as the benchmark test
condition. When studying the influence of a single factor on
the interface bonding state, we kept the other conditions as per

FIGURE 3 | The device of oblique shear test.

the benchmark test conditions and changed the single factor
separately for research.

The oblique shear test was selected because it could accurately
reflect the force state of the interface under the combined action
of horizontal and vertical loads (Meng et al., 2018). The test
device is shown in Figure 3. The size of the groove in the
upper half was 100mm × 100mm × 50mm, with a slope of
45◦. In order to reduce the influence of the horizontal force
generated by the bottom friction on the test results, a roller coated
with lubricant was placed under the mold. Finally, shear failure
occurred for the interface.

Gray Correlation Analysis of the Factors Influencing

the Interfacial Bond Characteristics
Gray correlation analysis was used to analyze the dominant
influencing factors of multiple complex influencing factors
(Wang et al., 2004) and to calculate the correlation
degree in order to represent the importance of each
influencing factor (Xu and Yang, 2015). The specific steps are
as follows:

(1) Define the subsequence X and the parent sequence Y :
The influencing factors of the parameter indexes were seen as
the subsequence X, where Xi was the value of the influencing
factors such as the temperature. Correspondingly, the parameter
index was taken as the parent sequence Y, where Y i was the shear
strength value corresponding to each influencing factor.

(2) Non-dimensionalization processing of the
sequence factors: The interval-valued processing was used
in this work, which was performed according to Equations (1)
and (2).

x·ij =
xij −minj xij

maxj xij −minj xij
(1)

x·ij =
yij −minj yij

maxj yij −minj yij
(2)

Frontiers in Materials | www.frontiersin.org 3 July 2020 | Volume 7 | Article 208

https://www.frontiersin.org/journals/materials
https://www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles


Chen et al. Interfacial Bonding Characteristics About CPAM

(3) Determine the matrix gray correlation difference
information space: The difference sequence matrix was obtained
with Equation (3). Then, the maximum values and the minimum
values were obtained in the difference sequence matrix:

1ij =

∣

∣

∣

y·ij−x·ij

∣

∣

∣

(3)

1max = max(1ij) (4)

1min = min(1ij) (5)

(4) Calculation of the parent association matrix and relevance:
An overall analysis was performed to judge the differences
and the correlations between the factors. Then, the correlation
coefficient was used to represent the correlation coefficientmatrix
L of the comparison factor and the reference factor, where each
factor was determined with Equation (6):

lij =
1max + λ1min

1max + 1ij
(6)

If there are too many correlation coefficients, the degree of
information dispersion will be too large. Therefore, the average
value of the correlation coefficient was used as a comparison
index of the correlation degree of the influencing factors.
The correlation between the various factors was obtained with
Equation (7):

ri =
1

n

∑ ∑

n
j=1 lij (7)

RESULTS AND DISCUSSIONS

The test results show that the failure of the specimens occurred at
the interface between CPAM and HMA. The shear resistance at
the interface is far less than that of the two materials themselves,
indicating that the interface is the weak and easily damaged part
after repair. The specific test results are shown in Table 1.

Effect of Temperature on Interfacial
Bonding Characteristics
At the time of the research, most of the tack coat used
between CPAM and the old pavement are asphalt materials.
Due to the temperature sensitivity of the asphalt material, the
interface between CPAM and the old pavement changes with
different temperatures. Therefore, the effect of temperature on
the interfacial bonding characteristics was investigated.

The oblique shear test results of three kinds of CPAM at
different temperatures are shown in Figure 4. It can be seen that
with the increase of temperature, the interface shear strength of
the three kinds of CPAM gradually decreases. Taking CPAMA as
an example, when the temperature increased from −5 to 55◦C,
the interface shear strength decreased from 2.119 to 0.029 MPa, a
reduction of 98.6%. This is because the viscosity of the tack coat
gradually decreases with increasing temperature, which results
in the decrease of the bonding ability of CPAM with the old
pavement. This indicates that temperature has a significant effect
on the interfacial adhesion strength.

TABLE 1 | Results of the oblique shear test under different influencing factors.

Influencing factors The levels of factors Shear strength (MPa)

A B C

Temperature/◦C −5 2.119 2.323 2.763

10 1.237 1.361 1.497

25 0.478 0.503 0.563

40 0.043 0.154 0.089

55 0.029 0.059 0.049

Humidity 0 0.478 0.503 0.563

12 h 0.314 0.382 0.431

24 h 0.194 0.262 0.311

36 h 0.146 0.189 0.217

48 h 0.099 0.123 0.155

Types of tack coat Matrix asphalt 0.313 0.310 0.286

Modified emulsified

asphalt B

0.445 0.454 0.430

Modified emulsified

asphalt A

0.478 0.503 0.563

SBS modified asphalt 0.406 0.372 0.312

Rubber asphalt 0.347 0.358 0.325

The amount of tack

coat spreading /kg/m2

0 0.228 0.293 0.409

0.25 0.262 0.356 0.530

0.5 0.478 0.503 0.563

0.75 0.505 0.496 0.471

1 0.516 0.470 0.435

Surface roughness No groove 0.478 0.503 0.563

2 cm 0.547 0.577 0.650

1.5 cm 0.585 0.626 0.694

1 cm 0.600 0.647 0.718

0.5 cm 0.609 0.658 0.731

Before the temperature reached 40◦C, the interface shear
strength decreased rapidly for the three kinds of CPAM, but after
40◦C, it became very low and remained essentially unchanged.
Taking CPAM A as an example, when the temperature rises
from −5 to 40◦C, the shear strength decreases from 2.119 to
0.043 MPa, which is a reduction of 98%. This is mainly because
of an essential feature of asphalt that decreases with increasing
temperature. However, when the viscosity of the tack coat is very
low and basically unchanged with the temperature increase, the
tack coat fails to adhere to CPAM and the old pavement. Unlike
the asphalt wrapped on the surface of the aggregate, the failure
temperature of the interface is lower. From the above mentioned
analysis, it can be seen that the failure temperature is about 40◦C.

Through the data fitting of the shear strength at different
temperatures, the functional relationship between temperature
and bonding degree was summarized, as shown in Figure 5.
The equation is a binomial function, y = 2.06 – 6.983 ×

10−2x – 2.71 × 10−4x2 + 2.97 × 10−5x3 – 2.72 × 10−7x4,
R2 = 0.97874. It can be seen that the fitting effect is good.
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FIGURE 4 | Interfacial shear strength at different temperatures.

FIGURE 5 | The functional relationship between temperature and bonding

degree.

This equation can predict the interface bonding strength at
different temperatures and guide the construction process of
pothole repair.

Effect of Humidity on Interfacial Bonding
Characteristics
When the moisture penetrates the interface between CPAM and
the old pavement, the dynamic water pressure that is generated
with intermittent dynamic vehicle easily breaks the interface, so
it is necessary to study the influence of different humidities on the
interface bonding characteristics.

The interfacial shear strength results for different humidities
are shown in Figure 6. It can be seen that the longer the
immersion time is, the lower the interfacial shear strength is.
Taking CPAM C as an example, after the moisture immersion
time increased from 0 to 48 h, the interface shear strength
decreased from 0.563 to 0.155 MPa, a decrease of 72.5%. This

FIGURE 6 | Interfacial shear strength at different humidity.

indicates that as themoisture immersion time increases, moisture
infiltrates into the interface and acts as a lubricant, which
causes an obvious reduction in the interface bonding strength.
Therefore, it is necessary to drain the water in the pothole and
keep it dry before repair.

Effect of Types of Tack Coat on Interfacial
Bonding Characteristics
Considering the different viscosities of the different tack coats,
five kinds of tack coat (matrix asphalt, modified emulsified
asphalt A, modified emulsified asphalt B, SBS-modified asphalt,
and rubber asphalt) were selected to study the influence of the
interface characteristics. Dynamic viscosity tests at 60◦C were
performed on five kinds of asphalt or their evaporation residues.
The order of the viscosity was as follows: modified emulsified
asphalt A > modified emulsified asphalt B > SBS-modified
asphalt > rubber asphalt > matrix asphalt.

The interface shear strengths of the different tack coats are
shown in Figure 7. For the three kinds of CPAM, the shear
strength of the five binders is in the same order. Taking CPAM A
as an example, when matrix asphalt, modified emulsified asphalt
B, modified emulsified asphalt A, SBS-modified asphalt, and
rubber asphalt are used as tack coat, their shear strengths are
0.313, 0.445, 0.478, 0.406, and 0.347 MPa, respectively. It can be
known from this information that the greater the viscosity of the
binder is, the stronger the interfacial shear strength is. Therefore,
when CPAM is used to repair a pothole, a tack coat with high
viscosity should be selected.

Effect of Tack Coat Spreading on
Interfacial Bonding Characteristics
The results of the interfacial shear strength at different amounts
of tack coat spreading are shown in Figure 9. It can be seen
that with the increase of binder amounts, the interfacial shear
strength of CPAM B and CPAM C climbs up and then declines,
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FIGURE 7 | Interfacial shear strength at different tack coat.

FIGURE 8 | The tack coat between CPAM and old pavement.

and the maximum shear strengths are obtained at 0.75 and 0.5
kg/m2, respectively. For CPAM A, the shear strength increases,
but after the spreading amount becomes 0.5 kg/m2, the shear
strength generally does not increase. It can be known that there
is an optimal spreading amount of tack coat for CPAM B and
CPAM C to repair the pothole. Although the optimal spreading
amount for CPAM A does not appear in the figure because of
the limitation of the spreading amount range in the test, it can be
concluded from the curve trend that there is an optimal spreading
amount after the spreading amount of 1 kg/m2. This happens
because, at the beginning, with the increase of tack coat spreading
amount, the tack coat fills in the gap between CPAM and the old
pavement, bonding them together. However, after the spreading
amount reaches a certain level, the interfacial voids are filled up,
and the excess adhesive acts as a lubricant, so the interface shear
strength decreases (Figure 8).

FIGURE 9 | Interfacial shear strength at different tack coat spreading amount.

It can also be seen from Figure 9 that the optimal spreading
amounts for CPAM A, CPAM B, and CPAM C are >1, 0.75, and
0.5 kg/m2, respectively. This is determined by the void structure
of CPAM. CPAM C has high fine aggregate content, low air void
content, and low tack coat capacity, so the optimal spreading
amount is the smallest. CPAM A has high coarse aggregate
content, high air void content, and high tack coat capacity, so the
optimal spreading amount is the largest. Therefore, the tack coat
spreading amount is greater for CPAM with large voids.
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FIGURE 10 | Relation between groove interval and BPN value.

Effect of Roughness Interfacial Bonding
Characteristics
Due to the different roughness levels of the interface, the contact
area between the tack coat and the interface is different. Thus, the
interface adhesion characteristics are also different. Therefore,
the influence of different surface roughness on the surface
bonding characteristics was studied in this work.

In order to increase the roughness of the surface, some grooves
were made in the surface of HMA at intervals of 0.5, 1, 1.5,
and 2 cm, respectively. The pendulum friction meter was used
to measure the BPN value of the surface perpendicular to the
groove direction, as shown in Figure 10. It can be seen that
the BPN value increases with the decrease of groove spacing.
When the groove interval is 0.5 cm, the BPN is 84, and when not
grooved, the BPN is 64, which is an increase of 31.3%. Therefore,
by grooving on the surface of the old pavement, the roughness
increases, and the roughness increases with the decrease of the
groove interval. As the groove interval decreases, the increase
rate of the BPN value gradually slows down. When the groove
interval is 1 cm, the BPN is 82. When the groove interval is closer
to 0.5 cm, the BPN is 84, increasing by only 2.4%. It can be seen
that when the interval of the grooves is small to a certain extent,
the grooves have little effect on increasing the roughness. The
shear strength at different roughness levels is shown in Figure 11.
With the increase of the BPN value, the shear strength gradually
increases, and when the BPN reaches 82, that is, when the optimal
groove spacing is 1 cm, the shear strength reaches a maximum
and then decreases. The reason for this phenomenon is that there
is a competitive relationship between the tack coat in the groove
and the tack coat on the interface, as shown in Figure 12. The
tack coat at the interface can preferentially penetrate into the
groove, increasing the contact bonding area, and at the same
time, the tack coat acts as an anchor. Therefore, the smaller the
groove spacing in a certain range, the greater the shear strength is.
However, when the interval between the grooves is too small, with

FIGURE 11 | Interfacial shear strength at different surface roughness.

too many grooves, more tack coat penetrates into the grooves,
resulting in an insufficient tack coat amount at the interface, so
the shear strength is reduced. It can be known that if the groove
interval is small, reaching a certain level, the interface bonding
strength will reduce. Therefore, it should be noted that the groove
interval has to be appropriate.

Gray Correlation Analysis of Factors
Affecting Interfacial Bonding
Characteristics
Taking the shear strength as the parent sequence and each
influencing factor value as the subsequence, the correlation
degrees of different influencing factors on the shear strength were
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FIGURE 12 | Competitive relationship of the tack coat between the groove and the interface.

TABLE 2 | Gray correlation degree between the different influencing factors and shear strength.

CPAM

Factors Temperature Humidity Types of tack coat Amount of

tack coat

spreading

Surface roughness

A 0.462 0.478 0.874 0.796 0.87

B 0.462 0.491 0.93 0.717 0.897

C 0.465 0.494 0.889 0.553 0.879

obtained through gray correlation analysis. A greater correlation
degree indicates that the influence of the factor on the interface
bonding characteristics is greater. In contrast, the smaller the
correlation degree is, the less the influence this factor has on
the interface bonding characteristics. The correlation degree
between the different influencing factors and the shear strength
was calculated using Equations (1)–(7). The results are shown in
Table 2.

The gray correlation degrees between the different influencing
factors of the three kinds of CPAM and the shear strength are
shown in Figure 13. It can be seen that the correlation degrees
of the different factors with the three kinds of CPAM are not
very different, which shows that the influence of each factor on
the interfacial bonding characteristics has little correlation with
the type of CPAM. Among all of the factors, the most relevant
factor for shear strength is the type of tack coat, for which the
gray correlation degrees in these three kinds of CPAM were up
to 0.874, 0.93, and 0.889, that is, the type of tack coat has the
greatest influence on the interface bonding characteristics. The
gray correlation degrees between the interface roughness and
the shear strength are 0.87, 0.897, and 0.879. There are only
differences of 0.004, 0.033, and 0.01 from the values of the tack
coat. Therefore, both the tack coat and the roughness of the
interface have a high degree of influence on the interface bonding
characteristics. In comparison, the correlation degrees between
temperature and shear strength are the smallest, being 0.462,
0.462, and 0.465. Therefore, temperature has the least influence
on the interface bonding characteristics. The correlation degrees
between humidity and shear strength are 0.478, 0.491, and 0.494,
with differences of only 0.016, 0.029, and 0.029 from those

of temperature. Therefore, the influence of temperature and
humidity on the interface bonding characteristics is relatively
small. In summary, the order of the influence degrees of different
influencing factors on the interfacial bonding characteristics is
as follows: type of tack coat > interface roughness > amount of
tack coat spreading > humidity > temperature. The dominant
factors that affect the interface adhesion characteristics are the
type of tack coat and the roughness of the interface. The type
of tack coat and the interface roughness affect the interface
bonding characteristics more than temperature and humidity
do, that is, the external environment has a smaller degree
of influence on the interface bonding characteristics than the
type of material and the construction process do. Therefore,
in the actual repair of potholes, attention should be paid to
the choice of the type of tack coat, and the surface roughness
should be increased in some methods to improve the interface
bonding characteristics.

CONCLUSIONS

In this work, three kinds of CPAM were used to study the effects
of five factors, including temperature, humidity, type of tack
coat, amount of tack coat spreading, and interface roughness,
on the interface bonding characteristics between CPAM and
the old pavement. Finally, the influence degree of the different
influencing factors on the interface bonding characteristics was
clarified through gray correlation analysis, and the following
conclusions were drawn.

First, as the temperature increases, the bonding performance
at the interface gradually decreases. The functional relationship
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FIGURE 13 | The gray correlation degree.

between temperature and bonding degree is y = 2.06 – 6.983
× 10−2x – 2.71 × 10−4x2 + 2.97 × 10−5x3 – 2.72 × 10−7x4,
and the interface failure temperature is about 40◦C. The interface
bonding strength gradually decreases with increasing humidity.

Second, there is an optimal spreading amount for the tack
coat, and the denser the CPAM is, the smaller the optimal
spreading amount is. The cutting grooves on the old pavement
can increase the interface shear strength, and the smaller the
spacing of the grooves within a certain range is, the greater the
shear strength is. However, due to the competitive relationship
between the tack coat penetrating into the groove and the tack
coat remaining on the surface, when the groove intervals are too
small, reaching a certain level, the interfacial bonding strength
decreases. The optimal groove spacing is considered to be 1 cm.

Finally, the influence degree order of the five influencing
factors on the bonding of the interface is as follows: type of tack
coat > interface roughness > amount of tack coat spreading
> humidity > temperature, and the dominant influencing
factors of the interface bonding performance are the type of
tack coat and the interface roughness. Therefore, in the actual
repair of potholes, attention should be paid to the selection
of the type of tack coat and the control of the tack coat
spreading amount. Additionally, the surface roughness can be

increased by grooving or brushing to improve the interface
bonding characteristics.
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