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In order to prepare a kind of high-performance asphalt pavement pit repair material and extend the service life of the road, this
paper starts from the microscopic view of the raw materials, uses infrared spectrum, four component analysis method, lying drop
method, column wick technology principle, etc. to select the raw materials and determine the initial amount of the cold patching
asphalt mixture, and optimizes the formula through the orthogonal test design and adhesion, cohesion, initial stage strength, later
strength, residual stability, and other performance indexes, and determines the final formula of cold patching asphalt mixture as
follows: the design porosity is 15± 0.5%, compatibilizer is 2.5%, linear SBS modifier is 5%, tackifier is 4%, antistripping agent is
3.5%, and the dosage of diluent D should be determined according to the ambient temperature. ,e results show that the
performance of the self-made cold patching asphalt mixture is good verified by adhesion grade, strength, high temperature
stability, water stability, and other road performance.

1. Introduction

,e existence of pavement potholes has a serious impact on
driving safety and comfort [1]. ,erefore, asphalt pavement
pothole repair materials and technologies have gradually
become the direction and focus of road materials research.
For pavement repair with scattered locations and small
quantities, hot mix asphalt mixture is used for pavement pit
repair, which is not only difficult to produce due to the small
quantity but also inconvenient for the construction unit to
heat preservation and repair operation of hot mix asphalt,
especially in rainy season and winter [2, 3]. ,erefore, the
solvent pit cold patching material is widely used and the
temperature range is large and mature in technology and has
gradually become the research focus of road engineering
personnel. It has the advantages of low temperature mixing,
simple construction equipment, small environmental pol-
lution, and good social and economic benefits.

Khan et al. [4] determined through precise specific
surface areas of four aggregates and seven minerals using

BET (Brunauer, Emmett, and Teller) theory, by measuring
the physical adsorption of selected gas vapors on their
surfaces and calculating amounts of adsorbed vapors cor-
responding to monolayer occupancy on the surfaces. In-
terfacial bond strengths between bitumen and aggregates
were also calculated, based on measured surface-free energy
components of minerals/aggregates and binders, in both dry
and wet conditions. Ferrotti et al. [5] focuses on the ex-
perimental characterization of a high-performance cold mix
asphalt mixture reinforced with three types of fibers (cel-
lulose, glass-cellulose, and nylon-polyester-cellulose) dosed
at two different contents (0.15% and 0.30% by the aggregate
weight). ,e results show that the cellulose-fiber-reinforced
material and the standard one showed enhanced perfor-
mance, allowing the conclusion that they can be more
successfully used in maintenance activities. Dash and Panda
[6] added some virgin aggregate and rice husk ash as filler
material and cement into the mixture. ,e results show that
the increased strength at early aged, at tropical room
temperature, was found more dominant due to the water
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evaporation than cement content cold. Geng et al. [7] used
cold patching asphalt (CPA) to repair pavement potholes,
prepared from a simple mixture of CWO and diesel as the
diluent, and the performance of this CPA is evaluated in the
laboratory; the results show that CPA has good adhesion to
aggregates (>95%) at CWO contents from 15wt% to 35wt%
in the diluent. In addition, the introduction of CWO in
CPAM has no discernible effect on its strength. Wang [8]
investigated the effect of reducing moisture susceptibility of
cutback asphalt mixture by adding Portland cement and
bentonite. Test results showed that adding cement and
nanoclay significantly improved the initial strength and
cracking resistance and reduced moisture susceptibility.
Cheng [9] used the improved boiling method and digital
imaging technology to evaluate the cold patching asphalt
mixture after boiling. At the same time, “coating ratio” was
proposed as the index to evaluate the coating quality. ,e
results show that the improved boiling test results have a
good correlation with the results of BBS test and TSR test,
indicating that the improved boiling test can be used to
evaluate the water damage of CMA effectively. Lv [10]
pointed out that the adhesive strength of cold patched as-
phalt mixture mainly comes from asphalt molecules, and the
density of asphalt molecules in cold patched asphalt de-
termines the adhesive strength of asphalt. Bi et al. [11]
improved the performance of cold patch by adding water-
based epoxy resin and put forward the evaluation method of
initial strength and forming strength of water-based epoxy
emulsified asphalt mixture (weeam).

At present, the research on cold patching asphalt mix-
ture at home and abroad is mainly divided into three cat-
egories: solvent cold patching asphalt mixture, emulsion
cold patching asphalt mixture, and reaction cold patching
asphalt mixture [12, 13]. In emulsified cold patching asphalt
mixture, how to control the demulsification time of emul-
sified asphalt is difficult, and the stability of emulsified as-
phalt is not very ideal. ,erefore, there are big problems in
the forming time and storage performance of this type of
cold patching asphalt mixture. Reactive cold patching as-
phalt mixture needs complex reaction of many components
and has a certain reaction time. ,erefore, this kind of cold
patching asphalt mixture generally needs to be mixed on-site
and repaired on-site. Although reactive cold patching as-
phalt mixture has good road performance, the cost of
preparing this type of cold patching asphalt mixture is high,
and it has not been large-scale application. At the same time,
in the existing research of cold patching asphalt mixture,
most of the diluents and additives are different, and the
micromodification mechanism of the additives is not ana-
lyzed, and the aggregates selected are not tested and analyzed
from the microlevel to determine which is more suitable for
the preparation of cold patching asphalt mixture, resulting
in the road performance instability of cold patching asphalt
mixture. ,erefore, based on the micromechanism of the
raw materials, this paper selects and optimizes the raw
materials of the cold patching asphalt mixture by the lying

drop method and columnar wick technology principle to
prepare a high-performance cold patching asphalt mixture.

2. Materials and Methods

2.1. Raw Materials

2.1.1.+e Base Asphalt. ,e selection of base asphalt for cold
patching asphalt mixture shall comply with [14]. In this
study, heavy traffic 90# base asphalt is selected as the basic
material, and the main performance indexes are shown in
Table 1.

2.1.2. Coarse Aggregate, Fine Aggregate, and Mineral Powder.
,e coarse aggregate and fine aggregate used in this study are
one of the granite, basalt, and limestone aggregate deter-
mined by subsequent tests. ,e performance indexes of the
coarse aggregate, fine aggregate, and mineral powder meet
the requirements of [14].

2.1.3. Diluent. According to the special road use require-
ments of cold patching asphalt mixture, it should have
certain looseness under low-temperature environment,
which requires that a certain amount of diluent must be
added to the base asphalt to reduce its viscosity so that the
mixture after mixing does not condense at low temperature.
In this study, four diluents A, B, C, and D are selected for
research. ,e performance indexes are shown in Table 2.

2.1.4. Additives. ,emain function of cold patching additive
is to make up and improve some properties of cold patching
asphalt lost due to the addition of diluent so that the cold
patching asphalt mixture can not only meet the workability
under low temperature conditions but also have good road
performance after being used in pavement repair. In this
study, compatibilizer, tackifier, and antistripping agent (E, F,
G, and H) were selected to be added into asphalt for test.
Specific performance indexes are shown in Tables 3–5.

2.1.5. Modifier. Due to the addition of organic solvent to the
cold patching asphalt mixture to dilute the base asphalt, its
initial strength, water damage resistance, and high tem-
perature stability are reduced. It is necessary to add mod-
ifiers to improve the elasticity, temperature sensitivity, and
low temperature ductility of asphalt and improve the ad-
hesion between cold patching asphalt and aggregate, so as to
improve the road performance of cold patching asphalt
mixture. In this paper, SBS1301 with linear structure is
selected as the modifier, and the performance indexes are
shown in Table 6.

2.2. Analysis of Microstructure and Properties of Materials.
In order to study the modification mechanism of self-made
cold patching asphalt mixture and its compatibility with
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matrix asphalt, this paper analyzes the microstructure of
tackifier and antistripping agent, further clarifies the
modification mechanism of cold patching asphalt, and
provides the basis for optimizing material selection.

2.2.1. FTIR Test Results of Tackifier. ,e infrared spectrum
test results of the tackifier used in this paper are shown in
Figure 1. ,e peaks at 3030 cm-1 belong to the C-H
stretching vibration and the methylene stretching vibration
of the aromatic ring of the tackifier; the peak at 1605 cm-1
and the absorption peak at 800–690 cm-1 belong to the out
of plane bending vibration of aromatic unsaturated C-H, all
of which indicate that there are aromatic rings in the
tackifier. In addition, the peak of 2928 cm-1 is saturated C-H
stretching vibration, the peak of 1448 cm-1 and 1374 cm-1 is
saturated C-H bending vibration, and the peak of 1737 cm-1
is carbonyl stretching vibration.

In order to discuss the mechanism of tackifier-modified
asphalt, the four components of matrix asphalt, SBS tacki-
fier-modified asphalt, and tackifier-modified asphalt are
analyzed, as shown in Table 7.

It can be seen from the above test analysis that the
addition of tackifier increases the aromatic content of matrix
asphalt, while the mass content of saturated content and
asphaltene decreases. ,is may be due to the addition of
aromatic ring in the tackifier, which makes the components
of matrix asphalt redistributed. According to the principle of
similar compatibility, the tackifier has good compatibility
with asphalt. ,e addition of SBS redistributes the four
components of tackifier-modified asphalt, which may be due
to SBS. By absorbing the aromatic and saturated compo-
nents of the modified asphalt, the mass fraction of the ar-
omatic component and the resin is reduced, but the mass
fraction of the aromatic component is still greater than the
mass fraction of the matrix asphaltene, which indicates that
the increase of the mass fraction of the aromatic ring in the
tackifier can improve the compatibility of the modified
asphalt.

In the system of tackifier, SBS, and asphalt, the addition
of tackifier will increase the aromatic content of the system
and improve the solubility of asphalt. In addition, SBS
absorbs light components to reduce the distance between
asphaltenes, thus changing the viscosity of asphalt. As the
mass fraction of SBS increases, the number of active nodes of
SBS increases and the viscosity enhancer molecules can
better adsorb on SBS, which enhances SBS,e binding force
between polymer network structures improves the restric-
tion of SBS on asphalt, forming a new and stable network
structure. ,e strong interaction between grids in this
“network” structure restrains the displacement between
asphalt particles, limits the fluidity of asphalt colloid system,
and increases its ability to resist certain external forces, thus
improving the modification to a certain extent high tem-
perature performance of asphalt.

2.2.2. FTIR Test Results of Antistripping Agent. In order to
clarify the modification mechanism of the adhesion effect of
antistripping agent on cold patching asphalt, this paper uses

FTIR to test the antistripping agent, and the test results are
shown in Figure 2.

As shown in the figure, the peaks at 1550 cm-1 and
1641 cm-1 belong to the vibration absorption of amide, the
peaks at 3305 are the characteristic peaks of amino group,
and the peaks at 3007 cm-1, 2953 cm-1, and 2852 cm-1 are
the expansion vibration of methylene group, so the sample
composition contains polyamide. Compared with the
strength of methylene absorption peak, the absorption peaks
of amide and amino group are weaker and less, indicating
that the alkyl chain of polyamide in the sample is very long.

,ere is hydrogen bond between the molecules of
polyamide, and the polarity of polyamide is very strong,
which can produce a strong intermolecular force, has ex-
cellent bonding performance, and can form a high-strength
bond, which can improve the adhesion performance of cold
patching asphalt and stone.

3. Study on Preparation of Cold Patching
Asphalt Liquid and Composition Design of
Its Mixture

3.1. Preparation of Cold Make-Up Solution

3.1.1. Preparation Process of Cold Patching Asphalt. ,e
preparation process of cold patching asphalt is basically the
same as that of modified asphalt, and the preparation steps
are as follows:

(1) Preheat and melt the 90# base asphalt sample (at
150°C), and place it in a shear vessel

(2) Add compatibilizer to the base asphalt, mix evenly,
and then add SBS modifier, mix evenly, keep the
temperature constant at 160°C, keep the asphalt, SBS
modifier, and shear head together for heat preser-
vation and swelling, and the heat preservation and
swelling time is 30min

(3) ,e asphalt is heated to 175°C, the shear is turned on,
and the asphalt is sheared at low speed for 30min
and then at high speed for 1 h

(4) ,e shear rate was 5500R/min, and the shear time
was 10min

(5) Lower the temperature of the modified asphalt to
170°C and keep it warm for 2 h so that the modified
asphalt can be fully developed

(6) Add antistripping agent and stir for 10min
(7) When the temperature is reduced to 110°C, the above

modified asphalt is added with the diluent in pro-
portion and sheared at a shear rate of 2000 R/min for
5min, and the preparation is completed.

3.1.2. Determination of Diluent and Antistripping Agent Type
and Dosage Based on Surface-Free Energy Change. In this
paper, a four factor four level orthogonal test is designed to
measure the contact angle between the test liquid and the
asphalt by the drop method [15–19] and calculate the change
value of the surface energy between the low temperature
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Table 1: ,e main performance indexes of 90# base asphalt.

Indexes Experimental data Specification requirements
Penetration (25°C, 5s, 100 g) 88.3 80～100
Penetration index PI 0.47 −1.5～+1.0
Softening point (ring and ball method)/°C 52.4 ≥44
Ductility (15°C, 5 cm/min) >150 ≥100
Dynamic viscosity of 60°C (Pa·s) ≥140 149
Solubility (%) ≥99.5 99.5
Residue after heating test in RTFO
Mass loss (%) 0.002 ±0.8
Penetration ratio 25°C (%) 62 ≥57
Ductility 10°C (cm) 22 ≥8
Adhesion grade to coarse aggregate 5 ≮4

Table 2: Properties of diluent.

Number Open flash point (°C） Boiling point (°C） Toxicity Smell Volatilization rate
A >55 180∼304 Low toxicity Slightly smelly Moderate
B −50～−20°C 30∼205 Low toxicity Slightly smelly Fast
C 61 170∼222 Low toxicity Slightly smelly Faster
D 58 161∼200 Low toxicity No peculiar smell Fast

Table 3: Basic properties of tackifier.

Project Appearance Softening point (global method)/°C Acid value
(mg·KOH/g) Ash content (%) Iodine value

(gl/100 g)
Detection result Light yellow or dark brown solid 80∼140 ≤1.0 ≤0.1 40∼100

Table 6: Properties of SBS modifier.

Number Ratio
of S/B

Oil
filling
rate (%)

Volatile
matter
(≤%)

Ash
content
(≤%)

300%
extension
stress
(≥MPa)

Tensile
strength
(≥MPa)

Elongation at
break (≥%)

Permanent
set (≤%)

Shore
hardness

(A)

Melt flow
rate

(g/10min)

SBS1301
(YH-791) 30/70 0 0.7 0.20 2.0 15.0 700 40 ≥68 0.10–5.00

Table 5: Performance index of compatibilizer.

Test items Unit Detection index Test standard
Kinematic viscosity (100°C) mm2/s 25 GB/T265
Open flash point °C ≥200 GB/T3536
Ash content % 0.3 GB/T508
Water content % 0.01 GB/T260-1977
Heating reduction (120°C× 15′) ≤0.7 GB/T11409-2008
Aromatics content % ≥90 —
Appearance Coffee color Visual inspection

Table 4: Basic properties of antistripping agent.

Number Density (g/cm3) Flash point (open) Physical form
E 1 >300 Brown viscous liquid
F 0.89 >200 Brown liquid
G 0.95 >300 Dark brown viscous liquid
H 1.02 >300 Brown viscous liquid

4 Advances in Materials Science and Engineering



asphalt and the 90# base asphalt. ,e results are shown in
Table 8.

(1) Range analysis: the results are shown in Table 9.

It can be seen from Table 9 that the influence of various
factors on the surface-free energy is in the order of diluent
type> additive amount> diluent amount> additive type.
,erefore, when determining the type and amount of raw
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Figure 1: Infrared spectrum test results of tackifier.

Table 7: Analysis results of four components of base asphalt and tackifier-modified asphalt.

Test sample ω% (saturation fraction) ω% (aromatics) ω% (colloid) ω% (asphaltene)
Base asphalt 23.06 31.48 40.53 4.93
Tackifier-modified asphalt 6.43 49.63 41.51 2.43
Tackifier-SBS-modified asphalt 18.22 40.46 35.47 5.85
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Figure 2: Infrared spectrum test results of antistripping agent.

Table 8: Change of surface-free energy of asphalt in orthogonal test (mJ/m2).

Test number Variation value Test number Variation value Test number Variation value Test number Variation value
1 2.51 5 14.05 9 5.08 13 6.78
2 6.00 6 18.32 10 8.37 14 3.12
3 3.30 7 10.17 11 6.21 15 8.52
4 8.79 8 8.08 12 3.54 16 9.86
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Table 9: Range analysis of surface-free energy change.

Factor Diluent type Type of antistripping agent Diluent content Dosage of antistripping agent
K1 5.149 7.106 9.223 4.832
K2 12.655 8.951 8.028 6.770
K3 5.799 7.049 4.894 8.893
K4 7.070 7.565 8.527 10.178
R 7.506 1.902 4.339 5.346
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Figure 3: Relation between impregnation time t of liquid impregnated aggregate powder and square x2 of impregnation distance: (a)
hexane, (b) diiomethane, (c) toluene, and (d) chloroform.

Table 10: Variance analysis of surface-free energy change.

Index Factor SS df MS P Critical value Significance

Surface free energy

Diluent type 140.256 3 46.752 0.007 Very significant
Type of antistripping agent 9.424 3 3.141 0.222

Diluent content 43.916 3 14.639 0.034 α� 0.10
α� 0.01 Significant

Dosage of antistripping agent 66.605 3 22.203 0.019 α� 0.025
α� 0.05 Significant

e 3.548 3 1.183 0.007
,e sum 263.749 15
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materials, consider in the order of diluent type, additive
amount, diluent amount, and additive type.

(2) Analysis of variance: the results are shown in
Table 10.

Table 10 shows that P (diluent type)� 0.007< α� 0.01,
indicating that the diluent type has a very significant impact
on the surface-free energy, P (diluent content)�

0.034< α� 0.05, and P (additive content)� 0.019< α� 0.025,
indicating that the diluent content and additive content have
a significant impact on the surface-free energy of asphalt.

At the same time, according to the experimental data of the
change of the surface-free energy of asphalt, when diluent B is
used, the change of the surface-free energy is the largest, and
with the increase of the diluent content, the change of the
surface-free energy of asphalt increases first and then decreases,
when the content is 10%, the change is the largest. When F
antistripping agent is used, the change of surface-free energy is
the largest, and with the increase of antistripping agent content,
the change of surface-free energy of asphalt increases.When the
content of antistripping agent is 4%, the change is the largest.

,erefore, the best ratio of low-temperature asphalt is as
follows: diluent B content is 10%, base asphalt is 80%, and
antistripping agent F content is 4% (admixture). Consid-
ering the safety risks of diluent B, diluent D is selected for
subsequent test.

3.1.3. Measurement and Analysis of Aggregate Surface-Free
Energy. According to the technical principle of columnar
wick [20–22], the samples of granite, basalt, and limestone
are, respectively, impregnated with hexane, and the relation
diagram is made, as shown in Figure 3(a). According to the
relevant parameters of slope and hexane, the effective radius
of capillary is calculated as RGranite � 3.3 ± 0.30μm,
RBasalt � 2.4 ± 0.20μm, and Rlimestone � 2.2 ± 0.10,
respectively.

,en, diiomethane, toluene, and chloroform are, re-
spectively, impregnated with granite, basalt, and limestone
aggregate powder, and the relation diagram is made, as
shown in Figure 4(b–d). ,e surface energy and its com-
ponents of various aggregates are calculated, as shown in
Table 11.

It can be seen from Table 11 that the surface energy of
different aggregates is quite different and the van der Waals
force is relatively small, which is mainly caused by different
Lewis acid-base forces. ,e surface energy and its compo-
nents of limestone aggregate powder are the largest among
the three kinds of aggregate, the surface energy of granite is
the lowest, and Lewis acid-base force and van der Waals
force are the lowest. It shows that the compatibility of
limestone aggregate and aggregate will be better, and
limestone aggregate is selected for subsequent test.

3.2. Research on Material Composition Design of Cold
Patching Asphalt Mixture

3.2.1. Material Selection and Mineral Aggregate Grading
Design of Cold Patching Asphalt Mixture. ,e main

components of cold patching asphalt mixture are as follows:
90# base asphalt, modifier, tackifier, compatibilizer, anti-
stripping agent, diluent, and limestone aggregate.

Combined with the research experience of cold patching
gradation at home and abroad, according to the environ-
mental characteristics of northern China, the LB-10-1
gradation shown in Table 12 is determined for the prepa-
ration of subsequent cold patching asphalt mixture. In order
to improve the antistripping performance of cold patching
material, 1.5% cement is added [23].

3.2.2. Prediction and Determination of the Best Cold Patching
Asphalt Content. In this paper, the empirical formula
method is used to design the optimal asphalt content of cold
patching asphalt mixture, and the paper trail test is used to
adjust the optimal asphalt content.

Based on the California experience formula, the oil stone
ratio of cold patching asphalt mixture is calculated by de-
termining the mineral aggregate gradation and the thickness
of oil film on the surface of mineral aggregate. Formula (1) is
as follows:

h � P ×(2 + 0.02a + 0.046b + 0.08c

+ 0.14d + 0.3e + 0.6f + 1.6g),
(1)

where a, b, c, d, e, f, and g are the percentages of passing
through the 5mm, 2.5mm, 1.2mm, 0.6mm, 0.3mm,
0.15mm, and 0.074mm sieve holes, respectively (μ m), h is
the thickness of asphalt oil film (mm), and P is the ratio of
asphalt to stone (%).

In order to determine the oil stone ratio more accurately,
it is necessary to carry out paper trace test and auxiliary
judgment. Typical paper trace test results are shown in
Figure 4–6.

According to the calculation of empirical formula and
the analysis of paper trace test, the optimal initial amount of
cold make-up liquid is 4.5%.

3.2.3. Determination of Design Parameters and Material
Proportion. In order to determine the design parameters of
cold patching asphalt mixture and the proportion of the
materials used, the orthogonal test was designed to deter-
mine the design void ratio, the amount of diluent, and the
amount of various admixtures.

Firstly, four design indexes, i.e., design void ratio,
tackifier content, diluent content, and antistripping agent,
are selected for sensitivity analysis of cold patching per-
formance. ,e design orthogonal test level is shown in
Table 13.

Using the gradation of cold patching asphalt mixture and
the optimal asphalt content of 4.5% provided above, the
preparation of cold patching asphalt mixture with various
factors combination is completed, and the performance test
of each formula of cold patching asphalt mixture in Table 13
is carried out, the results are as follows.

Adhesion test. ,e experimental results of 9 formulations are
all adhesive grade 5, no significant difference. It is proved
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Figure 4: Too little oil.

Table 11: Aggregate surface energy and its components (mJ/m2).

Stone Surface energy
(cs)

van der Waals force
(csLW)

Lewis acid-alkali force
(csAB)

Lewis acid-alkali force
(cs+)

Lewis acid-alkali force
(cs−)

Granite 19.10 18.20 0.90 0.05 4.29
Basalt 23.81 21.71 2.10 0.93 1.19
Limestone 28.94 21.91 7.03 1.99 6.21

Table 12: Screening test results of ore and filler.

Composite grading
Percentage passing the following sieve (mm) (%)

26.5 19 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
Upper limit 100 100 100 100 100 50 25 20 15 10 8 5
Lower limit 100 100 100 100 80 30 10 8 6 4 3 2
Median 100 100 100 100 90 40 17.5 14 10.5 7 5.5 3.5
Composite grading 100.0 100.0 100.0 100.0 96.5 31.1 15.2 9.0 6.8 5.0 3.9 3.1

Figure 5: Moderate oil.

Figure 6: Too much oil.
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that the addition of tackifier and modifier in 9 formulations
changes the four component ratio of matrix asphalt, and the
network structure formed can produce better adhesive
performance with aggregate.

Cohesion test. ,e cohesion study was carried out by the
method provided in《,e code for construction of highway
asphalt pavement》 (JTG F40-2004), and the results are
shown in Table 14.

,e damage rate of each cold patching asphalt mixture is
very low and its cohesion is good. It shows that the 9 kinds of
cold patching asphalt mixture are easy to form a whole with
the original pavement structure, combined with
compactness.

Initial strength test. In this paper, the Marshall specimens,
which were compacted 50 times on both sides, were placed
in a constant temperature box and kept at 15°C to constant
temperature. ,e test results are shown in Figure 7–10.

From Figure 7–10, it can be seen that the smaller the
diluent dosage, the higher the tackifier dosage, and the
smaller the void ratio, the better the initial strength of the
cold patch. Considering the best combination scheme of
initial strength, the maximum amount of tackifier should be
taken, and the minimum void ratio should be taken, and the
sensitivity of void ratio to initial strength is in the middle,
but for later strength, the influence of void ratio is far greater
than that of other indexes. ,erefore, while improving the
design void ratio to ensure a rapid strength growth rate and
initial strength of cold patch, the void ratio should not be too
large to prevent the defect of low initial strength of cold
patch, so the median value should be selected.

Later strength and residual stability test. ,e results of later
strength test are shown in Figures 11–18, and the results of
residual stability are shown in Tables 15–17.

It can be seen from Figures 11–18 that, for the later
strength performance, the influence of the void ratio is far
greater than that of diluent and tackifier, and the later
strength is a performance index greatly affected by the void
ratio. ,e porosity of 15± 0.5% is slightly better than
20± 0.5%, the difference is not significant. When the void
ratio is 10± 0.5%, the later strength indexes are obviously
lower. ,erefore, it is suggested that the void ratio of cold

patching asphalt mixture should be controlled between 15%
and 18%, which can not only meet the requirements of initial
strength but also make the later strength of the mixture
higher.

From Tables 15 to 17, it can be seen that the sensitivity
factors of residual stability are mainly tackifier and
antistripping agent, which show that with the increase of
the content of tackifier and antistripping agent, the ad-
hesion force of cold patching asphalt mixture is higher
and higher. ,is is because the performance of the original
modified asphalt is destroyed after adding diluent. ,e
addition of additives improves the performance of cold
make-up fluid and makes the cold patching asphalt
mixture have better adhesion. Moreover, the influence of
tackifier on the residual stability of cold patching asphalt
mixture is far greater than that of other materials. When
the content of tackifier is 3.5% and the content of anti-
stripping agent is 3.5%, the residual stability of cold
patching asphalt mixture is the highest.

Comparison and selection of optimum design of cold patching
asphalt mixture. ,rough the analysis of the key factors
affecting the performance of cold patching asphalt mixture,
the voidage, additives, diluents, etc. were screened, and the
proportion of cold patching asphalt mixture was gradually
optimized. Finally, the design void ratio is 15± 0.5%,
compatibilizer 2.5%, linear SBS modifier 5%, tackifier 4%,
antistripping agent 3.5%, and diluent D content should be
determined according to the use environment temperature.

4. Performance Evaluation of Cold Patching
Asphalt Mixture

On the basis of the composition, gradation type and opti-
mum asphalt consumption of the cold patching asphalt
mixture determined above, according to the provisions of
《Tinished asphalt pavement pit cold patching materi-
al》(JT/T972-2015), 《Technical code for construction of
highway asphalt pavement》(JTG F40-2004), and referring
to the test methods and standards of some hot mix asphalt
mixtures, the strength, high temperature performance and
water damage resistance of cold patching asphalt mixtures
are evaluated.

Table 13: L9 (43) orthogonal test table.

Test number
Factor

Factor A
Design voidage (%)

Factor B
Tackifier content (%)

Factor C
Diluent content (%)

Factor D
Dosage of antistripping agent (%)

1 10± 0.5 2 30 2.5
2 10± 0.5 3 32 3.0
3 10± 0.5 4 34 3.5
4 15± 0.5 2 32 3.5
5 15± 0.5 3 34 2.5
6 15± 0.5 4 30 3.0
7 20± 0.5 2 34 3.0
8 20± 0.5 3 30 3.5
9 20± 0.5 4 32 2.5
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Figure 7: Relationship between early strength and design void ratio.
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Figure 8: Relationship between early strength and amount of tackifier.
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Figure 9: Relationship between early strength and diluent dosage.
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Figure 10: Relationship between early strength and antistripping agent dosage.

Table 14: Data sheet of cohesion test.

Test number 1 2 3 4 5 6 7 8 9
Residue rate (%) 99.7 99.8 99.6 99.7 100.1 99.9 99.9 100.0 100.0
Breakage rate (%) 0.3 0.2 0.4 0.3 −0.1 0.1 0.1 0 0
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Figure 11: Relationship between late strength (60min) and design porosity.
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Figure 12: Relationship between late strength (60min) and tackifier content.
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Figure 13: Relationship between late strength (60min) and diluent dosage.
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Figure 14: Relationship between late strength (60min) and antistripping agent dosage.
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4.1.AdhesionGrade. ,e adhesive grade of the cold patching
asphalt mixture prepared after the optimized ratio is grade 5,
and the product conforms to 《,e technical requirements
of finished cold patching material for asphalt pavement pit
and groove》 (JT/T 972–2015).

4.2. Strength Test. ,e strength of cold patching asphalt
mixture was tested by the methods of stability and residual
stability in 《Finished cold patching material for asphalt
pavement pit and groove》JT/T 972–2015. Data result is
shown in Table 18.
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Figure 15: Relationship between late strength (48 h) and design porosity.
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Figure 16: Relationship between late strength (48 h) and tackifier content.
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Figure 17: Relationship between late strength (48 h) and diluent dosage.
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Figure 18: Relationship between late strength (48 h) and antistripping agent dosage.
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According to 《,e finished cold patching material for
asphalt pavement pit and groove》JT/T972-2015, the sta-
bility shall be greater than 3 kN and the residual stability
shall be greater than 85%. ,e test results show that the
stability of the self-made cold patching asphalt mixture is
more than 3 kN, the strength meets the requirements, and
the residual stability is also high. It is preliminarily verified
that the cold patching asphalt mixture has good water
damage resistance. In the future, the freeze-thaw split test
and mist dynamic water erosion test will be used for further
test.

4.3. High Temperature Stability. Because there are still some
diluents in the cold patching asphalt mixture rut after
forming, the dynamic stability value is too low when the rut
test method suitable for hot patching asphalt mixture is used
to test its high-temperature stability.,erefore, in this paper,
the test method is improved to place the rutting test piece
after cold patch rolling in the oven for curing and conduct

the rutting test after the diluent volatilizes. ,e test results
are shown in Table 19.

According to the test results in Table 19, the self-made
cold patching asphalt mixture has good high-temperature
performance, which is equivalent to the performance of
ordinary hot patching asphalt mixture and meets the road
performance requirements of cold patching asphalt mixture.

4.4. Water Stability

4.4.1. Freeze-+aw Split Test. Because the 40°C water bath
temperature can reflect the actual environment temperature
when the cold patching asphalt mixture produces water
damage, at the same time, it can solve the problem of loose
collapse of the cold patching asphalt mixture due to the
existence of diluent when the water bath temperature is too
high, so as to ensure the smooth progress of the test. In this
paper, the water bath temperature of freeze-thaw splitting
test in 《Test code for asphalt and asphalt mixture of

Table 15: Sensitivity analysis of cold patching asphalt mixture residual stability test.

Test number
Factor

Factor A
Design void ratio

Factor B
Tackifier content

Factor C
Diluent content

Factor D
Dosage of antistripping agent

K1 99.163 87.470 95.610 94.260
K2 97.620 93.380 97.220 92.270
K3 100.160 116.093 104.113 110.413
Range 2.540 28.623 8.503 18.143

Table 16: Variance analysis results of cold patching asphalt mixture residual stability test.

Factor Sum of squares of deviations Freedom F Ratio
Design void ratio 9.827 2 0.019
Tackifier content 1370.119 2 2.614
Diluent content 122.417 2 0.234
Antistripping agent content 594.071 2 1.133
Error 2096.43 8

Table 17: Optimal parameter combination scheme and sensitivity sequence of strength stability in later stage of cold feed.

Performance
index

Design parameters
Parameter sensitivity rankingDesign void

ratio
Tackifier
content

Diluent
content

Antistripping agent
content

Initial strength 2 3 1 3 Diluent> void ratio> tackifier> antistripping
agent

Late stability (1 h) 2 3 1 3 Void ratio>> diluent> antistripping
agent> tackifier

Late stability
(48 h) 2 3 1 3 Void ratio>> tackifier> antistripping

agent≥ diluent

Residual stability 3 3 3 3 Tackifier> antistripping agent> diluent> void
ratio

Table 18: Strength test results.

Test number 1 2 3 4 5 6 Average value Residual stability (%)
Stability (1 h, kN) 17.83 16.92 17.55 18.04 17.38 17.2 17.5 101.7Stability (48 h, kN) 17.26 17.82 17.69 17.72 18.03 18.45 17.8
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Highway Engineering》(JTG E20-2011)is modified to 40°C.
,e test results are shown in Table 20.

,e test results in Table 20 show that the freeze-thaw
splitting strength ratio of the self-made cold patching asphalt
mixture in this paper is 95%, which meets the requirement
that the freeze-thaw splitting strength ratio of the common
hot mix asphalt mixture should not be less than 70%, in-
dicating that its water damage resistance is good.

4.4.2. MIST Hydrodynamic Scour Test. Mist water sensitivity
tester (Figure 19) can simulate the scour effect of wheel on
wet road and the high temperature and periodic pressure
environment and detect the water stability in about 3 hours.
,e pressure is cycled from 0 to 40 PSI, and the pores in the
sample are continuously pressurized and depressurized. ,e
high-temperature water in and out of the pores not only
produces the scour effect similar to that of the actual tire
rolling over the road but also accelerates the damage rate of
the integrity of the sample and the adhesion between the
aggregate and the adhesive caused by this effect. Under high
pressure, water acts between the aggregate and binder in this
way, which accelerates the peeling rate. ,e most obvious
change is the relative density of wool volume. ,e test pieces
of MIST are generally prepared by the rotary compactor, in
order to keep the consistency with the data of freeze-thaw
splitting test, and the Marshall specimen is used instead. ,e
test results are shown in Table 21.

,e test standard is that the void ratio of cold patching
asphalt mixture before and after treatment by mist is not
more than 1.5%; no obvious peeling and damage on the
appearance; the splitting strength shall not be less than 80%.
If two of the above conditions meet the requirements, it can
be judged as qualified and insensitive to moisture. ,e ratio
of freeze-thaw splitting strength of self-made cold patching
asphalt mixture and commercial cold patching asphalt
mixture is 93.7% and 82.7%, respectively, which meets the
requirements of detection standard no less than 80%. ,e
percentage (%) of voidage (before and after) difference is 0.8
and 1.0, respectively, which is no more than 1.5% meeting
the requirements of the test standard. ,ere is no obvious

peeling and damage in appearance, but the self-made cold
patching asphalt mixture is better. 93.7% of freeze-thaw
splitting strength ratio of the self-made sample MIST test is
close to that of the freeze -thaw splitting test, so the water
stability of the cold patched asphalt mixture is good.

5. Results and Discussion

(1) ,e infrared spectrum analysis of the tackifier was
supplemented by the four components analysis of
base asphalt, SBS tackifier-modified asphalt, and
tackifier-modified asphalt. ,e results showed that
the addition of tackifier increased the aromatic
content of the base asphalt, so the tackifier had good
compatibility with asphalt; SBS absorbs the aro-
matics and saturates of the asphalt modified by
tackifier. ,e increase of the mass fraction of aro-
matic ring in the tackifier can improve the com-
patibility of the modified asphalt.

(2) ,e results of IR spectrum analysis of antistripping
agent show that the alkyl chain of polyamide in the
sample is very long, and there is hydrogen bond
between the molecules of polyamide, and the polarity
of polyamide is very strong, which can produce very
strong intermolecular force, has excellent bonding
performance, and can form a high-strength bond,
which can improve the adhesion performance of
cold patching asphalt and stone.

(3) Based on the principle of lying drop test and the
orthogonal test design method, the free energy of
asphalt surface is measured, so as to determine the
material selection and preliminary mixing propor-
tion of diluent and antistripping agent. Based on the
principle of columnar wick technology, the free
energy of aggregate surface is measured, and it is
determined that limestone aggregate is most suitable
for the preparation of cold patching asphalt mixture.

(4) ,e orthogonal test is used to optimize the material
composition design of cold patch asphalt mixture.
,e performance test results show that, in order to

Table 19: High-temperature stability test results.

Test number Dynamic stability (second/mm) 45 minrut depth (mm) 60 minrut depth (mm)
1 6750 0.790 0.794
2 6366 0.805 0.807
3 5857 0.852 0.852
4 6095 0.826 0.827
5 5353 0.865 0.865
6 5687 0.857 0.859

Table 20: Freeze-thaw split test results.

Test number
Splitting tensile strength (MPa)

Average splitting tensile strength (MPa) TSR%
1 2 3

Without freeze-thaw cycle (kN) 0.2725 0.2418 0.2067 0.24 95.0%After freeze-thaw cycle (kN) 0.2568 0.2254 0.2025 0.23
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ensure the strength requirements of cold patch as-
phalt mixture, the void ratio should be between 15%
and 18%, and the content of antistripping agent has
great influence on the water stability, and its content
should be controlled between 3% and 5%.

(5) ,e design parameters and material proportion of
cold patching asphalt mixture are optimized by
orthogonal test.,e results show that the design void
ratio is 15± 0.5%, compatibilizer is 2.5%, linear SBS
modifier is 5%, tackifier is 4%, antistripping agent is
3.5%, and diluent D should be determined according
to the use environment temperature. ,e properties
of the cold patching asphalt mixture meet the re-
quirements of the hot mix asphalt mixture.
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