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Introduction: Road hazards and some traffic accidents are often caused
by damage of the performance of the pavement due to cracking of
asphalt concrete.

Methods: A simulation test was designed to investigate asphalt pavement
cracking under different temperature conditions (15°C, 0°C, −5°C, −15°C) with
a fixed traffic load strip. Using Gaussian filtering to eliminate texture noise
(5 × 5 convolution kernels), extracting continuous crack contours through
Canny operator (dual threshold 0.7/0.3), and combining with improved Otsu
algorithm (32 × 32 block dynamic threshold) to achieve accurate segmentation
under complex lighting conditions; Innovatively introducing a dual parameter
system of fractal dimension (box dimension method) and crack rate (crack area
ratio) to quantitatively characterize the complexity of crack morphology and
degree of damage.

Results: And proposed using two crack characteristic parameters, fractal
dimension and crack rate, to describe the extension characteristics of cracks.
The results indicate that the road surface is more prone to cracking in
negative zero temperature environments, with the number and rate of
cracks generated at −15°C being much higher than the other three low-
temperature environments. Compared to the 15°C environment, the crack rate
increased by 18.26%.

Discussion: It has been confirmed that the occurrence and propagation of
cracks will be exacerbated in low-temperature environments. The research
results provide a theoretical basis and reference significance for the study of
pavement crack resistance in cold regions.
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1 Introduction

Asphalt concrete pavement highways have the advantages of convenient construction
and high smoothness, and which are widely used in modern highway construction.
However, due to vehicle loads and changes in external temperature, road structures are prone
to crack hazards (Alsheyab et al., 2024; Sun et al., 2025;Wang et al., 2017).Thematerials that
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FIGURE 1
Various cracks on asphalt pavement.

make up asphalt roads are mostly elastic and viscoelastic materials.
Due to their inherent thermal expansion characteristics, they
undergo volume expansion and contraction during heating and
cooling. As shown in Figure 1, it can cause stress concentration
within the road structure, leading to the occurrence of disasters such
as longitudinal cracks, potholes, and mesh cracks (Baradaran et al.,
2024). Although it is believed that the effect of climate on pavement
structure in cold regions is one of the main causes of pavement
structure damage, only a small number of models have studied
frost heave and thaw settlement. Asphalt pavement disease is the
result of vehicle load and environmental factors (Ameri et al., 2012;
Li et al., 2021; Yang Binbin et al., 2024), among which the repeated
action of vehicle loads is an important reason for inducing fatigue
damage in asphalt pavement. The working temperature range of
asphalt pavement is very wide, and long-term loading causes the
deformation of asphalt pavement to gradually increase, stress to
gradually relax, and asphalt mixture exhibits typical viscoelastic
properties (Guo et al., 2023). If the damage level of road surface
cracks is not identified and maintained in a timely manner, hazards
such as road surface damage, road collapse, and increased traffic
accidents will be caused, directly threatening the lives and health
of the people (Liang et al., 2021; Yang B. et al., 2024; Sarsam,
2015). So, it is necessary to identify road cracks and damages in a
timely manner.

In the destruction of asphalt highways, pavement cracking is the
main form of damage. Asphalt pavement cracks are an important
manifestation of road diseases, directly affecting the integrity and
service life of the pavement structure. Among them, transverse
cracks will penetrate the entire road surface, and the crack walls will
scatter, mainly caused by temperature stress (Krysiński and Sudyka,
2013). In areas with significant seasonal temperature differences,
regular cracking with a spacing of 20–50 m is caused by the low-
temperature shrinkage of asphalt mixtures. The initial width of
the cracks is about 1–3 mm, which may be expanded to over
10 mm over time, and peripheral network cracks may be induced
(Marasteanu et al., 2007; Marasteanu et al., 2012; Shan et al., 2022).
Longitudinal cracks with wide crack width and scattered or slightly
scattered crack walls often occur in the wheel track area. Mainly
due to uneven settlement of the roadbed, improper treatment of

construction joints, or repeated overloading of vehicles, the crack
width is generally between 2 and 15 mm, but the length exceeds 3 m
(Ameri et al., 2011; Yang Binbin et al., 2024; Yuan B. et al., 2024).
In high-traffic sections, such cracks may develop as a precursor
to structural damage. In the past, most highways used cement
concrete pavement, but this type of pavement has relatively low
friction, especially on rainy days, which can easily cause traffic
accidents. In the later stage, an additional asphalt layer was used, but
this structure is prone to forming reflective cracks, which expand
upwards from the cracks in the lower layer structure. The crack
shape corresponds to the cracks in the base layer, forming a straight
or broken line with a width of 1–5 mm (Canestrari and Ingrassia,
2020; Zhao et al., 2018). This type of crack has obvious mechanical
transmission characteristics, and its expansion speed can reach
3 mm/year under the coupling effect of temperature difference and
load.Thebonding failure area between asphalt layersmay sometimes
form crescent shaped or arc-shaped cracks, and even interlayer
peeling due to interlayer pollution, waterproof bonding layer failure,
and other reasons (Ai et al., 2022; Zhang et al., 2022). Affected by the
environment, the aging and brittleness of asphalt mixture can result
in the road surface being fragmented into rectangular or square
pieces, with a diameter generally greater than 50cm, and crack
widths and crack areas being scattered, which are often observed on
roads with a long service life. Some cracks form in the early stages,
with no deformation or scattering in the crack area, fine cracks,
obvious cracking state, and mild scattering or deformation in the
crack area.

Asphalt pavement cracks are recognized as the initial form of
road diseases, and their harm is characterized by progressive and
systematic features, directly impacting road service performance
and service life. Cracks cause damage to the integrity of the
pavement structure, and water infiltrates the base layer through
cracks, leading to secondary diseases such as softening of the
base material (Gong et al., 2024; Yuan Bingxiang et al., 2024;
Zhang et al., 2023). Experimental data shows that the larger the
crack width, the higher the water infiltration rate. Continuous water
infiltration causes a greater decrease in the rebound modulus of the
base layer, accelerating the fatigue damage of the structural layer
(Sun et al., 2019; Si et al., 2019; Dan et al., 2017). The deflection
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value of the reflection crack area increases compared to the normal
road section, significantly reducing the overall bearing capacity
of the road surface. The uneven road surface formed by crack
development significantly affects driving comfort and safety. When
the crack width exceeds a certain value, the vehicle impact load
will increase exponentially, leading to an increased risk of vehicle
jumping (Wang et al., 2021; Zeng et al., 2024; Hou et al., 2021;
Xi et al., 2025). The friction coefficient in the mesh cracking area
will be rapidly decreased, which can easily lead to vehicle side
slip accidents being caused on rainy days. Highway safety research
shows that the accident rate is higher in sections with dense cracks
than in normal sections. Crack propagation is nonlinear, and the
maintenance cost of untreated cracks in the early stage increases
exponentially in the later stage (Yu et al., 2020; Yuan et al., 2022;
Guo et al., 2021; Ahammed and Tighe, 2012). Research has shown
that doubling the width of cracks increases repair costs by more
than four times. Crack treatment accounts for a high proportion
of the annual maintenance budget, with the highest cost of milling
and repaving in cracked areas. The surface of road damage caused
by cracks leads to an increase in vehicle fuel consumption and
carbon emissions. The dust pollution caused by the peeling of
aggregate in the crack area increases the concentration of PM2.5 in
the surrounding area. The expansion of cracks in heavy-duty traffic
sections can shorten the lifespan of the road surface (Karlaftis and
Badr, 2015). Preventive maintenance construction caused by cracks
can also occupy lane time and result in a loss of traffic efficiency.
In the context of expressway infrastructure, the risk of accidents
in crack repair sections has significantly increased, exacerbating
traffic congestion and economic chain losses. The hazard of cracks
has a significant time cumulative effect, and the natural expansion
of small cracks in the short term may trigger larger network
crack areas (Mazumder et al., 2019). Using an infrared thermal
imager to monitor and display abnormal temperature gradients in
the hidden crack area indicates a potential risk of structural damage.
Cracks can be identified in a timelymanner, reducing the probability
of secondary disasters, extending the service life of road surfaces,
and highlighting the key role of crack prevention and control in road
lifecycle management.

The traditional method of detecting road surface diseases
is mainly reliant on manual inspection, which is associated
with disadvantages such as high labor intensity, long time
consumption, subjectivity, large errors, and impacts on traffic.
With the development of computer technology, image-based
automated detection techniques or laser radar detection methods
have emerged (Zakeri et al., 2017; Kheradmandi and Mehranfar,
2022). The identification of asphalt pavement cracks is an
important research direction in the field of intelligent transportation
infrastructure detection. Digital image processing technology
is one of the core methods for identifying cracks in asphalt
pavement. Through algorithm optimization and process design,
the full chain processing from image acquisition to feature
extraction has been achieved, providing basic support for automated
detection. In the preprocessing stage, histogram equalization
is used to enhance image contrast, and Gaussian filtering is
used to eliminate asphalt surface texture noise (Ji et al., 2020;
Hu et al., 2021). After a rainstorm, the road reflection reduces
the image saturation by 40%, the oil stain pollution leads to the
confusion of texture features, and the tree shadow causes the

artifact interference. The crack recognition method in machine
vision provides great impetus for road crack detection. From
traditional image processing, machine learning, and the recent
rise of deep learning-based road crack detection technology, road
detection technology has been widely studied. The future detection
accuracy is expected to exceed 98%, providing accurate data support
for road maintenance decisions (Darshan and Kataware, 2024).
Technological development requires continuous attention to core
issues such as adaptability to complex environments, interpretability
of models, and standardization of detection standards.

The cracking of concrete pavement under different low-
temperature conditions is simulated in this article through
experiments conducted using high and low-temperature test
chambers under the same traffic load.Using digital image processing
methods, cracks in asphalt pavement were processed, and two crack
characteristic parameters, fractal dimension and crack rate, were
proposed to describe the propagation characteristics of cracks.

2 Materials and methods

2.1 Materials

Firstly, impurities in additives such as asphalt, coarse aggregate
(crushed stone), and fine aggregate (natural sand) are removed
through screening and manual inspection. Then, the mixture
comprised asphalt (4.2%), coarse aggregate (41.2%), fine aggregate
(54.0%), and additives (0.6%) by mass. “The aggregates were heated
and dried in a heater at 180°C, then mixed with mineral powder
and additives.” Finally, the asphalt is melted at 160°C and added
to the above mixture, stirred for 1 min to fully mix with the
aggregate, forming an asphalt pavement mixture. The thickness of
asphalt mixture is similar to a ratio of 1:5, with an actual thickness
of 10 cm and a simulated thickness of 2 cm in the experiment.
Use rectangular modules with a length and width of 25 cm. The
load is calculated based on the average traffic flow rate, with
3 vehicles per minute and a total weight of 50 tons per vehicle.
The vehicle typically has 4 wheels on the front axle and 8 wheels
on the rear axle, with a tire ground pressure of 0.66 Mpa. The
vehicle runs every 20 s and moves back and forth. The camera
above takes a picture every 0.5 days. The experimental process is
shown in Figure 2.

2.2 Digital image processing

To address the issues of uneven lighting and noise interference
in road surface images, histogram equalization is used to enhance
contrast and expand the grayscale value difference in crack areas by
30%–50%. Gaussian filtering effectively eliminates asphalt texture
noise and improves the signal-to-noise ratio (SNR) to over 25 dB
through 5 × 5 convolution kernels for smoothing. The image
processing flowchart is shown in Figure 3.

Grayscale transformation. Grayscale images can reduce data
volume, better highlight image brightness information, reduce color
interference in color images, and better analyze image shape and
edge information. Using the averagemethod, the RGB values of each
pixel are obtained, and then added and averaged to obtain a new
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FIGURE 2
Schematic diagram of experimental process.

FIGURE 3
Image processing. (a) RGB→Grayscale; (b) Filter enhancement; (c) Threshold segmentation; (d) Denoising→Binarization.

pixel value. The new pixel value is used as the grayscale value of that
pixel value.

Accurate extraction of edge features. In classic edge detection
algorithms, the Canny operator accurately extracts continuous
crack contours through non maximum suppression and a dual
threshold (high threshold 0.7, low threshold 0.3) strategy, achieving
a localization accuracy of ±2 pixels for linear cracks (Xu et al.,
2017). The Sobel operator utilizes a 3 × 3 gradient template for
fast computation, with a real-time performance of up to 50 F PS,
but is susceptible to false edges caused by oil stains. The Prewitt

operator enhances oblique crack recognition through directional
filtering, resulting in a 15% improvement in the repair effect of
fracture connections for network cracks.

The optimal segmentation threshold is automatically calculated
by the maximum inter-class variance method (Otsu), enabling the
crack area to be separated from the background under uniform
illumination conditions with an accuracy of 78% (Xu et al., 2011; Liu
and Yu, 2009). The improved local thresholding method divides
the image into blocks (32 × 32 pixels) and dynamically adjusts the
threshold by combining it with the neighborhood grayscale mean,
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FIGURE 4
Fractal dimension fitting image ().

thereby improving the segmentation accuracy to 85% in complex
lighting scenes. The region growing algorithm takes seed points as
the core and iteratively expands the crack area through grayscale
similarity, which has a better effect on maintaining the continuity
of curved cracks than traditional segmentation methods.

The global thresholdOtsumethod (OTSU) automatically adapts
the most suitable boundary value by calculating the relative
difference between the foreground and background in the image.
Then, using this as a reference, the grayscale value of a pixel in
the image is compared with the boundary value. If the grayscale
value is greater than the boundary value, the pixel is defined
as white, otherwise it is defined as black. Processed images can
highlight specific features and details, reduce processing difficulty,
and facilitate subsequent analysis of the image.

Calculation of fractal dimension. We use the box counting
method to completely cover the analyzed images with grids of
different sizes r (1 × 1; 3 × 3; 9 × 9…), obtain the number of r
values, calculate log N(r) and log1/(r) ,and use univariate linear
regression analysis to fit the obtained data.We obtain the y = a+ b∗x,
intercept a and slope b, calculate the variance to obtain the degree
of dispersion, and finally analyze Pearson’s (Pearson correlation
coefficient) 0.99998, which is infinitely close to 1, indicating a
strong linear relationship between variables. Finally, we fit the data
to obtain the fractal dimension D (Equation 1). The fitted image
is shown in Figure 4.

D =
log N(r)
log (1/(r))

(1)

r represents the size of the overlay grid; N(r) represents the number
of required r sizes to fully cover the crack area in the image.

The crack rate is defined as the proportion of cracks in a certain
area that occupy the entire area. It can intuitively reflect the severity
of sample cracking. The crack rate reflects the overall damage of the
specimen, and there is a positive correlation between them, and the
worse the overall stability. Firstly, the black or white pixels in the
binarized image are counted, and then multiplied by the actual area

of a single pixel to obtainAcrack.Then use a tapemeasure to calculate
the overall area A of the image, and compare the two to obtain the
fracture rate (Equation 2).

CR =
Acrack

A
(2)

3 Results

3.1 The effect of different temperatures on
asphalt crack rate

From Figure 5, it can be seen that under the four temperature
states, the overall crack rate shows an upward trend with the
passage of simulation time. Among them, the crack rate in the
simulation experiment at −15°C increased the fastest, eventually
reaching 13.25%. Mainly because at this ambient temperature, the
viscoelasticity of asphalt pavement mixture is lost and eventually
becomes brittle at low temperatures. A decrease in temperature can
also cause a rapid increase in the stiffness modulus of asphalt. Under
the same external load, the brittle pavement and the increase in
stiffness modulus will reduce the ability of the pavement to resist
deformation, making it unable to effectively buffer the concentrated
stress generated by vehicles with its own elasticity, resulting in
the pavement reaching the load limit and eventually cracking
more quickly. Compared to the low-temperature state, a slower
increase in the crack rate of asphalt pavement at 15°C was observed
in the simulation experiment, ultimately reaching 10.83%. This
is attributed to the asphalt material being in a viscoelastic state
and exhibiting a certain degree of flexibility. When the vehicle’s
own load acts on the road surface, asphalt can disperse the
load stress generated by the vehicle through plastic deformation,
and can withstand stress for a longer period of time. Cracks
appear the latest and have the lowest crack rate. Compared to
environments at 15°C and −15°C, asphalt gradually transitions
from viscoelasticity to brittleness at intermediate temperatures of
0°C and −5°C. At this point, asphalt still retains some plasticity,
but its ability to disperse loads is slightly weaker than at 15°C,
but higher than at −15°C. Therefore, the crack rates at 0°C and
−5°C are 11.23% and 12.35%, respectively. Overall, cracks are more
likely to occur in low-temperature environments, and under the
same external load, materials in low-temperature conditions are
more likely to reach their tensile strain limit, resulting in a higher
ultimate crack rate.

3.2 The influence of temperature on the
fractal dimension changes of asphalt
cracks

Figure 6 shows the curves of the fractal dimension of the
experimental samples over time at different temperature states.With
the passage of time, the fractal dimension of the experimental
samples at temperatures of 0°C, −5°C, and −15°C showed an
upward trend, while at a temperature of 15°C, the fractal dimension
of the experimental samples first increased and then showed a
certain downward trend. As the temperature rises, the shrinkage
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FIGURE 5
Crack rate versus time curve at different temperatures.

strain of asphalt pavement tends to decrease. Under external loads,
it can absorb and resist more unbalanced stresses, making it
difficult for internal cracks to crack. Compared to low-temperature
environments, asphalt materials at 15°C have higher plasticity and
can be compressed by vehicles under the same vehicle load when
cracks appear, causing some cracks to re heal. However, in low-
temperature environments, the material has lower plasticity and
fewer cracks to heal, ultimately showing an upward trend. The
energy consumption rate of asphalt pavement in low-temperature
environments is lower than that in environments above 0°C, and its
impact absorption ability is weaker. This makes it easier for asphalt
pavement to reach the material limit, and the energy threshold
required for cracks is lower, resulting in earlier crack occurrence.
The appearance of cracks can damage the overall stability of asphalt
pavement, resulting in uneven stress distribution and low plasticity
of the material itself, which cannot be effectively restored. This
weakens the stress around the crack when it is subjected to vehicle
loads, accelerating the appearance of cracks on the surrounding
side. The cycle repeats, and the number of cracks will increase,
ultimately leading to an increase in fractal dimension. The final
fractal dimensions of the experimental samples in the 15°C, 0°C,
−5°C, and −15 °C environments were 1.482, 1.603, 1.673, and 1.757,
respectively. Compared with 0°C, −5°C, and −15°C, the fractal
dimensions of the experimental samples in the 15°C environment
decreased by 7.54%, 14.64%, and 15.65%, respectively. The control
group decreased by 6.05%, 9.98%, and 14.28%, respectively.
Therefore, asphalt pavement materials have lower elastic-plastic
properties and are more prone to cracking in low-temperature
environments.

3.3 The effect of temperature on the total
number of asphalt cracks

As shown in Figure 7- The total number of cracks at 15°C (364)
is 63% higher than that at 15°C (223), consistent with the fractal
dimension trend in Figure 6. This correlation indicates that lower
temperatures not only increase crack density, but also increase crack
complexity. The experimental results showed that the final total
number of cracks at 15°C, 0°C, −5°C, and −15°C were 223, 245,
254, and 364, respectively. During temperature rise,the final total
number of cracks showed a decreasing trend, and over time, with the
change of experimental temperature, the number of cracks increases,
especially at −15°C, where the rate of increase in crack number was
much higher than that of the other three temperature samples. The
surface of asphalt ismainly covered by asphalt, which is a viscoelastic
material. Changes in temperature directly affect the performance
of asphalt. When simulating ambient temperatures between 15°C
and 0°C, asphalt will gradually increase in viscoelasticity as
the temperature decreases, resulting in increased brittleness and
decreased ductility of the overall road surface. Meanwhile, when
the external load vehicle generates tensile stress, cracks will appear
over time, leading to an accelerated crack propagation rate. In
the simulated environment of −5°C to −15°C, the plasticity of
asphalt materials rapidly decreases, brittleness gradually increases,
and ductility gradually loses. The stress generated by external loads
cannot be offset by the material’s ductility, exacerbating the stress
concentration of microcracks. Cracks will be observed earlier and
their number will be gradually increased over time. On the other
hand, at a low temperature of −15°C, the fatigue resistance of asphalt
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FIGURE 6
Fractal dimension versus time curve under different temperature environments (a) the experimental temperature is 15°C; (b) The ambient temperature
is 150°C; (c) The ambient temperature is −5°C; (d) Ambient temperature is −15°C.

mixtures decreases rapidly, resulting in a faster crack propagation
rate compared to environments above 0°C. At the same time,
the stiffness of the contact between the tire and the road surface
increases under low temperature conditions (i.e., the contact stress
increases), and under the same load, the road surface is more prone
to damage and the appearance of a large number of cracks. But
the number of such cracks will not increase infinitely. The overall
number of cracks can be divided into three stages: slow increase,
rapid growth, and eventually flattening. The first stage is attributed
to the fact that a certain degree of plasticity is still retained by the
material when the road surface is first damaged. It can buffer external
stress in a timely manner, resulting in a slow increase in the number
of cracks. However, as the number of cracks continues to increase,
the overall damage of the material becomes severe, and external
loads can no longer be buffered by its own elastic-plastic properties,
leading to a rapid increase in the number of cracks. In the third stage,
the surface is covered by cracks, and stress can no longer be absorbed

by the road surface, being mainly transmitted to the roadbed. The
number of cracks increases gradually and finally tends to be stable.

4 Discussion

The external conditions affecting the performance of asphalt
materials mainly include temperature, light, humidity, load, soil
conditions, etc. Among them, in the application of asphalt pavement,
there are significant temperature differences in different regions,
attention must be paid to the effect of temperature on asphalt
mixture when paving asphalt pavement (Lee et al., 2007; Gong et al.,
2017). Under negative temperature conditions, the brittleness
of asphalt mixture increases, and insufficient tensile strength
can easily lead to shrinkage cracks under external loads. The
accumulation of stress caused by external loads accelerates the
occurrence of pavement cracks (Santos et al., 2018; Isacsson
and Zeng, 1998; Zhang et al., 2014; Xue et al., 2013). As
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FIGURE 7
Variation curve of total crack amount with time under different temperature environment.

FIGURE 8
Crack correlation curves under different temperature environments (a) Relationship curve between maximum fractal dimension and maximum crack
rate; (b) Relationship curve between large fractal dimension and maximum number of cracks.

shown in the Figure 8, with the decrease of experimental
temperature, the maximum crack rate, maximum total number of
cracks, and fractal dimension of the sample all show an increasing
trend, where 15°C < 0°C < 5 °C < −15°C. Therefore, under other
constant factors, the number of cracks is negatively correlated with
temperature, and the lower the temperature, the more cracks there
will be. This only applies to asphalt materials, which are highly
sensitive to temperature. When the temperature is high, the load is

dispersed and transmitted through plastic deformation, while in low
temperature environments, it is dispersed through a rigid skeleton.
However, under repeated load cycles, the fatigue performance of
the material intensifies, and as time goes on, the number of surface
cracks increases.

The current research only focuses on quantitative analysis of
the number of surface cracks on asphalt pavement under different
temperature environments. However, asphalt is not only affected
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by environmental temperature, but also related to asphalt materials
and the presence or absence of additives. Although this experiment
has well verified that pavement is more prone to cracking and
has a shorter failure time under low temperature environments,
there is a lack of relevant research on actual day night temperature
differences. At 15°C, the fractal dimension first increases and
then decreases, attributed to the viscoelastic properties of asphalt:
the initial load leads to the generation of microcracks (fractal
dimension increases); As the temperature increases, the plasticity
of the material increases, and some cracks reopen due to stress
relaxation (fractal dimension decreases). However, the experiment
did not consider the impact of dynamic load fluctuations (such
as changes in vehicle speed) on crack propagation. In the future,
it is necessary to deepen research by combining real-time load
monitoring and multi-scale models. However, the experiment can
provide scientific guidance for subsequent research on temperature
effects, as well as ideas and theoretical references for asphalt
improvement.

5 Conclusion

This article simulates the specific cracking of asphalt pavement
under the same vehicle load in environments of 15°C, 0°C, −5°C,
and −15°C. The cracking behavior of asphalt pavement under
vehicle load cycles was quantitatively described using digital image
processing, and the relationship between fractal dimension and
crack rate was analyzed. The influencing factors of pavement
performance under different environmental temperatures were
analyzed, and the cracking mechanism of asphalt pavement under
different temperature environments was analyzed. The influence of
temperature on fractal dimension and crack rate was discussed.
Based on the above discussion, we have drawn the following
conclusions.

As the temperature decreases, the number of cracks appearing
on asphalt pavement shows an increasing trend. The crack rates
at 15°C, 0°C, −5°C, and −15°C environments are 10.83%, 11.23%,
12.35%, and 13.25%, respectively. Among them, the crack rate
at −15°C is the highest, increasing by 18.26% compared to the
crack rate at 15°C environment. The final fractal dimensions of the
samples in the experimental group at 15°C, 0°C, −5°C, and −15°C
environments are 1.482, 1.603, 1.673, and 1.757, respectively. The
fractal dimensions of the experimental samples at 15°C environment
decreased by 7.54%, 14.64%, and 15.65% compared to 0°C, −5°C,
and −15°C environments, respectively. The total number of cracks
at 15°C, 0°C, −5°C, and −15°C corresponds to 223.245, 254, 364.

In low-temperature environments, the generation and
propagation of surface cracks in asphalt pavement are mainly
affected by material plasticity and impact stress absorption at
different temperatures. When the temperature drops to −15°C,
the viscoelasticity of asphalt mixture significantly decreases, the
material rigidity increases, and the deformation ability sharply
decreases, resulting in its inability to release shrinkage stress through
stress relaxationmechanism. At this point, the temperature gradient
between the asphalt layer and the semi-rigid base layer intensifies,
and the displacement difference caused by the shrinkage of the
base layer forms a stronger stress concentration at the bottom
of the asphalt surface layer, promoting the rapid initiation of

cracks in weak areas. At the same time, low temperature increases
the brittleness of asphalt mixture, and the stress on cracks will
gradually increase, resulting in a chaotic distribution and expansion
of crack propagation (increasing fractal dimension). Compared
to temperature conditions above −5°C, the low-temperature tensile
strength and ultimate strain threshold of asphalt at −15°C are broken
earlier, and microcracks quickly penetrate to form a macroscopic
crack network, resulting in a significant increase in the total number
of cracks and an earlier occurrence time.
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