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A large-stone asphalt mixture (LSAM) is usually used as the base course of asphalt pavement to prevent the generation of cracks.
However, there are few studies on the fracture performance and crack resistance of LSAMs. Under the monotonic tensile loading
mode, the overlay test (OT) was explored to investigate the influence of different test factors on the cracking resistance and
fracture performance. ,e study results indicated that a change in temperature and aging results in a variation in fractal di-
mension, the fracture energy of crack growth is higher than that of crack initiation, and fracture energy is increased to a certain
extent by decreased temperature, an increased loading rate or increased aging. Finally, a constitutive model is established based on
the disturbed state concept (DSC), and the proposed constitutive model is consistent with the test results.

1. Introduction

Cracking is a common type of damage in pavement engi-
neering [1, 2], especially for semirigid base layers. ,e
cracking of asphalt pavement is affected not only by the
thickness and stiffness of the pavement but also by the crack
type and load position relative to the crack. To mitigate the
generation of cracking and delay the propagation of cracks,
technicians worldwide have carried out many studies and
proposed measures to study the initiation and expansion of
cracking. In recent decades, fracture mechanics has been
used as a tool to study this phenomenon. In this framework,
the cracking resistance of asphalt mixtures is determined
using the fracture toughness or fracture energy, which can be
determined using different testing methods, such as semi-
circular bend (SCB) and edge notch disc bend (ENDB)
[3–6]. ,e fracture toughness of asphalt mixture is signifi-
cantly affected by temperature and air voids [7–9]. At low
temperature, the viscoelastic behavior of asphalt mixtures
changes to elastic behavior, which makes asphalt mixtures
have higher stiffness at low temperature, thus improving the

fracture toughness, while increasing the temperature will
weaken the chemical structure of bitumen.With the increase
in air voids in asphalt mixtures, the corresponding fracture
toughness value decreases [10–12], especially for asphalt
mixtures with fine-grained siliceous aggregates. To some
extent, the reduction of air voids reduces the number of
bubbles as the stress concentration and correspondingly
increases the fracture toughness of the material. Asphalt
mixtures are multiphase composite materials, and their
mechanical properties are also affected by the size and
distribution of aggregates [13, 14]. Coarse aggregates can
change the crack propagation path locally, which can im-
prove the fracture resistance of materials under shear
loading [15]. ,e crack propagation path is also affected by
the elastic modulus difference of each component of the
asphalt mixture. Due to the different modulus of aggregates
and asphalt binder, the crack will propagate along the in-
terface of aggregate asphalt binder [16]. From the micro-
point of view, considering the material heterogeneity is
helpful to study the cracking mechanism of asphalt mixtures
[17, 18], the results showed that the pavement stress
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concentration caused by the heterogeneity of asphalt mix-
ture may be one of the main factors leading to pavement
cracking [19]. It is a better solution to use modified asphalt
mixtures to prevent pavement cracking. ,e research shows
that the fracture toughness of modified asphalt mixtures has
been greatly improved [20]. Pirmohammad used SCB tests
to investigate the effects of different crack type on the
fracture toughness of different modified hot mix asphalt
mixtures, and the results showed that modified asphalt
mixtures showed higher fracture toughness values than
unmodified asphalt mixtures [21]. Mixtures containing
crumb rubber (CR) and styrene butadiene styrene (SBS)
have obvious effects on enhancing the fracture toughness of
modified asphalt, and the fracture toughness of modified
asphalt increases greatly than unmodified asphalt mixtures
[22]. Pirmohammad et al. used SCB to investigate the effect
of carbon nanotube modifier on the fracture resistance of
asphalt mixtures [23]. ,e results showed that higher per-
centages of carbon nanotube can improve the fracture re-
sistance of asphalt mixture under pure mode Ι. ,e
application of carbon nanotubes can not only reduce the
phase angle of asphalt binder but also improve the storage
modulus of asphalt binder, which can enhance the perfor-
mance of asphalt binder. In addition, increasing the loading
rate can also improve the fracture resistance [9, 24–26].With
increasing loading rate, the elastic behavior of the asphalt
mixture becomes more obvious. Generally, geosynthetic
interlayers [27, 28] are also used to prevent the initiation and
propagation of reflective cracking. Compared with ordinary
asphalt concrete, large-stone asphalt mixtures (LSAMs)
(which is an asphalt mixture with the largest nominal ag-
gregate size greater than 26.5mm that is used in pavement
construction) have the characteristic of a large particle size,
which can weaken the transmission of stress and strain and
weaken the stress concentration, thus mitigating the initi-
ation and propagation of cracking [13]. ,is may be because
the coarse aggregate in the matrix asphalt mixture provides
better stone-to-stone contact, which can cause higher in-
ternal friction, thus helping to form the skeleton structure
and having a higher impact on the stiffness modulus [29].
Aggregates have a certain interference effect on crack
propagation, can effectively reduce the configuration force at
the crack tip, and significantly improve the crack resistance
of asphalt mixtures. With increasing aggregate size, the
inhibition effect of aggregates on crack growth also in-
creases, which shows that the configuration force of the
crack tip decreases gradually. With increasing aggregate size,
the proportion of mode I cracks decreases [19].

However, at present, the main research on LSAMs is
focused on the grading design method and the formation
method [30]. Hao et al. proposed new laboratory methods
and indexes to characterize segregation by studying the
segregation phenomenon of LSAMs in the process of pro-
duction and transportation and concluded that the Bailey
method is more suitable for the LSAM grading design [31].
Based on the concept of stone-to-stone skeleton structures,
Huang et al. investigated the applicability of the large-scale
Marshall method and compaction method to specimen
formation and determined the best ranges of asphalt content

(3.1%∼3.6%), asphalt film thickness (13∼16 μm), and air void
(13%∼18%), which showed that the LSPM has good water
permeability, rutting resistance, and reflective crack resis-
tance [32]. Mascarenhas et al. used LSAMs to repair two test
road sections in Brazil and used the French wheel tracking
test to study the linear viscoelastic properties of LSAMs. ,e
results show that LSAMs have good rutting resistance [33].

,e above literature shows that there are many studies of
asphalt concrete at present. However, there are few studies
on the fracture performance of LSAMs. ,us, a research
method is proposed to investigate the fracture performance
of LSAMs, and the constitutive equation in a monotonic
tensile test is established based on the disturbed state
concept (DSC).

2. Materials and Test Methodology

In this study, the specimen was composed of an LSAM-30
asphalt mixture. AH-70 matrix asphalt and limestone were
used as the binder and aggregate, respectively. ,e target
gradation of LSAM-30 is shown in Table 1. ,e LSAM-30
test results obtained by the Marshall test are shown in Ta-
ble 2, with the technical specifications of LSAM-30. ,e
optimum asphalt aggregate ratio was determined to be
3.38% by the Marshall test. In accordance with the re-
quirements of the rutting plate, the LSAM specimens were
trimmed to 150mm× 100mm× 60mm from the rutting
plate with dimensions of 300mm× 300mm× 100mm. Be-
fore molding the rutting plate, the loose asphalt mixture was
heated in an oven at 135∘C ± 0.5∘C for 4 hours ±5 min.
,en, the specimens were placed in an oven at 85∘C ± 0.5∘C
for 3 days. Compared to the conventional aging method
where the aging time is fixed at 5 days at 85℃, the aging time
was reduced to 3 days in this study because the conventional
aging time is equivalent to the aging conditions of asphalt
pavement with a service life of 5–7 years, while early cracks
of asphalt pavement appear in the first 2-3 years after
completion. ,e results of asphalt and aggregate testing are
given in Tables 3 and 4.

To propagate cracks in one direction, the temperature is
usually set below 0°C. Stable crack propagation usually needs
to be observed at a higher temperature, generally at ap-
proximately 25°C. In this experiment, the temperature
conditions in Table 5 were selected according to the labo-
ratory conditions and Guangxi climate characteristics.
Another important parameter is the loading rate. Under the
condition of a low loading rate, the asphalt mixture shows
creep characteristics, while under the condition of a high
loading rate, the fracture propagation characteristics of the
asphalt mixture are not obvious. To obtain the stable crack
propagation process, the influence of different loading rates
on the OT test of LSAMs is studied in this paper.

,erefore, using the monotonic tensile OT test [34, 35],
different test conditions for studying the fracture perfor-
mance of LSAM were investigated in this study, including
the loading rate, temperature, asphalt aggregate ratio, and
aging. ,e specific test conditions are shown in Table 5. ,e
experimental loading diagram, OT loading schematic dia-
gram, and load-displacement curve under single tension
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conditions are given in Figure 1. ,e displacement control
mode is adopted in the test, and the test is terminated when
the specimen is completely broken or the opening dis-
placement is 20mm. In the test, epoxy resin was used to
paste the test pieces on the steel plates. ,e spacing between
the steel plates was controlled by a 2mm thick gasket.
Transparent tape was pasted on the gasket to prevent the
glue from sticking with the gasket, which was difficult to
remove. Wood chips were used to evenly smear the glue on
the steel plates, and the amount of glue was fully spread on
the steel plates. After the specimen was pasted, the weight
was placed on the specimen, and the weight and gasket were

removed after 12 h at room temperature. Before the test, the
specimens were placed in an environmental box for heat
preservation for at least 4 h.

3. Fracture Performance and
Constitutive Model

3.1. Expression of the Fracture Performance. ,e primary
output from a typical monotonic OT test is the load-dis-
placement curve, as shown in Figure 1, which is used to
calculate the fracture parameters of the test sample. Figure 1
shows that there are two different stages in crack

Table 1: Aggregate gradation for LSAM-30.

Size (mm) 37.5 31.5 26.5 19 16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
Passing rate (%) 100 97.6 86.6 70.0 63.4 57.1 49.0 34.3 24.0 16.8 11.9 8.2 5.7 4.0

Table 2: Marshall test results and technical specifications for LSAM-30.

Asphalt aggregate
ratio (%)

Volume of air voids,
VV (%)

Voids filled with asphalt,
VFA (%)

Voids in mineral aggregate,
VMA (%)

Marshall stability
(kN)

Flow value
(0.1mm)

3.38% 3.4 59.1 11.9 30 65
Technical
specifications 3∼6 60∼75 >11 >15 40∼70

Table 3: Properties of asphalt material.

Items Units Specification limits Test results Standard
Penetration (25°C, 5 s, 100 g) 0.1mm 60∼80 70.2 T 0604-2011
Ductility (15°C, 5 cm/min) cm ≥100 150 T 0605-2011
Softening point °C ≥46 47.1 T 0606-2011
Density (15°C) g/cm3 1.028 T 0603-2011
RTFO at 163°C for 5 h
Quality change (%) % ±0.8 -0.2035 T 0609-2011
Residual penetration ratio (%) % ≥61 70.5 T 0604-2011
Residual ductility (5°C) cm ≥6 8.6 T 0606-2011

Table 4: Properties of aggregate.

Items Units
Coarse aggregate Fine aggregate

Limits Test results Limits Test results
Crushed stone value % ≤28.0 21.6 — —
Los Angeles abrasion loss % ≤30 18.4 — —
Apparent relative density g/cm3 ≥2.50 2.75 ≥2.50 2.746
Water absorption % ≤3.0 0.79 — —
Content (<0.075mm) % ≤1.0 0.2 — —
Acicular content % ≤15.0 3.2 — —
Methylene blue value g/kg 2.5 1.2

Table 5: ,e specific test conditions.

Temperature Asphalt aggregate ratio Loading rate Aging
Group 1 25°C 3.38% 1mm/min, 2mm/min, and 3mm/min Nonaging
Group 2 5°C, 15°C, 25°C, and 30°C 3.38% 3mm/min Nonaging
Group 3 25°C 3.38%, 3.6%, and 3.9% 3mm/min Nonaging
Group 4 25°C 3.38% 3mm/min Short aging and long aging
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propagation: the crack initiation stage (area A) and the crack
propagation stage (area B).

,e total fracture energy is calculated by

Gf �
1
tb

 f(w)dw, (1)

where f(w) is the load-displacement curve function and t
and b are the thickness and width of the specimen, re-
spectively. ,e fracture energy at the crack initiation stage is
calculated

GA �
1
tb


w2

w1

f(w)dw. (2)

,e fracture energy during fracture propagation is cal-
culated by

GB �
1
tb


w3

w2

f(w)dw. (3)

,erefore, the total fracture energy is calculated by

Gf � GA + GB �
1
tb


w3

w1

f(w)dw, (4)

where ω1, ω2, and ω3 are different displacement corre-
sponding to load-displacement curve, respectively.

3.2. Disturbed State Concept (DSC). DSC [36, 37] is a unified
method to describe the deformation of materials from the
initial state to a new equilibrium state or a failure state under
the action of external factors. It is used to investigate the
constitutive model of engineering materials. In DSC, ma-
terials are considered to be a mixture of two interacting
materials in the relatively intact state (RI) and fully adjusted
state (FA). It is considered that external loading disturbs the
material structure and changes the internal microstructure
of the material. ,e disturbanceD is generally defined by the
relationship of the observed state, RI, and FA, and the be-
havior of materials in any specific state can be expressed by
the disturbance D using the response of two basic states’ (RI
and FA) equations (5). Figure 2 shows a schematic diagram
of the mechanical response of a material in a DSC model:
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Figure 1: OT schematic diagram (mm), sample setup, and load vs. displacement during a typical monotonic OT test.
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dσa
ij � (1 − D)dσi

ij + D d σc
ij + D d σc

ij − σi
ij , (5a)

dσa
ij � (1 − D)C

i
ijkldε

i
kl + DC

c
ijkldε

c
kl + D d σc

ij − σi
ij ,

(5b)

where σij and εkl are stress and strain, respectively,Cijkl is the
elastic coefficient, and superscript a, i, and c represent the
observation state, RI, and FA, respectively.

,e RI generally represents the initial structural state of
the material, excluding the factors of microcracks and
damage. Generally, it is defined by theoretical models, such
as the linear elastic model, the elastic-plastic model, or the
viscoelastic plastic model. It is assumed that RI is a linear
elastic model. Finally, for homogeneous and isotropic ma-
terials, the elastic coefficient tensor is σi

ijkl � E0 in the
uniaxial stress state, where E0 is the elasticity modulus.

σi
ij � E0ε

i
ij, (6)

where σi
ij and εi

ij are the stress and the strain in RI,
respectively.

,e FA, which is defined based on the approximation of
the ultimate asymptotic response of the material, cannot be
observed and measured in the laboratory Figure 2. Materials
in FA are similar to bubbles in solid materials, which are
randomly distributed. ,is part of the material can bear a
load. Only after the final adjustment is the material com-
pletely damaged and will not bear a load. ,e FA is defined
as the critical tensile stress when the material breaks in
uniaxial tension in this study.

,e disturbance D represents the coupling mechanism
between the RI and FA states and is defined by deviations in
observed behaviors and from the RI or FA state. In a
monotonic tensile test, the secant slope of each point of the
load-displacement curve to the origin decreases with the
increase in tensile displacement. ,erefore, the disturbance
D is defined by

D �
E

i
− E

a

E
i
− E

c
, (7)

where E is the secant slope of each point of the load dis-
placement curve to the origin. ,e relationship between the
disturbance D and the nominal strain is established by

D � Du 1 − exp −Aεz
( ( , (8)

where ε � (Dmax/d0) is the nominal tensile strain,Dmax is the
displacement measured in the test, and d0 is the gap between
the base plates, A, Z, and Du are fitting parameters, and exp
is a power function. ,erefore, the disturbance constitutive
model of LSAM is expressed by

dσa
ij � (1 − D)E dεi

ij + dD σc
ij − Eσi

ij . (9)

4. Results and Discussion

4.1. Influence ofDifferent Factors on theFracturePerformance.
,e load-displacement curves and the test results are shown
in Figure 3 and Table 6, respectively, under different test
conditions. Both Figure 3 and Table 6 show that the enclosed
area in the load-displacement curve in the crack propagation
stage is larger than the enclosed area in the crack initiation
stage, indicating that the energy for crack initiation is less
than that for crack propagation.

In Figure 3(a), it can be seen that there was no significant
difference between the mechanical properties and load-
displacement curves obtained from the loading rates of 3
(mm/min) and 4 (mm/min). However, the mechanical
properties and load-displacement curves obtained from the
loading rate of 5 (mm/min) were significantly higher than
those of 3 (mm/min) and 4 (mm/min). ,is result indicates
that different loading rates have an influence on the fracture
performance. By and large, the test results are consistent
with the law that the strength increases with the increase of
the loading rate. ,e possible reason is that the uneven
distribution of coarse aggregates in LSAMs results in de-
viations in the test results. ,e coarse aggregates change the
crack propagation path in the vertical direction, resulting in
inclined cracks from the bottom to the loading end. ,is
changes the stress state of the specimen and further increases
the probability of the specimen separating from the contact
surface of the bottom and the fixture. ,e bending stress in
the specimen increases, which changes the stress state of the
specimen. ,e loading end needs to share part of the load to
overcome the bending stress, which makes the measured
peak load increase.

As shown in Table 6, the total fracture energy Gf, the
fracture energy in crack propagation GB, and the peak load
generally show an increasing trend with the increase in the
loading rate. ,e fracture energy of crack initiation mea-
sured at the higher loading rate is also higher. ,erefore, to
reduce the influence of the loading rate, a loading rate of 3
(mm/min) is adopted in the subsequent tests in this study.

As shown in Figure 3(b), there is no significant effect on
the load-displacement curve by changing the asphalt ag-
gregate ratio. ,e three load-displacement curves basically
coincide before the peak point, and the influence of the
asphalt aggregate ratio on the peak load is not obvious. ,e

Relative intact
Relative intact

Observed Observed

Fully adjusted Fully adjusted

1–
D

D

Disturbance
σ

ε

Figure 2: Schematic of stress vs. strain behavior in DSC.

Advances in Civil Engineering 5



Table 6: Test results of LSAM.

Standard 4mm/min 5mm/min 3.6% 3.9% 5°C 15°C 30°C SA LA
N (kN) 1.907 2.434 3.228 1.834 2.085 4.603 3.731 0.933 2.771 3.281
GA (J/m2) 374.579 462.171 972.597 195.274 318.373 1605.106 1603.09 77.337 282.17 396.862
GB (J/m2) 802.282 717.962 1111.641 633.48 800.072 1971.753 1540.593 606.976 759.138 1184.7
Gf (J/m2) 1176.861 1180.133 2084.238 828.921 1118.445 3576.859 3143.683 684.313 1041.309 1448.502
Note. ,e standard in Table 6 indicates that the test conditions are as follows: loading rate of 3mm/min, asphalt aggregate ratio of 3.38%, temperature of 25°C,
and nonaging.
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Figure 3: Load-displacement curves of LSAM with monotonic OT corresponding to the (a) loading rate, (b) asphalt aggregate ratio, (c)
temperature, and (d) degree of aging.
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mechanical properties of the asphalt aggregate ratio of 3.6%
are worse for the three different asphalt aggregate ratios.

As shown in Figure 3(c) and Table 6, the peak load and
fracture energy GA, GB, and Gf decrease with increasing
temperature. In the higher temperature environment (25°C
and 30°C), the LSAM has certain ductility characteristics,
and the load-displacement curves are relatively smooth and
have a relatively large displacement. As the temperature
increases, the peak load decreases, as does the tensile
strength. In contrast, the slope of the load-displacement
curve increases with the decrease in temperature in crack
propagation. In a lower temperature environment (5°C and
15°C), the load will gradually increase with the increase in
displacement until specimen fracture, after which the load
will decrease. Instantaneous fractures in point A and B in
Figure 3(c) will occur as the temperature drops to 5°C, which
indicates that the brittle behavior of LSAM is obvious in a
low-temperature environment, the propagation rate of
cracking is faster, and the propagation stage is short. ,is is
also a common feature of asphalt mixtures.

By and large, the test is consistent with the law that the
tensile displacement of the asphalt mixture decreases with
decreasing temperature. In the high-temperature environ-
ment, the main crack propagation needs to bypass the coarse
aggregate, which changes the aggregate propagation path
and makes the crack deviate from the vertical path. ,e
results show that there is an obvious crack propagation stage,
the tensile displacement increases continuously after the
peak load, and the load-displacement curve shows an ob-
vious softening stage. In a low-temperature environment,
asphalt mixtures show brittleness, decreasing in ductility and
in tensile displacement. ,ere is no obvious softening stage
in the load-displacement curve. In addition, sliding failure
also occurs on the contact surface between the specimen and
the fixture, which is also the reason for the increase in
displacement.

Figure 3(d) indicates that the load-displacement curve
for long-term aging at 3 days is significantly higher than that
for short-term aging and nonaging. ,e slope of the
descending section of the load displacement curve increases
with increasing aging, which indicates that the cracking rate
is faster after aging. As shown in Table 6, the peak load
increases gradually as aging increases, and the crack
propagation fracture energy (GB) and the total fracture
energy (Gf) have an increasing trend with the increase in
the degree of aging.

,e decrease in temperature and the increase in the
loading rate and degree of aging have obvious effects on the
mechanical behavior of the test, which makes the material
behavior change from viscoelastic behavior to elastic be-
havior. ,e peak load of the test is increased, but the tensile
displacement is not significantly reduced. ,is makes the
fracture energy increase to a certain extent. ,is is related to
the size of the specimen and the size of the aggregate. Since
the coarse aggregate changes the crack propagation path,
obvious large deformation characteristics can be observed
on the whole side of the specimen. In addition, the cracks
will also expand along the horizontal direction, which makes
the measured displacement increase. ,e longer the crack

propagation path is, the longer the time it takes for the crack
to gradually expand from the bottom of LSAM to the asphalt
pavement surface under the same load and the more the
energy is required for propagation of reflection cracks,
which can delay the crack propagation. In addition, some
slip deformation can be observed at the interface between
the specimen and the fixture, which also increases the
displacement. ,ese two aspects indicate that the LSAM has
a positive effect on inhibiting fracture propagation.

4.2. FractalCharacteristics of Fractures. Asphalt mixtures are
a type of composite material with complex geometric
characteristics, and the internal microporous structure has
fractal characteristics after fracture. In this study, the box
dimension is used to describe the fractal characteristics of
the fracture surface. After obtaining the original picture of
the fracture surface Figure 4, Photoshop CS6 and MATLAB
R2017a are used to process the original picture and obtain
the high definition area as the calculation area. Next, the
original image is converted to a grayscale image. ,e Otsu
algorithm [38] is used to segment the image to obtain a
binary image of the cracks, as shown in Figure 4. Using
different mesh sizes ε to segment the binary image, MAT-
LAB R2017a is employed to obtain the mesh number N of
covering cracks corresponding to different mesh sizes. ,e
sequence (log(1/ε), log N) is plotted in double logarithmic
coordinates, and the fracture is considered to have a fractal
characteristic if there is a good linear correlation between
log(1/ε) and log N. An example of the original fracture
photograph and the binary image of the asphalt aggregate
ratio of 3.6% are shown in Figure 4, while Table 7 shows the
box dimension calculation results. As shown in Figure 4,
log(1/ε) and log N have a good linear relationship, with a
correlation coefficient greater than 95%. ,is indicates that
the fracture surface of LSAM has an obvious fractal char-
acteristic and that fractal theory is suitable to investigate the
fracture performance of LSAM.

,e fracture energy represents the energy for crack
growth per unit area.,e calculation of the fracture energy is
inseparable from the fracture surface area such that the
higher the fractal dimension is, the more complex the
fracture geometry path is and the higher the fracture energy
is. Table 7 shows the calculation results of the fractal di-
mension under different conditions. It can be seen from the
previous discussion that the brittleness of LSAM is obvious
in the low-temperature environment, and after aging, the
fracture load is higher, the fracture energy is larger, the
fracture surface is more zigzag and complex, and the fractal
dimension is larger.

4.3. Disturbed Constitutive Model. Figure 5 shows the
stress-strain relationship under different test conditions,
which indicates that the theoretical calculation results are
consistent with the test results and that the model
proposed in this study can basically reflect the mechanical
response of LSAM under uniaxial tensile tests. ,e the-
oretical calculation results are very close to the test results
before the peak load, but the load-displacement curve
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Figure 4: Fracture diagram of specimens and a binary image of a LSAM specimen (asphalt aggregate ratio� 3.6%).

Table 7: Test results of fractal dimensions for LSAM.

5°C 15°C 25°C 30°C SA LA 3.6% 3.9%
Fractal 1.496 1.443 1.418 1.403 1.455 1.531 1.261 1.333
Note: the test results in the 25°C column in the table are under the conditions of nonaging and an asphalt aggregate ratio of 3.38%.
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Figure 5: Continued.
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calculated by the model in the softening stage deviates
from the test results after the peak load. ,e deviation
between the experimental and theoretical models has
both the problems of the model and the reasons for the
test itself. Due to the characteristics of LSAM (such as
heterogeneous materials), the determination of the
critical value has a greater discreteness and randomness,
which inevitably leads to a deviation between the theo-
retical calculation results and test results. ,erefore, it is
necessary to further study the mechanical response of
LSAMs.

During the single tension test at 5°C, the specimens show
obvious brittle behavior. With the increase in tensile dis-
placement, the load increases gradually until the load rea-
ches the peak; then, the specimen suddenly breaks. And,
there is no obvious crack propagation process and softening
stage in the load-displacement curve, but the constitutive
model is a continuous equation, which can reflect the
softening phenomenon of loading. ,is leads to the obvious
difference between the measured curve and the calculated
curve in the softening stage.

5. Conclusions

An OT with a monotonic tensile test was carried out under
different loading rates, different temperatures, different
asphalt aggregate ratios, and aging. A constitutive model was
established based on the disturbed state concept. ,e con-
clusions are as follows:

(1) ,e fractal dimension can be used as an evaluation
index for the fracture performance such that the
higher the fractal dimension is, the higher the

fracture energy is. Decreasing temperature and aging
result in a slight variation in fractal dimension.

(2) ,e fracture energy of crack propagation is higher
than that of crack initiation.,e total fracture energy
(Gf), the crack propagation fracture energy (GB),
and the peak load increase with the increase in the
loading rate; the fracture energy parameters (GA, GB,
and Gf) decrease with the increasing in temperature;
the fracture energy of crack propagation (GB) and
the total fracture energy (Gf) increase with the
increasing in aging.

(3) Aging and low temperature can improve the tensile
strength to a certain extent but weaken crack
propagation, which indicates that aging and cooling
can accelerate the crack growth rate. LSAM more
easily cracks before reaching the tensile strength in a
low-temperature environment, but it can still be
loaded continuously until the tensile strength is
reached.

(4) ,e constitutive model of LSAM is established based
on DSC. ,e calculation results are consistent with
the test results, which can be used to predict the
mechanical response under a uniaxial tensile test.

Abbreviations

GA, GB, andGf: ,e fracture energy corresponding to
area A, area B, and area A + B in force-
displacement curve

f(w): ,e load-displacement curve function
t and b: ,e thickness and width of the specimen,
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Figure 5: Comparisons between the test and model corresponding to the (a) loading rate, (b) temperature, (c) asphalt aggregate ratio, and
(d) degree of aging.
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ω1, ω2, andω3: ,e different displacement in load-
displacement curve

σij, εkl, and Cijkl: ,e stress tensor, strain tensor, and elastic
coefficient

E0: Elasticity modulus
Dmax and d0: ,e displacement measured in the test

and the gap between the base plates
A, Z, and Du: Fitting parameters
exp: A power function
ε: ,e nominal tensile strain
LA: ,e long aging
SA: ,e short aging
Non: Nonaging.
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