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�is paper built a three-dimensional layered structure model of semirigid base asphalt pavement with single and double transverse
re�ective cracks based on the Extended Finite Element Method and fatigue fracture theory. �e e�ects of the number of cracks,
crack spacing, and crack length on the stress intensity factors (KI, KII, and Ke�) under moving vehicle loads were studied. �e
fracture life of the asphalt pavement structure was calculated based on the Pairs formula. �e results demonstrate that re�ective
cracks in semirigid asphalt pavement are composite cracks of type I and type II under moving vehicle loads, and shear fracture is
the main reason for the failure of the base.�e damage to the pavement base will be accelerated with the increase in the number of
cracks and the length of the cracks. As the distance between the two re�ection fractures is closer, the interaction between the cracks
has a superimposed enhancement e�ect on the crack propagation. Compared with the single nonpenetrating crack model, the
fatigue life of the nonpenetrating re�ective crack in the double crack pavement structure with a crack spacing of 30 cm is reduced
by 46.87%. �e research on the propagation mechanism of re�ective cracks in this paper provides the essential theoretical and
numerical basis for the design, construction, working condition evaluation, and maintenance of pavement structures.

1. Introduction

Due to the characteristics of solid integrity and high bearing
capacity, semirigid base asphalt pavement has become a
common pavement structure form of high-grade highways
in China. �e microcracks, generated during the strength
formation process of the cement-stabilized macadam base,
are easily aggregated to form macro-cracks and expand
under the action of temperature changes, tra�c loads, and
other factors [1]. At present, the problem of re�ective cracks
has become one of the primary failure forms of semirigid
base asphalt pavement structures and has received extensive
attention from scholars.

In recent years, scholars have conducted in-depth re-
search on the generation, expansion, and suppression
mechanism of re�ective cracks by using the boundary ele-
ment method [2], meshless method [3], and �nite element
[4]. Due to the maturity, economy, and reliability of solving

complex problems of �nite element software, the �nite el-
ement method is widely used in solving complex dynamic
response problems of pavement structures under moving
wheel loads. Some researchers use a simpli�ed two-di-
mensional �nite element model to study the in�uence of the
base crack length and crack inclination angle [5, 6], di�erent
pavement materials [7], vehicle speeds, axial loads [8], and
other factors on the propagation of re�ective cracks. To a
certain extent, the two-dimensional pavement model can
re�ect the propagation mechanism of re�ective cracks under
environmental load. However, the cracks do not expand
uniformly in the road cross section, and the three-dimen-
sional pavement model can better re�ect the actual state of
the pavement structure.

In order to accurately capture the in�uence of vehicle
loads on crack initiation and propagation, Garzon and
Duarte [9] used the �nite element method combined with
fracture mechanics theory to establish a 3D model of the
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airport road and used the method of preset interlayer cracks
to predict the cracking of each layer of pavement during use.
)e results show that the reflective cracks of the airport road
are mixed cracks, and the cracks exhibit significant chan-
neling under some loading conditions. Li et al. [10] calcu-
lated the fracture factor in pairs formula through
experiments and used its predicted value to carry out three-
dimensional numerical simulation of reflective cracks in an
asphalt overlay of cement concrete pavement.)e numerical
calculation results of asphalt overlay fatigue are in good
agreement with the indoor tests. )e degree of crack
propagation is often described using the stress intensity
factor (SIF), from which researchers can directly understand
the cracking process. Elseifi et al. [11] set singular elements at
the crack tip and calculated SIF of different contour lines,
and the results proved the applicability of the stress intensity
factor in 2D and 3D pavement models. Alae et al. [12]
established a three-layer three-dimensional model of asphalt
pavement with cracks based on the given ambient tem-
perature and vehicle working conditions. )e model
revealed that the cracks of asphalt pavement are mainly
typed I + II fractures. Low-speed driving is more unfavorable
to crack propagation. )e main disadvantage of cement-
stabilized macadam in semirigid base asphalt pavements is
fatigue cracking under traffic loads over time [13]. Zhang
et al. [14] compared the mechanical response and fatigue
damage of semirigid base asphalt pavement structure before
and after repairing reflective cracks with polymer by finite
element method. Wang and Ma [15] developed an interlayer
contact bonding model to simulate the local bonding state
between adjacent layers, and using the established semirigid
base asphalt pavement structural model, the effect of tem-
perature on the separation area between the asphalt concrete
layer and the base was calculated and analyzed. Wang and
Yang [16] used the extended finite element method (XFEM)
to study the reflection crack mechanism of semirigid asphalt
pavement under the combined action of temperature and
vehicle load.

In summary, scholars have made many research
achievements in the properties of pavement structural
materials, the generation of single reflective cracks, and the
mechanism of fatigue propagation. However, it is not dif-
ficult to find that the influence of multiple reflective cracks
on semirigid base asphalt pavement remains to be studied.
On the basis of considering the viscoelastic characteristics of
asphalt mixtures, this paper examines the dynamic behavior
of semirigid pavement structures with multiple reflective
cracks under the moving load of vehicles. )e research
described in this paper focuses on the effects of crack
number, crack spacing, and crack length on the stress in-
tensity factor at the tip of reflective cracks and reveals the
propagation mechanism of multiple reflective cracks.

2. Methods

2.1. Stress Intensity Factor. Fracture mechanics have been
widely used in crack analysis in pavement engineering [17].
Due to the influence of the stress singularity at the crack tip,
the stress is difficult to accurately evaluate the working state

of the discontinuity problem. Generally, the stress intensity
factor is used to describe the crack propagation trend. )e
reflective cracks in the base layer mainly exhibit open crack
and sliding crack propagation behaviors under the action of
moving loads. )e displacement field near the tip of a re-
flective crack can be expressed using the following equations:
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where G is the shear modulus. u and v are the displacements
along the x and y axes, which are functions of time t. In the
plane strain state, χ � 3 − 4μ. r is the distance from the
calculation point to the crack tip point. θ is the angle be-
tween the polar coordinate system and the line connecting
the calculation point and the crack tip point. KΙ and KΙΙ are
the stress intensity factors of type I and type II at the crack
tip, respectively.
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)e stress intensity factor at the crack tip can be obtained
using the extrapolation method of node displacement. If
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)erefore, the stress intensity factor of type I can be
derived from the vertical displacement field.)e value of KΙΙ
is obtained in the same way.

)e Pook criterion [18] is used to calculate the effective
stress intensity factor of composite cracks (I + II), and Keff
can be defined using the following equation:
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2.2. Extended Finite Element Method. When the traditional
finite element method calculates and simulates the static
reflection crack in the semirigid base, it is necessary to use
the singular mesh method due to the singularity of the stress
at the crack tip. )is requires additional nodal processing
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and refinement of the elements at the tip of the reflection
crack during meshing. A large number of meshes will cause
computational difficulties, especially in 3D models. )e fi-
nite element software ABAQUS provided the Extended
Finite Element Method (XFEM) to solve this problem [19].
Based on the idea of unit decomposition, the XFEM adds a
jump function to reflect the displacement discontinuity
characteristics of the reflective crack region in the pavement
structure.

ψ(x) � 
I

NI(x)qIΦ(x) 
I

NI(x) � 1, (5)

where qI is a parameter to make the expression reach the
conforming approximation. NI(x) is a jump function, and
Φ(x) is an extended function. )e XFEM uses the following
equation to simulate cracks:

u
k

� 
I

NI(x)uI + 
J

NJ(x)qJΦ(x), (6)

where qj is to adjust the function Φ(x) to achieve the best
approximation.

2.3. Crack Fatigue Propagation4eory. )e Paris formula is
currently the most commonly applied fatigue crack prop-
agation model [20]. After the stress cycle is loaded N times,
the crack propagation length is C. )en, the stress is cycled
once, and the crack growth is ΔC/ΔN (mm/time). Its dif-
ferential form dC/dN is shown in

dC

dN
� A(ΔK)

n
. (7)

)e number of load cycles is obtained by integrating the
above equation.
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1
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h
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1
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where ΔK is the variation amplitude of the stress intensity
factor under a given load. A and n are the fracture pa-
rameters of the material, which can be determined experi-
mentally. C is the length of the crack. N is the cumulative
fatigue action time of the standard axle load. h is the
pavement thickness.

)e pavement fatigue life can be calculated by inte-
grating ΔK, where A and n are the key parameters for
fracture fatigue analysis.

3. Pavement Simulation Model

In the field of road engineering, the method of finite element
numerical analysis is usually used to study the mechanical
characteristics of reflection cracks. In this section, based on
ABAQUS finite element software and XFEFM module, a
subroutine for realizing moving load is written, and the
effect of horizontal friction between tire and road surface is
considered, and the cracking mechanism of multiple re-
flective cracks in semirigid pavement structure under traffic
load is analyzed.

3.1.ModelDescription. )e pavement model’s length, width,
and height are 6m, 6m, and 4m [21].)e pavement structure
consists of six layers: SBS-AC13, SBS-AC20, A70-AC25,
cement-stabilized base, cement-stabilized subbase, and
natural soil, as shown in Figure 1(a). Figure 1(b) is the mid-
section of the road model along the Z axis. )ere are two
reflective cracks in the pavement structure. A reflective crack
transversely penetrates the base along the Y axis, and there is
a parallel reflective crack not penetrating the base on the left.

)e material parameters of semirigid base asphalt
pavement structures are shown in Table 1. )e asphalt
mixture has obvious viscoelasticity, while the remaining
layers are calculated as linear elastic materials. )e visco-
elastic characteristics of asphalt mixtures are described by
the generalizedMaxwell model in the present paper, which is
composed of n parallel Maxwell elements and a linear elastic
spring element in parallel. )e stress relaxation modulus at
reference temperature T0 is

E T0, t(  � Ee + 
n

i�1
Eiexp −

t

τi

 , (9)

where Ee is the elastic modulus of the spring element. Ei and
τi are the elastic modulus and relaxation time of the i th
Maxwell Table 2model spring, respectively. )e Prony pa-
rameters in ABAQUS finite element software are consistent
with the mathematical expression of (9); hence, it can
commendably express the viscoelastic properties of the
asphalt mixture. Table 1 shows the Prony parameters of the
asphalt layer at 20 °C [22].

3.2. Basic Assumptions and Boundary Conditions. When
calculating the pavement structure model, it is necessary to
make the following assumptions about the pavement model
materials and boundary conditions: (1) the pavement
structure is an infinite system of half-space; (2) the materials
of each structural layer are homogeneous and isotropic; (3)
displacement between layers is continuous; (4) stress, strain,
and displacement are all zero in infinite depth of soil; (5)
there is no displacement at the bottom of pavement model,
and the displacements of the x-axis and the z-axis of the
transverse and longitudinal sides, respectively, are con-
strained to be zero.

)e bottom surface of the pavement model is completely
fixed (U1�U2�U3� 0, UR1�UR2�UR3� 0). )e two sides
of the model perpendicular to the Z axis limit the dis-
placement in the Z direction and the rotation in the XY
direction (U3� 0, UR1�UR2� 0), and the two sides per-
pendicular to the x-axis limit the displacement in the X
direction and the rotation in the YZ direction (U1� 0,
UR2�UR3� 0).

3.3. Moving Traffic Load Setting and Mesh Division. )e
movement of the load is realized using the ABAQUS soft-
ware user subroutine. )e DLOAD and UTRACLOAD
subroutines specify the variation of the amplitude of the
distributed load (F) as a function of time (TIME∗) in a
specific coordinate system (COORDS∗). UTRACLOAD
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(a)

Asphalt upper layer
Asphalt middle layer

Asphalt bottom layer

Semi-rigid base

Nonpenetrating crack

Subbase

Subgrade

d

h
Penetrating crack

load moving direction

(b)

Figure 1: Pavement model. (a) Overall structure diagram of semirigid base asphalt pavement. (b) Mid-section along the Z axis.

Table 1: Properties of layers.

Layer Material Young’s modulus (MPa) Poisson’s ratio )ickness (cm)
Asphalt concrete upper layer SBS-AC13 - 0.35 4
Asphalt concrete middle layer SBS-AC20 - 0.35 6
Asphalt concrete bottom layer A70-AC25 - 0.35 8
Semirigid base Cement-stabilized macadam 1500 0.25 30
Subbase Cement-stabilized gravel 1300 0.3 30
Subgrade Compacted soil 250 0.35 -
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needs to additionally specify the direction of shear stress by
using the vector (T_USER∗). )e relevant Chinese regula-
tions stipulate that the design of asphalt pavement adopts a
single-axle-two-wheel set axle load with an axle load of
100 kN (BZZ-100) as the design axle load. When the vehicle
is parked on the road surface, the pressure on the contact
area of the road surface is 0.7MPa. At the same time,
considering the influence of horizontal force, the rolling
friction coefficient is taken as 0.05; that is, the horizontal
friction force is 0.035MPa, and the load direction is opposite
to the driving direction. According to the relevant research
[23], the shape of the tire ground contact is close to a
rectangle with the increasing of axle load. )e traffic load
area is set up as two parallel rectangular areas with a length
of 4m, a width of 0.192m, and a spacing of 0.134m. )e
simulated vehicle load moves at a speed of 80 km/h in this
area.

To increase the calculation accuracy of the model, a
relatively fine mesh size was adopted along the truck wheel
path, where the stresses and displacement are higher. As
seen in Figure 2, the dense mesh was used near the reflective

crack and load moving area, while a relatively coarse mesh
size was adopted far away from the loading area. C3D8R was
selected as the grid type, and the total number of finite
elements after meshing is 206232.

For the mechanical behavior inside the pavement
structure under vehicle loads, there is a superimposed in-
terference effect between the cracks when the two cracks are
close to each other. )e effect will gradually decrease with
the distance between the cracks increasing. In this paper, the
effect of horizontal crack spacing and nonpenetrating re-
flective crack height on the propagation of multiple reflective
cracks structure of semirigid pavement is studied.

4. Results and Discussion

4.1. Effect of Length (h) on Single Nonpenetrating Crack
Propagation. First, the dynamic response of pavement with
single nonpenetrating reflective cracks under moving loads
is calculated. Figure 3 shows the peak value of the effective
stress intensity factor (Keff-max) for nonpenetrating cracks
with different lengths. It can be seen from Figure 3 that the

Table 2: Prony parameters of each asphalt mixture.

Relaxation time τi/s
Relative shear modulus gi

SBS-AC13 (Instantaneous
modulus 1550MPa)

SBS-AC20 (Instantaneous
modulus 1250MPa)

A70-AC25 (Instantaneous
modulus 2450MPa)

0.00001 0.31288 0.42854 0.34127
0.0001 0.20212 0.18515 0.20200
0.001 0.21377 0.17640 0.21428
0.01 0.14498 0.11444 0.14543
0.1 0.06803 0.05524 0.06354
1 0.02679 0.02179 0.02084
10 0.01078 0.00858 0.00674
100 0.00428 0.00328 0.00224
1000 0.00264 0.00204 0.00121
Note. Asphalt material parameters are taken at 20 °C.

load moving area

penetrating crack

Nonpenetrating crack

Figure 2: Finite element mesh of the pavement structure.
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Figure 3: Keff-max of single nonpenetrating crack time history
curve with various lengths.
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peak value of the effective stress intensity factor increases
with the increase of crack length. When the crack length is
250mm, the Keff peak value increases by 161.03% compared
with 50mm.

4.2. Effect of Spacing (d) on Multiple Crack Propagation.
In this section, the y-direction length of the nonpenetrating
reflective crack is 25 cm. )e effect of crack spacing on the
stress intensity factor of multicrack pavement structures is
studied by changing the horizontal distance between two
reflective cracks (d� 0, 100, 200, 300, 400, 500mm), in which
d� 0 means that there is only one reflection crack through
the base layer.

4.2.1. Effect on Penetrating Crack. Figure 4 presents the
stress intensity factors of penetrating crack time history
curves with various spacings. It can be seen from Figure 4(a)
that the interference effect between the two cracks is more
evident when the crack spacing is 100mm and 200mm. As
the load moves to the plane where the crack is located, KI of
the through crack is a positive value, and the through crack
has a trend of type I expansion at this time. Except for the
crack spacing of 100mm and 200mm, the value of KI is
negative. )e fracture surfaces are pressed against each
other, and there is no crack growth of type I. )e value of KI
reaches a positive peak as the load moves along the x-axis
near the top of the crack. It is not difficult to know that as the
horizontal distance of the fracture gets closer, the peak value
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Figure 4: )e SIF of the penetrating crack time history curve with various spacings. (a) KI; (b) KII; (c) Keff; (d) Keff-max.
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is more considerable, and the time point of reaching the peak
value is also earlier. Over time, the moving load will move
away from the reflective crack.)e value of KI decreased to a
negative peak and then gradually increased and approached
0.

Figure 4(b) shows the stress intensity factor of the shear
mode time history curve. As the load moves across the
upper part of the penetrating crack, the value of KII
gradually increases to a positive peak. )e shear direction
changes, and KII decreases to a negative peak value after the
moving load passes through the plane of the reflective
crack. Overall, the value of KII decreases with the increase
of fracture spacing.

)e effective stress intensity factor, calculated by the
Pook criterion, is convenient to investigate the compre-
hensive expansion of the penetrating crack at different
spacing. It can be observed in Figure 4(c) that the Keff time
history curve as a whole presents a “saddle shape.” Keff
reaches the peak value before the moving load passes by the
plane where the reflective crack is located. Reflective cracks
exist in the form of opening and shear failure. Under the
action of friction and shear on the road surface, Keff
gradually decreases with time and then suddenly increases to
the subpeak value. )e cracks exhibit shear failure due to the
closure of the cracks under compression. Compared with a
single penetrating reflective crack, increasing the number of
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Figure 5: )e SIF of nonpenetrating crack time history curve with various spacings. (a) KI; (b) KII; (c) Keff; (d) Keff-max.
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cracks in asphalt pavement structure will significantly im-
prove the Keff value of penetrating cracks. As shown in
Figure 4(d), the Keff peak value generally indicates a de-
creasing trend with the increase of the crack spacing. )e
Keff-max value at the crack spacing of 100mm increases by
67.70% compared with the single penetrating crack. )e
effect of crack spacing on the Keff peak value gradually
weakened after the crack spacing was increased to 300mm.
)e Keff-max when the crack spacing is 500mm only in-
creases by 13.25%. What is more, it can be observed that the
stress intensity factor under shear failure condition, in
general, is more significant than that under opening failure.
)erefore, shear failure is the main reason for the appear-
ance of reflective cracks in the pavement.

4.2.2. Effect on Nonpenetrating Crack. Figure 5 presents the
stress intensity factors of the nonpenetrating crack time
history curve with various spacings. As the load moves over
the asphalt pavement, the value of KI first increases rapidly
to decrease to a negative peak and approaches 0 smoothly.
As the load moves to the reflective crack, the value of KI is a
positive value under the action of friction force and pressure,
and the crack is in an opening mode expansion state. )e
value of KI changes from positive to negative after the load
passes by the plane where the reflective crack is located. )e
horizontal friction closes the crack as it causes the crack
surface to be squeezed.

Similar to Figure 4(b), Figure 5(b) shows that the value of
KII first gradually increased to a positive peak, then rapidly

KI
 (K

Pa
·m

1/
2 )

-20

0

20

40

60

80

0.03 0.06 0.09 0.12 0.15 0.180.00
Time (s)

h=50 mm
h=100 mm
h=150 mm

h=200 mm
h=250 mm

(a)
KI

I (
KP

a·m
1/

2 )

-100

-50

0

50

100

0.03 0.06 0.09 0.12 0.15 0.180.00
Time (s)

h=50 mm
h=100 mm
h=150 mm

h=200 mm
h=250 mm

(b)

Ke
ff 

(K
Pa

·m
1/

2 )

-20

0

20

40

60

80

100

120

140

160

0.03 0.06 0.09 0.12 0.15 0.180.00
Time (s)

h=50 mm

h=150 mm
h=100 mm

h=200 mm
h=250 mm

(c)

K e
ff-

m
ax

 (K
Pa

·m
1/

2 )

100

110

120

130

140

150

160

100 150 200 25050
h (mm)

(d)

Figure 6: )e SIF of nonpenetrating crack time history curve with various lengths. (a) KI; (b) KII; (c) Keff; (d) Keff-max.
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decreased to a negative peak, and finally tended to level off.
)e change in the direction of shear stress at the tip of the
reflective crack causes positive and negative changes in KII.
Similar to penetrating cracks, the stress intensity factor of
shear mode is larger than that in an open way.

Figure 5(c) and Figure 5(d) show the Keff time history
curve and its peak value of the nonpenetrating crack, re-
spectively. As seen in Figure 5, the peak value of Keff first
increases slowly and subsequently decreases with the change
of the crack spacing.)e reason for the small Keff peak in the
crack spacing of 100mm may be that the penetrating crack
over the nonpenetrating crack will bear more stress as the
two cracks are closer together. )e Keff peak value at a crack
spacing of 200mm reaches the maximum, which also means

that the unpenetrated cracks are most likely to grow upward
at this time. When the crack spacing is greater than 300mm,
the influence of crack spacing on the peak value of Keff
gradually diminishes. Compared with the data in
Figure 4(d), it can be seen that the crack spacing has a greater
impact on the penetrating crack.

4.3.Effect ofLength (h)onMultipleCrackPropagation. In this
section, the horizontal spacing between two reflective cracks
is 20 cm. A series of models with different cracking lengths of
nonpenetrating cracks are performed. )e influence of
nonpenetrating crack length (h� 50, 100, 150, 200, 250mm)
on the propagation of multiple reflective cracks in asphalt
pavement structures is analyzed.
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Figure 7: )e SIF of nonpenetrating crack time history curve with various lengths. (a) KI; (b) KII; (c) Keff; (d) Keff-max.
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4.3.1. Effect on Penetrating Crack. Figure 6 presents the
stress intensity factors of the penetrating crack time history
curve with various lengths of nonpenetrating cracks. As
shown in Figure 6(a), the KI value of the penetrating crack is
the largest when the length of the nonpenetrating crack is
50mm. As the length of the nonpenetrating crack increases,
the KI time-history curves of the penetration crack are
basically consistent. At this time, the various sizes of the
nonpenetrating crack have little effect on the open-mode
propagation of the penetrating crack. Figure 6(b) shows that
the length of the unpenetrated crack has a noticeable effect
on the KII value of the penetrating crack before the load
moves to the plane where the crack is located. )is is due to
the presence of unpenetrated reflective cracks in the area. It
can be observed from Figure 6(c) that the length of the
unpenetrated fracture has a significant effect on the peak
value of the effective stress factor of the penetration fracture,
especially in the first 0.09 seconds. Owing to the larger values
of KI and KII, the Keff peak value is larger than that of the
other models, and the tendency of crack propagation and
failure is obvious. )e peak value of Keff showed a de-
creasing trend when the unpenetrated crack length increased
from 50mm to 250mm, and the decreasing rate gradually
slowed down. )is indicates that when a micro-crack is just
initiated beside the reflection crack that penetrates the base
layer, the penetrating crack will share more vehicle load, and
its cracking speed is faster.

4.3.2. Effect on Nonpenetrating Crack. Figure 7 illustrates
the stress intensity factors of the nonpenetrating crack time
history curve with various lengths. )e KII time history
curve of the type II stress intensity factor of the unpenetrated
fracture is similar to that in Figure 6(b). However, the
difference is that the KII negative peak value of the non-
penetrating crack also decreases to a certain extent. From
Figure 7(c) and Figure 7(d), it can be seen that the peak value
of the stress intensity factor of nonpenetrating crack in-
creases with the increasing length, but the increase rate
decreases continuously. In summary, the cracks first dehisce
from the bottom of the base layer in a semirigid asphalt
pavement structure. )e cracks spread to the asphalt
pavement layer under the action of the vehicle load, and the
cracking speed gradually accelerated.

4.4. Fracture Life of Nonpenetrating Cracks. )e fracture life
of the asphalt pavement structure was calculated based on
the Pairs formula. )e values of A and n in (10) are taken as
10–6.92 and 4, respectively [24]. In this paper, the fracture
life, which is the extension of the nonpenetrating crack from
the initial depth to the whole base layer under moving load,

was calculated assuming that the base layer fracture initial
length was 5 cm.

)e Keff data of nonpenetrating reflective cracks at
different depths in Figures 3 and 7(d) are fitted using the
following formula:

Keff−max � ξ1C
3

+ ξ2C
2

+ ξ3C + ξ4, (10)

where ξ is the fitting coefficient of polynomial.C is the length
of reflective crack. )e fracture life can be calculated by
substituting the fitting polynomial into Equation (10). )e
fitted polynomial of the peak value of the effective stress
intensity factor of the unpenetrated crack at different depths
and its fracture life is shown in Table 3.

It can be seen from Table 3 that the fatigue life of
nonpenetrating reflective cracks extending from 5 cm in
length to penetrating the entire base layer when there is a
penetrating crack is reduced by 46.87%. Due to the inter-
ference effect among multiple cracks, the service life of the
semirigid pavement with multiple reflective cracks will be
significantly shortened.

5. Conclusions

It is widely known that crack prevention and control is a
long-term research field of road engineering. A correct
understanding of the propagation mechanism between
cracks will help road researchers make correct design and
treatment decisions. In this study, the FEM software
ABAQUS was used to establish a 3D asphalt pavement
model. )e propagation behavior of multiple reflective
cracks in the semirigid pavement is studied using the Ex-
tended Finite Element Method and fatigue fracture theory.
Based on the simulation results, the following conclusions
can be drawn:

(1) Reflective cracks in semirigid pavement are com-
posite cracks of type I and type II under the action of
moving load.)e value of KI is larger than that of KII
in both the single-cracked structure and the double-
cracked structure, indicating that shear cracking is
the main reason for the propagation of reflective
cracks. With regard to a single crack, the SIF in
multiple crack structures increases significantly. An
increase in the number of reflective cracks will ac-
celerate crack propagation and pavement damage.

(2) Assuming that the length of the nonpenetrating
crack is constant, the increase in crack spacing will
gradually reduce the growth rate of penetrating
cracks, while the growth rate of nonpenetrating
cracks shows a trend of first increasing and then
decreasing with the increasing of crack spacing.
According to the Keff peak value distribution, the

Table 3: Keff-max fitting polynomial and fracture life.

Condition Keff−max fitting Polynomial R2 N

Presence of penetrating crack Keff−max � 40.319C3 − 26.452C2 + 7.1793C + 0.0149 0.993 4.658×107
No penetrating crack Keff−max � −15.165C3 + 1.7541C2 + 3.0475C + 0.1161 0.991 2.475×107
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reflective crack spacing has a more significant in-
fluence on the penetrating crack.

(3) Assuming that the crack spacing is constant, the
growth rates of the nonpenetrating crack in both the
single crack pavement model and the multiple crack
pavement model all accelerate with the increasing of
the fracture length, but the increasing range de-
creases continuously. )e propagation of a pene-
trating crack is less affected by the length of the
nonpenetrating crack. In conclusion, the growth rate
of unpenetrated cracks in the base layer increases as
they propagate towards the surface layer.

(4) Based on the Pairs formula, the fatigue failure life of
unpenetrated reflective cracks with an initial length
of 5 cm was calculated and analyzed.)e fracture life
of the semirigid base in the multiple crack pavement
structure is reduced by 46.87% compared with the
base containing only nonpenetrating reflective
cracks. It can be seen that the service life of the
asphalt pavement structure will be severely short-
ened by the appearance of multiple reflective cracks.
)erefore, attention should be given to the pre-
vention and control of reflective cracks in the early
initiation stage. For example, the location of the
crack is identified by ground-penetrating radar at
first. Afterward, the reflective cracks are eliminated
by methods such as polymer grouting.

Data Availability

All data included in this study are available from the cor-
responding author upon request.
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