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)e aim of this study is to further investigate the effect of different basalt fiber (BF) factors on the viscoelastic equivalent creep
behavior of fiber-reinforced asphalt mixture (FRAM) under indirect tensile (IDT) condition. A two-dimension mesostructural
model composed of different components including fiber mortar polymer and coarse particle aggregate is constructed via the
section image processing for the IDT FRAM specimen, where BF is considered as random distribution in the mortar polymer.
Furthermore, the stress distribution and equivalent creep of the IDTmesostructural model in simulation software are analyzed to
discuss the influence of components on the creep behavior of FRAM. Moreover, the laboratory creep test of IDTspecimens under
0% and 0.3% BF contents for FRAM is carried out to validate the simulated values. Research results indicate that the simulated
creep deformation of the IDTmesostructural model is in agreement with that of the experiment. Finally, creep simulations are
further conducted to discuss the effect of BF (e.g., fiber content, length-diameter ratio, and fiber modulus) and aggregate on the
creep characteristic of FRAM. )e increase of fiber content and length-diameter ratio has a significant reinforcing effect on the
equivalent mechanical behavior, but the change in the modulus of fiber and aggregate has slight effects.

1. Introduction

Adding fibers into asphalt mixture has been studied in-
creasingly [1–6]. For example, Chen et al. [3] investigated the
effect of four different fibers including lignin, polyester,
asbestos, and polyacrylonitrile fibers on the mechanical and
volumetric properties of asphalt mixture and proposed a
materials design procedure of fiber-reinforced asphalt
mixture (FRAM). Liu and Wu [4] evaluated the stability of
graphite and carbon fiber modified asphalt mixture by a
series of laboratory tests. Testing results indicated that their
Marshall stability and rutting dynamic stability improved by
approximately 5.5% and 2.6%, respectively. Guo et al. [5]
investigated the compound modified influence of diatomite
and glass fiber on the antirutting performance of asphalt

mixture. )e results indicated that the high-temperature
property of asphalt mixture was improved greatly. Hong
et al. [6] researched the pavement performance of polyester
fiber added into asphalt mixture through the semicircular
bending (SCB) test under low temperature conditions, and
the results indicated that the crack resistance of asphalt
mixture with the 0.4% optimum fiber content at −20°C,
−10°C, and 0°C increased by about 45.9%, 37.3%, and 36.6%,
respectively.

Basalt fiber (BF) in asphalt mixture has also been
compared with some common fiber modifiers [7–11]. For
instance, BF has more superior mechanical property and
durability than organic fibers and is also more eco-friendly
than glass and steel fibers [12–16]. Morova [7] evaluated the
influence of BF content on the pavement stability of asphalt
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mixture by the Marshall stability test, and 0.5% fiber content
could significantly enhance the materials stability. Cheng
et al. [9] studied the characteristics of BF modified asphalt
mixture via a series of tests, and the results indicated that the
FRAM produced more superior performances compared
with that of nonfiber asphalt mixture. Wang et al. [10]
researched the damage characteristic of asphalt mixture
modified with BF after freeze-thaw cycles using the indirect
tensile (IDT) test, and the testing results indicated that the
modified asphalt mixture had better mechanical charac-
teristics. Guo et al. [17] researched the modes I and II
fracture properties of BF-reinforced asphalt mixture through
the SCB test, and results showed that BF could soundly
enhance the critical fracture energy of asphalt mixture at
medium and low temperature, where the reinforcing effect
of BF was optimal for the mixed mode fracture.

However, although macroscopic performance of adding
fibers into asphalt mixture had been recognized, investi-
gation on the inner action mechanism of FRAM considering
IDT condition is still limited. )erefore, exploring the
mesostructural structure of asphalt mixture composed of the
different mesoscopic components is necessary to better
investigate the action effect of fibers. Many researchers have
researched the mechanical properties of asphalt mixture
through combining the detection technology of the mix-
ture’s mesostructure with the numerical approach to build
the quantitative relationship of the mesoscopic character-
istics to mixture macroscopic responses [18–22]. For ex-
ample, Kose et al. [18] obtained the section’s mesostructure
of the asphalt mixture specimen via image processing, and
the mechanical responses of the mesostructural specimen
and its macroscopic characteristics for dense gradation as-
phalt mixture were simulated and analyzed through the
finite element (FE) software. In addition, Buttlar and You
[19] investigated the mesostructural characteristics of the
SMA mixture specimen and then built the mesostructural
specimenmodel in the discrete element software. Finally, the
mechanical responses were successfully obtained. Birgisson
et al. [20] collected mesostructural characteristic of dense
gradation asphalt mixture and then simulated the action
mechanism of cracking by using the boundary element
approach. Wang [21] obtained the two-dimension (2D)
microstructure of asphalt mixture by CT scanning of IDT
specimens, thereby clarifying the relationship between
mesoscopic components by using the FE mesostructural
simulation. Zhang and Liu [22] obtained the mesostructure
of SCB specimens by 2D scanning and image processing
technology and simulated the bending creep of the asphalt
mixture specimen model by the FE method to discuss and
analyze the influence of the mesoscopic components on the
macroscopic creep response.

Furthermore, as a typical composite, the macroscopic
properties of asphalt mixture depend on its components
characteristics and mesostructure, particularly on polymer
matrix and its distribution in asphalt mixture [23, 24]. )e
influence of short fiber on the characteristic of polymer
materials in asphalt mixture has been widely reported
[25–29]. As amatrix material, asphalt mortar polymer is part
of a lower scale of asphalt mixture that consists of bitumen

polymer, mineral powder, and fine particle aggregate. It
exhibits a complex mechanical behavior influencing the
macroscopic properties of asphalt mixture. Adding fiber into
asphalt mixture can enhance the viscoelastic behavior of the
mortar polymer material to optimize the macroscopic
performance (i.e., stability, anticrack, and fatigue) of asphalt
mixture significantly [30–32]. For instance, the results of
experiment and simulation indicated that mortar polymer
materials having BF can present superior performance in the
aspect of stability, durability, and strength [33, 34]. Zhang
et al. [33] established a three-dimension (3D) mesoscopic
model of BF distribution in the asphalt mortar beam
specimen to explore the influence of fiber (i.e., directional
and random distribution) on the bending creep character-
istic of the mortar polymer material, and the simulated
results of the 3D model were validated via corresponding
creep experiments. Zhang et al. [34] further considered the
effect of other BF factors (i.e., content, length-diameter ratio,
and modulus) on the bending creep characteristic of mortar
polymer based on the 3D mesoscopic model and established
the correlation equations between fiber factors and visco-
elastic parameters for asphalt mortar.

)e research indicates that limited work has used
multiscale mesostructural simulations to analyze and discuss
the influence of fiber parameters on the viscoelastic
equivalent creep characteristic of asphalt mixture under
indirect tensile condition. )us, further studying the in-
fluence of themesostructural components on the viscoelastic
equivalent creep behavior of FRAM is necessary to reveal the
action mechanism on the basis of the existed mesostructural
models.

2. Objective

)e aim of this study is to determine the influence of
mesoscopic components, such as BF short fiber, mortar
polymer, and coarse particle aggregate, on the viscoelastic
equivalent creep behavior of BF-reinforced asphalt mixture
(BFRAM). )e main contents are shown as follows:

(1) A 2D mesostructural specimen model of asphalt
mixture consists of two components, i.e., BF mortar
polymer and coarse particle aggregate, which are
established by section scanning of the IDTspecimens
for AC13 gradation, where BF is considered ran-
domly distributed in the viscoelastic mortar polymer.

(2) IDTcreep tests of the BFRAM specimens on the basis
of the developed typical 2D mesostructural model
are simulated and analyzed by FE software, and the
obtained results and testing datum are compared.
)en, the effect of components on the BFRAM is
discussed at a constant temperature.

3. Materials and Methods

3.1. Materials. Asphalt mixture specimens of AC13 dense
gradation in the superpave gyratory compactor were mol-
ded, where the optimum oil-stone ratio in asphalt mixture
was 4.9%.)e testing values of gradation are listed in Table 1.
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)e SBS-modified bitumen of PG76-22 grade and limestone
mineral powder were selected in asphalt mixture, and the
characteristics of these raw materials satisfy the require-
ments of the specifications of JTG E42-2005 and JTG E20-
2011 standards of China [35, 36]. Furthermore, fine and
coarse aggregates adapted the limestone and basalt ore,
respectively, and the corresponding boundary value between
the nominal maximum and minimum aggregate particles
was 2.36mm.

Mortar polymer consisted of bitumen, mineral powder,
and fine particle aggregate; it was prepared in agreement
with the standard of JTG F40-2004 of China [33, 34, 37].
Moreover, the oil-stone ratio of corresponding mortar
polymer was 13.0%, which was obtained by the design of the
specific surface area method [33, 34]. Table 2 presents the
gradation values of mortar polymer.

Two BF contents in asphalt mixture including 0% and
0.3%were selected for testing, where the length and diameter
of fiber was 6mm and 0.02mm, respectively. )e physical
characteristics of BF are listed in Table 3.

3.2. Testing and Simulation Methods

3.2.1. Creep Tests of the IDT Specimen. )e diameter of
100mm and thickness of 30mm for the IDTspecimens were
selected. In the UTM-25 temperature-controlled loading test
machine, the material testing system, head loading type, and
vertical displacement data output at the pressure head in the
IDT loading test are similar to the SCB test [22]. Moreover,
the test loading device and IDT specimen can be seen in
Figure 1, where the width of the upper and lower head
devices is 12.7mm. For the loading process of specimens, the
2% predetermined load is maintained at 60 s initially to allow
the specimens to fully connect to the head devices. )en, the
predetermined load is maintained to 1800 s to carry out the
creep test under the constant loads.

In accordance with the width of the pressure head and
size of the IDT specimen, combined with the reference code
of [36], the calculation formula of each index for IDT
specimen can be obtained when the specimen’s thickness T
and vertical load P are known as follows:

σt � 0.006249
P

T
, (1)

σc � −0.019022
P

T
, (2)

XT � YT

0.135 + 0.5μ
1.794 − 0.0314μ

, (3)

εt � XT

0.0307 + 0.0936μ
1.35 + 5μ

, (4)

ST � P ×
0.27 + μ
T × XT

, (5)

JT �
T × XT

P ×(0.27 + μ)
, (6)

where XT and YT denote the horizontal and vertical de-
formation through the specimen center, respectively, mm; σt

and σc express the horizontal tensile stress and vertical
compressive stress at the section’s central position of the
specimen, respectively, MPa; εt denotes the horizontal
tensile strain at the section’s central position of the speci-
men; μ expresses Poisson’s ratio; ST denotes the stiffness
modulus of the material, MPa; and JT denotes the creep
compliance, 1/MPa.

3.2.2. FE Simulation of the Homogeneous IDT Specimen.
To analyze the stress distribution of the homogeneous IDT
specimen under the vertical force control, a reasonable
simulation loading should be set. In this regard, the rigid
body pressure heads of 12.7mmwidth at the top and bottom
of the 2D specimen model were set to bind the IDT spec-
imen. )en, the reference point was set at the rigid body
pressure heads to load a vertical concentrated force at the top
head and apply constraint at the bottom head to simulate the
loading situation of the IDT model. In this model, the unit
type adopted the quadrilateral element and the meshing
density was 2mm. Stress contours of the IDTmodel in each
direction can be obtained, as listed in Figure 2.

3.2.3. Control Stress of the Homogeneous IDT Specimen.
To verify the accuracy of the simulation results, the simu-
lated value at the center of the specimen was compared with
the analytical solution. )e stress at the section’s central
position of the specimen is only affected by the principal
stress in the X and Y axes. )us, the analytical solutions of
tensile and compressive stress can be obtained according to
formulas (1) and (2), respectively, which can be compared
with the numerical simulation values. Furthermore, on the

Table 1: Gradation of AC13 asphalt mixture.

Sieve size (mm)
Pass weight percentage

16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
Lower limit 100 90 68 38 24 15 10 7 5 4
Testing value 100 98.2 78.1 46.8 35.2 26.2 18.4 12.9 10.2 7.9
Upper limit 100 100 85 68 50 38 28 20 15 8

Table 2: Gradation of corresponding AC13 mortar polymer [34].

Sieve size (mm)
Retained weight percentage

1.18 0.6 0.3 0.15 0.075 <0.075
Values 25.6 22.2 15.6 7.7 6.5 22.4
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basis of the stress state of a certain point, the Mises
equivalent stress can be obtained as follows:

σeq �
1
�
2

√

����������������

σ1 − σ2( 
2

+ σ21 + σ22


. (7)

)en, in accordance with the stress state at the center of
the IDT specimen, σ1 � σt and σ2 � σc can be obtained.
Equations (1) and (2) are substituted into (7), and the
equivalent stress calculation formula at the center of the IDT
specimen can be obtained as follows:

σeq,mises � 0.0227985
P

T
, (8)

with the P of 10.1N per unit thickness as an example; the
simulated results of tensile stress, compressive stress, and
Mises equivalent stress at the control point of the IDT
specimen center were 0.0594, 0.1832, and 0.219MPa, re-
spectively. Meanwhile, according to formulas (1), (2), and
(8), the corresponding stresses at this control point were
0.063MPa, 0.192MPa, and 0.230MPa, respectively. )us,
compared with the analytical solution, the errors of the
simulation results were controlled within 5.7%, 4.8%, and
4.78%; it also indicated that the FE numerical simulation of
the IDT specimen model was reasonable.

3.3. Mesostructural Simulation of BFRAM. )e viscoelastic
behavior of BFRAM is further studied by FE creep simu-
lation of the IDT mesostructural specimen model on the
basis of the 2D mesoscopic modeling and constitutive be-
havior of fiber mortar polymer in [33, 34]. Furthermore, the
influence of the mesostructural components on the mac-
roscopic performance of asphalt mixture was investigated to
illustrate the relationship of fiber mortar polymer to the
corresponding mixture.

)e mesostructural components of BFRAM include BF,
mortar polymer, and coarse particle aggregate. Nevertheless,
the multiphase modeling is difficult to carry out in the
mesoscopic scale. )erefore, this investigation only focuses

on a two-phase composite mixture composed of coarse
particle aggregate (no less than 2.36mm) and mortar
polymer and then combined with the research results of BF
modified mortar polymer in [34] to establish the mesoscopic
structure model of BFRAM. Hence, the mesoscopic mod-
eling of the actual mixture consisting of BF mortar polymer
and aggregate was introduced, and then corresponding
simulation and experimental verification were completed.

3.3.1. Modeling of IDT Mesostructural Specimens.
BFRAM for AC13 gradation was selected to mold a cylin-
drical IDT specimen, and then the IDT specimen was cut
into many circular sections. In addition, to distinguish the
surface color difference between aggregate and mortar
components before the section image scanning, white chalk
was applied to paint the aggregate component in the circular
sections.

)e circular sections of the IDT specimen were scanned
by a 2D scanner to obtain actual section images. Moreover,
the processing of each image among obtained scanning
sections was further carried out. )e main steps are as
follows:

(1) Pretreatment
Prior to implementing the edge detection, the pre-
treatment of the scanning section image was con-
ducted by MATLAB software, where the median
filter approach was adopted to reduce the image
noise.

(2) Edge detection
Edge detection is a key step for image processing and
a basic reflection of image grayscale discontinuity. In
the processing, detection threshold can be dynam-
ically adjusted on the basis of the processing results
of each step to get sufficient details for components
distribution. )is investigation mainly refers to the
image processing approach of [22] adopted to
process the two-phase composite mesostructure
containing aggregate and mortar polymer matrix.
)e binary section images with aggregate boundary
were obtained. In addition, the adhesion problem
between aggregate edges in the binary images was
solved via an approach of corrosion or expansion.
Furthermore, the area ratios of mesoscopic com-
ponents in the circular section image close to the
designed volume ratios in the IDT specimen were
selected as the typical mesostructural model. )e
schematic diagrams of the binary section image for
the IDT specimen are presented in Figure 3.

(3) Geometry vectorization
After the above binary mesostructural model was
built, it must be vectorized to be used in the

Table 3: Physical characteristics of BF.

Index Tensile strength (MPa) Density (g/cm3) Elastic modulus (GPa) Elongation (%)
Values 450×101 2.70 100 3.10

Figure 1: Creep loading for IDT specimen.
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mesomechanical simulation. )erefore, the binary
section images need to be further processed by the
image vector software to get a vectorized format file,
which can be imported into ABAQUS simulation
software for the 2D numerical model.

3.3.2. Numerical Simulation of IDT Mesostructural
Specimens. Section scanning and image processing of the
IDT specimens were carried out by the above modeling
method to obtain the 2D mesostructure numerical models
for given AC13 gradation, as presented in Figure 4.

Furthermore, the material parameter setting, meshing, and
element types for the IDT mesostructural specimen model in
the creep simulation process are the same as those of the SCB
mesostructural specimenmodel [22]. For example, thematerial
constitutive properties of aggregate and mortar polymer were

set as linear elasticity and viscoelasticity, respectively, where
Poisson’s ratio and elastic modulus for aggregate were 50GPa
and 0.25. In addition, the parameters of the selected Burgers
model for mortar polymer are listed in Table 4 and corre-
sponding values were obtained on the basis of [33, 34].

In the FE simulation, the contact relation of aggregate to
mortar polymer was considered to be completely continu-
ous. For the mesh type of mortar polymer and aggregate, the
former was blended with quadrilateral and triangle modes,
and the latter was selected as a triangle mode, where the
adaptive meshing algorithm was adopted and the global seed
density was 2mm.Meanwhile, the reference points RP-1 and
RP-2 were set at the pressure head of the IDTmesostructural
specimen model. )en, considering vertical force or vertical
displacement added at the point RP-1 as the load control
quantity, the macroscopic response quantity obtained at this
point as the verification index can be compared with the

S, S11
(Avg: 75%)
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–5.930e – 02
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–1.780e – 01
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–2.967e – 01
–3.561e – 01
–4.155e – 01
–4.748e – 01

–5.936e – 01
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–6.529e – 01

(a)

S, S22
(Avg: 75%)
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–3.910e – 01
–4.883e – 01
–5.856e – 01
–6.829e – 01
–7.801e – 01
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–1.169e + 00

(b)

S, Mises
(Avg: 75%)
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+6.656e – 01
+5.554e – 01
+4.452e – 01
+3.350e – 01
+2.248e – 01
+1.146e – 01
+4.389e – 03

(c)

Figure 2: Stress contours of the IDT homogeneous model. (a) S11 stress. (b) S22 stress. (c) Mises stress.
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experiment values. When the vertical force P of per unit
thickness is 10.1N, the different stress contours of the IDT
mesostructural specimen model can be obtained (seen in
Figure 5).

)e comparison between Figures 2 and 5 shows that the
stress gradient of the homogeneous IDT specimen changes
significantly, and the stress of the mesostructural specimen
presents a redistribution phenomenon. In addition, to il-
lustrate the similarities and differences between the ho-
mogeneous and mesostructural specimen models, the
specific stress values on the vertical Y symmetry axe passing
through the specimen center are obtained (see Figure 6).)e
figure indicates that the overall stress variation trend of the
two types of specimen models under the same vertical force
is similar, and it also indicates that the numerical simulation
of the mesostructural specimen is reasonable. In addition,
the stress distribution of the mesostructural model presents
the phenomenon of stress concentration andmutation; thus,
it has evident nonuniformity characteristics.

To obtain the macroscopic mechanical properties of the
mesostructural specimen model consisting of mortar
polymer matrix and coarse particle aggregate and to es-
tablish the relationship of the mesoscopic components to the
macroscopic mechanical properties, the viscoelastic creep
simulation of the heterogeneous specimen model was car-
ried out. )e contour of the simulated vertical creep dis-
placement during 1800 s is shown in Figure 7.

Moreover, to further verify the parameter setting ra-
tionality of the composition characteristics of the meso-
structural IDT specimen, the vertical displacement YT at the
reference point RP-1 of the IDT model in Figure 7 is
extracted, and then the creep compliance JT can be obtained
by formulas (3) and (6). Meanwhile, the equivalent stress
under a given load can be calculated by formula (8). Finally,
the equivalent strain εeq of the control point at the center of
the IDT model can be obtained in accordance with the
equivalent stress multiplied by the creep deformation JT as
follows:

(a) (b)

Figure 3: Schematic diagram of the binary section image for IDTspecimens. (a) Distribution of asphalt mortars. (b) Distribution of coarse
aggregates.

Y
X RP-2

RP-1

Figure 4: IDT mesostructural specimen model.

Table 4: Constitutive parameters of mortar polymer.

Material types
Constitutive parameters

E1 E2 η1 η2 g1 g2 τ1 τ2
Control 16.6 4.82 157×102 237×101 0.81 0.19 102 461× 101

BF 26.1 12.3 469×102 578×101 0.71 0.29 143 596×101
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S, Mises
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(c)

Figure 5: Different stress contours of the IDT mesostructural model. (a) S11 stress. (b) S22 stress. (c) Mises stress.
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Figure 6: Stress distribution of two IDT models on the vertical symmetry axis. (a) S11 stress. (b) S22 stress.
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εeq � 0.0227985
YT

(0.27 + μ)
. (9)

)e vertical displacement at the top head and the
equivalent strain at the central control point of the specimen
on the basis of the results in Figure 7 and formula (9) are
shown in Figure 8. )e curves in Figure 8 show that the
simulated value obtained on the basis of the mesoscopic
specimen is close to the laboratory test value. )is finding
also indicates that the mesoscopic component parameters
and the specimen’s mesoscopic image processing are rea-
sonable and feasible. Furthermore, the viscoelastic charac-
teristic parameters of asphalt concrete under IDT test can be
obtained by calculating the viscoelastic equivalent strain of
the central control point of specimens.

4. Results and Discussion

)e equivalent creep behavior and some influencing factors
of BFRAM were further analyzed and discussed through the
simulation of the IDT mesostructural specimen model and
combining with the validation of corresponding
experiments.

4.1. Effect of BF Mortar Polymer. For the performance effect
of adding BF fiber asphalt mixture, the numerical simulation
method of the mesostructural IDT specimen model was
adopted. In this regard, the effect of the fiber added into
asphalt mixture was initially considered on the basis of the
characteristics of mortar polymer. )en, the influence of the
macroscopic performance of asphalt mixture consisting of
mortar polymer and coarse particle aggregate can be further
studied.

For the simulated viscoelastic creep of the BFRAM
specimen, the vertical displacement contour of the IDT
specimen under 0.3% BF contents is obtained by applying
the 10.1N vertical load of per unit thickness, as shown in
Figure 9. Furthermore, the equivalent viscoelastic strain at

the central point of the specimens with and without fiber can
be calculated by formula (9), as shown in Figure 10. )e
results show that, compared with the equivalent viscoelastic
strain of the control specimens, the creep value of the fiber
added to the specimen decreased significantly. )e strain
value decreased by approximately 37.2% at 1800 s. )e
finding also indicates that the BF-reinforced asphalt mixture
had a significant effect. In addition, the numerical simulation
results are consistent with those of the laboratory test,
thereby verifying the validity of the IDT mesoscopic spec-
imen model.

Meanwhile, to better understand the internal mechanism
of BFRAM, the stress field of the IDT mesostructural
specimen was further simulated and analyzed. Figure 11
shows the Mises equivalent stress contour of the local area in
the center of the simulated specimen, and two element nodes
(No. 776 and 7937) were selected as examples.

)e microstructure of a representative typical gradation
was adopted in this study; that is, the mesoscopic structure of
asphalt mixture under the same gradation is unchanged and
adding fiber into asphalt mixture can be regarded as a
modification of the properties of asphalt mortar. )e results
in literature [34] showed that the fiber positively affects the
resistance rheological deformation of asphalt mortar. )us,
the modulus of fiber mortar polymer is higher than that of
no fiber mortar. As shown in the equivalent stress contour in
Figure 11, the stress value of the fiber mortar component for
the BFRAC specimen is larger than that of the control
specimen. In addition, the overall modulus of the specimen
increased and the ability of resisting deformation improved.
Hence, the modification effect of the fiber at the macroscopic
scale of asphalt mixture is easy to understand.

4.2. Sensitivity Analysis of Constitutive Parameters for
BFRAM. )e viscoelastic equivalent strain curves of the
control and BFRAM were fitted to obtain the constitutive
parameters of the Burgers model on the basis of the
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Figure 7: Vertical displacement contours of the IDT mesostruc-
tural model at 1800 s.
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Figure 8: Equivalent creep deformation of the IDT specimen at
control points.
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simulated results of the IDTmesostructural specimenmodel.
)e results of the viscoelastic parameters are presented in
Table 5.

)e effect of components on the equivalent creep be-
havior of BFRAM was further studied by the method of the
mesoscopic simulation and macroscopic test validation. )e
IDTmesostructural specimen model under AC13 gradation
was adopted to discuss the influence of aggregate and fiber
(e.g., BF content, modulus, and length-diameter ratio) on
the constitutive parameters [34].

4.2.1. Effect of Aggregate Modulus. To study the effect of
aggregate on the viscoelastic equivalent characteristic of
asphalt mixture, the aggregate modulus of 40, 50, and 60GPa
was set to simulate the viscoelastic equivalent creep for the
nonfiber asphalt mixture, and the calculated results of the
constitutive parameters are presented in Figure 12.

)e change in the relationship in Figure 12 indicates that
the change in the aggregate modulus slightly influences the
viscoelastic parameters, such as the maximum values of E1,
E2, η1, and η2, compared with the corresponding minimum
values, only increased by about 0.60%, 0.18%, 0.08%, and
0.28%, respectively. Hence, when the gradation of BFRAM is
determined, the influence effect of aggregate modulus in the
IDT specimen mixture cannot be considered.

4.2.2. Effect of Fiber Parameters. )e influence of fiber
factors on the variation of four parameters is shown in
Figure 13, where different fiber contents are considered
under 100GPa fiber modulus and 30 fiber length-diameter
ratios. In addition, fiber modulus is selected under 0.3% fiber
contents and 30 fiber length-diameter ratios; fiber length-
diameter ratio is considered under 100GPa fiber modulus
and 0.3% fiber contents. )is finding indicates that,
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Figure 9: Vertical creep displacement contours under 0.3% BF contents at 1800 s.
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Figure 11: Equivalent stress of the mesostructural model at 1800 s. (a) 0% BF content; (b) 0.3% BF contents.

Table 5: Viscoelastic constitutive parameters of BFRAM under IDT condition.

BF contents (%)
Constitutive parameters of BFRAM

E1 η1 E2 η2
0 542 566133 189 86595
0.3 577 954430 313 122171
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Figure 12: Relationship between aggregate modulus and constitutive parameters for asphalt mixture. (a, b) Aggregate modulus.
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Figure 13: Relationship between fiber and constitutive parameters for asphalt mixture. (a) BF contents. (b) BF contents. (c) BF modulus.
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compared with the sensitivity of fiber content and length-
diameter ratio on viscoelastic four parameters, the variation
of fiber modulus at the macroscopic level of asphalt mixture
slightly influences the parameters, where the maximum
values of E1, E2, η1, and η2, compared with the corresponding
minimum values, only increased by about 0.95%, 1.79%,
3.23%, and 0.25%, respectively. )erefore, when the gra-
dation is determined, the influence in fiber modulus in
BFRAM can also be ignored; that is, only the sensitivity
analysis of fiber content and length-diameter ratio on the
four parameters is considered. In addition, the parameters of
asphalt mixture increase with the increase in fiber content
and length-diameter ratio, where the maximum values of E1,
E2, η1, and η2, compared with the corresponding minimum
values, increased by approximately 6.56%, 66.1%, 68.6%, and
41.1% under different fiber contents, respectively. )e values
increased by approximately 6.37%, 10.1%, 10.6%, and 9.66%
under different fiber length-diameter ratios. )erefore, fiber
content and length-diameter ratio are the main factors for
the effect of the viscoelastic creep behavior of BFRAM under
IDT condition.

5. Conclusions

)e viscoelastic equivalent creep behavior of BFRAM is
mainly studied on the basis of the mesostructural simulation
of the IDTspecimenmodel, consisting of BFmortar polymer
and coarse particle aggregate and the validation of the
macroscopic test. )e main conclusions can be drawn as
follows:

(1) Mechanical analysis of the mesostructural and ho-
mogeneous models shows that the overall trend of
stress distribution in the symmetry axis is close.
However, the stress distribution of the two models
also has significant differences. )e homogeneous
model has evident gradient change, and the meso-
structural model has the stress concentration and
mutation phenomenon. Moreover, the local stress of
the mesostructural model at the central control point
is different from the homogeneous model.

(2) Results of viscoelastic equivalent creep deformation
at the control point of the mesostructural model
indicate that, compared with the control model
under 0% BF content, the equivalent strain of
BFRAM under 0.3% BF contents is significantly
reduced by 37.2% at 1800 s. )e results also indicate
that the BFRAM had a significant reinforcement
effect. In addition, the simulation results are con-
sistent with those of the laboratory test, thereby
verifying the validity of the IDT mesostructural
specimen model.

(3) On the basis of the simulated equivalent creep results
of the IDT mesostructural specimen model, the ef-
fects of aggregate modulus, fiber content, modulus,
and length-diameter ratio on the viscoelastic pa-
rameters of Burgers model for BFRAM are further
analyzed. Results indicated that, compared with the
influences of fiber content and length-diameter ratio,

the effect of aggregate and fiber modulus on the
viscoelastic parameters can be ignored. )e effect of
fiber content and length-diameter ratio on visco-
elastic parameters increases with the increase in the
two fiber factors.
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