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Abstract: Asphalt composite concrete pavement is one of the common pavement forms in China.
However, due to the influence of design, materials, construction quality, and other aspects, asphalt
composite concrete pavement develops various degrees of cracks after being put into use, which
affects the service performance and life of asphalt pavement. The Burgers model is used to examine
the effects of fiber-volume-fraction and length–diameter-ratio on the viscoelastic mechanical behavior
model parameters and viscoelastic properties of asphalt composite concrete through the bend test
for creep of polyester fiber asphalt composite concrete beam. The findings indicate that the fiber’s
ability to control asphalt composite concrete bending creep deformation increases initially and
subsequently diminishes as fiber-volume-fraction and length–diameter-ratio increase. Fiber-volume-
fraction and length–diameter-ratio effects can be fully reflected by fiber amount characteristics. A
viscoelastic mechanical behavior model of fiber-reinforced asphalt composite concrete is developed
on this foundation while taking into account the influence of fiber amount characteristic factors.
Theoretical study and practical research indicate that the ideal fiber volume ratio of polyester fiber
asphalt composite concrete is 0.35 percent, the ideal length-to-diameter ratio is 324, and the ideal
fiber amount characteristic parameter is 1.13. The test results can provide a certain reference value
for the improvement of the long-term durability of fiber asphalt composite concrete pavement of
road engineering.

Keywords: asphalt composite concrete; fiber-reinforced; viscoelastic properties; bend tests for creep;
Burgers model

1. Introduction

China has the most expressways in the world, with a total mileage of 150,000 km in
2020, according to statistics from the Ministry of Transport [1–3]. The evolution process of
China’s expressway mileage from 2010 to 2020 is shown in Figure 1. As asphalt composite
concrete pavement has the advantages of a short construction period, smoothness, comfort,
low noise, and convenient maintenance. Asphalt composite concrete pavement structure
accounts for more than 90 percent of the expressway that has been opened to traffic in China.
Therefore, a large amount of asphalt composite concrete material is required every year
in China [4–6]. Asphalt composite concrete pavement is the main part of the expressway,
therefore, its characteristics have important impacts on the safety, comfort, and durability
during the expressway service process [7,8].

A typical viscoelastic composite material, asphalt composite concrete is a three-phase
system made up of an asphalt binder, a mineral mixture, and air. In order to investigate the
effects of temperature, loading stress level, modifiers, additives, etc., on the viscoelastic
properties of asphalt composite concrete, various viscoelastic mechanical behavior models
are currently combined with viscoelastic basic elements such as dampers and springs [9–14].
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These tests are based on the uniaxial compression creep test, triaxial compression creep
test, and small beam bend test for creep [15–17]. Numerous constitutive models based
on viscoelastic mechanics have been proposed in order to investigate the viscoelastic
deformation properties of asphalt composite concrete, most notably the simple Kelvin
model and Maxwell model, the three-element Vendepoel model and Lethersich model, the
four-element Burgers model, and the generalized Kelvin model and Maxwell model with
more elements [18–21]. Additionally, Gao et al. [19] proposed a five-element model with
eight parameters, which can better describe the creep deformation characteristics of plain
asphalt mixtures and fiber-reinforced asphalt mixtures. The fitting results obtained from
the model are consistent with the data from measurements, and the rheological time it
predicts is accurate. To characterize the creep deformation trend of rubber particles and
diatomite asphalt mixture, Liang et al. [20] proposed a modified Burgers model. This model
is obviously superior to the Burgers model, and its fitting results at the later stages of creep
deformation are more in line with actual experimental findings. According to Ni [22], the
mechanical properties of asphalt composite concrete are closely related to loading time
and ambient temperature, and the effects of loading time and ambient temperature should
be considered concurrently in the mechanical analysis of asphalt pavement structure; the
structural mechanical response of asphalt pavement with multi-layer viscoelastic properties
can be calculated using the elastic viscoelastic correspondence principle.

Buildings 2023, 13, x FOR PEER REVIEW 2 of 14 
 

 

Figure 1. Evolution process of China’s expressway mileage from 2010 to 2020. 

A typical viscoelastic composite material, asphalt composite concrete is a three-phase 

system made up of an asphalt binder, a mineral mixture, and air. In order to investigate 

the effects of temperature, loading stress level, modifiers, additives, etc., on the viscoelas-

tic properties of asphalt composite concrete, various viscoelastic mechanical behavior 

models are currently combined with viscoelastic basic elements such as dampers and 

springs [9–14]. These tests are based on the uniaxial compression creep test, triaxial com-

pression creep test, and small beam bend test for creep [15–17]. Numerous constitutive 

models based on viscoelastic mechanics have been proposed in order to investigate the 

viscoelastic deformation properties of asphalt composite concrete, most notably the sim-

ple Kelvin model and Maxwell model, the three-element Vendepoel model and Lethersich 

model, the four-element Burgers model, and the generalized Kelvin model and Maxwell 

model with more elements [18–21]. Additionally, Gao et al. [19] proposed a five-element 

model with eight parameters, which can better describe the creep deformation character-

istics of plain asphalt mixtures and fiber-reinforced asphalt mixtures. The fitting results 

obtained from the model are consistent with the data from measurements, and the rheo-

logical time it predicts is accurate. To characterize the creep deformation trend of rubber 

particles and diatomite asphalt mixture, Liang et al. [20] proposed a modified Burgers 

model. This model is obviously superior to the Burgers model, and its fitting results at the 

later stages of creep deformation are more in line with actual experimental findings. Ac-

cording to Ni [22], the mechanical properties of asphalt composite concrete are closely 

related to loading time and ambient temperature, and the effects of loading time and am-

bient temperature should be considered concurrently in the mechanical analysis of asphalt 

pavement structure; the structural mechanical response of asphalt pavement with multi-

layer viscoelastic properties can be calculated using the elastic viscoelastic correspond-

ence principle. 

Fiber is added to asphalt composite concrete to considerably increase the overall me-

chanical performance and durability of asphalt composite concrete pavement, hence ex-

tending its useful life and addressing the issue of early damage [23]. The research on the 

viscoelastic properties of fiber-reinforced asphalt composite concrete has drawn increas-

ing attention worldwide due to the fact that the inclusion of fiber can greatly improve the 

road performance of asphalt composite concrete [24–27]. Through the compression creep 

test of polyester fiber-reinforced asphalt composite concrete, Guo and Guo [28] investi-

gated the impact of fiber length on the viscoelastic performance of asphalt composite con-

crete in the creep loading stage under different fiber amounts. They then established a 

viscoelastic mechanical behavior model of fiber-reinforced asphalt composite concrete 

taking the influence of fiber amount into consideration. Through a pull-out test, Liang [29] 

examined the impact of fiber length on the performance of asphalt composite concrete. 

Rheological testing and microscopic examination of the fiber asphalt matrix material were 

Figure 1. Evolution process of China’s expressway mileage from 2010 to 2020.

Fiber is added to asphalt composite concrete to considerably increase the overall
mechanical performance and durability of asphalt composite concrete pavement, hence
extending its useful life and addressing the issue of early damage [23]. The research
on the viscoelastic properties of fiber-reinforced asphalt composite concrete has drawn
increasing attention worldwide due to the fact that the inclusion of fiber can greatly improve
the road performance of asphalt composite concrete [24–27]. Through the compression
creep test of polyester fiber-reinforced asphalt composite concrete, Guo and Guo [28]
investigated the impact of fiber length on the viscoelastic performance of asphalt composite
concrete in the creep loading stage under different fiber amounts. They then established
a viscoelastic mechanical behavior model of fiber-reinforced asphalt composite concrete
taking the influence of fiber amount into consideration. Through a pull-out test, Liang [29]
examined the impact of fiber length on the performance of asphalt composite concrete.
Rheological testing and microscopic examination of the fiber asphalt matrix material were
carried out by Chen and Lin [30]. The findings demonstrate that the distribution of fiber
in asphalt is random in three dimensions, which has a positive influence on bonding and
greatly raises the viscosity ratio between fiber-reinforced asphalt composite concrete and
regular asphalt composite concrete. Through the Marshall test, static triaxial test, and
dynamic triaxial test, Bueno et al. [31] investigated the effects of fiber amount and length
on the mechanical properties of fiber-reinforced cold-mixed asphalt composite concrete.
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According to the findings, the fiber output is between 0.10 and 0.25 percent, and the 40 mm
fiber exhibits good reinforcement properties. Chen [32] analyzed the influence of the fiber
on the pavement performance, expatiated the strengthening mechanism of the fiber asphalt
composite concrete pavement with the theory of composite materials and the interfacial
chemistry through the tests of the six fibers and three gradations, the asphalt mixture of
different combination. Zhou [33] studied the fatigue damage behavior of asphalt mixture
and the fatigue failure of asphalt pavement and predicted the fatigue life of AC overlay
on existing PCC pavement based on the theory and method of fatigue damage mechanics.
Chen [34] paved the corn stalk fiber and basalt fiber SMA-13 mixture indoor test road,
carried out the production mix ratio design and summarized the corn stalk fiber and basalt
fiber asphalt mixture road construction technology. Then, based on the full-scale accelerated
loading test, the rutting depth of the corn stalk fiber and basalt fiber SMA-13 surface layer
structure and the lignin fiber SMA-13 surface layer structure were analyzed. The research
results showed that the corn stalk fiber and basalt fiber SMA-13 surface layer structure
has a longer service life [35–37]. Nevertheless, there are still a lot of issues in the current
research that need to be resolved, including the effects of fiber aspect ratio on the parameters
of the viscoelastic mechanical behavior model and the viscoelastic properties of asphalt
composite concrete, as well as the effects of fiber-volume-fraction and aspect ratio on the
parameters of the viscoelastic mechanical behavior model and the viscoelastic properties
of asphalt composite concrete after unloading. How to apply a parameter to accurately
depict the impact of fiber-volume-fraction and aspect ratio on the viscoelastic mechanical
characteristics of asphalt composite concrete is another important consideration.

In this study, the ideal asphalt content was established using the conventional Mar-
shall test method, and the tiny beam bend test for creeps was then conducted using the
variables fiber volume percent Vf and length–diameter-ratio Ra. The effects of Vf and
Ra on the parameters of the viscoelastic mechanical behavior model and the viscoelastic
characteristics of asphalt composite concrete throughout the creep loading and unloading
stages were carefully investigated using Burger’s model as a foundation. To fully portray
the impact of Vf and Ra, fiber amount characteristic parameters λf were used. Last but
not least, a viscoelastic mechanical behavior model of fiber-reinforced asphalt composite
concrete was created and a viscoelastic analysis was performed.

2. Materials and Methods
2.1. Materials

No. 70 road petroleum asphalt is used in the tests, and its main physical performance
indexes are shown in Table 1. The Vf of polyester fiber with Ra of 162, 486, and 649
is 0.35 percent. In addition, the Vf of polyester fiber with Ra of 324 are 0.17 percent,
0.35 percent, 0.52 percent, and 0.69 percent, respectively. After sieving, cleaning, and
drying, the aggregate is mixed with limestone powder to form AC-13F median grading.
Determine the optimum asphalt content of the base asphalt mixture and asphalt mixture
with different Vf and Ra through the standard Marshall test method. The designed polyester
fiber asphalt mixture is rolled into 300 mm × 300 mm × 50 mm (L × W × H) test pieces,
then cut into 250 mm × 30 mm × 35 mm (L × W × H) small beam specimens, and conduct
bend test for creeps on multi-functional material testing machine, and load with weights,
as shown in Figure 2.

Table 1. Mainly physical performance indexes of No. 70 road petroleum asphalt.

Road Petroleum
Asphalt

Penetration
Ratio at 25 ◦C

P/0.1 mm

Ductility at
25 ◦C D/cm

Softening Point
SP/◦C

Density
ρb/g/cm3

No. 70 75 ≥100 44.3 1.00937
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Figure 2. Small beam bend test for creeps.

Under identical circumstances, the creep load is 10 percent of the little beam’s bending
failure force. A total of eight groups of creep tests were carried out on three trabecular
specimens repeated in each group. During the test, the dial indicator connected with the
data acquisition system is used to collect the mid-span deflection of the small beam during
the creep test, collect the data every one second and draw the mid-span deflection time
relationship curve. When the beam specimen enters the accelerated creep stage, remove
the load and continue to collect the mid-span deflection data of the beam within 30 min
of unloading.

2.2. Method

The deformation process of viscoelastic materials changing with time mainly includes
creep, stress relaxation, hysteresis, and strain rate sensitivity. In engineering, viscoelas-
tic basic elements (springs and dampers) are often combined into different viscoelastic
mechanical behavior models in different ways to describe their creep deformation char-
acteristics. It is generally believed that the Burgers model can best reflect the creep and
relaxation characteristics of asphalt composite concrete, so the Burgers model viscoelastic
constitutive model is widely used in the field of road engineering [38–41]. The Burgers
model is composed of two springs and two dampers. As shown in Figure 3, the Burgers
model can better reflect the viscoelastic deformation characteristics of asphalt composite
concrete materials.
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Although the creep deformation of fiber-reinforced asphalt composite concrete with
different Vf and Ra is different, the creep deformation time curve presents three stages of
deceleration creep, constant velocity creep, and accelerated creep, and the creep deforma-
tion characteristics of asphalt composite concrete itself are not changed by adding fiber. As
a result, a viscoelastic mechanical behavior model of fiber-reinforced asphalt composite
concrete may be built based on the viscoelastic mechanical behavior model of regular
asphalt composite concrete and take into account the influence of fiber on the model’s char-
acteristics. The viscoelastic creep equation for fiber-reinforced asphalt composite concrete,
as shown in Figure 3, is as follows:

Loading stage:

ε = σ0

(
1

E1
+

t
η1

+
1 − e−tτ

E2

)
(1)

Unloading stage:

ε = σ0

[
t0

η1
+

(
1 − e−t0τ

)
e−τ(t−t0)

E2

]
(2)

where E1 and η1 represent, respectively, the elastic modulus of elastic element 1 and the
viscosity of viscous element 4, taking into account the influence of fibers; and E2 and η2
represent, respectively, the elastic modulus of element 2 and the viscosity of element 3,
taking into account the influence of fibers; τ = E2

η2
.

In the model of Equations (1) and (2), the more E1 is greater, the more elastic deforma-
tion fiber-reinforced asphalt composite concrete can withstand. The amount of permanent
deformation of fiber-reinforced asphalt composite concrete under the same weight and
duration decreases with increasing value of η1. The slower the viscous deformation rises
over time and the smaller the rutting depth of fiber-reinforced asphalt composite concrete
pavement is related to relaxation time η1/E1. The ability of fiber-reinforced asphalt com-
posite concrete to withstand viscoelastic deformation is increased by increasing the delay
time η2/E2, which also slows the development of viscoelastic deformation over time.

The creep strain time data gathered in the test is imported using Origin 8.5 software’s
nonlinear fitting approach in accordance with the results of the creep test. By assuming the
beginning values of the model parameters and altering the model parameters to make the
theoretical calculation results of the model best fit the experimentally measured values, the
parameters of the viscoelastic mechanical behavior model based on Equations (1) and (2)
are established. The impacts of Vf and Ra on model parameters are examined in light of this.
The creep equation and constitutive equation are used to perform the viscoelastic analysis
of fiber-reinforced asphalt composite concrete. The constitutive equation of fiber-reinforced
asphalt composite concrete is established by using the parameter λf as the parameter
comprehensively reflecting the influence of Vf and Ra.

3. Results
3.1. Effects of Vf on the Parameters of Equation (1) Model

Equation (1) model is composed of the Maxwell model and Kelven model in series.
In this model, the elastic element E1 produces instantaneous elastic deformation that
can be recovered immediately after unloading. The resistance of fiber-reinforced asphalt
composite concrete to elastic deformation increases with the value. The viscous element
η1 causes permanent deformation in the viscous flow that is irreversible after unloading.
The permanent deformation caused by the same load at the same moment decreases as
the value increases. The expansion of viscous deformation occurs more slowly and the
depth of rutting in fiber-reinforced asphalt composite concrete pavement decreases with
increasing relaxation time η1/E1. Under the influence of E2, the deformation produced in
the viscoelastic composite element η2 and E2 will recover gradually. The deformation of
fiber-reinforced asphalt composite concrete material develops more slowly and is more
resistant to deformation the longer the delay time η2/E2. Table 2 displays the model
parameters for Equation (1) for fiber-reinforced asphalt composite concrete with various
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fiber-volume-fractions. It is clear that as the fiber-volume-fraction rises, E1 first rises and
then falls. The greatest value is attained when the fiber-volume-fraction is 0.35 percent. The
elastic deformation resistance to the transient load of fiber-reinforced asphalt composite
concrete is now very strong. Fiber can only improve the elasticity of asphalt composite
concrete when the fiber volume percent is adequate, as evidenced by the fact that when the
fiber-volume-fraction reaches 0.69 percent, the value of fiber-reinforced asphalt composite
concrete E1 is lower than that of matrix asphalt composite concrete. As the fiber-volume-
fraction rises, the value of η1 first rises and then falls. The greatest value, which is more
than twice the value of the matrix asphalt composite concrete, is attained when the fiber-
volume-fraction is 0.35 percent. The fiber-reinforced asphalt composite concrete’s η1 is
smaller than the matrix asphalt composite concrete when the fiber-volume-fraction exceeds
0.69 percent.

Table 2. Equation (1) model parameters of asphalt composite concrete with different Vf.

Vf/%
Parameters of Equation (1) Model

R2 Relaxation
Time η1/E1/s

Delay Time
η2/E2/sE1/MPa E2/MPa η1/MPa·s η2/MPa·s

0 629 110 305,403 30,110 0.99912 485 274
0.17 726 144 530,628 43,517 0.99815 731 302
0.35 916 161 683,955 51,518 0.99540 746 320
0.52 793 148 501,683 46,680 0.99923 633 315
0.69 610 122 268,829 36,772 0.99913 315 301

As a result, fibers with the right volume fraction have positive effects on viscosity. The
fiber exhibits a good viscosity-increasing effect at a volume percentage of 0.35 percent. At
the moment, asphalt composite concrete with fiber reinforcement has a decent resistance
to permanent deformation, and too much fiber lowers that resistance. The relaxation time
η1/E1 and delay time η2/E2 of fiber-reinforced asphalt composite concrete first increase and
then decrease with the increase in fiber-volume-fraction. When the fiber-volume-fraction is
0.35 percent, the relaxation time η1/E1 and delay time η2/E2 both reach the maximum value.
As a result, adding the right quantity of fiber can increase asphalt composite concrete’s
resistance to rutting. The fiber has a better impact on the rutting resistance of asphalt
composite concrete when the fiber volume ratio is 0.35 percent. E1, η1, η1/E1, and η2/E2
increase first and then decrease with the increase in fiber-volume-fraction. When the fiber-
volume-fraction is 0.35 percent, the maximum value appears. The best volume fraction of
polyester fiber to play the best role in reinforcing is 0.35 percent at the moment because
fiber-reinforced asphalt composite concrete has strong resistance to elastic deformation,
viscous flow deformation, and rutting deformation.

3.2. Effects of Vf on the Parameters of Equation (2) Model

When the small beam bend test for the creep piece enters the accelerated creep stage,
remove the load, collect the mid-span deflection of the beam test piece within 30 min after
unloading, convert the deflection into strain, apply Origin 8.5 software to fit the test data
and model parameters, and obtain the Equation (2) model parameters of asphalt composite
concrete with different fiber-volume-fraction, as shown in Table 3. It can be seen that
the same parameter values of the Equation (2) model and Equation (1) model are quite
different. It is shown that the E2 and η2 value of Equation (1) model parameters greatly
increases compared with the loading stage, and the delay time η2/E2 also increases, but η1
significantly decreases.

This is so because the rapid creep stage of asphalt composite concrete is the creep
failure stage. Dislocations and slides between the interior aggregates occur when asphalt
composite concrete beams are bent, resulting in material damage and decreased perfor-
mance. The mechanical model parameters obtained in the creep loading stage cannot
be used to characterize the actual deformation characteristics of fiber-reinforced asphalt
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composite concrete after unloading because the actual permanent deformation represented
by the model parameters in the unloading stage is greater than the theoretical permanent
deformation represented by the model parameters in the loading stage, and the rate of
actual deformation recovery also becomes slow. Table 3 also shows that, in comparison
to the creep loading stage, there is less of a correlation between the test data in the creep
unloading stage and the model in Equation (2). This suggests that the Burgers model is
more accurate at describing the viscoelastic deformation properties of asphalt composite
concrete during the loading process.

Table 3. Equation (2) model parameters of asphalt composite concrete with different Vf.

Vf/%
Parameters of Equation (2) Model

R2 Delay Time
η2/E2/sE2/MPa η1/MPa·s η2/MPa·s

0 343 251,554 109,199 0.98485 318
0.17 386 346,085 145,944 0.97533 378
0.35 406 399,097 170,332 0.99189 420
0.52 379 317,203 140,118 0.98291 370
0.69 345 184,746 119,707 0.98901 347

3.3. Effects of Ra on the Parameters of Equation (1) Model

Table 4 displays the model parameters that were produced using Equation (1) model
and Origin 8.5 software fitting the test data of fiber-reinforced asphalt composite concrete
creep loading stage with various fiber length–diameter-ratios. It is clear that as the fiber
length-to-diameter ratio rises, the elastic modulus of elastic element E1 in the model initially
rises and then falls. The greatest value is attained at a fiber length–diameter-ratio of 324, and
the fiber exhibits good elastic reinforcement. With an increase in the fiber length–diameter-
ratio, the value of the model parameter η1 first rises and subsequently falls. The greatest
value is reached for a fiber length–diameter-ratio of 324. The value is raised by nearly two
times when compared to the base asphalt composite concrete. The viscosity-increasing
impact of the fiber is currently better, and fiber-reinforced asphalt composite concrete is
more resistant to permanent deformation.

Table 4. Equation (1) model parameters of asphalt composite concrete with different Ra.

Ra
Parameters of Equation (1) Model

R2 Relaxation
Time η1/E1/s

Delay Time
η2/E2/sE1/MPa E2/MPa η1/MPa·s η2/MPa·s

0 629 110 305,403 30,110 0.99912 486 274
162 823 144 541,533 43,359 0.99936 658 301
324 916 161 683,955 51,518 0.99540 747 320
486 705 139 364,537 43,405 0.99746 517 312
649 643 125 319,489 37,890 0.99118 497 303

With an increase in the fiber length–diameter-ratio, the relaxation time η1/E1 first
rises and subsequently falls. The greatest value is seen when the fiber length–diameter-
ratio reaches 324. The fiber-reinforced asphalt composite concrete currently offers greater
resistance to rutting deformation. With an increase in the fiber length–diameter-ratio, the
delay time η2/E2 first rises and subsequently falls. The highest delay time is reached at
a fiber length–diameter-ratio of 324, and the fiber-reinforced asphalt composite concrete
exhibits good resistance to long-term deformation. As can be observed, fiber-reinforced
asphalt composite concrete is more resistant to elastic deformation, rutting deformation,
and viscous flow deformation. The ideal fiber length-to-diameter ratio is 324.
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3.4. Effects of Ra on the Parameters of Equation (2) Model

Table 5 displays the model parameters that were produced using Equation (2) model
and Origin 8.5 software fitting the test data of fiber-reinforced asphalt composite concrete
creep unloading stage with various fiber length–diameter-ratios. The values of the same
model parameters have significantly altered in the two distinct stages of creep loading and
creep unloading, as can be seen. The equation for the creep unloading stage (2), the actual
permanent deformation of fiber-reinforced asphalt composite concrete with different fiber
aspect ratios, as represented by the model parameters in the unloading stage, is greater
than the theoretical permanent deformation, as represented by the model parameters in the
creep loading stage. This is because the E2 and η2 values of the model parameters in the
loading stage have a large increase, the delay time η2/E2 has a small increase, but η1 has a
large decrease. When compared to theoretical creep deformation, which is described by
model parameters in the loading stage, actual creep deformation, as measured by unloading
stage characteristics, recovers more slowly. At the unloading stage, there is less correlation
between experimental data and the fiber-reinforced asphalt composite concrete model with
various aspect ratios than there is at the loading stage.

Table 5. Equation (2) model parameters of asphalt composite concrete with different Ra.

Ra
Parameters of Equation (2) Model

R2 Delay Time
η2/E2/sE2/MPa η1/MPa·s η2/MPa·s

0 343 251,554 109,199 0.98485 318
162 369 310,862 141,021 0.98455 382
324 406 399,097 170,332 0.99189 420
486 364 292,954 139,592 0.99533 383
649 349 266,937 123,008 0.98254 352

3.5. Establishment of Constitutive Equation of Fiber-Reinforced Asphalt Composite Concrete

In summary, the length–diameter-ratio and fiber-volume-fraction have a significant
impact on the viscoelastic characteristics of asphalt composite concrete. Using the models
in Equations (1) and (2), the viscoelastic constitutive equations of fiber-reinforced asphalt
composite concrete are developed for the creep loading stage and the unloading stage,
respectively. The characteristic parameter of fiber amount λf = Vf × Ra is used to reflect the
comprehensive influence of Vf and Ra. Equation (1) model parameters all have the change
rule of first increasing and then decreasing with the increase in fiber amount characteristic
parameters. The relationship between model parameters and fiber amount characteristic
parameters of nonlinear fitting Equation (1) can be expressed as:

Loading stage:
E1

(
λ f

)
= 699.86 + 144.49λ f − 37.60λ2

f (3)

E2

(
λ f

)
= 124.74 + 29.09λ f − 6.71λ2

f (4)

η1

(
λ f

)
= 421224.53 + 164684.43λ f − 44571.93λ2

f (5)

η2

(
λ f

)
= 35795.38 + 12693.07λ f − 2817.99λ2

f (6)

By substituting Equations (3)~(6) into Equation (2), the creep equation of fiber-reinforced
asphalt composite concrete characterized by the Burgers model considering the influence of
λf can be obtained:

Loading stage:

ε
(

t, λ f

)
= σ0

 1
E1λ f

+
t

η1

(
λ f

) +
1 − e−tτ

E2

(
λ f

)
 (7)
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The derivative of Equation (7) with respect to time can be used to obtain the differen-
tial constitutive equation of fiber-reinforced asphalt composite concrete described by the
Burgers model taking into account the influence of λf:

Loading stage:

dε
(

t, λ f

)
/dt =

.
ε
(

t, λ f

)
= σ0

 1

η1

(
λ f

) +
e−tτ

η2

(
λ f

)
 (8)

Equation (2) model parameters all have the change rule of first increasing and then
decreasing with λf. The relationship between the model parameters and λf of nonlinear
fitting Equation (2) can be expressed as:

Unloading stage:

E2

(
λ f

)
= 343.43 + 103.25λ f − 46.58λ2

f (9)

η1

(
λ f

)
= 247449.9 + 275225.8λ f − 136606λ2

f (10)

η2

(
λ f

)
= 109657.3 + 89963.02λ f − 39147.1λ2

f (11)

By substituting Equations (3)~(7) into Equation (2), the creep equation of fiber-reinforced
asphalt composite concrete characterized by the Burgers model considering the influence
of fiber amount characteristic parameters can be obtained:

Loading stage:

ε
(

t, λ f

)
= σ0

 t0

η1

(
λ f

) +

(
1 − e−t0τ

)
e−(t−t0)

E2

(
λ f

)
 (12)

The derivative Equation (13) can be used to generate the differential constitutive
equation of fiber-reinforced asphalt composite concrete described by the Burgers model
taking into account the influence of fiber amount characteristic parameters over time:

Unloading stage:

dε
(

t, λ f

)
/dt =

.
ε
(

t, λ f

)
= σ0

(e−t0τ − 1
)
e−(t−t0)

η2

(
λ f

)
 (13)

4. Discussion

The relationship between the creep strain at the loading stage and the characteristic
parameters of fiber amount obtained from Equation (7) is shown in Figure 4. As can be
observed, the creep strain drops first and then increases with the increase in fiber amount
characteristic parameters, regardless of the same loading time, different stress levels, or
the same loading stress, with different loading times. The lowest value is attained when
the fiber amount characteristic parameter is around 1.68. The fiber-reinforced asphalt
composite concrete now exhibits good resistance to creep deformation. The creep strain
of fiber-reinforced asphalt composite concrete increases with increasing tension and load-
ing duration.

Figure 5 depicts the link between the creep rate during the loading stage and the
characteristic fiber amount values determined from Equation (8). The smallest value of
the creep rate is reached when the fiber amount characteristic parameter is 1.68; the higher
the stress, the higher the creep rate. As can be seen, the creep rate first reduces and then
increases as the fiber amount characteristic parameter increases. Additionally, Equation (8)
demonstrates that as loading time increases, the creep rate decreases.
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The relationship between the creep strain of fiber-reinforced asphalt composite con-
crete after unloading and the characteristic parameters of fiber amount obtained from
Equation (12) is shown in Figure 6. It is evident that the residual creep deformation follow-
ing unloading increases with increasing loading tension. As the characteristic parameter
for fiber amount increases, the residual creep deformation first drops and subsequently in-
creases. The minimal residual creep deformation of fiber-reinforced asphalt composite con-
crete has a fiber amount characteristic parameter value of around 1.13 for the same loading
and unloading period and varied loading stress circumstances. Currently, fiber-reinforced
asphalt composite concrete has a superior capacity for self-healing creep deformation.
Additionally, Equation (12) demonstrates that damage to the fiber-reinforced asphalt com-
posite concrete material and residual creep deformation after unloading increase with the
length of the creep loading time.
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Figure 7 depicts the link between the fiber-reinforced asphalt composite concrete’s post-
unloading creep rate and the typical fiber amount characteristics derived from Equation (13).
As can be seen, the greater the loading stress, the faster the creep deformation recovers
due to the inertia of the immediate recovery of elastic deformation after unloading. With
an increase in fiber amount characteristic characteristics, the creep deformation recovery
rate first rises and subsequently falls. When the creep deformation recovery rate is at its
highest, the fiber amount characteristic characteristics of fiber-reinforced asphalt composite
concrete are around 1.13 under the same loading and unloading times and under various
loading stress circumstances. Currently, fiber-reinforced asphalt composite concrete has a
good capacity for self-healing deformation. Additionally, according to Equation (13), creep
load damage to fiber-reinforced asphalt composite concrete increases with loading time
and decreases with creep deformation recovery rate.
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5. Conclusions and Limitations

Based on the creep test of polyester fiber-reinforced asphalt composite concrete, this
paper draws the following conclusions.

According to the results of the fiber-reinforced asphalt composite concrete’s creep
tests, the position of the creep deformation time relationship curve, the creep rate, the
position of the creep compliance time curve, and the instantaneous modulus of resilience
following unloading are all lowest when the fiber-volume-fraction is 0.35 percent and
the length–diameter-ratio is 324. Currently, fiber-reinforced asphalt composite concrete
has strong resilience to elastic deformation after unloading as well as good resistance to
creep deformation.

The Burgers model has a strong connection with the test results of fiber-reinforced
asphalt composite concrete during the creep loading and unloading stages. This model has
a flaw in that it describes the permanent deformation of asphalt composite concrete as a
linear function that is inversely related to viscosity and proportionate to time. The model
is still unable to accurately depict the deformation characteristics of asphalt composite
concrete during the whole loading and unloading operation due to the relationship between
viscosity and the increment of permanent deformation.

With an increase in the fiber-volume-fraction and length–diameter-ratio, the model
parameters of the Burgers model in the creep loading stage and unloading stage change
according to a predetermined pattern. Fiber-reinforced asphalt composite concrete offers su-
perior resistance to elastic deformation, viscous flow deformation, and rutting deformation
when the fiber-volume-fraction is 0.35 and the length–diameter-ratio is 324.

The material performance of fiber-reinforced asphalt composite concrete is harmed by
creep loading damage. The numerical values of the identical model parameters in the creep
loading stage and the creep unloading stage change significantly in the viscoelastic model
that represents the creep deformation properties of fiber-reinforced asphalt composite
concrete. The deformation features of the unloading process can be more accurately
reflected by the Burgers model.

The distinctive fiber amount metrics can fully capture the impact of fiber-volume-
fraction and aspect ratio. Burgers model’s description of the differential constitutive
equation of fiber-reinforced asphalt composite concrete under creep loading, which ac-
counts for the influence of fiber amount’s characteristic parameters, may be described by
Equation (8). Equation (13) can be used to define the differential constitutive equations
of fiber-reinforced asphalt composite concrete in the creep unloading stage as described
by the Burgers model while taking the influence of fiber amount characteristic factors
into consideration. Theoretical investigation demonstrates that polyester fiber-reinforced
asphalt composite concrete has greater deformation resistance and deformation self-healing
ability when the characteristic parameter value of polyester fiber amount is 1.13.

In this paper, the applicability of the conclusions drawn from polyester fiber asphalt
composite concrete to other types of soft fiber asphalt concrete needs further study. The
relationship between the macroscopic mechanical properties and the microstructure of
fiber-reinforced asphalt concrete deserves further study. The influence of fiber type and
cooling rate on TSRST test parameters of fiber asphalt concrete still needs further study.
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