
Research Article
Study on the Deformation of Pavement Structure with Multiplex
Organic Hydraulicity Mixture under Driving Load Based on
Simulation and Experiment

Hairong Gu,1 Lingying Zhao,1 Min Ye ,1 Zhiyong Li,1 Xinxin Xu,1,2 and Xianbao Zuo2

1National Engineering Laboratory for Highway Maintenance Equipment, Chang’an University, Xi’an 710064, China
2Henan Gaoyuan Maintenance Technology of Highway Co.,Ltd., Xinxiang 453003, China

Correspondence should be addressed to Min Ye; mingye@chd.edu.cn

Received 14 April 2021; Accepted 13 September 2021; Published 11 October 2021

Academic Editor: Mara Criado

Copyright © 2021 Hairong Gu et al. 'is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

With the continuous growth of global warming and traffic volume, rutting deformation is common on road surfaces. A new type
of pavement mixture, a semiflexible mixture, was proposed to solve the easy deformation and low riding quality of traditional
pavement mixtures. It can be divided into pouring type and mixing type according to the construction method. However, there is
little research on mixed semiflexible mixtures (i.e., multiplex organic hydraulicity (MOH) mixtures) in the current literature, so
the deformation of pavement under driving loads was studied based on the MOH mixture in this paper. Four types of pavement
composed of the traditional mixture and MOH mixture (i.e., AC13-AC20, AC13-MOH, MOH-MOH, and MOH-AC20) were
selected to achieve the purpose of the research. Based on these four types of pavement, the deformation of the pavement was
studied by simulations and experiments.'e results show that the deformation of the upper layer is almost the same for these four
types of pavement and that the deformation of the middle layer changes substantially for these four types of pavement. In regard to
the deformation, the relationship is MOH-MOH<AC13-MOH<MOH-AC20<AC13-AC20. In addition, the contribution rate
of the deformation of the middle layer is much greater than that of the upper layer. 'e antideforming ability of the whole
pavement can be improved by using the MOHmixture as the middle layer of the pavement, which means that the performance of
the MOH mixture can achieve the best performance when it is applied to the middle layer.

1. Introduction

With the continuous growth of global warming and traffic
volume, pavement damage is common on road surfaces,
especially the rutting deformation of pavement, as shown in
Figure 1 [1]. A new type of pavement mixture was proposed
to solve the easy deformation and low riding quality of
traditional pavement mixtures. 'is new mixture not only
has the flexibility of asphalt mixtures but also has the rigidity
of cement mixtures, so it is called a semiflexible mixture or
semirigid mixture [2]. 'e semiflexible mixture is divided
into pouring type and mixing type according to the con-
struction method [3]. 'e former is a combination of hot
mixing and cold pouring, the process is complex, and the
construction quality is challenging to control. However, the
mixed semiflexible mixture is a kind of MOH mixture with

an emulsified asphalt cement mixture as binder [4,5]. 'is
can realize typical temperature construction, especially in
alpine regions [5]. 'e mixed semiflexible mixtures have
been of great interest to highway experts worldwide in recent
years because of its convenient construction, energy con-
sumption reduction, and environmental protection.
According to the literature, the energy consumption and
carbon emissions of MOH mixtures in the construction
period were 81.60MJ/t and 6.05 kg/t, respectively, 71.20%
lower than those of traditional asphalt pavement [6].

Research on emulsified asphalt cement mortar mixtures
mainly focuses on the mixing ratio [7, 8], performance
[5, 9–14], mixing time [15], strength formation mechanism
[7, 16, 17], and so on. For pavement materials, under-
standing their performance is the priority. Gong et al.
studied the cracking resistance of semiflexible mixtures, and
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the results showed that mixtures using modified asphalt
binders and fibres had fewer cracks [18]. Liu et al. studied the
effect of binders on the properties of mixtures. 'e results
showed that the influence of cement and emulsified asphalt
on the properties (tensile and compressive strength) was
nonlinear and that the optimal amounts of emulsified as-
phalt and cement were determined to be 2.9% and 1.5% for
the recycled materials, respectively [16, 19]. Jahanbakhsh
et al. examined the fatigue cracking resistance behaviour of
cement emulsified asphalt mortar, and the most suitable
parameter for evaluating the fatigue cracking resistance was
specified [20]. Moghadas et al. considered the mechanical
and fatigue properties of cement emulsified asphalt mortar;
the results showed that both uniaxial compressive strength
and indirect tensile strength heightened through the in-
clusion of silica fume [21]. Zhang et al. studied the viscosity
of emulsified asphalt cement mortar. It was concluded that
the structure of cement hydrates not only improved the
consistency of the slurry but also contributed to the opti-
mization of the adhesion and film-forming effect of emul-
sified asphalt [22].

Methods for exerting the best performance (i.e., rutting
resistance) of the pavement mixture are worthy of attention
and research. At present, asphalt pavement composed of a
bottom layer, middle layer, and upper layer [23] has been
substantially studied. For example, Li et al. studied the
high-temperature performance of two kinds of double-
layer asphalt pavements composed of AC-13, AC-20, and
SMA-13 mixtures using fractal dimensions based on fractal
theory; the result showed that the deformation is divided
into two stages (i.e., densification and flow deformation),
ant that the top layer made of AC-13 presented obvious
densification [24]. Hu et al. analysed the rutting perfor-
mance of three-layer asphalt pavement composed of AC-
25, AC-20, and SMA-13 under the temperature field using
the finite element software ABAQUS. 'e result showed
that the contribution rate of each layer to the total de-
formation of the pavement was different; that is, the middle
layer was the largest, the bottom layer was the lowest, and
the upper layer was the smallest [25]. Hu et al. studied the
deformation of the asphalt concrete (AC) layer of pavement
with different variables using the finite element method,
such as the AC layer modulus, AC layer thickness, vertical
wheel loads, and tire pressure. 'e result showed that the
permanent deformation (PD) contribution of each AC
layer varies as a function of the AC modulus and the

distribution of the tire pressure has a very significant in-
fluence on the PD of the top AC layer [26]. Jiang et al.
studied the influence of materials (i.e., AC-16, AC-20, AC-
25, and AC-13) and the thickness of double-layer asphalt
pavement on the high-temperature performance, and a
double-layer pavement structure with a 3 cm AC-16 surface
layer and a 7 cm AC-20 bottom layer was recommended
[27]. Jiang et al. proposed an inverted asphalt pavement
structure (4 cm AC-13 mixture + 8 cm AC-25 mixtur-
e + 6 cm AC-20 mixture + 54 cm cement-stabilized mac-
adam), and the result showed that it had better rutting
resistance than the traditional asphalt pavement structure
(4 cm AC-13 mixture + 6 cm AC-20 mixture + 8 cm AC-25
mixture + 54 cm cement-stabilized macadam) [28].

Based on the above analysis, it can be found that the
performance of the whole pavement is rarely studied when
the MOH mixture is applied to the pavement. To com-
pensate for this research gap, the deformation of pavement
under driving loads was studied based on the MOHmixture
in this paper. Four types of pavement composed of MOH
mixtures and conventional mixtures (i.e., AC13-AC20,
AC13-MOH, MOH-MOH, and MOH-AC20) are taken as
research objects. Here, AC13-AC20 is a type of pavement
structure in which the upper layer adopts an AC-13 mixture
and the middle layer adopts an AC-20 mixture. 'e other
types have the same meaning. Based on these four types of
pavement, the deformation of the pavement was studied by
simulations and experiments.

2. Theory of Permanent
Deformation of Pavement

'e road structure is usually composed of a surface layer,
base course, subbase, and subgrade, and the surface layer
includes an upper layer, middle layer, and lower layer.
Pavement deformation usually occurs in the surface layer.
'e calculation of the permanent deformation is usually
based on the maximum vertical compressive stress of the top
of each layer in the surface layer; namely [29],
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Figure 1: Rutting damage of pavement.
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where Ra and Rai are the permanent deformations of the
surface layer and each layer in the surface layer, respectively.
N is the number of layers in the surface layer. Tpef is the
equivalent temperature of the permanent deformation. Ne3
is the cumulative number of applied loads. hi is the thickness
of the ith layer in the surface layer. h0 is the thickness of the
rutting test specimen. R0i is the permanent rutting defor-
mation of the ith layer at 60°C, 0.7MPa, and loading of 2520
cycles. kRi is the comprehensive correction coefficient, and
its calculation formula is shown in equation (3). pi is the
vertical compressive stress on the top of the ith layer; namely
[29],
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where pi is the theoretical compressive stress coefficient. p
and δ are the wheel pressure and equivalent radius of the
standard axle load, respectively. hi and Ei are the thickness
and resilient modulus of each layer in the pavement
structure, respectively. E0 is the resilient modulus of the
subgrade.

'e comprehensive correction coefficient can be
expressed as follows [29]:

kRi � 0.9731zi d1 + d2 · zi( 
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where zi is the depth of the ith layer and ha is the thickness of
the surface layer.

3. Simulation Analysis Based on
Pavement Deformation

To obtain the maximum vertical compressive stress of each
layer in the surface layer and to study the deformation of the
MOH mixture applied to pavement, a numerical simulation
based on the pavement was carried out. In this study, dif-
ferent mixtures were selected and applied to the surface layer
to form a contrast.

3.1. Numerical Simulation Setup

3.1.1. Road Structure and Parameters. 'e pavement
structure composed of the surface layer (upper layer, middle
layer, and lower layer), base, subbase, and subgrade was
selected. 'e materials and parameters of each layer of
pavement are shown in Table 1.'e reboundmoduli were all
references [30–34]. Four different pavement structure
combinations were designed, as shown in Figure 2. Because
the materials used in other layers were consistent, only the
upper layer and middle layer of the pavement surface layer
are drawn in Figure 2.

3.1.2. Finite Element Model. Based on the above road
structure, ABAQUS software was used to establish the three-
dimensional finite element model of the road.'emodel size
was 6m× 6m× 3m (length × width × height).'e following
assumptions are made for the pavement to reduce the
simulation time. (1) Each layer is uniform, continuous, and
isotropic in the pavement structure. (2) 'e gravity and
unevenness of the road are ignored. (3) 'e connection
between the layers is entirely continuous.

Because both the side and bottom of the pavement were
limited to a certain extent, the boundary conditions of the
pavement model were set; that is, the bottom surface was
fully constrained, and the lateral displacement of the side in
two horizontal directions was limited.

A load area of 0.8m× 0.6m was set at the top of the
model to simulate the wheel load [35]. 'e standard axle
load BZZ-100 was adopted [36]. 'e load was simplified to a
0.23m× 0.16m uniform rectangular load to facilitate grid
division. 'e detailed layout of the loading is shown in
Figure 3.

Before the simulation starts, the model needed to be
mesh. To save simulation time and improve the calculation
accuracy, the meshing in the load area was fine, and the part
far away from the load area was rough. 'e mesh of the
model is shown in Figure 4.

3.2. Simulation Results and Discussion Based on Deformation

3.2.1. Vertical Strain on Top of the Subgrade. 'e vertical
strain at the top of the subgrade is shown in Figure 5.
Because one pavement structure type is used in this study,
only the strain of the combined type AC13-MOH is shown
in Figure 5(a). See Figure S1 in Supplementary Materials for
the strain diagrams of the other combination types. In
Figure 5(a), X and Y represent the distance from the centre
of the two wheels, where X represents the distance in the
driving direction and Y represents the distance on the cross
section of the road. 'is meaning can be applied to other
figures in this study. Figure 5(a) shows that the strain value
of the top of the subgrade gradually decreases with in-
creasing distance from the centre of the two wheels. To
intuitively express the relationship between the four com-
bination types, Figure 5(b) shows the strain at the top of the
subgrade at X� 0. Figure 5(b) shows that the strain value of
AC13-AC20 under loading is larger than that of MOH-
MOH, which indicates that AC13-AC20 is prone to per-
manent deformation compared with MOH-MOH.

3.2.2. Instantaneous Vertical Displacement. Figure 6 shows
the instantaneous vertical displacement of each layer of four
different types of pavement combinations, and the units of
the value on the contour line are in mm. Figure 6 shows that
the vertical displacement is less likely to occur farther away
from the road surface. 'e vertical displacements of the
AC13-MOH and MOH-AC20 structures are almost equal in
each layer. 'e displacement of AC13-AC20 is greater than
that of MOH-MOH. Additionally, it can be found that the
instantaneous vertical displacement of AC13-AC20 is
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different from other types of combinations at the centre of
the two wheels. 'is may be due to the weak resistance of the
AC13-AC20 structure to external forces. When the wheel

runs on the pavement, the pavement contacting with the
wheel will deform instantaneously to resist the external
force, and the force extending to the centre of the two wheels

Table 1: Pavement structure materials and parameters.

Pavement structure layer 'ickness (cm) Resilient modulus (MPa) Poisson’s ratio

Upper layer AC-13 4 1400 0.35MMOH 1600

Middle layer AC-20 6 2000 0.35CMOH 2400
Lower layer AC-25 8 3500 0.35

Base CTB 40 1200 0.2
Subbase CTB 25 300 0.3
Subgrade SG - 45 0.4

AC: asphalt concrete; MMOH: medium-grained MOH mixture; CMOH: coarse-grained MOH mixture; CTB: cement-treated macadam base; SG: subgrade.

CMOH

AC-13

(a)

AC-20

MMOH

(b)

CMOH

MMOH

(c)

AC-20

AC-13

(d)

Figure 2: Combination types of pavement structures. (a) Type 1. (b) Type 2. (c) Type 3. (d) Type 4.
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Figure 3: Layout of rectangular loading.

Figure 4: Meshing of the finite element model.
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is smaller. 'erefore, the deformation of the AC13-AC20
structure has no area with the same degree of deformation as
that of the roller surface at the centre of the two wheels.

To more intuitively display the vertical deformation of
the pavement, the instantaneous vertical displacement of the
pavement surface at X� 0 is shown in Figure 7. In Figure 7, it

can be found that the road surface near the wheel subsides to
different degrees under the action of loading and the place
near the centre of the two wheels is raised upward. 'us, a
letter W is formed on the road surface. Combined with
Figures 6 and 7, it can be concluded that the relationship
between the four combination types from the vertical
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Figure 6: Contours of instantaneous vertical displacement. (a) AC13-MOH. (b) MOH-AC20. (c) MOH-MOH. (d) AC13-AC20.
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displacement is as follows: MOH-MOH＜AC13-MOH＜
MOH-AC20＜AC13-AC20.

3.2.3. Vertical Stress and Permanent Deformation in the
Surface Layer. From equation (1), it can be seen that the
value of parameter pi is needed in the calculation of the
pavement surface layer deformation. 'e surface layer is
layered. In this study, the upper layer was divided into two
layers, the middle layer was divided into three layers, and the
lower layer was divided into two layers. Based on this layer
and the simulation results, the vertical stress at the top of
each layer can be obtained. 'en, the permanent defor-
mation of the surface layer can be obtained.

Figure 8 shows the vertical stress distribution of the
pavement. Because one pavement structure type is used in
this study, only the stress of the combined type MOH-MOH
is shown in Figure 8(a). See Figure S2 in Supplementary
Materials for the stress diagrams of other combination types.
In Figure 8(a), the units of the values displayed in the
contours are kPa, and a negative sign indicates that the stress
is compressive. Figure 8(a) shows that the vertical stress
decreases with increasing depth from the road surface. 'e
upper and middle layers bear most of the stress. 'erefore,
the deformation resistance of the upper and middle layers
should be considered. 'e maximum stress of each layer in
the surface layer is shown in Figure 8(b). As shown in
Figure 8(b), the stress value of the corresponding layers of
each combination type has little difference. Compared with
other layers, the middle layer has a considerable change rate
of stress.

According to equation (1) and Figure 8(b), the defor-
mation of the surface layer can be obtained. To correspond
with the experimental results, the deformation results of the
pavement under 105 load cycles are calculated, as shown in
Table 2. As shown in Table 2, when the AC-13 mixture and
MOH mixture are used in the upper layer, the deformation
of the upper layer is almost the same. However, when the
MOHmixture and AC-20 mixture are selected as the middle
layer, the deformation of the middle layer changes

substantially, which means that the key to improving the
antideforming ability of the pavement is the middle layer.
'e total deformations of the AC13-AC20 and MOH-AC20
surface layers are larger than those of AC13-MOH and
MOH-MOH.

4. Experiments Based on the Pavement
Surface Layer

4.1. Experimental Setup

4.1.1. Experiment Instruments. A vertical loaded circle-road
test was applied, which can simulate the road stress con-
ditions. 'e structure of the device is shown in Figure 9. 'e
deformation of pavement under driving loads can be quickly
obtained by using the device. As shown in Figure 9(a), the
equipment is composed of a chamber, instrument panel, and
running mechanism that drives the road to rotate, a loading
application mechanism that applies wheel loads to the
specimen, and a thermostatic mechanism that controls the
temperature in the chamber.'e up and downmovement of
the hydraulic cylinder in Figure 9(b) is adjusted by turning
the hand wheel on the instrument panel. At this time, the
wheel pressure is displayed on the instrument panel through
the pressure sensor in the sensor shaft to realize the ad-
justment of wheel pressure. 'e speed controller on the
instrument panel can realize the movement of the rotating
road through the transmission and power mechanism. 'e
temperature in the chamber is controlled by the temperature
controller, which can realize the heating or stopping of the
air flowing through the heating furnace.

In this device, the road is moving relative to the wheel.
'e specimen was fixed to the rotary road with threaded
fasteners through the holes, as shown in Figure 9(b).
'rough the repeated rotation of the rotary road, the surface
of the specimen was deformed under the action of wheel
pressure, and then the purpose of the experiment was re-
alized. During the test, the working conditions of the tester
shown in Figure 9 were as follows. 'e load of the specimen
was selected as the standard axle load BZZ-100; that is, the
pressure of the wheelset specimen was 0.7MPa and the
wheel load was 100 kN. Temperature and vehicle speed will
affect the deformation of the road. In this experiment, the
selected parameters are more extreme, that is, the summer
road temperature and the slower driving speed. 'e test
temperature was 60°C. 'e running speed of the road was
10 km/h, the road was loaded with a fixed wheel rail, and
there was no lateral movement.

4.1.2. Materials and Sample Preparation. Due to the limi-
tation of the experimental conditions, only the upper and
middle layers of the pavement surface structures were se-
lected for the tests. 'e raw materials needed in this ex-
periment were aggregates, cement, water, emulsified asphalt,
mineral powder, and fibres 'e MOH mixture is composed
of aggregates, cement, water, emulsified asphalt, and fibres
[15], while the asphalt mixture is composed of aggregates,
mineral powder, and asphalt [37].'e aggregates used in the
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Table 2: Deformation of the surface layer under 105 load cycles.

Type AC13-MOH MOH-AC20 MOH-MOH AC13-AC20

Deformation (mm)
Upper 2.03 2.02 2.02 2.03
Middle 6.08 9.80 5.25 12.29
Surface 9.56 13.89 8.30 16.75
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Figure 9: Vertical loaded circle-road tester. (a) Schematic diagram. (b) Actual diagram.
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test were basalt. 'e mineral powder was limestone powder.
'e emulsified asphalt used in the test was slow cationic
cracking and fast setting emulsified asphalt. Portland cement
with grade 42.5 was used, and the content was 1%.'e fibres
were polypropylene fibres with 0.1% content. 'e water was
tap water. 'e aggregate gradation and asphalt aggregate
ratio of each type of mixture are shown in Table 3 and
Figure 10. 'is oil-stone ratio was the best ratio determined
by the Marshall method [38]. 'e main characteristics of the
raw materials are shown in Table 4.

'e production process of the specimen was to make the
middle layer of the specimen first and then the upper layer.
Before paving the upper layer, emulsified asphalt was applied
to the surface of the middle layer to improve the adhesion
between the two [24]. 'e specific operation process of
specimen preparation can be referred to in the work in [24].
Because the final formed pavement specimen was installed
on the tester for the experiment, special forming equipment
for the test piece was applied to make the specimen fit the
tester. Two specimens were made for each pavement
structure to reduce the error of the results.

4.2. Experiment Results and Discussion

4.2.1. Image Processing and Results of the Specimen. 'e
specimens were processed by image processing to intuitively
observe the deformation of the pavement under loading.'e
processing method was as follows: (1) before the specimen
was installed on the tester, a grid with a spacing of 1 cm was
sprayed on the end face of the specimen. (2) After the grid
spraying was completed, the image information of the cross
section of the specimen before the test was collected. 'e
relative position between the camera and each specimen
should be unchanged. 'e distance between the camera and
the test piece was 40 cm in this experiment. (3) After the test,
the specimen was removed from the tester, and the image
information of the cross section of the specimen was col-
lected by the same method used before the test.

By comparing the images of the end face of the specimen
before and after the test, the change in the specimen before
and after the load can be intuitively observed, as shown in
Figure 11. Figure 11 shows that MOH-AC20 and AC13-
AC20 have large deformations under loading times, while
AC13-MOH and MOH-MOH are relatively small under the
same loading times. In addition, from the change in the grid
line, the deformation of the pavement is three-dimensional
under the action of the load; that is, it is not a simple one-
way deformation but deformation in all directions.

4.2.2. Deformation Analysis of the Specimen. Figure 12
shows the deformation depth of each specimen under 105
loading cycles. Figure 12 shows that the depth of AC13-
AC20 is the largest. When the upper layer of the pavement is
an AC-13 mixture or MOH mixture, the antideforming
ability of the middle layer using the MOH mixture is better
than that of the AC-20 mixture. When the middle layer is an
MOHmixture, the upper layer can use the MOHmixture or
AC-13mixture.When themiddle layer of the pavement is an

AC-20 mixture, the antideforming ability of the upper layer
of the pavement with the MOHmixture is better than that of
the AC-13 mixture.

'e final deformation results were obtained by averaging
the deformation values of the same structural specimens in the
experiment. 'en, the experimental results were compared
with the simulation results.'e specimen was composed of the
middle layer and the upper layer, so the total deformation of the
upper layer and the middle layer was compared, as shown in
Table 5. 'e error was within a relatively reasonable range,
which indicated the correctness of the simulation results.

4.2.3. Analysis of the Contribution Rate of Each Layer to the
Total Deformation. To compare and analyse the effect of
using the different mixtures in the middle and upper layers,

Table 3: Oil-stone ratio.

Type of mixture AC-20 AC-13 CMOH MMOH
Oil-stone ratio (%) 4.2 4.7 5.4 6.0
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Figure 10: Gradation of each type of mixture.

Table 4: Properties of the raw materials.

Materials Parameter Value

Aggregate

Apparent density (g/cm3) 2.71
Crushing value (%) 16.7
Abrasion ratio (%) 18.2

Percentage of flat-elongated particles (%) 3

Asphalt

Standard viscosity (s, C25,3) 21
Penetration (0.01mm, 100g, 25°C, 5s) 78

Softening point (°C) 55
Ductility (cm, 5°C) >100
Stability (%, 1 day) ≤1

Mineral
powder

Apparent density (g/cm3) 2.669
Water content (%) 0.04

Hydrophilic coefficient 0.7

Proportion of particle size
(%)

<0.6mm 100
<0.15mm 95.8
<0.075mm 91

Cement
Water requirement (%) 26
Initial setting time (h) 3.95
Final setting time (h) 4.92
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(d)

Figure 11: Comparison of the specimens before and after loading. (a) AC13-MOH. (b) MOH-AC20. (c) MOH-MOH. (d) AC13-AC20.
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Figure 12: Absolute deforming depth. 'e structure type of specimen numbers 1 and 2 is AC-13-MOH. 'e structure type of specimen
numbers 3 and 4 isMOH-AC-20.'e structure type of specimen numbers 5 and 6 isMOH-MOH.'e structure type of specimen numbers 7
and 8 is AC13-AC20.
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the contribution rate of the deformation in different layers
was analysed. 'e proportion of the upper and middle layer
deformation in the total deformation was obtained by
measuring the thickness changes of each layer before and
after loading, as shown in Figure 13. 'e deformation
contribution rates of the upper and middle layers under
different structure types can be obtained by averaging the
test data of specimens with the same structure, as shown in
Table 6. It can be seen from Figure 13 and Table 6 that the
deformation contribution rate of the middle surface layer is
far greater than that of the upper layer, so the anti-
deformation of the middle layer should be considered. 'e
antideforming ability of theMOHmixture is better than that
of the AC-20 mixture, so the antideforming ability of the
whole pavement structure can be improved by using the
MOH mixture in the middle layer.

5. Conclusions

Based on the MOH mixture, the deformation of different
pavement structures under the driving load is studied. 'e
following conclusions are drawn:

(1) In regard to the vertical strain and instantaneous
vertical displacement at the top of the subgrade, the
relationship between the four types of pavement is as
follows: MOH-MOH<AC13-MOH<MOH-
AC20<AC13-AC20, which indicates that AC13-
AC20 is prone to permanent deformation.

(2) 'e vertical stresses of the corresponding layers for
each combination type exhibit few differences, but
the middle layer has the most extensive change rate
of stress compared with the upper layer and lower
layer.

(3) For these four types of pavement, the deformation of
the upper layer is almost the same, and the defor-
mation of the middle layer changes substantially.

(4) 'e results of pavement deformation under 105 load
cycles show that the deformations of AC13-AC20
and MOH-AC20 are larger than those of AC13-
MOH and MOH-MOH.

(5) 'e contribution rate of the deformation of the
middle layer is much greater than that of the upper
layer.'eMOHmixture used in the middle layer can
improve the antideformation ability of the whole
pavement structure.
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Figure S1: vertical strain at the top of the subgrade. Figure S2:
vertical stress of the cross section. (Supplementary Materials)

Table 5: Error between the experimental and simulation results.

Type AC13-MOH (%) MOH-AC20 (%) MOH-MOH (%) AC13-AC20 (%)
Relative error 1.1 3.7 5.4 8.3
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Figure 13: Deformation contribution rate of each layer for the
specimens. 'e structure type of specimen numbers 1 and 2 is AC-
13-MOH. 'e structure type of specimen numbers 3 and 4 is
MOH-AC-20. 'e structure type of specimen numbers 5 and 6 is
MOH-MOH. 'e structure type of specimen numbers 7 and 8 is
AC13-AC20.

Table 6: Deformation contribution rate of each layer for different
pavement structures.

Pavement structure type Contribution rate of
deformation (%)

Upper layer Middle layer Upper layer Middle layer
AC-13 MOH 31.0 69.0
MOH AC-20 16.8 83.2
MOH MOH 27.8 72.2
AC-13 AC-20 12.9 87.1
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