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Soil-rock mixture is a common filling material for earth dam and subgrade. In this study, research concerned on the evolution law
of engineering characteristics of soil-rock mixture under different factors and the effect of defect on subgrade strength, and
geotechnical tests were carried out to analyze the influence of different factors on engineering characteristics of soil-rock mixture
in the study, and the physical model was carried out to analyze the effect of different compaction works on the resilient modulus,
and the influence of defect on the strength was explored by manually preset loose body. .e test results showed that (1) when the
soil-rock mixture was graded, P� 78, the moisture content was 14%, and the engineering characteristics were optimal; (2) there
was a positive correlation between compaction times and resilient modulus, and the stress transferred from the subgrade to soil
was linearly distributed under the good condition of compactness; and (3) the existence of loose body not only reduces the
modulus of resilience but also affects the stress transfer; the larger the loose body, the lower the resilient modulus and the greater
the stress transfer.

1. Introduction

Soil-rock mixture is a complex discontinuous medium
material, which was composed of stones, soils as filling
components, and pores. It has the characteristics of complex
geological origin, diverse composition, and extremely un-
even soil and rock particles across multiple orders of
magnitude scales and structures [1–4]. Because soil-rock
mixture is easy to get, it is often used for roadbed filling in
construction [5]. .e rock with large size in soil-rock
mixture and its engineering properties are between ordinary
rock and soil [6, 9], and its compaction characteristics and
mechanical characteristics determine the safety and stability
of pavement [8, 9].

Rock content has a great influence on the physical and
mechanical properties and permeability of soil-rock mixture
[10–12], the rock content of soil-rock mixture is generally
25–75%, and when the rock content is not within this range,
the physical and mechanical properties of soil-rock mixture

are usually only affected by soil or rock [13, 14]. A large
number of laboratory model tests and numerical experi-
ments have proved that the size, shape, distribution, and
other mesostructural characteristics of rock will have an
impact on the physical and mechanical characteristics of
soil-rock mixture [15–17]. Xu et al. [18] explored the in-
fluence of different rock contents on strength and failure
characteristics of soil-rock mixture by the triaxial test, and
the experiment showed that the deviatoric stress ratio and
friction strength of soil-rock mixture increased with the
increase of rock content.

In addition to rock content, the influence of rock particle
size, water content, and other parameters on the engineering
characteristics of soil-rock mixture is also considerable
[4, 19, 20]. .e change of water content will affect the shear
strength of soil, thus affecting the bonding strength of soil-
rock interface. Zhao et al. [21] studied the shear strength
change of soil-rock mixture under different factors through
laboratory tests, and it was found that the effect degree of
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water content on the shear strength of soil-rock mixture is
just next to the rock content.

According to previous research studies, it can be found
that the shear strength of soil-rockmixture is mainly affected
by rock content, water content, gradation, and other factors,
and the main testing methods include the triaxial test and
large-scale shear test [22–24]. However, shear strength
cannot fully characterize the engineering characteristics of
soil-rock mixture. .erefore, in order to fully describe the
engineering characteristics of the soil-rock mixture, it is
necessary to test the compaction characteristics, resilient
modulus, and other properties of the soil-rock mixture
[25, 26]. Zhang et al. [27] proposed a new method based on
the theory of elastic waves to evaluate the compaction quality
of soil-rock mixture accurately and efficiently.

Meanwhile, the uniform distribution of soil-rock mix-
ture often existed in the construction, and the existence of
uniform soil-rock mixture subgrade would lead to uneven
stress distribution, resulting in uneven settlement of the
subgrade, and lead to the failure of the road structure, so it is
necessary to understand the effect of loose material on the
strength of subgrade. Zhou et al. [28] carried out the
compaction simulating and comparative test of compaction
quality indexes to explore the relationship between defor-
mation law and compaction degree of soil-rock mixture.

.e study obtained the optimum gradation and water
content of soil-rock mixture through the compaction test,
resilient modulus test, and direct shear test, which provided
the optimum material for the physical model, and the
physical model test was established to explore the effect of
compactness on the subgrade strength, so as to explore the
evolution law between strength and compaction of soil-rock
mixture and study the influence of local inhomogeneity on
subgrade strength, which could provide theoretical basis for
engineering construction and later restoration.

2. Selection of Test Material

Soil-rock mixture is composed of soil and rock, and its
engineering characteristics are determined by the properties
of the two parts. According to the research of Guo [29],
particle size of 5mm is the demarcation particle size, particle
size greater than 5mm is coarse grain, particle size less than
5mm is fine grain, and particle content greater than 5mm is
denoted as P5. .e content of coarse particles is closely
related to the compactness and shear strength of soil-rock
mixture.

When the P5′30%, the coarse particle is completely
enveloped by fine material and the engineering properties of
soil-rock mixture are determined by the fine particle; in
addition, the permeability coefficient is slightly lower and
other engineering properties are improved. When
30%′P5′70%, coarse particle and fine particle fill each other,
with the increase of the content of coarse particle, and
engineering properties of soil-rock mixture show the
characteristics of coarse particle.When P5∃70%, fine particle
cannot be filled with pore, and the engineering character-
istics of soil-rock mixture depend on the characteristics of
the coarse particle at this time.

According to Specifications for Design of Highway
Subgrades (JTGD30-2015) and Test Methods of Soils for
Highway Engineering (JTG3430-2020), coarse soil such as
well-graded gravel soil and sandy soil should be selected as
the filling material for subgrade (0.8–1.5m below the
pavement), with the maximum particle size of not more than
40mm. .erefore, the oversized particle needed to be
replaced in this study, and 10%, 25%, 54%, 64%, 78%, and
90% were selected for P5 preliminarily.

Tailor proposed the empirical formula for ideal particle
grading of soil that is easy to compact as follows:

pi �
di

dmax
 

n

× 100, (1)

where pi is the mass percentage (%) less than a certain
particle size; di is the particle size (mm); dmax is the maxi-
mum particle size (mm); and n is the gradation index. When
n� 0.25∼0.5, the compactness of soil is the optimum. In this
study, when P5 � 78%, n� 0.445, the gradation is good, so
P5 � 78% is selected as the optimal gradation and the median
gradation value in the laboratory test in study. Considering
the distribution range of P5 and the value of n, P5 � 90% and
P5 � 54% were taken as the upper and lower limits of gra-
dation, and then, the gradation of P5 � 78% was taken as the
median value to determine three gradations. .e gradation
curves are shown in Figure 1. .e gradation is given in
Table 1.

3. Geotechnical Tests

According to the three selected gradations, in order to obtain
the influence of gradation and moisture content on the
engineering characteristics of soil and stone mixes, com-
paction tests, cyclic compression tests, and large direct shear
tests were conducted to obtain the optimum gradation and
optimum moisture content. And the material used in the
cyclic compression test and direct shear test was the spec-
imen that has completed the compaction in the compaction
test. .e geotechnical test equipment is shown in Figure 2.

According to the compaction test, the relationship curve
between water content and dry density of soil-rock mixture
can be obtained, as shown in Figure 3. It can be seen that
there is a parabolic relationship between dry density and
moisture content of soil-rock mixture, and the optimum
moisture content of gradation 1 is 13.2% and the maximum
dry density is 1.623 g/cm3; the optimummoisture content of
gradation 2 is 14.0% and the maximum dry density is
1.650 g/cm3; the optimummoisture content of gradation 3 is
14.5% and the maximum dry density is 1.870 g/cm3.

.rough the cyclic compression tests, the stress-strain
curves of different gradations at different moisture contents
were obtained. As shown in Figure 4, the curve distribution
of compressive stress and compressive strain was basically
the same. After the first loading and unloading, the residual
strain was larger. After the second loading and unloading,
the curve distribution of stress and strain was basically the
same. .ere was basically no residual deformation, and it
presented as the elastic deformation. Resilient modulus of
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soil-rock mixture with different gradations under different
moisture contents can be obtained by the cyclic compression
test. .e equation to calculate the resilient modulus is as
follows:

Ee �
Δp
Δεe

, (2)

where Ee is the resilient modulus of soil, Δp is effective stress
increment, and Δεe is vertical elastic strain increment.

As shown in Figure 5, the relationship between resilient
modulus andmoisture content was approximately parabolic.
By fitting the relationship between resilient modulus and
moisture content, it can be obtained that the resilient
modulus of gradation 1 is the highest when the moisture
content is 11.9%, which is 292.6MPa. .e resilient modulus
of gradation 2 is the highest at 13.3% moisture content,
which is 259.0MPa, and that of gradation 3 is the highest at
14.8% moisture content, which is 243.9MPa.

.e variation of cohesion and friction angle of soil-rock
mixture at different moisture contents can be obtained by
the large-scale direct shear test, as shown in Figure 6. It can
be found that when the moisture content was 14%, the
cohesion and friction angles of the soil-rock mixture with

gradation 2 were the largest, indicating that the shear
strength of the soil-rock mixture was the highest at this time.
.erefore, the engineering characteristics of gradation 2
with 14% moisture content were the best, and the soil-rock
mixture was selected as the physical model material in the
study.

4. Physical Model Test

4.1. Test Setup. .e physical model test was designed
according to the structure type of Yuhang section of G320
highway. .is section was constructed according to the first-
grade highway standard. .e site of 150 cm× 400 cm in the
middle of the model was selected as the test area, as shown in
Figure 7..e test area was cut down 50 cm as the soil surface.
.e test area was divided into three blocks, as shown in
Figure 8. In order to simulate the uneven of subgrade,
different compaction degrees were set in three regions when
layered paving. .e test material adopted the soil-rock
mixture with gradation 2 as the test material. .e gradation
curve is shown in Figure 9.

To ensure the consistency of pavement conditions, C20
concrete was used to equivalent the water stable layer in the
model test, and the stiffness EI was used to equivalently
convert the thickness of concrete to 0.2m (water stable layer:
E� 1500MPa, concrete: E� 2.55×104MPa). A movable
pavement model (1m× 1m× 0.2m) was made in the lab-
oratory, so that it can move to different regions, and the
pavement is shown in Figure 10.

4.2. Test Equipment. .e test mainly determined the sub-
grade quality by testing the resilient modulus of the pave-
ment. .e resilient modulus is tested by the bearing plate
method, as shown in Figure 11. In the process of resilient
modulus testing, the soil pressure cell placed on the top of
soil foundation was used to test the pressure change on the
top of soil foundation..e soil pressure cell used in the test is
shown in Figure 12.

.e soil pressure cells were laid on the surface of the soil
foundation, and the test area was divided into three regions.
.e center of each region was arranged with one soil
pressure cell, and the arrangement position of the soil
pressure cell is shown in Figure 13.

4.3. Test Procedures

(1) After the excavation of the test site, the resilient
modulus of the soil foundation was tested, and the
average value of the test twice was taken as the
reference value of the resilient modulus of the soil
foundation.

(2) .e subgrade was constructed in three layers, and the
test area was divided into three regions. After the
paving of each layer of material, the vibration
compactor was used to compact the region 1 for 12
times, the region 2 for 8 times, and the region 3 for 4
times. .e thickness of each layer was 15 cm, and the
moisture content was controlled at about 14%. .e
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Figure 1: .e gradation curves of soil-rock mixture.

Table 1: .e selected gradation of soil-rock mixture.

Particle diameter (mm)
P5

54% 78% 90%
40∼20 24.9 37.6 38.6
20∼10 16.3 23.2 27.4
10∼5 12.9 17.2 24
5∼2 10 7.4 4
2∼1 6 3.8 0.73
1∼0.5 5.09 2.9 0.26
0.5∼0.25 6.89 2.1 1.09
0.25∼0.075 11.99 2.4 1.61
0.075∼0 5.93 3.4 2.31
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resilient modulus was tested after each layer was
completed, and the change of the soil pressure cell
was measured.

(3) .e movable pavement was placed in regions 1, 2,
and 3, respectively, so that the center of the movable
pavement was aligned directly above the soil pres-
sure cell, and then, the resilient modulus was tested,
and the change of the soil pressure cell on the soil
surface during the resilient modulus test was
recorded.

(4) Condition 1: digging 30 cm× 30 cm× 30 cm sub-
grade on the top of the subgrade above the soil
pressure cell in the region 2 and then refilling the
subgrade, so that the density of the area was lower
than the surrounding, that is, setting a loose body.
First, the resilient modulus of the top surface of the
subgrade in region 2 was tested, and then, the re-
silient modulus of the three regions was tested. .e

change of the soil pressure cell on the soil surface
during the resilient modulus test was recorded.

(5) Condition 2: digging 30 cm× 30 cm× 30 cm sub-
grade on the top of the subgrade above the soil
pressure cell in the region 2 and then refilling the
subgrade and repeating the measurement

5. Test Results

5.1. Influence of Different Compaction Works on Roadbed
Strength. After the construction of each layer of subgrade, the
resilient modulus of three regions was tested. As shown in
Figure 14, it can be seen that the resilient modulus of each layer
of subgrade increased with the increase of compaction times
and the thickness of the subgrade. .e minimum resilient
modulus of subgrade was 21.41MPa when the first layer was
compacted 4 times, and the maximum resilient modulus was
41.38MPa when the third layer was compacted 12 times.

(a) (b)

(c)

Figure 2: .e geotechnical test equipment. (a) Compaction test; (b) cyclic compression test; (c) large direct shear test.
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Record the change of soil pressure cells changed in
different regions in the process of the resilient modulus test.
It was concluded that the pressure of each soil pressure cell
changed with the loading in the process of the resilient
modulus test.

It can be seen from Figure 15 that the change of the soil
pressure had the same law after the completion of each layer
of subgrade construction, that is, the increase of soil pressure
in region 3 was the largest, followed by region 2 and region 1.
After the completion of the third layer, the pressure
transferred from the subgrade to the soil was the smallest,
that is, the thicker the subgrade was, the greater the com-
pactness was and the smaller the pressure transferred from
the subgrade to the soil was.

As shown in Figure 15(c), after the completion of
subgrade, the stress transferred from the subgrade to soil was
linearly distributed under the good condition of compact-
ness. With the decrease of subgrade compactness, the stress
transfer changed from linear distribution to exponential
distribution, and the change rate increased. It means that in
the area where the compaction was not sufficient, more

stress was transferred to the lower part of the roadbed,
resulting in differential settlement.

5.2. Influence of Nonuniform Roadbed on Strength.
Adding the moveable pavement to the three regions, the re-
silient modulus test was carried out, and the loose body was set
up in the region 2 to simulate the unevenness of the subgrade.
.e size of the loose body was 30 cm× 30 cm× 30 cm (con-
dition 1) and 45 cm× 45 cm× 45 cm (condition 2), respectively.
.en, the resilient modulus test of the subgrade in the region 2
was carried out. .e test results are shown in Figure 16. As
shown in Figure 16, the resilientmodulus was tested in the three
regions under the initial condition, and the resilient modulus
was proportional to the subgrade compactness, that is, themore
the compaction times were, the greater the resilient modulus
was.

Due to the loose body was set on the top of subgrade in
region 2 under condition 1 and condition 2, the resilient
modulus of region 2 was significantly reduced compared
with the initial condition, and the resilient modulus of
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region 1 and region 3 was also reduced, which indicated the
loose body had a certain degree of influence on the sur-
rounding area. .e existence of loose body in condition 1
reduced the subgrade resilient modulus by 6.84%, and the
corresponding pavement resilient modulus decreased by
16.12%. In condition 2, the subgrade resilient modulus
decreased by 12.98%, and the corresponding pavement re-
silient modulus decreased by 30.15%.

As shown in Figure 16, the resilient modulus of region 1
and region 3 decreased to a certain extent under condition 1
and condition 2, but the decrease was small, and the change

of resilient modulus of region 1 and region 3 was not obvious
with the expansion of the loose body. .e result showed that
the existence of the loose body only had a significant effect
on region 2 and had no significant effect on the surrounding
area, which was conducive to the detection of subgrade
defects.

In the process of the pavement resilient modulus test, the
variation curves of soil pressure on the surface of soil
foundation in region 2 under two working conditions are
shown in Figure 17. It can be seen from the figure that the
stress transferred from the pavement to the soil foundation

Figure 7: .e site of the physical model.
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Figure 8: .e division of the test area.
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Figure 10: .e movable pavement of the physical model.

Figure 12: .e soil pressure cell.

Figure 11: .e equipment of the bearing plate method.

Region 1 Region 2 Region 3

Soil pressure cell

(a)

Pavement

Subgrade 3

Soil pressure cell
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Figure 13: .e arrangement of soil pressure cell. (a) .e planform of soil pressure cell arrangement. (b) .e profile of soil pressure cell
arrangement.
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gradually increased, and the stress variation rate increased
with the increase of the range of subgrade defects.

6. Conclusions

.e study mainly analyzed the engineering characteristics of
soil-rock mixture under different gradations and different
moisture contents through geotechnical tests and carried out
physical model to explore the influence of different compaction
times and loose body on soil-mixture subgrade..e results were
as follows:

(1) .e gradation and moisture content had great in-
fluence on soil-rock mixture; according to the results
of geotechnical tests, the engineering characteristics
of gradation 2 with 14% moisture content were the
best, and the soil-rock mixture was selected as the
physical model material in the study.

(2) Experimental results showed that there was a positive
correlation between compaction times and resilient
modulus, and the stress transferred from the subgrade
to soil was linearly distributed under the good condition
of compactness. With the decrease of subgrade com-
pactness, the stress transfer changed from linear dis-
tribution to exponential distribution, and the change
rate increased.

(3) .e existence of loose body not only reduces the
modulus of resilience but also affects the stress
transfer; in condition 1, the subgrade resilient
modulus reduced by 6.84%, and the corre-
sponding pavement resilient modulus decreased
by 16.12%. In condition 2, the subgrade resilient
modulus decreased by 12.98%, and the corre-
sponding pavement resilient modulus decreased
by 30.15%. .e stress transferred from the pave-
ment to the soil foundation gradually increased

with the range of subgrade defects, which pro-
vided a theoretical basis for the detection and
repair of subgrade defects.
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