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In this paper, the particle shape factor of the stone in the soil-rock mixture was used as the specific research object of the geogrid
pull-out test, combining the random generation method and evaluation criteria of rock blocks in the soil-rock mixture, and a
feasible method for classifying stones according to their shape factors is presented. By comparing the mechanical behavior of soilrock mixture composed of rock blocks with different rock material shape factors in the geogrid pull-out tests under different
working conditions, we studied its changing laws. The research shows that with the increase of the shape factor of the stone, the
pull-out resistance of the geogrid gradually decreases. When the stone paved in the model box changes from a single layer to a
double layer, the pull-out resistance of the geogrid increases, and there is a disturbance range in the contact interface between the
geogrid and the stone; stone blocks 5 cm away from the geogrid surface can still have an indirect effect on the pull-out resistance of
geogrids; the pull-out resistance of geogrid in clay is greater than that in the sand; and an empirical expression for predicting the
pull-out resistance of geogrids is obtained. This empirical expression helps to explain the influence mechanism of stone shape on
drawing resistance of geogrid.

1. Introduction
Soil-rock mixture is a geological body composed of gravel or
stone as aggregate and clay or sand as filler [1]. It is often
used in conjunction with reinforced materials and is widely
used in engineering fields. As a subgrade foundation and
abutment foundation in highway and railway engineering
[2, 3], and in traffic construction, the soil-rock mixture can
be reinforced to achieve the purpose of crack resistance of
the pavement [4, 5]. When replacing and filling the foundation, the soil-rock mixture of natural grading or artificial
grading is often used as replacement filling [6, 7]. When
high-fill retaining walls are required in wharf projects, largescale slag fields, and coal mining, reinforced soil retaining
walls with the soil-rock mixture as filler are also common
composite support methods [8–10].
Scholars have done considerable research on the soilrock mixture, research contents included: establishing a
regression equation to predict the uniaxial compressive

strength of mixed rocks [11–13], proposed a generalized
empirical expression which is used to predict the overall
strength of uncemented soil-rock mixture [14–17], controlled the influence of different factors on direct shear test
results of soil-rock mixture [18–21]. The shape of the stone is
an important factor affecting the properties of the soil-rock
mixture, academic circles study by quoting the particle shape
factor [22–30]: obtained and calculated the particle shape
factors and angular angles of the soil-rock mixture through
3D scanning, and the related experiments were simulated,
used image recognition technology, combined with geostatistical methods, the mechanical parameters of the geological body were found to be correlated with the rock blocks
shape.
Minuto and Morandi [31] proposed the concept of
“reinforcement of soil-rock mixture” In the study of the
interaction mechanism of the reinforcement-soil interface,
the pull-out test has been widely used as an important research method [32–37]. The pull-out test focus on the
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deformation characteristics of the geogrid, study the difference in strain between the front and rear parts of the grid
[38–42], study the contribution rate of horizontal and
vertical reinforcement [43–46], so that the grid must be
simulated with a clump in the numerical simulation test
[43, 47, 48]. Research shows that [49, 50] there is a disturbance range in the contact interface between the geogrid
and the ﬁll, and this disturbance range is asymmetric up and
down.
In this study, the particle shape factor of the stone in
the soil-rock mixture was used as the speciﬁc research
object of the geogrid pull-out test, combining the random
generation method and evaluation criteria of rock blocks
in the soil-rock mixture, and compared the mechanical
behavior of soil-rock mixture composed of rock blocks
with diﬀerent rock material shape factors in the geogrid
pull-out tests under diﬀerent working conditions, and
studied its changing laws. For exploring the ways to
parametrically classify real stones by shape, start with real
stones, instead of starting with virtual random model
building, and accomplish the parametric control of the
shape of the stone, then, the purpose of retaining the true
shape of the stone and parametric control of the stone
shape can be achieved.

2. Determination Test of the Stone Shape
Factor of Soil-Rock Mixture
2.1. The Principle of the Coating Method. In this paper, the
coating method was used to determine the stone shape factor
of two batches of boulders. In the ﬁrst batch of boulders, the
causes of errors were analyzed, and in the second boulders,
the tools and coating materials were changed. The diﬀerence
between the two determination results was compared and
analyzed, and the determination method of the stone shape
factor of the soil-rock mixture was improved.
The shape factor of a rock block is the ratio of the actual
area of the particle surface to the surface area of a sphere of
the same volume. The essence of this factor is that when a
three-dimensional closed shape expands or shrinks by the
same multiple in all directions of space, its particle shape
factor remains unchanged. The particle shape factor is a
comprehensive reﬂection of the overall slenderness ratio and
roundness of the rock block. This factor has an important
inﬂuence on the compactness and internal friction angle of
the soil-rock mixture and can be simply and eﬀectively be
determined for the mesoscopic structure of the generated
rock block for evaluation and classiﬁcation.
The coating method is a method of “setting and not
seeking” the shape factor of the rock material. The rock
material shape factor is expressed as follows:
ξ�

S
4π(3V/4π)2/3

.

(1)

S is the actual surface area of the stone; V is the volume of
the stone.
The mass of the stone is m1 and the density of the stone is
ρ1; then, the volume of the stone is as follows:

V�

m1
.
ρ1

(2)

Note that the mass of the stone after the painting is m2,
the density after the paint is completely dried is ρ2, and its
thickness is h; then, the surface area of the stone is
m − m2
S� 1
,
ρ2 h
(3)
− 1/3 − 2/3 2/3 −1 − 1 m1 − m2
ξ � (4π) 3 ρ1 ρ2 h  −2/3  .
m1
Considering C is a constant, then
ξ � C

m1 − m2
m−2/3
1

,

(4)

where the constant C is a function of the paint density, the
average thickness of paint applied to the stone, and the
amount of stone density, it is diﬃcult to measure these three
quantities, and it does not measure it and does not aﬀect the
subsequent experiments. Therefore, in this experiment, the
constant C is not measured; consider,
ζ �

m1 − m 2
m−2/3
1

.

(5)

When an object of a certain shape expands times in the
X, Y, and Z directions at the same time, then its surface area
will expand a2 times and its volume will expand a3 times;
when a three-dimensional closed surface is expanded by
times in the X, Y, and Z directions at the same time, its rock
material shape factor ξ remains unchanged; this is the essence of the rock material form factor. In the expression of ζ,
the part representing the surface area and the part representing the volume are in a 2/3 power relationship, so ζ is
still a number that characterizes the properties of particles.
Based on the above discussion, in this experiment, we decided not to determine the rock material shape factor ξ,
instead, use ζ indirectly, hereinafter referred to as ζ as the
shape eigenvalue.
2.2. Test Materials and Procedures. Select the stone particle
size between 20 mm−40 mm, to better reﬂect the randomness of the stone shape, the stones selected in this
experiment were broken from un-weathered hypabyssal
intrusive rocks, the texture is hard and uniform, which
ensures the randomness of the shape of the stone after
crushing to a certain extent. The ﬁrst batch of rock materials measured in the test used silver paste enamel and
barite powder as the coating material, and the second batch
of measured materials used oil-based quick-drying paint as
the coating material.
Number each stone and place it neatly in numbered
order. The sequence of rock material numbers is shown in
Figure 1. Weigh the mass m1 of each stone. Take silver paste
enamel 400 ml, weigh barite powder 100 g, add it to the
weighed silver paste enamel, stir well, put the stones into the
utensils ﬁlled with paint in numbers, stir to make the paint
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Figure 1: Sorting of rock material numbers.

cover the surface of the stones, take them out and place them
on the ground in order of number to ventilate and dry, after
48 hours, weigh the mass m2 of each stone in the order of
numbers, calculate the particle shape characteristic value of
each stone block, and group the stone blocks according to
the particle shape characteristic value division rules for
subsequent experiments.

Figure 2: The collective largeness of the rock material shape factor.
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Figure 3: Distribution of eigenvalues of rock material shape-1.
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2.3. Improvement Measures of the Coating Method.
During the preliminary test, the recipe uses silver paste
enamel and barite as a coating, (400 ml silver paste enamel + 100 g barite powder), the purpose of adding barite is to
increase the coating density and reduce the resolution
pressure of the electronic scale. The stones in Figure 2 are
arranged by number, stones leftover during reordering by
shape eigenvalues, if these stone shape eigenvalues are
randomly distributed, then the stones that have been selected and the remaining stones will be evenly distributed,
but the fact is that the remaining stones are aggregated in
several sections, it also means that the shape eigenvalues
measured by the numbered stones in this section are too
large as a whole. Therefore, in this test, the oil-based quickdrying paint without thinner is used as the coating material,
after testing, this kind of paint will not have the sorting and
enrichment of components during the painting process, it
can even cover the entire surface of the stone, and re-stores
the characteristics of high viscosity at rest, the phenomenon
that the coating is “thin on the top and thick on the bottom”
during the hanging and drying process of the stone blocks is
improved.
A total of 650 stones were processed in the ﬁrst batch,
and the ﬁrst batch of rock material shape’ eigenvalues is
mainly distributed between 21 and 34. The distribution of
the number of rocks contained in each shape eigenvalues
measured is shown in Figure 3.
A total of 564 rocks were processed in the second batch
and the distribution of the number of stones contained in
each shape eigenvalues measured is shown in Figure 4.
Comparing the particle shape eigenvalues measured by
the two methods, it can be found that the results obtained by
the improved test method have a smoother variation law,
and the measurement results are more accurate. In subsequent experiments, it is necessary to control the stone
content of the soil-rock mixture to remain unchanged, the
rock content of the soil-rock mixture in each pull-out test is
set as a constant, considering the cross-sectional size of the
model box and the number of geogrid grids, it is determined
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Figure 4: Distribution of eigenvalues of rock material shape-2.

that the total mass of stones laid in a single layer is 1.65 kg,
the thickness of each layer is 5 cm, in this way, the soil-rock
mixture is used as the test object, and its rock content is
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ﬁxed. Table 1 counts the number of stones with diﬀerent
shape eigenvalues and same quality:
It can be seen from the statistical results that with the
increase of the characteristic value of the shape of the stone,
the number of stones of the same quality is gradually increased, and the particle size of the stone is between 20 mm
and 40 mm. Looking back at the previous test steps, the
particle size of the stones was not sorted, and the distribution
of the stone particle size in each grouping of the shape
eigenvalues was still random. Therefore, it can be inferred
from Table 1 that the coating method can eﬀectively sort the
stone shape.

3. Pull-Out Test of Soil-Rock Mixture
In the pull-out test, the eigenvalues of the shape of the stone,
the type of the matrix soil, and the layer thickness of the soilrock mixture were used as the test variables, 16 pull-out tests
of geogrids ﬁlled with soil-rock mixture were carried out,
two reference tests were also carried out, one with clay and
one with sand.
3.1. Test Device. The pull-out test adopts the self-developed
pull-out instrument as shown in Figure 5. The internal
clearance
of
the
pull-out
box
is
500 mm × 370 mm × 300 mm. A pull-out joint with 300 mm
width and 5 mm height is left on the loading end plate as the
pull-out outlet of the geogrid. The geogrid ﬁxture in this test
consists of two steel plates, sandwiching the geogrid, then
fastened with six 8 mm diameter screws. The two openings
on the top are used to connect the retaining ring to the
sensor. In the drawing process, the friction force transmission between geogrid and steel plate avoids the uneven
stress of geogrid longitudinal reinforcement. Considering
the biting eﬀect of geogrid and stone, as the geogrid is pulled
out, the stone will be stuck at the outlet of the slit on the steel
plate. Therefore, the box body is not ﬁlled with stone within
100 mm from the front box surface, but only ﬁlled with clay
or sand, that is, the displacement stroke of the designed
geogrid is 100 mm. The reinforcement material is polypropylene plastic two-way geogrid (TGSG5050). The main
technical parameters are shown in Table 2.
In the test, the support reaction is applied on both sides
of the geogrid outlet on the front surface of the model box, so
that the model box does not deﬂect or slide without ﬁxing.
The drawing power part is provided by an electric push rod
with a maximum thrust of 5000 N, powered by 24 V DC, and
the propulsion speed is 3 mm/s–5 mm/s. The square S-type
tension-compression bi-directional sensor is selected, and
the maximum range is 2 T. The analog signal can be converted to a digital signal through the signal conversion
module, and the tension value can be displayed with the
weighing software.
3.2. Test Material. A soil-rock mixture is an extremely
uneven geological body consisting of gravel or blocks of
stone as aggregate and ﬁne-grained soil or sand as ﬁller, a
major feature of the soil-rock mixture is the discontinuity of
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Table 1: Comparison of the number of stones of the same quality.
Shape factor
9–24
25–27
28–30
31–34

electrician
push rod

1.65
40
38
43
50

bearer

Quality (kg)
3.3
72
76
86
99

model
box

6.6
150
150
176
198

normal
pressure

tension sensor
fixture

Figure 5: Test device.

particle size gradation, the particle size gap between large
and small particles is large, and there is no transition particle
size in the middle. To better reﬂect the concept of this soilrock mixture, in this experiment, the abovementioned rock
material classiﬁed by shape factor were selected, the particle
size is between 20 mm–40 mm, the particle size is kept below
0.05 mm, at the same time, the moisture content of the soilrock mixture is set to 0, it can be ensured that the clay
particle size will not agglomerate and cause particle size
changes during repeated tests.
The yellow sand selected in this test is ﬁne sand with a
particle size between 0.1 mm and 0.2 mm, the stones are
those prepared by the method described above, to better
reﬂect the randomness of the stone shape, the stones selected
in this experiment were broken from unweathered shallow
intrusive rocks. In layered structures without sedimentary
rocks, there is also no obvious ﬂow structure or joints, the
texture is hard and uniform, which ensures the randomness
of the shape of the stone after crushing to a certain extent.
3.3. Test Scheme. The stones with diﬀerent stone shape
factors were divided into 4 groups as experimental variables.
Due to the diﬀerent coating compositions used in the two
batches of stones, the distribution range of the eigenvalues of
the stone shape is diﬀerent, the solution is to do a linear
conversion of the shape eigenvalues of the second batch of
stones, equivalent to the ﬁrst batch of stones. First, equate
the two peaks, the eigenvalue 27 of the ﬁrst batch of stones is
equivalent to the eigenvalue 47 of the second batch of stones,
then divide the variable grouping of shape factor according
to the same percentage of the number of stones in the total
batch. The soil types are divided into two types: clay and
sand. The layer thickness of the soil-rock mixture is set to
10 cm and 20 cm.
According to the division and setting of the above test
variables, the following experimental protocol was developed (see Table 3), with two groups of experiments without
the addition of stones serving as control experiments:
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Table 2: Geogrid parameters.

Grid size (length,
width) (mm)
30, 30

Transverse rib width Longitudinal rib width
(mm)
(mm)
2.0
2.0

Transverse rib
thickness (mm)
1.7

Longitudinal rib
thickness (mm)
1.5

Node thickness
(mm)
4.5

Table 3: Pull-out test scheme.
Test number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

The eigenvalue of stone shape
—
9–24
9–24
25–27
25–27
28–30
28–30
31–34
31–34
—
9–24
9–24
25–27
25–27
28–30
28–30
31–34
31–34

4. Test Results and Analysis
4.1. Pull-Out Test of Clay-Soil-Rock Mixture. Before carrying
out the pull-out test of soil-rock mixture with clay as the
matrix, ﬁrst, a clay pulling test without adding stones was
carried out as a reference; the curve of its pulling resistance
with time is shown in Figure 6.
It can be seen from Figure 6 that in the clay, the pulling
resistance increases rapidly at ﬁrst, the maximum value was
1600 N, after reaching the peak, the pulling resistance gradually
decreased, and was stable at around 700 N in about 10 s.
In the soil-rock mixture, the matrix was clay; when
laying stones in a single layer (10 cm), four groups of tests
were performed on four groups of stone shape factors (9–24,
25–27, 28–30, 31–34); the numbers were 1-1, 1-2, 1-3, and 14, respectively, and the curve of the pulling resistance with
time is shown in Figure 7.
In test 1-1, the tensile force ﬁrst increased rapidly to a
peak value of 1950 N, after the geogrid was pulled out, the
contact area between the geogrid and the soil-rock mixture
was reduced, and the pull-out resistance gradually decreases.
Before the trial was terminated, the pulling force has an
obvious second peak of 1770 N, at the end of the test, the
tension was stable at 1600 N; in test 1-2, the ﬁrst peak of the
tension was 1830 N, smaller than trial 1, the second peak of
1200 N also appeared between 13 and 15 s, at the end of the
test, the tension was stable at 1060 N; in test 1-3, the ﬁrst
peak of the tension was at 1650 N, compared with experiment 2, it continued to decrease, and the second peak of
1330 N appeared between 12 and 13 s, the tension at the end
of the test was 1180 N; in trial 1-4, the performance of
tension was similar to that of geogrid in pure clay, there was

Filler type
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Clay
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand

Layers and thickness of stone laying
—
Monolayer (100 mm)
Double layer (200 mm)
Monolayer (100 mm)
Double layer (200 mm)
Monolayer (100 mm)
Double layer (200 mm)
Monolayer (100 mm)
Double layer (200 mm)
—
Monolayer (100 mm)
Double layer (200 mm)
Monolayer (100 mm)
Double layer (200 mm)
Monolayer (100 mm)
Double layer (200 mm)
Monolayer (100 mm)
Double layer (200 mm)

only one peak in the pull-out resistance, and that peak was at
1510 N, below the peak value of 1600 N in the pure clay test,
there was no obvious second peak, however, the tensile force
at the end of the test was still higher than that at the end of
the pure clay test, which was 1030 N.
In the soil-rock mixture, the matrix was clay; when
laying stones in double layers (20 cm), four groups of tests
were performed on four groups of stone shape factors (9–24,
25–27, 28–30, 31–34); the numbers were 2-1, 2-2, 2-3, and 24, respectively; and the curve of the pulling resistance with
time is shown in Figure 8.
When the distribution layer thickness of the stones in the
soil-rock mixture was doubled, the pulling resistance provided by the soil-rock mixture increased accordingly, during
the drawing process, the double-peak phenomenon of the
pulling force still existed.
In test 2-1, the ﬁrst peak was at 2720 N, and the second
peak of 2720 N appears clearly between 9 and 10 s,
Equivalent to the ﬁrst peak, the full force at the end of the
test was at 2350 N; in test 2-2, the ﬁrst peak was at 1720 N,
and the tension gradually decreased and then gradually
increased to the second peak of 1760 N. In this test, the
second peak was higher than the ﬁrst peak for the ﬁrst
time, and the tension was 1620 N at the end of the test; In
2-3, the ﬁrst peak of the tension was at 1800 N, and then,
the tension gradually decreased to 1200 N. At 13-14 s, the
tension ﬂuctuated once, but there was no obvious peak; in
test 2-4, the ﬁrst peak of the tension was at 1490 N, lower
than the maximum tension of the clay pull-out test of
1600 N, in the process of gradually decreasing the tension
after reaching the peak value, the curve shows an upward
convexity, which is diﬀerent from other tests. The second
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Figure 6: Clay pull-out test.
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Figure 7: Clay matrix, single-layer stone test results. (a) Test 1-1. (b) Test 1-2. (c) Test 1-3. (d) Test 1-4.
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Figure 8: Test results for clay matrix, double-layer stone. (a) Test 2-1. (b) Test 2-2. (c) Test 2-3. (d) Test 2-4.
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4.2. Sand-Soil-Rock Mixture Pull-Out Test. Before carrying
out the pull-out test of the soil-rock mixture with sand as the
matrix, ﬁrst, the sand pulling test without adding stones was
carried out as a reference. The curve of its pull-out resistance
with time is shown in Figure 9.
Compared with the pull-out test of clay, the pull-out test
of sand has the following characteristics:
(1) The overall tension value is low, the maximum
tension value is 1420 N, it is lower than the peak
tension of the clay test of 1600 N, and the tension
value at the end of the test was 1240 N;

2500
uprooting resistance (N)

peak that appeared was at 1110 N, and the tension value at
the end of the test was 1020 N.
It can be seen that compared with the pull-out test of clay as
a reference, the representative values of pull-out forces of test 11, 1-2, 1-3, 2-1, 2-2, and 2-3 were higher than those of reference
test, and the representative values of pull-out forces of test 1-4
and 2-4 were lower than those of reference test.

2000
1500
1000
500

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
time (s)

Figure 9: Sand pulling test.

(2) During the whole drawing process, there is no obvious change in the peak of the tension and the
increase or decrease of the tension value;
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(3) In the pull-out test of clay and the pull-out test with
clay as the matrix, the change curve of the tensile
force value is “smooth.” The pull-out test curve
appears to be “rough,” which is a characteristic of
sand pull-out tests.

In the case that the soil-rock mixture matrix is sand and
the paving stones are a single layer (10 cm), the four groups
(9–24, 25–27, 28–30, 31–34) of the stone shape factors were
tested for four group test, the numbers are 3-1, 3-2, 3-3, and
3-4, respectively, and the curve of the pull-out resistance
with time is shown in Figure 10.
In test 3-1, the tensile force ﬁrst rapidly increased to a
peak value of 1580 N, then, with the pull-out of the geogrid,
the contact area between the geogrid and the soil-rock
mixture decreased, and the pull-out resistance gradually
decreases. Before the end of the test, there was an obvious
second peak of 1580 N in the tensile force. When the test was
terminated, the tensile force was stable at 1410 N; in tests 3-2,
the ﬁrst peak value of the tension was at 1400 N, and the
tension does not show a gradual decrease trend after
reaching this value. Instead, it stabilized at this level for 5 s,
after which the tension value continued to increase, reaching
a peak value of 2190 N, and the tension stabilized at 1950 N
at the end of the test; in test 3-3, the change law of the tension
curve is the same as in test 3-2, the overall tension value was
small, and the stable time reaches 5s after reaching the ﬁrst
peak value of 1140, and then, the tension value continues to
increase to the second peak value of 1340 N, and the test was
over when the tension value was 1220 N; in test 3-4, the
change law of the tension curve is similar to that of test 3-3.
After reaching the ﬁrst peak value of 1300 N, the stability
time was 5 s, and then, the tension value continues to increase to the second peak value of 1580 N. At the end of the
test, the tension value is 1410 N.
In the soil-rock mixture, matrix is sand, when laying
stones in a single layer (20 cm), four groups of tests (9–24,
25–27, 28–30, 31–34) of stone shape factors were carried out,
and their numbers were 3-1, 3-2, 3-3, 3-4. The curve of the
pulling resistance changing with time is shown in Figure 11.
In test 4-1, the tension ﬁrst rapidly increased to a peak
value of 1420 N, and then with the pull-out of the geogrid,
the tension decreased, and before the test was terminated,
the second peak of the tension was at 1400 N, at the end of
the test, the tension was stable at 1240 N; in test 4-2, the
tension did not show the ﬁrst peak, instead, the growth rate
of the pulling force changed from rapid growth to becoming
stable. The pulling force value at this inﬂection point is
1340 N, after the tension reached this value, it did not show a
trend of gradual decrease, but stabilizes at this level for 5 s,
after which the tension value continues to increase, reaching
a peak value of 1960 N, and the tension was stable at 1610 N
at the end of the test; in test 4-3, the change law of the tension
curve was the same as that of the sand pulling test, the overall
tension value was small, and it stabilized after reaching the
inﬂection point of 1320 N until the end of the test, and the
tension value at the end of the test was 1250 N; in test 4-4, the
changing law of the tension curve was similar to that in test
4-3, it was stable after reaching the inﬂection point of 1390 N

until the end of the test, and the tension value at the end of
the test was 1310 N.
It can be seen that compared with the pull-out test of
sand as a reference, the representative values of the pull-out
force of test 3-1 and 3-2 were higher than those of the
reference test. The representative value of the pull-out force
of test 4-1 was equal to that of the reference test, and the
representative values of the pull-out force of other tests were
lower than those of the reference test.
The ﬁrst peak value of each pull-out test was selected as
the representative value of the pull-out test pull force in this
test; if the curve appears to stabilize after reaching a certain
level, the ﬁrst peak did not appear, but an “inﬂection point”
appeared; select this “inﬂection point” as the representative
value of the pull test tension, and tensile force representative
value (N) of pull-out test is shown in Table 4.
Through the 16 tests, the following expression is obtained as an empirical expression to predict the pull-out
force of the geogrid pull-out test conducted in the soil-rock
mixture:
F � (56.2m − 47.8n − 91.2mn + 44.8)(S − 4.77) + 1258.6.
(6)
The relationship between the parameters in the formula
is linear, where F is the pull-out force of the geogrid; m is the
layer thickness parameter of the soil-rock mixture, which is 1
when the layer thickness is 10 cm, and 2 when the layer
thickness is 20 cm; n is the parameter of the matrix soil type,
which is 2 when the matrix is clay, and 1 when the matrix is
sand; S is the grouping number of the stone shape factor,
which is 1, 2, 3, and 4, respectively.
According to the analysis of Figure 12 and the empirical
formula for predicting the drawing force, it can be concluded
that the maximum drawing resistance provided by the soilrock mixture gradually decreases with the increase of the
stone shape factor, and the drawing force of the double-layer
soil-rock mixture is larger than that of the single-layer soilrock mixture. The representative value of the drawing force
in the soil-rock mixture with sand as the matrix is 6%–20%
less than that of the soil-rock mixture with clay as the matrix.
Before the pull-out test, constant pressure was applied to
the top plate of the model box with a press to achieve a
certain degree of consolidation of the soil-rock mixture.
However, during the pull-out test, the normal pressure
applied on the roof of the model box is unloaded, and the
roof of the model box will tilt. Under diﬀerent test conditions, the inclination angle of the top plate is diﬀerent. The
record of inclination angle of the top plate at the end of the
test is as shown in Table 5.
The line chart of the tilt angle of the top plate is as
follows:
Figure 13 shows that with the increase of the shape
factor, the inclination angle of the roof of the model box in
the clay matrix decreases gradually, and in the sand matrix,
the roof of the model box decreases ﬁrst and then increases,
and the inclination angle of the roof of the model box with
clay as ﬁlling material is less than that of the sand as ﬁlling
material. In the test, the inclination angle of the roof of the
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Figure 10: Sand matrix, single-layer stone test results. (a) Test 3-1. (b) Test 3-2. (c) Test 3-3. (d) Test 3-4.
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Figure 11: Sand matrix, double-layer stone test results. (a) Test 4-1. (b) Test 4-2. (c) Test 4-3. (d) Test 4-4.

Table 4: Tensile force representative value (N) of pull-out test.
Filler type
Clay
Sand

The thickness of the soil-rock mixture
Monolayer 10 cm
Double-layer 20 cm
Monolayer 10 cm
Double-layer 20 cm

1
1950
2720
1580
1420

2
1830
1720
1450
1340

3
1650
1800
1140
1320

4
1510
1490
1300
1390

3
6
11
9
9

4
6
6
11
12
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4

sand-10 cm
sand-20 cm

Figure 12: A representative value of tension in the pull-out test.

Table 5: Top plate inclination angle of pull test (°).
Filler type
Clay
Sand

The thickness of the soil-rock mixture
Monolayer 10 cm
Double-layer 20 cm
Monolayer 10 cm
Double-layer 20 cm

1
8
12
10
15

2
8
11
10
14

11
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Figure 13: A representative value of tension in the pull-out test.
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Figure 14: Comparison of peak values of clay matrix pull-out test.
3000

5. Discussion
Based on the analysis of the above test results, the following
conclusions can be drawn:

2500
Peak pullout force (N)

single-layer soil-rock mixture is less than that of the doublelayer soil-rock mixture.
During the 16 tests, the second peak appeared in 12 tests,
and the time interval between the second peak and the ﬁrst peak
was about 5 seconds. From Figure 14, in the pull-out test with
clay as the matrix, the second peak is lower than the ﬁrst peak.
On the contrary, the second peak is higher than the ﬁrst
peak in the pull-out test with sand as a matrix (Figure 15).
This phenomenon is closely related to the end time of the
test, and the second peak occurs earlier than the time when
the electric push rod is oﬀ. Therefore, the appearance of the
second peak is not caused by the change in the pull-out speed
of the geogrid after the electric push rod stops working.
There was no secondary peak in the clay and sand pull-out
tests without stone, indicating that the secondary peak in the
tensile curve was related to stone. Based on the above two
points, it can be seen that the second peak appears as the
geogrid pulls out, and the thickness of soil between the baﬄe
in front of the model box and the soil-rock mixture decreases
gradually. The geogrid carries the soil-rock mixture to
impact the baﬄe in front of the model box and encounters
resistance, which increases the drawing force of the geogrid.
According to this conclusion, the second peak value will be a
good indicator to describe the integrity of the geogrid and
soil-rock mixture. Concerning the phenomenon that the
ﬁrst peak value of the drawing force is larger than the second
peak value in the clay matrix, and the ﬁrst peak value of the
drawing force is smaller than the second peak value in the
sand matrix, it can be concluded that the integrity of the soilrock mixture with sand as the matrix is stronger than that of
the soil-rock mixture with clay as the matrix.

2000
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0
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Figure 15: Comparison of peak values of sand matrix pull-out test.

(i) with the increase of the shape factor of the rock
material, the maximum pull-out resistance provided
by the soil-rock mixture gradually decreases, during
the test, the inclination angle of the top plate of the
model box gradually decreased. The stone shape
factor will aﬀect the occlusion between the geogrid
grid and the stone, with the increase of the shape
factor of the stone, the probability of the stone and
the geogrid occlusion decreases, and the quality of
the occlusion deteriorates. It is worth noting that in
tests 3-4 and 4-4, the representative values of the
pull-out force are smaller than those of the sand-soil
pull-out test as a reference. This shows that the
stones in these tests not only did not provide resistance to the relative sliding between the geogrid
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(ii)

(iii)

(iv)

(v)

(vi)

and the soil-rock mixture but also reduced the
resistance of the geogrid to pull out.
The pull-out force of the double-layer soil-rock
mixture is greater than that of the single-layer soilrock mixture, and the soil-rock mixture with a
thicker layer can provide greater pull-out resistance
to the geogrid, the size of the pull-out resistance of
the geogrid is not only related to the stones in direct
contact with the geogrid, but also the stones at a
distance of 5 cm from the surface of the geogrid can
still have an indirect eﬀect on the pull-out resistance
of the geogrid, the stone shape factor aﬀects the
mechanical occlusion between the stones in the soilrock mixture, and this indirect eﬀect weakens with
the increase of the stone shape factor.
The representative value of the pull-out force in the soilrock mixture with clay as ﬁller is greater than that in the
soil-rock mixture with sand as a ﬁller. The representative value of the drawing force in the soil-rock
mixture with sand as the matrix is 6%–20% less than
that of the soil-rock mixture with clay as the matrix.
With the increase of the shape factor, the inclination
angle of the roof of the model box in the clay matrix
decreases gradually, and in the sand matrix, the roof of
the model box decreases ﬁrst and then increases, and
the inclination angle of the roof of the model box with
clay as ﬁlling material is less than that of the sand as
ﬁlling material. In the test, the inclination angle of the
roof of the single-layer soil-rock mixture is less than
that of the double-layer soil-rock mixture.
2/3 of the test pull-out force curves showed a second
peak, in which, the pull-out test with clay as the
matrix, the second peak is lower than the ﬁrst peak,
while in the sand-based pull-out test the results are
opposite, the second peak is higher than the ﬁrst
peak. Concerning the phenomenon that the ﬁrst
peak value of the drawing force is larger than the
second peak value in the clay matrix, and the ﬁrst
peak value of the drawing force is smaller than the
second peak value in the sand matrix, it can be
concluded that the integrity of the soil-rock mixture
with sand as the matrix is stronger than that of the
soil-rock mixture with clay as the matrix. According
to this conclusion, the second peak value will be a
good indicator to describe the integrity of the
geogrid and soil-rock mixture.
Through 16 pull-out tests, the following expression is
obtained as an empirical expression, the geogrid pullout test was performed to predict the pull-out force:

F � (56.2m − 47.8n − 91.2mn + 44.8)(S − 4.77) + 1258.6.
(7)
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