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The mechanical properties of soil rock mixture (S-RM) are complex, especially
the strength deterioration after encountering water, which readily leads to
engineering instability. A series of large triaxial tests of S-RM with different
water contents under various confining pressures were performed, the
mechanical properties of S-RM were explored from a macroscopic
perspective. The constitutive model of S-RM — an extended Duncan-Chang
(DC) model considering water content — was developed. The results show that:
(a) the stress-strain curves of S-RM are strain hardening type, the peak strength
decreases non-linearly with the increase of water content, the higher the water
content of sample, the more significant the bulging phenomenon and the more
numerous and extensive the surface cracks; (b) the cohesion ¢ and internal
friction angle ¢ of S-RM both decrease approximately linearly with the increase
of water content, and the secant modulus decreases significantly with the
increase of water content, the reason of which can be attributed to the
porosity and compression characteristics of S-RM; (c) the extended DC model
can be used to describe the mechanical behavior of S-RM affected by water
under triaxial test conditions. The material constant K, failure ratio Ry, ¢, and g are
all related to water content w, while material constant n is independent, only @, n,
maximum principal stress o3, and minimum principal stress oz are needed to
determine the tangent modulus of the DC model of S-RM. The results can
provide an experimental basis and mechanical understanding applicable to
engineering practice in an S-RM formation.
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Introduction

Many geological hazards have been induced in geological
materials, which are extremely inhomogeneous and composed of
rock blocks with high strength, fine soils, and pores, called “soil-
rock mixture” (S-RM) by scholars (Gao et al., 2018; Senthilkumar
etal, 2018; Fu et al,, 2020; Gao et al,, 2021). Due to its very nature,
S-RM usually exhibits very complex physical and mechanical
behaviors (Xu et al., 2015; Zhang et al., 2015; Zhang Z. L. et al,,
2016; Zhao and Liu, 2019).

Many scholars believe that the content of “rock blocks” and
their size distribution are the main structural characteristic features
of S-RM, which mainly control its mechanical properties (Casagli
et al,, 2003; Zhang H. Y. et al., 2016; He et al,, 2020). In-situ and
laboratory tests show that the shear strength of S-RM is akin to that
of the rock blocks alone when the proportion of rock blocks is
higher than a certain threshold, and is basically that of the fine soils
when the proportion of rock blocks is less than a certain threshold,
the friction angle of S-RM increases with the increase of proportion
of rock blocks (Donaghe and Torrey, 1979; Vallejo and Mawby,
2000; Cen et al., 2017; Gao et al., 2018; Wang et al., 2018; Song et al.,
2020; Dong et al, 2021). The size distribution of rock block
determines the mesoscopic deformation characteristic and
fracture form and is an important factor affecting the mechanical
properties of S-RM (Buffington et al., 1992; Wickland et al., 2006;
Hamidi et al,, 2009; Xu and Zhang, 2022). The complex structural
characteristics are the root causes of geological hazards in an S-RM
formation. In addition to the complex structural characteristics of
S-RM, scholars have explored other reasons for its susceptibility to
geological hazards. The geological origin, distribution, and
occurrence environment of S-RM have been investigated. The
geological origins indicate that S-RM is mostly formed by
collapses, landslides, and debris flows (Arikan et al, 2007;
Hiruma et al., 2013; Viles, 2013; Leigh et al.,, 2016; Du et al., 2019;
Xiang and Song, 2020), which show S-RM formations are mainly
distributed in valleys. Geological hazards such as landslides are
frequent in valleys, especially after rainfall and changes in reservoir
water level (Casagli et al., 2003; Xu et al., 2016; Li et al., 2020; Pan
et al, 2020). It is indicated that water plays an important role in the
geological hazards of S-RM formation.

The influence of water on the mechanical properties of S-RM
has been studied over the past few years. Xu et al. (2007) conducted
in-situ shear tests of natural and saturated S-RM in the Hutiao
Gorge reservoir area, found that the cohesion and internal friction
of S-RM are sensitive to water. Wang et al. (2019) performed large-
scale direct shear tests to study the change in water content on the
strength of S-RM under the influence of rainfall, revealing that
internal friction is the main controlling factor therein. Zhang et al.
(2021) discussed the instability mechanism of S-RM slope under the
effect of rainfall, which is mainly due to the expansion of infiltration
cracks and weakening of mechanical parameters of S-RM caused by
the increase of water content. The same conclusion was reached in
the study of the stability of S-RM slope under the fluctuation of
reservoir water level by numerical simulation (Fan et al., 2021). In
terms of deformation characteristics of S-RM, Xing et al. (2019)
found that the S-RM samples exhibit slight strain softening and
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strain hardening under low and high water contents, respectively.
The mechanism of influence of water content on the deformation
and strength of S-RM has also been studied, Zhao et al. (2019)
studied the fracture mechanism of rock blocks of S-RM with
different water contents, and investigated the strength
deterioration of S-RM. Wei et al. (2018) conducted a series of
large-scale direct shear tests with different water contents. They
found that the main reason for the strength deterioration of S-RM is
the decreasing strength of the rock block with increasing water
content. At present, most of the studies on the mechanical
properties of S-RM mainly focus on the content of “rock blocks”
and their size distribution. The experimental method mainly adopts
the direct shear test, and the shear failure surface is determined,
which cannot fully reflect the mechanical properties of materials.
Moreover, there are few studies on quantitative analysis of
deformation and strength parameters and constitutive modelling
of S-RM as affected by water.

This present research focuses on the effect of water content on
the mechanical properties of S-RM. The better to understand the
influence of water on mechanical behavior of S-RM, a certain rock
content in the S-RM was selected in this study, and a series of large
triaxial tests of S-RM with different water contents under various
confining pressures were performed. The influence of water content
on the macroscopic mechanical properties of S-RM was
investigated and the stress-strain relationship of S-RM were
analyzed. The variation characteristics of shear strength and
deformation indices with water content were studied. The
extended DC model of S-RM considering water content was
established, and the variations of model parameters with water
content were revealed. The results can provide an experimental
basis and constitutive model for the engineering design and
application of S-RM affected by environmental water.

Experimental method
Test device and materials

The tests were performed using TAJ-2000 large multifunctional
triaxial experimental system. The size of the specimen for testing
was @ 300 mm x 600 mm; the maximum axial load was 1500 kN;
the axial displacement ranged from 0 to 300 mm with a resolution
of 0.01 mm; the maximum confining pressure was 10 MPa. The S-
RM samples were collected from a colluvium bank slope of Jinsha
River in Taoyuan, Yunnan Province, China (Figure 1). The physical
indices of S-RM were measured and are listed in Table 1. The
particle size distribution of S-RM for test is shown in Figure 2. The
results show that the grading of S-RM in Taoyuan is continuous
and inhomogeneous.

Test procedures
The saturated water content of S-RM was 16% (as measured).

Four different water contents of 4%, 8%, 12%, and 16% were
designed in these tests, and remolded samples with different water
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FIGURE 1
Photograph of S-RM in-situ field in Taoyuan.

contents were prepared, and the dry densities of S-RM samples were
kept constant (1.652 g/cm3).

The test conditions were unconsolidated and undrained. Four
different confining pressures of 200 kPa, 300 kPa, 400 kPa, and
600 kPa were applied. The test scheme is shown in Table 2. The
sample was compacted and roughened after each of three layers
added to the test cylinder. The test loading rate was 0.6 mm/min,
and the test was terminated when the axial strain reached 15%.

Results and discussions
Stress-strain relationship

Figure 3 presents the stress-strain curves of S-RM samples with
different water contents (4%, 8%, 12%, and 16%) under various
confining pressures. The results show that the stress-strain curves
are all of the strain-hardening type with different water contents
under various confining pressures during loading, indicating that
the S-RM in Taoyuan has porous characteristics similar to loose
sand or normally consolidated soil. The stress-strain curves show
significant fluctuations throughout the loading process, which is not
as smooth as the stress-strain curves of more general, homogeneous
soils. The reason for this is described as follows: during the loading
process, the occlusion, dislocation and overturning of the coarse
particles of S-RM cause unstable changes of the local contact stress,
showing the fluctuation of the statistical average stress-strain curve
in macroscopic terms.

The stress-strain curves of S-RM samples with different
confining pressures (200 kPa, 300 kPa, 400 kPa, and 600 kPa)
under various water contents are illustrated in Figure 4, the results

TABLE 1 Physical indices of S-RM in Taoyuan.

Natural water
content [%]

Natural density

[g-cm™3]

10.3389/fevo.2023.1249657

indicate that the linear elastic development stages of stress-strain
curves are more significant with the decrease of water content.
Figure 5 shows the failure modes of S-RM samples with different
water contents when o3 is 200 kPa (the failure modes of samples
under different confining pressures are similar), the results show
that the S-RM sample is unlikely to maintain its original intact
cylindrical shape and collapses into a mass with a water content of
4%, which shows an inclined plane shear failure mode, and the
sample can maintain a complete shape and show slight bulging
failure mode with surface cracks when the water content is between
8% and 16%, the higher the water content, the more significant the
bulging and the more numerous and extensive the surface cracks.
The bulging failure mode of the sample also reflects the high
porosity and low density of S-RM.

The stress-strain curve of S-RM is of the strain-hardening type,
and the axial stress at the end-point of loading (axial stress
corresponding to axial strain of 15%) is taken as the peak
strength of S-RM. Figure 6 shows that the peak strength of S-RM
increases in a quasi-linear manner with increasing confining
pressure when the water content is constant, for example, when
the confining pressure increases from 200 kPa to 600 kPa, and the
peak strength of S-RM linearly increases from 912.91 kPa to
2053.53 kPa with a water content of 4%. Figure 7 illustrates that
with the increase of water content of S-RM, the peak strength
decreases in a non-linear manner, and the rate of change of peak
strength decreases continuously, for example, when the water
content of S-RM increases from 4% to 16%, and the peak
strength decreases from 912.91 kPa to 327.82 kPa under a
confining pressure of 200 kPa.

Shear strength and deformation index

The Mohr’s circles of stress corresponding to the peak strengths
of S-RM with different water contents are drawn, as shown in
Figure 8. The results indicate that the peak strength of S-RM
approximately meets the Mohr-Coulomb criterion within the test
range of water content. The cohesion ¢ and internal friction angle ¢
of S-RM with different water contents were obtained (Table 3).
Figure 9 shows that ¢ and ¢ of S-RM both decrease in a quasi-linear
manner with the increase of water content.

According to the generalized form of Hooke’s law, the elastic
modulus is constant and independent of confining pressure,
however, the triaxial tests of geological materials show that the
stress-strain curve is non-linear, and the tangent or secant slope is
related to the physico-mechanical properties of geological materials.
Therefore, the selection methods of tangent modulus, secant
modulus and average modulus were developed for the
deformation modulus of geological materials under triaxial

Coefficient of
curvature

Coefficient of
non-uniformity

Dry density
[g-cm™3]

Value 1.718 4

Frontiers in Ecology and Evolution

1.652 58.33 2.68

frontiersin.org


https://doi.org/10.3389/fevo.2023.1249657
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Du et al.

10.3389/fevo.2023.1249657

100 %%

90 N\

w0 T

.

70

60 \

50 °

40 N

30

Cumulative percent/%

20
10

0
100 10

1 0.1 0.01

Particle diameter/mm

FIGURE 2
Particle size distribution of S-RM in Taoyuan.

compression (You, 2003). There is no significant linear elastic stage
in the stress-strain curve of S-RM, the secant modulus is used as the
deformation modulus for analysis herein, and the point where the
deviatoric stress is 0 and the point of 50% of peak strength are taken

TABLE 2 Test scheme.

Sample Water content ® = Confining pressure o3

[%] LGE)

1-2 300
4

13 400

1-4 600

2-1 200

2-2 300
8

2-3 400

2-4 600

3-1 200

32 300
12

3-3 400

3-4 600

4-1 200

42 300
16

4-3 400

4-4 600
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as the starting and ending points respectively. The calculated results
are summarized in Table 4.

The relationship between secant modulus and confining pressure
is shown in Figure 10. The results show that when the water content
is low, secant modulus increases significantly with the increase of
confining pressure, for example, when the confining pressure is
increased from 200 kPa to 600 kPa, the secant modulus increases
from 42.13 MPa to 105.91 MPa with a water content of 4%. When the
water content is high (@ > 8%), the secant modulus increases slowly
with the increase of confining pressure. The reasons for the change in
secant modulus of S-RM affected by confining pressure can be
ascertained: in the process of applying confining pressure, the pore
gas in the sample is readily compressed, and the pore water is
practically incompressible under unconsolidated and undrained
conditions, therefore, when the water content is low, the higher the
confining pressure, the greater the primary compaction of the pores,
the smaller the secondary compaction of the pores during the
application of deviatoric stress, and the greater the secant modulus
at the macroscopic level; when the water content is high or in a
saturated state, the pores are not readily compressed, the confining
pressure exerts little influence on the secondary compaction of the
pores caused by deviatoric stress, macroscopically, the confining
pressure has little influence on the secant modulus.

The relationship between secant modulus and water content is
shown in Figure 11. The results indicate that the secant modulus
decreases significantly as the water content increases, for example,
when the water content increases from 4% to 16%, the secant
modulus decreased from 42.13 MPa to 2.97 MPa under a confining
pressure of 200 kPa. The reason for this is explored: the lubrication
of the pore water between the particles and the water film outside
the particles causes slippage and adjustment of the position of
particles. Macroscopically, the higher the water content, the more
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FIGURE 3

Stress-strain curves of S-RM samples with different water contents: (A) @ =

easily the S-RM sample is compressed, and the smaller the
secant modulus.

Extended DC model for S-RM

The stress-strain curves of S-RM with different water contents
have significant strain hardening characteristics. The Duncan-
Chang (DC) model is especially suitable for the description of the
non-linear hardening type stress-strain relationship. The extended
DC model was developed herein, the determination process of the
model parameters and the relationship between model parameters
and water content were discussed in detail.

Kondner (1963) proposed the hyperbolic function to describe
the stress-strain relationship of soils obtained from triaxial tests:

__&
a+ bg

o) - 0, )
where 0y represents maximum principal stress; 03 is minimum
principal stress; €; denotes maximum principal strain; a and b are
model constants.
Duncan and Chang (1970) developed an incremental elasticity
model based on Eq. (1):

&
O, — 03

2

=a+bg
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@ g,=200kPa ©
0,=400kPa v

7, =300 kPa
7y =600 kPa

0 2 4 6 8§ 10 12 14 16
&/%

B =8 %

@ g,=200kPa ° g,=300kPa

300 0,=400kPa v o, =600 kPa

250

D w=16%

4%; (B) o = 8%; (C) w = 12%; (D) o = 16%.

In the triaxial test, the tangent modulus is expressed as:

d(o, - 03) a

E="4E) “arve)

3)

where E, is the tangent modulus of soil.
At the origin of coordinates (&, = 0), the initial tangent modulus
is expressed as

E=— (4)
a

The ultimate deviatoric stress of the fitted hyperbola is written as

1

(01 = 03)u =+

b ©)

where (0, — 03) 4 represents the ultimate deviatoric stress.

Much of the shows that the initial tangent modulus is related to
the confining pressure, the form can be expressed thus (Janbu,
1963):

O-
E = KPa(P—j " (6)

where K and #n are material constants, reflecting material
properties; P, is the atmospheric pressure.
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FIGURE 4

Stress-strain curves of S-RM samples with different confining pressures: (A) 65 = 200 kPa; (B) o5 = 300 kPa; (C) o3 = 400 kPa; (D) o3 = 600 kPa.

Since there is no peak strength in the stress-strain curve when
using a hyperbolic function to represent it, generally, the stress
corresponding to a certain strain value is taken as the strength of

° w=4% ° 0=8%
0=12% v 0=16%

800 -
700
600 |

<500}

-

=400} ¢

® N

&3001 WWW%&W

& S0
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soil, and the failure ratio is defined as:

10.3389/fevo.2023.1249657

s w=4% ° ©w=8%
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&/%

B 03=300 kPa

e w=4% ° 0=8%
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D 03=600 kPa

(0, - 03)¢

Ry =
(Gl - 0-3)ult

where Ry is the failure ratio; (0;-03)¢ represents the
strength of soil.

FIGURE 5

Failure modes of S-RM samples with different water contents (o3 = 200 kPa).
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According to the Mohr-Coulomb criterion, the strength of soil
can be expressed as:

2ccos @ + 205 sin @

1-sing ®

(01 - 03)s =
The tangent modulus of soil can be obtained from Egs. (3)~(8):

E, =KP, (63)’1{1
t — a IT
a

The expression for the tangent modulus in the DC model
includes five material constants: K, #, Ry, ¢, and ¢.

R0, - 03)(1-sing)]?
2ccos @ + 203 sin @

&)

In order to compare the mechanical properties of S-RM in
unsaturated and saturated states, the experimental conditions were
set as non-consolidated and undrained, resulting in only obtaining

TABLE 3 Shear strength indices of S-RM with different water contents.

4 83.82 29.37
8 73.75 18.19
12 31.47 11.66
16 23.43 8.92
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the axial stress-strain relationship. Consequently, the measurement
of volumetric strain and lateral strain was not possible, thus
preventing the determination of the Poisson’s ratio. This study
only investigated the tangent modulus of the D-C model, providing
a reference for determining the Poisson’s ratio. The determination
process of material constants in the expression of the tangent
modulus of the DC model is as follows.

The model constants a and b are determined. The test data

of S-RM with different confining pressures under various

water contents are processed according to Eq. (1), a and b

are obtained by data fitting. The fitting hyperbolic curves of

test data are shown in Figure 12, the stress-strain curves of

S-RM under triaxial compression test with different water

contents are in good agreement with the DC model.

. The initial tangent modulus E; is calculated using Eq. (4).
The ultimate deviatoric stress (0; — 03)y is determined
using Eq. (5).

. The peak strength (0, — 03)¢is determined. There are three

ways to determine (0, — O3)5 the first is to take the test

value as (0, — 03) (the deviatoric stress corresponding to

15% axial strain); the second is to take the value in the

fitting hyperbolic curve; the third is to recalculate (0; — 03)¢

by Mohr-Coulomb criterion according to the shear strength

frontiersin.org
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Relationships between shear strength indices and water content

indices ¢ and ¢ determined by test. Because the model
finally given is based on the fitted curve, the model curves
determined using the second method is in better agreement
with the experimental results.

TABLE 4 Secant modulus of S-RM samples under different test
conditions.

Water Confining pressure = Secant modulus
content o [%] o3 [kPa] E [Mpal
200 42.13
300 41.04
4
400 52.33
600 105.91
200 18.53
300 20.65
8
400 23.00
600 23.86
200 4.69
300 5.67
12
400 7.79
600 10.35
200 297
300 4.61
16
400 4.57
600 6.79
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d. The failure ratio R¢ is determined. The ultimate deviatoric
stress (07 — 03)yc under each confining pressure
determined by step (b) and the peak strength (07 — 03)¢
under each confining pressure determined by step (c) are
substituted into Eq. (7). The failure ratios under various
confining pressures can be obtained, and the average value
can be used as the failure ratio of S-RM with a certain water
content.

e. The material constants K and n are determined. The
relationship between 1g(E;/P,) and Ig(o3/P,) is fitted by a
straight line, the material constants K and n are then
obtained.

The process parameters determined using steps (a)~(e) are
listed in Table 5. Combined with the determined shear strength
indices ¢ and ¢, all five material constants of S-RM with different
water contents to obtain the tangent modulus are determined, as
listed in Table 6.

The relationship between the material constants of S-RM and
water content is illustrated in Figure 13. The results indicate that the
failure ratio decreases approximately linearly with the increase of
water content. As the water content increases from 4% to 16% and
the failure ratio decreases from 0.9347 to 0.8509. The explanation
may be that the higher the water content, the smaller the modulus of
S-RM under the same confining pressure, and the stress develops
more slowly with the increasing strain, the stress is far from
reaching limiting value when the strain reaches 15%, so the
smaller the failure ratio. The material constant K decreases with
the increase of water content, which is approximately exponential.
The correlation between material constant n and water content is
not significant.
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FIGURE 12
Fitting curves of the (o, — o3) — & relationship: (A) @ = 4%; (B) w = 8%; (C) w = 12%; (D) w = 16%.

TABLE 5 Process parameters of the D-C model of S-RM.

o5 [kPal Elkpal (O e (s ok
200 1.35e-05 1.30e-03 74074.07 770.89 720.98 0.9353
300 1.15e-05 1.20e-03 87092.84 833.96 783.71 0.9397
! 400 9.02e-06 8.66e-04 110829.1 1155.08 1079.88 0.9349
600 6.23e-06 6.45e-04 160475 1549.72 1456.17 0.9396
200 3.87e-05 2.56e-03 25862.51 390.63 354.12 0.9065
300 2.69e-05 1.84e-03 37220.38 543.48 494.53 09113
’ 400 2.32e-05 1.47e-03 43027.41 680.27 617.70 0.9049
600 2.02e-05 1.26e-03 49529.47 793.65 716.54 0.9040
200 1.11e-04 5.20e-03 8980.692 192.31 168.32 0.8748
300 8.92e-05 4.03e-03 11213.15 248.14 215.92 0.8711
. 400 6.45e-05 2.95e-03 15502.43 338.98 296.06 0.8730
600 5.23e-05 2.32e-03 19104.39 431.03 375.06 0.8690
16 200 1.76e-04 6.76e-03 5681.173 147.93 125.90 0.8514
(Continued)
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TABLE 5 Continued

10.3389/fevo.2023.1249657

(01 = o3)ut
o3 [kPa E. [kPa ult
3 [ ] i [ ] [kPa]
300 1.29e-04 4.87e-03 7725.587 205.34 174.36 0.8499
400 1.19e-04 4.55e-03 8400.538 219.78 187.27 0.8514
600 8.06e-05 3.09e-03 12405.41 323.62 275.45 0.8510
TABLE 6 Material constants of the D-C model of S-RM with different water contents.
o [%] R¢ K n c [kPa] o[
4 0.9374 425.40 0.7123 83.82 29.37
8 0.9067 181.72 0.5858 73.75 18.19
12 0.8719 53.83 0.7152 3147 11.66
16 0.8509 35.00 0.6839 2343 8.92
0.96 500 -
0.94¢ L]
o~ R=-0.0074 400,
ool Tee. ~-0.0074x10001+0.9653 \
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FIGURE 13
The relationship between material constants and w: (A) R¢ vs. @; (B) K vs. .

The research results indicate that the material constants K and
R¢ of S-RM in the DC model are the same as the shear strength
indices ¢ and ¢, which are all related to the water content. The
functional relationships are shown in Egs. (10) to (13). The material
constant n is an independent material constant, which has no
significant correlation with the water content.

K=a .ehlxloow (10)
c=a, X 1000 + b, (11)
@ =as x 1000 + bs (12)

TABLE 7 Fitting coefficients of material constants of S-RM.

Re =a, x 100w + b, (13)

The fitting coefficients of material constants determined according
to the triaxial compression test of S-RM are listed in Table 7. The
material constant # is taken as the average of the test results under
different water contents. Finally, only n, @, 0; and o3 are needed to
determine the tangent modulus E; of the DC model of S-RM.

Conclusions

Large triaxial tests of S-RM with different water contents under
various confining pressures were conducted in this study. The stress-

969.28 -0.218 -5.586 108.98
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strain relationship of S-RM under different conditions was analyzed.
The variations in shear strength and deformation indices with water
content were studied. The extended DC model of S-RM considering
water content was established, the variation law of model parameters
with water content was revealed. The main conclusions are drawn
as follows:

a. Within the range of test water content and confining
pressure, the stress-strain curves of S-RM are all of the
strain-hardening type, indicating that the S-RM has porous
characteristics similar to loose sand or normally
consolidated soil. The failure mode of the sample reflects
that the higher the water content, the more significant the
bulging phenomenon and the more numerous and
extensive the surface cracks. The peak strength of S-RM
increases in a quasi-linear manner with the increase of
confining pressure, and decreases non-linearly with the
increase of water content.

b. The peak strength of S-RM approximately satisfies the
Mohr Coulomb criterion within the range of water
contents investigated in the present work, and the
cohesion ¢ and internal friction angle ¢ of this S-RM both
decrease in a quasi-linear manner with the increase of water
content. The secant modulus is used as the deformation
index for analysis, the results show that the secant modulus
increases with the increase of confining pressure, and
decreases significantly with the increase of water content,
the reason for this can be attributed to the porosity and
compression characteristics of S-RM.

c. The DC model was introduced and its applicability to S-RM
was studied, the extended DC model of S-RM considering
water content was further established. The results indicate that
the stress-strain curves of S-RM under triaxial compression
test with different water contents are in good agreement with
the DC model which can reflect the strain-hardening
characteristics of S-RM. The functional relationships of
model parameters with water content were determined as
Egs. (10) to (13), thus, only #n, @, 0; and 03 are needed to
determine the tangent modulus E, of the DC model of S-RM.

This study focuses on the macroscopic mechanical properties
and the mechanical model of S-RM. The conclusions can be applied
to engineering of S-RM. The microscopic mechanism of the
influence of water condition on the mechanical behavior of S-RM
will be further explored in future, and the essential reason of the
influence of water condition on its macroscopic mechanical
behavior will be revealed.
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