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1. Introduction 
 

A soil-rock mixture (S-RM) is a special type of 

inhomogeneous geomaterial which was formed in the 

quaternary era and is a geological body existing abundantly 

in nature (Xu et al. 2008, Brandes et al. 2011, Wang and Li 

2014, Huang et al. 2015, Cen et al. 2017), especially in 

mountainous areas. It consists of both soil particles having 

relatively weak strength and very strong irregular rock 

blocks of various sizes (Zhang et al. 2016, Tan et al. 2016, 

Wang et al. 2017). Due to the particle size and arrangement 

mode within rock blocks, and the distribution ratio and 

cementation form of rock blocks and the soil, the physical 

and mechanical properties of the S-RM are significantly 

different when compared to that of pure soil or rock. 

Moreover, since S-RM landslides have become major 

geological disasters in the recent past (Xu et al. 2011, Sun 

et al. 2014), this research topic is very relevant to the field 

of geomechanics (Vallejo 2001, Xu et al. 2007, Li et al.  
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2016). 

Talus slopes are widely distributed across the southwest 

mountain area of China, with their surface soil layer being 

normally comprised of S-RM. Due to the loose structure of 

S-RM, the talus slope is vulnerable to collapse when under 

the influence of external forces such as rainfall, earthquake 

and excavations (Sun et al. 2014, Kanungo et al. 2013, 

Wang et al. 2014, Anbazhagan et al. 2017, Liu et al. 2017, 

Moradi et al. 2018). Since the instability of talus slopes can 

lead to huge economic losses, it is very important to study 

their stability in order to avoid landslides (Liu et al. 2009, 

Mohammadi and Taiebat 2016). Also, the construction and 

extensions of expressways has penetrated deeper into the 

mountains in the 21st century, inevitably involving the 

excavation and support of the talus slope and in turn, 

gradually unveiling the features and problems associated 

with S-RM. 

S-RM possesses shear strength parameters which exhibit 

complex mechanical characteristics due to the complicated 

nature of its components (Chang and Phantachang 2016, 

Dimitrova and Yanful 2012). It is essential to select the 

proper shear strength parameters during the study of the 

talus slope stability. Many researchers have conducted 

laboratory and field tests that employ a variety of methods 

to analyze the physical and mechanical properties of S-RM 

and talus slope. 

These researchers have studied the influence of content 

and distribution of rock blocks on strength and deformation  
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respectively. The water content of S-RM also had an effect on decreasing strength parameters, with the decrease in magnitude of 
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stability of talus slope decreased with a decrease in the cohesion force and internal friction angle, thereby creating a new shallow 

slip surface. Since the excavation of toe of the slope for road construction can easily cause a landslide, anti-slide piles can be 

used to effectively improve the slope stability, especially for shallow excavations. But the efficacy of anti-slide piles gradually 
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on both the macro and micro scales. However, conventional 

laboratory tests (such as fall cone test, direct shear test, 

conventional triaxial test and radial-splitting test) are 

restricted by the size of the particle and thus cannot 

replicate the effect of coarse particles very well (Cabalar 

and Mustafa 2015, Xu et al. 2015, Fei 2016). Also, 

determining the mechanical properties of S-RM requires the 

use of large loading systems that can simulate actual stress 

states, which is difficult to replicate in a traditional 

laboratory test (Vallejo and Mawby 2000). Field tests 

ensure that the original internal structural characteristics of 

S-RM and field stress conditions are maintained. But the 

spatial distribution of the coarse particles in natural S-RM is 

random, causing the strength parameters obtained from field 

tests to also be variable (Xu et al. 2011, Cen et al. 2017). 

Also, since the selection of cross section of S-RM varies 

based on image processing technology, it results in 

uncertainty in generating the S-RM model. 

Furthermore, the aforementioned studies almost 

completely focus on the internal factors (e.g., coarse 

particle content, weight proportion, size distribution etc.) to 

analyze the structural and mechanical characteristics of S-

RM. It is clear that few reports have been published about 

the effects of external conditions (e.g., rainfall, earthquake, 

human factor etc.) on S-RM properties and talus slope 

stability. And at present there is little research on the 

mechanical parameters of S-RM sampled from natural 

sliding mass based on large-scale triaxial test. In addition, 

the natural and geological environment of talus slope are 

unique and the defined strength parameters must be applied 

to the corresponding talus slope to analyze the stability, 

which is rarely mentioned. 

In this paper, the S-RM are sampled from the sliding 

mass of Xiaomiaoling. It uses large-scale indoor triaxial 

tests to investigate the influence of water content on 

strength characteristics of S-RM, which minimizes the 

restrictions of coarse particle size. The simplified geological 

model based on finite element method is established on the 

basis of real terrain. It can compare the stability of talus 

slope at different strength parameters and in different 

excavation and support process. The presented results 

contribute towards the understanding of shear strength 

characteristics and failure mechanism of S-RM and evaluate 

the stability of talus slope in excavation support. 

 

 

2. Preparation of test sample 
 

2.1 The test material 
 

The S-RM sample was obtained from Xiaomiaoling 

talus slope groups along the Kai-Yang expressway in the 

Guizhou province of China (Fig. 1(a)). The width of the 

slope’s front edge is about 260 m and the maximum plane 

length is 250 m. The maximum depth of sliding surface is 

35.5 m and the volume is about 8.2 × 105 m3. The maximum 

diameter of the rock block in S-RM is up to 1 m and is 

filled with silty clay or argillaceous silt (Fig. 1(b)). Due to 

the uneven distribution of S-RM, the samples were taken 

from different regions and depths. 

The talus deposits of Xiaomiaoling area are quaternary 

deposits and thus, exhibit strong biological and chemical 

weathering. Clay mineral can also be commonly found in 

rock debris. As seen in Fig. 2, the obtained samples exhibit 

rich gradation. The particles have various shapes, most of 

which are angular and sub-angular with bad psephicity. The 

sizes of the majority of rock blocks range from 0.5 to 10 

cm, with 15 cm being the maximum size. The large particle 

size gravels are mainly S2w sandstone and some of them 

are extremely weathered. 

 

 

 

Fig. 2 Gradation curve of the soil-rock mixture material 

 

Table 1 Particle gradation of original sample 

Particle size 

range (mm) 
>60 60-40 40-20 20-10 10-5 5-2.5 2.5-0.5 0.5-0.075 <0.075 

Content (%) 23.5 9.4 10.6 10.1 10.3 6.6 6.8 16.3 6.4 

 
 

Fig. 1 Geographical location of sample region (a) and the whole Xiaomiaoling talus slope groups (b) 
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Table 2 Particle gradation of sample after equivalent 

substitution 

Particle size 
range (mm) 

60-40 40-20 20-10 10-5 5-2.5 2.5-0.5 0.5-0.075 <0.075 

Content (%) 14.9 16.7 16.0 16.3 6.6 6.8 16.3 6.4 

 

 

Fig. 3 The compacting curve of S-RM 
 
 

2.2 The treatment of oversized particles 
 

In the study of the engineering and mechanical 

properties of S-RM, it is often necessary to use large 

instruments to perform tests because of the large particle 

size (Wang et al. 2015, Zhong et al. 2016, Zhou et al. 

2018). For the large-scale triaxial test, the most frequently 

used specimen size is 300 mm in diameter and 600~700 

mm in height, and the maximum allowable size of particles 

is 60 mm. However, the maximum particle size of a rock 

block in S-RM is usually more than 60 mm, even going as 

high as 1000 mm in the studied region, which far exceeds 

the maximum allowed value of the test instrument. 

Accordingly, the equivalent substitution method has been 

employed to reduce the scale effect of the oversized 

particles as it is generally suitable for particles with less 

than 50% of the largest size (Huang et al. 2015, Zhang et al. 

2016a, b). 

The oversized particles in S-RM were replaced by 

coarse particles with sizes determined by the weighted 

average method, ranging from the maximum allowable 

particle size (dmax = 60 mm) to 5 mm. Additionally, the 

particle content of the replaceable particle size shall be 

calculated using Eqs. (1) and (2). 

= +
−

0i
i 0 0i

5 0

P
P P P

P P
 

(1) 

1 1

= + = 
n n

5 0i 0 iP P P P

 
(2) 

where P5 is the coarse material content (d >5 mm); P0i is the 

particle content of a certain group with 5 < d < 60 mm 

before treatment; Pi is the particle content corresponding to 

P0i after treatment; and P0 is the oversized particle content 

(d > 60 mm). 

In this experiment, the percentage content of fine sand 

in S-RM is relatively higher, whereas that of oversized 

particles is only 23.5%. The gradation of samples in triaxial 

test can be seen in Tables 1 and 2. 

According to the Chinese professional standard for 
coarse-grained soil tests (DL/T5356, 2006), the maximum 
diameter of the compaction test apparatus is 300 mm, which 
is suitable for soil with a diameter less than 60 mm. Thus, 
the equivalent substitution method is used once again in the 
compaction test. The compacting properties of S-RM are 
studied based on the results of the heavy compaction test. 
The compression must be performed three times for each 
test and the compaction energy is 2690 kJ/m3. From the 
compaction curve (Fig. 3), the maximum dry density of the 
mixtures is 2.20 g/cm3 and the optimum water content is 
about 8.8%. The curve shows that the dry density increases 
with an increase in water content up to a certain limit, 
beyond which the dry density decreases. This phenomenon 
is similar to that observed in cohesive soils (Butalia et al. 
2003). For cohesive soils, when the water content is above 
the optimum level, the soils are considered to be 
approximately saturated. But the S-RM sample with 
complex composition has the properties of both rock blocks 
and fine grained soil, which makes this problem more 
complicated (Zhong et al. 2016, Wang et al. 2017). In these 
experiments, the samples with different percentages of 
water content are all unsaturated. 
 

 

3. Test method and procedure 
 

The static-dynamic triaxial apparatus STX-600 
manufactured by the Geotechnical Consulting & Testing 
System is used to carry out this experiment. The diameter of 
the sample is 300 mm, the constrained diameter of the 
instrument is 60 mm, the maximum axial force provided by 
the load frame is 1000 kN and the triaxial pressure cell can 
withstand pressures up to 2 MPa. The universal digital 
signal conditioning control unit, which is connected to the 
computer to enable complete control of data gathering and 
its functions, has been applied for storing data and digital 
input/output. The built-in CATS software can eliminate the 
complex computation process of the program design 
procedure with the help of calculated test parameters (Fig. 
4). And according to the data collected, the software can 
automatically correct the sectional area of specimen and 
output accurate deviator stress and strain in real time. 

In the case of rapid excavation where talus slope with 
poor permeability is created, the water in the pores is not 
easily discharged and the coarse-grained soil has not 
achieved complete consolidation. Hence, it is more 
reasonable to conduct unconsolidated undrained triaxial 
tests using samples having different percentages of water 
content, which is suitable for the stability analysis of talus 
slope that is described in the second part of this study. The 
soil samples are then weighed and experimental criteria 
such as the dry density and sample size are calculated, after 
which the prepared soil samples with different particle sizes 
are evenly blended. Then six layers of the samples are filled 
and compacted. The samples are cylindrical in shape with a 
diameter of 300 mm and height of 600 mm. To prevent 
rubber membrane from being punctured, it is necessary to 
check whether the rubber membrane leaks before and after 
experiment. Meanwhile, two stainless steel O-rings tightly 
hold the rubber membrane on the outside sides of pedestal 
and top-cap to prevent water seepage from the top and 
bottom. Some of the experimental parameters are shown in 
Table 3. 
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Fig. 4 Large-scale triaxial test performed in laboratory: 

(a) schematic diagram of instrument, (b) photograph of 

instrument, (c) test sample of S-RM and (d) failure mode 

of S-RM 

 

Table 3 Some experimental parameters of large-scale 

triaxial test scheme 

Parameter Value 

Water content (%) 0/5/10/15 

Confining pressure (kPa) 100/200/400 

Dry density (g/cm3) 2.0 

Loading rate (mm/min) 1.2 

Strain threshold (%) 15 

 

 

4. Test results and analysis 
 

4.1 Analysis of stress and strain characteristics 
 

Large-scale unconsolidated undrained triaxial tests are 

performed on the prepared samples with four different 

percentages of water content. The deviator stress to axial 

strain curves under different confining pressures are then  

 

 

 

 

Fig. 5 Deviator stress to axial strain curve under different 

percentages of water content (a-d corresponds to water 

content 0%, 5%, 10%, 15%, respectively) 
 
 

obtained, which can be seen in Fig. 5. 

As shown in Fig. 5, the stress-strain curve is a typical 

non-linear relationship. When the samples are compressed 

to a certain degree, the first two sample groups exhibit 

slight strain softening and the variations between the peak 

values and stability values of deviator stress are relatively 

small, whereas the last two sample groups demonstrate  
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Table 4 Shear strength parameter values based on Mohr 

Coulomb strength theory 

Groups Water content (%) 
Cohesive force 

(kPa) 
Internal friction 

angle (°) 

a 0 48.8 39.6 

b 5 17.9 37.2 

c 10 16.5 27.3 

d 15 16.1 10.2 

 

 

 

strain hardening effect. This indicates that the S-RM has 

remarkable plastic deformation features. However, the 

strain softening resulting from high density of the sample is 

less significant when compared to that of compact fine 

grained soil, and the S-RM samples can still withstand 

greater stress after reaching peak strength. 

Under a low confining pressure, the curve is relatively 

flat with minor fluctuations. However, local fluctuations can 

 

  

Fig. 6 The partial stress-strain curve of sample with 15% water content (a) and particle breakage of sample with 5% water 

content (b), (c) 

  

  

Fig. 7 Mohr circle and strength envelope line based on the Mohr-Coulomb strength theory at different percentages of water 

content (a-d corresponds to water content 0%, 5%, 10%, and 15% respectively) 
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be observed under high confining pressure, particularly, in 

the sample with 15% water content. Within the loading 

range, the stress continues to increase in the case of high 

water content, which also demonstrates some strain 

hardening behaviour. The strengths of samples with 

different percentages of water content vary greatly under 

the same confining pressure. The samples with high water 

content do not exhibit the weak strength-softening 

phenomenon and the strength always increases within the 

loading range. The amplitude of decrease in strength 

gradually reduces after the strain reaches 10%. 

The stress-strain curve obtained from the test is not 

smooth and a partial fluctuation is still observed. For e.g., 
when the water content of sample is 15% and the strain is in 
the vicinity of 10%, the local fluctuation of strength appears 
to be between 155 kPa-165 kPa, as shown in Fig. 6(a). 
While this phenomenon is also observed in the other three 
groups, the overall trend of the curve is still uniform. The 
fluctuations of the curve occur mainly due to the fact that 
the strength of S-RM is provided by the skeleton of coarse 
particles and the point contact is mostly between the 
particles. Also, the local stress exceeds the contact strength 
of particles in the shear process, which causes cusp 
breakage or particle breakage and then leads to the 
fluctuation of stress and strain (Fig. 6(b), 6(c)). Finally, 
particles are rearranged under pressure to continue to create 
a new equilibrium state.  
 

4.2 Shear strength analysis 
 

The strength envelope lines are observed to be typically 

linear under the confining pressures of 100 kPa, 200 kPa 

and 400 kPa. The Mohr-Coulomb failure criterion has been 

introduced to determine the shear strength parameters c and 

φ. The variation of shear strength parameters c and φ at 

different percentages of water content are plotted in Fig. 7 

and listed in Table 4. 

With an increase in the water content of the sample, 

there is a general decrease in the strength parameters of S-

RM, which indicates that the water has a softening effect on 

coarse-grained particles. In the deformation and failure 

process of the talus slope, the water will enter the soil 

particles along a joint or fissure plane, resulting in a 

softening of the original surface structure. The comparison 

of the first two groups of samples indicates that the 

cohesion force decreases significantly (by more than 50%) 

but there is little change in the internal friction angle due to 

the influence of water. When the water content is high (the 

last two tested groups having 10% and 15% water content), 

the result is reversed, but there is still a visible reduction in 

both the cohesive force and the internal friction angle. 

The presence of water decreases the roughness of coarse 

grained soil and the friction force of sliding and rolling 

between particles. Water also leads to the softening and 

disintegration of “mud”, which displays greater strength and 

cementation, and reduces the occlusal effect between 

particles which in turn reduces the material strength 

parameters. 
This study demonstrates that there are two limited types 

of water content, namely, the low limit water content and 
high limit water content, which influence the cohesive force 
and internal friction angle at different levels. The main 

influence of the low limit water content can be observed on 
the cohesive force, i.e., when the water content is less than 
the low limit content, the decrease in the magnitude of the 
cohesive force becomes greater as the water content 
increases. But when the water content is more than the low 
limit content (about 0%~5% in this experiment), the 
decrease in magnitude is not large. The effect of the high 
limit water content on the reduction of strength parameters 
can be mainly observed with respect to the internal friction 
angle. The decrease in magnitude of the internal friction 
angle is stable before the water content reaches the high 
limit content (about 10% ~ 15%). After that, the decrease in 
magnitude increases rapidly with an increase in water 
content. Generally, the decrease in S-RM strength is largely 
due to the change in cohesive force at low water content 
and the change in internal friction angle at high water 
content. 
 

 

5. Stability analysis of talus slope 
 

5.1 Establishment of simplified geological model 
 

The composition and origin of the different types of 

accumulated bodies in talus is quite complicated. In this 

paper, the talus slope mainly includes S-RM, colluvial-

rubble soil, strong weathered sandstone and bedrock. The 

respective physical and mechanical parameters of soil 

layers were obtained using laboratory testing, field 

investigation and engineering concepts. The model created 

by combining the contents of S-RM and colluvial-rubble 

soil is the Mohr–Coulomb model. The calculated physical 

and mechanical parameters for the soil layers of the 

Xiaomiaoling talus slope were selected during the 

numerical test, as shown in Table 5. 

The experimental process for the model was simulated 

using the PLAXIS 2D (version 8.5) software and was based 

on the finite element method to analyze the stability of talus 

slope during excavation by using different shear strength 

parameters of S-RM. The two-dimensional calculation 

models were created based on a typical engineering 

geological section of the talus slope, and the stratification 

and nomenclature of soil layers has been shown in Fig. 8. 

For the boundary conditions, the surface of the talus slope is 

assumed to be the free boundary condition and the bottom 

boundary is completely fixed along the vertical direction, 

while there is no horizontal displacement at both the left 

and the right vertical boundaries. Additionally, all the 

boundary conditions of displacement constraints for the 

numerical model are rigid. 
 

5.2 Global stability analysis of talus slope 
 

In this case, the excavation and support of the talus 

slope are not taken into account. Different percentages of 

water content correspond to different shear strength 

parameters (i.e., cohesive force and internal friction angle) 

of S-RM, and this section only considers the influence of 

water content on the global stability of talus slope. Also, 

since the silt content of fine grained soil in S-RM is 

relatively high and its surface permeability is poor, varying 

the strength parameters of S-RM provides a method to  
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approximately analyze the stability of the talus slope under 

rainfall conditions in this numerical test. Fig. 9 shows the 

shaded pictures of the shear strain increment of the talus 

slope, and the slip surface is determined by observing the 

position of the maximum increase in shear strain, while  

 

 

 

 

simultaneously taking the influence of underground water 

conditions into consideration. 

In order to accurately determine the evolution of 

damage, the shear strength reduction method, called the 

Phi-c reduction approach in PLAXIS, is used to calculate  

Table 5 Physico-mechanical parameters adopted for the numerical simulation of talus slope 

Soil types 
Natural density 

(kg/m3) 

Saturation 

density 

(kg/m3) 

Elastic 

Modulus 

(MPa) 

Poisson 

ratio 

Cohesive force 

(kPa) 

Internal friction angle 

(°) 

S-RM 2000 2100 40 0.20 
48.8/17.9 

16.5/16.1 

39.6/37.2 

27.3/10.2 

Colluvial-rubble soil 2200 2300 45 0.25 20 32 

Strong weathered sandstone 2300 2400 1000 0.28 60 30.5 

Bedrock 2500 2700 40000 0.26 27000 43 

 

Fig. 8 Simplified soil layers and partition names of talus slope 

  

(a) 0% water content of S-RM (b) 5% water content of S-RM 

  
(c) 10% water content of S-RM (d) 15% water content of S-RM 

Fig. 9 The shear strain increment of talus slope with S-RM having different percentages of water content 
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Table 6 Safety factors of Xiaomiaoling talus slope with 

different values of strength parameters of S-RM 

Water content (%) 0 5 10 15 

Cohesive force (kPa) 48.8 17.9 16.5 16.1 

Internal friction angle (°) 39.6 37.2 27.3 10.2 

Safety factor 2.2715 1.7828 1.2895 0.8966 

 

Table 7 Anti-slide pile material data sets for plate in 

PLAXIS 

Parameter Anti-slide pile 

Young’s modulus E (kN/m2) 3 × 107 

Axial stiffness per unit width in the out-of-plane 
direction EA (kN/m) 

3.6 × 108 

Flexural rigidity per unit width in the out-of-

plane direction EI (kN·m2/m) 
4.8 × 108 

Weight per unit area W (kN/m/m) 24 

Poisson's ratio V 0.15 

Pile size a × b (m) (a is out-of-plane direction) 3 × 4 

Pile length (m) 20 

 

 

Fig. 10 Safety factors of excavation and support area at 

different percentages of water content of S-RM and at 

different stages (the steps 1-9 correspond to the natural 

state, excavation 1, support 1, excavation 2, support 2, 

excavation 3, support 3, excavation 4 and support 4) 

 

 

the safety factor of talus slope. 

=f

c
c

f  

(3) 

1 tan
tan ( )


 −=f

f  

(4) 

where f is the strength reserve safety coefficient, which is 

considered as the safety factor when the model of talus 

slope is in the limit equilibrium state after strength 

reduction; cf is the reduced cohesion; and φf is the reduced 

internal friction angle. Table 6 shows the various safety 

factors of Xiaomiaoling talus slope for different values of 

strength parameters of S-RM. 

The strength parameters of S-RM should ideally be 

large, exceeding the parameters of colluvial-rubble soil. The 

bottom shear slip surface of the talus slope is the point of 

contact between the colluvial-rubble soil and strong 

weathered sandstone (Fig. 9(a)). The slope itself is very 

stable with a safety factor of 2.2715. With a decrease in 

cohesion and internal friction angle, the safety factor 

reduces further and the slip surface moves up and penetrates 

the colluvial-rubble soil layer (Fig. 9(b), 9(c)). Although the 

slip surface is not completely penetrated, it still enters into 

other parts of the talus slope. In the fourth scenario from 

Fig. 8(d), it can be easily seen that there are two shear 

zones: one occurring at the slope toe and the other at the top 

interface between the S-RM and colluvial-rubble soil. When 

compared with the first three cases, a new shallow slip 

surface can be observed, which is almost penetrated while 

the deep slip surface gradually disappears. In terms of the 

safety factor, the talus slope has been completely destroyed 

at the slope toe along the shallow slip surface. The talus 

slope has a complex and unique spatial distribution and 

establishing the multistage sliding surface is essential to 

evaluate the stability of talus slope and formulate a 

reasonable retaining measure. 

 

5.3 Stability analysis of excavation of talus slope 
 

The excavation and support process of the talus slope 

was simulated to study the change in talus slope stability 

during the process. The whole excavation and support 

process was divided into four steps from top to bottom. 

During the simulation, the excavation ratios were 1:1.25 

(for excavation 1, excavation 2 and excavation 3) and 1:1.5 

(for excavation 4). In order to ensure the stability of the 

talus slope, anti-slide piles were installed at the slope toe 

after each part of the excavation, and the ongoing 

excavation was provided support on each terrace level (Fig. 

8). The plate element was used to simulate the anti-slide 

pile in PLAXIS. Some of the simulation parameters of the 

anti-slide pile can be seen in Table 7. 
The numerical simulation of the excavation and support 

area, denoted by the dotted portion in Fig. 8, is a major part 
of the analysis. The slope has been destroyed when the 
water content is 15%, so this situation is not counted in the 
simulation process. Figure 10 shows the safety factors of 
excavation and support area during the whole excavation 
and support process. 

It can be observed in Fig. 10 that the excavation of the 
slope toe reduces the stability of the talus slope, and anti-
slide piles are considerably effective in improving the 
stability of shallow excavation at the same water content. 
But the effect is gradually weakened with as the excavation 
proceeds. After the shallow excavation and support 
(excavation and support 1, 2) is completed, the slip surface 
moves downward and the slope may be subjected to new 
slip failure because of the presence of the supporting 
structure. However, the simulated anti-slide piles 3 and 4 
are not buried at a certain depth below the sliding surface as 
it reduces the efficacy of anti-slide piles. 

Under natural conditions, rainfall inevitably changes the 
water content of talus slope which in turn affects soil 
strength parameters and interaction of the pile-soil interface. 
This makes the anti-slide piles shown in Fig. 10 invalid 
when the water content exceeds a certain value. Hence, it is 
necessary to pay attention to drainage during the 
construction of anti-slide piles to prevent the harmful 
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effects of change in water content on excavation slope. 
 

 

6. Conclusions 
 

The present work consisted of a series of triaxial tests on 
S-RM samples under different confining pressures (i.e., 100 
kPa, 200 kPa and 400 kPa) and having different percentages 
of water content (i.e., 0%, 5%, 10% and 15%) to investigate 
the physical and mechanical properties of S-RM. 
Simultaneously, a simplified geological model of the talus 
slope was established to compare tits stability with different 
strength parameters and under different excavation and 
support processes. The following conclusions can be drawn 
from this study: 

(1) The stress-strain curve of the S-RM sample exhibits 
a typical non-linear relationship. The samples with low 
water content began to show weak softening when the 
strength of samples reached a certain value. When the water 
content was high, the stress continued to increase with 
strain, which demonstrated strain hardening behaviour. The 
strength of samples with different percentages of water 
content vary greatly even when under same confining 
pressure. The stress-strain curve is relatively flat with minor 
fluctuations under low confining pressure. However, under 
high confining pressure, the local stress exceeds the contact 
strength of particles in the shear process, which causes cusp 
breakage or particle breakage and then leads to local 
fluctuations in stress-strain curve. 

(2) The strength parameters of S-RM have been 
gradually declining, predominantly due to increasing water 
content, but the influence of the percentage of water content 
on different strength parameters is variable. The reduction 
in S-RM strength is largely due to the change in cohesive 
force when the water content is low and the change in 
internal friction angle when the water content is high. The 
low limit and high limit water content mainly control the 
decrease in the magnitude of cohesive force and the internal 
friction angle respectively. 

(3) The safety factor of the talus slope gradually 
decreases with the decrease in strength parameters of S-
RM. Meanwhile, the slip surface moves up and a new 
shallow slip surface is created between the S-RM and 
colluvial-rubble soil at slope toe, which transforms the 
global stability of talus slope into local stability. It has been 
verified that the strain softening effect of water on the 
material of the slip surface is essential for inducing 
instability of the shallow landslide when the water content 
is high. 

(4) The use of anti-slide piles can considerably improve 
the stability of shallow slope excavations. But for deep 
excavation and support, the downward movement of the 
new failure slope surface needs to be noted. The change in 
water content of the talus slope caused by rainfall may 
reduce the efficacy of anti-slide piles when the water 
content reaches a certain critical value, making it necessary 
to focus on the drainage measures of anti-slide piles to 
avoid the detrimental effect of water on the excavation 
slope. 
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