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Abstract. Buckling failure is a typical slope instability mode that should be paid more attention to. It is difficult to provide
systematic guidance for the monitoring and management of such slopes due to unclear mechanism. Here we examine buckling
failure as the potential instability mode for a slope above a railway tunnel in southwest China. A comprehensive model test
system was developed that can be used to conduct buckling failure experiments. The displacement, stress, and strain of the slope
were monitored to document the evolution of buckling failure during the experiment. Monitoring data reveal the deformation
and stress characteristics of the slope with different slipping mass thicknesses and under different top loads. The test results
show that the slipping mass is the main subject of the top load and is the key object of monitoring. Displacement and stress
precede buckling failure, so maybe useful predictors of impending failure. However, the response of the stress variation is earlier
than displacement variation during the failure process. It is also necessary to monitor the bedrock near the slip face because its
stress evolution plays an important role in the early prediction of instability. The position near the slope foot is most prone to

buckling failure, so it should be closely monitored.
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1. Introduction

With the rapid construction of infrastructure in China,
numerous highways and railways are being built in western
mountainous areas. These transportation routes include a
large number of tunnels and bridges (Wang et al. 2019). The
intensive tectonic movement formed western China’s
mountainous terrain, which is characterized by complex
geological conditions and many high-steep slopes. The
bridge and tunnel connection area are prone to landslide and
rockfall disasters, which bring serious threats to the
construction and operation of traffic engineering, as shown
in Fig. 1. The prevention and control of collapse and
landslide disasters have attracted the common concern of
engineering and research staff (Wang et al. 2017, Hu ef al.
2020, Kim et al. 2020).

Landslide disasters caused by instability of the bedding
slope are most common in mountainous areas. In the
traditional view, a steeply inclined bedding slope is stable.
As the research on the instability mechanism of the slope
deepens, more and more slip-buckling failures have been
found in high-steep slopes, such as Jipazi landslide, Bawang
Mountain landslide, and Dashankou landslide in
southwestern China; typical buckling failure is shown in
Fig. 2. Slip-buckling slope failure often occurs when the
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slope is intersected by a set of discontinuities approximately
parallel to the surface forming a slab. Under the self-weight
of rock slabs and other exterior factors including the
pressure of deposit body, earthquake, and excavation
unloading effect, the buckling failure is prone to occur on
the slope (Cavers 1981, Park 2018). There has been limited
research on the mechanism and stability control of slopes
with buckling failure, and most studies adopted theoretical
analyses and numerical simulations (Babanouri and
Sarfarazi 2018, Yamaguchi et al. 2018). Current theory
models treat the buckling of rock slabs as simplified beam
or bar stability problems in elastic theory and use the
principle of energy equilibrium (Cavers 1981). Analytical
models formed from these theories provide a base for
simple and quick assessment of slope stability. However,
these simplified models do not capture the complexities of
actual slope conditions, and may not be sufficiently
accurate to address the slope stability problems.
Additionally, most theories cannot correctly consider both
the long-term process of gradual-continuous deformation
and abrupt failure, and the critical points of the instability of
a slope cannot be described well using theoretical analyses
(Park 2018). Numerical methods can better solve the
aforesaid disadvantages of most theoretical models. Some
numerical methods have been adopted to simulate the
buckling failure process of slopes, such as AFENA, Phase2,
and UDEC (Pant and Adhikary 1999, Adhikary et al. 2001,
Pereira and Lana 2013, Silva and Lana 2014). Numerical
methods and theoretical analyses are more popular than
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Fig. 1 Threats on traffic caused by rockfall and landslide;
(a) landslide disaster and (b) rockfall disaster

model tests in the economy and convenience (Ning et al.
2015). However, because the models need to be simplified,
they fail to fully describe the complex field geological
conditions of a site. Geotechnical model tests can directly
reflect the physical and mechanical phenomena of the
system (Zhu et al. 2010, Zhang et al. 2019) and the failure
of the rock mass can be directly observed. For the stability
analysis of bedding slope, researchers have carried out large
numbers of model tests and acquired useful data and test
cases (Nakajima et al. 2019, Lin et al. 2015, Moradi et al.
2019). The focus of the present model tests includes (D
Mechanism and starting criterion of landslide under the
external factors, such as rainfall and earthquake; ®
Progressive instability and failure regularity of slope; @
Influence of excavation construction on slope stability; @
Anti-slip mechanism of slope reinforcement measures.
However, model tests and research on buckling failures of
bedding slopes are not well documented in the literature.
There are still some limits to our knowledge about the
mechanism of slope buckling failure and the instability
process.

In this paper, a combined model test system was
developed to study the mechanism of slope buckling failure
caused by exterior loading. The test design was based on a
detailed geological investigation for an actual bedding
slope, which is adjacent to a tunnel portal in southwestern
China. Meanwhile, a module simulating rockfall was added
to the model test system because the tunnel portal is also
prone to rockfall disasters. The creative design can meet the
needs of carrying out multiple experiments. While we focus
on the mechanism of buckling failure, related and
subsequent experiments will be conducted to study rockfall
disasters. An artificial model slope was constructed
emulating material of the actual slope lithology.

Slip mass

Buckling segment

Bedrock

Fig. 2 Schematic of buckling slope failure and example of
slope undergoing buckling failure in southwestern (Qi et al.
2015)

Experiments of different test sets were conducted on the test
system, and multiple methods were used to measure the
stress, displacement, and strain of the slope in the
experiments. Variation regularities of displacement, stress,
and strain of slope were analyzed to investigate the
evolution of buckling failure and determine the critical
loads that the slipping mass can bear with different
thicknesses. The results clarify the mechanism of slope
instability and provide an important reference for the
construction, monitoring, and reinforcement of the actual
slope.

2. Engineering background

The prototypical slope in this paper is adjacent to the
portal of one railway tunnel, about 200 km north of
Chengdu City in southwestern China (Fig. 3). The study
area is located on the eastern edge of the Tibet plateau with
mountain ranges in a north-south line. The terrain is incised
intensely and precipitously. The tectonic formations are
highly developed in this area and several orogenic episodes
contributed to folding, faulting, metamorphism, and
intrusion. This intense deformation resulted in complexly
folded rock masses cut by north-south trending faults,
which are associated with broad zones of weak materials
and differential weathering. The layers mainly consist of
phyllite belonging to the Zhuwo Formation (T3zh) that have
undergone different degrees of weathering. The potential
slipping mass on the slope is soft and moderately
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weathered, and the joint fracture is relatively developed.
The bedrock of the slope is relatively hard and weakly
weathered, and the integrity is better than the slipping mass.
The slope angle is about 50° according to the aerial image
in Fig. 3 and the geological investigation. In addition,
rockfall events are common in this area because of
weathering and the many unstable blocks that are perched
on the hilltop along the slope, which also threatens the
safety of tunnel construction.

3. Design of model test
3.1 Test apparatus

Experiments were carried out in the self-developed steel
structure test bench (Hu ez al. 2017). The steel frame of test
devices in this system is 1.7 m in width, 2.2 m in height,
and almost 2.5 m in length at the bottom boundary. The
bench was composed of steel frames and high-strength
bolts. Two pieces of high-strength tempered-glass were
installed on both sides of an exterior steel frame so that the
experiment was visible. In addition, steel frames were
assembled and disassembled according to actual
requirements. An anti-force device was mounted on the
bench, with which the hydraulic cylinder can load on the
slope. The size of the artificial slope is 2.2 m x 1.5 m X 1.8
m (length x width x height) and the slope angle is 50°. The
composition of the rock-release device includes a release
box with an adjustable inclined bottom, two types of gas

pressure cylinder (one is for lifting and dropping the box,
the other for controlling the inclination of the box bottom),
and three sets of slide tracks to meet the requirement of
simulating rockfall at any position. The release box can be
moved along the slide tracks to realize position change in x
or y-direction. Fig. 4 shows the design of model test
devices.

3.2 Development of similar material

The ratio of the same physical quantity between
prototype and model is called the similarity ratio (Zhang et
al. 2016). The geomechanical model must satisfy the three
similitude requirements of scale, loading, and material
properties. Generally, the similarity constant for weight by
volume, C,,is setas 1, to equate the gravity field between

the prototype and the model in a static test. If this condition
is met, the conversion of the other parameters should be
straightforward (Lin ef al. 2014). In this study, the similarity
ratio of geometry C, =50 . The unit weight of the
prototype is the same as that of the model, ie. C, =1.

Similarity ratios of other parameters can be deduced
according to similarity theory as follows

E c
c -Zr_cc =50: C.=—=C,=50; C,=—>=C, =50
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and (c) triaxial compression test

200

160 ./-/' "~
\
/ e
& 10t /
b
~
w
w
"
40+ ./
0 1 1 1 1
01 02 03 04 05
Proportion of sand
400 -
n
300 /
. /
a 200}
s e
o /
/
100 - "
. _/.
l/ T
0 1 1 1 1 1 1
00 01 02 03 04 05

Proportion of barite powder

(b)

Fig. 5 Mechanical experiment on similar material specimens: (a) similar material specimens, (b) uniaxial compression test
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Fig. 6 Influence curves of mechanical parameters affected by the proportion (based on mass) of sand and barite powder

Where C

o
scale of elastic modulus, C, is similarity scale of cohesion,
C, is similarity scale of strain, C is similarity scale of

internal friction angle, and C, is similarity scale of

is similarity scale of stress, Cr is similarity

&€

Poisson’s ratio. In the above equations, subscripts p and m
denote the prototype and model respectively.

Owing to the differences in physico-mechanical
properties between slipping mass and bedrock, we describe
the use of materials to simulate the moderately weathered
phyllite and weakly weathered phyllite. The similar material
of slipping mass adopted the material developed by Hu et
al. (2017), the composition includes sand, barite powder,
silicone oil, vaseline, water, cement, and talc powder. The
similar material used to simulate the bedrock was developed
by changing the proportion of the material component based
on a similar material simulating the slipping mass. Large
numbers of tests were conducted to acquire the physico-
mechanical parameters; the process was shown in Fig. 5.
For each material, five specimens with the size of

#50x100mm were selected and five different
confiningpressure o5 were applied around the specimens.
Each conventional triaxial test can obtain a peak strength
o7 . And based on the values of o; and o3 in the tests,
the Mohr circles were drawn with the center of (o + o3 )/2
and the radius of ( oy - 03 )/2 in the coordinate system. The
internal friction angle ¢ and cohesion € can be obtained
by the fitted common tangent line of several Mohr circles
(Li et al. 2021). Regarding the determination of
compressive strength and elastic modulus, five specimens
with the size of ¢$50x100mm were selected to conduct the
uniaxial compression tests for each material, and the mean
value of the test results was adopted. As for the tensile
strength, Brazil split tests were conducted on the five
specimens with the size of @¢50x50mm for each material,
and the mean value was also used. The test results indicate
that the proportions of sand and barite powder influence the
mechanical properties, as shown in Fig. 6. The physico-
mechanical parameters of slipping mass, bedrock, and their
corresponding similar materials are listed in Table 1, and
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Table 1 Physico-mechanical parameters of slipping mass, bedrock and their corresponding similar materials

. Unit Elastic Compressive Tensile . . Internal
Material . Poisson Cohesion S
type weight modulus strength strength ratio (MPa) friction
(kKN/m?3) (MPa) (MPa) (MPa) angle (°)
Slipping mass 255 35 14 13 0.31 0.78 36.3
Similar
material 25.1 0.06 0.41 0.03 0.30 0.016 34.4
Bedrock 26.4 55 40.4 45 0.29 15 38
Similar 25.4 0.11 0.88 0.08 031 0.029 35
material
Table 2 Composition and proportion (based on mass) similar materials for slipping mass and bedrock
. Barite - . . Talc
0,
Composition/% Sand powder Silicone oil Vaseline Water Cement powder
Slipping mass 62 6 6 6 8 2 10
Bedrock 56 17 4 4 8 3 8

(b)

Fig. 7 Strain monitoring system: (a) strain sensor of Fiber Bragg grating and (b) data acquisition system

the similar material compositions of slipping mass and
bedrock are shown in Table 2.

3.3 Monitoring system

The stress and deformation of the slipping mass under
loading are primary concerns and can provide direct
cognition of progressive failure. Three measurement
methods were adopted in this study, namely displacement
measurement, strain measurement, and stress measurement
in slipping mass and bedrock on the slope.

Strain sensing bars based on Fiber Bragg Grating (FBG)

technology were used to measure the strain of the rock mass.

The FBG strain test system features a small disturbance on
the stress field of model rock, high measurement accuracy,
continuous measurement, and strong anti-interference
ability, which isn’t easy to be disturbed by external factors,
such as electromagnetic and temperature. The fiber strain
bricks are 3 cm x 3 cm x 3 cm cubes made of similar
materials, and fiber optics are pasted in the direction of 45°
on the surface of bricks, as shown in Fig. 7(a). The
monitoring data were acquired by the data acquisition
system shown in Fig. 7(b).

The newly developed grating multi-point extensometer
measurement system is adopted to measure the internal
displacement of the rock mass. The measurement system is
mainly composed of the following parts: the measuring

Fig. 8 Multi-point displacement meter

point, casing, wire rope, positioning frame, grating ruler, a
heavy hammer, signal conversion system, and data
acquisition system. The grating ruler is the measuring
element, including metrological grating and index grating,
as shown in Fig. 8. The monitoring elements are convenient
to embed in the rock mass and displacements can be
displayed in real-time with high sensitivity.

The stress of rock mass in slope was measured using a
resistance type pressure cell, as shown in Fig. 9(a). The size
of the pressure cell is®@17x7 MM, and the measurement

range is 0 ~ 1 MPa. The data acquisition system was shown
in Fig. 9(b).
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Fig. 9 Stress monitoring system: (a) pressure cell of resistance type and (b) data acquisition system
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3.4 Test program and monitoring scheme design

The tests conducted in this study were designed to
examine stress, strain, and displacement of slope under
loading, and then to study the mechanism of buckling
failure. Also, the thickness of the slipping mass (“h” shown
in Fig. 2) was set as 15 cm, 20 cm, and 25 cm to study the
critical load of buckling failure corresponding to different
thicknesses (hl, h2, h3), as shown in Fig. 10. Two
monitoring sections were selected in the x-direction and
displacement, strain, and stress of the rock mass were
monitored in each section. The spacing between adjacent
monitoring components of the same monitoring content is
set as 5 cm. The monitoring scheme was shown in Fig. 11.

4. Test procedures

4.1 Model construction and embedding of monitoring
components

The layering filling method was adopted for the
construction of the model slope. Firstly, a similar material
was developed according to the proportion and mixed well
using a blender. After that, the material was placed on the
base and compacted by a hammer so that it was dense in the
test bench. Talcum powder was laid between the slipping
mass and the bedrock to simulate the potential slip face. In
this process, monitoring components were embedded based
on the monitoring scheme design and data will be acquired
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(b)

Fig. 12 (a) The model construction process and (b) the embedding process of monitoring components

(a)

Y /
SN

(b)
Fig. 13 The loading system; (a) jack, (b) fuel injection pipes and (c) digital hydraulic auto-control system

=N

Fig. 14 (a) The overall model test system in the loading process and (b) The typical failure in the loading process.

by the data acquisition system. The model construction is
shown in Fig. 12(a), and the embedding process can be seen
in Fig. 12(b).

4.2 Load application

In this test, the loading system includes jacks, fuel
injection pipes, and a digital hydraulic auto-control system,
as shown in Fig. 13. Each jack provides a 100 kN vertical
load that was automatically controlled by a digital hydraulic

I

(©)

system with a loading accuracy of 0.01 kN. Generally, the
surface load, i.e., the pressure (Pa), is always used to
describe the loading level. In our tests, the top surface areas
of the slipping mass were different in different test models
due to the thickness variation of the slipping mass, as
shown in Fig. 10. Hence, the multi-step loading was
adopted in the tests and the loading value of the latter step
was 1 kN/m higher than the previous step, i.e., the stress
increment is 5.1 kPa (A =15 cm), 3.8 kPa (2 =20 cm) and
3.1 kPa (h =25 cm). The loading was terminated until the
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Fig. 15 Variation analysis of displacement, stress and strain in the test set where thickness of slipping mass is 15cm; (a),
(b), (c) show the data of monitoring section 1 and (d), (e), (f) show the data of monitoring section 2. (1 kN/m ~ 5.1 kPa, 2

kN/m ~ 10.2 kPa, 3 kN/m ~ 15.3 kPa, 4 kN/m ~ 20.4 kPa)

slipping mass reached failure in each test condition, the
failure was identified mainly based on the obvious cracks or
buckling of the slipping mass. The monitoring data were
measured in real-time under each loading and the
displacement, stress, and strain of rock mass were analyzed
when the data stabilized. The progression of buckling
failure is monitored during the loading process to determine
when the next loading should be carried out. The overall
model test system in the loading process can be seen in Fig.
14(a) and the typical failure phenomenon was shown in Fig.
14(b).

5. Results analysis and discussion

The experimental phenomenon and variations of
displacement, stress, and strain in rock mass of different test

sets (h=15 cm, 20 cm, 25 cm) were analyzed in this section.

The critical load of buckling failure was determined
according to the monitoring data and experimental
phenomenon. The load series are many when the thickness
of the slipping mass increases. The representative
monitoring data results were selected for drawing analysis
to simplify the diagram.

When the thickness of slipping mass (h) is 15 cm, 4
kN/m (20.4 kPa) is the critical load on basis of the
experimental phenomenon and monitoring data. We can see
from Fig. 15 that the displacement, stress, and strain of
slipping mass are larger than those of bedrock at the
monitoring section 1 and 2. There are obvious data increase
points on the curves and correspond to the slip face, which
indicates that the slope is usually in relatively stable
condition and the large change of mechanical properties
happens in the shallow slipping mass under the top load. As

shown in Figs. 15(a) and 15(d), when the load increases, the
displacements of slipping mass significantly increase,
whereas the variations of bedrock are not great. When the
load increases to 4 kN/m (20.4 kPa), the displacement
curves of monitoring section 2 show discontinuous
variation, and the displacements in monitoring section 1 are
significantly increased compared with the displacements
monitoring data at the load level of 3 kN/m (15.3 kPa).
Stress monitoring data in Figs. 15(b) and 15(¢) shows
that the stress of slipping mass and bedrock both increase
when the loading level changes from 1 kN/m (5.1 kPa) to 2
kN/m (10.2 kPa). However, the stress curve becomes a little
different when the load continues to increase. The stress in
the slipping mass still has an increasing trend, whereas the
stress characteristic in the bedrock has normal stress
characteristics caused by gravity. Under the top load, the
slipping mass slides along the slip face and the stress in the
bedrock increases due to the frictional traction. When the
load increases, the bedrock close to the slip face has larger
stress and variation amplitude. However, the buckling
failure begins to occur when the load further increases.
Some parts of the slipping mass break away from the slip
face and frictional traction begins to decrease, which causes
a decrease of stress in the bedrock close to the slip face. As
shown in the graph, stresses monitored in monitoring
section 2 are larger than that in section 1 and it shows the
stress concentration occurs near the slope foot, similar to
the findings of Pereira and Lana (2013). When the load
increases to 4 kN/m (20.4 kPa), the stress regularity of the
slipping mass is different from that under the previous load
levels, which may be caused by cracking and failure in the
slipping mass. This regularity can be considered as
important evidence supporting that 4 kN/m (20.4 kPa) is the
critical load causing buckling failure in this test set (h=15
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Fig. 16 Variation analysis of displacement, stress and strain in the test set where thickness of slipping mass is 20 cm; (a),
(b), (c) show the data of monitoring section 1 and (d), (e), (f) show the data of monitoring section 2. (2 kN/m ~ 7.6 kPa, 4
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Fig. 17 Variation analysis of displacement, stress and strain in the test set where thickness of slipping mass is 25 cm; (a),
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kN/m ~ 24.8 kPa, 12 kN/m ~ 37.2 kPa, 16 kN/m ~ 49.6 kPa)

cm). It is also worth noting that the stress characteristics of
the bedrock under the load of 3 kN/m (15.3 kPa) is an
important predictor of buckling failure and can indicate that
part of the slipping mass has separated from the slip face,
compared with the displacement data that are later to some
degree, as shown in Figs. 15(a), 15(b), 15(d), 15(e).

(e)

®

Although the displacement is similar between the load
conditions of 2 kN/m (10.2 kPa) and 3 kN/m (15.3 kPa), the
stress evolution under the load condition of 3 kN/m (15.3
kPa) has been close to that under the critical load of 4 kN/m
(20.4 kPa). When the sudden increases in displacement are
captured, buckling failure may have occurred. This finding
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can give important guidance to the choice of monitoring
and early warning schemes in actual slope engineering.
From Fig. 15, it can be seen the displacement evolutions
were similar among the four load conditions. However, the
stress evolutions were different both in the slipping mass
and the bedrock. In these cases, stress monitoring in
bedrock is indispensable, and more than the slipping mass
itself must be monitored.

The strain values of each measuring point in the slope
are shown in Figs. 15(c) and 15(f). Strains in the bedrock
close to the slip face have more evident variations with the
increase in top load, especially when the load level is
higher. In the loading process, the regularity of strain curves
is not clear compared to the displacement and stress curves,
which may be because the strain gauge is embedded in the
slope by a prefabricated strain brick and it is difficult for it
to fit well within the model body under loading. However,
the uncoordinated deformation and increase of strain level
in the slipping mass can also reflect the buckling failure
combined with experimental phenomena while it may be
difficult to evaluate the actual slope based on only strain
data.

The monitoring data of test sets (h=20 cm, 25 cm) are
shown in Figs. 16 and 17. The critical loads are considered
as 8 kN/m (30.4 kPa) and 16 kN/m (49.6 kPa) for the two
test sets, respectively, based on the monitoring data and
experimental phenomena, which indicates that the sliding
body can withstand a higher load level as the thickness of
the slipping mass increases. The regularities of data curves
are similar to the test set with #=15 cm and the
displacement and stress are important predictors of buckling
failure. Under the same loading level, the displacement and
stress of the slipping mass at the same position decrease
with the increase of the thickness of the slipping mass,
while those of the bedrock are not influenced by the
thickness of the slipping mass. The displacement of the
slipping mass in Figs. 15(a) and 15(d) shows discontinuous
deformation under a low load level. However, the stress,
strain data, and experimental phenomena cannot reflect the
buckling failure at that time, which indicates that the
prediction of buckling failure in the slope should be based
on multiple monitoring data.

Based on the comprehensive analysis of monitoring data
of the three test sets, we observe that frictional resistance
between the slipping mass and bedrock can withstand the
load from the top surface together when under the low load
level. With the increase of load level, the frictional
resistance on the slip face cannot prevent the mass from
sliding. The stress field and load-bearing ratio among the
slipping mass, slip face, and bedrock are readjusted. At this
time, there are larger deformations in the slipping mass and
the stress in the bedrock is released to some degree because
of the buckling deformation of the slipping mass, which
causes evident data differences at the position close to the
slip face. When the top load level reaches the critical load,
buckling failure occurs and causes stress fluctuation in the
slipping mass while the influence on stress in the bedrock is
minimal. Aiming at the specific failure mechanism of
buckling failure in the bedding slope, combining the
previous references (Qi et al. 2015) and our test results, it

can be analyzed that the main controlling factor of bedding
slope instability is the potential slip face of the slope.
Deformation often occurs first in the slip area of the upper
slope. Due to the continuous action of external factors
including top pressure, regional rock mass gravity, etc., the
component force of slipping mass self-weight in the
direction perpendicular to the slip face gradually decreases,
causing creep deformation of the slipping mass along the
slip face. The continuous deformation of the upper slipping
mass will cause an extrusion effect on the lower part. The
component force in the direction parallel to the slip face is
the maximum force and the one in the direction
perpendicular to the slip surface is the minimum force. Such
a stress state causes tensile cracks that are parallel to the
slip surface. However, the lower slipping mass’ deformation
parallel to the slip surface is hindered by the slope base, and
the rock strata near the slope foot are uplifted or bent,
accompanied by interlaminar tension crack, which
eventually develops into the buckling failure of the slope.
Comparison of data between monitoring sections 1 and 2,
indicates that the displacement data in section 2 are less
than that in section 1 because of the limit of the rock mass
at slope foot and buckling deformation. Conversely, the
stress data in section 2 are larger than in section 1 because
of the self-weight and top load. Hence, the buckling failure
usually occurs near the slope foot.

From the test results, the response of stress and
displacement on buckling failure of the slope are later to
some degree. Multiple information monitoring, analysis,
and early warning technology are necessary for the
prevention and control of engineering geological hazards. In
addition to traditional displacement and stress monitoring
methods, acoustic emission, infrared thermal imaging, and
natural vibration frequency monitoring techniques are
gradually being applied to the monitoring of engineering
slope stability. (Salvoni and Dight 2016, Jiang et al. 2018,
Toniuc and Pierron 2019). There is also a lot of research
that should be conducted in this field.

6. Conclusions

In this paper, experiments were conducted on an
independently developed comprehensive model test system
to simulate slope buckling failure and the evolution process
under exterior loading. The test system and test procedure
were introduced in detail. During the loading process, the
displacement, stress, and strain of slope were monitored and
the change regularity of each parameter was analyzed to
determine the critical load of buckling failure for different
slipping mass thicknesses and to investigate the mechanism
of this type of slope failure.

(1) A comprehensive model test bench considering
landslide and rockfall experiments was specially developed
as a test site and successfully applied to study slope
buckling failure. In this test, new material was developed to
simulate phyllite bedrock. The slope was artificial and the
monitoring compositions were embedded in the rock mass
according to a monitoring scheme. The experimental results
show that the monitoring data can reflect the buckling
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failure process and the overall test system is stable.

(2) A series of experiments were conducted to
investigate the variation of displacement, stress, and strain
as it relates to slipping masses of different thicknesses.
Monitoring data and experimental phenomena show that
displacement and stress are important predictors of buckling
failure, especially the stress in the bedrock near the slip face
that is usually ignored in the monitoring of an actual slope.
However, the displacement data are varied later than the
stress data. There were more fluctuations on stain curves
compared to the other two parameters, which maybe
because of the loading’s influence on the coupling
efficiency between the strain gauge and model body.

(3) The slipping mass with larger thickness has a larger
critical load, and the critical stresses are 20.4 kPa, 30.4 kPa,
and 49.6 kPa for the respective slipping mass thicknesses of
15 c¢cm, 20 cm, and 25 cm. The bedrock was influenced less
than the slipping mass and evident buckling deformation
can be seen in the experiment. Based on the monitoring data
and experimental phenomenon, the position near the slope
foot is most prone to buckling failure.
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