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The structural face of rock plays a decisive role in the stability of geotechnical
engineering, and themechanismof failure destabilization of layered rockmasses is
still unclear. By preparing rock-like materials, shear failure tests on layered rock
masses were carried out under different bedding dip angles, different rock bridge
width, different normal forces, and forward and reverse shear effects. With the
increase in the rock bridge width, the influence of the joint inclination angle on the
shear failure process of the rock sample decreases; the peak shear strength of the
specimen is the largest when the joint inclination angle is 60°, followed by 90°, 30°

and 0° from large to small; the failure mode in forward shear is mainly tensile
failure, and the failure mode in reversed shear is mainly shear failure; the peak
number of acoustic emission events is proportional to the joint inclination angle
and the rock bridge width of the specimen, and the number of acoustic emission
events is proportional to the joint inclination angle and the rock bridgewidth of the
specimen. The number of acoustic emission peak events is proportional to the
bedding angle of the sample and the width of the rock bridge. The peak number of
acoustic emission events in the reverse shear of the layered rock mass is greater
than that in the forward shear. The angle of the lamina and the width of the rock
bridge are both important factors affecting the strength of the rock. The results of
this study provide a basis for identifying the shear failuremechanism of rock bridge
in layered rock masses.
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1 Introduction

The angle of laminations and the extension of fractures in rock masses have always been
a hot spot and focus of research in geotechnical stability analysis, and rock bridge penetration
often becomes a key factor in rock slides (Sun et al., 2020). The failure of layered rock masses
is determined by the physical and mechanical properties of the structural body and the
structural face, and research focuses mainly on the strength of the structural face and the
destabilization of the failure regularity (Zhu and Zeng, 2005). The strength of a jointed rock
mass is between the strength of the rock material itself and the strength of the joint surface,
and its failure mechanism and failure mode are very complicated (Liu et al., 2019).

Many scholars have analyzed the stability of slopes by studying empirical expressions for the
shear strength and joint inclination of layered rock masses under different normal force
conditions and relating them to the geometrical mechanics of the layered rock masses
themselves to invert the effect of the joint inclination of layered rock masses on some
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mechanical parameters, such as the shear and compressive strength of
the rock masses (Zhang and Liu., 2001; Liu and Zhang, 2002; Ran et al.,
2016). Researchers at home and abroad have studied the effect of
bedding direction on the strength and failure mode of layered rock
masses through Brazilian splitting tests (Debecker and Vervoort, 2009;
Tavallali and Vervoort, 2010a; Cho et al., 2012; Vervoort et al., 2014;
Tan et al., 2015). Xia et al. (2020) concluded from extensive simulations
that the shear strength of the rock mass is lowest when the laminae dip
at 0° and highest at 30°. Tavallali and Vervoort (2010b) concluded from
their study that the tensile strength of laminated sandstone increases
with increasing quartz grains. Song et al. (2020) combined indoor tests
and numerical simulations to conclude that variations in the dip angle
of the rock joints lead to different forms of failure in through-jointed
rock masses. Heng et al. (2019) obtained from direct shear tests that
when laminated shale laminae were sheared at 30° and 60° angles, a wild
goose column of fractures along the laminae was formed. Wang et al.
(2017) analyzed the fracture pattern around the shear surface of jarosite
with different laminae orientations and observed different degrees of
laminae cracking and wild goose column fractures, which showed
obvious laminae orientation effects. Li et al. (2019) found that the
sample can be divided into four failure modes: tensile failure, shear
failure, mixed failure, and shear failure. Liang et al. (2023) obtained
through experiments that the increase of confining pressure will
promote the development of shear cracks. Bao et al. (2023) obtained
by numerical simulation that the sliding failure of layered rock mass is
layered. Wang et al. (2022) found that CREAC showed advantages in
impact deformation and energy absorption.

Rock bridges also play a very important role in the stability of the
rockmass. Zhang et al. (2015) concluded that as the rock bridge becomes
narrower and wider, the failure mode of the rock mass transforms from
shear failure to extensive shear failure. Zhang et al. (2018) and Qin et al.
(2019) showed that the direct shear failure of rock bridges exhibited three
failure modes: tension failure, tension-shear failure and shear failure.
Lajtai (1969) classified the failure of rock bridges into tension, shear and
extrusion failure according to the magnitude of normal stress. It was
concluded from the tests that the shear resistance of the shear failure
surface composed of the structural surface and the rock bridge showed a
good linear growth relationship, the breakage of the rock bridge
originated from the tip of the joints, and the failure process was
characterized by obvious stages (Savilabti et al., 1990; Shen et al.,
1999; Zhao et al., 2014). Zhu et al. (2020) verified the formation of
stress concentration and tensile stress zones at the joint ends from the
perspective of flow fields. Gehle and Kutter (2003) carried out large
deformation direct shear tests and concluded that the mechanisms that
govern the different shear phases could be identified as 1) tensile
rupturing. 2) rolling and sliding friction of dilatant joint zones and 3)
sliding within the joint filling composed of brecciated material. Zhang et
al. (2005) found that the propagation of wing cracks depends on the joint
separation and the joint azimuth angle, and the connection of wing
cracks dominates the eventual failure pattern and determines the peak
shear load of the rock specimens. Yuan (2020) used numerical
simulation to derive that there are three types of rock bridge failure
in the locked section: tension through failure, tension shear through
failure, and no through failure. Qi et al. (2021) concluded that when the
shear displacement of the rock bridge reached 2.0–3.9 mm, the specimen
started to generate a large number of acoustic emission events with the
rapid growth of shear stress. Chen et al. (2017) concluded from indoor
direct shear tests that, with the variation of normal stress and

connectivity, the failured surface of the rock body showed “一”, “X”,
“sawtooth”, “Z” and composite type “Z” and composite failure forms.

In summary, domestic and foreign researchers have conducted a lot
of research on the shear failure mechanism of layered rock mass and
rock bridge, and have achieved guiding research results. However, there
are few studies on the shear failure of rock under the condition of
multiple factors. In this paper, by making layered rock mass samples
and conducting direct shear tests, the effects of different bedding angles,
different normal forces, different rock bridge widths and forward and
reverse shear factors on the shear effect are systematically studied. At the
same time, the energy release process in the shear process of the sample
is reflected by the acoustic emission device during the experiment,
which provides a theoretical basis for further understanding the
propagation and evolution mechanism of rock shear failure cracks
under the condition of multiple factors.

2 Test scheme

2.1 Specimen preparation

The test rock was prepared as similarly as possible to the natural
rock, using a high-strength cement mortar with cement: fine sand:
water = 1:1:0.35. The uniaxial compressive strength and uniaxial tensile
strength of the sample are 64.31 MPa and 3.62MPa, respectively, and
the elastic modulus is 6.00 GPa. The mold used for the test was a
modified mold with a special angled steel plate in the middle of the
ordinary mold to create different lamellar angles when pouring, with a
mold size of 100 mm × 100 mm × 100 mm, as shown in Figure 1.

The cement and sandwere weighed in proportion, put into amixer,
and mixed well. Then, water was slowly added to make it well mixed,
and the mixed mortar was poured into the mold. The test is poured in
layers, half of which is poured first, vibrated, and compacted. Then, after
two and a half hours, the other half is poured, after which the steel plate
is withdrawn, vibrated, and compacted, and the surface is smoothed.
The cast specimens were placed in the maintenance room and
demolded after 24 h. The demolded specimens were maintained for
28 days, and finally, the maintained specimens were taken to the
fabrication plant for seam cutting.

2.2 Test program

The test equipment used is the KYZW-100 Rock Weak Face
Straight Shear Instrument manufactured by Jinan Mining and Rock
Testing Instruments Co. The DS-2 acoustic emission instrument was
used to monitor the crack expansion within the specimen and to reflect
the stability of the material deformation or rupture. To observe the
crack extension of the specimen more visually, a camera was used to
take pictures of the whole process of specimen failure during the test,
and the test equipment is shown in Figure 2.

2.3 Test program

Considering the four conditions of bedding inclination, normal
force, rock bridge width and positive and negative shear,
23 specimens were made, and the bedding inclination was
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divided into four groups: 0°, 30°, 60° and 90°, where the width of the
rock bridge at 0°, 30° and 90° was 80 mm, the positive and negative
shear tests were carried out at 30°, and the width of the rock bridge at
60° was 60 mm, 70 mm, 80 mm and 90 mm. Four normal forces of
10 kN, 20 kN, 30 kN and 40 kN were applied for the shear tests, and
the specific test protocols are listed in Table 1.

2.4 Test procedure

1) Before the specimen is tested in shear, the acoustic emission
probe is arranged on the surface of the specimen to prevent the acoustic
emission probe from falling off during the test, and the probe and the
specimen are taped together with adhesive tape. To achieve better test
results, two acoustic emission probes were used during the test, one on
each side of the shear surface, numbered 1 and 2, and the acoustic
emission probes were arranged as shown in Figure 3.

2) Place the specimen arranged for acoustic emission on the
shear apparatus, first load the normal force at a rate of 2 kN/s to
the design value and stabilize it, then apply the shear force at a
rate of 0.004 mm/s, turn on the acoustic emission apparatus at
the same time and collect data from both apparatuses
simultaneously until the specimen is damaged and the data
are stabilized to end the test.

Normal stress during shear failure of a specimen and shear stress
can be expressed as

σ � P
A
, τ � T

A
(1)

Where P denotes the normal phase pressure to which the
specimen is subjected during the straight shear test. T denotes
the shear force to which the specimen is subjected during
the straight shear test. A denotes the effective shear area of the
specimen.

FIGURE 1
Mold of the sample.

FIGURE 2
Test equipments. (A) Straight shear. (B) Acoustic emission instrument.
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3 Test results

3.1 Shear displacement-shear stress analysis
under different normal force conditions

To investigate the effect of normal force on the shear failure of
layered rock bridges, the shear failure process of four bedding dip
specimens with the same rock bridge width (80 mm) and different
normal forces was analyzed, and the variation in shear stress and
shear displacement is shown in Figure 4, where the failure pattern of
30° bedding dip specimens is shown in Figure 5.

From Figure 4, it can be seen that the specimen shear failure has
obvious brittle characteristics, and the trends of the shear stress and
shear displacement curve characteristics under different normal
force conditions are basically the same. In the initial stage of
loading, the shear displacement increases relatively quickly, and
the shear stress increases relatively slowly. With increasing shear
force, the shear stress increases rapidly, and the shear displacement
increases slowly. When the shear stress increases to the maximum

value, the specimen is sheared off, and the curve will appear to fall off
a cliff and finally tend to stabilize. The peak shear strength of the
specimen increases with the increase in normal force.

It can be seen from Figure 5 that when the normal force is 10 kN,
tiny tensile cracks are produced in the specimen initially, the main
crack is produced by the tip of the joint, and the crack extends and
penetrates along the rock bridge (Figure 4A).When the normal force
increases to 20 kN, the specimen is subjected to tensile stresses
during shear, and tensile cracks appear in the specimen. With the
increase in shear displacement, the tensile cracks expand, and
eventually, the specimen is failured (Figure 4B). When the
normal force exceeds 20 kN, before shear is applied, the
specimen has already produced compression tensile cracks
because of the normal force. The tensile cracks mainly appear at
the weak corner at the bottom of the specimen, accompanied by the
application of shear. The shear cracks are also produced by the tip of
the joint and shear the rock bridge off (Figures 4C,D). As the normal
force increases, the shear failure of the layered rock bridge goes
through three stages: shear failure, shear-tension failure, and

TABLE 1 Test scheme.

Number of samples Bedding angle/° Positive pressure/kN Crack length/mm

0–10 0 10 20

0–20 20

0–30 30

0–40 40

30–10 30 10 20

30–20 20

30–30 30

30–40 40

30–10-r 10

30–20-r 20

30–30-r 30

30–40-r 40

60–10 60 10 20

60–20 20

60–30 30

60–40 40

60–20-d1 20 10

60–20-d3 30

60–20-d4 40

90–10 90 10 20

90–20 20

90–30 30

90–40 40

Note: No. 0–10 represents bedding inclination of 0°, positive pressure 10 kN forward shear; 30–10-r represents bedding angle 30, positive pressure 10 kN reverse shear; 60–20-d1 represents

bedding angle 60, positive pressure 20 kN, fracture length 10 mm forward shear.
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compression-shear failure. This is different from the literature
(Lajtai, 1969), because the existence of the bedding plane has an
effect on the shear failure of the sample, which is different from the
shear failure of the ordinary rock bridge.

3.2 Shear displacement-shear stress analysis
under different bedding dip angles

To study the effect of the joint inclination angle on the shear
failure of layered rock bridges, the same rock bridge width (80 mm)
was used to analyze the shear failure process under four normal
forces and different joint inclination angles. The variation law of
shear stress and shear displacement is shown in Figure 6, and the
shear failure pattern of the specimen with a normal force of 20 kN is
shown in Figure 7.

As shown in Figure 6, the overall characteristics of the shear
stress and shear displacement curves under different bedding dip
angles are basically the same as those under different normal
force conditions. The maximum shear strength of the rock
sample is the shear strength of the lamina surface when the
joint inclination angle is 0°, and the lamina surface has the least
effect on the shear failure of the specimen when the joint
inclination angle is 90°, so the maximum shear strength is the
shear strength of the specimen material itself. The peak shear
strength of the specimen at 60° of bedding inclination is the
greatest and is greater than the maximum shear strength of the
rock sample, which is consistent with the conclusions obtained in
the literature (Heng et al., 2014) using laminated shale shear.
With the exception of the 60° case, the peak shear strengths were,
in descending order, 90°, 30°, and 0°.

As shown in Figure 7, at a normal force of 20 kN, the shear
cracks for specimens with different bedding dip angles all arise and

extend from the tip of the joints, and the shear failure surface for
specimens with a bedding dip angle of 0° arises along the bedding
face, forming a through shear failure surface. For specimens with a
bedding dip angle of 30°, the shear failure cracks arise from the joints
and extend along the rock bridge, and when the cracks extend to the
bedding face, they then form shear failure along the bedding face. In
specimens with a joint inclination of 60°, the main shear failure crack
forms a through crack along the shear face bridge and forms a tiny
crack in the lamina face. This mode of failure is one of the reasons
for the maximum shear strength of this lamina face. In specimens
with a joint inclination of 90°, the main shear failure crack forms a
through crack along the shear face bridge perpendicular to the
lamina face.

3.3 Analysis of forward shear versus reverse
shear

The specimens were subjected to forward and reverse shear tests
at a specimen rock bridge width of 80 mm and a joint inclination
angle of 30°. The variation pattern of shear stress and shear
displacement is shown in Figure 8.

Figure 8 shows that the peak shear strength of forward shear is
greater than the peak shear strength of reverse shear for specimens
with the same joint inclination angle under different normal force
conditions, and the peak shear strength increases with increasing
normal force, both of which are proportional to the law of variation
of shear strength with normal force in rock shear tests.

In the comparison analysis of Figure 5B and Figure 7B, the
normal force is 20 kN, the bedding dip angle is 30°, and the specimen
is damaged for forward shear and reverse shear. In the case of
forward shear, the failure mode of the specimen is mainly tension
failure, and in the case of reverse shear, the main failure mode of the
specimen is shear failure. The shear strength in forward shear is
greater than the peak shear strength in reverse shear.

3.4 Shear displacement-shear stress analysis
for different rock bridge widths

To study the effect of different rock bridge widths on the shear
failure of layered rock, shear failure tests were carried out at the same
bedding dip angle (60°) and constant positive pressure (20 kN),
varying the widths of the rock bridges of the specimens to 90 mm,
80 mm, 70 mm and 60 mm, and the various patterns of shear stress
and shear displacement are shown in Figure 9, and the failure
patterns are shown in Figure 10.

Analysis of Figure 9 shows that the shear failure results for
different rock bridge widths under the same conditions of the same
normal force and bedding dip angle reveal that the specimens have
basically the same characteristics of shear stress and shear
displacement curves during shear failure, with the peak shear
strength of the specimens increasing with the increase in rock
bridge width and the shear displacement of the specimens
increasing with the increase in rock bridge width.

As shown in Figure 10, as the width of the rock bridge increases,
the influence of the joint inclination angle on the shear failure of the
rock sample decreases. At 60 mm and 70 mm rock bridge widths, the

FIGURE 3
Acoustic emission probe arrangement.
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FIGURE 4
Shear stress and shear displacement curves under different normal forces. (A) Bedding dip of 0°. (B) Bedding dip of 30°. (C) Bedding dip of 60°. (D)
Bedding dip of 90°.

FIGURE 5
Shear failure pattern of specimens with different normal forces at a bedding dip angle of 30°. (A) 10 kN. (B) 20 kN. (C) 30 kN. (D) 40 kN.
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main fracture from shear failure of the specimen extends and breaks
along the laminae. In contrast, for rock bridge widths of 80 mm and
90 mm, the main fracture runs through the bridge of the specimen,

and the laminae face is less affected by the failure. This indicates that
the rock bridge width is one of the important factors affecting the
strength of the rock.

FIGURE 6
Shear stress vs. shear displacement curves for different bedding inclination angles. (A) 10 kN. (B) 20 kN. (C) 30 kN. (D) 40 kN.

FIGURE 7
Shear failure pattern of specimens with different bedding dip angles for a normal force of 20 kN. (A) 0°. (B) 30°. (C) 60°. (D) 90°.
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4 Nomenclature analysis of acoustic
emission monitoring results

In the early stage of shear force application, the specimen is in the
elastic deformation stage, and the number of acoustic emission events is
low. With increasing shear force, the crack continues to expand, and
after the shear force reaches its peak, the specimen is suddenly damaged,
and the shear stress will show a cliff-type drop. At this time, the number
of acoustic emission events will increase considerably. The number of
acoustic emission events under different test conditions are shown in
Figure 11, Figure 12 and Figure 13.

As shown in Figure 11, when the normal force is 20 kN and the
bedding angle is 60°, the acoustic emission characteristics of different
rock bridge widths are analyzed. When the rock bridge width is
90 mm, 80 mm and 70 mm, the number of instantaneous acoustic
emission events of shear failure of the sample is basically the same,
which is about 3,250 times. However, when the rock bridge width is
60 mm, the number of instantaneous acoustic emission events of
shear failure of the sample is large, which is about 4,200 times. This
is because when the rock bridge width is 60 mm, the sample will be
destroyed instantaneously along the bedding plane during the shear

FIGURE 8
Plots of positive and negative shear stress and shear displacement of specimens under different normal forces. (A) 10 kN. (B) 20 kN. (C) 30 kN. (D) 40 kN.

FIGURE 9
Shear stress versus shear displacement curves for specimens
with different rock bridge widths.
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FIGURE 10
Shear failure pattern under different rock bridge width conditions. (A) 90 mm. (B) 80 mm. (C) 70 mm. (D) 60 mm.

FIGURE 11
Acoustic emission counts over time during shear at different rock bridge widths. (A) 90 mm. (B) 80 mm. (C) 70 mm. (D) 60 mm.
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process. With the increase of the width of the rock bridge, the peak
value of the cumulative number of acoustic emission events in the
whole process of shear shows an increasing trend. This is because the
width of the rock bridge is larger, the energy accumulated inside the
sample during shear failure is larger, and the energy released at the
moment of failure is relatively larger.

As shown in Figure 12, when the normal force is 20 kN and the
width of the rock bridge is 80 mm, the acoustic emission
characteristics under different bedding dip angles are analyzed.
With the increase of the bedding dip angle, the number of
instantaneous acoustic emission events and the cumulative
number of acoustic emission events in the whole process of
sample shearing are increasing. Although the peak shear strength
is the largest when the bedding angle is 60°, the number of acoustic
emission time is not the largest. The maximum is 90° and the
minimum is 0°. Because when the bedding angle is 0°, in the process
of shear failure of the sample, the cracks are generated and
developed along the weak plane of the bedding, the shear failure
ability of the sample is low, the energy accumulated inside the

sample is the smallest, and the peak value of the acoustic emission
event is the smallest. When the bedding angle is 90°, the cracks are
perpendicular to the weak plane of the bedding, and the energy
accumulated inside the sample is the largest, so the peak value of the
acoustic emission event is the largest.

From the comparative analysis of 3.3 forward shear and reverse
shear, it can be seen that the failure mechanisms of forward shear
and reverse shear of layered rock are different, and the number of
acoustic emission events generated by the two shear methods also
differs significantly. Figure 13 and Figure 12B show the
characteristic curves of the acoustic emission events of the
specimens in forward and reverse shear at 30°, respectively. In
the process of forward shear, the specimens are mainly damaged
by tension, there is less energy accumulated inside the specimens,
and the number of peak acoustic emission events is small when they
are damaged. Conversely, when the specimen is in reverse shear, it is
mainly shear failure, the energy accumulated inside the specimen is
large, and the number of peak acoustic emission events at the time of
failure is relatively large.

FIGURE 12
Acoustic emission counts with time for shear processes at different bedding dip angles. (A) 0°. (B) 30°. (C) 60°. (D) 90°.
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5 Discussion

During shear failure of rocks, the angle of laminae and joints
can have a dramatic effect on the extension of cracks. When the
angle of shear to the laminae was greater than 90°, similar
phenomena were observed when it was less than 90° (Ikari
et al., 2015). For specimens with different laminae inclination
angles, cracks generated at the tips of the joints caused local
failure to the specimens under shear, and as the shear force
continued to increase, the cracks continued to expand, eventually
forming a through shear failure zone, which was consistent with
the literature (Savilabti et al., 1990; Shen et al., 1999; Zhao et al.,
2014). During the shear failure process, the pre-cracking of the
specimen will tend to close due to the action of the normal force
at the joint tip. Coupled with the increasing shear force, the
specimen will produce tension cracks, and the joint tip will
appear to be broken, slagged and spalled. The width of the
rock bridge has a great influence on the crack extension of the
laminated specimen. When the width of the rock bridge is
relatively large, the shear force of the specimen is mainly
provided by the rock bridge, and the specimen has tension
cracks in the shear failure process. The failure surface presents
a certain angle and eventually forms through failure. The failure
process of the weak side of the lamina has less influence on the
failure. When the width of the rock bridge of the specimen is
small, before the application of shear force, because of the action
of the normal force. When the specimen rock bridge width is
small, before the shear force is applied, because of the normal
force, the specimen produces a compression pull crack at the tip
of the joint. With the shear force applied, the specimen produces
a shear crack. When extended to the laminated weak surface, the
specimen eventually breaks along the laminated surface. In this
process, the laminated surface plays a major role in the
destruction of the specimen.

For specimens with bedding inclinations of 0° and 90°, the
presence of the joints has relatively little effect on crack
extension during shear failure. For 0° specimens, shear failure is

mainly in the form of slip along the bedding surface; for 90°

specimens, it is mainly shear fracture perpendicular to the
bedding surface. For the 30° and 60° specimens, there is a clear
difference between the crack extension in forward and reverse shear.
In forward shear, the specimen is sheared by a tensile crack
perpendicular to the bedding surface from the tip of the joints,
and the tensile crack expands during the shear process and
eventually penetrates; in reverse shear, a tensile crack first
appears at the tip of the joints, and with increasing shear force,
the crack expands and eventually penetrates along the bedding
surface. The specimen undergoes shear failure.

Shear strength weakening with sliding is an important property of
intact and fractured rocks, a mechanism for landslides or collapse
tipping of rocky slopes containing fractures, and an important model
for analyzing earthquake mechanisms and precursor phenomena in
seismology (Heng et al., 2019). The angle of the lamina and the width of
the rock bridge are both important factors affecting the strength of the
rock. Through the indoor direct shear test, the shear failure of the rock
under different working conditions is simulated, the crack generation
and expansion pattern of the specimen during the shear failure is
observed, and the mechanical properties of the specimen before and
after the failure are analyzed, which is of great significance for the study
of the collapse of layered rocky slopes containing joints and the slip
movement of faults in the event of earthquakes.

6 Conclusion

To analyze the shear failure characteristics of layered rock
bridges, an indoor shear test was carried out by preparing similar
rock materials. Combined with acoustic emission monitoring, shear
tests under different bedding dip angles, different normal forces,
different rock bridge widths and positive and negative shear were
analyzed. The main conclusions are as follows.

(1) Under different normal force conditions, the specimen shear
damage has obvious brittle characteristics, the peak shear
strength is proportional to the normal force, the peak shear
strength of layered rock is influenced by the width of the rock
bridge, and the greater the width of the rock bridge is, the greater
the peak shear strength.

(2) Under different joint inclination angle conditions, the
maximum shear strength of the rock sample is the shear
strength of the lamina face when the joint inclination angle
is 0°; when the joint inclination angle is 90°, the lamina face has
the least effect on the shear failure of the specimen, and the
maximum shear strength is the shear strength of the specimen
material itself; the peak shear strength is 60°, 90°, 30° and 0° in
descending order.

(3) When the joint inclination angle is the same, the shear stress and
shear displacement curves of the specimens under forward and
reverse shear conditions are basically the same, and the peak shear
strength is proportional to the normal force. The failure mode of the
specimens in forward shear ismainly tension failure, while the failure
mode of the specimens in reverse shear is mainly shear failure.

(4) Acoustic emission has an obvious phase, the peak number of
acoustic emission events is proportional to the width of the rock
bridge and the dip angle of the lamina, and its peak time and the

FIGURE 13
Acoustic emission counts over time during forward shear.
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peak time of shear stress are basically the same; the peak number
of acoustic emission events of reverse shear is greater than that
of forward shear.

(5) Bedding angle, normal force and rock bridge width are
important factors affecting rock strength.
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