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(e free section of prestressed anchor cable is a weak part of support. A new supporting structure named Anchor Cable and
C-Shaped Tube, which can bear transverse shear force, solves the problem that rock bolt and anchor cable are prone to shear
failure in the free section and also solves the contradiction between high preload and low shear bearing capacity of support
materials. Double-shear tests of Anchor Cable and C-Shaped Tube with smooth joint planes were carried out. Double-shear tests
were carried out on the anchor cables with the diameter of 21.6mm and the same type of Anchor Cable and C-Shaped Tube under
different preload conditions. (e influence of the preload on the shear performance of supporting materials and the enhancement
effect of Anchor Cable and C-Shaped Tube supporting structure on the shear performance of anchor cables were analyzed.(e test
results confirm that Anchor Cable and C-Shaped Tube can improve the transverse shear resistance of the supporting material and
increase the axial ultimate bearing capacity of the anchor cable during the shearing process. It is found that, during the double-
shear test, the fracture form of the supporting materials is tensile fracture, and when it is sheared, Anchor Cable and C-Shaped
Tube can reduce the stress concentration of the interaction between the joint surface and the surrounding rock and reduce the
damage to the surrounding rock.

1. Introduction

(e use of rock bolts and anchor cables has become an im-
portant and main support method for coal mine roadway
support [1]. With the increasing depth of coal mining, the
changeable geological structure in the environment of deep
underground, the complex stress environment, and the large
common deformation and failure of surrounding rock appear,
while the conventional supporting methods show limitations
[2, 3]. Due to the inadaptability of ordinary anchor cables of the
large deformation environment of surrounding rock, the
breaking phenomenon occurs constantly, and the forms are
different [4]. Besides the most common tensile breaking, there
are also a large proportion of shear breaking, tension bending,
and tension-shear combined breaking forms [5–9].

At present, in the design of roadway support, most of them
only put axial bearing capacity into consideration without
shear bearing capacity of rock bolt and anchor cable, and the
shear fracture of rock bolts and anchor cables cannot be ig-
nored [10]. Some studies have found that the fracture location

of the anchor cable or rock bolt occurs at the position of the free
section near 2 meters above the roof of the roadway [11], and
other studies have found that the ultimate bearing capacity and
displacement of anchor cable will decrease with the increase of
prestress [12, 13], which improves the probability of shear
breaking of anchor cable. (erefore, the free section of the
prestressed anchor cable is a weak link that is susceptible to
shear failure. Lin et al. studied the anchorage stress and de-
formation of the anchorage joint under shear action through
direct shear test and found that the inclination angle of the bolt
has an effect on the shear strength of the joint plane and
improved the shear creep model of rock-like materials [14, 15].

In order to adapt to the large deformation characteristics
of deep surrounding rock, many supporting materials and
supporting technologies have been invented by experts and
scholars. For instance, anchor bolt with constant resistance
and large deformation and NPR bolts/cables invented by He
et al. well solved the problem of large deformation in deep
soft rock roadway [16–18]. Also, the team of Kang et al.
found that the prestress of rock bolt and its diffusion played a
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decisive role in supporting effect and proposed a high
prestress and high strength supporting system, which
achieved good results in many work sites [19–21]. Most of
these technologies and materials aim at controlling the large
axial deformation of surrounding rock but seldom consider
the transverse loading of supporting materials. In order to
solve the contradiction that the supporting material in free
section is easy to break and the transverse bearing capacity
and transverse displacement of the supporting material are
easy to decrease due to high prestress [11–13], a supporting
structure named Anchor Cable and C-Shaped Tube was
invented to solve the problem that the anchor cable with
high prestress in free section is easy to shear and break. (e
shear mechanical properties of the supporting structure
named Anchor Cable and C-Shaped Tube were studied by
double-shear tests in laboratory. In this provision, Anchor
Cable and C-Shaped Tube shall hereafter be referred to as
ACC.

2. Brief Introduction of ACC and Analysis of
Its Mechanism

2.1. Brief Introduction of ACC Supporting Structure. ACC
consists of two parts, anchor cable with high prestress and
C-shaped tube. Figure 1 shows the physical drawing and
schematic of ACC. (e anchor cable with high prestress
exerts axial compression force on the structural plane of
surrounding rock by prestress, which increases the friction
between joint planes, prevents the surrounding rock from
dislocation on both sides of the structural plane, together
with the dowelling function of anchor cable itself, and
prevents the surrounding rock from axial shearing dislo-
cation. (e C-shaped tube is installed at the free end of the
structure, which separates the exposed part of anchor cable
or rock bolt from surrounding rock [22]. When shear
dislocation occurs in surrounding rock, it would be sepa-
rated from the free end of anchor cable or rock bolt.With the
shear deformation of the structural plane, the C-shaped tube
shrinks gradually to completely wrap the anchor cable, thus
improving the shear stiffness and increasing the shear ca-
pacity of the free end of the supporting structure.

2.2. Analysis of the Mechanism of ACC. After ACC is sub-
jected to shear force, the shear part of slotted steel tube
shrinks continuously and wraps the internal anchor cable
(Figure 1(b)). When the free section of anchor cable bears
shear force, it is restrained by locks and anchoring section at
both ends. At this time, it could be seen as the simply
supported beam under concentrated force. Assuming that
the concentrated force acts in the middle of the simply
supported beam and the length of the free section of anchor
cable is l (m), according to the relevant formulas of material
mechanics, the stress situation of anchor cable at the shear
plane in elastic stage can be deduced as follows [23]:
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It can be seen from formula (2) that when the shear force
is fixed, the tensile stress on the anchor cable decreases with
the increase of its diameter. After installing the slotted steel
tube, when it shrinks and deforms, the shear force acts 0 kN
on the anchor cable, due to its certain bearing capacity. It
indicates that ACC can absorb a certain shear load to protect
the anchor cable, and its limit is Fs1 (kN). It can be seen from
formula (4) that the contracting stiffness of slotted steel tube
K (kN/m) could be obtained by experiment. When the
slotted steel tube and anchor cable form the bearing
structure, the diameter of the supporting material is in-
creased, and the additional axial force is reduced [23].

FS1 � KZ � 2K R2 − R2′( . (4)

It can be seen from formula (3) that the shear stress of
anchor cable decreases with the increase of cross-sectional
area, which of the whole supporting structure increases due
to the installation of slotted steel tube, so ACC bears less
shear stress on the shear plane under the same shear force.

M is the bending moment (N·m) of the anchor cable on
the shear plane. FS is the shear load (N) on the anchor cable,
σ1 is the initial axial stress (N/m2) caused by prestress of
anchor cable, and D (m) is the diameter of anchor cable. τis
the shear stress (N/m2) of the anchor cable on the shear
plane.Iz is the moment of inertia relative to the neutral axis
(m4). R1 (m) is the inner diameter of slotted steel pipe before
shrinkage, R2 (m) is the outer diameter, the inner diameter
after shrinkage is R1′ (m), and the outer diameter is R2′ (m).

3. Brief Introduction of Double-
Shear Instrument

(e schematic diagram and physical drawing of the self-
designed and developed double-shear test system-tension
and shear system of Anchor Cable (bolt) and C-shaped Tube
are shown in Figure 2. In this system, the anchor cable is
tensioned by locks in the same way as in the work site to
provide prestress to the supporting materials. (emaximum
axial tensile load is 120 tons, and it equips a vertical loading
system with a maximum vertical load of 600 tons in the
middle. (is system can apply shear force to the supporting
materials, and the maximum shear displacement is 250mm.

(e test samples are 3 concrete specimens of the same
size 300mm× 300mm× 300mm with 32mm prefabricated
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holes in the middle, in which the supporting materials are
installed for further tests. (e test samples are restrained by
three independent stainless steel shear boxes (Figure 2), and
the shear boxes on both sides are restrained, respectively, by

four beams and four screws. It can be seen from the
schematic diagram in Figure 2(a) that the instrument has no
force on the prefabricated joint plane but pure shear force, so
the smooth joint plane is what the experiment studies.

Vertical loading system

Normal force

The lock of the
anchor cable

Concrete test block

Beams for fixing

Axial force

Supporting materials

The base

Screws for fixing

Precast joint surface Shear box
Loading end of

horizontal tension
system

Fixed end of
horizontal stretching

system

(a)

Beam for
fixing

Screw for fixing Precast joint surfaces

Loading end of
horizontal tension

system

Fixed end of
horizontal
stretching

system Shear box

(b)

Figure 2: Sketch map of tension and shear system of Anchor Cable (bolt) and C-shaped Tube. (a) Diagram of instrument. (b) Physical
drawing of the instrument.
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Figure 1: Physical drawing and schematic of ACC. (a) Physical drawing of the ACC. (b) Schematic diagram of action form of ACC.
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4. Test Design and Preparation

In this experiment, double-shear tests were carried out on
anchor cables with the diameter of 21.6mm and the same
type of ACCs, in order to study the influence of different
prestress on the shear performance of anchor cable and
analyze the effect of ACC supporting structure on the shear
mechanical properties of anchor cables after the addition of
C-shaped tube into ACC supporting structure. Table 1 is the
test design table for this experiment. (e specification of
concrete specimen used in the test was
300mm× 300mm× 300mm, and the ratio of water: cement:
sand: gravel was 1 : 2 : 4 : 4. After pouring the specimen, a
100mm× 100mm small specimen was left for uniaxial
compression test to determine the uniaxial compressive
strength of the large specimen, which is shown in Table 1.
(e uniaxial compressive strength of the test block was
determined as 30MPa according to the results of uniaxial
compression test, and some test blocks are shown in
Figure 3.

5. Analysis of Test Results

(e test results are plotted in Figure 4 and summarized in
Table 2 after the experiment. Due to a certain gap between
the test block and the shear box, there will be a stage where
the shear displacement increases, while the shear force re-
mains unchanged during the test; and the effective shear
displacement in the table refers to the shear displacement
without this initial stage of the test.

5.1. Breaking Law of SupportingMaterials. (e breaking law
of the anchor cables with the diameter of 21.6mm in double-
shear test is as follows. It can be seen from Figures 4(a) and
4(b) that it is not the same for the law between the curves of
shear force-shear displacement and axial force-shear dis-
placement. (e shear force-shear displacement curve is
divided into three stages: elastic stage (Figure 4(a), A), short
shear yield stage (Figure 4(a), B), and fracture stage
(Figure 4(a), C). (e axial force has a relaxation stage
(Figure 4(b),A) with the increase of shear displacement.(is
relaxation phenomenon is more common with the increase
of prestress of anchor cable. (e reason for the relaxation
stage is that a part of the prestress will be transformed into
resistance to the deformation of joint surface in the initial
stage of shear deformation; and then it will enter the elastic
stage (Figure 4(b), B), followed by the long plastic
strengthening stage (Figure 4(b), C), and finally break
(Figure 4(b), D).

(e breaking law of ACC of the anchor cables with the
diameter of 21.6mm in double-shear test is as follows.

As can be seen from Figures 4(c) and 4(d), the rela-
tionship between the shear force-shear displacement curves
of ACC has gone through four stages. Stage A is stiffness
strengthening stage (Figure 4(c), A). Stage B is elastic stage
(Figure 4(c), B). Stage C is shear yield stage (Figure 4(c), C).
Stage D is fracture stage (Figure 4(c), D); and the four stages
are same for the axial force and anchor cable, shown in

Figure 4(d). In the stage a of shear force-shear displacement
curve, when ACC is under shear load, the slotted steel pipe
can shrink with the increase of shear displacement to wrap
the anchor cable, so that the slotted steel pipe and the anchor
cable can bear the load together, which improves the initial
shear stiffness of the support material.

5.2.Analysis ofMaterialFailureMode. Breaking the concrete
after experiment, it is required to analyze the failure mode of
supporting material and concrete blocks. Figure 5 shows
some representative blocks and supporting materials after
demolition. Figures 5(a) and 5(b) correspond to the test
number DS3, and Figures 5(c) and 5(d) to the test number
DS8, which are the double-shear test breaking diagrams of
anchor cables with the diameter of 21.6mm and the same
type of ACC under the prestress of 200 kN.

(e failure mode of concrete block is as follows.
It can be seen from Figures 5(a) and 5(c) that, in the

process of double-shear test, severe plastic compression
failure occurs at the lower part of the shear plane near the
joint surface of the left and right concrete blocks and the
upper part of the shear plane on the left and right sides of the
intermediate block, which result from directly being affected
by supportingmaterial, and it becomes a cone-shaped failure
plane.

During the double-shear test, the intermediate block is
continuously subjected to the reaction force of supporting
material. Plastic deformation occurs continuously on con-
crete blocks until the whole block splits from parallel drilling
direction, because the stiffness of it is lower than that of the
supporting material. However, due to the limitation of the
shear box, the test block can still apply the load on the
supporting material, the test block continues to expand, and
the crack continues to expand until the supporting material
is broken.

Crack propagation mode of the test block indicates that
the cracks of the concrete block are radial after the double-
shear test of the anchor cables with the diameter of 21.6mm,
while those of the concrete block of the ACC of anchor
cables with the diameter of 21.6mm are split. (is is because
the anchor cable is structured by many steel strands which
makes uneven reaction force on the surrounding rock and
increases the possibility of stress concentration. However,
the C-shaped tube of ACC is circular, which can reduce the
degree of stress concentration and the damage to sur-
rounding rock.

(e failure mode of supporting materials is as follows.
It can be seen from Figures 5(b) and 5(d) that the

supporting material presents with the shape of spreading
wing after being sheared and is broken near the shear plane.
(rough the analysis of the fracture of two kinds of sup-
porting materials, it is found that there is obvious necking
phenomenon in the fracture of two kinds of anchor cables,
and the anchor cables are tensile fracture. ACC is protected
by slotted steel pipe. When subjected to shear force, the
C-shaped tube near the shear plane shrinks to wrap the
anchor cable and bear the load together with the anchor
cable. When anchor cables break successively inside, there
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Table 1: Double-shear test schedule.

Number Material type Prestress (kN) Average uniaxial compressive strength of specimen (MPa)
DS1 Anchor cables with the diameter of 21.6mm 100 31
DS2 ACC with the diameter of 21.6mm 100 28
DS3 Anchor cables with the diameter of 21.6mm 150 32
DS4 ACC with the diameter of 21.6mm 150 30
DS5 Anchor cables with the diameter of 21.6mm 200 33
DS6 ACC with the diameter of 21.6mm 200 33
DS7 Anchor cables with the diameter of 21.6mm 250 32
DS8 ACC with the diameter of 21.6mm 250 32
DS9 Anchor cables with the diameter of 21.6mm 300 31
DS10 ACC with the diameter of 21.6mm 300 31

Small concrete
standard test block

A reserved hole
with a diameter of

32mm

Large concrete
standard test block

Figure 3: Part of the test blocks.
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Figure 4: Continued.
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are no steel strands supporting on one side of the internal
C-shaped tube. But, at this time, it has been locked by the
expanded rock sample to bear both shear and tension force
under shear force; and the tensile-shear failure occurs once
the C-shaped tube reaches the limit of bearing capacity.

5.3. Analysis of Bearing Capacity of Supporting Materials.
Analysis of shear bearing performance: it can be seen from
Figure 4(e) that, with the increase of shear displacement,
ACC with C-shaped tube on anchor cable has significantly
higher ability to resist shear deformation than that of the

Vertical load of DS2 100kN
Vertical load of DS4 150kN
Vertical load of DS6 200kN
Vertical load of DS8 250kN
Vertical load of DS10 300kN

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850

D

C

B

Lo
ad

 (k
N

)

Vertical displacement (mm)

A

(c)

Axial load of DS2 100kN
Axial load of DS4 150kN
Axial load of DS6 200kN
Axial load of DS8 250kN
Axial load of DS10 300kN

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850

DC

B

Lo
ad

 (k
N

)

Vertical displacement (mm)

A

(d)

Vertical displacement (mm)
0 10 20 30 40 50 60 70 80 90 100 110 120 130

0
50

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850

φ21.6mm anchor cable

Lo
ad

 (k
N

)

φ21.6mmACC

Vertical load of DS1 100kN
Vertical load of DS5 200kN
Vertical load of DS9 300kN
Vertical load of DS2 100kN
Vertical load of DS6 200kN
Vertical load of DS10 300kN

(e)

Vertical displacement (mm)
0 10 20 30 40 50 60 70 80 90 100 110 120 130

0
50

100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850

Lo
ad

 (k
N

)

Axial load of DS1 100kN
Axial load of DS5 200kN
Axial load of DS9 300kN
Axial load of DS2 100kN
Axial load of DS6 200kN
Axial load of DS10 300kN

(f )

Figure 4: Data from the double-shear experiment. (a) Normal force displacement relationship of anchor cables with the diameter of
21.6mm. (b) Axial force displacement relationship of anchor cables with the diameter of 21.6mm. (c) Normal force displacement re-
lationship of ACC with the diameter of 21.6mm. (d) Axial force displacement relationship of ACC with the diameter of 21.6mm. (e)
Comparison of normal force displacement relationship between anchor cables with the diameter of 21.6mm and the same type of ACC. (f )
Comparison of axial force displacement relationship between the anchor cables with the diameter of 21.6mm and the same type of ACC.
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Figure 5: Continued.

Table 2: Statistics of double-shear test data.

Number MSBC (kN) SDMSC (mm) ESD (mm) MABC (kN) ESDMSC (mm) ORSBC (%) ORSD (%) ORABC (%)
DS1 627.5 108.4 106.1 419.2 106.1 — —
DS2 818.9 126.3 120.1 459.4 120.1 30.5 13.2 9.6
DS3 559.4 126.5 93.5 432.3 93.5 — —
DS4 762.3 118.3 117.2 463.0 117.2 36.3 25.3 7.1
DS5 605.7 100.8 97.4 438.6 97.4 — —
DS6 813.7 127.9 126.4 459.9 126.4 34.3 29.8 4.9
DS7 585.4 104.1 102.2 435.2 102.2 — —
DS8 795.2 133.1 132.8 467.6 132.8 35.8 29.9 7.4
DS9 560.2 105.1 97.3 435.2 97.3 — —
DS10 791.3 105.1 104.2 467.3 104.2 41.3 7.1 7.4
MSBC: maximum shear bearing capacity, SDMSC: shear displacement at maximum shear capacity, ESD: effective shear displacement, MABC: maximum
axial bearing capacity, ESDMSC: effective shear displacement at maximum shear capacity, ORSBC: optimization rate of shear bearing capacity, ORSD:
optimization rate of shear displacement, ORABC: optimization rate of axial bearing capacity.
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same type of anchor cable. Under the same shear dis-
placement, the shear force of anchor cables with different
prestress is generally less than that of ACC, and the shear
displacement of ACC is also larger than that of the same type
of anchor cable when reaching the limit of shear capacity. It
shows that ACC can improve the shear stiffness and ultimate
bearing capacity of internal anchor cable.

(e key data of double-shear test are listed in Table 2.
Figure 6(a) shows the shear capacity and shear displacement
at ultimate shear capacity of anchor cables with the diameter
of 21.6mm with the increase of prestress under the same
conditions. It can be seen from Table 2 and Figure 6(a) that,
with the increase of preload, the shear bearing capacity of the
anchor cable has a downward trend, while the shear dis-
placement is not significantly affected.

Figure 6(b) shows the shear capacity and shear dis-
placement of ACC with the diameter of 21.6mm with the
increase of prestress under the same conditions. It can be
seen from the figure that when the C-shaped tube becomes
supporting structure of ACC, the shear bearing capacity is
greatly improved, and its shear capacity has been greatly
increased by at least 30.5%. Compared with the anchor
cables with the diameter of 21.6mm, the shear displacement

also increases to a certain extent, with the minimum in-
creasing by 7.1% and the maximum by 29.9%.

By comparing the two types of data, it can be seen that
the ACC supporting structure improves the shear bearing
capacity of the internal anchor cable, and, after using the
ACC supporting structure, it can have a stronger ability to
resist shear deformation.

In the analysis of axial bearing capacity, it can be seen
from Figure 4(f ) that when it reaches the ultimate shear
capacity, the value of ultimate axial bearing capacity of both
the anchor cable and ACC is close; namely, the greater the
prestress, the slower the growth rate of axial force with the
increase of shear displacement, but ultimately it reaches the
tensile yield load with similar numerical value. According to
the statistical data in Table 2, compared with the anchor
cable, the ultimate tensile load of ACC supporting structure
has been slightly optimized, with the maximum optimiza-
tion rate of 9.6% and the minimum of 4.9%.

Above all, the ultimate shear capacity of the anchor cable
is negatively correlated with the prestress. Under the same
prestress, ACC can enhance the shear stiffness of the internal
anchor cable and the resistance of shear deformation with a
lifting rate of more than 7.1%; it can also increase the

Right precast joint plane

e

Left precast joint plane

(c)

Tensile failure

Tension shear failure

(d)

Figure 5: Display of material failure forms. (a) Failure diagram of anchor cables with the diameter of 21.6mm test block. (b) Schematic
diagram of breaking of anchor cables with the diameter of 21.6mm. (c) Failure diagram of ACC with the diameter of 21.6mm test block. (d)
Fracture diagram of ACC with the diameter of 21.6mm.
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ultimate shear capacity of the internal anchor cable with a
lifting rate of more than 30.5%. ACC can improve the axial
bearing capacity of the inner cable by a small margin, which
is more than 4.9%.

6. Conclusion

(rough the double-shear test of the prestressed anchor
cable with diameter of 21.6mm and ACC supporting
structure of the same type, the following conclusions are
obtained:

(1) (ere is a negative correlation between the ultimate
shear capacity of anchor cable and its prestress. (e
greater the pretension, the weaker the shear capacity.
(erefore, the shear bearing capacity of the free
section of the prestressed anchor cable will be re-
duced when the high pretightening force is applied,
and there is a risk of shear fracture.

(2) (rough the analysis of the failure mode of sur-
rounding rock on both sides of joint surface, it is
found that the stress concentration of ordinary an-
chor cable will occur in the process of shearing due to
the structure of steel strand itself, which will deepen
the damage to the surrounding rock of structural
plane. However, ACC could alleviate the degree of
stress concentration of the interaction between
supporting structure and surrounding rock and re-
duce the damage to surrounding rock.

(3) ACC can improve the shear stiffness and the resis-
tance of shear deformation of the internal anchor
cable under the same prestress, with the lifting rate of
more than 7.1%; the ultimate shear capacity of the
internal anchor cable can be increased by more than
30.5%; and the axial bearing capacity of the internal
anchor cable can be slightly improved by more than

4.9%. ACC supporting structure has the ability to
eliminate shear fracture of anchor cable with high
prestress in free section.
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