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RESUMEN

® Para analizar los resultados de un anclaje completamente
embutido en rocas unidas se efectuaron ensayos de doble
cizallado y se llevo a cabo la deduccion analitica de la relacion
entre la fuerza axial, la fuerza de cizallado y el desplazamiento
de cizallado del anclaje completamente embutido usando el
modelo mecanico simplificado. Finalmente se analizaron las
sensibilidades de los parametros influyentes del anclaje. Los
resultados muestran que la fuerza de cizallado predomina en
el ensayo de cizallado que la fuerza de cizallado es mucho
mayor que la fuerza axial. La fuerza de cizallado del anclaje
completamente embutido aumenta cuando el incremento

del desplazamiento del cizallado aumenta y la curva que
relaciona la fuerza de cizallado y el desplazamiento de cizallado
puede ser simplificada a cinco pasos: fuerte aumento, ligera
disminucion, suave aumento, suave disminucion y muy fuerte
disminucion. Del mismo modo, las curvas de fuerza axial y de
desplazamiento por cizallado pueden ser simplificadas a tres
pasos: aumento estable, mantenimiento y fuerte disminucion.
Los resultados de la simulacion muestran que el limite de
tension de la resistencia a cizalla del anclaje es el factor mas
significativo, la resistencia de las rocas unidas es el sequndo y
los parametros de la superficie unida tienen el ultimo efecto.
Las conclusiones obtenidas en el estudio son de un valor tedrico
importante para la practica de ingenieria similar.

Palabras clave: Ensayo de doble cizallado, Anclaje
completamente embutido, Fuerza axial, Fuerza de cizallado,
Simulacién numérica.

ABSTRACT

To analyze shear performances of the fully-grouted bolt in
jointed rocks, the double shear tests were conducted, and the
analytical derivation to the relationship among axial force, shear
force and shear displacement of the fully-grouted bolt were ca-
rried out by using the simplified mechanical model. And the sensi-
tivities of the influence parameters of the bolt were analyzed. The
results show that the shear force predominates in the shear test
and which is much greater than the axial force. The shear force
of the fully-grouted bolt increases with the shear displacement
increasing and the relationship curve of shear force and shear
displacement can be simplified into five stages: steep increase,
slight decline, slow increase, slow decline and sharp decline sta-
ges. Similarly, the axial force and shear displacement curve can be
divided into three stages: stable increase, steady and sharp decline
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stages. The simulation results show that the confining pressure on
the shear strength of the bolt is the most significant factor, the
strength of the jointed rock is the second, and the jointed surface
parameters show the least effect. The conclusions obtained in the
study are of important theoretical value to direct the similar en-
gineering practice.

Keywords: Double shear test, Fully-grouted bolt, Axial force,
Shear force, Numerical simulation.

1. INTRODUCTION

For anchoring the fractured rock mass, the axial force and
shear force of the bolt are not alone. The bolt not only can pro-
vide the strong tensile strength, but also can effectively prevent
the separation of the rock mass when the jointed rock mass is
strengthened by the fully-grouted bolt. The transverse shear be-
havior of the bolt often contributes greatly to the reinforcement
effect of the rock mass. Many scholars focus too much on the axial
force not considering the role of the shear force in valuating the
bolt performance, so the current anchoring mechanism is far be-
hind the engineering practice, which directly affects the rational
application and development of the anchoring technology [1-3].

Since the existence of joints in the rock mass, the strength of
the rock mass is often reduced and the jointed rocks are easy to
move along the direction of the parallel or vertical to the joint
face. The fully-grouted bolt in jointed rocks as an important sup-
port technology can effectively control the deformation and rela-
tive slippage of the jointed rocks. In many cases, the joint surface
is not perpendicular to the axis direction of the bolt, so the bolt
will be subjected to shear and tensile loading due to the rock mov-
ing along the plane of the jointed rocks [4-5]. Thus, it is necessary
to evaluate the mechanical behavior of the fully-grouted bolt un-
der shear and tensile loading conditions.

Due to the deformation of the rock mass is often controlled
by the joints in the rock mass, the main motion of the rock is
usual the shear displacement between the blocks, which leads to
the supported bolts displaying the shear bend, cut, twist and pull
off phenomenon. To analyze shear performances of the fully-
grouted bolt in jointed rocks, this paper adopt the comprehen-
sion methods such as laboratory test, numerical simulation and
theoretical analysis to research on the mechanical behaviors of
the fully-grouted bolt in the jointed rocks subjected to double
shear tests.

Cod. 8325 | Tecnologia de la construccion | 3305.06 Ingenieria civil


http://dx.doi.org/10.6036/8325
mailto:w_sr88@163.com

Mechanical behavior of fully-grouted bolt in jointed rocks subjected to double shear tests
Shuren Wang, Huaiguang Xiao, Paul Hagan, and Zhengsheng Zou

2. STATE OF THE ART

In recent years, research has confirmed that shear perfor-
mance can be just as significant as tensile. So some scholars have
conducted the analytical analysis of the shear force and the shear
displacement, such as X.R. Ge and J.W. Liu analyzed the influence
of rockbolt on the joint plane and reckoned formulas of the shear
strength of the joint plane by laboratory tests and theoretical
analysis [6]. K. Spang and P. Egger investigated the main parame-
ters of rockbolt influence on joint plane and deduced formulas for
the evaluation of the bearing capacity of the fully grouted bolts
and for prediction of the required shear displacements [7]. Y.L. Wu
et al. studied the interaction mechanism between the rockbolt and
the jointed rock masses and analyzed the rockbolt influence on
the stress intensity factor on the crack tip under tensile and shear
forces by using linear elastic fracture mechanics [8]. S.L. Yang et al.
proposed exponential function and parabolic function to describe
the lateral shear stress of rockbolt and deduced the relationship
between the shear force and the transverse displacement [9]. G.
Grasselli simulated the shear tests of the jointed rock masses by
a finite element model to reveal different deformations and shear
forces of the full grouted bolt and the swelled bolt [10]. H. Jalai-
far and N. Aziz pointed that bending behaviors of the bolt were
divided into elastic and plastic phases under double shear tests
with confining pressure, and he analyzed the influences on the
joint plane position of plastic hinge, concrete strength, axial force
and diameter of the bolt [11]. W. Zhang and Q.S. Liu established
the deformation model under shear load and introduced length
variable of extrusion failure to deduce the functional relations of
shear-load versus shear displacement and axial-load versus axial
displacement respectively [12]. FL. Wang et al. studied the fully
grouted bolt to support the bedding slope and established the lin-
ear functional relations between the shear effect of the bolt and
the axial force of the bolt [13]. Other scholars have done many
physical tests and numerical simulations in order to study the me-
chanical behavior of the rock bolt in resisting the shear force. Such
as W. Wei et al. built the beam element model of the bolt near
joint plane and developed the manifold simulated method base on
the bolt model and the basic principle of numerical manifold [14].
Y. Chen conducted the optimized analysis of the influence fac-
tors on the jointed plane by laboratory tests for different setting
angles, different block materials, and different joint displacements
[15]. L Li et al. simulated the relationships between shear force
and shear displacement with different bolt setting angles, differ-
ent rock strengths and different bolt diameters [16]. L.P. Srivastava
and M. Singh stated that the rockbolt could increase strength of

(@)
Fig. 1: The three-dimensional model and monitoring sensors of the model. (a) The three-dimensional model under double shear tests; (b) Loading direction and
monitoring sensors of the model
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joint plane by large scale shear tests with non-confining and con-
fining pressure [17], and the related research works [18-20], etc.

To sum up the above mentioned literatures, we found that
many important results had been achieved about supporting pa-
rameters and mechanical behaviors of the rock bolt. However, it
was not perfect enough about stress and deformation analysis of
the bolt in the jointed rocks under double shear tests. So this paper
would conduct further study to analyze the performances of the
fully-grouted bolt in jointed rocks subjected to double shear tests.
The remainder of this study was organized as follows. In Section
3, the comprehensive research methods, such as laboratory test,
numerical simulation and theoretical analysis were introduced. In
Section 4, the mechanical behaviors of the fully-grouted bolt un-
der double shear tests were analyzed. Finally, some conclusions
were given in Section 5.

3. METHODOLOGY

3.1. LABORATORY TEST

The double shear tests were conducted in the laboratory at
School of Mining Engineering, The University of New South Wales,
Australia.

3.1.1. Materials and specimens

As shown in Fig. 1(a), the basic materials included three con-
crete blocks to simulate the jointed rocks, cement covering the
bolt to simulate the grout, and HRB steel bar to simulate the rock
bolt. The steel plates located two lateral sides to distribute the
axial loading stress evenly. The size of each block was 300 mm
long, 300 mm wide and 200 mm high. The diameter of the steel
bar was 16 mm, the diameter of the hole for the filled grout was
24 mm, and the thickness of the bottom steel plate was 20 mm.

3.1.2. Loading equipment and procedure requirements

As shown in Fig. 1(b), the capacity of the universal testing
machine was 3600 kN, which was used to apply a vertical loading
on the middle steel plate of the three ones located at the bottom
of the test model from down to up. These FLA-3-11-3L resistance
strain gauges were used to monitor the axial deformation of the
grouted bolt and the strain gauge had a nominal resistance of 120
Q and gauge factor of 2.12 + 1%. The force senor located at the
right side of the model and the liner displacement sensor (LVDT)
in a fixed way were used to measure the axial force and shear
displacement of the bolt, respectively.

Force sensor

Shear plane Shear plane
SRR Ly IEHRARS AR RT R (N
Steel plate‘_ ettt .7+ v .| Force sensor
- 300 J‘ 300 } 300
(b)
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As shown in Fig. 1(b), the strain gauges were set on the sides of
the bolt (top and bottom), which were distanced from the jointed
plane -70 mm, -30 mm, 30 mm, and 70 mm respectively. These
positions of the strain gauges were marked by number 1 to 4.
Due to the surface of the steel bar was not smooth enough, these
positions of the strain gauges of the bolt were polished before
setting strain gauges to ensure the measured data accurately. For
maximizing the axial strain profiles, the strain gauges installed in
the sample were aligned perpendicular to the shear load direction.
This allowed analysis of the strains occurring on opposite sides
of the rock bolt with expected zones of tension and compression.

In order to ensure all the three blocks bear stress evenly, three
steel plates with 20 mm thickness were set up the downside of the
three ones [16]. The left-end and right-end of the test model were
fixed fully by the lock nuts, and the up and down directions of the
middle block of the three ones were free. The universal machine
could apply the vertical loading at the bottom of the middle block.
When the applying load exceeded the maximum value of the ca-
pacity of the bolt, the test must stop.

The process of conducting such a test: Firstly, casting con-
crete blocks are needed before the test. Secondly, as shown in Fig.
1(a), three blocks are set on the bottom steel plate and the bolt
with the strain gauges is set through these holes of three blocks.
Thirdly, after the lateral steel plates and force sensors being set up,
the left-end and right-end of the test model were fixed fully by
the lock nuts. Fourthly, the model is moved to the universal testing
machine and then can apply the vertical force up on the middle
block to conduct the double shear test.

3.2. SIMPLIFIED MECHANICAL MODEL AND DERIVING
FORMULAS

3.2.1. Engineering model

When the middle rock was applied the vertical up loading, the
extruding force of the bolt appeared from the jointed plane. For
the deformation development of the bolt firstly entered the small
deformation and then failed to the large deformation phases, so
the mechanical model would be divided into two phases: the elas-
tic (small deformation) and the plastic (large deformation) phases.

To make the problem simpler, the simplified mechanical mod-
el was shown in Fig. 2(a), according to A.M. Ferrero's research
results, the extruding force of the bolt presented the triangular
distributing load [21]. But according to the views of Y.T. Liang, et
al., when the deformation of the bolt was in the plastic stage, the
extruding force of the bolt displayed a constant distributing load
(Fig. 2(b)) [22].

3.2.2. Simplified mechanical model

Due to the extruding force of the bolt displayed the triangu-
lar distributing load in the elastic phase, the intersection point
between the shear plane and the bolt was positioned O at the

B Mlddle rock
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bolt. The deformation of the point O was zero, because the two
sides of the shear plane were in pressure and tension zones re-
spectively. According to stress analysis of the beam, the moment
of point O was zero, so the point O just presented axial-force and
shear-force. The moment of point C showed the maximum value
and shear-force was zero, so the point C was the plastic hinge
and point C could be simplified the fixed bearing, as shown in Fig.
3(a)(See section: supplementary material). Because the simplified
model showed geometrical and mechanical symmetry, it could
be simplified the statically determinate structure of a cantilever
beam, as shown in Fig. 3(b) (See section: supplementary material).

As shown in Fig. 4(a) (See section: supplementary material), in
the same way, when the mechanical model of the bolt was in the
plastic phase, the simplified model could be simplified the stati-
cally determinate structure of a cantilever beam, as shown in Fig.
4(b) (See section: supplementary material).

3.2.3. Deriving the formulas for mechanical analysis

In the elastic phase, as shown in Fig. 3(b) (See section: supple-
mentary material), according to the simplified mechanical model,
we can write the following equations:

511 512 513 Xl Alq AI
Oy Oy Opy || Xy [H]| Ay |=| Ay (1)
531 532 533 X3 A3q AS

Where 5ij was the displacement by unit force; X, X, and X, was
axial-force, shear-force and moment of point O, respectively. A,
A, and A, was axial displacement, deflection, and rotation angle
of point O, respectively. Alq, Azqand A3q was axial displacement,
deflection and rotation angle of point O under the triangular dis-
tributed load, respectively.

According to the force method in structural mechanics, equa-
tions 2 and 3 can be obtained as follows:

Oy 6, 65 EA LI, 12
0,, 0, O,|=| 0 S0 40 o 2)
3EI GA 2EI
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Fig. 2: The different stress states of the bolt under double shear tests. (a) Elastic phase; (b) Plastic phase
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Where /) was the stress length of the bolt. £ was young modu-
lus of the bolt. G was shear modulus of the bolt. / was the cross
sectional moment of inertia of the bolt. A was the cross sectional
area of the bolt. k was a concentration coefficient of the shear
stress distribution.

Because the moment of point O is zero, and the deformation
compatibility conditions were described as equation 4.

A =usma
A, =u 4)
A, =al

Where u was the loading displacement along the vertical di-
rection and o was rotation angle of the bolt.
The axial-force of point O was written as equation 5.

x,=EAA 5
z

0

From equation 3, we can obtain the shear-force of point O and
linear load as equations 6, 7, and 8.

(18EIGAL? + T2kE 12\, —24EIGALA, (g
12EIkl,” + GAL'

2

o (216kE212 + 72EIGA102)A3 +108EIGAL A,

3 5 (7)
12kEIL] +GAl,

9

x, = Db ®)

From equations 6 to 8, the relationship between A, and A3 is
written as equation 9.

_13GA,
30kEI +9GAl,’

3 2 9)

From equations 6 and 9, the shear-force of point O is written
as equation 10.

72kGAE*I* +6G* A’Ell,’

= (10)
* (12EKi, +GAL' |3G AL +10KET )

AZ

Then the axial-force of end of the bolt was

N, =X, cosa (11
Similarly, in the plastic phase, as shown in Fig. 4(b) (See sec-
tion: supplementary material), according to the simplified me-
chanical model, the analytical process was the same as that of
the elastic phase.
The axial-force of point O is

EA
X, =—A,

I (12)
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The axial-force of end of the bolt is the same as equation 11.
The shear-force of point O is

_ 576kGAE’I* +24G” A’Ell,’
* (24EIk, + GAL' 11G AL +40KET )

A, (13)

3.3. BUILDING THE COMPUTATIONAL MODEL AND
PROCEDURES

3.3.1 The computational model

According to the test model in the laboratory (Fig. 1), the com-
putational model was built by using FLAC3D as shown in Fig. 5.
Due to the geometrical symmetry of the test model, the compu-
tational model was simplified a half of the test model to improve
the computational efficiency. There were three radcylinder models
to simulate the three blocks in the test model, and the size of each
radcylinder model was 300 mm long, 300 mm wide, and 200 mm
high. The diameter of the bolt was 16 mm and a cshell model was
4 mm thickness to simulate the grout. There were three interfaces
being embedded by rock to rock, rock to grout and grout to bolt to
simulate the real interfaces.
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Fig. 5: The computational model and its meshes

3.3.2. Computational parameters and procedure
requirements

The two lateral sides of the model were fixed fully in y- and
x-axis directions respectively. The upper and the lower sides of the
middle block were free while the other blocks were fixed at the
two sides in z-axis direction.

Supposing the three blocks, the grout and the interfaces were
followed Mohr-Coulomb's yield criterion. However, the bolt was
regarded as a linear elastic body. The mechanical parameters of
the model were listed in Tables 1 and 2.

Rock 15.6 12.7 1 43
Grout 6.9 5.6 12 30
Bolt 77 43

Table 1 The mechanical parameters of the model

During the computation, the middle rock was continuously
applied the evenly distributed load. The bending displacements
of the bolt were monitored at positions distanced from the joint
plane were -70 mm, -30 mm, 30 mm, and 70 mm. The test did
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Rock-rock 2000 2000 0.1 20
Rock-grout 10000 10000 1.0 30
Grout-bolt 70000 70000 10 32

Table 2 The mechanical parameters of the interfaces

not stop until the bending displacements of the bolt without in-
creasing.

4. RESULTS AND DISCUSSION

4.1. PERFERMANCES OF THE BOLT BASED ON THE TEST

As shown in Table 3, the tops of the bolt at position 1 and 2
being set + 30 mm on distance from the shear plane displayed
pressure stress. While the tops of the bolt at position 3 and 4
being set + 70 mm on distance from the shear plane displayed
tensile stress. In contrast, the stresses of the opposite side of these
positions of the bolt showed the opposite stress state, but the
deflection of the same position displayed nearly the same value.

1- Bottom 4.27 2.601 (+) -70
1-Top 4.27 2.56 4 (-) -70
2- Bottom 4.29 5.965 (+) -30
2-Top 4.29 5.843 (-) -30
3- Bottom 13.27 5.620 (-) +30
3-Top 13.27 5.790 (+) +30
4- Bottom 23.05 4.651 (-) +70
4-Top 23.05 4.819 (+) +70

Table 3 The measured strain and deflection of the bolt ¢

It can be seen from Fig. 6(a), at the elastic phase with initial
loading, the shear-force increased dramatically while the shear
displacement increased slowly. As the loading reached the elastic
limit, the shear-force declined slightly before plastic stage. With

Mechanical behavior of fully-grouted bolt in jointed rocks subjected to double shear tests
Shuren Wang, Huaiguang Xiao, Paul Hagan, and Zhengsheng Zou

the continuous loading, the deformation of the bolt was in the
plastic stage, the shear-force increased slowly while the shear dis-
placement increased largely. At last, the curve of shear-force and
shear displacement displayed a dramatic decrease, as the rock was
split suddenly with no stress force and this stage showed a sharp
drop stage. In general, the shear-force of the fully-grouted bolt
increased with the shear displacement increasing and the rela-
tionship curve of shear-force and shear displacement can be sim-
plified into into five stages: steep increase, slight increase, slow
increase, slow increase and sharp decline stages.

As seen from Fig. 6(b), when the middle block was applied the
load by slowly lifting straight up, the bolt was restricted by both
ends of the fixed steel plates and the axial-force of the bolt ap-
peared. At first, with the shear displacement increasing, the axial
force increased evenly. Then the axial force kept steadily with the
shear displacement increasing. At last, the block was split, and
the axial-force disappeared suddenly, so the curve of the axial
force and shear displacement declined dramatically. Overall, the
axial force of the fully-grouted bolt increased with the shear dis-
placement increasing and this relationship curve of axial force and
shear displacement can be simplified into three stages: stable in-
crease, steady and sharp decline stages.

From the relationship curve of the shear force and the axial
force (Fig. 7) (See section: supplementary material), without con-
sidering the initial loading fluctuation, we found that the shear
force increased linearly with the axial force increasing. As shown
in Fig. 8 (See section: supplementary material), it can be given a
relationship curve between the bending displacement of the bolt
and the positions distanced from the shear plane base the moni-
tored data by LVDT. This curve described the upside of the bolt in
left bock was in the compression zone and that in the middle block
was in the tension zone.

4.2. ANALYTICAL SOLUTIONS FOR BEHAVIORS OF THE
BOLT

According the test data (F=200 GPa, G=76.9 GPa, /0=0.30 m, |
=3.21x10° m* A =2x10*m?, k =10/9), putting these parameters
into formulas 10, 11, and 13, and then we can obtain the rela-
tionship of axial force, shear force and shear displacement in the
elastic and plastic phases, respectively.

As shown in Fig. 9(a) (See section: supplementary material),
it presented a similar trend between the analytical and test re-
sults. The axial force versus shear displacement curve displayed
a straight line, because the variation of axial force is the same

200 - 80 -
160 -
60 -
g 1 Steep increase stage | g Stable increase stage
S 1.20- | e
2 . A 9
R Slight decline stage | _s 40
& 804 | Stow decline stage E
3 E
@ | 0
104 Slow increase stage | )
| Sharp decline sﬂlge
|
0 T T T T T T . 1 0 T T T v T v T T T - T T ]
0 10 20 30 40 50 60 0 0 10 20 30 40 50 60 0
Shear displacement (mm) Shear displacement (mm)
(a) (b)

Fig. 6: The curves of shear force and axial force versus shear displacement under double shear tests. (a) The curve of shear force and shear displacement; (b) The

curve of axial force and shear displacement
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but also plays a role in shear. According to the
rock strength, confining pressure and the param-

Shear plane

—

Compression stress

Fig. 11: The mechanical states of the bolt in the shear tests

in both the elastic and the plastic phases. In the cantilever beam
model, it does not show the split phenomenon of the rock, so the
analytical results do not appear the sharp decline trend. As shown
in Fig. 9(b) (See section: supplementary material), the slope of the
shear force is large in the elastic phase while that is small in the
plastic phase in the analytical results, so the analytical curve pre-
sented the polyline segments. Similarly, the analytical results do
not appear the sharp decline trend due to the non-split of rock in
the analytical model.

4.3. NUMERICAL ANALYSIS OF PERFERMANCES OF THE
BOLT

It can be seen from the displacement vectors field of the model
(Fig. 10, see section: supplementary material), the middle rock dis-
played the vertical upward movement and the bolt showed both
the vertical displacement and the axial displacement, which indi-
cated that the bolt was subjected to shear stress and axial stress.
As shown in Fig. 11, the upper part of the bolt on the left side
nearby the shear plane displayed the compression stress, but that
on the right side showed the tension stress. The lower parts of the
bolt showed the opposite characteristics. The stress characteris-
tics of the bolt were consistent with that in the physical test. As
shown in Fig. 12 (See section: supplementary material), the bend-
ing displacement of the bolt in the numerical calculating was well
consistent with that in the laboratory test in Table 3.

As shown in Fig. 13 (See section: supplementary material), the
bending displacements of the bolt decreased with these param-
eters increasing, such as cohesion, friction and stiffness of rock-
rock interface. As shown in Fig. 14 (See section: supplementary
material), when S =5.0 MPa and S _=5.0 MPa, the bending dis-
placement of the bolt decreased significantly with the confining
pressure of y-axis direction increasing. The results showed that
the resistance ability of the shear plane increased with confining
pressure increasing.

As the rock split under shear double tests due to scale effect,
the bolt would not be in the pure shear stress state completely.
However, this phenomenon can be reduced by increasing the scale
of the test model. In this paper, only the stress state of the bolt
under pure shear condition was taken into account. But in the
practical engineering, the combination of shear and tension stress
are combined. So in the next step, the combined stress states of
the bolt along the joint surface will be further studied.

Because the loading process of the test was not completely
in the static state, the force-displacement relationship displayed
obviously curved characteristic, showing the dynamic loading
characteristics. While the simplified analytical model was a static
model, so the results showed a strong linear characteristics, but
the relationship of force-displacement can have a good effect for
the engineering design and construction.

Since the geological conditions are usually more complex, the
fully-grouted bolt not only plays a role in resistance to tension,
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eters of the jointed plane, it is very important
to choose optimized angles of the fully-grouted
bolt to ensure the engineering safety.

5. CONCLUSIONS
To analyze the performances of the fully-
grouted bolt in the jointed rocks subjected to the
double shear tests, the comprehension methods
such as laboratory test, numerical simulation and theoretical
analysis were adopted. We obtained the conclusions as follows:
(1) Through the double shear tests of the bolt in the jointed
rocks, we found that the shear force predominated in the
shear test and the shear force was much greater than the
axial force. The stress of the bolt on both sides of the jointed
plane presented the opposite state, and the curve of shear
force with shear displacement increasing displayed five
stages: steep increase, slight decline, slow increase, slow
decline and sharp decline stages. Similarly, the axial force
and shear displacement curve can be simplified into three
stages: stable increase, steady and sharp decline stages.
(2) Based on the results of laboratory tests, we found that the
shear force increase linearly with the axial force increasing,
and the elasto-plastic characteristics of the fully-grouted
bolt under double shear tests were verified by the simpli-
fied analytical model. Moreover, the simulation results
show that the confining pressure on the shear force of the
bolt is the most significant factor, the strength of the joint-
ed rock is the second, and the jointed surface parameters
show the least effect.

It is not appropriate to focus too much on the axial force not
considering the role of the shear force in valuating the bolt per-
formance. The conclusions can greatly promote the sheared bolts
application in anchoring the fractured rock mass. However, with
the development of practice, the further studies are needed to
consider the complicated conditions and more influencing factors
to the shear force of the fully-grouted bolts.
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