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As the mining depth increases, the deformation of the roadway becomes more difficult to control. As a main supporting structure
for maintaining the stability of roadway, the fully anchored bolt is widely used to reinforce deep mine. At the same time, the
analysis of the stress distribution law of fully anchored bolt is the basic work to optimize anchor design. .erefore, this paper
establishes a fully anchored bolt-surrounding rock interaction model based on the law of surrounding rock deformation and
derives the analytical expressions for the axial force and shear stress of the fully anchored bolt during normal support and critical
failure. At the same time, the effects of surrounding rock properties, support resistance, and bolt length on the stress distribution
of fully anchored bolt are analyzed. .e results show that the stress distribution of fully anchored bolt is consistent with the
“neutral point” theory and the most important is the fact that the conditions of surrounding rock, the supporting resistance, and
the length of bolt affect the actual stress distribution of the fully anchored bolt. It provides a certain theoretical basis for the design
and development of anchoring and supporting technology.

1. Introduction

As one of the important branches of the field of geo-
technical engineering, anchoring support technology is
widely used in defense engineering, mining engineering,
and water conservancy engineering due to its effective
support effect, low cost, and convenient construction [1–9].
Especially in mining engineering, due to the increasing
mining depth of coal mines in China, the maximummining
depth has reached 1500m [10, 11], resulting in increasingly
complex surrounding rock conditions, and the carrying

capacity of anchors needs to be continuously strengthened.
At the same time, due to the impact of in situ stress, the
surrounding rock of the roadway will interact with the
anchor bolt, and the anchor bolt will restrain the sur-
rounding rock around the roadway in the form of active
support. However, the fully anchored bolt is subjected to
complex forces during the support process, resulting in the
development of anchoring technology theory and relatively
slow anchoring design [12–14]; anchoring support tech-
nology lacks theoretical basis. .e stress characteristics of
the fully anchored bolt and the stress distribution law at the
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anchoring interface are important contents in anchoring
support technology.

Many scholars have done a lot of research work on the
stress characteristics and stress distribution laws of fully
anchored bolt through numerical simulation, pull-out tests,
and actual field measurements [15–21]. Freeman made a
groundbreaking research work on the study of the stress
distribution laws of fully anchored bolt. Pull-out tests and
fieldmeasurements were used to study the stress distribution
of fully anchored bolt, and the neutral point theory and the
concepts of anchoring section and drawing section were
proposed, where drawing section refers to the distance from
the surrounding rock surface to the neutral point along the
length of the bolt. At the neutral point, the shear stress on the
bolt body is 0MPa, the axial force reaches the maximum
value, the shear stress direction of the pull-out section of the
bolt points to the orifice, and the shear stress direction of the
anchoring section is opposite to it [22]. .ese theoretical
concepts clearly outlined the mechanical properties of the
fully anchored bolt in deformed surrounding rock of
roadway. In order to analyze the stress of the fully anchored
bolt during the supporting process, Chen et al. mainly
analyzed the support reliability of fully anchored bolt to
surrounding rock with different properties. .e results show
that the main source of anchoring force is the bonding force
between the anchor bolt and the surrounding rock of
roadway. At the same time, increasing the anchoring
strength will increase the stability of the surrounding rock
within the anchoring range [23]. Hyett et al. obtained the
shear and axial force distribution of the anchor bolt in the
fractured rock under the condition of the linear relationship
between the relative shear displacement of the surrounding
rock and the anchor bolt [24]. Yuan et al. used FLAC3D to
establish a numerical model of nonlayered homogeneous
roof and layered weak roof roadway, analyzed the sup-
porting effect of fully anchored bolt on these 2 roadways with
different conditions, and studied the stress distribution and
displacement distribution in the anchorage area [25]. Cai
et al. proposed a theoretical analysis model for the stress
distribution of fully anchored bolt based on the existing
theoretical research, described the interaction mechanism
between the bolt and the surrounding rock, and discussed
the influence of the bolt length on its supporting effect [26].
You obtained the elastic solution of the shear force distri-
bution along the body of the fully anchored bolt based on the
displacement analysis of the Mindlin problem and also
analyzed the stress characteristics and influencing factors of
the fully anchored bolt [27]. Li and Stillborg believe that
there are two types of shear stress in different directions and
properties on the anchoring interface of the fully anchored
bolt: one is the deformation shear stress caused by the
deformation of the surrounding rock, and the other is the
pull-out shear stress caused by the deformation shear stress
[28].

On the basis of the aforementioned theoretical research,
many scholars have also tested and studied the mechanical
properties of fully anchored bolt through pull-out experi-
ments [29, 30]. Chen et al. designed a support plate that can
detect whether the fully anchored bolt is debonded. At the

same time, the pull-out experiment was performed on the
full-length anchor bolt to analyze the load transfer behavior
of it [31]. Soparat and Nanakorn used the element-free
Galerkin method (EFG) to conduct numerical simulation
analysis on the bolt pullout experiment and proposed a bolt
pull-out analysis that can be carried out without redividing
or preassuming the crack path; it is basically consistent with
the results obtained in the past actual pull-out experiments
[32]. However, the model based on the experience and data
obtained from the pull-out test and field measurement does
not essentially explain the actual action mechanism of the
fully anchored bolt.

In summary, a lot of research results have been obtained
on the stress characteristics and stress distribution law of the
fully anchored bolt, but most of the above research results
have simplified the anchoring effect of fully anchored bolt in
the analysis process and less consideration is given to the
effect of actual surrounding rock deformation on the an-
choring effect of fully anchored bolt; the conclusions ob-
tained have certain limitations..erefore, this paper is based
on the relationship between the actual surrounding rock
deformation and the support resistance and the balance of
the stress on the bolt, and the analytical expressions of the
axial force and shear stress of the fully anchored bolt during
the normal support process and critical failure are obtained;
also, the distribution law of axial force and shear stress of the
fully anchored bolt are obtained. At the same time, the effects
of surrounding rock conditions, bolt length, and support
resistance on the stress distribution of the fully anchored
bolt are also discussed; a certain theoretical basis for an-
choring technology and design is provided. In order to
facilitate subsequent analysis, this paper first makes the
following assumptions [33]:

(1) .e length of the roadway is unlimited, the cross
section of roadway is circular, and the deformation is
a plane deformation problem.

(2) .e surrounding rock is isotropic and belongs to a
homogeneous and continuous body. .e sur-
rounding rock not affected by excavation is in a state
of hydrostatic pressure.

(3) .e anchor bolt is a linear elastic body and is
arranged along the radial direction of the roadway.

2. Analysis of Surrounding Rock Deformation
Law and Its Relationship with
Support Resistance

Various supporting structures are installed in the roadway to
maintain the long-term stability of the roadway; these
supporting structures restrain the deformation of the
roadway by providing a certain amount of supporting re-
sistance. .erefore, in order to study the control effect of
support resistance on the surrounding rock deformation of
the roadway, Lu and Jiang proposed that there is a huge
difference in the effectiveness of the support resistance to
control the deformation of the surrounding rock in the
roadway of different lithology by studying the measured data
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of Huainan, Pingdingshan, and other mining areas in China
[34, 35]. .e relationship between the deformation of sur-
rounding rock surface and the support resistance is as
follows:

U0 � ap
− b

, (1)

where U0 is the deformation of surrounding rock on
roadway surface (mm), p is the support resistance (MPa),
and parameters a and b depend on the types of the sur-
rounding rock, as shown in Table 1.

However, when the fully anchored bolts support the
roadway, the bolt body must be inserted into the sur-
rounding rock to achieve the purpose of support; in order to
analyze the stress characteristics of the fully anchored bolt,
we must understand the relationship between the deep
deformation of rock mass and the deformation of sur-
rounding rock on roadway surface during the support of the
fully anchored bolt. Scholars have achieved many important
research results on this issue. Among them, Lu et al. pro-
posed the important indicator of deep surface ratio, which
represents the ratio of the deep displacement of rock mass to
the deformation of surrounding rock surface [36] (Figure 1),
as follows:

ηr �
Ur

U0
, (2)

whereUr is the displacement of deep rock mass (mm) and ηr
is the deep surface ratio; it takes the maximum value on the
surrounding rock surface of the roadway and attenuates
according to the negative exponential curve from the
roadway surface to the depth of the surrounding rock. .e
curve equation is as follows:

ηr � e− c r− a0( ), (3)

where a0 is the radius of roadway (m), r is the distance from
center of roadway to a certain point in the surrounding rock
(mm), and c is the stability coefficient of the rock mass.

By substituting equations (1) and (3) into equation (2),
the deep displacement Ur of rock mass is expressed as

Ur � ap
− b

· e
− c r− a0( ). (4)

Now suppose that the difference F(r) between the dis-
placement Ur of the rock mass without the support of the
fully anchored bolt and the actual displacement Ua(r) of the
rock mass with the support of the fully anchored bolt is as
follows:

F(r) � Ur − Ua(r). (5)

Assume that there is no relative displacement between the
bolt body and the surrounding rock as follows:

Ub � Ua(r), (6)

where Ub is the displacement of the fully anchored bolts
(mm).

By substituting equation (6) into equation (5), the dif-
ference F(r) between the displacement of the rock mass

without the support of the fully anchored bolt and the actual
displacement of the rock mass with the support of the fully
anchored bolt is expressed as

F(r) � Ur − Ub, (7)

and F(r) is expressed as a power series as follows:

F(r) � n1 + n2r + n3r
2

+ n4r
3
, (8)

Combining equations (4), (7), and (8), the displacement
Ub of the fully anchored bolt can be expressed as follows:

Ub � ap
− b

· e
− c r− a0( ) − n1 − n2r − n3r

2
− n4r

3
. (9)

3. Analysis and Calculation of Stress
Distribution Law of Fully Anchored Bolt

3.1. Establishment of Mechanical Model of Fully Anchored
Bolt. In order to analyze the stress of the fully anchored bolt
during support process, the microunit of the fully anchored
bolt is taken as shown in Figure 2. According to the force
balance relationship of the fully anchored bolt, the rela-
tionship between the axial force and the shear force on the
surface of the bolt body can be shown as follows:

dN � Tdr, (10)

whereN is the axial force on the fully anchored bolt (kN) and
T is the shear force on the surface of the microunit of the
fully anchored bolt (kN).

According to Hooke’s law, the axial force N on the fully
anchored bolt can be obtained as follows:

N � AaEa

dUb

dr
, (11)

where Aa is the converted cross-sectional area of the anchor
bolt and Ea is the elastic modulus of the fully anchored bolt,
which can be expressed as follows:

Aa � As + Ac

Ea

Ec

, (12)

where As is the cross-sectional area of the fully anchored
bolt, Ac is the cross-sectional area of the anchoring agent,
and Ec is the elastic modulus of the anchoring agent;
combining equations (11) and (12), the axial force N on the
fully anchored bolt can be shown as follows:

N � Ea · As + Ac

Ea

Ec

 
dUb

dr
. (13)

By substituting equation (13) into equation (10), the
shear force T on the surface of the microunit of the fully
anchored bolt can be shown as follows:

T � Ea · As + Ac

Ea

Ec

 
d2Ub

dr
2 . (14)

.e relationship between the shear stress and shear force
on the fully anchored bolt can be expressed as follows:

Advances in Civil Engineering 3



τ �
T

π d
, (15)

where τ is the shear stress on the fully anchored bolt (MPa)
and d is the fully anchored bolt cross-sectional diameter (m).
.e balance between the shearing force T of the fully an-
chored bolt and the reaction force Q of the pallet can be
expressed as follows:

Q + 
a0+L

a0

Tdr � 0, (16)

where L is the length of the fully anchored bolt (m). At the
same time, combining equations (9), (13), (14), and (15), the
axial forceN and the shear stress τ on the fully anchored bolt
can be expressed, respectively, as follows:

N � Ea · As + Ac

Ea

Ec

  × −c · ap
− b

e
− c r− a0( ) − n2

− 2n3r − 3n4r
2
,

(17)

τ �
Ea · As + Ac Ea/Ec( (  × c

2
· ap

− b
e

− c r− a0( ) − 2n3 − 6n4r 

πd
.

(18)

In the normal support process of the fully anchored bolt,
due to the different deformation of the surrounding rock at
different depths, the shear direction of each part of the fully
anchored bolt is not exactly the same. Some shear forces are
in the same direction as the reaction force of the tray and

Table 1: .e coefficients a and b of surrounding rock.

Types of surrounding rock a b
Soft rock 9.20 1.190
Medium hard rock 2.14 1.160
Hard rock 0.53 1.020

a0
r

Ur

U0
x

y

Figure 1: .e relationship between the deformation of surrounding rock on roadway surface and the displacement of deep rock mass.

Surrounding rock

Bolt

Grout

N + dN N

T

T

Figure 2: .e microunit of the fully anchored bolt.
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point to the direction of the orifice and the sum balanced
with the shear force directed to the end of the anchoring
section; there is a neutral point on the bolt, that is, the fully
anchored bolt with neutral point, as shown in Figure 3(a). At
the neutral point, the shear stress is 0MPa and the axial force
reaches the maximum value.

As the deformation of surrounding rock increases
continuously, the strength of support cannot effectively
suppress the deformation of the roadway, and the bolt and
the surrounding rock will slide relative to each other. When
the support fails critically, the direction of the shear force on
the bolt will point to its end and be balanced with the re-
action force Q of the pallet; the shear stress at the orifice and
the bolt end is 0MPa, that is, the fully anchored bolt without
neutral point, as shown in Figure 3(b).

.erefore, firstly analyzing the stress condition of the
anchored bolt in Figure 3(a), the boundary conditions can be
expressed as follows:

r � a0 + rn, τ � 0,

r � a0 + L, τ � 0,

r � a0 + L, N � 0,

⎧⎪⎪⎨

⎪⎪⎩
(19)

where rn is the radius of the neutral point, which represents
the distance from the orifice to the neutral point.

By substituting equation (19) into equations (17) and
(18), the parameters n2, n3, and n4 can be expressed, re-
spectively, as follows:

n2 � −c · ap
− b

e
− cL

− a0 + L(  · c
2

· ap
− b

e
− crn −

c
2

· ap
− b

· a0 + rn(  e
− crn − e

− cL
 

rn − L
⎛⎝ ⎞⎠

−
c
2

· ap
− b

e
− crn − e

− cL
  · a0 + L( 

2

2 rn − L( 
,

n3 �
c
2

· ap
− b

e
− cL

2
−

c
2

· ap
− b

e
− crn − e

− cL
  · a0 + rn( 

2 rn − L( 
,

n4 �
c
2

· ap
− b

e
− crn − e

− cL
 

6 rn − L( 
,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(20)

.e analytical formula for the axial force and shear stress
of the fully anchored bolt can be obtained, as well as the
analytical formula for shear stress calculation; and equation

(15) can be substituted into equation (16) to obtain the
relationship between the pallet reaction force Q and the
neutral point radius rn. It can be expressed as follows:

Q � −Ea As + Ac

Ea

Ec

  ×

a · cp
− b 1 − e

− cL
− cLe

− crn  +
a0c

2
· ap

− b
a0 + rn(  e

− crn − e
− cL

 

rn − L

−
ap

− b
· c

2
e

− crn − e
− cL

  L
2

+ 2a0L 

2 rn − L( 

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (21)

For the stress condition of the fully anchored bolt in
Figure 3(b), the boundary conditions can be expressed as
follows:

r � a0, τ � 0,

r � a0 + L, τ � 0,

r � a0 + L, N � 0.

⎧⎪⎪⎨

⎪⎪⎩
(22)
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Similarly, by substituting equation (22) into equations
(17) and (18), the parameters n2, n3, and n4 can be obtained,
which can be expressed as follows:

n2 � −c · ap
− b

e
− cL

− a0 + L(  · c
2

· ap
− b

−
a0c

2
· ap

− b
e

− cL
− 1 

L
⎛⎝ ⎞⎠

− a0 + L( 
2c

2
· ap

− b
e

− cL
− 1 

2L
,

n3 �
c
2

· ap
− b

2
−

a0c
2

· ap
− b

e
− cL

− 1 

2L
,

n4 �
c
2

· ap
− b

e
− cL

− 1 

6L
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(23)

By substituting equation (23) into equations (17) and
(18), analytical formulas for calculating the axial force and
shear stress of the fully anchored bolt under the second stress
condition can be obtained. From the above analysis, it can be
seen that the surrounding rock conditions, anchoring pa-
rameters, and support resistance affect the stress distribution
law of the fully anchored bolt. .erefore, this paper will
analyze the stress distribution of the fully anchored bolt
under two different working conditions of it.

3.2. Analysis of the Stress Distribution Law of the Fully An-
chored Bolt during Normal Support Process. It can be seen
from equations (17) and (18) that the anchoring parameters,
support resistance, and surrounding rock conditions affect
the stress distribution of the fully anchored bolt. In this
paper, the effects of surrounding rock conditions, support

resistance, and the length of bolt on the stress distribution
law of the fully anchored bolt are now analyzed, respectively.

3.2.1. Influence of the Surrounding Rock Conditions on the
Stress Distribution Law of the Fully Anchored Bolt during
Normal Support Process. In order to analyze the stress
distribution law of the fully anchored bolt under different
surrounding rock conditions, we assume that the radius of
the roadway is 3.0m, the cross-sectional area of the an-
choring agent is 6.158×10−4m2, and its elastic modulus is
17GPa; for analysis of the influence of the different sur-
rounding rock conditions on the stress distribution law, the
value of the support resistance is set as 0.2MPa, the length of
the bolt is 2.2m, and its cross-sectional area and elastic
modulus are 4.155×10−4m2 and 200GPa, respectively.
However, the stability coefficient c of surrounding rock is

Q

T T

(a)

Q

T T

(b)

Figure 3: Stress condition of fully anchored bolt. (a) .e fully anchored bolt with neutral point. (b) .e fully anchored bolt without neutral
point.

Table 2: .e stability coefficient c of surrounding rock.

Types of surrounding
rock

Soft
rock

Medium hard
rock

Hard
rock

C 0.65 0.95 1.35
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not consistent under different surrounding rock conditions.
Yang et al. [35] assigned this parameter, as shown in Table 2.

.erefore, we substitute the values of the above pa-
rameters into equation (21) to obtain the relationship curve
between the neutral point radius rn on the fully anchored
bolt and the pallet reaction force Q under different sur-
rounding rock conditions, as shown in Figure 4.

From Figure 4, we can understand that as the reaction
force of the pallet increases, the radius of the neutral point
will decrease and the neutral point will move toward the

orifice under the same surrounding rock conditions. .e
harder the surrounding rock is, the greater the neutral point
movement range will be, and the overall pallet reaction force
becomes smaller. .e main reason is that the softer the
surrounding rock is, the serious its deformation will be, the
greater the force of the fully anchored bolt will be, and the
greater the reaction force of the pallet will be. At the same
time, due to the different types of the surrounding rock, the
actual change range of the pallet reaction force is also dif-
ferent, which makes it impossible for us to analyze the

Pa
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kN
)

Soft rock
Medium hard rock
Hard rock

1.0 1.5 2.0 2.20.5
Neutral point radius (m)

0
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300
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Figure 4: .e relationship curve between the neutral point radius rn and the pallet reaction force Q under different surrounding rock
conditions.
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(b)

Figure 5: .e curves of stress distribution of the fully anchored bolt under different surrounding rock conditions. (a) .e curve of shear
stress. (b) .e curve of axial force.

Advances in Civil Engineering 7



influence of the lithology on the stress distribution of the
fully anchored bolt.

In order to analyze the stress distribution law of the fully
anchored bolt during normal support under different sur-
rounding rock conditions, we now assume that the radius of
the neutral point under different surrounding rock condi-
tions is 0.4m and then obtain the stress distribution curve of
the bolt under different surrounding rock conditions, as
shown in Figure 5, respectively.

From Figure 5, it can be seen that, nomatter what kind of
rock mass, the stress distribution law of the fully anchored

bolt is consistent with the neutral point theory in normal
support process. At the neutral point, the shear stress on the
bolt is 0MPa, and the axial force has the maximum value.
.e most important is that the lithology of the surrounding
rock affects the stress distribution law of the fully anchored
bolt; as the surrounding rock becomes softer, the axial force
and shear stress on the anchor bolt increase. .e main
reason for this is that the harder the surrounding rock is, the
smaller the deformation of the surrounding rock will be and
the less chance that the anchored bolt will participate in
suppressing the deformation of the surrounding rock.
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Figure 6: .e relationship curve between the neutral point radius rn and the pallet reaction force Q under different support resistances.
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Figure 7: .e curves of stress distribution of the fully anchored bolt under the conditions of different support resistances. (a) .e curve of
shear stress. (b) .e curve of axial force.
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.erefore, when selecting anchored bolts to support the
roadway, the lithology and other relevant factors of the
surrounding rock should be considered.

3.2.2. Influence of the Support Resistance on the Stress Dis-
tribution Law of the Fully Anchored Bolt during Normal
Support Process. In order to explore the influence of the
support resistance on the stress distribution law of the fully
anchored bolt during normal support, except for the sur-
rounding rock conditions and the support resistance, other
relevant parameters should be consistent with the above
example to obtain the relationship curve between the pallet
reaction force Q and the neutral point radius rn, as shown in
Figure 6. .erefore, we assume that the condition of sur-
rounding rock is hard rock and set the support resistance as
0.2MPa, 0.25MPa, 0.3MPa, 0.35MPa, 0.4MPa, and
0.45MPa, respectively.

From Figure 6, it is clear that the movement range of the
neutral point is the part with a distance of 1.7m from the
orifice under the condition of different support resistance. It
indicates that the increase or decrease of the overall support
resistance does not affect the movement range of the neutral
point during the normal support process of the bolt, but as
the reaction force of the pallet increases, the radius of the
neutral point continues to decrease, and the neutral point
gradually moves toward the orifice. When the neutral point
is at the orifice position, the maximum reaction force of the
pallet appears. However, with the increase of the overall
support resistance, the variation range of the pallet reaction
force has been continuously reduced. .erefore, we set the
pallet reaction force as 48 kN to explore the influence of the
change of support resistance on the stress distribution of the
fully anchored bolt, as shown in Figure 7.

.e curves of stress distribution of the fully anchored
bolt under different support resistance are plotted in Fig-
ure 7. It is clear that the support resistance has a certain
influence on the stress distribution of the fully anchored bolt.
When the support resistance is 0.45MPa, the maximum
axial force and shear stress on the bolt are 31.6 kN and
0.31MPa, respectively. When the support resistance is
0.20MPa, the maximum axial force and shear stress on the
bolt are 7.8 kN and 0.1MPa, respectively. .e results show
that as the support resistance increases from 0.20MPa to
0.45MPa, the axial force and shear stress on the fully an-
chored bolt increase as a whole, the axial force and shear
stress are unevenly distributed, and the neutral point
gradually moves toward the orifice. .e most important is
the fact that the shear stress on the fully anchored bolt is
unevenly distributed along the bolt body. At the position of
the orifice, the shear stress is greater, and its direction points
to the orifice. At the position of the neutral point, the shear
stress decreases to 0MPa, and then as it keeps away from the
neutral point, the shear stress quickly increases to the
maximum value and its direction points to the end of the
bolt. After reaching the peak value, the shear stress decreases
at a faster rate until it reaches the end of bolt. As the overall
support resistance increases, the neutral point moves for-
ward along the anchor bolt, and the shear stress distribution

becomes gradually smoother. At the same time, the shear
stress decreases at the orifice location, but the peak value of
the shear stress becomes larger.

From Figure 7(b), it can be seen that the axial force is
larger at the orifice, but as the distance from the orifice
continues to increase, the axial force gradually increases to
the peak value and then decreases rapidly. .e increase rate
of it is obviously smaller than its decrease rate, and its
maximum value appears at the neutral point. As the support
resistance continues to increase, the more uneven the axial
force distribution is, the more the neutral point moves to-
ward the orifice, and the axial force on the bolt also increases
significantly. .e above analysis shows that, during normal
support of the fully anchored bolt, support resistance is an
important factor affecting its stress distribution. As we all
know, the spacing between the fully anchored bolts is an
important factor that affects the resistance of the support of
roadway. .erefore, the anchored bolts should be laid out
reasonably in conjunction with other important factors such
as deformation of surrounding rock in actual support.

3.2.3. Influence of the Length of Bolt on the Stress Distribution
Law of the Fully Anchored Bolt during Normal Support
Process. For the purpose of researching the influence of the
bolt length on the stress distribution law of the fully an-
chored bolt during normal support, except for the sur-
rounding rock conditions and the length of bolt, other
relevant parameters should be consistent with the above
example to obtain the relationship curve between the pallet
reaction force Q and the neutral point radius rn under the
conditions of the different length of the fully anchored bolt,
as shown in Figure 8. .erefore, we assume that the con-
dition of surrounding rock is medium hard rock and set the
length of bolt as 2.0m, 2.05m, 2.1m, 2.15m, 2.2m, and
2.25m, respectively.

Figure 8 illustrates that the neutral point movement
range becomes larger as the length of the fully anchored bolt
increases, and the value of pallet reaction force decreases
overall..e value of pallet reaction force is now set as 215 kN
to obtain the stress distribution curve of the fully anchored
bolt under the conditions of different length of bolt, as
shown in Figure 9.

From Figure 9, it can be seen that, no matter how long
the bolt is, the stress distribution of the bolt is consistent with
the neutral point theory during the normal support of the
fully anchored bolt. More importantly, the neutral point is
always located at 1/4 of the length of the bolt to the range of
the orifice, the neutral point moves toward the orifice, and
the stress on bolt continues to increase as the length of the
bolt increases. However, the increments of axial force and
shear stress decrease with the increase of the length of the
bolt. .erefore, simply increasing the length of the bolt
cannot significantly improve the anchoring effect of the bolt
during normal support process.

3.3. Analysis of the Stress Distribution Law of the Fully An-
chored Bolt during Failed Support Process. In the above
analysis, it has been explained that the fully anchored bolt
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has two states of stress in the support process. .erefore, the
stress distribution law of the fully anchored bolt during
failed support process will be analyzed.

3.3.1. Influence of the Surrounding Rock Conditions on the
Stress Distribution Law of the Fully Anchored Bolt during
Failed Support Process. .e radius of roadway and an-
choring parameters are consistent with the parameters of the
fully anchored bolt during normal support process under

different surrounding rock conditions, so as to obtain the
stress distribution curve of the fully anchored bolt when it
supports critical failure under different surrounding rock
conditions, as shown in Figure 10.

Figure 10 illustrates that, no matter what kind of rock
mass the fully anchored bolt supports, when the bolt cannot
effectively suppress the deformation of the surrounding rock
of roadway, the shear stress is unevenly distributed, and the
value of shear stress is 0MPa at the position of orifice. .e
shear stress rises to the peak and then quickly decays to
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0MPa along the direction of the bolt length. When the fully
anchored bolt supports the soft rock, the shear stress in-
crease rate is obviously the largest, and the shear stress
reaches a peak value of 0.74MPa at the position of 1.0m
from the orifice. When the fully anchored bolt supports the
medium hard rock, the shear stress reaches a peak value of
0.57MPa at the position of 0.9m from the orifice; when the

fully anchored bolt supports the hard rock, the shear stress is
significantly smaller, and the shear stress reaches a peak
value of 0.33MPa at a distance of 0.8m from the orifice.
.ese data indicate that when the fully anchored bolt
supports critical failure, the shear stress on the bolt increases
when the rock mass becomes soft. .e most obvious is the
fact that the maximum shear stress on the fully anchored
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bolt increases by about 1.24 times when the surrounding
hard rock becomes soft rock, and the peak of shear stress also
moves toward the orifice. For the distribution of the axial
force of the fully anchored bolt, it can be seen from Figure 10
that when the bolt supports the soft rock, the axial force at
the orifice reaches a maximum value of 78.0 kN and then
rapidly decreases in the direction of the end of the bolt until
it decays to 0 kN. When the bolt supports the medium hard
rock and the hard rock, respectively, the axial force distri-
bution is similar to the axial force distribution when the bolt
supports the soft rock, and the peak values of their axial
forces are 60.0 kN and 34.7 kN, respectively. .e force decay
rate is obviously smaller than the axial force decay rate when
the bolt supports soft rock.

.e above analysis shows that, in the critical failure of
bolt support, serious rock deformation will cause the stress
distribution of the fully anchored bolt to be more
concentrated.

3.3.2. Influence of the Support Resistance on the Stress Dis-
tribution Law of the Fully Anchored Bolt during Failed
Support Process. In order to explore the influence of the
support resistance on the stress distribution law of the fully
anchored bolt during failed support process, except for the
support resistance, other relevant parameters should be con-
sistent with the above example to obtain the stress distribution
curve of the fully anchored bolt when it supports critical failure
under different support resistances. .erefore, we set the
support resistance as 0.2MPa, 0.3MPa, 0.4MPa, 0.5MPa,
0.6MPa, and 0.7MPa, respectively, as shown in Figure 11.

From Figure 11, it can be seen that when the fully an-
chored bolt critically supports failure, the support resistance

has a certain effect on the stress distribution of the fully
anchored bolt. When the support resistance increases from
0.2MPa to 0.7MPa, the shear stress and axial force on the
bolt are reduced. Moreover, the shear stress is 0MPa at the
position of the orifice and the end of the bolt, while the shear
stress reaches the maximum value at the middle of the bolt,
and the axial force reaches the maximum value at the po-
sition of the orifice, which is to decay until the end of the bolt
decay to 0 kN along the direction of the length of the bolt.

.e most important is the fact that although the increase
of the support resistance can reduce the stress of the bolt
when the fully anchored bolt critically supports failure, as the
support resistance increases, the total amount of stress re-
duction decreases continuously. .is means that it is not
feasible to blindly increase the support resistance to control
the stability of the roadway during failed support process.
.erefore, relevant supporting measures should be taken to
comprehensively reinforce the surrounding rock of the
roadway under the condition of considering the deformation
of the surrounding rock and other factors.

3.3.3. Influence of the Length of Bolt on the Stress Distribution
Law of Fully Anchored Bolt during Failed Support Process.
.e radius of roadway and some relevant parameters are
consistent with the parameters of the fully anchored bolt
during normal support process under the condition of
different length of bolt except for the length of bolt, so as to
obtain the stress distribution curve of the fully anchored bolt
when it supports critical failure under the conditions of the
different length of bolt, as shown in Figure 12.

It is illustrated that the axial force and shear stress are
unevenly distributed on the fully anchored bolt during failed
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Figure 12: .e curves of stress distribution of the fully anchored bolt under the condition of different length of bolt. (a) .e curve of shear
stress. (b) .e curve of axial force.
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support process. As the length of the bolt increases, the axial
force and shear stress at each position on the bolt increase,
but the increments of shear stress decrease. It is shown that
when the fully anchored bolt cannot suppress the defor-
mation of the surrounding rock, increasing the length of the
fully anchored bolt can improve the anchoring effect of the
fully anchored bolt. However, increasing the length of the
bolt cannot significantly improve the anchoring effect when
the length of the fully anchored bolt exceeds a certain range.

4. Conclusions

Based on the deformation law of surrounding rock, the
interactive model of the fully anchored bolt and the sur-
rounding rock is established, and the analytical expressions
of the axial force and shear stress of the fully anchored bolt
during normal support process and failed support process
are derived. .e main conclusions can be summarized as
follows:

(1) .e stress distribution of the fully anchored bolt is
consistent with the neutral point theory during the
normal support process. .e main factors affecting
the stress distribution of the fully anchored bolt are
the types of the surrounding rock, the anchoring
parameters, and the support resistance, respectively.

(2) .e influence of the surrounding rock properties on
the stress distribution of the fully anchored bolt in
the normal support process is mainly manifested as
follows: the softer the surrounding rock is, the axial
force and the shear stress at each position on the fully
anchored bolt will increase accordingly. .e main
reason for this is the fact that the softer the sur-
rounding rock is, the greater the deformation of the
surrounding rock will be, and the deformation of the
fully anchored bolt will increase, resulting in more
opportunities for the fully anchored bolt to partic-
ipate in suppressing the deformation of the sur-
rounding rock of the roadway. .erefore, the
important factor of surrounding rock properties
should be considered when selecting the fully an-
chored bolt to support the roadway.

(3) .e main influence of the support resistance on the
stress distribution of the fully anchored bolt in the
normal support process is mainly manifested in the
increase of the support resistance, which will in-
crease the axial force and shear stress of the fully
anchored bolt and make the neutral point move
toward the orifice on the bolt. .erefore, the support
resistance is one of the main factors affecting the
stress distribution of the fully anchored bolt; in-
creasing the support resistance by changing the row
spacing can improve the anchoring effect of the fully
anchored bolt. However, when the fully anchored
bolt support critically fails, although increasing the
support resistance can reduce the stress distribution
of the fully anchored bolt, the total reduction of
stress decreases continuously. .erefore, when the
existing supports cannot effectively control the

deformation of the surrounding rock, the roadway
cannot be reinforced only by increasing the support
resistance and should be controlled in combination
with other effective measures.

(4) .e length of the bolt has a certain influence on the
stress distribution of the fully anchored bolt. In the
process of fully anchored bolt support, due to the
timeliness of the interaction between the fully an-
chored bolt and the surrounding rock, increasing the
length of the bolt can improve the support perfor-
mance of the fully anchored bolt when it is within a
reasonable range. However, increasing the length of
the bolt beyond a certain range does not significantly
improve the anchoring effect of the fully anchored
bolt.
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