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Abstract. The bolt anchorage performance with shear force has been analysed by analytical method in this 

paper. By coding in Matlab, the loop and the judgment statement can be used to control the displacement 

angle. The force-displacement curve of the analysis model from the beginning of loading to the failure of 

the bolt under a certain displacement loading angle is obtained. In the test and field, the values of 

displacement and force before failure and the load-displacement curves before the peak value can be 

obtained by using the program with the parameters. The bolt deformation in different strength surrounding 

rock mass and the anchoring influence of the rock bolt with different diameters have been studied. The 

resultant displacement increases linearly with the increase of the bolt, and the resultant force increases 

exponentially with the increase of the bolt. 

1 Introduction  

The bolt is not only an important element to transfer the 

induced tensile stress of rock mass, but also an additional 

resistance to shear failure. In recent years, more and 

more attention has been paid to the anchorage 

performance of bolts with the influence of tensile and 

shear loads. 

Ren [1] studied an analytical method to evaluate the 

performance of the grouting bolt in the whole process. 

The analytical solution consists of five stages from 

elastic to plastic stages. The analytical model proposed 

by Ma [2] not only considers the decoupling mechanism 

of bolt materials, but also the elasticity and post-yielding 

behaviour of bolt materials. He [3] studied the analytical 

model of bolts with the influence of rock joint aperture 

increments, which can obtain the elongation of bolts 

under different tensions. These models depict the 

mechanism behaviour of the interface between rock and 

bolt. In addition, it reveals the deformation change of the 

grouted bolt with tensile stress. The deformation 

characteristics of the bolt under tensile and shear stress 

have been modified as well. 

When the bolt installed in rock is influenced by the 

shear deformation, the rock bolt will bend and the rock 

or grout will react accordingly. The compression load 

distribution applied by the rock or grout depends on the 

rock or grout. Couples of simplified distribution forms 

are proposed [4-6]. Liu [7] investigated an analytical 

method of the stress distribution along with the bolt 

through the sliding surface by combining the beam 

model on elastic foundation and the bolt pull-out model. 

It analysed the load and deformation behaviour of the 

deflection section and developed a mechanical model. 

 Figure 1 displays the bolt support effect of rock in 

rock slopes [8-11]. Bolt can resist shear failure in weak 

plane and the sliding in rock mass. The deformation 

direction of the rock mass is not completely consistent 

with the bolt, which results in the normal and tangential 

forces in the bolt body. 

 

 
Fig. 1. Illustration of bolt support in rock slope. 

 

In practical condition, especially in the deep rock 

mass, joints are often open and the cracks may appear 

between composite strata supported by bolts. Most of the 

models mentioned above are concentrated on closed 

joints, and the effect of sliding friction resistance cannot 

be ignored in shear strength. Therefore, there is 

considerable space to establish a unified analytical 

model of reinforced bolts with tension and shear. In this 

paper, an analytical method of anchoring rock mass 

under tensile and shear forces is proposed and performed 
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in Matlab program. Therefore, the ultimate force - 

ultimate displacement curves obtained from the 

analytical and tests have been verified. The parameters 

of rock and bolt are also discussed. 

Fig. 2. Illustration of elastic stress of rock bolt with

surrounding rock mass.

As shown in Figure 2, point O is the point of anchor 

in the node, point A is the neutral point, and Q (x) is the 

force acting on the side of bolt with surrounding rock. 

According to the research of Pellet and Egger [4], the 

force acting on the rock mass in contact with the bolt is 

directly proportional to the deformation deflection of the 

bolt. According to Newton's third theorem, the lateral 

force of bolt and the force acting on the contact surface 

of surrounding rock are equal to the larger reverse 

interaction force. Therefore, the deformation of the bolt 

conforms to the Winkler foundation beam formula. 

According to lots of pull-out tests and the changing 

law of the shear stress between the bolt and the grout 

from the outside to the inside, the full-length bonded bolt 

performance can be divided into four stages: complete 

decoupling, partial decoupling, partial decoupling, and 

residual resistance. The shear strength increases linearly 

to the peak strength without decoupling. This paper 

discusses the shear deformation of the bolt caused by the 

mutual displacement of the rock mass on both sides of 

the joint. In fact, these two movements are mutually 

perpendicular. On the one hand, it can be seen that the 

two movements are independent of each other. On the 

other hand, the change of the axial shear model caused 

by the compression and separation of the bolt and the 

grout should also be considered. 

2 Analytical method of the bolt with 
shear force

According to the theory, the bolt failure may occur at the 

maximum bending moment point (A) or the maximum 

resultant force point (O). In the test and field, the bolt 

failure generally occurs at the point O. Based on the 

Tresca yield criterion, the relationship is shown in 

Equation 1. The tension force (Np) and shear force (Qp) 

can be coupled in an elliptic curve. 

 

  (N�)� + (2Q�)� = (Aσ�)�             (1) 

As shown in Figure 3, the bolt performance with the 

pull force and shear force can be analysed. The angle 

between the axial direction of the bolt and the bolt 

tangent at point O is defined as θ. At point O, F0f is the 

final force and Dof is the final deformation. In addition, 

Equations (2-4) indicate the directions of pull force and 

shear force, where Li is the elongation caused by bending, 

Lt is the elongation caused by joint, Lr is the elongation 

caused by bolt rotation, δL is the ultimate elongation of 

the bolt, y(0) is the deflection at point O. 

   

D� = �� cos 	 (2)

D
 = �(0) + �� sin 	     (3)

� = �� + �� + �� (4)

  

Through compiling M file technique in Matlab, the 

previous formula can be written into it. We may get the 

pull force and displacement by given the shear force Q0. 

If continually increasing the shear force Q0 until tension 

and shear forces satisfy Equations (5-6).  

 

F��� = ���� + ��� (5)

D��� = ����� + ��
� (6)

 

Fig. 3. The description of bolt failure.

3 Verification of the analytical and test
results

The calculated results are planned to compare with the 

experiment results [12]. The concrete test block is a 1-m-

long block with strength of 30MPa. A number of 

boreholes with a diameter of about 40mm are distributed 

in the middle, which are connected by grouting with a 20 

mm diameter threaded steel bolt.  

According to the material characteristics, the 

parameters in the formula are set as follows: the radius 

of the anchor rod is 20 mm; the total length is 1 m; the 

elastic modulus E is 100 GPa; E1 is one tenth of E; the 

tensile strength is 650MPa; the yield strength is 600MPa; 

the length and width of concrete block are 1m; the 

compressive strength is 30MPa; the elastic modulus is 

4GPa; the Poisson's ratio is 0.25. The grouting 

parameters are the same as those of concrete block, bolt 

and grouting. The friction coefficient between slurries is 
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0.5 by considering the influence of thread. The 

calculated results under the same displacement angle are 

summarized as follows: A, B, C and D are the results 

under the displacement angles of 0 °, 20 °, 40 ° and 60 ° 

respectively. 

a. 0° loading angle

 

b. 40° loading angle

Fig. 4. Comparison between analytical and test results. 
 

According to the comparison of 0 ° and 40 ° with the 

curves obtained by the formula and experiments in 

Figure 4, it can judge whether the bolt is damaged or not. 

In addition, the curve fitting has a high degree of 

consistency, which confirms the accuracy of the formula. 

In the test and field, the values of displacement and force 

before failure and the load-displacement curves before 

the peak value can be obtained by using this small 

program. 

After fitting with a certain state of the test, the 

different parameters can be compared according to the 

parametric study. It is to predict the deformation of the 

rock bolt in different strength surrounding rock and the 

anchoring influence of the bolt with different diameters. 

Figure 5 shows the relationship between displacement (a) 

and resultant force (b) when the bolt is in failure under 

60° loading angle. Obviously, the resultant displacement 

and resultant force decrease slowly with the increase of 

rock strength and tend to a stable value. Figure 6 shows 

the sum displacement (a diagram) and resultant force (b) 

when the bolt diameter is changed under 45 ° loading 

angle. It is obvious that the resultant displacement 

increases linearly with the increase of the bolt, and the 

resultant force increases exponentially with the increase 

of the bolt. 

a. Resultant displacement under different rock strength

b. Resultant force under different rock strength

Fig. 5. Variation of resultant force and resultant displacement 

of different rock strength under 60° loading angle.

a. Combined displacement of different bolt diameter
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b. Resultant force of different bolt diameter

Fig. 6. Variation of resultant force and resultant displacement 

of different bolt diameters under 45° loading angle.

4 Conclusion

1. Based on the elastic-plastic mechanics and Winkler 

foundation beam assumption, the plastic strengthening model is 

adopted for the bolt and the ideal elastic-plastic model is used 

for rock. The force-displacement curve of the analysis model 

from the beginning of loading to the failure of the bolt under a 

certain displacement loading angle is obtained;

2. Once the bolt is supported in rock with different strength, 

the deformation and force of ultimate failure decrease 

gradually with the increase of strength, and have little influence 

when reaching a certain value;

3. When different bolt diameters are supported in the same 

rock mass, the displacement at final failure increases linearly 

with the bolt diameter, and the force increases exponentially 

with the bolt diameter;

4. According to the calculation model, it can be found that 

whether the bolt is in failure or about to be damaged can be 

judged in the actual project, which provides early warning for 

the support.
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