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Abstract 
Combined with the example data of Xihe shield tunnel project, taking numerical 
simulation as the main means, the mechanical model of segment lining of shield tunnel 
for oil and gas pipeline is constructed by using load structure model in structural 
calculation. Four segments with different thicknesses of 300mm, 250mm, 200mm and 
100mm are selected for numerical simulation calculation, and the deformation diagram 
and internal force diagram of shield tunnel segment lining under the same load are 
obtained. The numerical simulation results show that when the segment thickness 
changes, the deformation and internal force also increase or decrease. The safety 
conditions of 8 typical points on the lining structure are checked and calculated by limit 
state method and allowable stress method. It is found that it is unsafe to use 100mm thick 
segment lining, and the 250mm thick segment used in the actual project meets the 
requirements. 
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1. Introduction 

China has a large land area, complex terrain and long oil and gas pipeline crossing distance. In the 
process of laying, a large number of tunnels crossing rivers and mountains need to be built. As the 
main method of tunnel construction, shield method has the advantages of not blocking traffic, 
construction safety, improving project quality and protecting the environment, and the project cost 
changes little with the buried depth. 

During shield construction, the role of tunnel segment lining is not only to bear various long-term 
loads after the completion of the tunnel and ensure the safety of the structure under changing 
conditions, but also to act as the support during shield propulsion, bear the longitudinal thrust of 
shield Jack and meet the hoisting requirements in construction. Therefore, the research on the internal 
force of lining segment is very important for the safe construction of shield tunnel, and has social and 
economic significance. 

There are many methods to analyze the internal force of segment lining structure of shield tunnel. In 
the early tunnel construction, the design theory of various underground structures mainly depends on 
engineering experience. Until the 19th century, the calculation theory was gradually formed. The 
commonly used mechanical calculation models for shield tunnel segments include: idiomatic and 
modified idiomatic, fully hinged ring model, homogeneous ring model, beam spring model, beam 
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joint discontinuity model and shell spring model. Most of the above calculation models use beam 
element to simulate shell element in lining structure [1-6]. Many scholars at home and abroad have 
studied the internal force analysis of shield tunnel segments. Considering the stress release effect 
around the tunnel after excavation, Su Zongxian et al. [7] used the finite element method to analyze 
the three-dimensional internal force state of shield tunnel segment lining by using a variety of single 
elements, such as thick shell, shear spring, rotating spring, compression spring, contact and spatial 
entity. A shell spring contact calculation model under the stratum structure mode is proposed to 
effectively simulate the complex stress state of shield tunnel segment lining. Huang Han [8] used 
ANSYS software for finite element analysis, calculated the deformation and internal force 
distribution characteristics of the underground diaphragm wall of the starting shaft according to the 
structure and load mode, and analyzed and evaluated the safety of the underground diaphragm wall, 
inner lining and shield tunnel tube structure at the bottom of the river according to the damage stage 
design method. The optimal design parameters of diaphragm wall, inner lining and shield tunnel 
segment at the bottom of the river in the enclosure structure of working shaft of oil and gas pipeline 
shield tunnel are given. Huang Weiming et al. [9] based on the curved beam theory of elastic 
foundation and considering the bending, compression and shear properties of segment joints, adopted 
the state space method to obtain the analytical solutions of deformation and internal force of segment 
ring of circular shield tunnel under the action of surrounding earth pressure. The analytical results are 
verified by comparing with the results of finite element and simplified solution. Hou Gongyu et al. 
[10] combined with the example data of Beijing Metro Line 10 project, used the general ANSYS 
program to calculate and analyze the segment internal force of the customary model and improved 
model of the load structure method and the homogeneous ring model and improved model of the 
stratum structure method in detail, and concluded that it is necessary to improve the shield segment 
joint model. It can be preliminarily determined that the reasonable value of segment joint stiffness 
reduction coefficient is 1/100 ~ 1/1000. 

Taking the Xihe shield tunnel project as an example, this paper uses ANSYS to simulate and calculate 
the segments with different thickness of 300mm, 250mm, 200mm and 100mm, and obtains the 
internal force diagram and deformation diagram. According to the calculation results, the safety of 
segment section is checked by limit state method and allowable stress method. The check results 
provide suggestions for on-site design and construction. 

2. Computational Model 

2.1 Schematic Diagram of Shield Tunnel Section 

Taking the Xihe shield tunnel crossing section of Chongzhou-Dayi-Qionglai gas transmission 
pipeline project as the engineering background, this paper selects segments with thickness of 100mm, 
200mm, 250mm and 300mm for mechanical simulation. Due to the change of segment thickness, the 
outer diameter of shield tunnel also changes, as shown in Fig 1. 

 

 
(a)100mm segment thickness       (b)200mm segment thickness 
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(c)250mm segment thickness        (b)300mm segment thickness 

Fig. 1 Tunnel sections with four different segment thicknesses 

2.2 Calculation Parameters and Loads 

In this paper, C50 concrete is used for the selected segment, and the section is checked according to 
the limit state method of code for design of railway tunnel. The physical and mechanical parameters 
of C50 concrete are shown in Table 1. 

 

Table 1. Physical and mechanical parameters of C50 concrete 

Density γ 

(kN/m3) 

Poisson's 

ratio μ 

Modulus of 

elasticity 

E(Gpa) 

Standard value of axial 

tensile strength of 

concrete ckf (MPa) 

Standard value of axial 

compressive strength of 

concrete ckf  (MPa) 

25 0.2 35.5 3.1 33.5 

 

In the simulation of this paper, the load structure model will be used to calculate the internal force 
and deformation of shield tunnel segment, and the interaction between surrounding rock and segment 
structure will be simulated by radial reaction method. 

In the calculation, the influence of segment joint on its internal force and deformation is ignored, only 
the change of segment thickness is considered, and the safety of the selected segment is checked. The 
homogeneous circle method is used in the calculation process. 

This simulation adopts ansys19.2. The segment of shield tunnel is simulated by beam element 
(beam3), and the interaction between surrounding stratum and segment structure is simulated by 
spring element (combin14). 

The element stiffness matrix of the beam element in the local coordinate system can be established 
by using the matrix displacement method in structural mechanics. After a series of coordinate 
transformations, the element stiffness matrix in the overall coordinate system is as follows: 

 

    TT eK T K T                                   (1) 

 

Where: eK   :Element stiffness matrix in local coordinate system; 

       TK   : Element stiffness matrix in global coordinate system; 
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        T : Coordinate change matrix; 

        TT : Transpose matrix of matrix t. 

The solution of the spring is repeated until the first calculation of the spring is completed by the 
software, and then enter the calculation result of the spring without tension. In the calculation process, 
the stiffness K of the spring is obtained from the formula k = KL, in which, assuming the length of 
the spring element L = 1, K is the elastic resistance coefficient of the surrounding rock, and the value 
is 10MN / m2. 

The segment lining of shield tunnel is a circular symmetrical structure, and the loads applied during 
calculation are also symmetrical. In order to ensure the accuracy of calculation, vertical constraints 
shall be imposed on the top and bottom of the segment structure of shield tunnel before calculation, 
and horizontal constraints shall be imposed on the left and right sides of the structure. 

In the Xihe shield project, the buried depth of the pipeline is 20m and the density of the soil is 19kN 
/ m3. The calculation model is shown in Fig 2. 

 

 
Fig. 2 Segment calculation model 

 

The load and displacement can only be calculated by the boundary element. Therefore, the load acting 
on the segment of underground shield must be transformed into node load through the calculation of 
equivalent node load, and the calculation is based on the principle of static equivalence. 

The loads applied to underground structures in this paper are mainly uniformly distributed load and 
trapezoidal load. Under the action of uniformly distributed load P, the calculation formula of 
equivalent node load at i and j ends of beam3 element node in the overall coordinate system is: 
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Under the trapezoidal load of lateral earth pressure, assuming that the lateral pressure on each beam 
element is qi and qj respectively, the calculation formula of equivalent node load at the i and j ends 
of beam3 element in the overall coordinate system is as follows: 
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Specific to the ANSYS program, the calculation formula of the above equivalent node load needs to 
be transformed into APDL language. For the application of uniformly distributed load, the cyclic 
command flow can be used to apply vertical downward and vertical upward loads to the nodes of the 
upper and lower semicircle parts of the segment section respectively. The value of equivalent load on 
each node is half of the product of the absolute value of the difference between the abscissa of the 
two adjacent nodes of the node and the uniformly distributed load; For the application of lateral 
trapezoidal load, the same cycle command is used to apply horizontal right and horizontal left loads 
on the left and right sides of the segment section respectively. The equivalent load value on each node 
is obtained according to the calculation formula of trapezoidal load equivalent node load. Firstly, the 
corresponding lateral uniform load value Q on a single node is calculated. Then the absolute value y 
of the ordinate difference between the two adjacent nodes of the node is calculated. Half of the product 
of Q and Y is the equivalent load applied on the node. 

3. Calculation Results and Analysis 

3.1 Calculation of Segment Bearing Capacity by Limit State Method 

In this paper, according to the relevant theory of calculating the internal force of segment lining in 
shield tunnel of oil and gas pipeline in code for design of railway tunnel (tb10003-2005), the 
reliability of segment sections with different thickness is checked and calculated according to the 
limit state method, and the partial coefficients of concrete segment compression and bending and the 
geometric parameters related to the section are substituted into the following formula for calculation: 

 

 ck
sc k

Rc

bhf
N

r

                              (6) 

 

where: kN : The standard value of axial force (KN) is calculated from the standard value of each 

action; scr : The partial coefficient of action effect during the compressive calculation of concrete 
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segment members shall be adopted according to table 2 according to the structure type; Rcr : The 
partial coefficient of resistance during the compressive calculation of concrete segment members 
shall be adopted according to table 2;  : The longitudinal bending coefficient of the member can be 
taken as = 1 for lined tunnel, open tunnel arch ring and side wall with tight backfill at the back of the 
wall; ckf : The standard value of concrete axial compressive strength (Mpa) shall be adopted 
according to table 3; b: Section width (m); h: Section height (m);  : The influence coefficient of 
axial force eccentricity is adopted according to table 4. 

 

Table 2. partial coefficients of concrete lining component compression checking calculation 

Structure type Lining of single track shallow buried tunnel 

Partial coefficient of resistance Rcr   1.85 

Partial coefficient of action effect scr  3.95 

 

Table 3. standard value of concrete strength according to code for design of railway tunnel 

Strength type Symbol 
Concrete strength grade 

C30 C40 C50 

Axial compression ckf  20 27 33.5 

 

Table 4. eccentricity influence coefficient α 

e0/h 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 

α 1.000 1.000 1.000 0.996 0.979 0.954 0.923 0.886 0.845 

3.2 Calculation of Segment Bearing Capacity by Allowable Stress Design Method 

After checking the bearing capacity of the segment according to the above limit state method, the 
safety factor of the segment section is checked by the allowable stress method based on the relevant 
provisions of the code for design of railway tunnel. Bring the relevant geometric parameters of 
segment section into the following formula for calculation: 

 

 aR bh
K

N


                                 (7) 

 

Where:K: The safety factor shall be adopted according to table 5 and shall be higher than the 
corresponding specified value; aR : The compressive ultimate strength of concrete is 36.5Mpa 
according to the specification; N: Axial force (MPa); b: Width of section (m); h: Thickness of section 
(m);  : The longitudinal bending coefficient of the component can be used for lining tunnel, open 
tunnel arch ring and side wall with tight backfill at the back of the wall φ = 1. 
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Table 5. safety factor of concrete strength 

 Load combination 
Main 
load 

Main load and additional 
load 

Cause of 
damage 

The concrete reaches the ultimate compressive 
strength 

2.4 2.0 

3.3 Calculation Results 

This chapter mainly calculates and analyzes the eight positions of segment lining structure of shield 
tunnel. Take the positive direction of the x-axis as the starting point, mark every 45 ° in the 
counterclockwise direction, and finally form the eight points analyzed in this chapter, as shown in the 
following figure: 

 

 
Fig. 3 8 points for checking segment section 

 

The deformation diagram, bending moment diagram, axial force diagram and shear diagram of shield 
tunnel segments with different thickness can be obtained through ANSYS calculation, as shown in 
Figures 4 to 7. 

 

 
(a) Lining deformation diagram (unit: m)    (b) lining bending moment diagram (unit: N · m) 
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(c) Lining axial diagram (unit: N)         (d) Lining shear diagram (unit: N) 

Fig. 4 deformation and internal force diagram of 300mm segment 

 

 
(a) Lining deformation diagram (unit: m)     (b) Lining bending moment diagram(unit: N·m) 

 
(c) Lining axial diagram (unit: N)         (d) Lining shear diagram (unit: N) 

Fig. 5 internal force and deformation of 250mm segment 
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(a) Lining deformation diagram (unit: m)  (b) Lining bending moment diagram  (unit: N· m) 

 
(c) Lining axial diagram (unit: N)          (d) Lining shear diagram (unit: N) 

Fig. 6 Internal force and deformation of 200mm segment 

 

 
(a) Lining deformation diagram (unit: m)    (b) Lining bending moment diagram (unit: N· m) 
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(c) Lining axial diagram (unit: N)         (d) Lining shear diagram (unit: N) 

Fig. 7 Internal force and deformation of 100mm segment 

 

The following conclusions can be drawn from the deformation chart and internal force diagram of 
the sections with different thickness: 

1) According to the lining deformation diagram, the maximum deformation of segment section occurs 
at the arch crown, and the deformation at the inverted arch is also large, and the maximum 
deformation increases with the decrease of segment thickness. The increased deformation rate of the 

segment can be calculated as: 
1.284 0.272

100% 78.8%
1.284


  ; 

2) According to the axial diagram of lining, the maximum axial force increases gradually with the 
decrease of segment thickness. Through calculation, it can be concluded that the increase rate of the 

maximum axial force on the segment is: 
515321 504016

100% 2.1%
515321


  ; 

3) According to the lining bending moment diagram, the maximum bending moment of the segment 
section appears at the vault, and the maximum bending moment at the vault increases with the 
increase of the segment thickness. Through calculation, it can be concluded that the increase rate of 

the maximum bending moment of the segment is: 
515321 504016

100% 2.1%
515321


  . Small changes can 

be found; 

4) According to the lining shear diagram, the maximum shear force of the segment section increases 
with the increase of the segment thickness. Through calculation, it can be concluded that the increase 

rate of the maximum shear force of the segment is: 
54986 20619

100% 62.5%
54986


  ; 

5) In general, the deformation of segment lining with different thickness under the action of formation 
pressure is small, and the maximum radial deformation is only 1.284mm. In addition, according to 
the internal force diagram, the maximum bending moment of segment lining is 33988N · m, the 
maximum axial force is 515321N, and the maximum shear force is 54986N. 

3.4 Segment Section Safety Check 

According to the deformation diagram and internal force diagram in the previous chapter, the internal 
force and deformation of shield tunnel segments with different thickness under the same load can be 
obtained. Combined with formula (6) and formula (7), the bearing capacity of shield tunnel segments 
can be obtained. In formula (6), the left side of inequality sc kN  = N1, and the right side of inequality 

/ck Rcbhf   = N2. When N1 ≤ N2 in formula (6) and safety factor K ≥ 2.4 in formula (7) are 
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satisfied, the section safety can be determined. The recheck calculation of segment section of shield 
tunnel with different thickness is shown in Table 6. 

 

Table 6. recheck calculation of segment sections with different thicknesses 

Segment 
thickness 

(mm) 

Posi- 

tion 

bending 
moment 
(kN·m) 

Axial 
force 
(kN) 

Eccentri-
city/thickness 

α N1(kN) N2(kN) 
safety 
factor 

K 

Section 
review 

300 

1-1 28.38 504.02 0.07 0.99 1990.88 5387.68 21.54 Safety 

2-2 6.27 448.02 0.03 1.00 1769.68 5432.43 24.48 Safety 

3-3 33.99 392.01 0.11 0.93 1548.44 5070.59 26.02 Safety 

4-4 6.27 448.02 0.03 1.00 1769.68 5432.43 24.48 Safety 

5-5 28.38 504.02 0.07 0.99 1990.88 5387.68 21.54 Safety 

6-6 0.66 448.01 0.00 1.00 1769.64 5432.43 24.48 Safety 

7-7 

8-8 

27.06 448.01 0.06 1.00 1769.64 5433.05 24.48 Safety 

0.66 448.01 0.00 1.00 1769.64 5432.43 24.48 Safety 

250 

1-1 23.61 504.47 0.10 0.96 1992.66 4345.95 17.36 Safety 

2-2 5.96 448.42 0.04 1.01 1771.26 4572.30 20.55 Safety 

3-3 29.61 392.36 0.16 0.84 1549.82 3802.70 19.54 Safety 

4-4 5.96 448.42 0.04 1.01 1771.26 4572.30 20.55 Safety 

5-5 23.61 504.47 0.10 0.96 1992.66 4345.95 17.36 Safety 

6-6 0.044 448.42 0.00 1.00 1771.26 4527.03 20.35 Safety 

7-7 23.7 448.42 0.09 0.96 1771.26 4345.95 19.54 Safety 

8-8 0.044 448.42 0.00 1.00 1771.26 4527.03 20.35 Safety 

200 

1-1 17.14 506.33 0.09 0.97 2000.00 3513.59 13.98 Safety 

2-2 5.49 450.07 0.05 1.00 1777.78 3628.39 16.21 Safety 

3-3 23.59 393.82 0.17 0.83 1555.59 2990.12 15.39 Safety 

4-4 5.49 450.07 0.05 1.00 1777.78 3628.39 16.21 Safety 

5-5 17.14 506.33 0.09 0.97 2000.00 3513.59 13.98 Safety 

6-6 0.96 506.33 0.01 1.00 2000.00 3621.62 14.42 Safety 

7-7 19.07 450.07 0.09 0.96 1777.78 3494.86 15.57 Safety 

8-8 0.96 506.33 0.01 1.00 2000.00 3621.62 14.42 Safety 

100 

1-1 0.56 515.32 0.10 0.96 2035.51 1738.38 6.8 Unsafety 

2-2 5.61 458.06 0.05 1.00 1809.34 1810.81 7.97 Safety 

3-3 9.54 458.06 0.16 0.84 1809.34 1521.08 6.69 Unsafety 

4-4 5.61 458.06 0.05 1.00 1809.34 1810.81 7.97 Safety 

5-5 0.56 515.32 0.10 0.96 2035.51 1738.38 6.8 Unsafety 

6-6 2.25 515.32 0.00 1.00 2035.51 1810.81 7.08 Unsafety 

7-7 6.17 458.06 0.08 0.98 1809.34 1774.59 7.8 Unsafety 

8-8 2.25 515.32 0.00 1.00 2035.51 1810.81 7.08 Unsafety 
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According to the analysis of the segment section review calculation table, there will be dangerous 
points if the segment with thickness of 100mm is selected. Although the 8 points meet the safety 
factor K ≥ 2.4, when checking and calculating with the limit state method, the N1 value of some 
points is greater than N2 value, which does not meet the design requirements. The checking and 
calculation results of segments with other thickness meet the requirements and the section is safe. 
Combined with the actual working conditions of Xihe shield tunnel project, it can be concluded that 
it is reasonable to select 250mm thick segments for design and construction when the buried depth is 
20m. 

4. Conclusion 

Based on the finite element method, using beam element (beam3) and spring element (combin14), 
considering the interaction between surrounding strata and segment structure, combined with Xihe 
shield tunnel project, this paper establishes the mechanical model of segment lining of shield tunnel 
for oil and gas pipeline, analyzes the stress of segment lining of shield tunnel under the same load, 
and obtains the following conclusions: 

1) By analyzing the deformation diagram of segment lining with different thickness, it can be found 
that the maximum deformation of segment section occurs in the vault and increases with the decrease 
of segment thickness; 

2) By analyzing the internal force diagram of segment lining with different thickness, it can be found 
that the internal force of segment section changes with the change of segment thickness. The 
maximum axial force increases with the decrease of segment thickness; The maximum bending 
moment and shear force decrease with the decrease of segment thickness; 

3) According to the internal force diagram obtained above, the section of segments with different 
thickness is rechecked and calculated by using the limit state method and allowable stress method. It 
is found that the segments with 100mm thickness will have dangerous points, which does not meet 
the requirements. The remaining three thickness of the segment did not appear dangerous point, meet 
the requirements. To sum up, it is reasonable to use 250mm thick segments in Xihe shield tunnel 
project, which effectively saves the cost compared with 300mm thick segments. 
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