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Abstract

The shield tunnel crossing of China Russia east line is a control project of the line, and the steel
frame structure used for segment transportation, pipeline installation and concrete transporta-
tion should be set in the tunnel. In order to simulate the most unfavorable load conditions of steel
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frame structure and ensure the stability of steel frame structure and the safety of vehicle operation,
a parameterized and refined finite element model of steel frame is established by using ANSYS, and
the calculation and analysis of steel frame structure are carried out by using step-by-step loading
method (single vehicle driving, multi vehicle parallel) and moving load method. The results show
that: 1) When the load passes through the steel frame, the middle of the steel frame #4 track span
is the most unfavorable position for the load, and the multi vehicle parallel has little effect on the
maximum stress and deformation of the steel frame structure, which can be calculated as a single
vehicle running on the track; 2) The stress and deformation of the steel frame structure under the
action of load meet the requirements of the code, but the longitudinal lateral displacement of the
steel frame structure during braking should be paid attention to; 3) The overall stiffness of the
steel frame structure is large, the driving speed is low, the resonance phenomenon will not occur,
and the vehicle impact effect is not significant.
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Figure 1. Shield trailer load
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Figure 2. Shield construction truck load
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Figure 3. Load of pipe transport trolley
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Figure 4. Finite element model of steel frame
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Table 1. Description of element types of finite element model of steel frame
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Table 2. Model component modeling parameter information table
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Figure 5. Vertical deformation diagram of model under dead weight
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Figure 6. Procedure flow chart of step-by-step loading method
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Figure 7. Schematic diagram of loading mode of step-by-step loading method

B 7. BSMEEMERRTRE

3.3. iHHEER

NN RTINS L EFFAT NS ER BT MZ 1. K 8 A T AT A L FATH N4 &
A TE N8 i ot B B A BT Ee s R W DUE . BT 52 E47n, SLEmE
BB ES h AL R AL RS S AN EIR N, W] ZRS AT,

DOI: 10.12677/jogt.2023.451008 60 Al RN


https://doi.org/10.12677/jogt.2023.451008

Ot &%

2.0p - i 450 e e

A T EF 10} N opnTT
~ 1.5} AN a5 / N
= [N — I [\
A / \ - ! \
= oy = 30 [\
3& 1.0t / \_.l \\ é 25F / \\ /I ‘\
4= / \ 20r / \\ / \
& 0.5[ / \ # 15t fooNS
o ] \ Byt ) Y/ \
0.0p———~7 \ 5t / \
I \
0. . . . . . - .
0% % 4 6 8 10 o 2 4 6 8 10
HE (m) fE (m)
(@ (b)

Figure 8. Comparison between single-vehicle driving and multi-vehicle driving results. (a) Vertical displacement diagram of
mid-span unit; (b) Bending moment diagram of mid-span unit
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Figure 9. Stress diagram of deformation of each unit of top steel frame during single vehicle driving. (a) Vertical displace-
ment of each unit; (b) Bending moment of each unit; (c) Axial force of each unit
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Figure 10. Longitudinal displacement of top steel
frame at different positions
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Table 4. Natural vibration frequency and vibration mode of steel frame
= 4. B BERINERIRE

b % EEiiES P4

1 32.8 #4 HUIE I ES

2 57.7 #2 BHLIE [ S XS PR S
3 58.9 #2 BUIE 5] AW PR S
4 61.6 #2 U a1 bR R R
5 62.99 #2 HUE [ N R R
6 64.02 #4 BUIHE 5] A PR S
7 64.53 #4 B[R] [ S

8 65.52 #4 BUE 7] A SRR S
9 65.95 #4 PUE R T [ A R

Figure 11. The first four vibration modes of steel frame. (a) First mode; (b) Second-order vibration mode; (c) Third-order

mode; (d) Fourth order vibration mode
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Figure 12. Equivalent schematic diagram of moving load
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Figure 13. Schematic diagram of load distribution
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Figure 14. Dynamic response of mid-span node. (a) Vertical displacement of mid-span node; (b) Ver-
tical acceleration of mid-span node
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Figure 15. Comparison of vertical displacement
results of steel frame
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Figure 16. Dynamic response of mid-span nodes at different speeds. (a) Vertical displacement of
mid-span node; (b) Vertical acceleration of mid-span node
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