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Optimization of Support Scheme for High Ground Stress Soft Rock Tunnel based on Particle Swarm Optimization Algorithm
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Abstract: The initial support parameters have a significant impact on the safe construction of highly stressed soft rock tunnels
with large deformations. Based on a highly stressed tunnel in the western region, numerical simulation and particle swarm
optimization (PSO) to optimize key parameters of the initial support scheme, such as: steel arch longitudinal spacing, anchor
bolt length and circumferential spacing, and shotcrete thickness and strength. The results show that to control the settlement

deformation of the initial support arch vault, there is an inverse correlation between the bending stiffness of steel frame and the
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longitudinal spacing of the steel arch, as well as the length and longitudinal spacing of the anchor. These parameters should be

selected within certain ranges; Comprehensive arch foot and vault deformation analysis, anchor length should be longer than 3 m,

anchor longitudinal spacing should be less than 1. 0 m; the strength grade and thickness of shotcrete are conservative and can be

appropriately reduced.

Key words: railway tunnel; high ground stress; initial support deformation; optimization of supporting scheme; particle

swarm optimization algorithm
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Fig. 1 Numerical simulation model/m
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Table 1 Pre — design solutions corresponding to
large deformation classes in soft rock
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Table 2 Physical and mechanical parameters of the
surrounding rock and sprayed concrete
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Table 3 Physical mechanics parameters of supporting structure
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Table 4 Steel arch parameters
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Fig.2 Steel arch construction
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Fig.3 Flow of the particle swarm optimization algorithm
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Fig.4 The influence of steel frame on deformation of primary support
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Fig. 5 The influence of bolt spacing on deformation

of primary support
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Fig. 6 The influence of bolt length and longitudinal
spacing on the deformation of primary support
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Fig.7 The influence of shotcrete on deformation of primary support

W TR GE - 50 J3E 25 2% I J5 I A 45 %o 43 T U o o e
EALEAL N 0. 81% , X HERIK P W SR e {2 1
R 2.21% , ATV RE TR o

4 s

B TR A T B N BCa BRI SR T
EHATERRAE, FALRRE S I &, KT AL
R H AR FI W80T 2800 2 a5 Lk, 155
PR E2E58

(1) CAPERE TR, B AT NI



110

BHBEIRZE 5 F

39 &

KF5.13 MN - m’, (S ERA m I BERGK, Hpr s
WIEERIE K o B AT BV R T 3. 86 m, iAT4h1a] 8]
FERN/NT 1.0 m,

(2) RFEHlBERAL KU SR, =R R X
175 58 P AN A B e S TR B - 2 B0 R A T A ]
Ko XTI 3.0 m i, FFF2 1 (] FE N /)N
F 1.5 m,

(3) WESHREE - SEORB ST 5 F f/IMA,
TRBEL5R Ay €30, JEEEDN 25 em I, HERH A HE
TSI & /N T WU A8 o, B 590 05 580 1
P, AT LUE AR BE Sl /MR BE WU

(4) ik BN, Ao e B R AT
J& L1 ] FE R 250

2 £ X #t

(1] BR&fR, sKEeRE, 38%, &5 77 20RKE m ) #os RABTE 35
HsEEaEsT (1], BREfd (P3so), 2023, 43 (HF)1):
398 —406.

(2] BRBRIL, 257, PR, 5. O BB R P i
WrsE (1], WEZ A B2k, 2021, 17 (5): 99-105.

(3] HpUB, Efh, FHEZE, 5. IR E TR KR R 5
MOrEEGT (1] BRE s (P3s0), 2021, 41 (5): 697 -
712.

(4] Z=%, ESii, E K, & mERBE Y282 Binii it
g8 [J]. Mol TAE2ER, 2021, 6 (5): 169-175.

(5]

[10]

[11]

[12]

AE, BHEE, T SETRLFREEA 0 B R T A6 S
Ak [J]. MRz 5 TR AR, 2017, 13 (T 1) 175 -
181

F 4. HET PSO - RF - NSGA - I JEH T 28 it L IEA BR i A8 T
WS e (V] BB (h3esg), 2023, 43 (5):
745 -753.

A, FEE, BITHE, . HCA RARTE R B R A SO SRk
£ [J]. BBEREEGRIT, 2022, 36 (1): 50-56.

WRENER, WREER), PESR, 5. WHELRES LSO A A iRE L
TERA AR AR A [T]. P E A BAE R, 2021, 34
(6): 147-157.

TN, RS, VAR, RS kR O BRI T e B R R
AR HIEREDTY [J]. BB, 2022, 44 (3): 86-104.
IRUGE, WKNS, oE, S5 A BEIRRLLL B E AT AL
RICEm AR [J]. R (h3E3), 2021, 41 (3
F2): 129-136.

FARHT. TG R T R R AR TR B0 e R [T].
MR AR, 2021, 35 (3): 36-40.

K, B, XK, . ZY0LE PR REPCE KBIE
AWERRE RO (1], BURBRERAR, 2024, 61 (3):
108 - 118, 227.

SRS, PMRTE, GEHOIE. BRSO 4 i R R IR 1
[J]. Jregsadk, 2019, 51 (2): 577-593.

BOCHE, WRZED, T, % AL ZRERGE KA TE
HERT [1]. kAR, 2022, 13 (6): 12-16, 62.
MW, TR, WPRER. T RS RPOKNREIE 38 P ik
RIH LT [J]. BURBRIEHAR, 2024, 61 (2): 43-51.

http . //www. fmhzhly. com



