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Optimizing method for support pressurein the underwater shield tunnel
excavation chamber opening using lower bound finite element method and its
applications
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Abstract: The excavation chamber opening in undeswater shield tunneling is a critical challenge in risk management during
tunnel construction, and maintaining the stability of the excavation face at shutdown work site is crucial for ensuring the safe
excavation. This study proposes an adaptiveé lower bound finite element analysis method that considers the effects of seepage,
establishing a stability analysis,model/for, the excavation face during pressurized chamber operations in underwater shield
tunneling. The model analyzes bethaactive failure mode and passive failure mode of the excavation face under seepage influence
and determines the corresponding ultimate support pressure. The results indicate that seepage force significantly alters the failure
modes of the excavation face’and greatly increases the risk of instability. Based on the undersea shield tunnel project, a dynamic
setting method for support pressure during pressurized chamber operations is proposed, utilizing lower bound finite element
analysis. Compared totraditional conservative methods, this approach safely and effectively reduces safety redundancy by over
48%, and the optimized support pressure is only 50.7% of the traditional value. In addition, the overall excavation chamber
opening operational time is shortened to 1 to 3 days. The proposed method provides guidance and a basis for evaluating the
stability of the excavation face and optimizing support pressure settings for excavation chamber opening operations.
Key words: lower limit finite element; groundwater seepage; stability analysis; ultimate support force; opening bunker with pressure
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Fig 4 Schematic diagram of failure mechanisms of tunnel faces
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Table 2 Limit support pressure calculation results
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Fig12 Active failure mode of tunnel face at typical work site
with seepage (unit: m)

3.3 ZIPREMUEE

NEGAIE AT 3 HE AT T S SRR B e TR
A 2, S AL GERTE IR s P 3
PRIER, FRE HEFFATH R A B RS B
T R ABRAF TR EshS5Hshcm hese
R

P
K, =—.K,

1d
X K MK, 50 AT ZRRLEE T K S LT
FINFBEB) S IR Z AR A, R, I B, ST
PR R AR BT K S SR R BR 7347 BRA R T
Pt E M RS RS RS 1, P oA T )
BUEE SRR AR AR giilyak: (14 5
Frigtiorik (1D wHE RS .

EHUZ TAR 1T/ MENF IR Bl AT 3 A3
XA I A RBO L, X R RO R R S
SR BE L4 RECTH RS R E 13 R 13 (a)
B, PRIV E TG SCH SR 3 BE IR UE 42
T R A B R HEK I R E f s X T W2
FlA AR (Bl 46023, K, B/, AIILTE
PR 1 E KR b JZ AR AL T VE S S
JEE BARK T EBNIG A ), HHZERER
No BRIMR A RNEIE BB LR 2 RO A KT e

P
3 —X (18)
2

8

LA RMKA2, TP 5 AT R KA HUE
XN A R BORAT I, IRAR RS USRS BUE
TBE 78 AL ) 22 A s X T IR 2 I 8 O 4~ WAL AE
b H R ) A~ KA Z A5 — 5 5 I (9 4
FE2684938), K, BUK, BEIHARIEALGEE R E S
Je 2 AR BB, MR PR 74 % 4
F BN 55 PR e PR XA o b J= P U B D e
K13 (b) From, MK, FITHERSERRAE , =Lk
THAE T RSP U B B I I AR B A TFZ T R
AR BN FIRERE o 7] AL K I A S WL AT
FEIFEARALRE, — RO AT B E S U RE
PR 2 RABN KA AL, AHPoafITH S5 R AT LAY
Y B HE ) B B R RS % .

—v— K, (i)
—— K, W

WA R HIK,

(a) EAEPH09%LFHK

[—— K, (PRI
[ —— K, W)

LAERY
N W R LU Y 9 0 O

|||||||||||

G5 % SR R R R R R R

5
S <
PEEHFEPF S TGOS

(O CEE A TEE S
El13 R A ESISCETENA SIS ERER
ERHXIEE
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calculated by the proposed method and the normative method
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