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Abstract

This paper, based on the Zhuhai Tunnel Project, comprehensively employs numerical simulation
and theoretical analysis methods to focus on two key technical issues concerning slurry shield tun-
neling through complex formations such as muddy silty clay: first, the tunnel bearing capacity and
deformation patterns induced by shield advancement; second, the range of support pressure at the
excavation face and stability control during tunneling. Using Abaqus finite element simulation soft-
ware, two-dimensional models of four typical geological cross-sections were established to simu-
late and analyze tunnel structure convergence and ground settlement under various operating con-
ditions. Concurrently, based on soil failure theory, the upper and lower limits of slurry support pres-
sure were calculated for different geological conditions. The results indicate that tunnel burial depth
and underlying soil properties are the primary factors influencing segment convergence defor-
mation and ground settlement. Section S2 (deep burial depth, weak underlying layer) exhibited the
greatest convergence deformation and settlement values, though still within allowances. The safe
range of slurry support pressure is closely related to soil properties (clay or sandy soil) and over-
burden thickness, with significantly less operational margin in sandy formations compared to clay
formations.
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Figure 1. Typical stratigraphic distribution
1. BRI E S

Figure 2. Numerical model
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22.1. BERRESH

HE JLAARSF 2 100 m % 80 m,  FEIEART#ISME 14.5 m, ATHIFFJEE 600 mm.

BV A6 e AT PR KPR, RTIZ R R M A, EREDHER . AL A BRI
AR L N BEE 45 6 £, DLORIFREEY B ) A8 JE AN 5230 F 26 A 5

BRI R AR A 12 Rt DK A7 88, ar SRR/ MR IEAS [FI W TR Ak /KA 58 o« BT R (L2 R0 3
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A S TR LA R P R P DU AU M B CPE4R, A% 5040 4000~6000, 7 - A A5 7Y
Kl Mohr-Coulomb #5781, #H J122 SR 03K 1. & HKSAIE F 2 I8 3l T % A Tie Befil, 4105
J(C60 TR #&E L) MR KT S AR B B 36 GPa, YHFAELHCH 0.20.

Table 1. Physical and mechanical properties of rock and soil

1. BLENESH

+EZ % /g/em? R4 J1/kPa P EE R AR /0 P15/ MPa ARALL
-1 1.61 13 11.0 8 0.34
TV BB FURG 1@-2 1.74 16 13.5 13 0.32
TR SR TR 12(@-2-1 1.72 15 13.0 11.5 0.32
PR @-3 1.98 1 30.0 30 0.30
Wk -1 1.88 25 12.7 23.5 0.32
Wk ®-3 1.86 23 20.6 21 0.29
2 RAAE 25 ©)-1 1.89 25 23.7 24 0.26
S AL R 25 ©)-2 2.20 45 30.0 40 0.26
TR R ©)-3 2.65 50 36.0 60 0.25
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Figure 3. Tunnel construction simulation process
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Figure 4. Vertical displacement contour map for typical cross-sections (deformation magnification factor: 30)

4. BAIERTE R EMEEE(ERBARE: 30)

Table 2. Convergence deformation and settlement deformation at key nodes (cm)

% 2. MR S KR R IR R (cm)

i WA T TR I
B a) IKF HETH PR I A5 %
S1 (+141 m) —-2.38 2.25 —-1.7 1.81 —0.06 —1.34
S2 (+818 m) —3.88 3.68 —2.91 2.62 —0.27 —2.01
S3 (+2022 m) —2.92 2.75 —1.33 2.46 0.55 —0.91
S4 (+2426 m) -2.6 2.44 —1.39 2.35 0.66 —0.84
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Figure 5. Distribution of deformation along the cross-section
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Table 3. Physical parameters of stratigraphic soil
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Figure 6. Upper and lower limit values for slurry support pressure in the left tunnel of Zhuhai Tunnel
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TARE R, BREERAN 1.64, Mifk/MUN 0.52. VM. SRAKS B ABEOME,
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HREIE Ny R BRI R .

4.2. IPEHIEE

W FERWIYE /K ST I 70 10 22 4 X TR AN Pt 7 - 5 BE B I i B A Tt sy, B B2 03 J2 P o 1 . 25 R
JUHRAERN MR E o, d T EIRGEERIR ) BT T MRS )Em, SBOT RIS &
Pz 78 T R5VEIZ o DRl b s SR BCE RS A4 A A2l f i, LA ERJTFZ T RO A2 2 RBI7 1R R %
BEREGBENIR. BN, EHANYEHZEAT I B RS, &R m e R RN B, SN
i SR, IR R — R R E ROV NR ;o BSE R S MR it S, 18 2 RS M 4
B, eI E TE AR B 7S N (] SRR, REAZANSES Yo K G U seis B, 1 ORI ) an 25 4
FREZ X E A -

LREPTE, AW FAMEAL T BRI IE TREAERr € 1R S5 AT T AT 5 5 /454, S IE N S5 BEA T
FORS b, VR T X R B 7K JE R it TG [ R B AR . R R PR P A O] B TR S R
ek, B0k SRR TREM 2 S Rk

SE 3k
(11 XIRE, Wi, E N ANEREIE K R & ERT]. B S, 2016, 34(21): 16-26.

DOI: 10.12677/hjce.2025.1410269 2505 T AT


https://doi.org/10.12677/hjce.2025.1410269

BT 5

(2]

(6]

—_ —= —
O 0 2
[t |

[10]

KA, BB, LR, TR, TR, ORE, S, E e RS R BRI ] BRI e (h 3,
2019, 39(5): 724-735.

X7, B, RESE, mlg KERVE/K TG A E L ah R R TR E[T]. B8 TRE2AH), 2018, 35(12): 36-
40+69.

R, v, RN, RR, BEARTE, WRRE. KEARVE/KIE M ORI I A M R AT 0 A W 78 [I]. B A
T, 2020(8): 49-55.

PR, REA, BRE, HEK, TH, REE DRI EZERERIRKE R L AR RN #Hgs
¥, 2022, 52(S2): 2675-2681.

TEME, WER R, KA, ®ES EAMETHKERIKERITESHEMEEN 3D BUESOHI]. T E
WL TR, 2022(4): 55-58+123-124.

FREAME. KERVEKE R HERTTRE Tie L AU Y SERIUDT R[], @EHIMAL, 2025, 46(4): 132-136.

LB SR, RN, KEARTRKE M R T iR B TR AT[I]. L, 2025(6): 160-165+172.
ZEE N, XNFAM, B, B, WS, IVRE. 1RE RV KE M S EALE] RHER KR B SRS
ARTE S A3 BT[], il TR (3 0), 2023, 52(13): 108-115.

SR, TRk, XIRAR, 388, XK. w0 LH)Z VR KIE M2 R AL T]. SedbK R K R S 244 (E 28R
22HR), 2022, 43(6): 79-88.

XN4k5E, MRERER, KA, TRIE K. 52 Hh )2 @7 iR K EAR VB /K & R R I8 2 7 TH A2 M AUE A Wt i [)). bR
(P, 2021, 41(S1): 19-27.

TREEE, EUNR, ZJE, BN, TR, 5. JEKE KSR T R M R BRI R T A TH AR e PR A1)
L E AR E ), 2021, 50(16): 34-37+46.

SR, SO, BRI, BRDSE, VAR MR E FEE T Ye K A HE ) T A e MERF R 0], i THOR, 2021,
50(11): 103-107.

MRA-HH, 28, B, FLAKI. TR &I iR e A ARG i 70 ()], & £ TRE2ER, 2011, 33(1): 117-122.
XIIRE, WA, PP E AT R R PR ANRIG T 7L [)]. A 1015, 2014, 35(8): 2255-2260.

SRR, PV, B°F, M. VeI AL SRS R or 4u il o3 bt S AU RGBT AL (0], 5 L TRES44R, 2014, 36(3): 435-
442,

X PLES, $AEE, 28, kEE. EREHZE P BERERE 5. &1 %, 2014, 35(10): 2801-2806.
NEE, TR, ZKE, A7z, Kk BKEESCY E % e R ILEmE RS A TRZER,
2019, 41(5): 908-917.

ZTE, FIRRA. LRNSENIR KL TR )], TREEH%Z, 2004(5): 10-13+52.

L, REU, ZEEN, ARAT, KRR ERTTHZ I BRSO s R o b K BSGHE D). o 2 B 24, 2017, 30(8):
74-81+90.

DOI: 10.12677/hjce.2025.1410269 2506 T AT


https://doi.org/10.12677/hjce.2025.1410269

	复杂地层下大型泥水盾构隧道掘进关键技术研究
	——以珠海隧道为例
	摘  要
	关键词
	Key Technologies for Large-Scale Slurry Shield Tunnel Excavation in Complex Geological Formations
	—Taking Zhuhai Tunnel as an Example
	Abstract
	Keywords
	1. 引言
	2. 盾构穿越复杂地层承载力分析
	2.1. 典型断面选取
	2.2. 有限元计算模型
	2.2.1. 模型基本参数
	2.2.2. 材料参数
	2.2.3. 隧道掘进模拟

	2.3. 模拟结果分析

	3. 盾构掘进开挖面稳定性分析
	3.1. 泥水平衡盾构掘进开挖面支护压力范围理论
	3.1.1. 泥水支护压力上限
	3.1.2. 泥水支护压力下限

	3.2. 珠海隧道工程典型断面泥水支护压力

	4. 讨论
	4.1. 变形规律分析
	4.2. 支护压力控制

	参考文献

