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Abstract

To address the challenges of attitude control and jack thrust setting in small-radius curved shield
tunneling, this paper proposes an improved analytical method for calculating the zonal thrust dif-
ference by incorporating the eccentric active articulation condition into a 3D shield-ground inter-
action analysis based on a hyperbolic ground resistance assumption. The reliability of the estab-
lished model is verified using field measured data from a typical sharp-curve project. Subsequently,
the variation laws of the zonal thrust difference under multiple factors are thoroughly investigated.
The results indicate that actively increasing the horizontal articulation angle can significantly and
nonlinearly reduce the asymmetric jack thrust. The soil internal friction angle globally affects the
thrust difference by altering the ground resistance coefficient, whereas the horizontal ground re-
sistance coefficient only exerts influence during the small articulation angle stage. In uneven mixed
ground, the area proportion of harder soil at the tunnel face directly determines the required mag-
nitude of the zonal thrust difference. Furthermore, the auxiliary use of the inner overcutting tool
effectively unloads local ground resistance, significantly optimizing the spatial load distribution on
the shield shell to reduce turning resistance. These findings provide quantitative support for opti-
mizing active articulation parameters and refining thrust configurations under extreme conditions,
offering practical engineering value for mitigating shield jamming risks and enhancing intelligent
guidance control.

Keywords

Shield Tunnel, Sharp Curve, Active Articulation, Zonal Thrust Difference, Shield-Soil Interaction,
Over-Excavation

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

B 3 T M R A (B VR FE T R, JE AT RO B S @ At T TAR W R Tk ZIRT%EM
BT R S A SR B R A, R 2R T RN R 2t R DA RGE R I [1] . 5 B2
HEASTR], i 28 A 7 i 1w T s T 5 1 2 1) J L AT 240 B3R5 JE X AR M2 BE 7 o ARS8 3 /s il 3R 242 X B
BUARE FIHLE & 1 I8 e EORH B G AL ) . WA T G M S HUZ 2 S BN, A
BRI JE 7o T AR R B HORAS R B OB T T T XS . B X E R E AR
BEL, W5 51 R JE P A e R i 2 O 55 25 7 B 2] . DRI, SR RE R SR EEARAE, MR o
XHEZET AR, XS a2 E M S R i A R .

Bl 8 I P 8 A4 ) 5 T 2 A B, [ 4122 IR R T KR A8 o 755 BN i A4 52 /1 B U5 1
Sugimoto [3]#1 Sramoon [4]% FLA4 g 1 2% (7S E B EE I = 483808 8, BT Winkler B FE 0457 1
JE R 2 AU 5T T THE S HUE R DI A1 )1 25 oG R s AR AT BE S [S14H 33 1 4% 45 1) 35 A7 1 4%
Bk, R 2 ek R S0 1 6 W G e 2R 1 = e LR 10 s S B . ik b B —
SETHI RS ASHFAE, B AE[6] 5 TR FIAE 7] [8]40 M T /KT 5 B BT PN 1) 4852 )1 P B L, R NEIT
T REEE A S A0 A e S SR AR XS R [ 79 B AP 3R A AL o R b 2 i 5 e A T e )

DOI: 10.12677/hjce.2026.154086 120 +ARTHRE


https://doi.org/10.12677/hjce.2026.154086
http://creativecommons.org/licenses/by/4.0/

PAEENENE

“HiSk” RMENR L, Festa SF[9]. BRMR[10] LA K IRHR[11155 73 B M AEAT BE AR R | HEdE RS itk S g
Mo RSN = AN YERESE 1B RSLSAR RN . AN, Tang SF[12]3E T 4N BN HES: T
Do CoFE 77 S AL BEAMEEFE R, O ELER B % th 2 R L3R 0t 1€ BAL RIZh A 21 i 5%

SR, B RAT SR JE MO BB SN, R R BB S R I A ] LT AR TS AL . BERT B
JE R R 2 e BEARE P, TR B S [ L] IR BN A BE 73 A 1 1 SR Hh = AR BRUT B R e [
141 T Az ) 5 UL R L RS T iR SR M IZ B 5%, WSr RSR[5 UAE ) 2 2= T
T HEEBHE NN, YIS TR A AR IR ) 7 B A 7 BB ARAR PR A

A BT 9 2 8 A B i 0t s e ) S8 25 ), ok 20 Bl 2 T TR AR A T 5 2 IXHE ) ZE RN
WY DU AR B B R T O ek, R B SR TR BG% O A 5 7 [ AR K LA i
Lo ASCAEWALRAF[IS]HIJE R - MEM AR B RE Al b, SO O BHENLE], 5w Tl A0 i 26
JERIRIRCV o XHE ) ZE T 550 8 G, R 25 B O o BR B — 4k 1 P IR, 456 XU 23 J2 S TR AE
HEP I O LR N JE FEARR R B T AT A A B Fk, JE T HARRATAT SR 2R, Sty
P AR L RIA S B 1A BARRYE S, foa, KTk IR, € ERn AR S
BRSO A oy XHE S ZE IR MO, /A2 a3 s v B 5 21 (i PR (AR S

2. ZEROEFBENAMZKEN - EEBE/EAER
2.1. JBtE - EHEERER

RN S IR Eh, A B EIR R G E AT BT 5 A M A B B IR . ks
R A2 AR, WA @) @i e mBbr & CV (x, y, z) LA 455 ) JE i (14 )5 #8225 A b 2
CS (v, u, W) TERENSZ S 1A SRR MBI, AR SC S 1L RS (15148 1 JE A4 - AR AR F 2R
WA, HSEGEH ORI, S R H R O BRI ER L b, B AR K
SPTHT P9 RV S T A AR L B e, X — (i Do RFAE ELA% S B T AR A S A IR A I, 22 )3T 1 70 8 [
R W LA A

il 1(b)~e) B, J& K ENLAE RS A 4 HE R B BRSP4 = 1) B (R S VE - AR B S EE )
Foo JE 2 AR A6 Fe R Al ) /) (5 7e L1k 77) Fon BT FHZIEAE T 708K IR AT B, DA
BERG AT G 78 R B L RS ST Fao FLASIAIS2 0750060 AL W A 2 T R, BI85 2 TA) A )
GHEEIERENSAFE

F =0

@

M- 1M

I
[:N

M. =0

T ERHAR B E F TS, BT AR IEEE , SR E G AR B AAAR & T B R Y Py
= [0, Gsing, G cosfl. ZBHE mUfw-LFEN, H ERAE V8 R AME . & E S BTL 2 8HE O 9
BEES Ly, VLKGHT. JEMEE MR8 AL R BHRBR A an S IRIMEE A Bo. 5 1E MO EE e AL AIAR XS A%
JG, BULAERIEIE S R 1y AT
e(1-cosq, )-Lg sine, cos A,
—esing,, + Lg cose, cos S,

-Lg sin 3,
I A 1) B SO My = Py x Dy, BIRTORAS S0 R A AR T A2 1 Al o 65 0 R

= @

Il

DOI: 10.12677/hjce.2026.154086 121 T AT


https://doi.org/10.12677/hjce.2026.154086

PR &

F.

2
y‘ZCW T T
X =— F,

s

F]
—4— F,
tretttettrttrgret

w
© (@) (e

Figure 1. 3D spatial static equilibrium calculation model of shield machine considering eccentric spherical articulation: (a)
coordinate systems propulsion; (b) loads upon shield; (c) cutter earth pressure; (d) shield self-weight; (e) propulsion forces
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Figure 2. Discretized elements of shield shell and evolution characteristics of hyperbolic subgrade reaction: (a) spatial dis-
cretization of the shield shell; (b) variation curve of subgrade reaction coefficient with displacement
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Figure 3. Evolution of the shield machine’s horizontal attitude during tunneling
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Table 1. Main physical and mechanical parameters of soil layers along the tunnel
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Table 2. Basic working conditions and the geometrical and mechanical parameters of the shield machine
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Figure 4. Curve of theoretical thrust difference with horizontal articulation angle
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Figure 5. Monitoring results of field driving parameters: (a) horizontal articulation angle; (b) left and right thrust difference
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Figure 6. Influence of soil internal friction angle on left and right thrust difference
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Figure 7. Influence of horizontal coefficient of subgrade reaction on left and right thrust difference
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Figure 8. Variation pattern of zonal thrust difference with articulation angle for a shield machine negotiating a sharp curve in
different composite strata
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Figure 9. Influence of over-excavation cutter extension length on left and right thrust difference
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Figure 10. Unrolled plane view and 3D view of force distribution on shield shell under over-excavation condition
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