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Abstract: During the construction process, it is often difficult to maintain an ideal state of the shield tunnel excavation axis, and
the cutterhead may deviate in various directions along the tunnel circumference, resulting in the misalignment between the
cutterhead center and the segment center, making the existing load calculation methods for shield tunnels inadequate. In view of
this, an analytical model for soil deformation due to shield attitude deviation is established, and a method for calculating the
additional loads resulting from such deviations is proposed. Based on the existing stress function forms and combined with
certain boundary conditions, a formula for calculating the additional earth pressure due to shield attitude deviation is derived.
Finally, the rationality of the additional earth pressure formula is verified through numerical calculations and in-situ tests, and
sensitivity analysis is conducted on the main influencing parameters. The results show that the theoretical and numerical
calculations show significant discrepancies at the crown and invert, but the two exhibit a good overall agreement. The Terzaghi
formula ignores the influence of shield attitude offset on the earth pressure of the tunnel, which leads to a large difference
between the calculated earth pressure and the actual earth pressure of the tunnel. And the value of the modified formula is more
consistent with the value of in-situ tests. And the deviation-induced additional earth pressure in soft ground gradually becomes
less sensitive to changes in tunnel burial depth. Conversely, it is more sensitive to the change of deviation, soil elastic modulus,
internal friction angle and cohesive.
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Fig. 1 Schematic of shield attitude parameters
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Fig. 2 Schematic of shield tunnel structure boundaries
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Fig. 4 Schematic of stress boundaries
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Table 1 Parameters of soil layers and tunnel structures
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Fig. 16 Extreme value curves of earth pressure change ratio of

tunnel at different cohesion

& 16 A7 0, FEAERES 710 T, BEE LA
JIRISE N, BEIE L AR LU ARAE B K, A
A T 1R B K b s AR Ak B R B0 e v 3 1 1)
Ho MAARFEER SN 50 kPa B, AS[FMRFE 7 A (s 1E
1A AR A A 24.16%, 21.22%, 20.71%,
WY B0 2 G A S A S TR R BN £ s ke
R R I BN UK

4 REZL R

(1) I W JE R LS M LG, FEAL T %
S T IR SRR, F T BEAT IR R 77 B
Houa, GG HER S I T a5 A% 5]k
FRTB o 4 s AR T B A 5

(2) i SHUE T REATR LRI, hToR
RN F E, LR TR A R 5
THE S RAE BT SR DT 7] FIiRZEROR, H o HAEH
& LRI BT vy &1k

(3) il S P S &5 RBEAT R EE AT, K3
NG T GRS AL BEE LS IR, S
THE RS TE 115 77 5 SR £ R T ZEROR: LT
KWFANXHEL R, LM SEIEA X 54
PRI AwmAL 7 [ T3, I s 778N
PG, BIEAXE SIS NEE N4 .

(4) BEIEM N H ) 5 JE H 2 45 ns FEE
TRy RARBRERCE . B MRV R, B
% BETE SRR 3G K, B L )28 A0 LU RRAESE Bk
RS2 A 2835 A% SR RS E B n -+ )
X BETE R R BB R W S BEE A . L+
PREAVERE . R BRI R, BE k)
AR AIBE R, Hffe s, LAspiksie.
W EESEF AR AT, R AR LEARA AR AL B
W, RYTEGHLZR i F 2 2 RS 51 (B TE PR
TSRS R, AR TERCR . A R RR
AR BN UK

Fl£3 2 FRA/Conflict of Interests: JITfT 1 75 W AAAER 25
H9€, All authors disclose no relevant conflict of interest.

{E& 5T#k/Authors' Contributions: W& & 75T
Hvt, HUNERS T I E SIS s, T4 T8
HGER T RS, HIE. JHi. FE@S5 R CEEM
1B, FTA Ve R R R R AR AR 3258 . This study was
designed by XIAO Mingqing and FENG Kun. Xiao Mingqing
provided the on-site measured data of the shield machine's attitude.
Wang Wei and Wang Yunchao have completed the analysis and

derivation. The manuscript was drafted and revised by XIAO



12 W M, 4%

- BRI R LA A% SR REE I N e i ST E B T 2455

Mingqing, FENG Kun and Wang Yunchao. All the authors have

read the last version of manuscript and consented for submission.

SE -

(1] ZEil, £ % AT A&, 55 Ye/KE i st 2218 K 7
(IR e SAERRITFE[T]. ARSI, 2024, 46(5): 138-144. (LI
Yuanfan, WANG Yuan, REN lJie, et al. Research on the
determination and law of formation seepage pressure of
slurry shield tunnel[J]. Yellow River, 2024, 46(5): 138-144.
(in Chinese))

2] kK&, #RE, MEin. JEERIE R R S T
A ] A TSR, 2000, 22(2): 190-194.
(ZHU Hehua, CUI Maoyu, YANG Jinsong. Design model for
shield lining segments and distribution of load[J]. Chinese
Journal of Geotechnical Engineering, 2000, 22(2): 190-194.
(in Chinese))

[3] DANG H K, MEGUID M A. An efficient finite - discrete
element method for quasi-static nonlinear soil - structure
interaction problems[J]. International Journal for Numerical
and Analytical Methods in Geomechanics, 2013, 37(2):
130-149.

(4] WioKoR, ¥ W, e, % REUKZE T EMREIEE
5 SN T[], b 7%, 2023, 44(4): 1179-1189.
(XIE Jiachong, HUANG Xin, JIN Guolong, et al. Seepage
characteristics and mechanical response of shield tunnels
under localized leakage and exosmosis[J]. Rock and Soil
Mechanics, 2023, 44(4): 1179-1189. (in Chinese))

[5] NOMOTO T, IMAMURA S, HAGIWARA T, et al. Shield
tunnel construction in centrifuge[J]. Journal of Geotechnical
and Geoenvironmental Engineering, 1999, 125(4): 289-300.

(61 1 NI, & #h, k5 . B K VLREIE W A
NS AE A AR AU BRI BT T[], 5 A 2 5 TR 24,
2007, 26(11): 2260-2269. (HE Chuan, FENG Kun, YANG
Xiong. Model test on segmental lining of Nanjing Yangtze
River tunnel with super-large cross-section[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 26(11):
2260-2269. (in Chinese))

(71 5% &, M N, = b IR RS RN K N JE
BEIE 52 IR PELT]. PR A58 K F 44, 2015, 50(2): 306-311,
330. (QI Chun, HE Chuan, FENG Kun. Fluid-solid
interaction-based mechanical characteristics of underwater
shield tunnel[J]. Journal of Southwest Jiaotong University,
2015, 50(2): 306-311, 330. (in Chinese))

(8] & =, FtE, EHEE, & 5 MESEE S 15 77 Ai
HRSE W R R A Sk, 2014, 35(3 T 2):

453-459. (LI Xue, ZHOU Shunhua, WANG Peixin, et al.
Study on distribution law and influencing factors of measured
earth pressure in shield tunnel[J]. Rock and Soil Mechanics,
2014, 35(S2): 453-459. (in Chinese))

9] MW, & M, F 3K & EEWZEEMBERS SN
T T IERE L] 25573 5 IRk, 2019, 38(9):
1836-1847. (XIAO Mingqing, FENG Kun, LI Ce, et al. A
method for calculating the surrounding rock pressure of
shield tunnels in compound strata[J]. Chinese Journal of
Rock Mechanics and Engineering, 2019, 38(9): 1836-1847.
(in Chinese))

(101 f7 Jil, 5% &, & b, & ET D-P AEN RS M REIE
A SATIIES AR AR AT [9]. 022274k, 2017, 49(1):
31-40. (HE Chuan, QI Chun, FENG Kun, et al. Theoretical
analysis of interaction between surrounding rocks and linging
strcture of shield tunnel based on drucker-prager yield
criteria[J]. Chinese Journal of Theoretical and Applied
Mechanics, 2017, 49(1): 31-40. (in Chinese))

[11] TR, LR, Fh ¥, 55 SEEVERG 232 e K E
ﬁf*}l?}lEﬁﬁiﬁﬁiﬁ[ﬁ’ém%ﬂﬁﬁn[ﬂ. A JiEE, 2017, 38(4):
1141-1147. (ZHANG Yazhou, MIN Fanlu, SUN Tao, et al.
Analysis of causes for ground subsidence induced by slurry
shield shutdown in hard plastic clay[J]. Rock and Soil
Mechanics, 2017, 38(4): 1141-1147. (in Chinese))

(12] 88 2, & £, K&, 5 i b A UE %k E
Tl "]i%ﬁﬁ’?ﬁﬁé[]} & 15, 2018, 39(3):
993-1001. (WEI Gang, JIANG Xin, ZHANG Xinhai, et al.
Soil vertical deformation induced by ground penetrating
shield tunnel construction[J]. Rock and Soil Mechanics, 2018,
39(3): 993-1001. (in Chinese))

[13] K. JEMHE LS AR TR 7 D). 44%:
ENCPREEE, 2021. (DONG Yuging. Study on the Influence
of Shield Tunneling Posture on Saturated Soil Deformation[D].
Shaoxing: Shaoxing University, 2021. (in Chinese))

[14] TIMOSHENKO S P, GOODIER J N. Theory of Elasticity[M].
New York: Mc-Graw-Hill, 1970.

[15] ZHANG D M, HUANG H W, PHOON K K, et al. A modified
solution of radial subgrade modulus for a circular tunnel in
elastic ground[J]. Soils and Foundations, 2014, 54(2):
225-232.

[16] BOBET A. Analytical Solutions for Shallow Tunnels in
Saturated Ground[J]. Journal of Engineering Mechanics,

2001, 127(12): 1258-1266.



