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Deformation and safety control limits of shield tunnel under
surface loading effects
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(1. Economic Research Institute of State Grid Zhejiang Electric Power Company, Hangzhou, Zhejiang 310000,
China; 2. School of Civil & Environmental Engineering and Geography Science, Ningbo University, Ningbo,
Zhejiang 315211, China)

Abstract: Surface loading is a primary cause of damage to underground shield tunnel segments, leading to issues
such as cracking, joint opening, and misalignment. These damages pose significant challenges to the safe operation
of shield tunnels. Previous studies often focused on specific loading modes and have not adequately addressed the
mechanical interactions between segment joints during analysis. Therefore, this study utilized ABAQUS finite

element software to construct a multi-scale refined three-dimensional finite element model containing segments,
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bolts, and soil layers. The model accounts for the material nonlinearity of tunnel segments and bolts, as well as the
complex interaction between tunnel segments and soil. Through simulation analysis of full-scale segment loading
model tests, the accuracy and reliability of the adopted tunnel segment model were verified. Using the established
three-dimensional refined model, numerical simulation were then conducted to analyze the effects of different
loading magnitudes and forms (including central loading, semi-eccentric loading, and eccentric loading) on
underground segment structures. The results show that under surface loading, the longitudinal settlement
deformation of shield tunnels exhibits discontinuity and non-uniformity. The settlement within the range of surface
loading is relatively large, with greater misalignment and opening at the edges of the loading. A comprehensive
analysis of the relationship between tunnel structure deformation, opening amount, and misalignment under
different loading forms was conducted, and then the relationship between the opening amount of shield tunnel
segments and structural deformation and convergence rate was obtained. The proposed formulas can provide
valuable insights for engineering applications.

Keywords: ground surface surcharge; shield tunnel; refined modeling; numerical simulation; safety control

limits

it o 3k T b 3 [R) I R R g R ke, 40 BE
AR T ) it T Ml DI 1 g e, H b T M 2 T O
HY A B T e SR R R R AT Y, MR IE L ER M
T HER AT, B O AR A I TR, AR BE A
JE A6 % TP 2 [ 30 A R B 1Y 22 S R TR, () s
)t B SR T, T SR 18 A A AN SR Tk, HeaE b
BiAK. BNEOUTE, KR BOE 2L 2 | IRk
LA, T IR 18 Y IE H 1z A B

H AT 1F 2 27 3 O % 48 BE AT & A4 % 1 i) b 3% Mk
R EHEAT T A SCHE S, o B A5 5 A A
WREHTIEC O BARIR YA Bl S A Bk
A BRIT o Arkte =, i FIe T A TR 5
FEIT A AP0 05, T DA 288 4 R T % g 2 AR B i A7 90 20
Gy 0T VAT L BR T T Ak SRR 7 111 %5 K] (Euler-
Bernoulli) %2, J1] Winkler b 545 £k AU 1 T 44, Jf:
R e 12 B R X Ml K K S A9 B8 B oy T R E AT R A, A
45 H Mk B B A AR TE . Wang SO 42 T —Fh#E K
Y0 BT b 3 oy 84 FH T, X6 b 2K i A % 1 1) A 1] 107 7 5
AT T A 3 AT B A o BRI AE T 4 i A R T AR
‘& T Winkler #1 3 | Y Timoshenko %%, J£ X & & J& #4
W& 3 7 b T for VR R A S5 A AR B 5 52 1 AT T
B o 2 fap 422 00 % G I, 2 A VIR B A e AR AR
AT, HE 0 M 5L ) R BRI NI, e A AL
b R AVR B T A TR B o R TG A R O (Y A8 JE [R] R —
b e Z AL B LR R, B BEE AR 2 4
¥, 3231 A 5% B B s ), B A AT 3 s DL SHE Jai B G
FARARTE RN R4S R R T

g B 45 500 o 40 RO 2 10) 8 B K 58, X sl ek

JE Ay % 3 7 b 3R A 2RAE R AR B 5 A 30 R ) A2
AR B S e R 2R 64T 1 400, R BB E 1 AR
TR B2, HEEE B B R T
4 e 7o BRAR LG JEME T b U — 2R sk X TR) S A
BRI KRR, KWL E R ERE T
7m, FERIE BT E B KRS FRIR, b B
K+ EAIEF] 210 mm P b, — 8045 5 5 2
T0 ity 4 VR B 1 B dwt 95 AR DR 4 B 52, XoF oK 1 1) 22 4
B AT A U

TEBUE 115 7 1, Huang 2510 SR F 4 i i 22 72 B
JUXF HiL R i 4 R T R T E(E 5 L, I ] FLAC3D %X
A X AN ) R ey 2 R 9 3 b Ak O A ok G 1Y) AR TP
PLERBEAT 73 B o BN S50 SR ] MIDAS #1F, #5717
AR R = AER AR AR, S T I R MER R A
v BRI 1] AR A R, dE o T R iR T
I B TR B R IR BE 5 T IR RO G . PR AL
LGNS b A F R B B B — A A R ISR 1)
b R R A B, R ABAQUS A3 BR JG 4 B 7 ik,
Xof b, TEG HE 2T b 2k O A R T A R AR A T S 1Y AR P
IR HEAT T BE B Bo i 4= 5509 45 B 1422k
PO R 0 R AR 2 48 I TR 42 Sk R OT Sk Wi 52 48 I 5 4
()32 3 AP o 5oz e A0 R T AR Lk i S A5 4L
B Sk, B ST AN ) 22 5 DO R T % 38 2 1) I B
i RIFFIES & =5 . #5550 FIH] ADINA, 7E14 58
JEE IR -PEAR R AR SC R I i L, W T S A s —
AERAEBAL, JF X HEAT T BUE B, S0 T R
SR M AE ARG RRE AT . R oh S 4 T —
Tt 2 - 5 B R 45 A8 B B 45 5 78 — 2 09 °F- T 0 AR A



- 116 - 7K SC L T

%24

PR e 78 5 i Jk % R 38 AR T 12 48 O R I B
HER T B sr B B 7 I BRI A AR o A s 2
FIHT ABAQUS # 1, #y3d 1 —Fhid Fl T Fa g i A
F AT D5 AR A AT, A G R A b, XT3 = K 20
A AR R 2T )R ) R AL S R
AR 1 T AL N 1) AL I A B WL AT T 20 AT o

Li EPrR, BA M9 2 R T HE AR HT R BB Y
BRI S5, HZ USSR 5, A%
JEMEFAE T B 4k 19 A2 T8 5 RS A R AR B Z 18]
RFR . AV T, WRERE By —,
BB DR RN . AP T AR b, SR HE 41
RN TR A DX IR 52 2% HL 22 RE 9, 0T 8 A4 g 1
AR MATI A TR T 5T

ASCHET ABAQUS A BRICH A, Z45 7% 1845 ) Fil
P Sk MR 19 AR 48 52 0 e DL R B Gl A8l 22 [ A AH B
TERIGER, 5L TAF i R A )2 2 ROBERS 4 4k —
AT BROTRIAY, I B © A 156 80 &, 0 35
R BE LA AR 9 2R AT AR o T A
TR SEBR, 74 e 480 0 5 5 A4 B T8 0 A X0 L o
B0 e v M 2, Ml o R R DO ME 2 X
A T5) A T i AL % G A R 45 R B Sk R AR Y 32
T AL BEAT TR, 85 2 B 1 07 R S
W& 18 A2 2 6] Y ¢ B B G — IR A5 i A % E 28 B
F1% 22 2= P ) FRAEL, A Jhy A G 908 10 i 3 it T T i 3t
2%,

1 BRE#ELEEREXEIE

Ry B UE SR A AU AT SE M, S ROk (23], d T
PR R PE2 ) = 4R m, el 1 i . Hipds Bk
FH =4 SR e, ARG QRBE - 2549 1% 1145 #E ) (GB/T
50010—2010) " 25 % AR BE L A WAL EA 748 7 (1 2
BOXHE, SHOLE MR 2, 8 R =i

P P
1.1879m [04m 04m
[ |
Jd AN ’
Jngm £y N
FARAS it NS Y

Wy, I i .
A

B1 EREmmEnEE
Fig. 1 Equivalent loading diagram of segment
T PR i3

TGo BRRRSCRRAT ALAZ TR R 0.4 m, LSRR (4 4K 1
AR 0.117 8 m, SR HIXUAT R AR ALY, Jit e 54t J32 B
K 400 MPa, Jiti il i Be Ay i P A5E et JBCA S0P o B 7 0.2
fi5 o 1R ABAQUS H1 [y “embed region” %) X 2%
P A R SR Z M EER. Eh58Rh2
5] 3 15 ““Surface-to-Surface” #H: v/ 2 il 56 & .

F1 BEEIMBAZESE

Table 1 Mechanical parameters of concrete materials
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Table 2 Parameters of concrete plastic damage model
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Fig. 10 Maximum tunnel openings and surcharge loads under different surcharge conditions
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