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Stability Analysis of Shield Tunnel Undercrossing Water-Rich Sandy
Pebble Stratum Considering Fluid-Solid Coupling Effect
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Abstract; To investigate the mechanical properties of segments in sand and cobble strata and their in-
fluencing factors, based on a subway tunnel project, numerical simulations were conducted using
FLAC™ software and combined with field construction monitoring data to systematically analyze the sur-
face displacement, stratum deformation, and segment internal force changes during shield tunneling.
The influence of different water head heights on the tunnel structure and surrounding stratum was stu-
died. The results show that, compared with the case without considering the fluid-solid coupling effect,
the final settlement of the surface increased by 49% , the crown settlement of the segment increased by
61.3%, the lateral convergence increased by 51. 45%, the maximum stress of the segment increased by
about 37% , and the numerical simulation results considering the coupling effect were closer to the actual
engineering than the results when the coupling effect was ignored. The water head height is positively
correlated with the crown settlement and lateral convergence and negatively correlated with the crown
bulge. The bending moment of the segment is positively correlated with the water head height, and the
maximum positive bending moment occurs at the crown waist. The axial force distribution is symmetri-
cal, with the axial force at the crown waist being greater than that at the crown shoulder, crown foot,

crown top, and crown base. The fluid-solid coupling effect has a significant impact on the deformation of
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the stratum and the bearing capacity of the tunnel structure when a shield tunnel passes through a water-

rich sandy pebble stratum.

Key words: shield tunnel; fluid-solid coupling; water-rich sandy pebble stratum; numerical analysis

ATAFAR , Bl 0TIl A B B PR K g, T
S L B B, oA T i R T RLRI G
M BRBEIE AN A 25 BT 3 | 3999 45 O 2% Y K
JZ o SR, 5 TRRIE AR L, BE O R R K
JERA TG 25 8 AR E 7, b B K-
AR PR B T ARUR Y Rk A % %
T 2R K H)Z I LR 9 5 B R AR A
VERIHEAT TGS, F 42245 At AL 4 2 it
TR JE AL R T8 it Tk A A - [ R A O, 4
AN TR BN 5 RS T B o A L, R R
SEIBESE TS AR 2 A5 2R A R VT B TR
IR =R T 07 %, AN BE R 34 T 8 i
Gyt ke e e S R, BRAVAET TR I AF T X
JEAREIE T 208 b 1= A0 B AT T AR
B, 25 SRS 125 B - [ 5 R Bl Bt DR PR
SRR TR, WO A ARk 2
ST 2 W FHAT R B )2 A B S DN B, B
G B WAE X A AT 5, R S5 X
JEARE TE T 2 2005 W) 0 5 = AT BB AR AU
B, BB WA S 20 300 19 495 0 K 2 350
Cheng 55138 1 #E S BLDUARZE A (1 5 ik B0 T
TN Rk 2 S AR BRIE LR - S VR T T A 4522
TEAFAE , A B RE T8 HIE TOURN $16 5 7K 52 550K 04 %l 17 7
LIRS 8 iR BE 728 5 T2 SRl

S X B K LR B8 R AT T B 1 2R
HZER T LR, X T 50 59 4 = A T 5T A
XD WA R R ARG B R
KGRI 1/ (P EEAE AR QA5 1, o BB it T 0 3 i
TR W R 2 . L, A b 230 % 18 2 0 41

o S

HoJZ B AR -SSR S AT A TR AR . A SCR
Bt B R 5 KO A M E O TR R, R
FLAC™ B0F R A7 Wi- [ A8 5 20 Hr, BF5E T MR T
W LR R S R R AR, B IR S
ROSATRTHR T, 0 AS R K R 2508 BB R i
FEm R HEAT 2E— 2RI, DU O R T R 4R
HRES%

1 TR

M LR 1 5 I OC— LX), YDK13 +
841~ YDK14+245 X B N 28 #{i], &K 2 404 m,
W T X A — A W I 23 b PN, b 7K A7 388
PLFHERLIT 5~8 m, HJZ A LI~ 45105 1
REWGI A (Q,") H IR HINREH S
BRAT SEDUR RSO A, Hb ST A DE A
TR E B 1,

K FHUC KT8 65 A8 T 25 565 DO 2R 458 48 F0 & DU
R NHHGA O A H )2, B0 A % iR 55% ~75%,
WA 2 i AN 2 O ACRLAR SR 20 ~ 50 mm, fi KORLAR
650 mm, - FHT R 5R B 60 ~ 120 MPa, e K1if
HILE 52 1k 200 MPa, + 2B % 25N 6.37 %
107 m/s, HIASHILER 1,

2 HERBET

2.1 RBIRSF

WRGE T 2E K B R R 25 O, B R IETR
30 m, F/MEE 15 m, R T8N IR SR o
S5 22 5 e AR AR A B R v B2 ) 328 B 45 5 ik

4 \/ Ry

Rt ke
() 35 ¥ v

Wt oy BIUREH ELEN
ARt -E%E%EHE

(b) $mEHE - K I
BT 2R 15 e oG — B i DX ] b B 17 20

Fig. 1 Geological condition of Haiguan—Matan section of Lanzhou Metro Line 1
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Tab.1 Geological parameters of Haiguan—Matan section
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Fig. 2 Schematic diagram of calculation model

EAMERI RN, B 58 2 W0 60 2 42 ¢ 60, KUH
TR SRR E R AA 2 PR

2.2 BAREURWHSE
2.2.1 MALKM

T 2% RE [ RN AE T AER A Y ik A Ad
S E N R AR RN E K BTG, FLBR K R 1 o
KT, K R B 0 B AR Ak, % )8 %+ Ti HE
KB IHZ AL LR R 0 kPa' ' L 4 A ik
BERIKEDG, 2SR, KB5S
P,
2.2.2 MRS

A BE S5 ok s LB S R Y AR AR TE
FEI S H R AR TE BUR A A, B R o
HARM B IR AR )Z, A ERIZNEE
BT - R AR S AR B 1M T DA TR T
M 2 2 AR K ORI AY 256 20 5K, B
EEIRARZEIREE N 1.0 m, [F]0 Ay A 18 2
AR ) T8O R T D 2 85 2 AR 4 5 &
BERAR I A (1) L IEE LRI A (2)
LIS FESE 14 T 0.35~0.69 MPal"!
BACAS L R SR TR 7 B 0.4 MPa, 38 9F R S H
500 kPa.

P, =vh + aq, (1)

[P, WEERET)  MPasy, B LEAE N/m’;h
SRR, my o D WO T R AR R A, AR ST
0.02;q, A B JTC M FR 4T K 58 B, MPa, 4 SCH
3 MPa,

45° + /2

_ 21
K
) 2C Ky (45° +¢/2) ang
Dcot -

yDcot (

P, = (1-e
' 2K tang

) +

e "5 (2)
K. P, EE RS, MPa; K, NIRRT &
BOARCHL 0285y A EIREE, N/m’; D G4 4h
,myH N IR ) m; C AR T, kPaso H +
HIBEHEAR, (°) s W, WHBTAIfT 25, kN/m®

3 HELRSH

3.1 (IRFESH

1 3 S % 30 4 R T A A I % G 0 i 5%
DUl m s TRE, SAFEMEITH
I, % T8 PO b 3 i BB R, B RN 1. 44 mm;
2 B T SR R L B T
RERULE, BIREB WS- GG, %k
RUCFEME A 8. 82 mm, 5 R % EAE & 1F JHAH L
FEIN T 25 49% , 55 B3 i DN 14 b 3% o R DU I A
HHARIE



90 wWodr TR K F E R (A R E R 2024 4
R o B W W25 A 19,99 mm , oAl A R4S T

- | Ig_gj {162 6 mm . 705 A AR T K

£ ] Exd RR, S EURE I T - V74 5 2 2 O, B TR

5 i B SR T, TR SR D R

® | B BT IR B VA 00725 e, M R KA 1R 7k

2 35 S H P R G 7 3 ERS . i P S EAL B

MRV AE/mm

(c) L3 W9 = Ui B
P 3 AN[RIT O T DX A TR AL AL 14

Fig. 3 Land surface settlement variations in different

intervals under different conditions

Bl 4 SRy %8 HETOU L 2 TR AR At 26 i T2
TR AT B BE TR 5 B0 37 5200 T e LA
KAl BS5HEHE WS L, T2t
FHET TR SR ST WA IR . &% B AT
TR WRIEHE TR Je TR B A AT 125 R Y
18. 80 mm 725K 30. 33 mm, UGN T 61.3% .,
Gy S SR GRS SRR A5 G PR E L,
K15 A R RS e 2, 38 R ez i i rp
RS, W FP T 008 AR E A0 IR, 4% B R A
YEFIET, & R S8 1 S LAY 25 B8 g 2 B i
51.45% , DURES B, RS THE . 8 R Isk

KRS B TG | K A ik — 20 1 [ 45 LR, 2%
DB R R a1, I, % I8 - A
VRIS & SE PR TR

e
N \ D
-10

PR

i

= s QMMW
=30 FFES

0 5 10 15 20 25 30 35
THzPH

P 4 RIS L

Fig. 4 Comparison of cumulative settlement of arch

25
e e aaRRRR R
20 ” s B oo
& 15 goss e .
2y
2 ol
E 10
Eiy
f —— IR
5 / —o—ﬂﬁﬁ—ﬁ_
—— L5
0 i
15 20 25 30 35
FHEEH

K5 R JA Mot L

Fig. 5 Comparison of convergence around tunnel segments
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Tab. 2 Stress values at various parts of the tunnel cross-section at the Y direction of 20 m from the entrance
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Fig. 6 Stress and deformation of segment
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