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Abstract: Given the limitations of traditional grid-based numerical methods in simulating large deformation problems of
geotechnical materials, this paper applies a meshless numerical method—Smoothed Particle Hydrodynamics (SPH)—to a full
process simulation of shield tunnel excavation instability, including the gradual instability of the soil to the ultimate equilibrium
state and the large deformation collapse after soil failure. First, an SPH model for shield tunnel excavation is established. The
SPH simulation results are then compared with theoretical solutions and the ultimate support force and excavation face failure
patterns obtained from model tests, validating the feasibility of the SPH method in analyzing tunnel excavation instability and
large deformation problems. Next, the entire excavation instability process is simulated under no support force conditions, and
the effects of three key parameters—buried depth ratio, internal friction angle, and cohesion—on large deformation collapse
after soil failure are analyzed. The research results provide a new analytical method and perspective for addressing tunnel large

deformation problems in the future.
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excavation face

5 FEEKBHILLTREEIURBIA

$FIE AR

BE3E /T 5 AT e R AR B R AR, SRR
PISCAPEE e, R SEBRETE . IR AR E IS E
FEYZ T PR IRRFAE RN AR RS TR R R, AR
A SPH J7iEX AN[A AR SEC R B E AT T
o BRSHEEW 3.1 L, YR TR
PIRSE, BEE — IR H2 K E R 5D, BRI AL 24 R
SR (CR2D) X10D. B ARS8 3 AN B B
BB 3.2 WRTIR—3, (HAEEE =B B2 T2 -
IS4 77, DAl R S T8 42 T KR T
5.1 [FEFIZEKRBREERESHT

£ C/D=1.0, ¢=25°, ¢c=0kPatHiF, Hiill
FHZ R AR A R . B 2 T R AR P FE
AR A AR TR B KA F BB (8] 1¥1 2240 43 AN ] 14,
15 Fine 456K 14, 15 nfLLEH, fEREEFZ)E,
B 2T B AR N IR ERE TR, 2T R AR FE
B IEH R, HESSREE LTS,

P /m
14

BB /m
11.0

(e¢)3s
14 BEFIZERRRISTRUBEE

Fig. 14 Displacement nephogram of the whole process of

(d)5s

instability and failure of tunnel excavation face

201

ERSCyNvE: 7
s &

W
T

R T S S R S
I [El/s

15 TR ERAH SHTERIX &
Fig. 15 Relationship between the maximum displacement of soil

and time

THZ I RASHIR AT KRB 3 AN BL: BEIETTZ
AR TR BL. BETE RAZIRB B LK BETE 5 A E B
Bo HiHE 2 0.5 s v, JHZI ML E R IF R AR
e B AP AR, BEIE AL KBS, K&
AR A BETE NS, BB — AR
=M. 72240 4 s I, L AATHNBETE P iE
BRI TRUE -
5.2 RREERIFY

fE@=25", c=0kPafhil I, W55
1.0, 2.0, 3.0, 4.0 RIHZIIIHE G LA . I
2 AR A TR BN 16 Fizs, T LE 2R
AFE CID %M T, THZEIm AR RISHIR, FECREH
TARARI . P O RARE R R MR N R2, b
R LRBEENEAN, FHREEZ LY AR,

(a) C/D=1.0

(c¢) CID=3.0

16 NEIBELL THRIAER
Fig. 16 Collapse patterns under different C/D
2 C/D = 1.0 I, BRI L (B BB L
For) RHEZ, JFHBERE IR, BEEN TP
BT A=K (BRI R R R ) . BEE IR
N, b7 R P ARAE TR R rp oA A T il
RGE T ORI T A, AT S 2 PR A T AR R
WAL, JFiRm REEMRRE . AN, Iz T+

(d) C/D=4.0



2212 =

+ T B % ik

2025 4F

IR T — MR BRI B X, #2070 F I R /s H

oYK, IERL B LT Fﬁ%%
240 -
q —=—Jf 5 da
200 —o— R ULIE

HFVTRE/m

1 2 3 4
CID

E 17 T EBELL TRREHRENE T8t Rk

Fig. 17 Soil inflow and surface settlement after tunnel collapse
under different C/D

NI FZ TR A LR, AL U
RUCEATE LRI IR, Horhim - E0E O8N
TAFEE A AR SR, W AR RS TE A ROk A HE
B e PO ANIRI 7 5 LU T R I 858 e i - AN R R
WAE 17 PR o T T2 S 300 AR U g F 7 A A+
PR RS, MR LT 5EEHER, W
MR TR U S 2 A o TR B - RN AR TR
LONB P PIRFAIb R R AL (R IETE
5.3 NEZANZI

fE CID=1.0, c=0kPa [FI5MFF, WFIT A BEHE
PRI 25°, 30° , 35° , 40° WG
TR . W& 18 Frow, W LA BIBEA A EEE A A1
R HBERITRE AR LR B e, R &3
W AR = AR HERR X IR B A1 B /. R I
FEZEAA IG5 T HARRISTILEh e TT, TR/ T AR
HEARAL T AR .

{b) ¢ =30°

~
~

(d) @ =40°

¢y g =35°

18 FNREIMEZ A THRRIFEN
Fig. 18 Collapse patterns under different internal friction angles
AR A EEEA TR REE 5 1 R S R TR
W 19 Fos. SPRRY, BIETHZIE)E, WEE
FBCR I AR BERS B A BOWIRGUT 1252 s, B
A RV R A R 2 )

—=— i it

YT /m

405 30 35 20
HNEEBEA/(°)

E 19 TENEEZRS TREHREIRTEMMtRIRE
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