A "
domENE] 2005 4F 25 % 17 R S S N R D ISSN 1671—1815
G 2025, 25(17) ;07439 -08 Science Technology and Engineering CN 11—4688/T 3

DOI:10. 12404/j. issn. 1671-1815. 2405011
SI AR B RE, Wbk, AR, A% BB LRSS A - TR S B[ )] RREHEOR S AR, 2025, 25(17) ; 7439-7446.
Teng Zhenchao, Chi Linlin, Zhou Yadong, et al. Numerical simulation of pipe-soil coupling model for dynamic soil loss in collapse process

[J]. Science Technology and Engineering, 2025, 25(17) : 7439-7446.

BREEIEIAIEREAE-TREREBEHEREN

JRRA? e, AR A, K, RAIR, deek, b
(L ARAL MR LA S TR BE , KB 163318 5 2. AL T MK 27 L 40 JE BT AR RARIT B W T A S, KK 163318)

O AEARRERERE T LA EAE A BRI A RALIE R R B U BB R Ak A A T BB AR L RIB
S SAMAEFEEE-LIEERA N OBEER ARG TR T EAGEIFNE, EREAW . TRERAIER L, dha 8 H
ABEERA EABEFRAGEIRLERBE T A LRBT, SRR RANELERRER ZERR T HALE
ARG R Aot g R R4 B3R e R P 3 Von-Mises K A1¥%AA K 4.3 MPa 3§ /03] 6. 09 MPa, #&hefifs i B3 KAE1FE
HTF A LR A AR ARG R R XA RLE LR BT WER, ML AR KM ERA R, & LRERH
WD 5 B A BT R Von-Mises B NWEAE KM 2@ A £ B AR e RIRE L, IR A Fe R EEAMSHR K
Von-Mises & A TRM AKX, iR ZE T% AR, FFRERTHEE R ABITAEFIFRENT XBELE

KMl ERIRRE; I FE, RAAR; BBAR; BTN

LSS X937 SCHkbRERS A
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[ Abstract] In order to further explore the pipe-soil interaction and the failure mechanism of buried pipelines during the collapse
process, the element birth and death technology and the displacement load technology were used to simulate the soil collapse
process. The coupling models considering the pipe-soil nonlinear effect were constructed respectively to analyze the failure law of bur-
ied pipelines under collapse. The results show that the bottom of the pipe jacking is the control point, the axial stress is the control
stress, and the junction of the non-subsidence area and the subsidence area and the center of the subsidence area are dangerous sec-
tions. Applying displacement load technology to element birth and death technology, the location of the most dangerous section tran-
sitions from the junction of non-subsidence area and subsidence area to the center of subsidence area, and the peak value of Von-Mi-
ses stress increases from 4. 3 MPa to 6. 09 MPa. The application of displacement load technology makes the lower part of the pipeline
always in contact with the soil, and the pipeline is subjected to strong shear near the junction of the non-subsidence area and the sub-
sidence area. The element birth and death technology is lost with the soil, and the pipe-soil state gradually changes from contact to
separation, which is a weak shear effect. The Von-Mises stress peak is larger and the radial stress is smaller, which can better reflect
the actual situation. According to the stress and settlement values, the maximum Von-Mises stress prediction formula is fitted, and
the error is within 7% . The research results can provide reference for the safe operation of pipelines and the selection of collapse sim-
ulation methods.
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Table 1 Pipeline material parameters
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Table 2 Soil material parameters
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Fig. 3 Pipe-soil mesh subdivision
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Table 3 Mesh partition parameters
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x4 EBERAMNKBIRER

Table 4 Table of relative test error of simulation results
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Fig. 5 Technical model diagram of applying

displacement load

1
%‘W\?”ﬁ@

@@N&*‘
N

RRESE YIRS

ST % N R
Fig. 6  Unit birth and death technology model diagram

2.2 AEIRBEET R S FEMmE LR 3T

H T3 A8 T N T it 2 OC T B B DX H e X R
O3 AT, PUEAE 23 B I g e = B X645 v 0 2] 359 4 IX
e B 2R iE AT 0T, S SO an e, B AR Az
fir, o IR

AR s B RS 7 T A8 T00AE I il [ 1N 7 %) BL
i 7 s o DS T v B E SR B DR B X g A
Ak WA =X 1 Ny 7 7 Ak R S Rz, e R
P2 177 I AR TE 3E P Ak & A i A (0 28 FEAb H PR
(B 7 B B it Jin 5 s 1y 2R AR (0. 666 m) 26T HL
TCAEAEHEAR (0. 814 m) , 3K S R Ay it fin 467 % fir 2k 4
AN B 0 A 452 % far 2K T 500 A R 4 AR ) 0 B B
TR, HOCAE AL R R B B i B R T R
KR, PRIt fin 452 % o 280 AR (75487 18 — FF 4R i 32

AR RN Ty, 38 B B AR B e T Hoc A st
Ao BT FEHE A S ) N 7 AR 85 B X R G X
ZE SN 2 32 G A 3 B DX rp ke i B S, 43
MPa, T 57 7% i 28 45 A 286 338 280 15 574 DX v ke 224
HELIE(E 4. 71 MPa,

ASTA] 35 B A 7 =X R 48 THAE I Von-Mises Jif
Jixf e B 8 B, AN HE B A B, P AP 7 5
Von-Mises Mﬁﬂiﬂ%ﬁéﬁ‘ﬂkﬁ%ﬁ,ﬂ\%ﬁ%%@ﬂ
BR A DX g, 2 R 5T HE K /)N B S R R
Jiti T2 % Ay 28 A A 355 57 DX e e Ze A s 30 1 g 0
{H 4.3 MPa, 1 B oA FEH AR TE 55 B X rp e ) B0
{H 6. 09 MPa,

BATCA HEA AR 1] 07 1 A Von-Mises i 7 16 (E
A8 K Tt i A2 % ey 28 R | 36 S R A it A7 % i
HEARBE T R AT, 53 1 R BT A 85
ZEM S8 T8 — A D7, T BT AR FE B OR Bl 1 i
GRS A IR A 2 A B 0B AR SR R IX
e i S N N E R e AR L s (DO % A 4 <2 (<

DAL N

%méﬁﬁ&* TG 17 1
6r AR A 17 L

S
<t =]

h
BIva)
P +ﬁﬁﬂ1ﬂ§ﬁﬁz B TN I )
Wl £ T R
//f‘::,;_:“'\_. '-'.4 "' ,’fh)( “\\
2t AN (DU S
g Paran 'S, AN \_‘
3 P2 14% 4 N -
20 e vy I /‘f\,;,:%_é
Nt AN ; £ 7
g IAVAY yavs
=21 AR ? £/
& L AR v‘ :" 4 ( oy / 'V'
al \ K L»wl‘ X/
WY 4 / W
‘Y
-6} S
0.0 015 110 115 2?0 275
HIEKE/Mm

P 7 AN [RL B ANy S A 2 Al 1 g
Fig. 7 Axial stress along the pipeline in different

collapse simulation methods
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