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Abstract

Pipe break is a typical accident occurred in long-distance pipelines and might be the cause of other
similar accidents. Owing to many factors affecting submarine pipelines transporting natural gas, it
proved extremely difficult to detect and examine the explosion in submarine pipelines crossing
point. In this research, the ANSYS/LS-DYNA software solution is applied to simulate breakages in
underwater gas transmission pipelines at crossing points. The gathered data as the distribution
rate for emission of gas bubbles from leak point jointly with the rate of crack growth on pipes and
pressure distribution rate influencing over the adjacent pipe in the aquatic environment are use-
ful in assessing the bubbles movement parameters before the gas flow from the leak point reaches
a quasi-static flow state and pipeline kinematic characteristic. The findings of the research can
be applied in construction, maintenance and commissioning of long-distance submarine pipeline
crossing.

Keywords
Pipeline, Undercrossing, Breakage, ANSYS/LS-DYNA Software

SCEG|I M A, R TER T RS T ). A R AR 24K, 2020, 42(2): 370-376.
DOI: 10.12677/jogt.2020.422058


http://www.hanspub.org/journal/jogt
https://doi.org/10.12677/jogt.2020.422058
https://doi.org/10.12677/jogt.2020.422058
http://www.hanspub.org

RAR VBB K T 27 i 4 SOt 7

RASEEK T FRBRRERU S

= %
o [ S 1 R LR PR A m bRl , b ey

Email: ligiang83@cnpc.com.cn

ks H: 202045 H12H; #AEHM: 20204F6 HoH; KA HW: 20204F6H 15H

H E

FERRERKATEN RS, A —SERNERERR. 2T KTEBRASEERZM
RERHIEW, EHAPTK T FRRATNEERRLRAE —EXEE . KAANSYS/LS-DYNAKAFRZEXT T K
FRRATEERRFHORT 7M. EEH AR SUSTEKRSE DR SRR Y B EAREY RE
LR S AR EE IR, HixE T MR S S shE B LR RSHTK REIEZ S HAM R
RAEERZ R, ZERTAKTFREKATRNER. EFNBTRE—EHNSH.

xiia)
RARS[EE, KTHFR, BR, ANSYS/LS-DYNARKA:

Copyright © 2020 by author(s), Yangtze University and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

I G AR [E] P KT R AR AU T R R I A 3 A v TR R AR R K TR R AR ST R, AU
FIK K] fG AFAEAG KO R IE S FE R (1 70 B [ LA MR 7= A= i e 2 /K 9 O Bt 72 2]
PRI AR IS I RR AN 22 Ak, RARSUK T o8 B T SE B i e AE AT h B AR R XU, Hop—
FNEEIE, B R&HAEE, WREEEREFHE, T LRSI RIES A& EE, X
T F 9 32 0 R A R T MO & FH A i AR R gk e v B T, (EE H A N TR 7 T R AL
BHRA, ARSCHEIR 7 HH ANSYS/LS-DYNA 1 5 400} & T8 AR 2L HodAT Wy SR AU AR AL R I 72 i ot
IS 8 B0 AR BB AR, 5 T AR S SR IR 3k B HE B LR BIRES BT i SIZ 3 380
ARSNGB RSN R, FET RIS EE BT 1 F KRR E B R F WO AR AT TE 1) ) s FE
2. MK TEEBHERE

LS-DYNA i@ B A IR ok, Al [FF 34T Implicit &% Explicit BI04, #od&h Bkt JELk
e S, B, %, BEESMELEWIT N, BRTRR T AT Z N T SR, K
Tl BB Tk BT ntt. AR LRERER. WERA. S EhE).

T TR TR F T8RRI RO M IR YD R B D155 K, AR SO T TE R AT T B

DOI: 10.12677/jogt.2020.422058 371 Al RN


https://doi.org/10.12677/jogt.2020.422058
http://creativecommons.org/licenses/by/4.0/

s

FU[3], 2T ANSYS/LS-DYNA A REGEHF /1 T8 A ] [ RS 7Y

KR AR TR E BRI, Kb —NsiTEIE, % N&HEE, FEhmEE
No2m, BHENREN 1M, HFCAKE S 16 Mn, BEJE 20 mm. & IE SN SN 100 mm FITREE - (R4
JEEAN R, EEAT 25 m IR, EIE A RIRSE TN 7.5 MPa.

3. IREHUE

X TE BRI AT TR 1) EEBRRR, FURKE 20 m; 2) BREHE
JERLLLL 150 mis [FE YT R A B AR KA . 7R 58 T ERE R Z R T, RIS E R
IR PEAR A RN G5 1) Je P I R HEAT T 5[4

TEE L BT IR T AE S IR 0.05 s LS UA BRI LRI, 57 T8 ¥ . g 56 B (a) AN 2B 14
A5 (D) IR A -

TR R EIR, EYIGRZ], SIRFEEKOLIE 2), Hrf i RS AW RRE . SRR A
R/MBRFEEE BEG T BRI o T ST B 0P T S50 o A% P T Ay /65738 = g o R D A o R P
AE AL [5]o FERIRA TP, Al N AE S i Ly, vh 5 1 T AR 20T AR A1 A 3 1Y) )
™ AR RGN ) T e

SEA_PIPES 041 SEA_PIPES 041
Time= 0.045999 Fringe Lovels Time= 0.045999

..........

@

Figure 1. Sea pipeline stress intensity (a) and structural yielding (b) at 0.05 sec
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Figure 2. Pipe rupture gas flowfield based on calculations using models of sudden burst pipe of 20 m (a) and crack enlarge-
ment with an average speed of 150 m/s at 0.02 sec (b)

2. EEBRERR 20 m RS ABIE (@) FIRR L 150 m/s B R 0.02 s BHitthR < 48 (b)

DOI: 10.12677/jogt.2020.422058 372 AR IR T =R


https://doi.org/10.12677/jogt.2020.422058

RAR VBB K T 27 i 4 SOt 7

K 3 IR 1 AN I ) SR B B Ji 3 AR S Lo AR 91T, 58 — 2R TE I O T AR R
OUIFLL 150 mis Y OB HEAT 1 iHo. WA Y, AIAGP BUGRIREIZAK , JF HAEHEIE 0.07 s
I, FAP IS 7L T BRIV TE L A R

Figure 3. Pressure pattern of crack enlargement at 0.02, 0.04 and 0.06 sec
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Figure 4. Water pressure dependence for matching points position on the X axis in the horizontal
plane (Y = 0) used in modelling crack enlargement at the speed of 150 m/sec
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Figure 5. Water pressure dependence for matching points position on the Y axis in the horizontal plane (X =
0) used in modelling crack enlargement at the speed of 150 m/sec
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Figure 6. Water pressure variation curve for matching points position on the X axis in the horizontal plane (Y
= 0) at sudden burst pipe
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Figure 7. Water pressure variation curve for matching points position on the Y axis in the horizontal plane (X

= 0) at sudden burst pipe
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Figure 8. Velocity field of pipelines at time of 0.06 sec from rupture initiation for models of

sudden burst pipe (A) and smooth burst pipe (B)
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