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Study on the mechanical laws of river crossing pipeline
based on life and death units technology

WU Ying, LI Du

(School of Civil Engineering and Geomatics, Southwest Petroleum University, 610500 Chengdu, China)

Abstract ; In order to study the mechanical properties of the process of the river crossing pipeline from the
buried to the overlying soil gradually reduced so that the pipeline is completely suspended, this paper uses
ABAQUS finite element software to establish a dynamic finite element model based on the life and death u-
nits technology for an X80 gas pipeline, where the length of pipeline suspension gradually increases as the
overlying soil decreases. The paper analyzes the effects of flood flow velocity, undercut angle, diameter-
thickness ratio, operating internal pressure, and burial depth on the mechanical behavior of river crossing
pipelines. Sensitivity analysis is used to obtain the degree of influence of each factor on the stress of the

river crossing pipeline and rank them accordingly. The results show that the maximum equivalent stress,
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displacement, and strain of the pipeline under different parameters increase the fastest during the 20—
30 m suspension period. The maximum equivalent stress is positively correlated with flood flow velocity,
diameter, and operating internal pressure, while it is negatively correlated with the wall thickness of the
pipeline. The undercut angle is positively correlated with the maximum equivalent stress during the suspen-
sion process. When the suspension length reaches a certain value, the undercut angle and burial depth
have little effect on the maximum equivalent stress. However, the undercut angle is positively correlated
with displacement, while the burial depth is negatively correlated with displacement. The degree of influ-
ence of each factor on the maximum equivalent stress of the river crossing pipeline is ranked as follows:
wall thickness>flood flow velocity>operating internal pressure>burial depth>undercut angle. These findings
can provide basis for pipeline planning and design requirements and improve its safety.

Key words: suspension pipeline ; suspended length ; mechanics principles ; sensitivity analysis; numerical
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Cross-sectional diagram of the analysis of

Fig. 1
the force of flood on the pipeline
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Fig.2 Mechanical model of the pipeline

under the action of flood
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Tab.2 Model pipeline parameters
FESME/mm EEREE/mm HEMR/m EENE/MPa MR/ GPa EE/N A W/ (kg » m™) J IR/ MPa
1016 15.3 2 10 207 0.3 7850 555
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Fig.3 Three-dimensional finite element model

of river crossing pipeline
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Fig.4 Contact state model between pipeline and soil
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Fig.5 Pipeline suspended successively
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Fig. 6 Undercutting angle diagram of overburden soil
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the pipeline with different hanging lengths under

different flood flow velocities
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Fig. 8 Curves of the variation of displacement and strain
of the pipeline with different hanging lengths

under different flood flow velocities
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Fig.9 Curves of the variation of maximum von Mises
stress of the pipeline with different hanging
lengths under different downward slope angles
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Fig. 12 Curves of the variation of displacement and strain
of the pipeline with different hanging lengths under

different pipeline wall thicknesses
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Fig. 13 Curves of the variation of maximum von Mises

stress of the pipeline with different hanging lengths

under different pipeline diameters
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Fig. 14 Curves of the variation of displacement and

strain of the pipeline with different hanging

lengths under different pipeline diameters
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Fig. 15 Curves of the variation of maximum von Mises

stress of the pipeline with different hanging lengths
under different operating internal pressures
i1 15 7] AR 3847 RS ORS00 )
TEARDG, B AT N RN, fe R85 800 g AN W g
YNGR YR WADO KES AR R S ER 2R S RTE S A1

AR : hitps :// cjam. xjtu. edu. en  BUFART B J12% 254k



208 A A = = S

F43E

T A7 25 T B e A 800 T (B AT e 25
B KE R 30 m Z RN 817 A oK%
BN B IE AR K T RS KE ME B K
PRGN, XA RN R 2, YEAERKEN Om
iF, fE38 47 S8 6 MPa 5 10 MPa 194518 B K45
RO T AR 2E 116. 2 MPa, B 5 B 23 K B g3, &
MIZ B 2EFE AR B/ B s KB R 30 m B, 5 K 4%
BN SR 2E 61. 1 MPa, B2 KAEIRH] 50 m B, B
T2 8] B fe K A5 RN ST AU AR 2% 28. 2 MPa, 7Eiz
TS0 10 MPa 228 KA E] 50 m B E 38
S MRS B AT NS5 6 ~9 MPa B4 IH
TEEZS 50 m AN AR E 19 8 Asm g . PR, X
FAER AT 28 B A T TR & A s e TR R
30 m Z A AT LR B R P i 135 f B AIG A 1 die R S5 4K
N T HET A
1.0 F[—®—/F=10 MPa
—v— P=9 MPa

0.8 F[—4—P=8 MPa
—@— P=7 MPa

£0.6 [l—m— =6 MPa
R
Hoat

0.2F

0.0 =

15 20 25 30 35 40 45 50
B2 /m

(a) L

0 5 10

2.8F [—¢—P=10 MPa
26F[—Y—P=9MPa
2.4 [—A—P=8 MPa
7 9 E [—@—P=7 MPa

S 50k —#=P=6MPa

& 18k >
3 E /
12| :g ’___‘/:4‘_
AE v— _ pe
1.2F A—~~*’/'A/
LoE @ ./:/
: -—n
0.8k .1 L L L L L L L L L )

0 5 10 15 20 25 30 35 40 45 50
2K /m

(b) LAz
F16  A[REEAT P AR A T8 0 B8 F N AL
B2 KB AR AL I 2%
Fig. 16 Curves of the variation of displacement and
strain of the pipeline with different hanging lengths
under different operating internal pressures
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Figure. 17 Curve of the variation of maximum von Mises
stress of the pipeline with different hanging lengths
under different burial depths
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Tab.5 Factors and levels of orthogonal numerical

simulation experiment

S TR L SR ,%%E%ﬁiﬁﬁ‘] +EESH e BoKRE, FUMmE,  EEERE,  BATNE, %/
PR AR P 3 /N | DT 5 50757 36 e LG 3 R m-sh) O mm MPa m
7K | R i 3 5 AR M, A A, : : 30 128 6 07
i 1 A E 3 K B A % 1) T 40 3 A R 2 2 123 7 i
o, WA 5 S04 3 B b B (L A ’ ’ ® 184 s e
20~30 m 11K 5o % B A I s K B ! ! 229 ’ o
IR R AW, Mk LR . S SR
Fo EXHERMIEARRER
Tab. 6  Orthogonal numerical simulation test scheme and results
gy WOKME  FY) WREER BTN R S| RK BUKIE,  FY MR EfTNIE. SR TR/

HT  (mes™h) ME/(C) mm MPa m MPa %5 (mes™h) /() mm MPa m MPa
1 1 30 12.8 6 0.7 484.7 || 14 3 60 26.4 6 1.1 314. 1
2 1 45 18.4 9 2.3 376.0 15 3 60 15.3 9 0.7 556. 2
3 1 30 26.4 7 L9 2314 | ¢ 4 30 18. 4 10 1.1 556.5
4 ! 60 153 10 1.5 46L.3 ), 4 45 26.4 8 0.7  441.9
5 1 60 22.9 8 1.1 275.6

18 4 30 15.3 6 2.3 558.7
6 2 30 26. 4 9 1.5 273.7

19 4 60 22.9 9 1.9 446.1
7 2 45 15.3 7 1.1 458.1

20 4 45 12.8 7 1.5 568.1
8 2 45 22.9 10 0.7  340.3

21 5 30 15.3 8 1.9 575.4
9 2 60 12.8 8 2.3 555.5
0 5 45 8.4 p Lo a7 | 2 5 45 22.9 6 1.5  555.7

1 3 30 2.9 7 23 3505 | 23 5 60 12.8 9 1.1 615.8
12 3 45 12.8 10 1.9 565.7 | 24 5 60 18.4 7 0.7 565.3
13 3 45 18.4 8 1.5 461.9 || 25 5 30 26. 4 10 2.3 513.2
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Tab.7 Visualization analysis of peak stress numerical test results for river crossing pipeline under flood action
S R R ARV 1/ MPa

AN

K- 1 K- 2 K3 K4 K- 5 &=
HEoK i 365.8 398.5 451.5 514.5 565. 1 199.3
TUAE 444.1 459. 1 473.7 29.6
I RE R 557.9 521.9 464.9 395. 4 354.9 203
BITHIE 455.6 436.5 462. 1 453.6 487.4 50.9
I 477.7 444 464. 1 436.7 472.6 41

HIZR 7 AT, X 5 AN B2 DR 3R A8 T8 e KA AL
L S22 R W R R AN R B, Hoh A8 T BE TR R
MR AN 2, U K s, HeAl 5 i 3R
SN RE BEAR YO IS AT N s BRI VA L, X
WEIAEAT AL 27 B 3 52 B kK VR P A8 1 e R A
RN T R BV TEAS B bR JE A, IV I RE R Y
o, YOO . MHZ R s AT N R
GURRZIVERINE AR R S

4 HEMESH

F T FR IE SR IS X KR FH R AT 2 B
S RAFRN T TR AR R USRI RO R A
2(6) BRHUAS ZHAFIER M R 5 U s 52 w y
L A T R KA T M SR
r= 3t (6)
K of FoREHERKREFEWN S o XTS5 F 8
B RE Ao/o RSB AF B 8T8 R K5
RO AR Ak i 5 R UER D) UM, AF/F R SEUE
ARk B
Y SBORXHE I It BB 8 >0, ) 2 5
S o A T R KA AN ) B TF ) AR Ak,
RO H08 N2 S 808 8 o R SE RN 138, Jle =z, #5
F<0, W Bi% S 505 5818 i KGR ) 5 R A8
b, BN S0 N 2 5 308 18 o R SRV 1o,
TR RO W2 S B0 48 18 S5 R S R0 77 5% M)
EM A, I EEKEE R 1 m/s, TYIMAE
30°, A REIE 12. 8 mm, 84T NJE 6 MPa, 317 0. 7m
SR HEUE AN RIS 808 AR A 5 N ) AR A S 8 6 1 A
R 8 pim . #(6) 3 mlitiH 4 S HO R K

SRV T BB R A AR BN BUBHE R B S K S8
AL R FEIE AN E 19 i
x8 BHTUESNHNTUEXE
Tab.8 The corresponding values of parameter

variation and stress variation

24 B  AF/F Ao/o f
POKHE v/ (mes™) 2 1 0. 09 0. 09
3 2 0.234  0.117
4 3 0.407  0.136
5 4 0.545  0.136
TYIfEE 6/(°) 35 0.17  0.011 0.065
40 0.33  0.022 0.067
45 0.5 0.034  0.068
50 0.66  0.044 0.067
55 0.83  0.055 0.066
60 1 0.067  0.067
AR ¢/mm 15.3 0.2 -0.065 -0.325
18.4 0.44 -0.167 -0.38
22.9 0.79 -0.291 -0.368
26. 4 1.06 -0.365 -0.344
BTN E P/MPa 7 0.17  0.007 0.042
8 0.33  0.014 0.042
9 0.5 0.035  0.07
10 0.67 0.07 0.104
W h/m 1.1 0.57 -0.079 0.139
1.5 1.14 -0.028 0.025
1.9 1.71 -0.08  0.05
2.3 2.28 -0.011  0.005
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Fig. 19 Bar chart showing the relationship between sensitivity
coefficients and parameter variation
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