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Model test on the dynamic behavior of submarine landslides impacting the submarine

pipeline
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ABSTRACT Submarine landslides are a common marine geological disaster characterized by large volume, fast speed, significant
disaster-causing effect, and huge range of impact, which can damage marine engineering structures, resulting in significant economic
losses and casualties, and seriously threatening ocean engineering construction and resource development. These are especially
dangerous to submarine pipelines and cables, which are both essential for offshore energy transport and international communication. To
study the dynamic process of a submarine landslide impacting a submarine pipeline, a physical model testing device was developed,
consisting of a transparent cubic tank, an automatic valve to release landslides, adjustable slopes, and a simulated pipe with four pressure
sensors to measure the impact force and lifting force during the whole impact process. The device accurately simulates the interaction
between the submarine landslide and pipeline, investigating the force characteristics of the pipeline under the impact of the landslide to
obtain informative test data. Based on the images and data from the test, the mechanism of submarine landslides sliding and impacting
pipelines could be summarized into four stages: erosion initiation, impacting pipeline, passing pipeline, and landslide accretion. In
contrast to previous studies that only focused on the impact force on pipelines along the slide, both the impact force and vertical lifting

force—which may also lead to pipeline destabilization when pipelines are struck by landslides—are the focus of the model test,
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contributing to a more comprehensive understanding of the interaction mechanisms between submarine landslides and pipelines. The test
data uncovered the influence of submarine landslide volume, landslide slope, submarine pipeline diameter, and span height on the impact
force, which is systematically analyzed by illustrating the time history and peak force of these different factors. It was found that both the
peak impact force and lifting force occurred at the beginning of the impact on the pipeline when the landslide front reached the pipeline.
The impact force then decreased sharply to near zero, while the lift force also decreased but ultimately remained oscillating around a
small residual value. The impact force of the submarine landslide on the pipeline is directly proportional to the slope volume, the square
of the landslide velocity, and the diameter of pipeline. The peak impact force on the pipeline is negatively correlated with the span height
of the pipeline. Furthermore, the peak value of the vertical lifting force is approximately 1/5 of the peak impact force. Compared with the
empirical formula, the phenomenon and analyzed results of the modeling test shows that finer soil particles are more likely to be eroded
by water and are prone to turbidity currents. This suggests that the particle gradation of submarine landslides affects the motion state and
impact characteristics of submarine landslides to some extent, which is not considered in this test and requires further study. The results

of this study not only deepens the understanding of the interaction between submarine landslides and pipelines, but also provides a

scientific basis for future submarine pipeline design and safety assessment of submarine pipeline systems.

KEY WORDS Submarine landslide; Undersea pipeline; Impact force; Lifting force; Model test
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Fig.1 Model test device of submarine landslide: (a) Schematic diagram; (b) picture of the device
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Table 1 Physical and mechanical properties of the test material
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Fig.6 Impact force of the pipeline on different slopes: (a) time history of the impact force; (b) relationship between peak impact force and slope angle;

(c) time history of lift force; (d) relationship between peak lift force and slope angle

P 6(c) D AN R 3 B 1 48 38 T 7 11 A £k
Wt 5 B8 ) 384 O, SRV T ) L A e il g o AR
(B /IN, {ELHG D6 L Bt 3 12 8 47 52 B0 — 5 0%
K B S 4590 60°HT 1 B 2 il £ 5 i JLFD
TOL Y REAE AR AL, SR 300 fry i 2 il 4 A R AR
b, th T3R5, i SR ) iz Bl B S,
PRI 32 Bl AN 12 B A — 2 o 2, T 2 2 AL
graz gl RO A T 4 B 1R TN, 58 300
B JRE I A 2 3% BB T S AR T A A, R —
TEMRE LTI RG .

P 6(d) g T 7 W (L5 355 J3E 1) 0F o O &%, 4%
7R8I B 30°88 % 60°HT, T ) W A B 4
Tt, R SR A — R R s AL T SR X
AR B BT A L 3K n] BB 5 4R B R B

T Sl AT B 3 0, A K e AR A AR G, 3 TR 2 R HG
XL B KR Sh.

3 itig

TE U W Yz s #R v, W R 5 R LK iR
KA SR B R A VR, T8 O I, an ] 2
JIr . B BF 58 3 IR , T IS T 3508 B0 ok g B A T
S A AR AR R AR R AR 202430 S TR oY AR A 0 AR
1Y 3l 71 F51IE, Pazwash £ Robertson™ 1 33 32 46
e (S S TR N R e A B s [ 8- AL L NP5 b
S5 S WIAR A gt A 1 v g 5 H I 2 o R %% )
AHOC. FEA SCHY S v, BEE RHE B Y 3 5 AR BE,
T R 32 Bl B AR K, X A R Y o i g oA
N8I, GnE 6(b) fir . BRI, W AR 1) 32 o)) 1



B 7 A VIR B A 2R B AT O R R B 5

2009 -

X s K, 1% 45 et 5 Wang 45 P
(1) € e AK R I 00 25 SR W) & . Zakeri 55 FE 8 s 4
TE A g T W AT IR b 1 25% ~ 96%,
A SCELM T T3 2 2R i T8 15, IRk T s g
T A

R T 0 BT U R LI X A R G b T
715 Hi 3l 3 B 1) ¢ &, Randolph Fl1 White™! U
T TR AL AR AR TV N T MG L e )

{WJ/A\I
1
F=Cd(§pv%)D (2)

Ko F R ohili 71, Cy ISR IRBAC I R AL, p 2
WL, vy se R B, DO R E AR IR I 2 5C
T, QI X A 4 A o ol g 5 HC R S P O A
LM EAR MU . B AR E T B b iy
52 3T AR, A2 01 AR AR, 32 B A B il
R, AR S o S I A Sk 1 X — R, niEl 5(b)
() BT 78 . 3t 3 777 1, e i 30 1 S A 98 JES 7 3
Az gk fE, T RATHI I 1A o o A 2 i
G BE, WAt AE AT 32 0 A 1) WL o ot
55 AR T B OGN IAL 7 BT BE A T
AR 32 114 96 DA, G0 i e ol g B 2 6, 5 9 e 1
I RBURIE e, 4 R 528 A X5

100 - an

80 .

60

40t

Peak impact force/N

20+

0 0.2 0.4 0.6 0.8 1.0
Square of velocity/(m?:s™2)

B 7 s ) SRR
Fig.7 Relationship between the impact force and landslide velocity

82 (1) iy vl v b i R A8 2 1 wh i g, SR T A
S 0 T VS T iz Bk AR b, AR BT A R T AR
HRE AR T MU, B 2 Y SR A T R R AR T A
A BYIR AR, BRI A 2 (D) o i il 25 B2 p 18
AME DL B BT 5. Oy — i, 7R A g
TR, PRy 3B 5 1 LA OC, 7
AR SC AR AR G vt O B T e o S S R A
LAY IEAH e, an &l 3(b), 2RI 45 R Tk e
A (D) 5 24

Kumar 552 76/ 57 1 VR 5 18 B BC A VR HT T 1

A LT 14T B K B, 2 YA R KR
R - A REEE, 77 AR 0 T W (E 24 S B et O Y
15% ~ 20%, 57 SCI 5 v U 45 T+ 07 W 2 Sy o
T Vs EmEWA, R R AT
B A — g BLAPE . LAk, Zakeri 25U FE B 00 B A
TR 56 m UL 2 - 7 06 24 7T 3k whils F1 R 25% ~
96%, W e T A SCHT AR BUME. 1% 25 5 TR R T R
FH 1 J2 R M 5 5k 1) e O A R S B s A R R Ak
P, BT W AR 5 A 2 ] AR G R

AR S A A B BB SR, FE I IS T 38 B
1 AR B AR UKL B R 5 K AR R 1k, T R
b UL, T A 1 SR % I AE — R FE R LR
M IV B 1 i SR ES S H i R AE . AL L, ST
PRV JES W 3 B PR RS AR AR 4 A R A L K R4
WA A, HLA 5 (4 AE AR WURR M SR SR . SR AR
SCAY AR B o A R ORI S, DR L R 4
IRAE SE PR T AR A B — 5 1 Jmy FRPE.

AT T Y A R, RGHRIT T Y
oy & WE | R ERS B R E SRR X
&7 1 5 T+ T 005w B, A G S50 W] O UK A AR
LI e A 2%

(1) W/ NE LB & A TR S
T& 1 By WA, HEIUE T I S R X Sk /N B B
A, i S A DR A R R e

(2) K HARE BT bl B2 ) W 15m,
T4k Sl R . % T AR R B X, 1
K R R | SR8 0 5 sl T TR T AR I G AR
RS 5

(3) W AR Ty 1 5 ops ) 5 A DG, R B
BE, whb BRI 2N, T i R 2 B B 4 A MY b
ST R T B XU 43 DX P A, A B O o XU X B
oK 22 S AR B B e 5

(4) 25 G A 5% 10 50 B8040 AR A1, AT Ry 2B T
T 37 A7 A 3 b o 0 Al R, Sy B4R A
TR A

4 g

ARSCHEET A BB BRI SRR R
P, W DRI Yo L nsh A7 o8, o
TSR PR AR B X Y A
AR A A 32 W 3w 1 MO g B R e LA
FEINE 458

(1) V6 5 1 S0 35 RS 18] 328 3l i At v e ol
WA £, 1 6 W B0z 3 D7 ) B bl ) e {E 5 T
B AR £ AR B IR AR OC. A Z i BB v



2010 -

TREREAA A, 55 47 4, 5 10 1)

A, AR 2 A R A R O
3 ity VA ).

(2) W Y AR A 7K T 32 sl ik, 32 J8) [ K AR R i)
P AR F T T AR g (R ik, B Rk . AR o AR T
TERT, B 432 80 58 Yz 5 7 1)
FHTR T BT, 48 26 32 F+ 01 i Wl K 240 2k o i g
Y 1/5.

(3) TE R Bk 1 R M I, ¥ 3 AR 1Y) 3 8l 1 4R
P, oy k. RSB A v 18, Wik
XA L 1) ity 78R 5 H s 3l R Y7 7 AE L.

(4) AWFFE AL 78 T 18 33 oo o Xof Y 5 4
RGN Z IR, WO E LA % aiiE A
e S5 yul R T B S %, B
— M TREHE M E.

E S

Z % x #t

[1]  Zhu Z P, Wang D, Zhang W C. Catastrophic submarine landslides
with non-shallow shear band propagation. Comput Geotech, 2023,
163: 105751

[2] Nian T K, Shen Y Q, Zheng D F, et al. Research advances on the
chain disasters of submarine landslides. J Eng Geol, 2021, 29(6):
1657
CFEEEBL, LA o, FBEER, 45 1R
FEHBT 4R, 2021, 29(6): 1657)

[3] Dai ZL,Lan B S, Li X F. Simulation of the evolution process of

W R E TR, T

submarine landslides based on sph approach. J Eng Geol, 2025,
33(1):213

(WA Sz, SRR, 22/ BE T SPH J7 i it

R TR, 2025, 33(1):213)

[4] Xing HY, Wang S, Yi M, et al. Metal magnetic memory

155 T B s A

quantitative inversion model based on IPSO-GRU algorithm for
detecting submarine pipeline defect. Chin J Eng, 2022, 44(5): 911
Offiigak, EARoLPE, W, 45, JT IPSO-GRU HIE % kM
B GRFE ROT B2 B RO R, TR R4, 2022,

44(5):911)

[5] Zhang MY, Wang S X, Sun Z Z, et al. Comprehensive evaluation
of landslide risks of oil and gas pipelines based on cloud theory.
Chin J Eng, 2018, 40(4): 427
(SRR, AR, Fha i, 55 BT 2 IR A<
PEERG PPN, TRERR 22, 2018, 40(4): 427)

[6] Wang L Z, Miao C Z. Pressure on submarine pipelines under
slowly sliding mud flows. Chin J Geotech Eng, 2008, 30(7): 982
(ESLE, B 18 S8 o IR & 8 1 DT, &
4 T A%, 2008, 30(7): 982)

[7]  Fan N, Jiang J X, Nian T K, et al. Impact action of submarine

TEH Y SER

slides on pipelines: A review of the state-of-the-art since 2008.
Ocean Eng, 2023, 286: 115532
[8] Guo X S, Fan N, Zheng D F, et al. Predicting impact forces on

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

pipelines from deep-sea fluidized slides: A comprehensive review
of key factors. Int J Min Sci Technol, 2024, 34(2): 211

Canals M, Lastras G, Urgeles R, et al. Slope failure dynamics and
impacts from seafloor and shallow sub-seafloor geophysical data:
Case studies from the COSTA project. Mar Geol, 2004, 213(1-4):
9

Hampton M A, Lee H J, Locat J. Submarine landslides. Rev
Geophys, 1996, 34(1): 33

Schnyder J S D, Eberli G P, Kirby J T, et al. Tsunamis caused by
submarine slope failures along western Great Bahama Bank. Sci
Rep, 2016, 6: 35925

Schulten I, Mosher D C, Piper D J W, et al. A massive slump on
the St. Pierre slope, a new perspective on the 1929 grand banks
submarine landslide. J Geophys Res Solid Earth, 2019, 124(8) :
7538

Krause D C, White W C, Piper D J W, et al. Turbidity currents and
cable breaks in the western new Britain trench. Geol Soc America
Bull, 1970, 81(7): 2153

Hsu S K, Kuo J, Lo C L, et al. Turbidity currents, submarine
landslides and the 2006 Pingtung earthquake off SW Taiwan. Terr
Atmos Ocean Sci, 2008, 19(6): 767

Hu G, Li L L, Satake K, et al. Source characteristics of the 2006
Pingtung earthquake doublet off southern Taiwan and the possible
contribution of submarine landslides to the Tsunami. Earth Planet
Sci Lett, 2024, 643: 118921

Matsumoto H, Baba T, Kashiwase K, et al. Damage of deep ocean
water pipes due to the Suruga Bay earthquake on 11 August, 2009.
JJpn Soc Civ Eng Ser B2 (Coast Eng), 2010, 66(1): 1341

Miao C Z. Submarine Slide and Its Influence on the Submarine
Pipeline [Dissertation]. Hangzhou: Zhejiang University, 2007
(BT, MR S HH I LR B e 2 A8 ). BT 7
1TR2,2007)

Haza Z F, Harahap I S H, Dakssa L M. Experimental studies of the
flow-front and drag forces exerted by subaqueous mudflow on
inclined base. Nat Hazards, 2013, 68(2): 587

Zakeri A, Heoeg K, Nadim F. Submarine debris flow impact on
pipelines: Part I: Experimental investigation. Coast Eng, 2008,
55(12): 1209

Wang F W, Dai Z L, Zhang S. Experimental study on the motion
behavior and mechanism of submarine landslides. Bull Eng Geol
Environ, 2018, 77(3): 1117

Boylan N, Gaudin C, White D J, et al. Modelling of submarine
slides in the geotechnical centrifuge // Proceedings of the Tth
international conference Physical Modelling in Geotechnics,
Zurich, 2010: 1095

Sahdi F, Gaudin C, White D J, et al. Centrifuge modelling of
active slide—pipeline loading in soft clay. Géotechnique, 2014,
64(1):16

Zakeri A, Hawlader B, Chi K. Drag forces caused by submarine
glide block or out-runner block impact on suspended (free-span)

pipelines. Ocean Eng, 2012, 47: 50


https://doi.org/10.1016/j.compgeo.2023.105751
https://doi.org/10.3321/j.issn.1001-053X.2022.5.bjkjdxxb202205010
https://doi.org/10.3321/j.issn.1001-053X.2022.5.bjkjdxxb202205010
https://doi.org/10.1016/j.oceaneng.2023.115532
https://doi.org/10.1016/j.ijmst.2024.02.001
https://doi.org/10.1016/j.margeo.2004.10.001
https://doi.org/10.1029/95RG03287
https://doi.org/10.1029/95RG03287
https://doi.org/10.1038/srep35925
https://doi.org/10.1038/srep35925
https://doi.org/10.1130/0016-7606(1970)81<span style='protected-char:false;'>[2153:TCACBI]</span>2.0.CO;2
https://doi.org/10.1130/0016-7606(1970)81<span style='protected-char:false;'>[2153:TCACBI]</span>2.0.CO;2
https://doi.org/10.3319/TAO.2008.19.6.767(PT)
https://doi.org/10.3319/TAO.2008.19.6.767(PT)
https://doi.org/10.1016/j.epsl.2024.118921
https://doi.org/10.1016/j.epsl.2024.118921
https://doi.org/10.1007/s11069-013-0643-9
https://doi.org/10.1016/j.coastaleng.2008.06.003
https://doi.org/10.1007/s10064-017-1143-z
https://doi.org/10.1007/s10064-017-1143-z
https://doi.org/10.1016/j.oceaneng.2012.03.016

B 7 A VIR B A 2R B AT O R R B 5

-2011 -

[24]

[25]

[26]

[27]

(28]

Vijaya kumar A, Neelamani S, Narasimha Rao S. Wave pressures
and uplift forces on and scour around submarine pipeline in clayey
soil. Ocean Eng, 2003, 30(2): 271

Fan N, Sahdi F, Zhang W C, et al. Effect of pipeline-seabed gaps
on the vertical forces of a pipeline induced by submarine slide
impact. Ocean Eng, 2021, 221: 108506

Lu T Q, Lu H C, Liu H. Experimental investigation of tsunami
waves generated by submerged granular collapse on a slope. Chin
O Mech, 2022, 43(1): 14

(BER IR, R S8, XA, 7T TR S0 e 7™ £ Y AT O ) S 5
5T J1% 1), 2022, 43(1): 14)

Sun Y H, Zhang W T, Wang X L, et al. Numerical study on
immersed granular collapse in viscous regime by particle-scale
simulation. Phys Fluids, 2020, 32(7): 073313

Ji H, Liu W K, Yang K, et al. Physical model experiment on the

influence of water depth on the underwater pipeline surface

[29]

[30]

[31]

[32]

[33]

impacted by landslide surge. Sci Rep, 2021, 11(1): 19301

Serlie E R, Hartnik L O, Tran Q A, et al. Physical model tests of
clay-rich submarine landslides and resulting impact forces on
offshore foundations. Ocean Eng, 2023, 273: 113966

Shan Z G, Gao S, Sun M J, et al. Physical model tests and
numerical simulations to determine mechanism of offshore
submarine landslides under effect of sea waves. Rock Soil Mech,
2022, 43: 541

Takahashi H, Fujii N, Sassa S. Centrifuge model tests of
earthquake-induced submarine landslide. Int J Phys Model
Geotech, 2020, 20(4): 254

Pazwash H, Robertson J M. Forces on bodies in Bingham fluids. J
Hydraul Res, 1975, 13(1): 35

Randolph M F, White D J. Interaction forces between pipelines
and submarine slides—a geotechnical viewpoint. Ocean Eng,

2012, 48: 32


https://doi.org/10.1016/S0029-8018(02)00022-7
https://doi.org/10.1016/j.oceaneng.2020.108506
https://doi.org/10.1063/5.0015110
https://doi.org/10.1038/s41598-021-98324-x
https://doi.org/10.1016/j.oceaneng.2023.113966
https://doi.org/10.1080/00221687509499719
https://doi.org/10.1080/00221687509499719
https://doi.org/10.1016/j.oceaneng.2012.03.014

	1 试验设置
	1.1 试验装置
	1.2 相似准则
	1.3 试验材料
	1.4 试验工况

	2 试验结果
	2.1 滑坡方量对管道所受冲击作用的影响
	2.2 管道悬跨高度对管道所受冲击作用的影响
	2.3 管道直径对管道所受冲击作用的影响
	2.4 坡度对管道所受冲击作用的影响

	3 讨论
	4 结论
	参考文献

