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Study on the Collision Damage of Submarine Pipelines by
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Abstract: In this article finite element modeling of anchor and submarine pipeline under the condition of
emergency anchorage was built up by using ABAQUS software, the positive collision between anchor tip and the
pipeline was then selected as the most dangerous situation for numerical simulation. Security of the pipeline
was checked as per the ratio of the dent depth to pipe wall diameter, and the relationships between towing an-
chor collision damage and pipe wall thickness as well as pipeline slenderness ratio were determined by horizon-
tal comparison. It suggests that the damage degree of the towing anchor decrease in thickness and slenderness
of the submarine pipelines. Finally, results from DNV classification rules were compared with the numerical
simulation data, which reveals the significant difference between them. The research results have some practical
significance for the analysis of deformation regularity of the submarine pipelines damaged by the towing an-
chor, the design and repair of the pipelines.

Key words: towing anchor; submarine pipelines; collision damage

0 3|5
W25 A M R R T I RS IE T R B 2 R R AL i T BR R

[WFsHEF] 2018 03 —27 [1&E EEI] 2018 05 -23
[E€TB] Wad ARRFIEEITH (2018J01493; 2016]01249 )
[MEE®N] ME (1974—), 2, MIEEZ, WS S reastas i iliEifge, E-mail:sungian1226@ 163. com,

http : /xuebaobangong. jmu. edu. ecn/zkb



* 280 - FERRZM (ARBIEARD) %23 %

SRS, 1986—2016 4Frfy [ il 76 [ g LA 1 315 AR RAEE (B4R 50.8 ~762.0 mm) ,
BEA6202 km'", HTIFREE KA TES IS, RZIEMIATIEM . TR M AN 2
TS5, T LAVRR A T it T S SO RS Bt 2 VA 9 A Tl R PR % JRE T s . P 4e 1), Ekifg s im <
B HFNA 50% ~60% 5 =5 MR S 280/, 0 AR R A VE b 58 = 07 B 1 R R R
Z— o KA IS A I 4 A AN R o T B A A B A T G IR L ISR A AR 2008 AR P K
SRAAT IE WA — LR B AR A I 5 S, S S B M A T IR SR A
B, BURER, 2009 4 3 7 BV R ML KB 13 -1 EEH 18 - 1 MR EAEL9 kmib
RIS, BE RS 5 BRI . BRI T BRI R AR, B kIR T &
AR, A BT RS AN VR L X TS A R B A T IR A AT

AT T B A R, 2R S T ORIER A T 4, FEB R KR IR S5 R &1
T, SIS E I A R A BE TR P TR ALY s, BUE TR R AE T R A A T
Y75 o oL AR R T S 380V IV 1% ol B 25 R T I R M T SR B, g SN TR Y B ) ok )
WESHER VA LA 0L 2 1 L T 32 3 iy o 1 40 0l 6 i A o ot O At et e B A R, T
fE RN, B 2 T NG IS AR R AT £ L, BRIRE I B i ) T T A, Sl R
P, (ARAREARAR B4R o 2 XY A A 70 H 8 Tt AUDR S T B X A e T B 5, S P R RN B B 2
JEUE— AR LR b, I B AR T N —2t | R R AR SR

AT ARG BRI E T IR L2 whils B E N T IS IR 45, (HOR AT A L NI BGE RH A
A AR R e o R s T R R BT A AR AE T, ABAQUS {4 EALHEK
AR PR B, RO TRESRRHL — k%I H  (coupled eulerian-lagrangian, CEL) 14T B i B
H - RKPL (arbitrary lagrangian-eulerian, ALE) 35 PR £ E ey 585, (41345 5 o hn g ar s b
T FR TR A sl LAt b S T 0 B o S A s AR i A 9 H AT E b 2 L -8 ) (Rt T
HAE AT E N A SERFIE A Hede bt PR AR SCR IR B 9% 4t (det norske veritas, DNV) [
WA LA KR IEAE BISE (DNV - RP - F107) 7 il ABAQUS F %68 7 22 B 5 15 T i 1 L e v
TR A 2 i o A 5 A T BT AT A L A

1 FEXERKEEZMEENK S
FLAE DNV - RP - F107" 45 HH BRI A BN 3R 1 R o %50 ol BUR MR A IS T8 1
BB RO B AZ 3T 3 BB A W AT 1Y A o AN A A0 1 A ) AR SRR B2 H 1
x1 BEABELNERSR
Tab.1 Damage grading ofsubmarine bare pipeline

PR B AR R
M/ AR Conditional probability of damage
b ik ;
Dent/Diameter et g o 1 Toittls  /NittEE Rt ER
Damage description /LN S S N R 787 No Small Major
ratio/ % Minor  Moderate ~ Major leas leas | ! )
lamage  damage  damage release release release
¢ leakage  leakage  leakage
<5 AR Minor damage. 1.0 0 0 1.00 0 0
510 JEE A T Major damage. Leakage an- 0.1 0.80 0.10 0.90 0.10 0
ticipated. ’ : ’ ’ ’
10 ~15 JEEE 5K T R AN 2 Major damage. 0 0.75 0.25 0.75 0.20 0.05
Leakage andrupture anticipated. : ’ ’ ’ ’
15 ~20 [7 I Ditto 0 0.25 0.75 0.25 0.50 0.25
=20 Wi Rupture. 0 0.10 0.90 0.10 0.20 0.70
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T A LR KBS PP A AL LRI 0o = 2%,

1) YR, MPTRAHRE<ERN 5%, BRELEERNET, Wehm A4 M, &
LA EHTIEMBE, A BT HARK I AR UL 450 58 2 H T IEF IR

2) RN MISTRERRIREE > BRI 5% A <15% , iRt ASRAE, MBRELNBE
AHEIR —E WS A], (HRAE N URISAT AT S MOZE B R SEBEMEAR S s O3 AT BRI AR T A A
BEREYN, TEARWMETEE, WRIMRILEIR, wia vl e E Mt T, Al e B0
57, MERXAPE O, BIMEAEE R KR, X AR PR, MR,

3) AN MRNEREEC 2 AR, A REC R, A RME R s A I, R
(ETRpe

2 EERAR SRR

IR AT AT RR | Y L SR AR BRI R, SRR R A A 2 X — R R
AT AR o AR RAAR IS Sl A AR RAT PR R, HE D FIIA A AR R T, MBI
TR/ NI X KN VAER 02778 SRS B A ) e o B R Y 4 -0 e P d Ee 3 Y 42 S b
REAITEE AT A B X I A TS, XL R A2 W IR AT 1A R — @ MU 1986—2016 4F,
DV SR P VG T AL R AR R ST e, TREE = O R B B S e i TR R A e 2

A 2 A RPRE . JORPR . RIS R R U261 EAF R R LA iR iZ i, &
BOA BT, ST AR TCZ 8] R IR 563, PSR TR R P RO, BA R, e
Ja AT B ARG R ALAL Ay AR AR, R L WA AT Rt 2 AN 1 B 7s B R B, B0k
Iz I T ARG, AR E A

#1410 Anchor shackle B4 Pin cotter
= FHI 41 Anchor shackle

45 JIU Anchor fluke

+4— 4T Anchor shank

. FiFRIC AL Anchor mark
i TN Anchor bill

4T Anchor shank

(DI
Anchor fluke

BhmzE f 9% Pintle

Anchor shoulder
a THLE b R R K
Frontview Assembly diagram

B ERE
Fig.1 Hall anchor

AP T TN K R WL — i rh B VR A SR 4, IZARTIC A 5 250 kg C AVEEZRA, %
B FESBOTE L A ) GB/T 546 — 19974k 15,

STURIHEES A, 49 1 364 mm; FAYSERE B, 91 910 mm; AT AYKIE €, 2 728 mm; AlRAGECE
DA%] 1 760 mm; N EE EAﬂil 846 mm,

PR S, = (D, + C,sin45°)B, = (1760 +846 x (42/2)) x1910 = 4.50 m*,
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3 ET ABAQUS Wi B REENET RGBT
3.1 EHEESNARTERNR NS HEE
Fel 2 R4 G0 W BBt 0 MW ABEORY 2  h A B P J 2ALR

a F0 5 15 1R JER 3 48 ol LA AR b 4 i 55 9 A T 1 AT BROT AR Y
a Geometric model of the impact of towing anchor and b Finite element model of the impact of towing anchor and
submarine pipeline submarine pipeline

2 HEHESBREEELER
Fig.2 Model of the impact of towing anchor and submarine pipeline
B4 3D AT RIMARR AR AR, VIS R E R 3D WA, SCURRLSE, RIS A A O
Fh o R O ST B K T A PO (B S ) AR IR T AT
fi b OB ) B SRS E AR 2
R2 EHSBENEGTRENNGRSH
Tab.2 Initial parameters of the towing anchor-pipeline collision model

GIIME(D) #5EREE (1) SHEKEE(L) AR Emﬁﬁug)ﬁﬁﬁ%y>ﬁﬁﬁ%w)imuum

Pipe outer

diameter Pipe wall Pipe Steel Yield density Modulus of Poisson
/mm thickness/mm length/m grade strength/MPa  / (kg - m™) elasticity/ MPa ratio
11.1,15.4
273.1 19’ 3 ’ 5,8,10 APIX65 530 7.85 x 10’ 2.01 x10° 0.3

B X T IV A T 048 o S T MY ) it R AR M i Bk )R, oM 2B R T Bl 0 A S
BTGB P R, AR R S E R MRS ORI T AR SCER MR B UR M S B0k —
DR BURG RS B0 0. 06 A 1. 2,

A SCEAA A b A T A, RSy T, S NI, FE il S AR | T
NIRRT ANTe i, fefbAl BAE M A RERE, KA Nlgeom %% 4 ON, FJ[E]}% & Time Incre-
ment 5545 ] S HUBCERINEL,

W& 3T T, A PR UEMCSSICR AN = T SRORE B, AR S DATET 110 783 P PO A AN B L 2 T 484 14 19
FEAH . AR SCBR 16 A A I A KNSR AL, I RS I A2 4 o XS PR R AT T A B N, N
JE WA BRITRIRS Gl 3 s, #iR ] R3D4 WA B CHL, BIE R ] S4R SEIRFITRY

T T i B S W [, BV AS B 1 X Ry 0 38 SBURE 2 iy 1 T 43 o 4 BE (A IE S SR fE IR
O, AR AV HAE X o m ERe S, DRAER S, B 092 3 3R A 7R B S A 0k
RS0, A1 Ay R T A TR A B, R U R R Y 174 ~ 13" TR RS A A 1
JES T BEARAE LT A AR G A 2R T BAR B, A 4. 63 m/s, HILARSCIERE 1.5 m/s VF S #i i 1 o 17K
A I R E
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3.2 BEEESE#HERRGEENXR

i %o VIV A AR o ok AR T DA i A BR TR A
SR, A TS B R R AR o A R ]
K FR, ASCESELIFE—E N 5 250 kg MY 5 #hi
X el WA BEJEE ¢ 4350 11,1, 15.4, 19.7 mm, 4b
R 273, 1 mm WS E S TS, HEE S
HT BRI AT A, A S A o X AR I =
PRI KA AL X Sl g s A T ] 4 s

BEJE ¢ A 11 1mm, KB LA 5 m WIEREIEYZ
fai o 5 48 o DX AR I B AR R A % DX Ry e R &1
K da. [ b o T O —

A S RS AR I TR . 7 L B 3 BEEEETREMEARTMEE

; vt s vgom SR — Fig.3 Dense finite element grids of
VR A 2 40 R R DX IS K 5, T 4b RS ° °

submarine pipeline collision region
W A PR RS R, AT RS 6 M 11,8 mm, MEAFIVER BN 6/D = 11.8/273.1 = 4.32%

r

.....

b i=11.1 mm;L=5 m

c =154 mm;L=5m d =154 mm;L=5m

¢ t=19.7 mm;L=5 m d =19.7 mm;L=5 m

B4 EEZERTRENTREMERABXEFHHEKXE
Fig.4 Deformation cloud atlas of the pipeline underimpact and local large scale diagram of maximum displacement region
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BEJL 1 R 15.4 mm, EERKE L RS m WEEZET GRS EME 4c, B 4d B,

[ 326 BCRIE J3 A 3 A B R R s, AR A RS 6 MIR/INVE 7.2 mm, LAY MDRIRE 54518 H&
el /D =7.2/273.1 = 2.64%

BEEL ¢ 19,7 mm, HERKE L RS m WEEZESGEZEZEWE 4e . B 4f i,

RN ETE A A I RS 8 S 3.2 mm, DU MYRIRE 5858 A EERE S/D =3.2/273.1 =
1.17% .

A R TR A R T LIAT . S g o 2 ey DR AN AR, YR B AR L o A T R T A 0 T ek
AN, BeE 2, MR AU T A RE ) A BE R B N g e, B IEREE N 11, lmm BN E
15.4 mmff, JEEEHEINT 38.74% , MR ELAREL NRET 38.89% ; MEEJEUE— LN ZE 19.7 mm B,
JEEESETINT 77.48% , MR HARL FFET 72.92% .,

3.3 EHEKMALMEHELTRGEENXER

J TR LR S IE KA R, RSO TEEE o 11,1 mm, KJE LIRS,
8. 10 m, #MZE D 273, 1 mm WYWEJCHEIE 32 Rl —Hi Al 2 A 8 of )5 B T SRR IE A2 4l X 3R IR
25 B LR KA B DX Sl B O R AN L S s

-33.000 Avsque/BxalcEEA0-1  Wed Wov L1 15:53:62 GHT-02.00 2015

bt=11.1 mm;L=8m

ct=11.1 mm;L=10 m bt=11.1 mm;L=10m
5 BEEZEGREBNERZEMERABREFHMAE

Fig.5 Deformation cloud atlas of the pipeline under impact and
Local large scale diagram of maximum displacement region

EAREAEREEE g 11,1 mm, BLRKE LS5 m B EZ T 5 EE MR E 5 ME R [
ER4.32%

BEJR ¢ 111 mm | ¥ L 8 m AYMHEIRAEIE 246 i of )R A TE AL T = AN Sa, 181 5b R,

VeI AN 1 A B R R, AR A2F% 6 04 10.8 mm, I MR EE 548 18 AME B9 LU (E N
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8/D =10.8/273.1 = 3.95% .

BEJEL ;R 111 mm, BRKE L 10 m P& E 25 G5 & EZE = - 5c. K 5d iR,

AR AR KN 8 9.5 mm, U MR RE SEEIMERHE N 6/D =9.5/273.1 =
3.48% .

2V DA S5 VS A T K A O e T i, P AR B R R 2 T A R A T G AR X ek ) AR T A T Y
ARSI, G HARAL, KRANGET, MHXTRIEE /N, SRR RE R L, ikl JmiR AR TE
(RE S b7 LD TR AR M A N, YA SME N 273, 1 mm, KJEMS m M
FE8 m i, KA 60% , MIEEHALLL THET 8.56% ; MAAERKERIME 10 m B, K40 L3S N
100% , MUE BRI T 19.44% , FEIEHEERHE 1T LAAS S i A 1 o %o 4 B0 B8 A i e A5 S R il b A/

4  ABAQUS #{E##15 DNV - RP - F107 #3eit EE L&

H1 T DNV - RP - F107 L5 B M KIRBE /N T T BRI 5% i, WEARTETMIBE
PRI AR SC A T3 B 5% 1078 RE TV g T 7 2 i o e o

HATEEXRWIBUELE m, = o, - 2/4 , P o, —J8IRN T, MPa; (— IR, m,

A BB I EAS

m, = o, /4 = (530 x 10°) x (11.1° x 10°)/4 = 16 325.325(N + m)

Xof YR JE A K 3t A 5% BT BE NI I T ety O BE A (B (M1 i ROTR B 25 T A AR Y 5 % I TR IR A4 1Y T

WhE) -
E =16 - v2w/9m, D/t - D /(8/D)". (1)

Kb, S—EWBRILMYUIRE, m; D—IBEIME, m,

A BRE T A
E =16 x [ (2x3.14)/97"% x 16 325.325 x [273.1/11.1]"* x0.273 1 x [5/100]** = 3 304.58(k]J).

it m N5 250 kg MUESTEHLAIRAS T LA v = 1.5 m/s FEdT RS LRI, XHAFIR B LR A suE
Hifet A E, = E, + E, = (m + ma)v’/2, X, E,—HiM36e, kI; E,—MEKAIRE, kI; m,—
MK, ke,

MK BT m, ATARAE m, = m + (P Panetor) * Co Ko K o —KIYEEE, kg/m’; p e —
R, kg/m’; C, —HEMIBEINT R R4, 2% DNV -RP - F110 My ™ Bk 1.0,

PRI A A T e & £,
E, =m(1 +p,./poge)’2 « 0" = (5250/2) x (1 + (1025/7850) x 1.0) x 1.5% = 6 677.45 (k])

FRYE T BUEB RSS2SR D B 1.5 m/s R 4T, MUREARH N 4.32%
INT 5% , A XMEEE A B R T AR WS R B, @ (1) alE 1M
JRSEE RN HED 285 7.99% , FiECSH P ESG, XTSI, 1ERGX 4
A 22 (04 J5 R AT g 2 R TR AE TR e A I 2 d T AR TR IR 25 TR Ak AR B 0T R i, Ak
A (A MO B R T R - AR ) Wk, AR MR T EE I ROk, EE
W B LR,

5 #ig

1) ASCHRIFH ABAQUS A Hi it 5 R B 15 5 1 s oh il R dEA T T AE R, AT 45 R, 8IS
A TE Tt Al 8 o A IR BT B8 ) B R S RE R R IR A LU A 0 T G 5, Y RE T N 38. 74% FI
77.48% I}, MR AR A9 T I T 38.89% H172.92% 5 KN LIS 60% F1 100% IF, V19 42 HL 4y
MRET 8.56% il 19. 44% |,
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2) # ABAQUS BEAIIZE 5 DNV — RP - F107 #LIEH A ST i, & BUOMIEH5(E 0A  f
K, JERSR, — 7 1 A] RE SR R oA B A A R I A % R BA TR ) A5 R R e R W ) f, S —7
TR AR TR o BT 7 A A MR R B o 226 T i o o R A AR 2 M R R sy, TR I i O AR5
RILEIRSE, B THRRNLEHBIE,

3) EWA R ARG T E S B 2R G % N T S . TR A R R R A
HAEA, WA &R EZ A ERH, R85 FH ABAQUS 25 KA 1E IR L o0 7
(R DG N = N T =2 ) R S = R S =93 S W U EZ:b) 1
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