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THE SEISMIC RESPONSE ANALYSIS OF CORROSIVE SUBMARINE
PIPELINE SUSPENDED SPAN SEGMENT

.1 . 2 . 1
SUN Li' , ZHANG Xin-shou” , ZHANG Mei-zhen
(1. School of Civil Engineering, Shenyang Jianzhu University, Shenyang, Liaoning 110168, China;

2. CSCEC lJinan Architectural Design Institute Co. Ltd, Jinan, Shandong 250101, China)

Abstract: A submarine pipeline would appear suspended span segments because its complex stress states such
as the action of water currents and waves, pipeline pressure, temperature, seismic loading and other sudden loads.
This is why its dynamic response analysis should be strengthened. At the same time, there are many submarine
pipelines, which are working right now, and they had reached their design working lives. This kind of submarine
pipeline might have many problems. The main reason leading to pipeline damage is the corrosion. At present, the
researches about the intact pipeline suspended span segments have been studied for a long time, while there is
little analysis for corroded pipeline suspended span segments. According to the research status, the experiment
and finite element analysis of intact submarine pipeline suspended span segment are performed. The analyses
show that the variation trends of the fundamental frequency and acceleration amplification coefficient along the
axis obtained from experiment and simulation are coincident, and the seismic response of the pipeline suspended
span can be simulated accurately by ABAQUS. Meanwhile, the change rules of natural frequency, the
acceleration amplification coefficient, and the maximum acceleration along the axis of corroded pipeline
suspended span segments are analyzed, based on the finite element software. Our studies show that the factors
which can affect above aspects such as the change rules of natural frequency, the corrosion position, corrosion
thickness, corrosion length and corrosion width, and that the influence of corrosion width on pipeline seismic
response is the biggest.

Key words: submarine pipeline; seismic response; finite element; corrosion damage; suspended span segment

MR H A 2012-06-23; 5 H#H: 2012-11-29
FeUiH: HEARFHEIEETUH (10902073); 453k 2 2 BB R BOGTHRIT H (2010-k3-57)
HWIAES: v W1974—), L, LN, #a%, W, FENGEAERIEIN . TREE L 45 FEA BB FT(E-mail: sunli2001@hotmail.com).
i Kpl(1987—), W, HMA, Bh T, Wil FEMFLH IS (E-mail: shou85827@163.com);
FKFEF(1988—), &, JHLA, WitA, FLNF FRP FiiREE 1 45 F ST T (E-mail: wo_shimeizhen@126.com).



344 T K

¥

1 TIEFEZBEERSH
L1 REHE

IR AN RSE N A% Dg=720mm, EEJE
f=15mm , % & p=7.8x10°kg/m’ , i P K H
E¢=2.10x10°MPa, JHFAH 16=0.3.

PRI R AT WL RS A, AR AL B S (v g A
U WIEEARALL, A [ A ARABL), 1 T 3 2 3R
ISR R SF o AME Di=150mm, ¢ & f=5mm, %
J¥ pi=1.2x10°kg/m’, FPERE E,=3450MPa, 1A
b 11=0.34, MK Le=3m, &EKE L,=2.7m,
B 1 TR, B 10mm 56 55 Ak S 58 1) 2R 1) ] <
S SIAN R T ORUF R0 ABE A B4 T 2R ) A TR
A, ORI AR R A Lt T 1.5kg/
0.1m ML .

FEARI T, RHE 2643 5l % A\ IE 5% Al EL-Centro
B I HAKETT B INE . R A
10cm, LN TE .

150 m* A - R ******** M

140‘ Hlo 2700
1T

(c) LI
K1 IRE LK MR G LR

Fig.1 The model of submarine pipeline on underwater

shaking table

1.2 AR
A PR ICAE R R ] SR A A [, R ol T
PRAUF BRI AR T 5 40 R 7R (1) S A R], AEASER

R 25 BEEX po=7.8%103kg/m’, HoA A EHE M 5
AR 7R AT PRI 43 BIE ] T S o
SEARERTG, LR IS4 R IR e SO T 33
P EEAT oA LA 2.

() A7 FRICHERY

(b) PSR A
2 EHA T
Fig.2 Finite element model diagram of pipeline

EABERIH R T SR8 TOUHE, 23tk
BT ERAE IE5Z )% A EL-Centro 35 /K- 12 ) i
V. % GB 50011-2010 (EHHIEBRHME) 1
5 5.1.2 L 3CHRE, PITIELUP) IE 5% 3 EL-Centro

BB 3 .
2 -
1 .

0 -

ik alg

-1 A

2 4 6 8 10 12 14 16 18 20
IR ) /s
(a) IESZWEWTE

_2-0

03 1~
02 4
0.1 A
0.0 4
—0.1 A
-0.2

Ik a/g

0o 1 2 3 4 5 6 7 8 9 10 11
IR TR/
(b) EL-Centro 3 % &
K3 AHRIC A S BT
Fig.3 The dynamic load waveform graph of
finite element input

13 ZHROH
VRIS R MUY 7.6THz, Sk
TEREIN 7.5674Hz, 7 TCRIHY 7.7285Hz, Kl



T

i

i 345

2
5

>

i

S

WRZESSIR NG T 4 Shy A s R T S TBOR R AT
2Rl 1m) AR A o FE s e ARG o7 B B A g 1
L RFELNK: amax RERIF A EDELE; ap 18
RSB RE . B R LA, 38k LR S
BRI AR AR A — 3, %0 Rt P ik J3E TBOK SR 3505
ZERN, Ik ABAQUS fg g HERA AL 2k (150
WAL E)A

=3 Sy
L o meme = SHANIE
i-;% 2 .............. %ﬁfﬁ
S
<1 g
ey
P
= 0 - T T T T T ,
g 00 0.2 0.4 0.6 0.8 1.0 1.2

B K2 L /L

(a) 1E5X%

(= S > e ]

ISR JE TR FREL aman/ a0

0.I4 0.I6 0.I8 1 ‘IO 1 ‘I2
JE i E S E K2 x/L
(b) EL-Centro ¥

K4 KPHRESIRIAN T ame/a;—x ZHE

Fig.4 Under seismic input level change map aya/ao—x
2 BHESEEERSH

BIRTHEEE L

JE& b e A AR e R A e LA R
1.2 A7 FROCHEARUA ). AR SR, ik
EERNIE M, WS 1.2 1A E I SR s

00 02

2.1

EL-Centro %, WIE W& 3. & 5 4 g 4 i i
JOREAL

(a) MK

A

£

_}’/

(b) A7 BRTCHIR (c) e
Bl 5 i LAy BT R

Fig.5 Finite element model of corroded pipeline
HEIR
R T JB b RS AN [) g o 7 5 A ] — JE Ak oz
AR R kRS R i et AT T IRIT T, O
HE L& T IO M5 o e o kb 5
SCREREEE, RAATHE T 1.
23 HRSH

1) JE iR R S o

JE§ b G PR [ AT R S K T e i e, HAHME
B 5 b 7 T AT S A T RO, R R
AAE I BUES I oK, BN R LT R
ik 6 .

2.2

x1 BHMELARTHEILR
Table 1 Finite element calculation of pipeline corrosion conditions
fs b 4P L
it T ik
1 2 3 4 5 6 7 8 9 10
J& A/ mm 150 350 550 750 950 1150 1350 1350 1350 1350
JERRE dit 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.8 0.8 0.8
JE K E L/sqrt(Dt) 2.85 2.85 2.85 2.85 2.85 2.85 2.85 2.85 5.69 5.69
FJ I o/m 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.8
7 B b7 B DA S i ) i T S8 T AR AL 7.98
\ N b S s LD S 7.97
AR I SR TR A S o =7
. N N 0
b, A i 25 B I S O el s B AR A R A i 795
= %
HAN R b B, SR8 PRSI A e A I B TBOK 3R ;i pick

BN K, 0.15L,~0.75L 1F)E 25 (1) 1h 7 i )3 A5 4,
RO, SIS R s h . (RS
AR 15959 ONEY 11 i =y P VA e R 2)
NI N R RN R X Ao/ R e R I VA S

00 01 02 03 04 05 06
JE oz 5 4 I 2 B/ L
K6 gl 2 VA A0 I g oz 5 1) A4k
Fig.6 The natural frequency changes of corrosion pipeline by
the corrosion location



346 T B %
g 10 —— 5 ¢ 8
\’;5 s e eeeen 2 A g \’;5
s —— 354k s 6
g6 mememen 41 ol
% —— g &
g ol <
E ) - .= 6L § 2
‘ - T ‘
2 0 H o A . . . . : .
= =
= = 0.0 0.2 0.4 0.6 0.8 1.0 1.2

00 02 04 06 08 10 12
S S ERKZ YL
Bl 7 AR 0l A B amax/ag—x 224
Fig.7 amax/ao—x change map for different corrosion
location of pipelines

0.3L; /AT (4 S5 ER), 5 b b s g Bk 31 5K

2) S RSF IR R

7SR 8 AT, 9 FATL 10 S LN
AT SRR N 7.9732Hz 8.0024Hz. 8.0504Hz Al
8.0613Hz, FHAE BRI 1 ol 5 P 11
B, A e [ A A AR R A K

a) o3l 5L

M8 T CAE HY 5 F il J5E B /N A 2 A i v it
BURIODIIBC NN ONEY - NP (LR VA /=0 E S N
A b I3 R TBOR FR B el ) 1R AR A A — 2
T J o J5E P o) A 2 1 b R I N AT — 2 ()5

O.IO 0.I2 0.I4 0.I6 0.I8 1 .IO 1 4I2
JEA R S L x/L
B8 AN [ Ji i 2 A 2R I /a0 2 AL
Fig.8 apa/ao—x change map for different corrosion
thickness of pipelines

b) JE K

FW R b, 9 SELMINIEE BN RES L 8
SEEK, H5 8 SEEARNE, 9 TEKER
HH D T3 TSR 2R B LU A A8 P A B SR AR ST
R 9 578 4 A 1n) 1 e RDIOd R H A 0.3L, #1 0.7L,
JEAT VAL A 0 b R o A5 28 1 R ) A
BT, P 9 fioR.

c) JB il 5

ML 10 0T LA, SR8 R A5 S 1) b 5 v 1Y,
ARAAR PN, AE ] B 0 1 b i B A7 B S () AR AL
B TAEES T 10 S LRI OC R ELE 9
SRELME AN, HALAE 10 SELEEN, JFH
PR AR SR IR AR Ak A AT B SR 0 DX 3 S e 5
JEE T A 4 U R W) . 1) 55 M 58 1) 4«

I 7 5 A 2 L /L
9 AFE A BT amax/ao—x 22K

Fig.9 amax/ap—x change map for different corrosion
length of pipelines
- T —— 9 A% 4k
% —_—— L1225 14
g6 //\\ ...... 1052
gl 27 %
Ny
=47 \
el
"o : : : : :
=00 0.2 0.4 0.6 0.8 1.0 1.2

JE L E S K2 B X/
BI10 AN 58 BEE L dima/ao—x 2240
Fig.10 = apax/ap—x change map for different corrosion
width of pipelines

3 %ig

ARSIV R8T, AL NS5

(1) 38 30 8156 2 RN B oA 4 R T L,
KIL ABAQUS FE M HER HuARFULE: 15 5 28 11 Hb 75 i
I I 8, HAHLES AR /N

(2) X HH ) e R ST (10 B A 2, B
s, EEEAAMEBKR. HAh, ANFEJEMR
SPIF, SRR RE RO R B RO L el T R
K, EERIIE A AR HOK

(3) XS AH ) J bl ROSF A8 2, 4 8 Tl o 2 A
0.3Ly Zi AT, i85 rho i B RO R B0k 21 5 KA, R
P IS A5 £R 1R 8l i S g K o S8 AN [ 5 el R ST I
O e B FEE R b R b 8 o 75 20 1 L R )
MARESIN I A W A aate oo N il a8 21 o I S W~ Rt 0
(AR A0 A5 £ B0 g ) B = A= 1R s A FH 35K

S 3K

[1] MMS. Proceeding of the international workshop on the
damage to underwater pipelines [R]. New Orleans U.S.A:
Minerals Management Service, 1995.

[2] HEEE, SEEME, K01, S EAPRHHERE I Y

By M]. dbnt: v T H A, 2003: 25—40.
Xia Lanting, Huang Guiqiao, Zhang Sanping, et al.
Marine corrosion and protection of metal materials [M].
Beijing: Metallurgy Industry Press, 2003: 25—40. (in
Chinese)

(2% CHR[3]—[10]5% 56 352 )



352

2
5

(7]

12(2): 48—51. (in Chinese)

WRANE. E5 AT A TS AR I R s 1 ) gt o A
[J]. TAEJI%, 2010, 2708 P 11): 163—166.

Chen Sunyi. Elastic stresses for pipe elbows subjected to
in-plane open-bending moments [J]. Engineering
Mechanics, 2010, 27(Suppl 11): 163 —166. (in Chinese)
WRaNZ, WIS, WRiE, FTsul. SRARss i ferh i Al
FEAE R I3k ) R AW BR A 25 A A AT AR [C 1/ s 0 7
TEHARBT IO A LS. bt 2 T iRk, 2010:
37—41.

Chen Sunyi, Liu Cengdian, Chen Jin, He Luwu. Elastic
stresses and limit close-bending moments of reducing
bends subject to in-plane close-bending moments[C]//
Omnibus of Technology Study Development on Pressure
Piping, Beijing: Chemical Industry Publishing House,
2010: 37—41. (in Chinese)

WRINZ. O A0 AEFHARAE T RO P 1 g B A B
FHENTIEICY/ S 19 a4 4k TR ARSI
R dbnt TREJy4 4Rkt 2011(1): 255—258.

(9]

[10]

Chen Sunyi. Elastic stresses and limit twisting moments
of eccentric reducers subject to twisting moments [C]/
of the
Structural Engineering (No. I), Beijing: Engineering
Mechanics Publishing House, 2011(I): 255—258. (in
Chinese)

Chen Sunyi, Liu Cengdian, Chen Jin, He Luwu. Elastic

Proceedings 19th National Conference on

stresses and limit twisting moments of reducing elbows
subject to twisting moments [C]// Proceedings of the
12th International Conference on Pressure Vessel
Technology. Korea, 2009, SA4-3: 538 —543.

WRONZS. e R BRI AT A2 1 ) LA K S R Ay )
TEITIRERIR[CY/E ) E TE BRI E ARG AR, b st
MU Tl R, 2006: 60— 66.

Chen Sunyi. Method summarize to obtain the yield limit
and the flow stress and the plastic limit load of structure
[C)// Omnibus of Technology Study Development on
Pressure Piping, Beijing: Machine Industry Publishing
House, 2006: 60— 66. (in Chinese)

(L8258 346 D)

(3]

(4]

(3]

(6]

Aronsen K H, Larsen C M. Hydrodynamic coefficients
for in-line vortex induced vibrations [C]// Proceedings of
the 26th International Conference on Offshore Mechanics
and Arctic Engineering 2007, ASME (COR), 2007, 3:
949—956.

AL, EE, TAREE. KN B E R 1) SE 5
WHFE0]. K II2E4R, 1994, 7: 43—50

Meng Zhaoying, Yang Shugeng, Wang Zhongjie. An
experimental study on vortex-excited vibration of
subwater pipeline [J]. Journal of Hydraulic Engineering,
1994, 7: 43—150. (in Chinese)

REA, BA, JrEN. R G BUR R B)
Wi R (¥ SE BRI ST [T]. R TR S TR SN, 2001, 21(4):
93—97.

Yu Jianxing, Luo Yansheng, Fang Huacan. A test study
on dynamic response of submarine pipeline spans[J].
Earthquake Engineering and Engineering Vibration, 2001,
21(4): 93—97. (in Chinese)

Datta T K, Mashaly E A. Transverse response of offshore
pipelines to random ground motion [J]. Earthquake
Engineering & Structural Dynamics, 1990, 19(2): 217—
228.

J g, 20T, DiEd, & MR IN IR g E 5 1R

(8]

(9]

[10]

PERIGHIT[I]. AKFIZHR, 2003(1): 12—16

Zhou Jing, Li Xin, Ma Hengchun, et al. Experiment
study on dynamic characteristics of free spanning
submarine pipelines due to earthquake [J]. Journal of
Hydraulic Engineering, 2003(1):12—16. (in Chinese)
WU, A, SR B RS R TE 2 S
RN 3N TR, 2008, 21(2): 146—151.
Dong Rubo, Zhou Jing, Feng Xin. Multi-input seismic
analysis of partly spanning submarine pipelines [J].
Journal of Vibration Engineering, 2008, 21(2): 146—151.
(in Chinese)

Y. LT KB R 1 i Rk A T M S B )
MI[D]. Kif: JOEFL T A2, 2010.

Li Minggao. Seismic response analysis of free spanning
submarine pipelines based on hydrodynamic force model
suitable for earthquake [D]. Dalian: Dalian University of
Technology, 2010. (in Chinese)

GB 50011-2010, #EIHUZBBIES]. bt HEE
LAV FRAE, 2010.

GB 50011-2010, Code for seismic design of building [S].
Beijing: China Architecture & Building Press, 2010. (in
Chinese)





