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Abstract: As key equipment connecting offshore platforms to subsea pipelines, marine risers are a critical component of the overall
system for deepwater oil and gas exploitation and are crucial for the high-quality development of the marine oil industry. In the
context of attaching more attention to the development of deepwater oil and gas resources, this study reviews the research and
application of marine risers in deepwater oil and gas development and looks forward to future development, which has reference
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values for both theoretical research and engineering practices. In this paper, the strict requirements for service performances of marine
risers are analyzed in terms of fatigue resistance and corrosion resistance. A review of the current status of three typical and widely
used marine risers (i.e., drilling risers, steel catenary risers, and tension-leg platform tendon risers) is provided. Meanwhile, these
marine rises in China and abroad are compared, and their development directions are prospected. Overall, marine risers are a type of
oil drilling equipment that have high risks, extreme difficulty, and high added values. Owing to the complex manufacturing processes
and high technical contents, the core materials and technologies of marine risers have been monopolized by large companies outside
China. Riser materials of China have problems including large fluctuations in strength, low fracture toughness, and insufficient fatigue
resistance, failing to meet the stringent and complex marine service conditions and thus restraining the development of China’s
offshore oil industry. Therefore, a systematic layout is urgently needed to guide upstream and downstream enterprises to jointly carry
out basic and application research on related products with universities and research institutes, so as to realize collaborative innovation
across the entire industrial chain of marine riser manufacturing.

Keywords: marine riser; drilling riser; steel catenary riser; tension-leg platform tendon riser; fatigue resistance; corrosion resistance

P

—.\ Hi BB R AR L X Z A PLER

AT, WIS B R R B, B AR E B R

il

HEEEZE I T AR 70% B AR IR, K
FEMAT R E RS X, ABRREK X 1A
fiti 218 1000 1040 - $2& il v T R Mk &5
HEe ), FREFHSRKEMEREIEZS. /£
rE A E R E KRR E =T, Bk 2
DRI ST PR B R A R B . SR, TH R TR
K OKE=21500 m)~ ¥ JZ (HPE>3500 m) . L
(B =500 km) 85 50Nk o 2 28 A B 264, TR E
FRJ R A I T 5L AR o O BB AR AT 3 257547 B 2
AR o BRI TR 77 248 F R B P g A B 4
M CinA =L WRETE . LS Kk
T AN PRI BB R Rk, BRI R
PR SR — B MR R e & W R B A

SE R BRI R RV IS R R B ARG ET
B WFELE . REE 3N . WS %R
KGR A =7 AT o e P & B &
BB REEFTHEER B & i & [ € TR, F&En#a)
AL W B AR TR, T igimm <.
PR R AT R R s %, “H B
N7 HOE BT & RN R B, AR i T
SIFRIM N AT AL . Ee i, 4
ARV SEUD SRV = S U TR U o o = I 3501
R RLERS, "D, FEH
TRaEHAK. 51 SE R B A
BB ZMEEMEN, WIERHEK /1508 WEHE T
B (SCR). ZEM . #RorEE, 45MrELl
KAMRF-& (TLP) Mg wE, ek
ot RN, AN, EHr
BIUL. BERE. PR, WP SR e
AFEERERI TR, RIIET & R L 4.

124

B, AR AGEE I R ST, BOREAR PR AT
SRR B, W RE R EOLE KRR . PR
2 RS SWIREIEE . IXEIE I RE SR
FELE R T B R A R R, U TR 2 AR
BANEPE AR RGFT . JAh, PR EE R —Fh
SRR I, AEHK. R R
Yoo BEEAY) REAH T IETE A BT, R
AR TR IR KR T O LR Tk 1 A
o TR, S P EIA B B S 1 A E
SR, N2 %57 54, AR BLE Y
7S R R T B o ARSI, A R A
TS PO R M IR O R RE R 2 —,

FERKMAITR ARG, SRR WHE K
FECTK, MAERRA L, PSR ELANCA HAb
(I e S . AR, BEAE IR S T R N H &
6 OV FH B BT A i AR TR o R IRAEIA
SRR NE, SR LA O BN IR SO R &R
Girb ioN TR I gy, B RO LR WS
AR AR TR B . R TE AR
WAMKT 204, TREEAT thERR M iy sl 4E
P8, X R R REA RR OR RR iR LA
MIRTSENE o G ORI IEALE MIPURE 7 TERE, 7T UBCTE
EIEE AP E BRI SCEXMFERE
R, BRI R B E AR R i
SLE TR R RE RS TN SRR T8 4275 S 3D A R
ezt

MORLE GNP SLE VERE . A A
FE, ML BB A, RRCHAT I Th RE
MR PTE . AT ST+ TR v P 7 BT R K
TIPSR SL A 3 HH B R R EOR, R



PETIEME 2025 F $27% H2H)

HNARGHAR ISR /KE . SCR. TLP fiifit vy 3 2%
SRS T O R, BIEAIAE 5 A T [ P A
ZRRIE L, JREAKRIG LB R AN A ), DA
HE BN L OB R AR R B, AR T A
R EKE.

. RKMSTFRAEFILER AR
Ko

P PR ST R R R e (WED,
WP E I FE T B R BN ToK, IR
- B IR B AN AT [ S, TH I B
(K 58 R ZU PRI . o 5 28 1 i TS 4t 5 45 1
RGBT EE TR S MEARFE . F
b R VA e ST RIS A v, R T R S A 3R
BUBHM A BRI BB R . £ TRESEET, IRIEE
TR AW I, 0 4Rk Je it 10 28 /S AR B T
G WA 9827 BiFEF & MR KIMENIKIR. &
KAEFFIR 4> A F) 1800 m. 9144 m!™. §H K4k
RURFE N T WP TR S FE R, Wi
FH (1) &P B AL A3 02 5 S A IR A P A o

TRIK ST R ¥ P S K IR AR T IR B
B, BRERSZORBEER PR IR, RIS
B RHEBE LGB . ENRARSI%ES
SRR 2R T BN 57 B fr VB, I P PR B 1) JE e P
Mo WIS K AN 24 AT fE R, "EAR
A UL R RERHIE:  mo DB iom A 5 s 7, R
UF v Re AR e M DLERE I 45 M 52 28, R o7
PERE DL R # i A24k, AR 7 BRIR B DLIE
LRI ST, R A (T Tl B AHRAE I PR 5%
JEDRAE T o hAbh, e P T I RO A B R AR R
i b FH 5 T B R T, DA A R R A

YRR L — o B o

WL —>

s‘(n/j& = ‘;_‘L:

E1 EFERSEREARSTEE

RIFORIZIEAD R G REE BT,

(=) FUEFERE

FEHE . PR IRIH TOK 055 S AR 3 AT A G
WITERR, IRK I TR R AR AL (4K B R 5
FIRE A T RAL,  HEIT AR 57 RBOR A2 K 24
FH WL T R R RSO LR,
SR SLAE G5 R 55 BRI R R AR 2 B R A BENLE .
VR PRI S BT, A% TR AR T DL R] 70
BT AT PR AT AR . SR B AR
LR AT PR FERL. TR RIE s, 2
FERAE IR, S 2 BIRE A L R ) R R S A
71, EWAERGR . VEAL. HE G EAT O T
EFNE RGBT R RIS, #E SR
PRBNIEF A IR RN g, T BLUE TE 0 57 15 1
SR W FEAS PR A B I LA S M I IR BN
Wi N K o7 s, B L A R A S B i ST

LA, T R S AR 0T TR EAT T
B2 OB 23 AT, IR SR LA AU 5T L
BRI ST . BB EUR 5755 o L IR
W F7 TR E AR BARBAT RS, IBGR 51 15242
N2 7= AR B 57 40005 . W IIR B8 55 48 2K
P28 S I AL S A I S R R BBV (e, e
MELETRES eSS IACH DR Sl VN ESp S DUt ]
ESLE RIS XA R & S B AR K
FER) A IVER S, B 5] A 7 . AR sl R
W R (s U= e B TLPSE) fEJK
TR TSR S B 1A N AT R 2R ahas
izgl), XIS B U TR ke B A 45
B AR AN T, KRR S B8O
BB 57 #5140 o

FEPRBUE 577 0, SCEAERHBORIEAT, B
ATLMED 7 (4 W 285 35070 0 T 2R G2 K 2 4T 1098 57 1 4%
RN, TR IR A 51 A3 57 B4 2 3L 1Y
R E R IR B T T T, PRI
FEBY PRI T I3 57 7 B 85 [ e 285 Rt 12 41 58 A
BEIREN" o IR PRI R B I S IR AN 1
B3 KR S AL B 57 1 s BIVAE PR it ok
B BRI AR K, 5L B K5 R T 2
KU, LRI B ST T, P G Is s
AL A SR A S R 5 45 1 B AT EE . )
SHRITE MK G Wik, ol i

125



RKHSFARAEFIEMRERSRE

o NI T o TR PR FE B R

WL E TN E R, F— RGP HLE W]
e BIAN R R ()% 57 #8 S Hif) . LA SCRE 57 1%
D, i A5 R DX IR R i 1m) B K A
B, JRDR AR il A TET Y R R AR R . L
BrE AU B E I E RN il SRS S K
AT, X2 T SCR A2 B AR F1/EF .
PRINFE S AR 2 37702 B FE RS20, TR 1 28 1
ZHIIREE . ST T M B Sk 5 o AR OS2 Bl R 7
LB, FRIBENFENERMEM, 255 HIMRE
PRENBAAG e B BOE 5T 0 IR TRAR B 55 A A
SR 5 B R R DT R FE AL T IR — K, T B
I B 5] S I S 57 0 AR AR B . K EUE
BRI,

[l b b3 H 7 — g 5 S A R I AR HE RS
W& E A 22 1 APLRP 2RD (1998 4F)« #HF a1t
%41 1) DNV OS F201 (2010 5 . 3 [H 2% 41 16
ABS 123 (2008 4F) . HEMF R ALH CREELE R
GRS 645 T 20200 0 R VE ST 98 55 40 SR
BT SNMZR vk, TR ey BEIL T T
E02 DNV APL AT X 9 55 35 3047 v 48 i B
1M ABS B B S0 5 & AT AR . 7ER 2R S-N
B2 770, ABS. DNV VTN 44 N 70 1)
AR S-NHIZR e R JEEAEIE RN E . M
JIEEHR BB . RV ST IR e 55 R 2D
R T VEANULRE ; APT AR YE AT 1) BH AR 5C B 25
BR, TR AR 0E BRARNE 57 i e i, DA
fifi S-N 2oy o5 70 R 2k T 55 48 e 1 7
AR, R APUALTE H T Paris 3% 57 AP &
TR DU 1R W R 70 2 7 3%, R SRA A AR IR ASE 33 18] (1) 9% 57
REUARe I AL B IR SR SR 02,

(Z) mEMtRE

HEPEIR I R B i MR Y E ARIA I, R Tt
HEPESLE R E R 2 — . B EELEE N L
WA A RGN EEL R, 2t miEE
FHRBAN M LM Z A . WU TR
PRHLER, e A RS I S I, X DR B _E =
gt RAEEE L. BRI R
FATF T R A R R, BER R IGR T+ 44
BHERE . PUikZevhsfl. SBE IR sk Ok
PEERT R T, KA RUE G2 S IR T RIS

126

I AR, Db AR, Bl ek i
AL BRAS AR o o Y e g SR S e e i 46 R
R R P T B R R R A LR B
37%,

I T A 50 1 P 2 A% PR L AT A TR ) S L
B, AR SRy R R IRAE RIRIX L T
WX WK AERX . R I XA,
TESLE HEHHF IR AL P & AR il Ui E, IR
BEABEI P I PR BT 1R 4 X3, SRR X
SR IR B LR AT BT AN TR, S S G S e
FEAFAEM R Z . — BN, IRAE IR e
72 DX B b o 7™ B DX
KR RM B S BR A TR AR, WL
A N Bk AREETREE .

MBS ER Bk S B i B S N
JEE P R, R A A CO,. HS.
@ CO, K B 14, R A v 8 L
BT B E i L R A S A R
1 EEI K CO,e CO, JE Tt e v 5 1 PN IS Tt ) B
WAL —, XRFNCOETKILRITEE, 2t
A CINER &R A TR . @ MR
(i T ERE AN RS H,S, IR E i L
WA BIRFE RS AR HS. — 71, HSfEK
HH RV A L B R L CO, B g, AR /K PR R A HL R T A
BRI, S ECEE A A A R i e A
Th, HBLEE N BE R AL TR R R A R A
Wo F—Jri, HEFERHS . ST
R I B, M B SR T N R
KW WREEESRIE AL B R, SR THIEIE
D MY St RPN El:0) 7 QNP TE 3 PN
SR RIS A TN S B E RSO
A, BB AR IRAR I R AN T 8 Gt R 52 RN
JS2 MV H,S 22 A AEAR BAE A2 BUE voniE, AT
PEH,S N A EOT . @ B4k S A HLS
I, Xt CO, M i B e s A B, @ e
5 2 BRI IR A W 2 B A6 L8 R TR T iAW)
HE, AR DL B DY R Bl 2 R DR N B A5 O T o
AR PN, B B IA T T LA YT AR R A 5
A, RERSRE BRI . AR ERIE IR A HLS, BT
5 R BN B A T

TR ST I A T 3 R B KT T AT SR
Ak, R SRR R IR A K,



PETIEME 2025 F $27% H2H)

Bt g KR LGN, e ST A B T /KA
TEE. FKIEERERZERN . BAEFHKEN
HIHE N, #EKH CURIEPERE K 87 al 7 1Y
me FELE S ETEYER L <R R T I R
B, HOIMEE TALERIR . SRR KR
JERI N2 AR R T RS, T8 X SR A
FERK AR R BB RL, A SRNIE IS R
NG o WK AR A 2 O M AR TR
&, BARDROKITOE LS, (HIRIGHE SRR 1
M TR T RE A SLAE T 52 wmd K B IR, AT /N AL
ERMNEYT BREE, SRR YRR
2 B AU R B B A AR o
FEALE WA INRZ, INRRREBIR R ALE 5
FEL AR KR, k2> B BEL L JE el A 0T 1) B e e
BETTSEA AL (I I A5 e SRTID, AMNRZ A B AT fE
AL RSB, XL R L R T
Wk s BEEI IMHERS, R Re 2. MivE
T AR JB R R, /K AOIREE . 3R pH AEHE ]
REAT T IRZ ISP R TERE . BEAL, SLEAEM TR
bl A . RS RS, X R ifE
TERIRIRIZ T EOLE B BR AL T8 rhl

FEE BT RS RE , R AR S A
A KEER Y, AEBRAESLE T L Z MRE GRS R
s L A HR AT REAEAE B AR BURL CAnRb DD sl
i 5% S E =R 1 E 2/ b/ e 2 £ e A= b Sl ]
sh 2 5 E RS, AR LA S8 1R E
PE, 0 HAEYS S BUETE R 57 Rk . 2 ARME L
FRIRAIRE R R AR, WA R, EE. ®E
LSS RAEZRN, BHEEWILE RRMIENES
gy RER A A A [ AR RURL, R TE IR
il FE e o ) e TE AR 45 o B n, R R K AE
W YR A T W e YD UL R R, B
P 0 1) 7 AR JE b ks TR B 289 RS 1 B
ﬁgi jﬂ: [30-32]

HEET B KIE R 2% IR A B IR, A5
FAERFIRIE M EOT G Bt (s B2 Bk
SR S ARG IR 32 B AT 35 2. BB T & iRAx
IR R SR, MR 57 B AT Y/ A oh S B0
SE A A BN R R, SRA SRR
T+ BO P LA BEAT SN DN RS R R A,
DUE BE IR M AR, Sreis ik da: (i
WSLAEPRED Bl GRS R 30k AL 8

RIS S AFIREMNED . BLEES ORI
SIS SRR 4, RHEESL R 17 0
ML SR DEAIECES, BN TR J KBS R A
TFHEIIFE, SRR DRI 34

= RS FFRAEFLENRRINR

(—) $hHFRKE

BB K B R AL IR B R Y
WE . WM ARERE R L ERSE L —, fER
RS RIS H: 1B w55 K T WA I A, 2 R
Ak, ol IR BESER A, MBS IHRIERS
WIE, NEMEL (W ETRMEIEL. et
B USRS 25 RUSOESEER (W
K12). BiIFRKERFGFEHRE / AR 50
fry BEperE S AT, ROKE R, HA
. FRAKERHE . WIRSEFEL, WEEZ. &
MM EE L. WP, Ktk N
Sy JE RS K MO (LMRP) . 11 By w2
(BOP). FR7KE LG A Y, fERKES I BN H
I G40, BRI TR 2 .

FH . EEL WL REHEER T
FEAS I RRZKE 2R S8 I BT ANl 7 TR A 1T 3 28 I
iz . @O SE[EH 1) Cameron A ] . VetcoGray /A H] 7E

W5
s | o
| -
Rk sk
[ 3
gk
LMRP
BOP
2y
WRIED R

E2 #hARKESEDREE

127



RKHSFARAEFIEMRERSRE

TOKE K ERAR ARG BEMmE, WExE
(A BRAR 25 9 2%, ot b RS 85 K ) ) i sl
Cameron 2 &) P& HFa /K& P2 i B G s . &t
T VERERR E S0 AL, T BRI B S T A
AT AR A 2 P B AR T R, SR Ak [ B R 7K
BRI TT % . VetcoGray 2> 1) 5K F 6138 ¥ it B 4
FERGFHEREKE RGP ELE T MR-6E 55, &R
TR RR K I B A e RO, R RS
MR R I H R A2 M. @ 3201
8OAEARAD, MgV SN IRTT R B M IR KIS, 445
(35 22 ERERR K R G0 AN T 3E MR /K AS HF  HE ) Je
FERN AT I BT R . VR B A 5T B AT
Framatome A # A TF & T 93U KE (BT CLIP b&
KED, TEE AL R M Je Bk it MLt
PGk 22 e ] B PR M R . WD AR IR
R, fE2 e BB RN A . © W
Aker Kvaerner 22 7] 7E & H B /K & Ak BH F & 19 L
FEAHG, MRIEASF KRG FH 25 EFE A 2 Bl 1
R K& =, W AR RS 185/8 in (1 in=~
254 mm). 16 in. 21in. 24 in, B KE 15~
16 m. HiFHBEKER A T A A I SR i 77
J1e, AT ERAEAE 2 T HAR R 7K B 90%~95% i 1)
F71, MM a8 2% TR RS E /T
Hrs B, DA AN K R 1K TR K P B
JE IR B, Bk KB B K . @ )P W
ZAO AFIIFR T & & RAKE, 2 IRAKRIE
OKEEHITER, RPN ER2) 2. 1
WL SR EORIETIR N, 484 S Bm/KE LA filBg /K
FHR, Rl RRiREE RN, RYEre
15T KRR AT G AR, s s XA
B ERKE, BIRIEEIAF] 980 m Hid f2£ 4 &
AT TS . SRTT, ZAO 2 | (8 & 4 b K &
K TR, TR AR E— 2 M )&
PR BT,

E T3 bR R RR K E ARG O, A
et (TR 18 m KM /KEH ML —H
J6), B L) T 3 E A T R R A
B, “HFrEf 081" AR T & A&
e B eI BRI TEE, B KR
793000 m, f RETFHFIRE N 1x10° m, {HEEKE .
FhE BRI R K EIBNE . RS
% 15 % 35 N 88 Aker Kvaerner /A &) 7= it o UL 4F

128

K, BN RS TR KRS R SE,
LS ARG G, iR RS TR R K B IRAR L
TERC T HIR NN BB, I 7 RE K At
P R 2E SO MR R A Tl AR, 1
i, LR ZEIEAUR G A PR A 7 B 30K IR
HH KRS AR LE TN AT “WPE A 982”7
i, skBIEEH TR IS S A PR A 7N
CHRTEATI 9827 B SRR T RE K B S B HR
s EXG A MU PR T 2 =] R 8RR K E
RAVRYIRBEA, BOYE PR BB &5
AKE BTG RE ) I Ak —

BiIERRAKE IR E A, R &M BAEH
JIRIRE WA, 2T 75 AT HE / FRaS T Re AT
Can#Aar 43 A~ L3 o0 Br . W BR A il e o BRK A
SERRTHEE) AEARZRYES) )5 b Cln s SR i
SN RAEFIAELR VRS IR IS . B S i )
AT WEE TR . HiHFRKER
J15 R A N A AT B O R, ARER IR AR
H: RGP MBS WS . S
B3, KR KPR T1 S BN RRKE A 5 R )%
AAE s JE T4 R oo 7 A T BR /K & 1 S5 /AT
Mg 210 3 Ik N 3L A 4k R T TV o AT R
77512 [ BE K B A RS AR 77 AR AR g ST A ]
AL FERE A RN B RS TR, ARG
MERE AN THUUIZ B % DL B K& B AR Gt 3l ) 2 R
PES) BRI B R MRS TR, SRR IR
YER 71T B /K& B 8has Jy2em B @Sz K E S
FEORAWE SR, W BT
Pk 77 7= A R K B TR AR R SR F AR B B )
PR AL B v 53 A B 7K Bl e sl i R K
H RSB SLIR I E, A I 1 Bk (3R AR 2
M) J37 KA

X TR BRI E RS, MEMKIR 620 1E 71k
PoCEER R, UHEEEEMEL. e S ®EY)
Pk ZR A R RE M A e 2 TR R, S E AN
s A EEAEAEROR 2R . AT, RIS IR KE £
K} 3 A APL 5L X80 & 284K, 1E 7F 1] X100+
X120 55 55 w5 9 BE GOm0 A0 B X80 X 4
IKEG RS B AT IR AT &5 RR B, %
F R A RDIR DA+ 2R 2 AR B R A 2R k0, B
HINFRIGEATERE, R RFmtEmefaett. I
SR RIS L RS RE B A .



PETIEME 2025 F $27% H2H)

PRI SRR KR L BEAT T slBe et se, RA
AR BR R ARHRLIR UL ERAA / RDIR DL IR+ 22 30 T Bk
AR R GHL BT, 8 10 X80 4SRN AL A
I PEREW R TEAR R (HARMGERE . R, &
RO 575507 I e s R, B RREREA fr
AR, 5Z ML, SRAMEm AR & & it A%
AT IR R A AL BT X80 B IR thfig

LG SRR KA EARRIR UG, ERRIE 4 R 9%
MR R, SR TREE A RS,
A6 A, X TR AR 75 ER 2 BUR
MISEARTE . BRSO i N AR A 20N, R 2
BT R A SR AN I BoR B2, B B+ AR
RIS LA T8, i AR RE ) BB AL SR R
B, SRPEAKEERAN SR ML A, AT ORIIE 95 5 AT
VRN RAFEC A5 13 X80 F 4% 1 I RR /K 5 REM AT
SRR MGG IR AR, ATREAFEEIEA 2
g 1 i

(Z) NEENE

SCRZWIMEEE, FlKEL. LEEDRT
—f&, Mg EFACE IR E RNk, BAR
SRR, —umiEEr U, g
T, AN TE R e PR Sk BN g 2k (3%
P, WERR KR T AMEEER TAERE. T
ok O P HE BCRA SE RS . SeE. B9
TR, B RAREAFHRIERRNERIZD),
ARG NG TR 7. V74K T 35 18 B A /M X 1
oK, & KIER<1500 m Tt . ZRMESL 4@ Al
REMEAT R, HHENE ARG &ITE. 55
M. ZEIEE. AT, S RIS AT, B
RRHE RRA S, ANE R SR SR
AP . AR LG R R M TV Bk S Rtk
S, SCR I 2 1 AR 505>+, K SCR
TENTLP 4Mm R4t (429 30~50 cm), 5 T 5K
JISLE AL AT BRAR L LS LB A W T 5%
W EER RS (1% N15~20 cm), KA SCR
JE A AT > A, BMEERE R RS
F15~25 cm) H, Af A SCR tH B8 SE I £ 50% 1
FRABEAG . 5L, SCRIEE M BA I H
AT &K 90% FIEA . FEF SCR I R ST 7 AA M T
Tk ITAMEREE, PR AR R QLRI PRI )
B 5Tt sh R RIGHFER . FRET R

I RA R G« WP IS B 5 BEAE RS - X el A vy
JE S TAEREE R RUF&E R, SCREEHMH, &
W BONTRIK I AT KA AR I S RS, WM
T TLP. ¥ &, BiEAra. HaA4MhE
18 RS KA R 5 .

] A AN s LB T 78 77 TR TR A L TR SR AR
. Shell A F]7E VU EHE I TLP Lk Th 2 Tt 5t
FHESCR (19944F), B 5 B ARREALE 2 A
LA HABENH, Hil A% SCR#EANiE
B o BT SCRZRKLAEGIRIIH =, FEH., 5%
B PR, OO A KRS T R AR OG5 AR,
J[E Subsea 7 A #] . 7% [E Technip-FMC A 5 7%
£% Tenaris 2 w] AT H RS B

9 I SCRFF 7T b TP I B, FEHF R T
SCRAH BT AR T AR, 7R/ Bk /v o
E AT T B AL B SR FE R AT & SCRIREE
ALY RE NI T - VA= Tk (5 = & [N o (VA
SCR 72 £ B A fir Hh o5 X 5k A2 550 B Uk Aor )
FET b A ST DX 0 S R VR SR B, R
P 42 Sk NI BE 5 SCR 9% 57 75 i LA LK 1R 5 g4
ERE K172 HBTE (TR KR A 1200~1560 m)
i, EANERITRE T SCR R4 it, BIRWER T
10 in. 12 in ff) X65 2% SCR & #, AR R fghrik
B E AR ZEE MK B 12 in SCR B IRIRAR M

, MK EN1650 m CFIE ST X R 120 m) (L
K3, WEEREE, EFEMEZNHT SCRHGH
HB, T RS B EE 0 i SCR S #1 45 H [E hAisb 44t

RIKSCRAILAE

129



RKHSFARAEFIEMRERSRE

S K N 26.6 km = 6000 t ] X65Q0
¢ SCR. [H= SLE MBI SR IS R Pk
TR . W R PE AR S ), AR S ATIE M
R PR TRBAREN . AR S A R S
TERIK I AT R NG K I 5t R, B8 SCRAH
KEPHIHEAR A+ 7338 Y]

(Z) KNBFEFRIE

TLP (3 T BB R B R = M1 65 7
A KT A A YT, SR B R A R R
e ARSI | AR S i TP N7 i B = e of 0
TAEM S E& KM R 6%, TLPET
HHARA RN TG, KA 7008 i s
1, 25T HEFSAREF K I A5k TR A D9 A
Y, EEHE TR LE4). TLP #CHEE 5
B O FGEME, vl BRI EZEE,
@ 5K IR ARG, W R K B, K
G R HE R R, BRI RRE M2 4
@ R PEILAL, AL FT NI A ME S Al BN T U0AE
K IBRSE BERS [ (K S @ A R g, BRI
BRI A, T TSR AR R TR
TLP ) 4 4> SC 8 B0 P [A] AR, Al 5 3 5
Rk, AR,

TLP il B 7 R, i L E KT & [
E TR, RN KR 1500 m. 5K 77 /5 73 i
7 TLP (% D EffE, T IERT 6 B AR AR

H
]’
i KL | 3
& 3
EE yil
i
B Jy B ¥
|| | s &
SH i
R 2

130

HE RS . WM LMEER, HldE T 64
WAE ERATHAINTD, HAET “E”
W, (HRM ToL (5TskEXSLEMEBD . M
R, H& T EEN SRR EMIT, Moeh—IF
8. TLP 78 ARAE IR 2R B2 1500 m /KR4S T
VESFAT:, TN AFAENE € Bty AR BT 8T . i
Bofr OB TUIARER B AR AR,
ST AN I B T« S5 57 VR N & 2 KA 2%
R, T B A IR A ™ AR I A B R
SRS, R, REK I 5 AR e EE AP SA 4
T AR R, 5K I R A S B R
AT ) 25%~40%. 7K 77 158 555 gk ) ade A 28 AL A R i
Wezdh, Y CROH R4 . WESE, HPpW
ERA SN RN 57 A dr, VAR E ME AT,
JeE A RN, fildn, B PE RS R TLP I H 1
K R BE g S, ALHE OD 660.4 mmx33.02 mm
) X60 494 . OD 812.8 mmx=38.1 mm [ X65 4H % .
OD 711.2 mmx30.48mm [f] X70 805 ; PR E6 45 R
MA = FE R, A& A= A Z S HITEE A,
R A B A R B TSR AN I, SCRF
S PUERE AR CTI H A& 1 PR 2L it TLP [ 57
ARSI L

TLP AR 7 TREHOR SR, SRR ot s
R EGFH I ER, HmiiEgsiEidt. TLP s
T 1954 SR 5K IR A WS, TERCT 1 R
R R R GO, 1974 4F, LEIEREAH
O FIAE IR AR JE i B T 2 e 71 iR &
Deep Oil X-1 (JFREZIH650 0, #AT T SHERELL
SNTRARIE W 7L, WAL T IR TLP RGu 1M K e 5
fif, 1984 4, 3£ [H Conoco A ) 7E 47 T b ¥ 1)
Hutton yif H & 15 7 tH 55 M TLP V& CTAEKIREN
157 m), AREFE TLP HARFF UG8 A 7= e 45 3
TN . 19994, TLPAEML/KIRHEE S 1158 m,
W TR AR R L. 20034,
JE BG5S TLP 2228457, I 7 TLP fESR M < I
RAR e . H AT, SR 230 )8 TLP
A%, AENL X KA 47~1425 m, AR 5% K b
BRI, R TRI R A ) B B R SR, A
RIGIE K R EEATERBIER

TLP A Je B FH A FE Ay, 18 P9 g o6 TLP 119 1
FEN I I ST B A TR R B, DAs
EARANR Mo . AEAER I 2% 4F AL TLP



PETIEME 2025 F $27% H2H)

Msh SR EEMRE AR B, a1 AR i g 57 &
24, FHAR R B K K K R N, "I R SEk
TLP R4, fEE Ry b, TLP s 5 %
i H A Sumitomo /A 7] 1% [F Europipe 2 & ft ¥ ,
FHOC i B RS # B3 Bt 4 R H 36 in X70 TLP
7 e T (0 SR WA AN A% D 7 5 e/t #2336 in 3 E
X70 HAEEIHER 1065, 407, B ME5ATLP, H
287 TLP 3552 2| [ br & R R G, BN E&A T B %
Bfer= i, ARTREWEEMASIT R, B E R
RFHTLP+4riab).

(M) mMSIFRBEFILIEMRERNINEES

[ A A MV AR S MR T AR R T KM%
AR A28, 1A Jaik i HoR A
B, REMBHER A G ] T FOKIR AN L0 i
SCERORE, SRABLH B BRI R R BUR
itERE . HUBE R A R A
Wit [EANAEYERE ATEETE . ALaE U7 R A
SEIISES T, AARE SR LE M RTINS
Hohr, TEVRME . EHARZK TR N 7 1 5 B Rk
(R

H T [ A SRR AT TN AR A s e, SR
RBRBATE I, N B LS % O R S B 1
ARAELE PR SEHE KA — I ZERE . (B A AR RE
fig B L2577 B 20w R EHERESLE MR, (BAERR )R
BRI ROPREEESR ] 7 P REAR 2 A T
MDA AERORZERE (R 1D, TEFRZR=Z Lk

OB R AZ D BRI RGPEFERE DT T . [ P9 Al A2
FEALE MBI A P HOR AL TIB R I B, By
BORMAR B EFRBE BRI S MRS
P TR, T R R R K R 3 AN
s RIRTHEARMAEGEST, B E AR
WA RA . EZHEFEMEMT, ERKHE
Oy VR L R UK RS W R SLE MR 2 4K
jrigu

M. SRS RAEFLEMR L RRE

(=) shHbRkE

B RRKE 22 A ARBR KB IE LT, AR
B/t BB K SRR k. o, 18
JE TR G e, R T2, HaE
PR MM R, R 2T B A0/ AR Bk
AR/ ORDIR LA R K Sk 1 P sk A 5T A
HABGE AT o A B T IE R, R T
el KRR 8 BRAKE LI 6% T 25
B R AU BT RAF R sa WIPEDL ARG, (H2 %
B RRKE R B TE A R PR R . R
G eI RN R AR, 1 iR i
A PRIk >4 B e g T BUR R B 2, W = EER AR
LW S -0 W S LS DTV S I NP -y W P
T ZHR T E R PR K MR W R
PEy BT VEREIW] AR TR, S EEL O RR K
BRI RN AL E L B RS rh iy S

T OHSHARAEFIEMEN X BIERMERSNEEXEE

S FKHEAR bR pig | g E pHA
PR [ 4k 7K P M = 1 FRAAE
BhIFRRKE X80, —10 CHAMF TR X80~X1008%%, —10 CHAMATFHREERE  70%  FEE. M. 5
3L CTOD=0.254 mm; ##F4 R 3k CTOD=0.38 mm; M4 N ~f 95y L R
SHEF LN 300K G R TRl 5x10° % G K S AR
SRR
SCR X65M%e, —10 CHAMTEMEKL X65. XT0M%, —10 CHMTEMEL 100% FFRE. %E 5
JRHERE CTOD20.254 mm; A R #2k CTOD>0.38 mm; H A =i
DGAFERINAL, MR HBE MG, B E 42 Rt
S ST AR AT 2% 10°IR 9 55 FF A BRI 3 106 1K
TLP MlESLE B A X7040 %%, BAFER (230 mm), 100% HAA. ##H 2

RO IR B B2 L B A 55 ME AR LI
PR R, R IR

: CTOD /R REGRIT L %

131



RKHSFARAEFIEMRERSRE

AT o URIEBN I R A PR SR I B R SR
RALS M4 RBoR, £ 28 M m X HL T 3L
DX, T E e S R I X [R] I H B0 T AN [ 2 ) s
B DRI R B A A X, RIVER I 432 3K ] I A7 £ Jfa A A
BAC IR T, FEMR R, SR AR SRR
8 PR 3 BUR AR KB PR3 SR8 05 PR RE PR 1 2
BRRZ e R AT, [ BR K IR
RWTRYIVE . 4 RS 57 73 i S % D4R Fn ) 5 [ 4
PR RO

FERRARE W ST, KBk, &
JEE PR AR 2 o8 A AR RSB BB AR o R Pl TS et A o
AN PRI R 1 P TR 2R T 5 3 b LI A 1 22
MR, AT, MR E S R AR
Tl AP AN 5 T A SR EE N, U B e AR
I BERMBUAE IR A B, — R bk
PR TR BERIAE R0, FETR M BE FERR K B BTt
EREAR, AR B T E Th A e B ISR AR, T2
R e JE (77 B R R . BEE B AL
KRG, 9 T B R Ah B K s s iR it
Jis 338 P ST A8 e i AL T U BN, R K (1
JEABAEAN W I DLIR i BE BB B JT . IR
7 THT D RS R S e K (10 B J S 2, 33
PR FERE— P IR AR M 0 2 A R i 2
X100~X120 BV AT 5 2 5 v B /K (A RS Ak P e, O F
FLEEWE U/ INEE S A B, E R 5 P SR R B e
R B 2R SRR R I SR AT )

DRI H B KB MR R GEVERT T I BR K&
fUsmBIERAL . HUR D7 AL BE R R S P, B A
FARIAPR > Bt S5 ARG R %, RR K AW
W A RECEECSKIH %, B SRR R EIE
VUHC S R BRI TT AR AR, 1
[ 41 T AR 2B i A 408

() MEWIE

e 7 & K B 1 SR I SCR A H £ WA 8
it RSB N A T A, (R R EE
e F 7 B e B SCR HHTIR 57 1 E LA K 1k
RE 3N v 5 R e MRS R ik — PR Tt . IRK SCR
HiR KPRk A 2157, L30B8 AR IR v
B, SCRAGZZFNHL 1x10° K A 55 B 1
BT GEsh RN EE S . T G ikEis s
95 SLERBIRINIL ST . L 2 ke T EUK I 9T 10

132

o FRA A A RUSH % 57 3056 2 VPN SCR 8 A4 98 55 1
REM 277k, B IR K TFEF API SL X65 SCR
AR H BRI R B A RS IR 55 75 dm il 4
FLIR, API 5L X65 B ERANTE = BT 583k
IR 95 75 IS B 2.1<10°7%, i /& BS 7608 (1993)D #5
HEZRE, (EN LI, B AN RN SCR X B (1 9%
55 F5 AT 3% 10°0K o TEARUE R 4 95 470 1% 1) ) B
SRAT T (0 57 1 BE & SCR 77 1) (1A% 0B K o

SCRIRBEH B KA TS, Mz KB B
KL 77 SR MR S HE, S
AL GRS AR R I RL AT, T BN R JE
T140%, IS0 T A J it T M R AN B R4 Sk 1) R
Beze i, 03 s SCR ISR /K, AT LAgE e
SCEIPURRE ), WARITRNEEE . FRK 1725
F 1 H o SCR R 42 X65 40 %%, 1 —L#mi H &
2R X80 (42N 24 in) SCREM N &
Ko WO, SN, K EAR ) SCRAEM MG &R KE
BRI

(=) kOB FEFELE

TLP 32 B K7 )i KT &5 B &, F=4Em
Tk 71 A A AR TR TR A b, S BUBME LB
FRAE I GG 240 F R AR B I EORAS o« WL T
BRI R, DL b B ) S iR e B
(3% /IR / BERR), Wit T ErigshtEge. P110
AR ST T AR AR X65 AN 2T 1 60%9, ik
FH SR M L BRSNS A A, (HRE RS LAYR
RE JE I 7 SO B IE N R . SR, R
EMAEIE K R R 8 b i) Bk T, SR
FE I N5 8 2 B ROR T R

124k, TLP I H 1 8 K /KR 55 VG BF S I
H #1432 m, KRR AR A TLP A5 1 AR FR K
o SR, FrIFRMRBMAH CREAlR A T 5575
B RMAHD) KIRL N 1829~2134 m, IR Hr
MES TLP WAL, UK RIS /K IR 3R R 31 1524~2286 m.
TEMRAR KRG — DMK S5, Bl E e RS &
frhbh, WA B S E KIS S, S ECAPI 5L X70
J T ST A P BE R R T R IA B 40 mm™. I, R
UF (5% WA 55 VERE VLS, =gkl s,
Mo R IR L R R BRI R R IR /K TLP i i 7
BRI

AR b, FRER KM AT R LS R R



PETIEME 2025 F $27% H2H)

Ja FAEFSERE KT, e rp iR S AN A 7]
MR EEREK L —. HAl, REREHETT A s 4
FIANAR A% D BORVIIRER =, AT ML PP EALA R g
AL, PR SR SRR B R BT — 2T
J EGEHE R R TE R, AN R E A
RIHEPE RIS RS o B IR 23 4 (1 [ b
AR DA K o i LR IR AN BOR B 24 4%,
BFEHE TR EEE M B S A kA,
PARIE A [ A AT 4 A — S 14 4T P A ) v 2 )
BRIEREIEIT A RL L dh o TR R 2 BTN
[ oK A, @ E PR BT, R
TRERE A E LS, 51 AT A R
] 7= R RE YR A e 2 FHAN o

B 4

BRIKIMSTT R R AL SR B R 2 A 1%
FINGE D RA, RIS R PSR CAR
BT IS, S FPERR BSR4 055 ™ B
FEMNIRN S IE R 1k, R SLAE R AR 32
JERZ —o PR, RZKSLAE 7 B B 5L 57 PR REAT
LU PO et o R A o Tl 2 e B 7 3L
G, SCROZIRIEI I RIFSN L RGH
REEA BB, TR TLP B L. A
FRAUFEE L [ R FAA I e [ S Ak 22 Wy, [ Y
3 1 R T 70%, B I B0 Bt BAFAE LY
Bl 22 A RS, AN T B A i b R e R
R o

[ P AL ARHE VR BE L AR IB R F B P 4%
PR SeEACT, HER > SR TR AR KT ST RS
EHIRE ST P i VR RERSE MRS AF AR 2 . BEAROR
B ROKIHTTR M FESLE MRS 7 fh T I 5 1
ARITHE R WP IR, FEROE AU = 55 i . R
i BRI S R R SRR EOR, R G R
WA T; 519 B Rk 5w BHIFE AT
TR I G T RS LRI T s St e S5
A EER P F BET, WEEAR . it il
R 4 SEIRTT, B B 7 a5 e
N1 MENHAEFE: MAYEM . K¥dE. AT
BREEEEOR, B RILHG. P IILE
HRES . BAN, SETURAKM ST R SLE MR
P A EROR T TR R . T F R E RV R E

A JE, AL EREBERBINIRSE . TP &2
ARG A IS AT, SRR HE B LA
FERLAN B BURT 5 TR

i 25 M 527 B
RSO AR B P AL 2 TS EAT AT ) i o 5 i 959 5%

Received date: October 24, 2024; Revised date: December 17, 2024
Corresponding author: Li Ba is a senior engineer from the Iron and
Steel Research Institute Co., Ltd. His major research fields include the
basic theory research and engineering application technology development
of micro-alloyed structural steel. E-mail: balicugb@sina.com

Funding project: Chinese Academy of Engineering project “Research
on Innovative Development Strategy of Key Materials for Marine
Equipment” (2023-HY-18)

SRk

[1]  ¥4Ea%, sKIEA, 252, & S BEREK — HEKM TR P e
B JR sy ()], dEPEHLBT T, 2022, 38(10): 1-12.

Jiang D X, Zhang H H, Li C R, et al. Global deep-and ultra-deep-
water oil and gas exploration: Review and outlook [J]. Marine Ge-
ology Frontiers, 2022, 38(10): 1-12.

[2] IHS Markit. EDIN datebase [DB/OL]. [2022-01-10]. https://edin.
ihsenergy.com/portal/home.

[3]  JAEP. B IR KR T e A& B RHE ST [J]. 57 L2
B2 5K, 2014, 1(2): 95-102.

Zhou G P. Technical features analysis for deepwater ocean engi-
neering equipment used in the South China Sea [J]. Ocean Engi-
neering Equipment and Technology, 2014, 1(2): 95-102.

[4]  BEH. ETFERBIR K S ] AER, 2018, 25(6): 213.
Cui Q. Development status and prospect of offshore platforms [J].
Petrochemical Industry Technology, 2018, 25(6): 213.

[5] Amaechi CV, Chesterton C, Butler H O, et al. Review of compos-
ite marine risers for deep-water applications: Design, develop-
ment and mechanics [J]. Journal of Composites Science, 2022,
6(3): 96.

[6] Drumond G P, Pasqualino I P, Pinheiro B C, et al. Pipelines, risers
and umbilicals failures: A literature review [J]. Ocean Engineer-
ing, 2018, 148: 412-425.

[7]1 SR W SLE S - WK A IR 30 5 57 RHPERIT T [D]. R
HE R EERZA (224718 30), 2014,

Zhang J. Study on combined vibration and fatigue characteristics
of deep-sea riser under parametric excitation and vortex excitation
[D]. Tianjin: Tianjin University (Doctoral dissertation), 2014.

[8] B, & WURIE LS ARSI R LR 7T [D]. bl Bilgse
R (LA 30), 2018.

Duan J L. Study on vortex-induced vibration characteristics of
deep-sea riser with internal flow [D]. Shanghai: Shanghai Jiao
Tong University (Doctoral dissertation), 2018.

[9]  Fm# WAL SR EIRED 7 @B 7T [D]. R RiEX
(B AR 30), 2019.

Wang Y C. Research on multi-modal vortex-induced vibration bi-

furcation of marine riser [D]. Tianjin: Tianjin University (Doctoral

133



ARICHSFFRREIENL

EMRHERERE

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

134

dissertation), 2019.

Srinil N. Multi-mode interactions in vortex-induced vibrations of

flexible curved/straight structures with geometric nonlinearities

[J]. Journal of Fluids and Structures, 2010, 26(7/8): 1098—1122.

Yang Y B, Qin Z H, Zhang Y H. Random response analysis of hy-

draulic pipeline systems under fluid fluctuation and base motion

[J]. Mechanical Systems and Signal Processing, 2023, 186: 109905.

Sun L, Liu C F, Zong Z, et al. Fatigue damage analysis of the

deepwater riser from VIV using pseudo-excitation method [J].

Marine Structures, 2014, 37: 86-110.

JuAE B, REFRHE, okom, &5 BORUIG A 1 F TR R L O A i

TR TR [J]. il T2, 2008, 37(2): 91-94.

Fan B M, Ji CY, Zhang Q, et al. Study on calculation method of

deep-sea riser’s fatigue life under wave and current combined op-

erations [J]. Ship & Ocean Engineering, 2008, 37(2): 91-94.

ROV, BRE, DR, 5. oA Al &6 H T e Lo

ERIFBAHITC (). AL, 2019, 37(6): 1-11.

Wu J G, Chen Y, Ruan W D, et al. Study on the fatigue damage of

SCR with vessel wave frequency and slow drift combined mo-

tions [J]. The Ocean Engineering, 2019, 37(6): 1-11.

Wang J G, Fu S X, Baarholm R, et al. Fatigue damage of a steel

catenary riser from vortex-induced vibration caused by vessel mo-

tions [J]. Marine Structures, 2014, 39: 131-156.

ALY W BEL ST 0 LB 55 43 #r (D). K KR

TRE (2R 30), 2008,

Li C K. Static and wave-induced fatigue analysis of steel catenary

riser [D]. Dalian: Dalian University of Technology (Master’s the-

sis), 2008.

T3 TR B9 4 ST Y 1R AT S 95 T SEPERE AL [D]. B

VLI RHE R 2 (=244 18 50), 2018.

Wan Z C. Study on fatigue damage and fatigue reliability of steel

catenary riser [D]. Zhenjiang: Jiangsu University of Science and

Technology (Master’s thesis), 2018.

iz BB LR 57 1 70 A (D). ROE: RIEH TR (1
AR T0), 2011,

Gao Y. Fatigue damage analysis of steel catenary riser [D]. Da-

lian: Dalian University of Technology (Doctoral dissertation),

2011.

Pan Y, Zheng L X, Yang S C, et al. A review of fatigue analysis of

marine flexible risers [J]. Geoenergy Science and Engineering,

2025, 246: 213555.

Bolanos R B, Rivera J E, Campos D. Fatigue analysis of risers

[C]. Calgary: The 4th International Pipeline Conference, Parts A

and B, 2002.

Souza G, Gongalves E. Fatigue performance of deep water rigid

marine risers [C]. Honolulu: The Seventh International Offshore

and Polar Engineering Conference, 1997.

AL, AR, o R T G i A A (0], I

B, 2017, 29(5): 157-160.

Wang H H, Liu G H. Statistics and analysis of subsea pipeline ac-

cidents of CNOOC [J]. China Offshore Oil and Gas, 2017, 29(5):

157-160.

A, VA RE, ZEFRAS, . Reel #1545l 1 F20f X65 i % 45 4%

FE ST HL,S B 55 vl R 1 R [J]. KRR RIR, 2018, 47(12):

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

18-21.

Wang W, Sun Y H, Luan C J, et al. Effect of reel laying and bend-
ing process on resistance to H,S stress corrosion of X65 sea pipe
welded joints [J]. Welding Technology, 2018, 47(12): 18-21.
BEA B, ESLRK, 255, o F S E LB R S 2 (1], iR L
Mk, 2019, 49(4): 75-79.

Lang D X, Wang L Q, Li Y. Corrosion repairing of offshore plat-
form riser [J]. Paint & Coatings Industry, 2019, 49(4): 75-79.
AR, BV G SLE R BUIR X B i s i (7] R S B
2020, 41(8): 11-13, 22.

Li H. Corrosion and protection of pipe riser of offshore platform
[J]. Coating and Protection, 2020, 41(8): 11-13, 22.

BT, R A T P LT (9], TR, 2020, 39
(31): 40-42.

Zhang J L. Analysis of corrosion mechanism of a mixed transpor-
tation submarine pipeline in South China Sea [J]. Henan Science
and Technology, 2020, 39(31): 40-42.

B, RIERR, WRIETE, S5, I AR SR S T R A A M U0 7
VERT SRR [7]. 45 TR, 2023, 20(7): 98-108.

Han Y F, Zhu Y S, Chen W B, et al. Research progress on corro-
sion characteristics and monitoring methods of submarine pipe-
line weldment [J]. Equipment Environmental Engineering, 2023,
20(7): 98-108.

ARG, RSB, B 22, &5, VR PR D 300 2R AW TR Tl AT
SRR EHERE [7]. WhU#IZ, 2023, 42(5): 492-508.

Ren P W, Tang XY, Qin Z A, et al. Research progress of the influ-
ence of deep-sea environment factors on corrosion behavior of
pipeline steel [J]. Oil & Gas Storage and Transportation, 2023,
42(5): 492-508.

GEZ. A PRI 5 AR I ok SR M R [0, A R T
%, 2024, 27(3): 164-167.

Liang Y. Discussion on in-sea pipeline inspection and pipeline
corrosion prevention strategy [J]. Petro & Chemical Equipment,
2024, 27(3): 164-167.

Rincon H, Shadley J, Rybicki E, et al. Erosion-corrosion of car-
bon steel in CO, saturated multiphase flows containing sand [C].
San Diego: CORROSION 2006, 2006.

WS, EYL, FHIBE, AF 2 AHUE 2k AR T BN VA AE
WY RLR []. RIHHAR, 2018, 47(12): 1-7.

Cao X W, Wang K, Yin P B, et al. Application of multiphase flow
internal corrosion direct assessment methodology for pipelines in
China [J]. Surface Technology, 2018, 47(12): 1-7.

Silva C A, Varela L B, Kolawole F O, et al. Multiphase-flow-
induced corrosion and cavitation-erosion damages of API 5L X80
and API SDP grade S steels [J]. Wear, 2020, 452: 203282.

Amaechi C, Reda A, Ja’e I, et al. Guidelines on composite flex-
ible risers: Monitoring techniques and design approaches [J]. En-
ergies, 2022, 15(14): 4982.

Zhang Y L, Chai S H, An C, et al. A new method for optimal sen-
sor placement considering multiple factors and its application to
deepwater riser monitoring systems [J]. Ocean Engineering, 2022,
244: 110403.

S S, R, TR, A P E ORI R KOS
HERE (1], R A, 2021, 33(5): 136-147.

AT FE



PETIEME 2025 F $27% H2H)

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Jin X Y, Dong H T, He K, et al. Research progress of China’s
deep water drilling riser monitoring technology [J]. China Off-
shore Oil and Gas, 2021, 33(5): 136-147.

1 7GiL, BREW], #0005k, [ AMNRK B IR ACE R0 i BRI
WREHERE (1. A HLAE, 2008, 36(9): 205-209.

Chang Y J, Chen G M, Ju S D. Present situation and progress of
deepwater drilling riser system products abroad [J]. China Petro-
leum Machinery, 2008, 36(9): 205-209.

FEk4x, FoE . AN R R K 5 B A T L 1],
£ LI, 2009, 37(9): 147-150.

Wang J Q, Wang D Y. Suggestions on overseas offshore drilling
riser and domestic research [J]. China Petroleum Machinery,
2009, 37(9): 147-150.

AR KBS SF R K R G 1A R [D]. RIR: RACH
R 2 (22 18 50), 2023.

Jiang J S. Study on mechanical characteristics of deepwater drill-
ing riser system [D]. Daqing: Northeast Petroleum University
(Master’s thesis), 2023.

A2 75, VRS, AP, A I AMRK S R K8 R R BIUIR B
BYEREZHT (1] SR, 2015, 38(9): 6-11.

Niu A J, Bi Z Y, Niu H, et al. Development status of overseas
deepwater drilling riser and main pipe performance analysis [J].
Welded Pipe and Tube, 2015, 38(9): 6-11.

Albino J C R, Almeida C A, Menezes I F M, et al. Dynamic re-
sponse of deep-water catenary risers made of functionally graded
materials [J]. Mechanics Research Communications, 2021, 111:
103660.

R4, R K B RR K 70 2 R M S5 9855 43 i [D]. N KT K
(WA 2= AL 18 30), 2022,

Cheng K. Analysis on mechanical characteristics and fatigue of
deepwater drilling riser [D]. Jingzhou: Yangtze University (Mas-
ter’s thesis), 2022.

A RKEIFRRKE RGREERIE R 5 R R ] A
WL, 2018, 46(7): 39-44.

Wang D S. Key technology advances and development suggestion
for deepwater drilling riser system [J]. China Petroleum Machin-
ery, 2018, 46(7): 39—44.

Burke B G. An analysis of marine risers for deep water [J]. Jour-
nal of Petroleum Technology, 1974, 26(4): 455-465.

Patel M H, Sarohia S, Ng K F. Finite-element analysis of the ma-
rine riser [J]. Engineering Structures, 1984, 6(3): 175-184.
Klaycham K, Athisakul C, Chucheepsakul S. Nonlinear response
of marine riser with large displacement excited by top-end vessel
motion using penalty method [J]. International Journal of Struc-
tural Stability and Dynamics, 2020, 20(4): 2050052.

B =2, T R R R K A 1 B J3 W SE (3], i LR,
1995, 23(8): 18-23.

Jia X L, Fang H C. Dynamic response of marine drilling riser [J].
China Petroleum Machinery, 1995, 23(8): 18-23.

ZEIR. AR B IR 5 DRSS S5 W [D. RN KK
(22478 30), 2024,

Li X. Coupling mechanics analysis of riser and wellhead in deep
water drilling [D]. Jingzhou: Yangtze University (Master’s thesis),
2024.

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

FELINS 55 B KB R Il R 3RS PR IR 5 ELRE AT [D]. 2% 2 8 # LK
(WA 2= A8 30), 2014,

Tian P Y. The simulation research of riser transverse vibration

characteristics [D]. Qinhuangdao: Yanshan University (Master’s

thesis), 2014.

W Z AR, ATREA, S5, TF ORI 50 B0 e 7B IR
Pl SRS [J]. MR AR, 2020, 42(3): 128-134.

Meng Y X, Fu S X, Ren H J, et al. VIV response characteristics
experiment of riser influenced by deep-water wellhead [J]. Ship

Engineering, 2020, 42(3): 128-134.

dRh, AR, I S IR T R K AR SR T AT (7).
FiF 48, 2016, 38(5): 1-5.

Zhang S, Ren Y, Wang S, et al. Experimental investigation of

deep water drilling riser steel [J]. Shanghai Metals, 2016, 38(5):
1-5.

R, PUSIE, A, S m RO RE ERK B T R KR T B %
IR EPERETESE [1]. K2, 2017, 40(7): 1-5.

Niu A J, Hu Z G, Niu H, et al. Performance research on longitudi-

nal submerged arc welded pipe with high dimensional accuracy
used for deepwater drilling riser [J]. Welded Pipe and Tube, 2017,

40(7): 1-5.

T, IMEVR, IR, 5 RK 5K 2 AR 7 S A (R TR B0 57
BFFT [J]. P RBP4, 2009, 24(3): 26-30.

Huang W P, Sun C D, Tang S Z, et al. Study on wave-induced fa-

tigue of deep water production ttr [J]. China Offshore Platform,

2009, 24(3): 26-30.

WY, B2, BT EAMEIKAN S BEL LB BT AR SR IR
[9]. IR R 2 24 (SR RHE ), 2009, 39(2): 290-294.

Huang W P, Bai X L, Li H J. State of the art of research and devel-

opment of overseas deepwater steel catenary risers [J]. Periodical

of Ocean University of China, 2009, 39(2): 290-294.

Martins C D A, Higashi E, Silva R. A parametric analysis of steel
catenary risers: Fatigue behavior near the top [C]. Seattle: The

Tenth International Offshore and Polar Engineering Conference,

2000.

Hatton S A, Willis N. Steel catenary risers for deepwater environ-

ments [C]. Houston: Offshore Technology Conference, 1998.
BT, BEE FAOT RINHALE R G — N E &L
% (SCR) [J]. H [H ¥ ¥ K 2 22 4 (2R B 22 hi), 2006, 36(5):
775-780.

Huang W P, Li H J. A new type of deepwater riser in offshore oil &

gas production: The steel catenary riser, SCR [J]. Periodical of
Ocean University of China, 2006, 36(5): 775-780.

PEES, BOIETT, W17, 45 BROKAEBE L IT R [7]. EARECR,

2021 (6): 61-67.

Hou J, Huang Z L, Hu P, et al. Development of deep-water steel
catenary riser [J]. Baosteel Technology, 2021 (6): 61-67.

T2 IR MR BE AL ) SR S 5T i 4 A [D]. b
AR (W AL 1 ), 2011,

Wang A Q. Analysis of mechanical characteristies and fatigue

damage of SCR [D]. Shanghai: Shanghai Jiao Tong University
(Master’s thesis), 2011.

KA, Rz ik, ARk, A b [ R i TR AP B B Lo
EIRRERE T [J]. MEE TR & 5HIR, 2018, 5(4): 266-273.

135



RKHSFARAEFIEMRERSRE

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

136

Zhang X H, Xu A J, Cheng Y M, et al. SCR strength study for the
application of SCR to semi-submersible platform in the South
China Sea [J]. Ocean Engineering Equipment and Technology,
2018, 5(4): 266-273.

Tzl g, 500, 5. 4N EE LR LA A RUSHI 57 156y
F¢ [J]. W EE A, 2022, 63(4): 192-198.

Wang H F, He N, Li X, et al. Study on full scale fatigue test of
steel catenary riser [J]. Shipbuilding of China, 2022, 63(4): 192—-198.
Ikeda T, Ohnishi K, Yamamoto A, et al. UOE-formed tendon
pipes for deep water oil & gas exploration in the Gulf of Mexico
[C]. Honolulu: The Seventh International Offshore and Polar En-
gineering Conference, 1997.

EITh. BRIz K 2 A =k IR & S T SR GE
ZNWAREZHT [D]. W /R MR R 24418 30), 2013.
Yan G W. Conceptual design and coupled motion response analy-
sis of a new type of deep draft multi-column extension tension leg
platform [D]. Harbin: Harbin Institute of Technology (Doctoral
dissertation), 2013.

PNGRE R MRS IEOL R K 77 BT S 0 4% 20 A 1 A TR I A
[D]. MA/RIEE: W /RIS T RE R (W0t 2447 18 50), 2023.

Sun H T. Research on numerical prediction of vibration character-
istics of TLP tendons under extreme sea conditions [D]. Harbin:
Harbin Institute of Technology (Master’s thesis), 2023.

WSO, H UGN, VRO, 5Kk J0BRF & W e vt S s EER K [0, M
AHFRAEL S, 2018 (1): 45-48.

Miao W J, Xiao L N, Xu J. Design and strength check of tension
leg platform (TLP) tendons [J]. Shipbuilding Standardization &
Quality, 2018 (1): 45-48.

TR, BRAKTITK B B )R S AR BT A (0], A A
T, 2016, 19(1): 26-29.

Yu H X. Study on wall thickness and material selection of deep
water top tension riser [J]. Petro & Chemical Equipment, 2016,
19(1): 26-29.

Schwinn V, Schuetz W, Fluess P, et al. Prospects and state of the
art of TMCP steel plates for structural and linepipe applications
[J]. Materials Science Forum, 2007, 539-543: 4726-4731.
Takeuchi I, Nishimoto K, Nagase, M, et al. Development, pre-
qualification, and production history of 60 ksi UOE steel tendon
pipe for AUGER tension leg platform [C]. Copenhagen: Interna-
tional Conference on Offshore Mechanics and Arctic Engineering,
1995.

[68]

[69]

[70]

(71]

[72]

(73]

[74]

[75]

[76]

6 %0, 2 HE, WK T 5K TR & BT ST R R ().
HFVETRE, 1998, 16(4): 17-26.

Bao Y B, Li R P, Gu Y N. Research field and development trend
of tension leg platform [J]. The Ocean Engineering, 1998, 16(4):
17-26.

B RS RSP S A RURT T [D]. R REER 22 (L
LI TD), 2010.

Li M. Study on optimal selection of tension leg platform in South
China Sea [D]. Tianjin: Tianjin University (Master’s thesis), 2010.
Kim M H, Zhang Z. Transient effects of tendon disconnection on
the survivability of a TLP in moderate-strength hurricane condi-
tions [J]. International Journal of Naval Architecture and Ocean
Engineering, 2009, 1(1): 13-19.

ARk, R, ke, A TRk TR R R R B SR ) W ().
TSI, 2023, 63(3): 51-53.

Li S, Li Z B, Zhang N, et al. Fracture toughness of welded joint of
tension leg tendon [J]. Engineering & Test, 2023, 63(3): 51-53.
BRI, TR, RALHT, S DROKAEIE R K e Sk H 4 5 1
FEAT T 9], FR RO, 2019, 48(2): 18-20.

He L W, Han T, Song L X, et al. Microstructure and hardness
analysis of welded joints for deep water drilling risers [J]. Weld-
ing Technology, 2019, 48(2): 18-20.

AR, 561, R2Ik, A IEAR R KR RV A S B 9
i PEREREAL [J]. 4R, 2013, 36(10): 11-15.

Yu Z H, Dang E, Zhu A D, et al. Research on high cycle fatigue
property for butt circumferential weld of marine riser [J]. Welded
Pipe and Tube, 2013, 36(10): 11-15.

KRR, FEAR TS Sk ik FH S v e O B 5 3k Jee (). ANERAIT 5T
224, 2014, 26(2): 1-6.

Song F M, Du L X. Development of corrosive-abrasion resistant
steel used for slurry transportation [J]. Journal of Iron and Steel
Research, 2014, 26(2): 1-6.

KRR, FEARTs, ANE E, 45 i K R AR o 0 B AT S (0], 4
BRBIE T 2441, 2018, 30(3): 244-250.

Song F M, Du L X, Sun G S, et al. Erosion-corrosion behaviour
of steel in sea water slurry [J]. Journal of Iron and Steel Research,
2018, 30(3): 244-250.

Reepmeyer O, Schuetz W, Liessem A, et al. Very heavy wall X70
DSAW pipes for tension leg application [C]. Honolulu: The Thir-
teenth International Offshore and Polar Engineering Conference,
2003.



