1 1 O NATURAL GAS AND OIL 2022 ﬂi 6 ﬁ

RIK T RS ) slheih i gk v i

HmEM SER skEX’
. FFRM(FE) BRATDRESAT, KiFE 300459;
2. FERRERARSHERAS, RiFE 300452;
3. FEAHIERNERAS, XiE 300451

H ERABAREHIEBUTEHRERIES) XRALKER S ERZBRA, BRE ) 4%
BEME MR R E A, NBT TAMBE AT A WARES Rl R SRR 44 8% 08
ZRHRNBEARER; N A ARIANE 7 SRkt H 7T TRMH R AT OB RBENERNKY; A HKE
HERKRBEF DT BN T BRBGNLTFPOREREDES, BT TR AEH RN R BETH; N
Fl ABAQUS #h A AT T R A7 44 T TR DA R 48 0 B 5 A B8 A A e M TE N T 3 B B AT R E AR VAT AT
WL, HERTBEAEENV BEREEN G RO R 4 8 KA T KB e S % WA, @3 AL
B S RIENR AT B ak o Rl 444 8 AT O BOLR K TR R A kot R,

KB B HRNEE LR REZ AR TN A E

DOI:10. 3969 /j. issn. 1006-5539. 2022. 03. 017

Structural design of suction pile anchor pad eye for
deep water engineering vessel

XU Tiantian', GAO Dehuan?, ZHANG Meirong®
1. CNOOC China Ltd. , Tianjin Branch, Tianjin, 300459, China;
2. CNOOC Safety Technology Service Co. , Ltd. , Tianjin, 300452, China;
3. China Offshore Oil Engineering Company, Tianjin, 300451, China

Abstract; The semi-taut spread mooring system is adopted for deep water engineering vessel, and the
structural design of anchor pad eye on suction pile shall guarantee mooring safety. This paper introduces the
technical requirements of mooring system and suction pile anchor pad eye design and offshore installation in
the Company’s General Specifications. The maximum offset of engineering vessel and tension of mooring
line is calculated by ARTANE7 software. The inverse catenary shape of bottom chain embedded in soil is
analyzed by numerical iterative solution of governing differential equations method so as to determine
mooring load at anchor pad eye on suction pile. The structural strength and stability of suction pile caisson
and anchor pad eye is analyzed by ABAQUS software, in which the link’s lever arm effect on anchor pad
eye main plate is simulated, and the influence of lateral fabrication deformation of V-wing plate inside
suction pile caisson is considered. The anchor pad eye is made of low-carbon silicon manganese cast steel ,
with the stress-relief done by heat treatment to guarantee the mechanical and wear resistance properties.

This suction pile anchor pad eye design can be used as a reference for engineering design of deep water
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suction pile of the same nature.
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Deep water engineering vessel mooring line
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Tab.1  General Specifications I requirement and design analysis
result
A8 TAMCFE TR ARk K
IS fiFs /7RI it K RN ERR
T ARBOTEOR B4l B b EOR
RNLTER  BEM<6.5% M 6.23% 1.75

1) <5. 0% I\Im) 4. 97%
AR RIAL M <8. 0% 6. 86% 1.25
2 AR THE DT <8. 0% 7.34% 1.00

TR TREAR R0 R 5L it # BV—NR493 FIl BV—
NI605 Geotechnical and foundation design 2014 F{ 555K |
FIE TR R R 5 TORES)E 15 8 19 1 4F — 3 2R
BE A T OUINEE IR BEAE TAP A B A 2 2R W3R 2,

F2 EESEE TAP MGG RE

Tab.2 Design analysis result for bottom chain at TAP

HAE—BHEE  MIREEAE TAP AbdR WFIRHEE TAP A 5
T KRUEShA TR S /AN KPR I f /(°)
RIN&BH 6 887 22.7

1R ZIALnmr 9 153 24.8

2 RN 14 107 27.7

WES A4 15 290 28.6

TKEE N BV QR3 G o4k, HAA N 147 mm, T/
PRORTAIER 11, 2 mm JE iy & (AR 0. 4 mm) Ji5 1 5
SN F7 43 50 15 536 kN 113 627 kN, G545 (4 85/
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Fig.2 Inverse catenary shape of anchor chain
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Tab.3 Undrained shear strength S, of soil

BRZ T S, FHRME S, FRR{E
WREE /m (S,=4.5) (S,=2.0)
0.0 0.5 1.5
0.5 7.0 9.0
1.5 5.0 8.0
8.0 10.0 14.0
28.0 33.0 40.0
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4 19 BT SR AT A SR W D A FR 7R 28 ANk R 3 A 4
TSI ) 2K

R4 HIABERNEH LG ITERR
Tab.4 Design analysis result for anchor chain at anchor pad eye

on suction pile
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S, FHME S, FREfE S, FFRME S, FFRE
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Tab.5  Offshore installation tolerance requirement for mooring system
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Tab.6 Ultimate holding capacity check result for suction pile
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Fig.3 Suction pile,anchor pad eye,anchor chain and link
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Fig.5 Strengthen structure inside caisson
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Tab.7  Allowable equivalent stress of anchor pad eye on suction pile

Faf JEEJE /mm VFHIAERN Ty /MPa
T4RE A X 40 DH36 345

HSALMER 50 DH36 335

fAEE B X

S EMRJERE 90 DH36 735 315

SRR EE C X

SRR 95 PN 345 (4h T )

JEL {5 RE 320 (JEERE LX)

S EA (AN 250 ~295 HH 345 (HhEETH)
320( EEHLX)

B ER(EIN) 90 ~250 54N 345 (AhFTH )
320( JEEEHULX)

BEmEER 90 DH36 735 315

i SMEmnEZ 40 DH36 345

[ HEAR (FPY)

VIEEAR (M) 40 DH36 345
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Fig.6  Finite element model of anchor pad eye on suction pile
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Fig.7 Fine finite element model of cast anchor pad eye
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Tab. 8 Maximum equivalent stress of anchor pad eye on suction

pile

FOKAFAL S /MPa
Wl 2IRENIL A

WWTH W
HiA E BB TR () 296.1 308.8
Hi RS TUR(R)  262.2 260.7
Hi BRI (RSN 319.2 23,9
i AL (RISR) 253.0 254.3
AR B BE B X 215.6 217.4

4.4 HRBEEEHZI

B EARS I VIR B AR Z ) e A 0 370, VOB 3
Bk 1960 mm J5 40 mm, G SFHEE A AR RS,
VIESFEARHE AT 19 mm @010 AT T i
HER2E 3 mm(0. 15% PR D) 23Rk g PG el A2
TR, 755l md R R AR AL AT BROCAC L i BEALLEE VB
FLAR P AR AT 20 mm B ) AR TE 5 AR — B EREE 2R Bl
SRS T U0, VI SRS I T 5 A5 56 J3E 1 52 0 23 B 45
W9, AT 1 B VIEF AR AT 20 mm @] i 2292



G 5 R S WO B e R S8 2 g 2 i 4 R 4 9%
1 14% AEATS /N T V8 A 800 1, BN P OE B A 3

I

®9 VEERREREMHAEENZINE

Tab.9 Influence of deformed V plate on strength of anchor pad eye®
FeRAFRUN T /MPa

ot VIRBAR 1 VBRI 2 S VR
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Al MR R 221.4 252.3 222. 1
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Tab. 10 Mechanical performance requirement of cast steel

wANEMR wMERRDT JESEN Bobh EOREEEE /
SRS /MPa  HiSRE /MPa JEfifi3 HB
345 500 <0.9 22% 230

G 308 8 A7 AR A AR A BT L 2H U 34 55 IR
L LUR RO RS IR R, A IV 23K, 55 442 R0 A R
JERE AT 90 mm BT HEA T AR BT, (LA 45 T 2 Mk oK
F [ T, i 0 5 LA ke st s v AR B R A A
RS R PRI+ I PR TR A, 7 147 580 £ 15 °C
(R PR+ L R B W ) A B A AR 1) 28 AR S R
IEJCIRE BT 600 £ 15 °C 1E KABE #5805 1 A
I 3 85 TR AR R 1 A Ak R 3R R AS D T 2 i o st LA
PERE AT B AT A BRSO A5 SRR 2 o N IR 4G
M AU BE , SR A B T2 LU 1B

1) S KR AT TR 70 2 B 0 1 R g e £ 1
BT, X P FN B Bl 28 B 1% 150 °C T 2218 R 2 T

2) IE KARER AR AR R R T B A AR
R 935 CIHFARFR 6 h, HIAKA ZH T .

3)VEJALFR B 5 E 900 C IR 3 hE, K
VAL T

4) [A] KALFR A 5 580 CIHAEFF 6 h JE, H
SRS ZH

5) IR AL B i B S E 560 °C I TE SRR
BENRERIRE 10 h, 76 10 h (W18 REE 2 380 C )5, 7
R R0 o B RS BR ) R B T 2 M 4 LA 8

F40 % % 3 H
600
500}
. 400f
g
300+
ui|
200} .
T AR
100 T
0 1 1 1 J
10 20 30 42
HiF ] /h
B8 4 SSCERA NREMAAIE T Z kB

Fig.8 Curve of stress-relief heat treatment for anchor pad eye
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