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Abstract - This paper presents the study of the bending behavior of mooring chain links for keeping the position of the offshore
floating structures. In general, chain links have been thought as the axial members due to the fundamental boundary condition.
But, the flexural stiffness can be induced to the contact surface between chain links when friction occurs at the surface of the
chain links due to high tensile force. Especially, the mooring chains for offshore floating platforms are highly tensioned. If the
floater suffers rotational motion and the mooring chain links are highly tensioned, the rotation between contact links, induced by
the floater rotation, generates the bending moment and relevant stresses due to the unexpected bending stiffness. In 2005, the
mooring chain links for the Girassol Buoy Platform were failed after just 5 months after facility installation, and the accident
investigation research concluded the chain failure was mainly caused by the fatigue due to the unexpected bending stress
fluctuation. This study investigates the pattern of the induced bending stiffness and stresses of the highly tensioned chain links by
nonlinear finite element analysis.
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Fig. 1. Offshore floating platform (Courtesy: statoil)
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Table 1. Material properties

Particular Unit Value
Yield strength, o, MPa 490
Ultimate tensile strength, UTS MPa 770
Ultimate tensile strain, US % 15
Young’s modulus, E MPa 2.09E5
Poisson ratio, v - 03
Minimum breaking load, MBL kN 17,347
Proof load kN 12,143
Hardening exponent, n 9.498
Yield offset, « 0.002
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cient: 0.7)

i

2 A29A A2z (FH A147%) 20179 49 107



e A

FeielA e AR A B9 ® As

Spot of maxiinmm IPB stress

OPB
rotation
Spot of
maximum OPB stress
IPB
retation

(a) plan view

Sp ot of maximum OPB stress

Spot of maximum IPB stress

(b) ISO view
Fig. 20. Hot-spot for OPB-IPB induced stresses

] Fig, 209] e FA5ol 23t -3-o] 2l ¢4
Jean et al (2005)9)| 4] A= Girassol buoy 2] A& A

) 2ot 9172k TS AR A0 Leui,

Fig. 212 Fig, 209 #7]% 7} 7ol gt 2o 55 &

A SIR0A 8] A7 E710] ke Wl el 217 A

S (AN +83)S HATH HANHH O R Fig, 169

Q_
BT 4T FA2 dehge o 5 lm, AR

E
h

=S
L

o

o 2
o so
2 9
(A
oX‘:“rlr
Worg
x o=
zﬂoEm
10 o
ot 19
Oﬁnjo_l:_ﬂ,
AN
EOH‘(
2 >
-
[rgn
-

%

lo

ol

)

1

1o

>

oft
N

JE
2,

ol
rd

D9 9 ol o
)
24
rO
1o
o
1%
e
ox
=
o
)
3
©
(e
i%"
L
rir
é
E

10 oo (&
Qb 1% oft Hu
1z ofo

2 ooy B & Gboox g (0 oF oo Kl
N

o 2
1 o=
2
|o

oo
o
O

MBSk

o
18
=
1o
<
o
JE
10

300

8- T=2200kN
—&—T=2400kN
—&—T=2600kN
—#—T=2800KN
~8=T=3000kN
~—T=3200kN
—8—T=3400kN

OPB induced stress (MPa)

0 0.5 1 L5 2 25 3
Interlink amgle (deg)

(a) OPB
120

100

@
>

8- T=2200kN
~&—T=2400kN
- T=2600kN
—#—T=2800kKN
—B—T=3000kN
~—T=3200kN
—8— T=3400kN

P
=

IPB induced stress (MPa)
&
=

20

0 0.5 1 15 2 25 3
Interlink angle (deg)

(b) IPB

Fig. 21. a-OPB/IPB induced stress curves at the hop spots
(friction coefficient=0.7)

o fAF o7t 59
W 4jo] WA Bash,
oA AH 2] AR AAS BT AL

A5 AQlol A F ol ‘@1% W QS we

7t A2Ho A= HY 9 WHelHkek E7kA]o] Zolx]al o]

A& A ARSIZEe] WA o] Paof= SRl gt

YEglEsh Aol olo] UE 38 ¢4 WAE ofg}

e )\H\ﬂ (S| ESE=E E?;H AF A 219 EﬂLH ‘;‘-l E"iﬂ“o%&k A

MBI Tefetel W 4

40@ e g, olol lefol A% Aol 45z 3
HASIZ o MR S /) Bl ﬂ%%‘i‘«*d
£ AU A2 AT
S BLe] GlojA] Ez_—l u

6H OHFE]L o Wrlo] E45

=0 =2



1. HMQl 20| A FE ShA
(Detail FE analysis for chain links)
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Fig. 22. Procedure of fatigue damage estimation for mooring chain
links considering in-plane and out-of plane bending
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