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Investigation on mooring system design and optimization

of a semi-submersible crane vessel
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150001, China; 2. Yantai CIMC Raffles Offshore, Ltd., Yantai 264000, China)

Abstract: In recent years, China has witnessed a rising trend triggered by the development of semi-submersible crane vessels, and
mooring system design and optimization are one of the key issues in the design of the semi-submersible crane vessel. In this study,
coupled-dynamic analysis of a semi-submersible crane vessel with mooring cables was performed in the time domain to design and
optimize the mooring system, in which the effects of basic parameters of the mooring system on its dynamic characteristics were
evaluated. Design and optimization procedure that involves basic parameters of mooring system is presented. Particular attention was
paid to the reliability of the mooring system designed in both intact and damaged conditions respectively, the characteristics of mooring
system were investigated when the single cable was damaged as well. It is seen that the safety margin of the mooring system designed is
well-controlled, which can provide not only a guarantee for the survival ability of this semi-submersible crane vessel in an extreme
environmental condition but also a good concern for economy.
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Tab. 1 Metocean conditions
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Tab. 2 Design criteria
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Tab. 3 Semi-submersible crane vessel dimensions

i H £/m T/ m 1/ m
F R 80 70 38(HE )
BRE2LN 118 15 8
HISLAE 15 15 25
B 1 R ETGRE JESLFE 17.5 15 25

Fig. 1 Aft view of the semi-submersible crane vessel
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Tab. 4 Mooring line properties
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HA%/mm 76 76
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T&H/ (kg + m™) 26.85 123.00
BE/ (kg m™") 22.57 98.40
il 1) M1 BE /KN 333 960 550 000
T W0 i/ kN 4900 5000
2 RS E T G R RS IR LEE S Y 2.0 2.0
Fig. 2 Arrangement of mooring system ENDEWIES S ol 1.8 2.4
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Fig. 3 Design and optimization procedure for mooring system
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Tab. 5 Surge displacement in head sea and sway displacement in beam sea
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Fig. 5 Comparison of dynamic response results of mooring lines with different chain lengths
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Fig. 6 Comparison of dynamic response results of mooring lines with different pretensions
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Tab. 6 Design parameters of mooring system
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Fig. 7 Comparison of safety factors and uplift loads between intact mooring system and damaged mooring system
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Fig. 8 Comparison of tension distributions in intact mooring system and damaged mooring system

AR AR B, M52 5 ORI 11 S RIAS R WA, RIAR G EHIEARE RSG5 TR
115 RIALEE R 10 S 12 5 RIA%EZ TR, B2 B AT iR, T 5122 126 2 4
H 4 5 5 5 6 5 RINLIR 52 1 WIS AT AR, B e PE o s A 98 hn, AW 2 2R IA 48 it T-Ab e 5 & A= iy
115 RIAG AR BT 3 1 19 5 0] b IR RS2 B W A2, SRS B T 00T R R e R E T A R
BRI RGE TR L 2REFAL , RSB ABON R0 R G0 AYFE P 505 B, K %5 %
RERS IS B A Bty 708 H b5



38 ped T P %33 4%

4 #5 iR

A FGR - 5 1 R R G AT RS A Y, A3 LA R 458
1) s v G H P 5 RIA RGN R L BAH LG, R IA 4840 5 A B2 A9 84 0 Tk J1 #9384 n L e
RIAE R BRI, 22 S BORIA R G i 7K ) AR S 4 T3 B3, 2B e pe rh, RS ik 26 2407 P i
B, LA 200 R GE 3l T 1
2) He T EESHON RIATERERY R AL, 2L A BT B R RIA T R, B AL U RS B
P UE A GG I B AEAFRE DT, IR B A B i 25T
3) ZRIADE ARSI 2 T EUG R IR R A A2 2B [R] IS0 52 77 85 K 4 2870 85 B 7R 52 1 PR B8 i , SV AE AL
JEVFRTEIE A (EATIRF- 65 08 28 AP s, BT SR
4) ZIASEH B, RN R BB HEATREIR , RIAGEZ SR A, S5 AR 0498 R A — 4
/%Yﬂi')ﬁﬁiiﬂ AR AR W A T HR 2R IR 48R4 52 1 DL JC ] B AR 4L
B TR KB 1000 m TS, A R K 02 1 =0R 1 5 R0 RS RERY 2 e 7
i&—iﬁ??ﬂo
Z

=]

/|

(1] P &Pt 5. ROk E TR A v TR P A [ ] & AT, 2010, 51 (1) 1 156-161. (MIN Bing, SHU Shiyong.
Application of semi-submersible crane vessel in marine engineering[ J ]. Shipbuilding of China, 2010, 51(1):156-161. (in
Chinese) )

(2] k&I ARPHER, Tl 45, R S BT e 0 T HOR ) IR [ T ] A, 2005 (1) :10-15. (ZHANG Zhiming, XU
Danzheng, ZHANG Chao, et al. Technical problems in ship type development of large crane ship[ J]. Ship & Boat, 2005(1) :
10-15. (in Chinese) )

(3] B H VTR XRG4, SO0 T TR SIA 7 22 B[ 0] T R A, 2012, 53 (S1) :179-183. (HUANG Shantian,
JIANG Jin, LIU Qifeng, et al. Anchor pattern design for derrick barge in congested area[ J|. Shipbuilding of China, 2012, 53
(S1):179-183. (in Chinese) )

(4] HEEBE DR, EEL, AF. KT R IE M2 S A 0 B S K8 e [ ] TR, 2012,30(4) £ 125-130. (DONG Lu,
XU Hui, GAO Wei, et al. Numerical simulation and experimental comparison about waterdepth’ s influences to moored floating
crane ship[ J]. The Ocean Engineering, 2012, 30(4) :125-130. (in Chinese) )

[5] M BER, W KRR AR RIAREME 00 )] EEEF 5 ,2008,23(6) :1-7.(TONG Bo,
YANG Jianmin, LI Xin. Coupled dynamic analysis of catenary mooring system for the deepwater semi-submerged platform[ J].
China Offshore Platform, 2008, 23(6) :1-7. (in Chinese) )

(6] RLR HWKEEBREHEERIARK T BT 508 [ D] WG /R W /R E T K 2% ,2005. (SONG Anke. Design and
analysis of the mooring system of deepwater drilling semi-submersible[ D ]. Harbin: Harbin Engineering University, 2005. (in
Chinese) )

[7] BEHE, Lot WH. AHIN U & R RN R G s R 0T [ )] 085 TR ,2010,28(3) :31-36. (FENG
Aichun, YOU Yunxiang, FAN Ju. Dynamic characteristics of a semi-submersible platform with mooring system in irregular waves
[J]. The Ocean Engineering, 2010, 28(3) ;:31-36. (in Chinese) )

[8] API, Recommended practice for design and analysis of stationkeeping systems for floating structure[ S]. 2005.

[9] DNV, Deep water coupled floater motion analysis[ S]. 2005.

[10] ABS, Rules for building and classing mobile offshore drilling units[ S]. 2008.

[11] Vryhof Anchors. Anchor manual; the guide to anchoring [ M]. 2010, 152-164.



