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A Study on Preliminary Structural Design of Pontoon Type VLFS
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Abstract

In general the loads due to ocean wave are considered as main design parameters
governing the global structural safety of VLFS (Very Large Floating Structure). In order to
predict design wave loads accurately, hydro-elastic analysis must be conducted
considering the initial global flexural rigidity of VLFS. However, in order to determine the
structural  scanting of major members {(deck, botiom, side panels and
longitudinal/transverse BHD etc.), static load and design wave loads must be given as
explicit form generally. Therefore in order to determine a proper structural arrangement and
scantlings of VLFS at initial design stage, both calculations of structural scantling and
hydro—elastic analysis for wave conditions must be conducted iteratively and the
convergence of their results must be checked. In this paper, based on the case design of
a 500x300 m size’ s floating marina resort, the details of structural design technigue using
hydro-elastic analysis are explained and discussed. At first, the environmental conditions
and the system requirements of the design of marina resort are described. The scantling
formulas for the major members of pontoon type VLFS are proposed from the local and
global design points of view. Considering the design wave loads as well as static design
loads, the structural safety is checked iteratively.

#Keywords: Global structural safety(8HM X t& ), Hydro—-elastic analysis(REt4 8lil4), VLFS,
Wave loads(It & 5t =), Flexural rigidity(2t4l), Marina resort(0teILt 2IZE)
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[ Environmental Condition i

" Basic Plan Stage o
Detn. of Principal
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End of Design

Fig. 1 Flowchart of structural design of VLFS
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3.1 JIgHE
Fig. 2 = O==20 dXIE H=&lE 2R Ot
L} CIZELS| LBHIRIZE,
EE2 FLHMEAS UEHHLD ACH

(1) Principal dimensions of pontoon type
VLFS

L x B x D =500m x 300m x 4m (5m)
Mean draught = 2.0 m

U3

(2) Supplementary facilities LRLALALI% NS LLLALRLLLE S ALLLLLLLLY
+ Breakwater: yes
* Mooring system: Dolphin mooring Fig. 3 Plan of unit division.
+ Access: yes
(3) Endurance life: 100 years 7 Table 1 Principal dimensions of each unit.
3.2 unit 28 H 2 G;l(:)u'p Unit No. | L(m) | B{m) | D (m) |Remark
2 X888 8  ZHAMNIM gH= 1 1,2 300 50 4
AXEII0E=E HE 322 unit 2EHEO] ) 3,8 280 50 4
ZR5ICt =W x=dAQ AX T3 AJE 3 4,7 280 50 5 Hotel
024510 MM 222 Table 1 b Fig. 3 UM 4 5 6 280 50 4
HOol= diet 201 10002 unit 22 FEE3HRUL 5 9.10 300 60 4
OIJIM unit No. 4 2 7 & SHEN HSdl=
AXN2MH O NS0 Hiol WCHE SES
E%?Dl RSt wxEel H0& 5 m = Table 2 Deck design loads for each unit
& BHCH - -
Group |Unit Deck facilities Design !ogds
No. |No. {ton/ m")
1 1,2 Parking area, Apron 1.560
2 |38| Green area, Apron 2.090
3 4,7 Hotel 3.281
Lox 4 |56 Arcade, Sport Arena, 5 930
" Plaza
B | o b e | 2o
aws
omnas
D avworaa
o 3.3 & DEGEDN 2BOIE
| et Table 2 &= 2t unit & LT Al 0152 B
| oZ=E HAE &HSIES 2011 UCH 22D
- e Table 3 OIAlE 2SAQ EIEAI MEEA &
olel &M & dA=x29 SH5IE TAE 20|12
Fig. 2 General arrangement of marina resort. UCH

stz sets =28 M423 H6% 20054 128
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Table 3 Design load condition for side & bottom

ltem Condition | Design loads
Side wall a5
5m
Water pressure at typhoon
height Bottom at
3.5m
typhoon
Height | Hi;z=0.5m
Wave condition| Normal 9 i
L Period [Ty3=13.0 sec
within Height | Hiss=1.0
breakwater Typhoon*—’eg— Y= L2

34 Mg ¥ &2 J1&E
Ol2ilt 2IXEQ XS EM= HB(EESE
= 235 MPa) It 2

B2

2 JHot e EACH
JQeiot SEs™
HI&HSHRICE

%}'
o
—

5 REH A0l Jlels AF 249 =
Table 4 A= Table 2 2 S FRS
& FH ot dAZAH e =22
=8 ZHE JI(My)E ZolgE X
{(position)0ll LIEFLHZ] QUCH Table 4 HIAlE 3 Jt
X 2o 28 240l Oist Ha ZUE LIENY
UAedl, SE 240l RS gdte 2l
Hel et xHol Yioh =ICH
b et2] LIEHLH
QUCH.
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CC st
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Table 4 Maximum static bending moments {(unit:
kN-m, +: sagging ).
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Table 5 Hydro-elastic response: 1=60.0 m*,
H=20m, A=1m, T=13 sec.

Wave angle| 0 30 45 60 90

| o,(MPa) | 122.1]102.3|158.9|113.3 45.6

o, (MPa) | 46.8 | 82.1 | 113.11107.1]135.2

7, (MPa)| 14.5 | 4438 50.8 | 13.6
O m (MPa)| 115.1 | 109.8

Table 6 Hydro-elastic response: [=80.0 m4,

H=20m, A=1m, T=13 sec.

Hydro—elastic Analysis Rigid
1=60m" | 1=80m" | Analysis
VBM. [ 0612E+6 0.711E+6 | -2.950 E+6
(My) (x=440 m) (x=440 m) (x=320 m)

Journal of SNAK. Vol. 42, No. 6, December 2005

Wave angle{ 0 30 45 60 90
o, (MPa) | 93.8 | 85.8 | 133.8|102.0 | 42.4
o, (MPa) | 36.4 | 721 | 97.6 | 88.6 | 123.2
Tyy (MPa) | 11.8 | 38.5 10.9
o,,, (MPa)| 89.5 \ 955 (18031 118.0 | 108.4
Table 7 Hydro—elastic response: 1=100.0
m* H=20m, A=1 m, T=13 sec.
Wave angle| 0 30 45 60 90
o, (MPa) | 80.5 | 70.4 | 111.0)| 90.9 | 40.2
o, (MPa) | 30.4 | 63.7 | 85.1 | 76.3 | 115.0
.. (MPa)| 9.84 | 33.1 | 28.5 | 37.8 9.15
o. (MPa)| 70.6 | 83.4 101.7 |101.0
Table 8 Stress resuits
Case | il I
Bending Rigidity (1) | m* |  60.0 80.0 100.0
y(=D/2) m 2.5 25 2.5
KN- 0.711
Static B.M. 0.612 E+6{0.711 E+6
m E+6
Load
Stress |MPa| 38.3 22.2 17.8
Dyn. Load| Stress |MPa| 165.6 136.3 114.7
Sum of stress MPa| 203.9 158.5 132.5
Considering modeling
factor (20%) MPal 265.1 206.1 172.3
(Step4—2)
Allowable stress | MPa 236 (=315 x0.75)
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2003) S o 0120 28 PS 5
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m* 2l 3Jm 220/ CH5I0f aHa 2
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}
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Table 9 Structural design results
Group No. 1 2 3 4 5
Unit No. 1,2 138 |47 |56 910
Web Space (m)| 5.0 | 55| 55|55 | 5
Longi. Space(m)|0.840|0.790|0.790(0.790/0.790
No. of Longi.(EA) 58 | 62 | 62 | 62 | 74
sMmi |_Longi. |10.64(10.46/18.44/10.46/12.18

(m*) | Trans. |76.13|69.60(122.3|69.60|72.88

Th. {mm)| 25.0 | 23.5|23.5]23.5|23.5

SSM(cm®)|868.2| 904. | 969. |952.8|760.5
Th. (mm)| 25.0 [ 23.5|23.5|23.5|23.5
SSM(cm®)830.4| 945. | 945. | 945. [781.0
Side &|Th. (mm)| 13.5113.5113.5|13.5|13.5
L. BHDISSM(cm®)|411.6|468.4(468.4|468.4/387.1
Th. (mm)| 13.5|13.5|13.513.5113.5

Deck

Bottom

T. WEB 3

i SSM(cm®)|385.7|362.7(387.1|362.7|362.7
nner |Th. (mm)| - - |235| - -
Bottom/SSM(cm®) - | - |945.| - | -

SMI : Sectional Moment of Inertia
SSM : Stiffener Sectional Modulus
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Table 11 Maximum deflection and  stress

Fig. 5 Distribution of combined stress at the corresponding to each incident wave angle and time.

deck under optimum ballast condition De:ree— 0 |1.62]3.25 |4.87| 6.5 |8.12|9.75/11.3| 13
eC

" Def. (m) |.483|.414| 591 |.663|.482|.631(.644|.675|.483

Table 10 Calculation result of draught at optimum Str. {(MPa)|115./62.4| 77.4 |103.|114./95.2(83.7| 105 |115.

ballast condition 5 Def. (m) |.765|.620| .874 |.703|.762|.945|.952|.716|.765

ltern Weight (ton) Draft (m) Str. {(MPa)|96.7|53.3| 84.5 |87.7|96.3|80.9/92.4(89.2|196.7

Steel 120.157 0.800 45 Def. {m) |.831}.579| 1.19 |.947.828|.883|1.30(.965|.831

Deck facilities 151,280 1.009 Str. (MPa)| 109(72.3| 126. |135.|108.1110.{138./138.| 109

Machinery in Hotel 9,333 0.062 - Def. (m) {1.12].734} .776 |.667|1.12|1.11|.846,.679|1.12

Ballast Water 48,167 0.321 Str. (MPa)|107.180.2| 119. |107.{107./122./129.]1109.{107.

Draft due to hotel part 0 -0.187 Def. (m) |.405/.350| .900 |.926/.403|.533|.981.942|.405

Total 328,937 2.005 % Str.(MPa) |103.156.5/101.1|118.{103.|86.1|110./120.[103.
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KODAL SOLUTION AN
STRP=1 DEC 52003
SUB =1 16159:27
TIME=1

SEQY 1AVG)

DMX =, 483417

SMN =12.976

£HK =2976

12.976 671,381 1330 1988 2647
342.178 1001 1659 2317 2976,

vifs

Fig. 6 Deformed shape and stress distribution of
0 degree wave condition (1=6.5 sec)

wlfs

NODAL SOLUTION . I\N~
STRP=1 DEC. 5 2003
SUB =L 19326202
TIMB=)

SRQV (AVG)

DI =1.307

SMN =1.162

SHK <3564

Fig. 7 Deformed shape and stress distribution of
45 degree wave condition (t=9.75 sec).
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