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ABSTRACT

Structure design sensitivity was evaluated using the orthogonal array experimental method for passive-type
deck support frame (DSF) developed for float-over installation of the offshore plant. Moreover, approximation
characteristics were also reviewed based on various meta-models. The minimum weight design of the DSF is
significantly important for securing both maneuvering performance and buoyancy of a ship equipped with the
DSF and guaranteeing structural design safety. The performance strength of the passive type DSF was evaluated
through structure analysis based on the finite element method. The thickness of main structure members was
applied to design factors, and output responses were considered structure weight and strength performances.
Quantitative effects on the output responses for each design factor were evaluated using the orthogonal array
experimental method and analysis of variance. The optimum design case was also identified from the orthogonal
array experiment results. Various meta-models, such as Chebyshev orthogonal polynomial, Kriging, response
surface method, and radial basis function-based neural network, were generated from the orthogonal array
experiment results. The results of the orthogonal array experiment were validated using the meta-modeling results.
It was found that the radial basis function-based neural network among the meta-models could approximate the
design space of the passive type DSF with the highest accuracy.
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2.1 Design load cases

53 DSF FRATHIE S dAsT=x
AL dlgdx 2 ety AHAE AgHES F 8
Sted Table 13 o] A3 TH L

Table 1°] Uebd A MASIEzALS 2
7h 5H ARTZES 5% DSFAl AFsha
DIVZ ©]%3l=  Zx72A  Weighing(LC1),
Initial(LC2) @ Skidding(LC3)9] 37}A Load-out %
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Table 1 Design load cases

Operation Design load | References to rule &
conditions cases guidance
- Guideli fi
LCI - weighing Guidelines for
s load-outs
Load-out [LC2 - initial Load transfer
ILC3 - skidding .
operations
- Guidelines for
marine
TransportationLC4 - transport| transportation
- Offshore installation
operations

DTV®] Grillageo] 23 2 wutste] a4kl o]
sebe 2otk Table 1] FeE AAsEED
o FzANES 9% AFEDOR AgsEon,
A48 5% 9 AARAE Fig 20 A8 U
Wit

Deck support frame

(DSF) \

.

‘ Deck transportation
= ‘ ] vessel
|

Offshore platform

(a) ISO view
Toppide
4
I
W=
7Nl V 1 o= I N7
DSF 6m | ™1 Deck support
i O ”g unit (DSU)
o 40m ] F_ws
Grillage for DSF | DecK transportation B 4
ore plai

(a) Front view
Fig. 1 Topside mating procedure via float-over
installation with passive type DSF
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o|Loading name]Value[kN] | Dir. | Loading point
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Topside weight [196000kN | -z | COG of Topside
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o me——m | =
s Rigid link
O : simple fixed in support faces
[ Topside weighing beam

(@) LC1 - weighing
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o|Loading name]Value[kN] | Dir. | Loading point

-

Topside weight |196000kN | -z | COG of Topside
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LY

- ow—— | =

2 | me——m | o=

s Rigid link
O : simple fixed in support faces

(b) LC2 - initial

=

o| Loading name | Value[kN] | Dir. | Loading point

=

fopside weight | 196000kN | -z | COG of Topside

Equipment

i 11780kN | -z | COG of Topside
eight

3| tatic skidding

51945kN | -x | COG of Topside
load

Mounting plate of

4 Strand jack force| 6000kN | x )
strand jack

s Rigid link
O : simple fixed in support faces

(c) LC3 - static skidding
Fig. 2 Load and boundary conditions
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where
Hyq, s - static upper bound design friction coefficient
0.3

W . topside weight
W,, : load-out equipment weight

P, : inertial load or environmental load occurring

during break-out

LC3e) BAAZAE 5% DSFo sty #W
sttt LCae] kg
zAe 4 1S FASA A
Fewgo s A g8y, DTV £EH40L &

g #HsFom
AAZzALE %% DSF/}
DTVel AXd JelE 183t7] 913 5% DSF
9} GrillageZ} ¥hibe FEC HEZ7(Contact
condition) & #8391, 53 DSFE DTV %
of A3} 8709 Steel tension wireS 13+ 7
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Passive
type DSF

(a) Overall view

(b) Detail view of mesh model
Fig. 3 FEM model of passive type DSF
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2.2 Structure Analysis Results
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Table 2 Material properties

Material properties SM490YB | API-5L-X52
Elastic modulus [N/mm?]| 206,000 208,000
Poisson’s ratio 0.3 0.3
Density [N-s%/mm?] 7.85E-9 7.85E-9
Yield strength [MPa] 355 375

Table 3 Structure analysis results

Design load Max. stress [MPa] Structure
cases SM490YB API-SL-X52 safety
LC1 244.023 0.952 OK
LC2 194.926 120.139 OK
LC3 297313 189.624 OK
LC4 153.521 103.403 OK
S s componsnsonstie, i)

Detail view of max. stress location

(a) Structure member of SM490YB

Contour Plot
S-Global-Stress components(von Mises, Max)

Analysis system
189.624
1713802
158.039 i
142247
126455
—110.662
94870
£79.077
|68
47493 '
[31.700 .
15,908 o e w928

0115
Detail view of max. stress location

(b) Tube member of API-5L-X52
Fig. 4 Stress contour results of LC3

vy [iad

Fig. 4° Yehd ZAR LC3 oA 53
DSF] Hth $¥L SM490YB AjAe] FxEA
% StaRel R AFREA A TASA
APISL-X52  AjAe]  FEREAS HIge
SM490YB A Ae] FxFEA e Htf-ggo] T
Aol AAHE Tube FAA FAY3H T
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L,.[39" 1] @

A7IA me 2 oo Aolm 3 Ay
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Uehith %3 DSFY TFx4A 9F= Hrts
93 %53 DSFO| FQ& FEREA FA XFE 3
% AAAA(Design Factor, DF)Z A 2|59
Table 39 YElG AAsE=z2A ¥ Ageydsy =
FE SEE T (Output response)= HAASHAT A

DF#9 :DSF Plate [85t]

68 8~t<]021

DF#6 : DSU Plate [55t]
44t<55t<66t

DF#5 : DSF Plate [50t]
40t<50t<60t

DF#4 : DSF Plate [40t] /
32t<40t<48t

DF#3 : DSF Plate [30t]
24t<30t<36t

DF#2 : DSF Plate [25t]
20t<25t<30t

DF#1 : Weighing Beam [20t]
16t<20t<24t

Fig. 5. Design factors and their level

Table 5 Orthogonal amray experiment matrix

Design factors [mm]

Run | DF#1 | DF#2 | DF#3 | DE#4 | DF#5 | DF#6 | DF#7 | DF#8 | DF#9
16 | 20 | 24 | 32 | 40 | 44 | 48 | 56 | 68
2 16 | 20 | 24 | 32 | 50 | 55 | 60 | 70 | 85
3 16 | 20 | 24 | 32 | 60 | 66 | 72 | 84 | 102

241 | 24 | 30 | 36 | 48 | 40 | 66 | 60 | 70 | 68
242 | 24 | 30 | 36 | 48 | 50 | 44 | 72 | 84 | 85
243 | 24 | 30 | 36 | 48 | 60 | 55 | 48 | 56 | 102

Output responses [Mass: Ton; Stress: MPa]

ARIA ] A-atg #EL Fig. 59 YERAATH Run | Mass LCl LC2 LC3 LC4
Fig. 5 g]_ pas o] pe| 71] o] Z]— g]_ t,'.ﬂ -?’]E = 7] ¥e) 71] = 7] Stress Stress Stress Stress
2oz sas Ade] 35z MAsd. A 1,080.8 | 284298 | 233432 | 369.674 | 195.125

2 12293 | 284430 | 200051 | 311489 | 163.571
A EE=ET W AXZ A Q1A v ’
. HE“L_ Table 4] tfepdl 2143 74] F ol 313778 | 284543 | 180205 | 274621 | 144.945
ANE % Bz HRE ALL3A] gal, 3¢FEe i i . . . .
W mE Fazel s 2ol ﬁxﬁd el 241 | 14578 | 184110 | 227955 | 370416 | 198.296
F Jde AAAA wiARAEA SHble) el 242 [ 1,4182 | 183999 | 206448 | 317.155 | 167.433
2433) 9] Hwujd AdAPHL FA5H T} 243 | 14827 | 184066 | 192529 | 300.120 | 164.193
Table 4 Orthogonal array table
Run a ab ab’ c ac ac’ be abc | ab’d® be? ab’c abc? d
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1

241 3 3 2 1 3 2 1 2 1 3 1 3 2 3

242 | 3 3 2 1 3 2 1 2 1 3 1 3 2 3

243 3 3 2 1 3 2 1 2 1 3 1 3 2 3

a: DF#1, b: DF#2, c: DF#3, d: DF#4
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Table 6 ANOVA results of weight
Factor | DoF SS MS F P (%)
DF#1 2 73259 3,662.9 4,127,155 0.3
DF#2 2 3,800.00  1,900. 2,140,762 .4 0.1
DF#3 2 1,457,455.6| 728,727.8 821,073,824.1 56.7
DF#4 2 4,720.7,  2,360.3  2,659,447.9 0.2
DF#5 2 383,016.7] 191,508.3 215,776,713.3 14.9
DF#6 2 636,818.8] 318,409.4 358,758,962.7 24.8
DF#7 2 33,322.1] 16,661.1 18,772,401.2 1.3
DF#8 2 30,197.9 15,098.9 17,012,320.9 1.2
DF#9 2 13,704.3  6,852.2]  7,720,482.4 0.5

Table 7 ANOVA results of LC1 stress
Factor | DoF SS MS F P (%)
DF#1 2 1311,227.1]155,613.5 63,380.2 97.5
DF#2 2 0.0 0.0 Pooled -
DF#3 2 7,343.7 3,671.8 1,495.5 2.3
DF#4 2 0.0 0.0 Pooled -
DF#5 2 0.0 0.0 Pooled -
DF#6 2 1.5 0.7, Pooled -
DF#7 2 4.9 2.5 Pooled -
DF#8 2 0.0 0.0 Pooled -
DF#9 2 0.0 0.0 Pooled -

Table 8 ANOVA results of LC2 stress
Factor | DoF SS MS F P (%)
DF#1 2 11.1 5. Pooled -
DF#2 2 13.4 6.7 Pooled -
DF#3 2 1114.4 557.2 22.5 2.1
DF#4 2 3.6 1.8 Pooled -
DF#5 2 15849.2) 7924.6 320.5 30.5
DF#6 2 19120.7 9560.3 386.6 36.9
DF#7 2 3.5 1.7 Pooled
DF#8 2 11154 557.7 22.6 2.1
DF#9 2 8799.9 4400.0 177.9 16.9

Table 9 ANOVA results of LC3 stress

Factor | DoF SS MS F P (%)
DF#1 2 326.5 163.2] Pooled -
DF#2 2 469.0 234.5 Pooled -
DF#3 2 4591.2] 2295.6 22.9 3.1
DF#4 2 50.4 25.2 Pooled -
DF#5 2 31827.015913.5 158.6 222
DF#6 2 15032.4 7516.2 74.9 104
DF#7 2 214.00  107.0 Pooled -
DF#8 2 9099.0 4549.5 45.3 6.2
DF#9 2 58873.4129436.7 2934  41.1

Table 10 ANOVA results of LC4 stress

Factor | DoF SS MS F P (%)
DF#1 2 211.8 1059 4.1 0.4
DF#2 2 260.2 130.1 5.1 0.5
DF#3 2 1145.1] 572.6 22.2 2.6
DF#4 2 6.1 3.1 Pooled -
DF#5 2 10406.6. 5203.3 202.1 25.1
DF#6 2 2240.0 1120.0 43.5 5.3
DF#7 2 61.7 30.8 Pooled -
DF#8 2 4191.0 2095.5 81.4 10.0
DF#9 2 16986.6 8493.3 329.8 41.0

2 3o thE ANOVA ZA3= Table 60 1+
Hq AARJIAY F8E, & FoFE]

AA QA= DF#3, DF#6, DF#5, DF#7, DF#8,
DF#9, DF#1, DF#4 “18]1l DF#29] <A 2 el
o} Table 7¢] LClol tidt ANOVA ZAI}=ZHE
DF#19] o5 0] 975%E 7F4 =4 vehd w
A, & AAJIAY FF=E A UERET o]
AL & AAsEEA% 24 LC1Y
AR} AFEFRE FEFAA B F2F

o] o o] HFHIUY] wiEelth A
% 5 (Pooled)] A= FA

S o|u| 3t} Table 82 LC2

o ™3 ANOVA 75545 DF#63 DF#5¢] 2%
E0°] 36.9%9 30.5%% A YEFST Table 99+
109] LC3¢F LC4o oigk ANOVA ZAIZHH
DF#9¢} DF#59] ol &&o] 41.1%%} 22.2%, 18]
I 41.0%$}F 25.1%% z+7} 5?4?& M2 e
o} o]9} Zo] WAZE|AE F3| DF#1, DF#5,
DF#6 2 DF#92) *éﬁﬂ"dxv} TEAT g 7t
A 223 Aoz JELI, DF#3, DF#7, DF#SS
FEFNH FERA T g FF=Tt A 4 A

oz BAFHT.

ol O 41 W op
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B
R
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2
o
s
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rE
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Table 11 Optimum design factor & output response

Initial Optimum
Contents design (Ii)esign
DF#1 [mm] 20 20
DF#2 [mm] 25 30
DF#3 [mm] 30 24
Design DF#4 [mm] 40 48
factor DF#5 [mm] 50 40
DF#6 [mm] 55 66
DF#7 [mm] 60 48
DF#8 [mm] 70 70
DF#9 [mm] 85 102
Weight [Ton] 1341.1 1265.4
Output LC1 stress [MPa]| 244.02 229.08
LC2 stress [MPa]| 194.93 199.42
FESPOISE I 03 stress [MPa]  297.31 298.6
LC4 stress [MPa] 153.52 167.6

Table 52 Aunjgdd dx F ZE AASS
Z1A 2 Ase] 83FE-3HA SM490YB Al
AollA  301.75MPa,  API-5LX-52 A&l A
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72kl HA z23d& AESIIA, 2714A 9 vt
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Table 12 Comparison of meta-modeling results

Meta R? value

model Mass LCl1 LC2 LC3 LC4 Avg

COP  0.992 0.987 0.863 0.803 0.811 0.891

Kriging 0.871 0.897 0.821 0.853 0.807 0.850

RSM  0.998 0.957 0911 0.927 0.916 0.942

RBFN 0.999 0.986 0.957 0.935 0.947 0.965
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