etz Mstal=2 )

Journal of the Society of Naval Architects of Korea

pISSN:1225—1143, Vol. 50, No, 6, pp. 373-382, December 2013
eISSN:2287-7355, http://dx.doi.org/10.3744/SNAK 2013.50.6.373

S7i% WS 0jg3t R4
32 238 7i0| 2Y %7

o
—

=1 3 =744
S el T et Al

—
SAlClEm CHele ZMISHES
NSt NGBSt B SRS TAY
KStiatn Baiorna’
Siichstn EAshEal

A Study on the Simplified Model for the Weight Estimation of
Floating Offshore Plant using the Statistical Method

Seong—Ho Seo'- Myung—Il Roh? - Nam—Kug Ku®- Hyun—Kyung Shin*

Department of Naval Architecture and Ocean Engineering, Graduate School, University of Ulsan'
Department of Naval Architecture and Ocean Engineering/Research Institute of Marine Systems Engineering, Seoul National University”

Engineering Research Institute, Seoul National University®

School of Naval Architecture and Ocean Engineering, University of Ulsan®

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3,0)

which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

The weight of floating offshore plant, such as an FPSO(Floating, Production, Storage, and Off—loading unit) and an offshore wind turbine,
is important for estimating the amount of production material and for determining the production method, Furthermore, the weight is a
factor which affects in the building cost and production time of the floating offshore plant, Although the importance of the weight has
long been recognized, the weight has been roughly estimated by using the existing design and production data, and designer’ s
experience, To solve this problem, a simplified model for the weight estimation of the floating offshore plant using the statistical method
was proposed in this study, To do this, various data for estimating the weight of the floating offshore plant were collected through the
literature survey, and then the correlation analysis and the multiple regression analysis were performed to generate the simplified model
for the weight estimation, Finally, to examine the applicability of the developed model, it was applied to examples of the weight
estimation of an FPSO topsides and an offshore wind turbine, As a result, it was shown that the developed model can be applied the

weight estimation process of the floating offshore plant at the early design stage.

Keywords : Weight estimating model(Z2F & 29) Offshore plant(GiF ZTHE), Correlation analysis(Al2t £A1)  Multiple regression

analysis(CES 3|7 2A). Statistical method(SA4A i)
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SN g olgst BRA s ZUSS| BY $E 20l 2Y 6P
200 A Ord (power generation), £2(separation), 7K~ 2=(gas compression)
orecast Orders ,_ = = o
Noxts Yoore Sut 20| I £RE 7, 24 288 ol 728, W B
200 190 x|, Atk Zx x|, AF MR S22 2ot MESsto] 25t
Actual Orders o
= =2 He
e s 160 ch. Cho (2011) ZiEOILIE o= S weig ol8
150 slo] Mete| B2 3 DU JHeBIion 0|F 7| AA| ¢
HollM 2ESIIA} SICt,
100
Table 1 Bulk factor for topsides modules
50
Arch |Elec | HVAC | Inst | Loss | Mech | Pipe | Struc | Total
0 Water injection al | bl cl dl | el 1 gl h1 i1
No. Orders Low Most High
2008~2012 Forecast Likely Forecast Power generation | a2 | b2 | c2 |[d2| e2 | f2 [ g2 | h2 | i2
No. Orders 2013~2017 , ,
Separation a3 | b3 c3 | d3 | e3 f3 g3 | h3 i3
Fig. 1 Orders for production floaters to grow over the
next five years Gas compression | a4 | b4 cd | d4| ed f4 g4 | hd i4
Flare knockout a5 | b5 cb | d5| €5 5 g5 | hb i5
.
Pipe rack ab | b6 cb dé | eb f6 g6 hé i6
Estimation Calculation Weight
—> 9 Chemical injection| a7 | b7 | c7 |d7|e7 | 7 | a7 | h7 | i7
g 3| Utilities a8 | b8 | c8 |d8| e8| 18 | g8 | h8 | i8
Gas treatment a9 | b9 c9 | d9| e9 f9 g9 | h9 i9
Glycol
regenaration | 210 |10 | €10 |d10| 10 | f10 | g10| h10 | if0
Weight _ _
Local equipment | at1 [b11 | c11 [d11|el1 | f11 [gl11| h11 | i11
Control
Process al2 |b12 | c12 |d12|el2 | f12 [g12]| h12 | i12
Fig. 2 Weight engineering process
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FPSO(Floating, Production, Storage, and Off-loading unit)2| Sung, et al. (2010)2 7IAt8 232|E HToM &Y F7 &
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U2 ZFED A0 ST 22ol| thet AT ARE Hel SHe O|AlD} Z+2 I of 7 33 ZAIRHE EAN giHe J|Hio
Al g 2ol 2 oY ZUES| B 20t BRIE A7 of FUE H} g
0o & od7l0flA= o|E 7510 FEED THAollM 25X} 8t
inl P2 k= — — _
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Fig. 3 Development process of the weight estimation
model using the statistical method
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Table 2 The relationship between variables according
to Pearson correlation coefficient
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. . Relationship
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SYUSHA| ko™ g0 Ct 2 2 od70lMe AN — . .
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= M Fig. 2 o WHE T|ESE ARUCE .
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Crew numbers Crew

Hull

Turret
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(Process &Utility module)

Fig. 5 Breakdown structure of weight groups of FPSO
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Table 3 Principal particulars of 11 FPSO data used for developing the weight estimation model in this study

FPSO | Lim] | BlmI | Im] | Tim] | oMU 1 20 | (o ieoi | ivviood] | vnisetratl | vmgwod] | C | Giom]
A 310 61 31 23 70500 | 303669 2.0 0.19 530 0.42 220 37000
B 310 61 32 24 75750 | 353200 2.0 0.16 500 0.42 180 27700
C 285 63 32 24 56300 | 340660 2.2 0.25 400 0.42 100 24400
D 285 63 32 25 56300 | 340660 2.2 0.25 400 0.42 100 24400
E 310 58 32 23 56000 | 360000 1.8 0.22 380 0.40 120 24000
F 325 61 32 25 82000 | 346089 1.9 0.20 150 0.38 240 37000
G 305 61 32 24 63490 | 350000 1.8 0.16 650 0.38 240 36300
H 320 58 32 24 68410 | 337859 2.2 0.25 450 0.45 130 34000
| 300 60 32 23 52500 | 416000 2.0 0.24 440 0.41 160 30000
J 269 51 29 19 40600 | 129193 0.9 0.09 670 0.02 100 16100
K 300 60 31 23 48000 | 350000 1.8 0.20 440 0.39 135 25000

378 LS ASIa=2E 1|50 2 &6 2 2013 122



Table 5 Correlation analysis between independent ZHK|2 2x} &1 A2 55101 “Model 2"E EE3I%CH (Seo,
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(otaied) | — ‘ ' ‘ 2 olT0lAlE ABXOR “Model 2Bl ZAUE 2 B
n 10.00 | 10.00 | 10.00 | 10.00 | 10.00 T_LWTS LBP, HLWT, DWT, S_C, W_P, CREW= E3{5+ BH)
ceason | 046 | 052 | 0.83 | 1.00 | 05 = =2k =X pU 2 SS9
SC p-value . , . ) )
(otaileq) | O-18 | 013 | 0.00 0.14 Table 6 Multiple regression analysis for estimating
n 10.00 | 10.00 | 10.00 | 10.00 | 10.00 topsides weight of FPSO
ceason | 064 | 0.58 | 0.90 | 095 | 0.60 Model B |std Emor| t | Sig. | VIF |A9USY) IO |p-w
117,898,
WP (g:;/:illgg) 005 | 008 | 000 | 000 | 007 (Const.) | 71179981 13,669.3 | -8.63 | 0.01 0.9910.007|1.79
n 10.00 | 10.00 | 10.00 | 10.00 | 10.00 L | 4259 | 396 |10.760.01 102
T 860.6 | 476.5 |1.81(0.21|12.9
Czﬁaejgggn 065 | 071 | 028 | 0.11 | 084
CRE HAWT | -0.6 01 |-8.54]0.01[14.6
value 1
W (gjta”ed) 004 | 002 | 043 | 0.76 | 0.00 owr | -s0s6 94 |-6.46002 108
n 10.00 | 10.00 | 10.00 | 10.00 | 10.00 S.C | 26,427.1 | 2,846.6 | 9.28 | 0.01 |36.4
W_P |-39,236.7| 9,772.8 |-4.02| 0.06 |45.9
4.3 Ci= 8 2AM CREW | 118.7 6.8 |17.4]0.00]3.4
(Const.) | ~101:879-143,775.7 | -7.40| 0.01 0.985 [0.002 |1.55
& ool At BA ZotE 228104, a2t Al$= 0.5 0f L 409.4 51 |8.03]0.00]9.7
}<\3I' ‘?rg| §—'||"§ 015 O|3|-O|_| 77H9‘| H A(I_BP, T, H_LVVT, DVVT, H_LWT -0.5 0.1 -6.90/0.01 [10.0
1oz MASIT KK JHEkSE =

S.C, WP, CREW)E 1AHeR datal, A 7HEE 220 2| owr | -51.9 | 107 |-4.87]0.02|7.8

22 5kRF C BMs AlFIgic

HE EEsiof £fF 27| = = T?OFM ; S.C | 27,575.1 | 3,674.9 | 7.50 | 0.01 345

FPSO AE ZZHT_ WIS FHsP| 28t a7 24 Axlel
W_P |-39,666.0|12,939.4 |-3.07| 0.06 |45.7
Table 65 HHA 3|7|Ale] AY ThYol| ChalAl AHsIICt
S sel Y . o CREW | 117.7 9 [13.07|0.00| 3.4
1At 3 HEM S S50 === “Model 170f| CH510] SlH Al
. NE . 28.0 |-4.33] 0. . .002] 1.
S0M(Sig. of F<0.1)7F SAfa10] SRIA (0.56<D-W<3.44) (Const.) | ~70654.9 | 16328.0 |~4.33| 0.01 0.953(0.002|1.39
=3 AE"-LEIEP_:‘, P= OEESES ofF £ Irt 2|1 3|7 Ale] AMehT L 316.3 72.0 4.38 10.01]6.1
= xNE ZX Aol 7ol 10 IMISER oS o2 o & HLWT | -0.4 0.0 [-3.57(0.02]9.1
olct 3 pwr | -e3s5 | 180 |-3.62[002]68
ckee s 20| 2o|M ZA™ 1 < k=P S
= g“|;1| ﬁl—'—”l el E‘(S|g 0.1, A S.C | 181315 | 3527.0 | 5.14 [0.013.3

giE)olct “Model 170lM =2 72| SHES JH zl?l A2

£2| Has 54 To|ch B4 T2 K7{ekD Linjx| =2 was CREW | 11655 | 16.0 |7.36(0.00(7.3
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Table 7 Error analysis for examining the validity of the
weight estimation model using 10 FPSO data

FPSO Actual Estimated Ratio
Data weight(A) weight (B) (A/B)
A 37,000 37,808 0.98
B 27,700 27,833 1.00
C 24,400 24,272 1.01
D 24,400 24,272 1.01
E 24,000 24,119 1.00
F 37,000 36,968 1.00
G 36,300 35,315 1.03
H 34,000 33,555 1.01
| 30,000 30,545 0.98
J 16,100 16,117 1.00
Avg. 29,090 29080 1.0003
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Fig. 6 Differences between the actual and estimated
weights of FPSO topsides
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Table 8 Error analysis for examining the validity of the
weight estimation model using additional FPSO

data
Actual Estimated )
. . Ratio
FPSO Weight (A) weight (B) (A/B)
[ton] [ton]
K 25,000 28,831 0.86
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Table 9 Independent variables for estimating total
weight of offshore wind turbine

Independent variables

T_H, H.D ,R_.D ,N_W

047|M, T_H(tower height)= EF =0I, H.D(hub diameter)
£ 52 =4, R D(rotor diameter)= 26 2, N_W(nacelle
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Table 10 Correlation analysis between independent
variables and total weight of offshore wind

turbine
TH | HD | RD | N.M | OWT_T
Pearson | 50 | 050 | 0.50 | 0.45 | 0.87
Correlation
TH p-value B
(r—talog] 015 | 015 | 0.20 | 0.00
n 43.00 | 43.00 | 43.00 | 43.00 | 43.00
Pearson | 50 | 1.00 | 0.50 | 0.45 | 0.63
Correlation
H.D p-value B
(oo | 01 0.15 | 0.20 | 0.05
n 43.00 | 43.00 | 43.00 | 43.00 | 43.00
Pearson 1 50 | 050 | 1.00 | 0.91 | 082
Correlation
RD p-value _
(otaleq) | 018 | 018 0.00 | 0.00
n 43.00 | 43.00 | 43.00 | 43.00 | 43.00
Pearson | 45 | 0.45 | 0.91 | 1.00 | 0.82
Correlation
N_W p-value B
(-taleq) | 020 | 020 | 0.00 0.00
n 43.00 | 43.00 | 43.00 | 43.00 | 43.00
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off ezt =4 U2 FE LT ole| HEo sl CiE 2|7
.I

FAIS $A5Ien] O Zik= Table 112 2k 181 3|74l0]
oK 71X dEE =25 2HERE & 5 *loSig. <0.1, VIF<10,

Adjusted R2~=1,Sig. of F<0.1, 1.29<D-W<2.71).

Table 11 Multiple regression analysis for estimating
total weight of offshore wind turbine

Model B |Std. Evor| t |Sig.| VI [AJUSIE[SIO. Ofipyy
(Const.) | 7795781 10,005.3 | -79.9/0.00 0.9996| 0.00 |2.32

T_H |13,436.5| 84.8 |158.5/0.00| 1.5

H.D |18,978.8| 730.0 | 26.0|0.00| 1.5

R_D 1,246 1 106.4 | 11.810.00| 5.9

N_W 1.0 0.0 62.110.00| 5.4
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By = 18978.8, B; = 1246.1, 5, = 1.0
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Fig. 7 Differences between the actual and estimated
weights of offshore wind turbine
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