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A Development of the Ship Weight Estimating Method
by a Statistical Approach

Yong—Jin Cho'
Department of Naval Architecture and Ocean Engineering, Dong—Eui Universny1

Abstract

Accurate weight prediction methods are an essential of the ship design in both ship cost managements and performance satisfactions,

When no parent or similar ships are available, an adequate method of the ship weight estimating is required, In this study, there was

carried out to develop the ship weight estimating method for the preliminary design phase, The weight estimating methods were first

surveyed by the references and summarized their characteristics, The weight estimation method by statistical approach was developed

for the container ship because the containerized transportation markets is gradually growing and ship's size and loading capacity are

rapidly enlarged. The correlation analysis and the multiple regression analysis were used for developing the weight estimating method,

As a results of evaluating the developed method, the error ratio of the variation between estimated weight and ship's data was about

5%. And it was only 1% difference with the calculating weight of conceptual design results by shipyard design team that the estimating

weight of ultra—large container ship was predicted by the developed method.

Keywords : Weight estimating method(&&f5X BiHH)  Statistical approach(EAX &), Ratiocination method(2% BH)  Correlation

analysis(AZHEAY) - Multiple regression analysis(CHs 3| HEA), Error ratio(@XH|&)
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Table 1 Comparison rational parameters of frigate
Weight Estimation of a 2500 Ton Class Trimaran Frigate
(2000 ton KFX base)

ELEMENT NEW SHIP PARENT RATIO (/o)
(n) SHIP_(p) P
1 L 120.00 96.00 1.2500
2 B 30.00 11.50 2.6087
3 D 12.00 6.60 1.8182
4 Disp.owe 2,500.00 1,975.20 1.2657
5 LBD/100 432.00 72.86 5.9289
6 LD 1,440.00 633.60 2.2727
, | 4,199,040.0
7 | LD(2D+B) 386,553.02 10.8628
8 LBD’C, 286,416.00| 28,911.85 9.9065
9 LD? 17,280.00 4,181.76 4.1322
10 SHP 60,000.00|  53,640.00 1.1186
" H 4.200 3.418 1.2288
12 Co 0.5525 0.6012 0.9190
13 Cuwp 0.2717 0.7519 0.3614
14 L(B+D) 5,040.00 1,737.60 2.9006
15 WSA 1,824.00 1,314.06 1.3881
16 | 2(D-H)L 1,872.00 610.94 3.0641
17 LBCwp 978.12 830.10 1.1783
18 KW 1,000.00 845.40 1.1829
ACCOMMODATIONS
AccomO
19 , 15.00 16.00 0.9375
Officers
oo | AccomN 20.00 23.00 0.8696
NCO's ] ] ]
A E
oq | Focom 100.00 114.00 0.8772
Enlinsted
Accomt
22 135.00 153.00 0.8824
TOTAL
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Table 2 Weight data of container ships from shipyards

Shipbuilding yard Container Capacity Ship Numbers
Company A 1,700~6,700 TEU 12
Company B 1,600~6,500 TEU 6

Conceptual Design| 12,000~18,000 TEU 3
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Table 3 Induced independent parameters for container
ship weight estimating

Independent Parameters
LBP, BLMLD, D_MLD, T_F, DISP,
KG_F, LCG_F, KG_LWT, LCG_LWT,
VS, PS_MCR, LBD_100, LD LB,
LB_2D, LD_2, CB, LB_D, D_T2L
TEU, CONT_IN, CONT_OUT,
CONT_TQT,
Crew numbers CREW

Principal Dimensions

Containers

3.2 AEEMT OS5I

VA ppgEe| MEEEe FYE2 floi XS] =F=0]
AT FARS| SHARE e 0 2| 2/VIE0| st
X ptod 20| ol FHE Atkel 22
Eoh mepM pRE XM SHARE SYE ERYHeR

MEFots 7ictze 2edo| &t

O AMIst SHER+ 2t OF 20 &= olxl= =8
Bolo| AEME Sl Atao| M= =g U= T
oisict Alpabel BM2 TEE ZIE Hiol TS 2F
2Z510 T HEED MEOE S0 AREMES $H5IRIe
o 1 Zzle| ULE Table 40l LIERNHACE

AEEAME PearsontHoZ AT E AESIIOn] MRT
7t 0.5 o|Mo[H Hi=Alojof Alto| U1, 0.70|A0|H AHS|
ARACED oSt FMANZHE] AT F7(2} HE 7t
of AT 7S 112{5l0{ ARl 57 ool HrE MASINCH

AREMTL CEESFEM 2 HE 3HEM =233l SPSS
£ 285Ict M MTEA R WEMEE ot HpZie| M
HT ojEZAR MYzet HEzie| CfE MMl Jts4g
oz =olsidn, ol w2t MME H4E SHsiict
slFAlel AE2 HAYATR2 2t 2HHEe ddst,
SlHHge Ad2 Aol 2l AEot 95% 4lzFH7iol *U
== 2RI HMal2 nP-o| SESE T (stepwise) B
H Hrh= AR AAZ BME 25k A (hierarchical)
WS AHEASIACE

sl RMZn =EE 3FAlIS o|8sl0f OFY HolEE F
HAOE &30l 2t MEOEEE SYFEAIS 2MsIict

ofziel Table 5= MAMEE I8 M2=ZZHBody) IEFE
ol CHEH S|4 2A Zafe| o & Eo{FCt

Table 4 Correlation analysis between variables and weights
(Total 48 variables were partially represented)

= : - LIGHT
2 Msi9ict EOEo| BRe Fig. 72} Zo| M, 97 7| TEU | LBP |BMLD|DMD| T.F | DISP | KGF |LCGF |
=] = = = =] = P
o, M| & odRe| b0 tHOECR 2Rk, MFaE2 e | 1:000{ 0908 | 021 | 0.027 | 0.851 | 0.978 | 0679 | 0.767 | 0.967
SHAT
H=2F 671 o|RE=EE 471 7|mEEEF 47l M7 |=2k 07| 9l =af ErSre
152 oh, 2ITSZ 4, 78S 4N, WIS 24 % S8 TEU ”(o'}_xf 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
oif 170 522 EFSINC =
N [21.000|21.000|21.000 |21.000|21.000 | 21.000|21.000 |21.000|21.000
Pearson
0.908 | 1.000 | 0.819 | 0.912 | 0.922 | 0.945 | 0.780 | 0.732 | 0.946
S TF HHEsE A5
(LWT) MWy FoEs
LBP (o) 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
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P
CarsOn | 921 | 0.819 | 1.000 | 0.957 | 0.912 | 0.931 | 0.969 | 0.765 | 0.941
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B.MD |ToEE
| (ot | 0000 | 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
N [21.000|21.000|21.000 |21.000|21.000 | 21.000|21.000 |21.000|21.000
MWourar)
Pearson
siapys| 0927 | 0912 | 0.957 | 1.000 | 0.951 | 0.960 | 0.934 | 0.777 | 0.975
DD | TERE
! (ot | 0000 [ 0000 | 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000
| Bt==F N [21.000|21.000|21.000 |21.000|21.000 | 21.000|21.000 |21.000|21.000
{WHACH)
Pearson
0.951 | 0.922 | 0.912 | 0.951 | 1.000 | 0.974 | 0.888 | 0.794 | 0.950
A g
SolaE
TF TEOL':)E 0.000 | 0.000 | 0.000 | 0.000 0.000 | 0.000 | 0.000 | 0.000
N [21.000|21.000|21.000 |21.000|21.000|21.000|21.000 |21.000|21.000
(Wered) Pearson
0.978 | 0.945 | 0.931 | 0.960 | 0.974 | 1.000 | 0.894 | 0.752 | 0.983
2 s
= o FolEE
SHolg |:' DISP 0.000 | 0.000 | 0.000 | 0.000 | 0.000 0.000 | 0.000 | 0.000
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. . . N [21.000|21.000|21.000 |21.000|21.000|21.000|21.000 |21.000|21.000
Fig. 7 Breakdown structure of the ship weight groups
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Table 5 Multiple regression analysis of body weight (SPSS)

Non—Standard Standard ' .
N 95% Confidence interval
Coeff. Coeff. significance
model Standard ! robabilit
B o beta probability Upper limit Lower limit
Deviation
1 (const) 433.287 1256.922 .345 734 —2197.480 3064.055
CONT_IN -8.65E-02 1.121 -.094 -.077 .939 -2.433 2.260
LBD_100 1.064 1.066 1.136 .998 .331 -1.168 3.296
LB 4 117E-02 405 137 102 .920 -.807 .890
LB_D -5.10E-02 247 -.253 -.206 .839 -.568 .466
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Fig. 8 Error Ratio of group(System Standard Deviation)

LIGHT Weight Comparison between Built and Estimation
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Fig. 9 Difference distribution of total light weight

HULL Weight comparison between Built and Estimation
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Fig. 10 Difference distribution of hull weight

flof AMup 22 wHoz th32| Fig. 82 &Y FEF
2o MMM S| XE MENTEV)ON w2t HIg =2 LIER
1 Aot JEoAMet Zo| AFEE 2AH| g0 tiet =42
ol 2H fRE SRR At 277 JFsSUE MMt
7|12hRe| SE2 FHAL| QAP H[WA A2 5% HEE Lt
B flout S8 O&F2 2771 olg &Aet X277
EE MARo| FHE QRtE AtHE o=z I|(Z|C 35%)
LIERD ASE TEE 78 L 5 AUCt

J2|3 JHeE SYERY WHE gUish| flsto] AXA
Zot Mol osf MFdE F ARE € 22 Zof
ZH oM e MM EZHTEU)ER EAISI] FHEH| F
TE got si%ct OFE FEMo| ot S MM F
22 oluet odE ch3el OB S0l HEICE Fig. 95
Met HA d5tEEel ST A0lE 2oiF AL, Fig. 10
2 HERel dAdSFel AXNSEN FFSFU xolE
HoEch

Table 6 Weight comparison between estimation model and
conceptual design results

Principal Dim. Estimation Concept Design
Loa 420.0 m
Lbp 400.0 m 400.0 m
Bmid 575 m 575 m
Dmld 27.2 m
Td 14.7 m 14.0 m
Draft
Ts 14.7 m
Light Weight 57,500 ton 58,000 ton
Td 213,700 ton 216,000 ton
Disp.
Ts 230,000 ton
Deck 8,194 TEU 7,360 TEU
Container
) Hold 6,806 TEU 7,220 TEU
Capacity
Total 15,000 TEU 14,580 TEU
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