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Development of the Weight Reduction Program for Corrugated Bulkheads of a
Product Qil Carrier

Sang-Hoon Shin™ and Dae-Eun Ko™

Hyundai Maritime Research Institute, Hyundai Heavy Industries Co., Ltd.”
Department of Naval Architecture and Ocean Engineering, Dong—Eui University™

Abstract

For a Product QOil Carrier, longitudinal bulkhead as well as transverse one is corrugated
shape in general and intersection part of bulkheads is utilized for a pipe trunk. Since lower
and upper stools are to be connected with all of longitudinal and transverse bulkheads, they
have a uniform height respectively. The purpose of this study is the development of design
system for the minimization of total weight of longitudinal and transverse bulkheads at the
initial design stage. In this study, the beam element models for longitudinal and transverse
corrugated bulkheads are established and they are applied to the structural analysis. For the
practical design, the selection and the position of an additional pipe trunk are considered in
this study. In addition the required minimum distance between the bracket installed along
the web of corrugation at lower stool and the diaphragm is taken into consideration during
optimization process. Evolution strategy(ES) is adopted as an optimization technique.

#Keywords: Product oil carrier(8 8 2¢Et&), Corrugated bulkhead(It&2%), Pipe trunk(It0| =
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Fig. 9 Input of additional pipe duct and
related data
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t, - Deck thickness

G : Shear modulus

J : Torsional constant of stool

h, - Height of upper stool

» - No. of torque or no. of equivalent
girders on upper stool
n = (C/b)-1
C = Length of upper stool

h; - Height of lower stool

B, - Lower part breadth of lower stool

P=1/[1+(5H)

Q=1—-P

I, - Moment of inertia contributed to
vertical direction

A, - Web area contributed to vertical
direction

Ty - Tank breadth

I, - Moment of inertia contributed to
longitudinal direction

B . - Effective breadth of longitudinal
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direction
B, - Length between hopper tanks
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Upper Deck Thickness : 5 mm

]

 Lower Stool

b

:‘
3
3

Longitudinal Lower Stool Plate Thickness :
Transverse Slanted Lower Stool Plate Thickness : 19 mm
Transverse Vertical Lower Stool Plate Thickness : 16 mm

Longitudinal Diaph. Thickness in Lower Stool : 4 mm

44

Transverse Diaph. Thickness in Lower Stool @ 13 mm

B
E3
1

Lower Stool Shape [Location of Slanted Plate] :

~ Upper Stool
Longitudinal Upper Stool Plate Thickness : 5 mm
Transverse Upper Stool Plate Thickness : 13 mm

Longitudinal Diaph. Thickness in Upper Stool :

=
3

Transverse Diaph. Thickness in Upper Stool :
Height of Deck Transverse @ 1200 mm
Thickness of Deck Transverse : 125 mm

Height of Deck Girder :

B
3

Thickness of Deck Girder :

0K I Cancel |
Fig. 11 Input of stool data
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Fig. 12 Input of midship data
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Table 1 Comparison of optimum results(mm)

Design LR DNV

variable | Existing | Optimum | Existing | Optimum
ship result ship result

X1 1250 1175 1150 1120

X7 | 1100 | 1140 | 1150 | 1125
X8 480 440 430 455
XX1 | 1250 | 1160 | 1150 | 1130

XX7 1240 1215 1240 1215

XX8 480 515 480 500

Weiaht] 1206 | 1605 | 167.2 | 162.5
(ton)
ratio ~ | gso% | - | 97.2%
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Table 2 Comparison of structural analysis
results

Stress (MPa) | Error

Class Position °D 3D rate
Beam | FEM (%)
Trans.| Center | 166.1 | 166.0| 0.1
Bhd. | gottom | 216.7 | 203.8 | 6.3
o Longi. Center | 162.7 | 1569.5| 2.0
Bhd. | Bottom | 180.2 | 178.5| 1.0
Trans.| Center | 170.8 | 161.1| 6.0
Bhd. | Bottom | 229.7 | 204.1 | 12.5

DNV
Longi Center | 165.1 | 165.1 | 0.0
Bhd. | gottom | 167.8 | 160.2 | 4.7

- DNV &3 : (167.2-162.5) x5.5EA=26(ton)

26 ton/= 22 Olla
(172.6-160.5) x5.5EA=67(ton)
67 ton/= B &
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