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Minimum Weight Design for Watertight and Deep Tank Corrugated Bulkhead
Sang~Hoon Shin® and  Sung—Kil Nam™

Hyundai Maritime Research Institute, Hyundai Heavy Industries Co., Ltd.”
Hull Initial Design Department, Hyundai Heavy industries Co., Ltd.”

Abstract

Corrugated bulkheads for a bulk carrier are divided into watertight bulkheads and deep
tank bulkheads. Oesign of the watertight bulkheads is principally determined by the
permissible limit of Classification and IACS requirements. But, the verification of strength
through finite element analysis is indispensable for design of the deep tank bulkheads. A
stage for stress evaluation of corrugated part is required for optimum structural design of
the deep tank bulkheads. Since the finite element analysis for real model requires excessive
amount of calculation time, in this study one corrugated structure is replaced with beam
element and is idealized as 2 dimensional frame structure connected to upper and lower
stool. Minimum weight design of the deep tank bulkheads is performed through generalized
sloped deflection method(GSDM) as direct calculation method. The purpose of this study is
the development of design system for the minimization of steel weight of deep tank
bulkheads as well as watertight bulkheads. Discrete variables are used as design variables
for the practical design. Evolution strategies(ES) is used as an optimization technique.
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b * Width of model

E : Young's modulus

B, : Breadth of hatch between topside
tanks

In ¢ Moment of inertia of hatch end
beam and coaming about
horizontal axis

w - Width of deck strip between hatch
end beam

tds * Thickness of deck strip

G ' Shear modulus

J © Torsional constant of stool

h, . Height of upper stool

n ¢ No. of torque or no. of equivalent

girders on upper stoo!

n = (C/b)-1

C = Length of upper stool
h; - Height of lower stool
B, - Length between hopper tanks
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Tablel Comparison with 3 Dimensional FE
analysis

Capesize

LR DNV

3D 2D 3D 2D

Stress(MPa) | 1441 | 15646 | 169.7 | 172.2

Ratio(3D/2D) 0.9321 0.9855

Panamax

LR DNV

3D 2D 3D 2D

Stress(MPa) | 1359 | 1386 | 1866 | 143.6

Ratio{3D/2D) 0.9805 1.2994
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Table 2 Comparison of calculated results
(watertight bulkhead)

. Capesize Panamax
Design
variable | Existing | Optimum | Existing | Optimum
ship result ship result
X1 1100 1095 950 945
X2 4400 4480 3000 3090
X5 3600 3680 2670 2360
X7 1100 995 980 880
X8 600 575 570 530
Tohd | 19%" 187 18 17
Weight | 257.6 250.5 139.8 136.4
ratio - 97.2% - 97.6%

Table 3 Comparison of calculated results
(deep tank bulkhead)

. Capesize Panamax
Design

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

X1 1200 1115 950 1030

Xe 4400 4245 3000 3175

X5 3600 4135 2670 2360

X7 1200 1020 1040 880

X8 450 515 420 475
Tbhd 2 1 AH36 1 9AH36 2OAH36 1 7AH36
Weight | 307.2 282.8 169.4 147.6
ratio - 92.1% - 92.6%
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