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Abstract In a conventional ship structure, stiffeners with an asymmetric section, such as inverted angles, are used
widely despite the disadvantage of strength compared to the stiffeners with a symmetric section, such as a built-up
T. On the other hand, T-type built-up members are attracting more attention than L-type inverted angles due to the
increased size of ships. The purpose of this study was to develop an optimal design program for a built-up T, and
apply an evolution strategy as an optimization technique. In the optimization process, the gross thickness concept was
adopted for the design variables and objective function, and the constraints are set up based on HCSR (Harmonized
Common Structural Rules). Using the developed program in this study, the optimal stiffener design was carried out
for 300K VLCC and 158K COT of which the orders were obtained lately. The optimal results revealed the weight
reduction effect of 144 tons and 60 tons, respectively
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‘eb Height 100 mo Select interval value «
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Fig. 2. Input for design variables

Required section modulus (cr3)
2500

Required plastic section modulus (crm3)
2300
Required 2nd moment of area {cma)
0

Required shear area (cm2}
50

Fig. 3. Input for minimum requirements of section
properties
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4. Input for verification of optimum results
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Number of cases 840788

1st Optimum case

550,0

Web height (mm)
By Web thickness (mm) 105
te Flange breadth (mm) 1450
Flange thickness (mm) %5
by =— o Calculated shear area (cm2) 50.36

2506.21
11191581

Calculated section modulus (cm3)
Calculated 2nd moment of area (cmd)

Calculated plastic section modulus (cm3) 278350

Objective function (mm2) 2632750

Fig. 5. Optimum results by evolution strategy
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Ttem Value Unit
‘Number of cases 840788
‘Web height 550 mm 145
Web thickness 105 mm  (Including -
Flange breadth 135 mm  corrosion margin) 245
Flange thickness 24.5 mm
Calculated shear area 50.362 o
Calculated section modulus  2306.200 ¢’
Gross area of Built-up 93.275 ot ho.s
Unit Weight of Built-up 73.2 kg/m 550 1
Optimum value 263275 mm?
[(Including corrosion margin)
(Including corrosion margin)
Optimum design, Unit = mm
Fig. 6. Optimum results by direct calculation
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Table 1. Weight reduction by developed program

Position Reduction weight (ton)
Longi. BHD 24.5
Side shell 27.9
Hopper 22.5
Trans. BHD 69.5
Total 144.4
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