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Abstract @ The A60 class deck penetration piece is a fire-resistant system installed on a horizontal compartment to prevent flame spreading and protect
lives in fire accidents in ships and offshore plants. This study deals with approximate optimization using discrete variables for the fire resistance design
of an A60 class deck penetration piece using different surrogate models and a genetic algorithm. Transient heat transfer analysis was performed to
evaluate the fire resistance design of the A60 class deck penetration piece. For the approximate optimization of the piece, the length, diameter, material
type, and insulation density were applied to discrete design variables, and temperature, productivity, and cost constraints were considered. The
approximate optimum design problem based on the surrogate models was formulated such that the discrete design variables were determined by
minimizing the weight of the piece subjected to the constraints. The surrogate models used in the approximate optimization were the response surface
model, Kriging model, and radial basis function-based neural network. The approximate optimization results were compared with the actual analysis
results in terms of approximate accuracy. The radial basis function-based neural network showed the most accurate optimum design results for the fire

resistance design of the A60 class deck penetration piece.
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Fig. 1. Design specification of A60 DPP.
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Fig. 2. Configuration of structure steel core (MSC, 2010).
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Fig. 3. Transient heat transfer analysis model.

Table 1. Detail specification of analysis model

No. Part [n%:ljn]sjﬁy] Material type

1 Penetration piece a8 /| 20 SUS316L

2 Penetration piece a8 /| 20 S45C

3 Penetration piece 12 /| 225 SUS316L

4 Penetration piece 12 /| 225 S45C

A Structure steel core - 55400

B Insulation - A60 class
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Fig. 4. Material properties of SUS316L (Piscopo et al., 2019).

Fig. 5.
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Fig. 6. Material properties of SS400 (Suman et al., 2016).
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Fig. 7. Material properties of insulation (Ohmura et al., 2003).
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Fig. 8. Furnace flame condition.
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Fig. 9. Temperature distribution contour results.
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Table 2. Design variables and their level

Design variable Level 1 | Level 2 | Level 3
x1: Length of body(mm) 150 200 250
x2: Diameter of tube(mm) 6" 78 12
x3: Material type S45C | SUS316L -
x4: Insulation density(kg/m’) 96 128 160

1) Diameter of body: @20
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Table 3. Full factorial experiment results

Design variables

Run | x; (mm) | x (mm) X3 x4 (kg/m’)
1 150 6 S45C 96
2 150 6 S45C 128
3 150 6 S45C 160
52 250 12 SUS316L 96
53 250 12 SUS316L 128
54 250 12 SUS316L 160
Object function and constraints
Run | [ (kg 2 (©) & g (1000>%¥)
1 0.65 177.06 12.6 3.8
2 0.65 175.06 12.6 3.8
3 0.65 169.56 12.6 3.8
52 1.30 58.70 12 37
53 1.30 56.65 12 37
54 1.30 56.45 12 37
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Table 4. Comparison of surrogate model accuracy

Surrogate R? value

models f 2 @ & Avg.
RSM 0.999 0.987 0.998 1.000 | 0.996
Kriging 0.978 0.947 0.955 0.976 0.964
RBFN 1.000 | 0.999 1.000 | 0999 | 0.999
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Table 5. MIGA parameters

=z
o
o,

Parameter Value
Sub-population size 10
# of islands 10
# of generations 10
Crossover rate 1.0
Mutation rate 0.01
Migration rate 0.01
Migration interval 5

A60 DPPe] A A7) A st el ol abaA Y

o 5] RSM, Kriging, —22] 3 RBFN9] ﬂ%al wdlg 7b7 A 83}
o AN Ao ARyl AEH A, 2
Ao} vlaste] HIE 74120}“@ AZ
6ol = = A s, ﬂf‘f&zﬂ L) —WM g *‘Zﬂ

Table 6. Comparison of approximate optimization

. o Approximate Actual
Content | Optimum Objective constraints constraints
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=126 =12.6
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=200
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