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Survivability of naval vessels is defined as the ability to perform functions and missions in a combat environment, Survivability
has close relationship with the spatial layout of naval vessels, In order to maximize survivability, it must be considered from the
early stage of design, However the existing concept of survivability was intended to be applied to unit vessels, So it was not
suitable for assessment of spatial layout results at the early stage of design, In this paper, a simplified assessment method which
can evaluate the spatial layout considering the survivability in the early stage of design has been proposed, For this,
assessment layers were defined on survivability components such as susceptibility, vulnerability, and recoverability, Assessment
layers of each component were overlapped to deduce a survivability layer of spatial layout alternatives, In addition, the proposed
method and optimization algorithm were used to derive optimal spatial layout alternatives considering survivability.

Keywords : Differential evolution algorithm(XF2 Zlgt Y112|5), Early design stage(x7| A7 T7), Naval vessel survivability(eFd
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1. Generate layout alternatives 2. Generate survivability assessment layer 3. Assess survivability of layout alternatives
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Fig. 1 An overall flow chart defining survivability assessment layers
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Fig. 2 A process calculating a susceptibility layer considering multiple threat weapons and scenarios
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threat scenario
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Fig. 3 Critical equipment list and vulnerability calculation method
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Fig. 5 Example of fire suppression and equipment
repair capability
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1. Select passage way type of target zone-deck
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2. Simplify spatial layout design problem

3. Represent layout alternatives by vector
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Fig. 7 Vector representation method of layout alternatives of naval vessels

Table 2 Passage way types of naval vessels

Passage

Description
way type

One central passage way
Type A |- Bow and stern part of a large naval vessel
— Center part of a small naval vessel

One side passage way (starboard or port
side)

— Stern part of a large naval vessel

Center part of a medium naval vessel

Type B

— Two side passage ways in both sides
Type C |- Center part of a small naval vessel or
medium naval vessel

Passage ways in two rows in the middle
between compartments
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Input information management module + Spatial layout result on grid view
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Fig. 8 Structure and main feature of spatial layout optimization application
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« Optimization results + Objective function trend (Generation = 50)
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Fig. 9 Optimization result of example #1

7t 250iME QT HA FUEot YEMS oM Folgh dHo
S01 Golotnd, ARSARL XIFE B ALt SIS ZalobA Lt
=4 gk glo| 2 Sl ofd TSR] B E TEE AL
2 pHEslo] Bk AlE SRECE oX[Ho R b

0| HollMe clefet A2k2 Bidet ofMIE 71dslo] 2 ==0f
M Felshs MEY ZIo] Wot et oFY S7F uiA| Z1A3t of
SFoE HEsIlen, O ZuE Mt & Ul TH
7ol dME Yolsigien, A ¢l ofFoiM= 2HE tes
5o MEH Zlo| Hot Wt oty Z2h uix| &3} of Z2|7H[o]
Mol 7|2 7152 2lsit & ¢ ofFolME thet S2ie|

ot =AY g2 7Kl 2loloiE
2E310| YEHS GIBIACE Ml e ofdoiAM= =l54o] 2
0017} S2t viix| Zzol| olxl= Fekg =M ¢ =S =4

z

Zaoll 2154 g2 Fofsiod Ert it ofZ2lFoldE HE

2l F7|2| AXjol| vix[SE thedt 2HIE Helslod, ARSARL
o| B2 S7H x| 21t =EE=XIE elsiict o &
et x| =242 Table 31t 220, S RS 527 7k=C
171 fIxlsks 7 AS XS Hro| @7 TS Folst
X b7 o, S== siAlske 9o JiRHlz XIFsISl
Ct. & 2 ool M= 37H2] AAS ix|ske =ME 715

24
=0, 2t 4| 7 HH2 ol 4
1022 JFgsiict J2(1 (A 2 fIxlol w2t cof=A It
Yo, 8ol zpEct A 250 =5 JRYsIct
Zt Ado| Ford WSt gf2 Ml 4A T F Hu A4of2h1.0
o2 Fofotul, LIHX| AMols 2 FMES LHSIK| 2ot
F kg 4ol 0.00] = =5 7FYsIRICt of oHolM = 254 2
0|01 2{ohr| tend, UM Jhdet Metg HIgoR T&H
Z1E 2M510{ F|2fHo| £2 A4o| mHHo| =2 fIXIE

5101 Hix|=l= AS EelstuAt SIFCE

Table 3 Layout conditions and values for example #1

Layout condition Value
Passage way type Type A
Number of compartments 3
Length (z_,.) 5
Size of target
zone—deck Breadth
5
(ymax)
Location of passage
ypass 3

way
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+ Optimization results + Objective function trend (Generation = 3000)
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Fig. 10 Optimization result of example #2
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Table 4 Layout conditions and values for example #2

Layout condition Value

Passage way type Type A

Number of compartments 10

Length (z_ ) 10

max

Size of target

zone—deck Breadth

(ymax)

Location of passage

way ypuss

Susceptibility layer
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»  Optimization results » Objective function trend (Generation = 80)
1.5
Port 14
2022223 3 33z 13
‘ EERARARARS 12 — Objective function value = 0.99673
2122223 3 3|33 11
2|2|2]2]2|3/3|3/3 |3 T
" | 0.9 I
2122|223 38|33 0.8 1
11111111111 11]11]11 g; I
o 111111111 (1111 {11 - 05 I{
g (1111|1111 3 04 ]
%] 1| 1 1 . m 0.3
11_11 1 11_11 11_11 11|11 11. 0.2
MMM 1111|111 0.1
olo|ofofo|1|1][1[1]1 o » p e e
ojo040(0 (011|111
01_0 010011 |1 T 111 Compartment without recoverability
0loj0j0 01 |1 |1]1]1
Starboard 3 Compartment with recoverability (P s, = 0.10)

susceptibility

Ml eml ofdle] Zok= Fig. 110l LIEKA Z40p Zon, 2%
27 HMS et Hix| 2ot 2SS ele £ ot
ZIE AMls| AHEH, F ek glo| 71 2 3H A4o| T/A
Ho| TFeH 22 fIxlof vix|=2Aen], 3¢ A Cigoz F ok
201 2 2¢ Zalo| 3 A4n} oIS six|=ls Ae =l
T At 254 XS ofFo| e A 2= 4o M iR E
ERIsHEH, °F 0.12% SVt A &l = 2t ol= 3H
A4 KHo| sl=4nt 3H A4o| s|54o| 2 Aol 354

Table 5 Layout conditions and values for example #3

Layout condition Value

Passage way type Type A
Number of compartments 4
Length (z,, ) 10

Size of target
zone—deck Breadth 13
(ymax)
Location of passage by 5.6 7.8 9
way

Susceptibility layer
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Previous research optimization results (Shin, 2013)
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Fig. 12 Comparison with previous research results of naval vessels spatial layout design
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