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Abstract : This Study investigates the Structural Integrity of Boats for Divers, given increased demands for Underwater and Recreational use. We
conducted research on a Small Catamaran with a Moon Pool in the center of the Hull, using the Finite Element Method to calculate allowable stress
based on the ISO Rule. We computed the coefficients defined in ISO 12215-5 and TC118.1225-7, and determined the suitability of using the ISO Standard
and Allowable Stress Design method (ASD) by applying Longitudinal Bending Moment, Torsional moment, and Bottom Slamming Load. We also applied the
Ultimate Strength Design Method (LFRD) using Finite Element Analysis (FEA). As a Result of this Research, it was found that ships with a Moon Pool
do have Structural Integrity according to their Design in accordance with I1SO and KR Regulations.
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Pool Type small craft9]

Table 1. Dimension of Moon Pool type Small Catamaran

Items Dimensions Items Dimensions
LOA (m) 13.000 Draft. T (m) 0.640
LBP (m) 12.923 Cb 0.538

Breadth (m) 5.800 Disp.(m’) 12.465
Depth (m) 1.800 Disp.(ton) 12.780

ISO 12215 - 58} ISO/DIS 12215-7(TC188.1225-7)¢] 744 =}

T+ Fig. 13} o] Fog o glom Mduto] 354 2 9
o] dutAel AN HE HAAS L EE ASTE AR
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= Agato] 5888 38 ALS st st

| LOCAL LOADS ‘

[ SCANTLINGS

+Bottom pressure
SEAAND WIND
CONDITIONS

“Wave height

“Required minimum thickness for plating

—» | “Deck design pressure »{ cDesign Serossos for j
“Wind speed plating

*Required minimum web area
*Required minimum section modulus
+Effective plating

“Wet deck / cross beam
pressure

“Superstructure  design
pressure

GLOBAL LOADS.

“Longitudinal  bending
moment “Design Stresses for

stiffening members
“Twisting moment

Fig. 1. Main design calculation and structure place.
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Table 2. Load Case of Moon Pool Type small craft

Load Case Loading condition

Under bottom impact pressure

Flat cross structure impact pressure

Longitudinal bending moment

Transverse bending moment
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Table 3. Design of Allowable Stress (AL alloy)
. Tensile and design
Members Design Stress Compressive shear stress
Ta Design Stress 0y T,
Metal 0'60—11,'117 or
plating 0.90,, ) )
Stiffening i 050, 030
members v ye
Table 4. Small craft of Allowable Stress(AL alloy)
Allowable Stress (MPa)
Divide ; .
Tensile force Shear Force

Compressive Force

168

Metal Plating
(ISO 12215-5)

Stiffening Members
(ISO/DIS12215-7)
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Fig. 2. left; Full geometry, right; Stiffening members.

th Ak Eke M A (hull), 2 (bulkhead), 174 A (stiffener)s -
2 74 Hol glom MA s EAA B 7 FA FA=

Table 59} #t}.

Table 5. Design of Frame size

Members Design size
Hull Center Keelson 200x8 + 65x8 FC(T)
ul
Bottom Floor 200x5~ + 50x5 FC(T)
Longi. 100 x 5~ FB
Hull Frame 1505 + 50x5 FC(T)
Side Longi. 70x5+ 10x12 BP
Hull Deck girder 200x5 FB (Hull CENTER)
ul
Deck Deck Beam 200x5 + 50x5 FC(T)
Longi. 80x5~ FB
Deck girder 150x5 FB
Connected
Deck Deck Beam 150x5~ + 50x5 FC(T)
Longi. 80x5 FB
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Fig. 3. left; Geometric element, right; Finite element.
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Table 7. Boundary condition of longitudinal bending moment

Location Dy D,y D,
A B 0 0 0
C D - 0 0

B: Static Structural

Momert 2

Time 089315 5

B Moment 7353264007 N
B Voment 2 735326007 N

B: Static Structural
Solution Information
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Table 9. Boundary condition of bottom slamming pressure

Table 11. component of Allowable stress

Location Dy Dy Dy
A B 0
C, D -

B: Static Structural
Pressure

Time: 0.5
2016-10-28 £ 747

[l Pressure: 0. MPa
Components: 0,0,0. MPa
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Table 10. Boundary condition of cross deck slamming pressure

Location Dy Dy Dy
A B 0
C, D - 0 0

B: Static Structural
Pressure

Time: 0. 5
2016-10-20 23 747

[l Pressure: 0. MPa
Components: 0,0,0. MPa
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Divide Displacement 0,,  Von-Mises  Allowable
(mm) (MPa) stress (MPa) stress (MPa)
My, Sagging 027 445 58 140
Hogging 027 445 58 140
T 039 401 4.19 140
Powi’) 055 8.70 13.86 140
Pwomn” 631 5646 93.19 140
1) w3 =% E(longitudinal bending moment, Mgg)
2) ] &3 =9l E(twist bending moment, T)
3) A4 &Y 35 (bottom slamming pressure, Pgyi)
4) AAK 3k &Y 31 (cross deck slamming pressure, Pwpmi)
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Fig. 9. Longitudinal bending moment of Equivalent Stress, Shear

Stress.

HE4 RYES] sf4 A= Fig 1034 227, 0, (MPa)

+ 4.01, Von-Mises stress(MPa):= 4.19% AlALE Sl T}

B:Static Strctural
silent Stess

B: Stk Structural
Shau Sres:

Type Shau S Plane) - TopBozom
it M

e Eqilent von-Mise Stes - Topatom

Un M

e o Coxdirta Syt
2537 ime 1

GG SRl 016102 22 847

41039 max

amam

094371 1n

Fig. 10. Twist bending moment of Equivalent Stress, Shear Stress.
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Fig. 11. Bottom slamming pressure of Equivalent Stress, Shear Stress.
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Fig. 12. Bottom slamming pressure of Equivalent Stress, Shear Stress.
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Table 12. Structural Integrity Verification

Items Omax < 0, | Safety Factor(Sy)

% ;igggglizgg Suitability 24
Twist bending moment Suitability 33
Bottom slamming load Suitability 10
Cross deck load Suitability 1.5
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