~ELOMATIC A

Aalto University

CONSULTING & ENGINEERING School of Engineering

Quasi-dynamic global strength analysis of
a passenger ship in regular waves

Nikita Dementyev Elomatic Oy
Markus Jokinen Elomatic Oy
Antti Yrjanainen Elomatic Oy

Spyros Hirdaris Aalto University

P.A Lakshmarayanana Aalto University
24.09.2019




Introduction

Aims

* Prepare the procedure and conduct global strength
analysis for a typical cruise ship

« Implement quasi-dynamic analysis for global strength

« Compare class society’'s wave bending moment with
the results

Limitations

« Conceptual early design level

Attention to the hydrodynamic loading

« Simplified seakeeping analysis, for regular waves only
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Methodology

Buoyancy gl x)
»
QLX) g, () . .
1. Still water condition Ship's weight w(x)
«  Ship’s weight
« Buoyancy force = hydrostatic ) ;ading = Buoyancy - Weight
pressure

This results in:
«  Still water bending moment Qau (%) 1 Stillwater shear force

«  Still water shear force "/

Stillwater moment
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Methodology

2. Wave condition

Vessel in waves + Still water loads
Wave-induced hydro-pressures

Higher hogging and sagging loads
than in still water

Worst case scenario

Tension Mhﬂg::o
in the deck

Hogging
condition
Compression M589<0
in the deck Sagging
condition
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Classification Society Approach

Limitations for maximum BM, SF 1.0 —

Values based on empirical statistics
of vessel types

Midship as the main interest area
Direct analysis when cruise ship

design limits are not covered by 0 |

Class Rule BM,SF empirical 0,0 0,4 0,65 1,0

formulae Aft Forward
end of L end of L

Distance from the aft end of L in terms of L
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Quasi-static vs quasi-dynamic

Quasi-static

Quasi-dynamic

Hydrodynamic loading
Vessel in waves

Inertia effects
Vibration effects

Structural analysis

Static (Point load)
Rigid
X
X
Static

Dynamic (Hydrodynamic pressure)
Rigid
v
X
Static
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Modelling approach

Hydrodynamics Structures Weight and Theory
(AQWA) (CADMATIC + ANSYS) (NAPA)
|f Ship geometry }
Y ‘l’
\ 4 CADMATIC hull NAPA compartment
[ Hull form to AQWA ] { model ) model
A 4 Import to Ansys Steel weight
Apply weight ¢
distribution s Croate shell and ~
v reate snet an Lightweight +
beam elements from .
o : deadweight
[ Select wave criteria ] solids ) To AQWA
Anal d t Mesh te BC d\ Y )
nalyze and generate esh, create an . . .
[ output [ add weights <€ Weight disribution ]
Hydrodynamic S
Pressures ¢ \ 4
\—>[ Apply loading | Still water condition |
Analyze FEM in
Ansys
( Compare to class )
rules <
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Case study vessel

A cruise ship

Main Dimensions

e« L=240m

« B=30m
TDesign =7/m

« A=32500t

Model was initially made
using CADMATIC hull

Then transferred to ANSYS
using .step

Accuracy up to basic design
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Weight distribution (t/m)

EEND

Still water condition
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FE Modelling

Three finite element idealizations were used :

1. Beam elements 2 or 3 nodes with 6 DOF
« Applicable for slender bodies .

2. Shell element J
« At least 3 nodes with 6 DOF
« Used to model thin-walled bodies |

3. Solid element
« Atleast 4 nodes with 6 DOF
« Used for complex geometry
« When other element types are not suitable




FEM model creation
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Modelling limitations & BC

L 2 e

FEM model was heavily simplified: /= ——
» No stiffeners = —— Siss
* Only shell elements
« Equivalent plate method

Boundary Conditions (BC) according to
DNVGL Classification Guideline 0127
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FEM model

Ty
e, o
SR
AUVRR RN,
R
SR

e Mesh size = 750 mm
e Nodes =252000
« Elements = 265000
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Hydrodynamic model

- 3D panel method
« Simulation of wave diffraction o
and radiation forces o

151,65
-194,98 Min

« Frequency domain with Green’s

function o,

- Regular wave analysis
« Both zero and forward speed

Hydrodynamic pressures mapped
to the structural model
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Ansys AQWA

Hydro model meshed with a coarse mesh
* Meshsize=2m

« COGz and moments of inertia as input

« Displacement and COG from hydrostatics

Hydrodynamic calculation carried out for:

0 and 15 kn forward speed

« -180° and -135 ° headings

« Wave frequencies from 0.015 Hz to 0.41 Hz

 Wave height 1 mand 6 m
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Hydrodynamic pressure

Pressures and Motions

Structures: Part, Contouring: Structure Interpolated Pressure as ForcefArea in kMfm?®
Freq: 0.0792 Hz, Dir: -180°, &/T: 0.0 s
Wigve Comp IDRH, &mp: 6m

12.9.2019 18353

 Wave amplitude =6 m
| * Heading = 180°
M 52,141 Max e 7 wEa
- 295322 "-~~=:_;_=5=_:=;=E:::ai ﬁ%ﬁ”%‘g : * A=Loy
L 16,13
e V=15kn
Hogging

L -36,607
— 61,60
L 54401
L 107,16

. 129,52
-152,67 Min

RN
Ak
¥

g
A

¥
i
RS
)

i
S
LErrel
S

¥
i

f
Ay
L
i
WS

\
o
i‘:‘:‘
i

k

C

i
A
!

ZELOMATIC



Hydrodynamic pressure

Pressures and Motions

Structures: Part, Contouring: Structure Interpolated Pressure as Forceffrea in kNfm?
Freq: 0,0792 Hz, Dir: -135°, t/T: 0.0

Wizve Comp: IDRH, &mp: 6m

12.9201919:01

u 32,752 Max

15,504

L -0,96519

L 17,824
-34,693

l -51,50

B |

— -55,259

. -102,12
-118,98 Min

Wave amplitude = 6 m
 Heading = 135°

e A= Lpy

e V=15kn

« Hogging

o
1“3“%“
‘_‘“‘i“t -,
e ity
S e e
T T e
L .“‘ “‘ r !

ZELOMATIC



Bending moment and shear force RAO
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Wave Bending Maoment, MNm

Wave bending moment

Wave Bending moment camparison
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Mapped pressures

Pressure
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1 140

Stress results
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Equivalent Stress, g, [MPa]
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Normal Stress, g, [MPa]
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Average equivalent stress

Frame #124 ‘ Frame #145 ‘ Frame #175 ‘ Whole model
oo, [MPa] 724 | 884 | 658 | 588
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Conclusions

« As aresult global strength
analysis procedure was carried
out

* Quasi-dynamic approach used in
regular waves

 Wave bending moment results
compared to class rules

 Different outcomes using
direct and class methods

T
s HH
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Future development

 Elaborate on the FEM model

« Fully involving equivalent plate
method

- Adding pillars

« Adding weight elements and
balancing models

Whole setup can later be used
for fatigue or buckling estimation

FEEE

i
Nk, g A
B

ZELOMATIC




=~ ELOMATIC

NNNNNNNNNNNNNNNNNNNNNN




