(®)
2021 2023

Influence of the nonlinearities in waves, ship-motions, and
ship-structure-responses on the expected maximum load on the ship®s life

HOUTANI, Hidetaka

13,500,000

NMRIW-11-HOSM

HOSM+FORM
surrogate model

A time-domain nonlinear strip method for simulating ship response to
nonlinearly evolving waves, called “ NMRIW-11-HOSM” , has been developed. The numerical simulation
of the response of a container ship to long-crested irregular waves showed that not only the body
nonlinearity but also the wave nonlinearity can affect the extreme value distributions of the
sagging moment. Furthermore, a method called HOSM+FORM was developed to estimate such extreme values

of the ship response together with their probability of occurrence. The introduction of a surrogate
model of the nonlinear ship response enables the extreme value estimation of the ship response to
take into account the nonlinearities in both the wave and the ship response. This extreme value
estimation method was verified by a tank experiment using aflexible acrylic ship model.

HOSM  FORM



IACS

VBM
VBM 25 108
108
105 VBM
1/1000 , 1969
IMO
GBS
e.g., Janssen, 2003
Fujimoto
etal., 2019 VBM Houtani et al.,
2019
° 99-119
(1969).

® Janssen, P. A. (2003). Nonlinear four-wave interactions and freak waves. Journal of
Physical Oceanography, 33(4), 863-884.

® Fujimoto, W., Waseda, T., & Webb, A. (2019). Impact of the four-wave quasi-resonance
on freak wave shapes in the ocean. Ocean Dynamics, 69, 101-121.

® Houtani, H., Waseda, T., Tanizawa, K., & Sawada, H. (2019). Temporal variation of
modulated-wave-train geometries and their influence on vertical bending moments of a
container ship. Applied Ocean Research, 86, 128-140.

VBM
VBM
1)-(3)
)
)
©)
). (2)
@)
“NMRIW-11-HOSM”
“NMRIW-11”
HOSM “NMRIW-

11-HOSM” Houtani et al., 2023 OMAE



NMRIW-11-HOSM

Guoetal., 2019
fat
Houtani et al., 2023 OMAE

(b) CS
10°
wave height
Ravleich Z ‘small large
aylel LR % —
: e ¢ & linear + X
+  HiIM1 = B c
104  x  HsMi ; * € nonlinear I
0O  H8M5 c
-5 body NL\ wave NL
10
0 2 4 6
Ms/o(Ms)
1
HOSM
HOSM
{ ®°
anti-aliasing
2022
HOSM
tips
HOSM
2
FORM Firstorder reliability method HOSM
HOSM+FORM Takami et al., 2023
FORM HOSM+FORM

surrogate model
Komoriyama et al., 2024 OMAE (in press)
MPWE; most probable wave episode

1/3000

HOSM+FORM

113



HOSM+FORM
MPWE HOSM
Houtani etal., 2018
2024 (in press)

----- Linear solution (HOSM+FORM (M = 1))
® HOSM+FORM (M = 3)

+ MCS(M =3)

Lpp=100m

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04

Me/ O.5ng5Lpsz
2 HOSM+FORM
3
2m 85mx 3.5m
x 2.4m
HOSM+FORM MPWE
MPWE
NMRIW-11-HOSM
3m
80mx 40mx 4.5m
2022
2
HOSM+FORM MPWE
surrogate model
HOSM+FORM MPWE

Komoriyama et al., 2024 OMAE (in press)




Guo, B., Gramstad, O., Vanem, E., & Bitner-Gregersen, E. (2019). Study on the effect of
climate change on ship responses based on nonlinear simulations. Journal of Offshore
Mechanics and Arctic Engineering, 141(4), 041605.
Komoriyama, Y., Houtani, H., Takami, T., Matsui, S. & Fujimoto, W., “Tank Test of
Flexible Acrylic Ship Model in Waves for Extreme Response Prediction”, In ASME 2024
43th International Conference on Ocean, Offshore and Arctic Engineering. American
Society of Mechanical Engineers Digital Collection, accepted
Houtani, H., Waseda, T., Fujimoto, W., Kiyomatsu, K., & Tanizawa, K. (2018).
Generation of a spatially periodic directional wave field in a rectangular wave basin
based on higher-order spectral simulation. Ocean Engineering, 169, 428-441.
” , 38, in press
. (2022). — 1
—. , 35, 77-85.



3 3 0 2

Takami Tomoki Fujimoto Wataru Houtani Hidetaka Matsui Sadaoki 286

Combination of HOSM and FORM for extreme wave-induced response prediction of a ship in 2023
nonlinear waves

Ocean Engineering 115643 115643

DOl
10.1016/j -oceaneng.2023.115643

Higuchi Yuya Houtani Hidetaka Gon?alves Rodolfo T. Yoshimura Yasuo Hirabayashi Shinichiro 11
Suzuki Hideyuki Orihara Hideo

Stereo Reconstruction Method for 3D Surface Wave Fields around a Floating Body Using a Marker 2023
Net in a Wave Tank

Journal of Marine Science and Engineering 1683 1683

DOl
10.3390/jmse11091683

Houtani, H.; Sawada, H.; Waseda, T. 7(8)

Phase Convergence and Crest Enhancement of Modulated Wave Trains 2022

Fluids 275
DOI

10.3390/Fluids7080275

15 0 9

Hidetaka Houtani

Pressure field evaluation beneath nonlinear waves using the higher-order spectral method and its application to ship
response simulations

Workshop on Nonlinear Water Waves and Related Topics

2023




Houtani, H., Fujimoto, W. & Matsui, S.

Numerical investigation of the statistics of vertical bending moments of ships in nonlinearly evolving irregular waves

ASME 2023 42nd International Conference on Ocean, Offshore and Arctic Engineering

2023

Takami, T., Fujimoto, W., Houtani, H. & Matsui, S.

Extreme Wave and Vertical Bending Moment Predictions by Higher Order Spectrum Method and FORM

ASME 2023 42nd International Conference on Ocean, Offshore and Arctic Engineering

2023

Rodolfo T Goncalves

2023

Takami, T., Fujimoto, W., Houtani, H. Matsui, S.

Extreme Wave and Wave-induced Vertical Bending Moment Predictions in Higher Order Spectrum Waves using FORM

2023




2022

Houtani, H.

On the crest height amplification of unstable Stokes wave trains in deep water

KOZWavinar #1

2022

2022

Houtani, H.

Nonlinear processes in crest enhancement of modulated wave trains

The two-day workshop on Recent Advances in Nonlinear Water Waves

2023




Takami, T.; Fujimoto, W.; Houtani, H.; Matsui, S.

Predictions of extreme waves and ship responses based on HOSM + FORM

Research Meeting at National Maritime Research Institute

2023

Houtani, H.; Matsui, S.; Fujimoto, W.

Numerical investigation of ship VBM response statistics in nonlinear waves using HOSM outputs

Research Meeting at National Maritime Research Institute

2023

Houtani, H.; Waseda, T.; Sawada, H

Influence of Initial Wave Steepness of Modulated Wave Trains on the Maximum Crest Height

36th International Workshop on Water Waves and Floating Bodies

2021

2021




Houtani, H

On the maximum crest height of modulated wave trains

Online Seminar on Nonlinear Water Waves and Related Topics

2021

2022

Hidetaka Houtani

2023

Elsevier

224

Chapter 10 - Application 1: ship responses to freak waves

(TAKAMI Tomoki)

(50586683) (82627)




(MATSUI Sadaoki)

(60734225) (82627)

(KOMORIYAMA Yusuke)

(90805110) (82627)

(FUJIMOTO Wataru)

Research Meeting at National Maritime Research Institute

2023

2023




