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Maximum Response Estimation by means of Design Irregular Wave
- 2™ Report : Estimation of Local Stress of a Container Ship -

by Toichi Fukasawa, Member Yuji Kanehira
Satoshi Miyazaki, Member
Summary

A methodology to apply the Design Irregular Wave and the Direct Loading Analysis Method to estimate a-maximum
local stress in ship structural design was studied in the present paper. The Design Irregular Wave is an irregular wave train
which is comprised of intentionally superposed regular waves to realize a maximum of a certain ship response in a given
short-term sea state. On the other hand, the Direct Loading Analysis Method is a calculation method of time-varying stress in

a whole ship structure by using FEM.

Example calculations were performed on the local stress of a 6,200 TEU over Panamax container ship. Stress transfer
functions were calculated using the Direct Loading Analysis Method firstly, and the maximum local stress was estimated by
means of the Design Irregular Wave with the use of the stress transfer function. An alternative method to estimate the
maximum stress was investigated with the use of load transfer function, instead of the stress transfer function. Significant
wave height and the mean wave period in design short-term sea state, the ship encounter angle to wave, and the phase
information of the Design Irregular Wave were discussed based on the calculated maximum stress.
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Fig.1

Evaluation points of stress
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Fig.2 Time history of VBM at midship (nonlinear calculation)
(Rigid body, Fn=0.2231, T=12s, H=14.5m)
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Fig.3 Max/Min values of VBM in short-term sea condition
(Rigid body, Fn=0.2231, T=12s)
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Fig.4 Maximum longitudinal stress
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Table 1 Short-term sea state and heading angle of ship for
maximum stress
Tls] | Bm] | jdeg] | | Tis] | Him] | yfdee]
xo1 | 16 |1525| 180 | vo1 | 18 | 1525 150
x02 | 16 |1s25| 180 | vor | 12 |1335 60
x03 | 16 | 1525| 180 | vo3 | 12 | 132
xo4 | 16 |1525| 180 | voa | 12 |1
X05 | 16 | 1525 | 180 16 1180
X06 | 16 |1525| 180 14 f _":57
x07 | 18 |1525| 150 | 14 |1s2s] 30
X08 | 12 |1325| 60 60
X09 | 14 |1525| 60 60
X10 | 12 | 1525 60 60
1525 60 | vi1 | 14 1525 60
e

X19 | 16 |1525| 180 | Y19

X102 1 | 150 lyiz| 14

X103 180 | v103 | 14 [1525] 60
X104 | 14 [1525| 60 |vi04| 14 |1525| 60
X105 | 16 | 1525 180 | Y105 | 14

x106| 14 |1525| 180 | vioe | 12 |15

x107| 12 |1425| 150 |yi07] 12 | 152
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Fig.6 Standard deviation of VBM at midship (long crested wave)
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Fig.7 Standard deviation of TM at midship (long crested wave)
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T enbbol, ELTHERITE— A bOEHINRT A —FREKRICRDE
BREZBAER D, ARG INEFRIC T=12s & L, £
0.040
Ma/pglBh A FHEHITOVTIE, M D OFREZICESLNATYS &
0.035 e . one ] ) . o
. 7NN\ T w0 5 R DB EAR AN & [ R O WL b b5
A SR 7 B \ [P —_—— — o _
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Mr/pgl'Bh St 2 R il Fig.11 Proportion of maximum stress to that in Fig.4 and the
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Fig9 Nondimensional TM at midship Fig.12 Proportion of maximum stress to that in Fig.5 and the
4.0 i i = =
oo 1 0 - 30 difference (Transverse/vertical stress, T=12s, H=12.5m)
35 600 e =50°
3.0 i \\ - e E120° — — x=150° Table 2 Heading angle and the stress point for maximum stress
25 ,/‘J‘;’\. = x180° in short-term sea state of T=12s, H=12.5m
20 Encounter x-direction y- or z-direction
s Angle [deg] | starboard | port starboard | port
’ ) 1,2,3,4,5,6,7,19,
10 180 102, 103, 104,105, 1,5
0s 106, 107
’ 12, 13, 2,3,4,7,8,13,
0.0 14, 15, 8,9,10, | 14,15, 16, 102,
00 0s 10 15 20 25 WL 30 60 16, 17, 11| 103,104,105, | %1
Fig.10 Nondimensional pressure at midship 18,101 106, 107
30 — — 6,12,19,101 | 9,17,18

(Weather Side, Water Line)
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2006 4 12 A
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Fig.13 Pressure evaluation points

Fig.14 £ Y. WEOLEREE LTF) 28R LTLIEAD
B (STF) 2AVWTELNEEKIEID 80% FRELL
LOEARB LN, FOEIIE430MPa BETHD Z &N
b, —H. BAENIRAETIHEE L OHEAIZONT
I3, Table3 & ¥ Odeg & 60deg @ 2 FEEETH V| MABIEHRIT
PPl (RREEH.0o8R) . PP22 (B LAUFRILBIKRR) . PP11 (B
TRE AR OEBIKELE 2ol IZ L, BIHOIEH
A E WS R TIIHA A 0deg 1372 < 180deg T
bote, £ T, midship ITFEWTE (frame 186) 1TV TH
A4 180deg, FRTEHR VBM & LT Fig.14 L RABRITHEKXIG
SEELDELDO% Figl512RT, Figl5 2R3 L, HAEA
180deg, NTABIESHR VBM & LizBA TH HEBEIE VIS B H
BNTEY LITHETE—2A L PRREIRDI I —Z %2R
LTWBsDEEZOND, THRIY, BETE—2 D
AR ONMNAREEA L TY, midship FTEEBIE TIHERG
HD OWRELU EOBIBELN, BERKELOET—FKX
EFWVWEATAMPa BETHDZ & 03025,
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Table 3 Design wave condition at each stress point using Load

Transfer Function (T=12s, H=12.25m)

Encounter Phase

CASE Angle [deg] Information Stress Point No.
1.2.3.4.5, 6,19, 103,

A 0 PPI 105, 107

N o - 12,13,14,15,16,11
7.8, 9, 10, 1L, 101,

c 60 PP11 102, 104, 106

Fig.14 Proportion of maximum stress estimated by using LTF to

that using STF (T=12s, H=12.25m)
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Fig.15 Proportion of maximum stress estimated by using LTF to

that using STF (T=12s, H=12.25m, x=180° , phase: VBM)
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