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Waves from Result of Full Scale Measurement (Third Report)
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Summary

To measure a response, such as wave induced bending stress, for about 20~30 minutes is usual in full
scale measurement, while in the case of measurement by scratch extreme stress gauge duration of it
is 4 hours. In the latter case, they have never studied theoretically the type of distribution of extremal
value of stress measured by the gauge.

Authors study the problem from theoretical base. At first, authors pay attention to the group of peak
value of stress measured for such longer time. The measured stress probability distribution consists of
several group of distribution each of which is approximated by a Rayleigh distribution. By numerical
analysis, it is found that the extremal distribution for such group is approximated by the Rayleigh
distribution that have the largest parameter among the distributions. It means that an extreme
distribution of the parameter has a significant effect on the long-term distribution of extreme values of
a response.

Usually the value of the parameter of the Rayleigh distribution, R, have a significant effect on the
adjacent value of R. This means that a sample distribution of R isregarded as a distribution of samples
drawn from a group, member of which subjects to a Markov chain. Authors make clear that the
extreme distribution of R is approximated by a Weibull distribution by numerical simulation.

It follows that a long-term distribution of extreme value of response is also expressed by a Weibull
distribution approximately. By authors study, it is concluded that a result of measurement for such
longer times is to be regarded as a sample from a population having a Weibull distribution.
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Fig.1 Effect of distribution of parameter R (standard
deviation of response at each short term distri-
bution) on the extremal distribution P.(Xe),
(R....largest value of R, Nu...number of short
term distributions, X....extremal value of
response)
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DIEITE L, Po(Xe) 1 2 BEIRBSATEMTE 2,

UL, Rn-i & Rn i 30 AOBEEICHIEL 2I6ED
BREZTHY, ERXHIERES 2 EREREYV, 0%
BRBEERTZE51, ROSHR m & &b ITBLL, Hi
BHDER DB,

2B, N L TRRRD &5 2 # B BESFICE 2
SRHERREVERTAR Y, Lo T, BEOEEST
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Table 1 Ratio of probability of Ne=2 to that of Ne=
1 for various value of R.

Y PNe2/PNe1 Remark

Re =119 Re = uy0p | Re = ujpgo

1.0 0.104 0.021 0.003 UN -... Characteristic
15 0.163 0.034 0.006 Extreme for
20 0.227 0.050 0.010 QR) = IN

MRS EFVEREL, XM TIA TASHET NV E
ATV, UTOBFTIX, EHEROLZVHDIIDN
T, COETVEBTONRET 3,

ZDETNTI R OWENF Pr(R) BIREAH 2 54,
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%0 Pr(RelRn-1=Re) 25 2 BRI R VDT, V47
VOHETUVERRELT, YTav—yariZioT
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Table 2 Examples of distribution of standard devia-
tion of R of response described by shape
parameter yr of Weibull distribution

Ship Ttem Y% | Reference Remark
op*l 202 Result of Measurement
K (Ore Carrier) qgt 179 *1 Wave Induced
Pitching | 1.53 1) Stress
Rolling | 1.34
C9 ( Container Ships ) Pitching | 1.94
Rolling | 1.54
L= 100m 1.23
L =15m Wave 145 Head Sea
Similar | L = 100 m Induced |1.37
Ship Bending | 3
Series | L= 100m Moment {1.12
L =150m 1.29 Al headings
L= 100m 1.27
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»e, BEFROSH L —HT 5, ARHAOE 21X, £
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B, BEFAOSFIRI, L3> T, RARD §=00D&
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FHIEZOWTOERRZWOT, 3050HD R DELL
LT, 0 0.9 ESZYEEZ, Table3 2E8FICLT
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R L2 BESMS B) O P iR ETidskMA B
DENERBITEROEBEELI: D ER S,
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Table 3 Correlation coefficient of R (result of simula-
tion)
SioJr 1.0 1.5 20
0.2 0.985 ~ 0993 | 0.967 ~ 0.981 | 0.943 ~ 0.964
0.3 0.959 ~ 0.985 | 0918 ~ 0.953 { 0.879 ~ 0913
04 0.927 ~ 0974 | 0.859 ~ 0915 | 0.795 ~ 0.834

Y =-loge { - loge Pe(Re) }

8 +

Operation B,B’ § = 0.2,
7T

Operation A § = 03¢y

1 2 3 % Relo

Fig.2 Extremal distribution of R (Result of numerical
simulation)
A...voyage for 4 hours X24000
B...voyage for 240 hoursx400
B'...voyage for 480 hours X200

HEAL T2,
ELLPEEL TV DR ERD Pe #RONMEDEA
TR, ZOXAHOELTH>T, BN TeH1IR
IEWEE, 7 LRRELBIZI > TELDH DD, ELENCY
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FAEO 74 7 NVAHROEEREE R, E%E Refay ELT
WwWBOT, KATELSGNS,

pe(Rear)= yrel(Relar) fatre} ™ (1 /trarre)

xexp [ —{(Refar) ar}"] (10)
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REEBRSIL, R 98 Ri—0~R\+6 ODEBESN TIXITYI o>
50T, ZOFMEEMZ pr(R2)[Pu TEZ 5N 3, -7,
m=21BJ % R, DFERFEBH p(R,) XKL - T
RKooN3, (Fig.58R)

HR)= [ (5 (R)DAR) IPARIPu}dR:  (12)
2, pA{R)=(y+/RXR/ar)" exp [~ (R/ar)"](F(6)&
)

Pu=P:{(Ri+8)— P(R,— 6)

LEHOFHE BT, BAOTREENEC L Z2EE, Py D
R—OMERXZZLERFNZTNOTRMERO LT 2, &
7o, B EIREN R #8825 - 23 LR({ER R. 3 TET
2o m=2128132% PRJRSR:) 3RAC L > THEX
N3,

PARIRSR)= [ p(Ro)dR: (13)

m=3 O PR|R:SR.) DEETIX, R DHERZEREK
X, R > TRDODSENDB HDIT, Ry ik R. TS
NBZEDBERLEZODEL, i m=20L 2 FAL
BEHEHTROON L, mPMEBDED & & D Pu(Re|Rna =
Re) BIRD & 212745, ~

T =158=02q

T =20, 3 =02¢q

% =10,8 = 03¢,

Yre = 1673, ope = 1155

Yre = 1027, age = 1.095

e Resuit of simulation

-

0 0.5

1.0 1.5 log, (Re/or)

Fig.3A Extremal distribution of R, plotted on Weibull
probability paper (operation A, 4 hours voy-
age X 24000)
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Y =15 8 =02
Y =log. {-loge QRe) } % =20 8=02q T O™
2 O [~ Y =10, 8 =030
Yre = 2945, oge = 1.082
Yre = 1.696, ore = 0.960
1.0
Yee = 1200, oge = 0.843
4
0 . o Result of simulation
L
0 0.5 1.0 1.5 log, (Re/or)
Fig. 3B Extremal distribution of R, plotted on Weibull
probability paper (operation B, 240 hours
voyage X 400)
Yre, COre P(R) |
P(R)/P:(R.)
p(R)
PR 1)/PRe)
20r¢ Yre
0
1.5+ PR)
Ore
1 . O L L
1.0 1.5 20 "

Fig. 4 Effect of shape parameter of original distribu-

tion of R on shape and scale parameters of
extremal distribution

l‘
Ry -

R1+8(1;

Fig.5 Probability density curves for R; and R:
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Pl Re|lRm1 SR = l " N(Rm)dRn (14)

Rm+¢&
e, p(Rm)=L_a {B(Rn-1)p-(Rm)

[Pr-iRe| Rn-2% Re) Py} dRm-1
Pu=Pr(Ru-r+8)—P(Ru-1— &)
%8, LEDERT P(Rn), pr(Rn) D& 312, IF r OfF
Wb, bEDRDAHETTODT, R(6) K52
5Nh5,

ORI L TRDSNIBESMITE T, No=8 DHF
SOBRIL, RO YILV—Ya YB3 EEREAD
BEICHET %, Fig. 6 IBEREA BT I av—
YariZXkABES L, BREITEERSHEE LI DDT,
WEN L —BT B LHL»TH 3, Fig. 71, m=1
BT IBEEESFE m=8 B T2 FNEHE LY
DT, mebIHEERESHNHELYELTZ I LER
£

3.4 BRX{EH 2B LR DR

BIZR LT D2, Ru-1 & Ra BPEWHNOBEE, B
FERIGHRI CRARMED 2 @R EEH R s 2 BRI BV, L
L, RHBE=Na7EEETRL, 0 2/NEWEEX Ra i
Rt WEWEE 22 DT, sAME 2 BLLEEEIE 25
B Pu i385 Pre BR(5)IZE o TEHHETE S 28, ©

Y ¥ =20, 8 =020

Y =10, 3 = 03¢

=15 08=020

Y =-loge { - loge Pe(Re) }

o Result of simulation

S

Fig. 6 Comparison of extremal distribution by simula-
tion with result of theoretical calculation (oper-
ation condition A)

7 Rejor

Na 7 EETIIBEORET R OREREERELELT
20T, Ps, P09R.) i3—EETIZZ 250D T, EMC
RKODLTDEFHREETBZZ LTk 3,

5T, Pv. DEPUE L LT, m=1T R ’F%KfE R. T
Holb &, m=23N.WBWT R »0.9R.~R, DF
BEOETH Y, Ne+1 BT R 53 0.9R~R. DEEHD
BLi2ERE2ED, Na B 8DFBETOWTEHELIE
BERTE Table 4D &>z 3,

EIRIZEF L T 0.9R~R. DHEDE»RDH > bh 25
RERLEZODT, N ML T IDEIR R IEELE
555, Ne S 2 U EOREERLBITMHC 25, AKREL
Tablel 2T 2 &, o230 DHFE L, LiFwV=ra”
HHTIE Py, DEMENER 2 Z L0535, AROKEHE
TIHEBMEE LT, Neld 2+ 322 LET B,

P(Rm)

0 0.5

1.0 RmRe

Fig.7 Change of probability density distribution with
increase of m. Original distribution...Weibull
distribution, shape parameter 1.5, R.=1.5a,

Table 4 Probability, Pre, of drawing samples with
nearly same value, 0.9R.~R., continuously

N, times from a Markov chain

Y% |Re/oy Ne Remark
1 l2 (3 a| s|6f 1|8
3 | 0.426|0292]0.142 0071} 0.035 0017 |0.009| 0.009 | * Probabititcs
10| 6 |0426]0.110]0093]0.082| 0.066 |0.052|0.040)0.132 | forNe>8are
9 | 0.426|0.110|0.054] 0.040| 0.030 |0.038|0.036| 0.257 | included
"2 | 0.408] 0.301] 0.147| 0.073] 0.036} 0.018] 0.011] 0.007
15] 3 | 0381|0163} 0.152| 0103| 0.069 |0.045]0.030) 0.057 | Size of sample
4 | 0361]0094] 0.108} 0.104] 0.084 | 0.064] 0.048| 0139 | iss
2 |0333) 0351| 0.165| 0.079| 0.038| 0.018] 0.009] 0.008
20| 2.5 0.286| 0:278] 0.197] 0.109] 0.059{ 0.032| 0.018) 0021
3 {0.245) 0191] 0.220| 0.141| 0.083| 0.048} 0.027] 0.037
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4.1 IERRETEICL DERT

S ERCh R > TARERHEL, 2 OMERIEED
BRI ANER S RS2 E 2 5, TEORKHEH
13, ZNEHBET 3 Ny BOEHRIHORED R DHORK
KfE Re TEbEN, 2D L EOBEDRKE X DA
R(BIVCRU4)TE2ON S, ARKEENS R D
SN BEH N, B & UFDFERIL Tabled K52 50
3,

EBI BT 2 R OSHFIc o TR, NRBOHNE
BIC L > TETELT 328, ANOBELTA TV
THEMTE 2, —BILLT, ReODHHHELREESA
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Fig.8 Long-term extreme distribution of response,
result of simulation, N.=2 (Weibull probability
paper)
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