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On the Variety of Wave Conditions Encountered
by Ships Sailing in the Same Sea Zone

by Hiroshi Kawabe, Member Hajimu Mano, Member
Kenji Awa, Member

Summary

On the study of the wave induced variable of a ship, the full scale measurement have been
developed a many useful and remarkable success. Because of the measuring period is short
in such measurement, the wave condition encountered by the ship may deviate from that to
be encountered in her life time. So, it is feared that the estimated extreme value of the res-
ponse from the result of the measurement will include error which is not to be neglected.

Authors research the observed wave conditions of 62 voluntary merchant ships in North
Pacific Ocean for three years (1976—78). It is clarified by our research that in the case of
such short term operation the difference of wave condition between ships according to varia-
bility of service condition is remarkable in comparison with the difference between random
samples from the same population.

Regarding each wave condition observed by a voluntary ship as that observed by a ship on
which the response is measured, the reliability of the extreme value over her life time esti-
mated from result of the measurement are studied. The estimated values scatter over wide
range, and moreover, the reliability of the value falls off as the length of the ship becomes
longer. So, it is concluded that to estimate the correct extreme value of the wave induced
variable from the measurement for such years may be difficult especially in the case of a large
ship. Authors analyse the effect of wave condition on the extreme, and suggest a new method
to estimate the extreme from the result of the measurement with higher reliability.
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Table 1 Principle particulars in voluntary merchant ships.

Name L D.W. No. of Nane L D.VW. No. of
(m) (ton}) Data (m) {con} Daca
SC 1 150 12300 1002 3C 2 164 7061 1114
SC 3 180 11151 3410 SC 4 150 12517 627
SC 3 152 11538 34Lo B 1 249 563287 1501
B 2 244 6379 1782 B 3 153 17294 2218
3 4 185 31900 Lo9k B 3 166 19476 1654
3 & 165 193524 1102 B 7 174 25700 3384
B 8 165 20378 1478 B 9 1853 34543 2123
B 10 135 348473 3604 B 11 174 257953 3329
B112 166 19922 1319 B 13 188 318353 1632
B 14 165 20687 2476 B 15 165 20684 2820
B 16 188 31973 1701 B 17 160 18800 2180
B 18 153 17338 1659 B 12 170 18736 304
B 20 249 63218 925 SC & 4o 10027 924
3¢ 7 165 16359 2118 sSc 8 ) 15572 305
sC 9 142 10555 2240 sC10 143 10598 2254
SC11 140 10250 1407 sc12 14i 163563 3601
SC13 132 6317 2411 sScik 140 11290 2537
B 21 156 30600 2244 B 22 170 18922 1587
B 23 170 19311 898 B 24 155 14302 1012
B 25 i75 19344 1008 B 26 175 19392 175
$C15 134 8999 802 SC16 178 24439 1659
SC17 75 1692 340 sc18 142 17055 852
c 1 1753 16392 1624 c 2 175 16328 1389
c 3 204 30007 1053 c 4 175 16911 2300
c 5 211 30135 1006 c 6 204 29880 931
c 7 165 23602 2789 c 8 242 383540 1473
c 9 200 24770 1367 c 10 200 24278 2765
c 11 195 235783 2380 c 12 175 16404 1223
c 13 200 23766 1864 c 14 183 21057 355
C 15 230 35491 1093 Cc 16 175 16626 1704
c 17 200 25667 1379 Cc 138 200 23457 1387
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Table 2 Wave frequency observed by all voluntary ships.

Wave Wave Period (sec) Sum over
Height (m) o - 5 5 -7 7 -9 9 -11 11-13 13- Pziiod
- 0.75 1435 335 61 Ly 20 7 1902
0.75 - 1.75 15932 7727 903 577 147 58 25344
1.75 - 2.75 17204 17720 2376 1650 363 60 39373
2.75 -~ 3.75 5537 15137 3000 2330 567 90 26661
3.75 - k,75 890 5518 2293 2087 518 80 11386
L.75 - 5.75 135 1324 857 1356 4o8 53 4133
5.75 - 6.75 56 389 2k2 Shi 353 39 1623
6.75 - 7.75 21 501 170 250 225 by 1208
7-75 - 8.75 13 55 50 79 104 20 321
8.75 - 9.75 2 30 30 L 37 -8 151
9.75 -10.75 5 22 .19 28 L6 15 135
10.75 -11.75 N 1 8 g
11.75 -12.75 1 - i 46 3 10 60
12.75 -13.75 1 1 3
13.75 -14.75 2 2
1h.75 -15.75 4 2 &
Sum over
§" all 41231 48759 10001 9040 2802 48k 112317
Height
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Fig.2 Cumulative distribution function of
wave height plotted on long-normal
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Fig. 3 Comparison of effective maximum wave
heigh (Hp,.) curves, (a) North Pacific,
(b) North Atlantic.
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Fig. 6 Frequency distribution of Hye values in each wave period interval.
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Ep=—2.2885
As=8.4669X1073, By=—3.5417x 103
Cs=5.3673x1072, Ds=—3. 4665x10"!
Es=9.6611x101

Table 3 XL EOBERHFHNORDCBELBEBED

TE, BRSNORERREYRT, ok, XBL5) TH~
7o, MBERSMAIERINCEEEBLE
BORERZIME LU THET 2 CRETHERH S 0T,

Table 3 Corrected wave frequency observed by all voluntary ships.

Yave Wave Period (sec) :u:l.iver
Heizht (m) 0 -5 3 - 7 7 -9 9 -11 11 -13 13 - Period
- 0.73 4.959 0.014 0.001 4.974
! c.75 - 1.753 20.510 4.937 0.875 0.i70 0.021 0.024 25.557
.75 - 2.75 8.321 15.154 4.3353 1.154 0.207 0.103 29,974
2.753 - 3.73 2.307 10.0600 5.438 1.633 0.399 0.140 20.787
3.75 - 4.753 0.734 4,370 3.318 1.25% 0.586 0.123 10.20535
4.75 - 53.75 0.245 1.495 1.547 0.722 0.272 0.08¢9 1.368
3.75 - 6.75 0.086 0.480 O.olo 9.366 0.1863 0.039 1.300
i 0.75 -~ 7.75 0.032 0.133 0.238 0.173 0.091 0.038 9 7%7
7.75 - 8.75 0.013 0.050 0.102 0.082 0.048 0.024 0.319
3.75 - 9.75 0.006 0.017 0.041 0.038 0.025 0.015 0.142
9.73 -10.75 0.002 0.006 0.010 0.018 0.013 0.009 0.064
10.75 -11.75 0.001 0.002 0.007 0.003 0.007 0.006 0.031
11.75 -12.753 0.001 0.001 0.003 0.004 0.004 0.004 0.017
12.75 -13.75 N 001 002 0.002 0.002 0.007
13.75 -14.75 001 0.001 0.001 0.002 0.005
14.75 -15.75 0.001 0.001 0.002
i5.73 -16.75 0.001 0.001
Sum over .
all 37.637 37.296 17.139 5.5847 1.540 0.540 100.000
Height
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15 Fig. 12 Result of H-correction (Q=10"%),
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Fig. 11 Comparison between corrected H,,, and
original Hy, for all voluntary ships.
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MOFHRRER O RIS MLEE & v 35 Fke-o
WTERET 5,

4.2 EBEREECEDHEX

BII/R Lc X 9, FRIED BT LB A flirsk <
DD, fHA DMOBMEERIEDR V12 X 2 EBES O
BHEEE LTRRT 22, MCERRAD o Lo
X% Hpe D59 LET

HEBLTWD, BEr-o

%kﬁ(@ﬁ%%lwsmﬁ?%%ﬁﬁﬁ)%K&t%
RENT, ZOMBREYEET % IR HikEs
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THENIYH 9% B, ETHRKIY 17% <5
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Bk TRk 3,

Xpn=0.91%,X s (¢E))
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ThOEIFHIV — v —DHH 5, ¥, Fhih
DV— V=0 R (BEDEERE) 3HHHER
DHEHED o O ROBERFERK p(R) M52 bhb
&, IWEDRMHMCBT A IEE X OBBEHER Q(X)
X, KR TRDBID,

Q)= ﬁ ”p<R>exP{~2L1;}dR 14

EELOPRIC LD &, IABEOWSELEEES L
Lict EOWBEMT e — 2 v FOBRHSHIC VLTI,
R % p(R) BRARTEZDNRB 71 T AHFTELYT
&9, Z OWHIES WEOBEIE-TLIAELE
ELlzvsBbhs,

PR =(17/R)(R]ay)rr=Vexp{—(R|a,)} (15)

T, arr RERE, v MR

R A5 R Q) TRAL, EFOLELHIC L vk
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A Birh b,
Q(X)=fweXp{—t—(1/2)(X/w,)2t—<2/m} dt
0
16
Nordenstrém DRBREALBEY, XN kAEhfED L

SHATES QX)) oAPRZHEL &, KAV ELR

RXD= {%zf(?’)( X2 )f(f)}l/z

a’rr
(2+7‘r)< X )fm}
xexp{ ~— @, an

TR, X>ay, f(D=r/C+7r)

IR ISRNT, ROFET QLX) kDB &
b T&Bo RV ATADHHES L&, XOHpHL Y
A TADHTAYPTE, QX)) RKRARTEDLINS,

Q(X)=exp{—(X/ay)1+} (18)
LTI, ap: REBHE, re: BREHK

&, Tr & @z, T DESFRITICHEE 9 ?C@VC-?‘%%%L
TEY, BHERDLND, R A7) HBVIE (18) 7
B, QX)) 21078 T 2 M EBEII RS bR B,

DB ROSHERD, Thhrb XOBELFRD D
Pk REER LTS, AETIIEMHRTELNIERD
BHETA TAERECEAL @ 7 k%R0, = A7)
HBVIIK U9 POLXOBELZRD D Z Liticd,

Fig. 13 3« DEBEHES THEOI R Ot v 1
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50, ERFER LU B E v 2 b, Fig 14
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B L DB/ 2 BIERBUR T Ui udie b i\

Fig. 13 Cumulative distribution function of
standard deviation of wave bending
moment plotted on Weibull proba-
bility paper (SC-1, supposed L=

150m)
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Fig. 14 Result of R-correction (Q=10"8)
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4.4 BRISESHICLBHETE
REEEIEC 8. 23 TR LAXE (X)), 22X

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

mXE $F1525

266 HAERFES
C.o.v.
(%)
20} ST
/, / o
v//,/.//?\w/
s
10 |
—o— Estimation by H correction
—e— Estimation by R correction
--.x--. Estimation by X correction
0 100 200

(m)
Fig. 15 C.0O.V.in each result of correction.

M
£a1’B
.0015
.0010¢
.0005¢
—— mean
______ mean * standard deviation
o correct extrerme value
at sea zone
O v P T T g d
100 200 (m) 300

Fig. 16 Result of X-correction (@=107%)
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EELREORPSMC ST, HEERX 107V wwit
THHEEERE Xn ik, RAXTHELUTESY,
Xpn=1.073 Nfo(p)Rm
z e, fo(p)={—logpm;~—logpme} 12
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