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Fig. 1.3.1 Cumulative Probabilities of Significant Wave Heights on Log-normal
Paper, Annual, All Period, Zone (0°N—55°N, 110°E—110°W)
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Fig. 1.3.2 Cumulative Probabilities of Significant Wave Heights on Log-normal
Paper, Annual, Zone (0°N—55°N, 110°E—110°W)
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Fig. 1.3.3 Means and Standard Deviations of Log-normal Probability Distribution
for Various Wave Period
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Fig. 1.3.4 Cumulative Probability of Wave Period on Log-normal Paper
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Tab.1.1 Wave Frequency, Zone (0°N—55°N, 110°E—110°W) Annual
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Tab. 2.1 Details of “BEISHU MARU”
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Fig. 2.1 Course of “BEISHU MARU”
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Fig. 2.2 Block Diagram of Measuring and Recording System
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Fig. 2.3 Block Diagi‘am of Automatic RM.S. Meter
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Fig. 2.4 Frequency Distribution of Environmental Conditions
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Tab. 2.2 Wind Velocity vs. Visual Wave Height
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Fig. 2.5 Wind Velocity vs. Visual Wave Height
BEE BRES

Fig. 2.6 Beaufort Wind Scale vs. Visual Wave Height
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Tab. 2.5 Frequency Distribution of RMS of Rolling Angle
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Tab. 2.6 Frequency Distribution of RMS of Deck Stress
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Tab. 2.11 Distribution of Max. Value of Deck Stress (Tention)
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Tab. 2.12 Distribution of Max. Value of Deck Stress (Compression)
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Fig. 3.14

Route of the Ocean Weather Ship “Keifu-maru” durmg the Second
Experiment

5 2 [0 R 51 B 28R 0 R A X
Wave Spectra by Ship Borne Wave Recorder of Ultrasonic Type
WA R SERFICE BEARI + T 4

Wave Spectra by Ship Borne Wave Recorder of Tucker Type
4o —RNERFICEDBHERART P T L

Comparison of Wave Spectra Obtained by Various Wave Recorder
BRI RENCE DM AT b7 LDOHE

Comparison of Wave Spectra Obtained by Ship Borne Wave Recorder
and Off-shore Wave Recorder at Irozaki

gy h—3t (&AL &EBR CREK lRFTICL 5 27 LD
Comparison of Wave Height and Period by Various Wave Meter
FREWBETICE 2SS & KRB L&
Weather Charts during the 2nd Experiment
5 0 |69 R 3H I 26k IR o0 M | K S C 1979¢11)§22 B~29H)

Equi-energy Density Curve of Wave Spectra Measured by the Off-shore
Wave Meter at Irozaki
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Tab.1.1 Wave Frequency, Zone (0°N—55°N, 110°E—110°W) Annual
W HAUREEEELR 26K B4E

Wave Period (sec)

i Sum over
Wave Height (m) 0~5 5~7 7~9 9~11 11~13 13~ All Period
~ 0.75 9.053 0.970 0.308 0.197 0.023 0.022 10.573
~ 1.75 25.302 10.305 4.445 0.984 0.677 -0.274 41.987
~ 2.75 8.140 9.226 6.798 1.973 0.820 0.423 27.380
~ 3.75 2.174 3.942 3.796 1.380 0.786 0.296 12.374
~ 475 0.489 1.171 1.782 0.653 0.452 0.214 4.761
~ 5,75 0.070 0.269 0.5568 0.235 0.186 0.064 1.382
~ 6.75 0.023 0.102 0.219 0.135 0.130 0.068 0.677
~ 7.75 0.015 0.141 0.124 0.078. 0.076 0.045 0.479
~ 8.75 0.008 0.023 0.043 0.032 0.043 0.023 0.172
~ 9.75 0.004 0.013 0.025 0.018 0.025 0.021 0.106
~10.75 0.001 0.007 0.023 0.009 0.018 0.011 0.069
~11.75 0.000 0.001 0.002 0.002 0.002 0.002 0.009
~12.75 0.000 0.001 0.003 0.009 0.003 0.003 0.019
~13.75 0.000 0.000 0.001 0.001 0.001 0.001 0.004
~14.75 0.000 0.000 0.001 0.000 0.000 0.001
14.75 ~ 0.000 0.001 0.001 0.001 0.002 0.002 0.007
Sum over All Height 45.279 26.172 18,128 5.708 3.244 1.469 100.000
Tab.1.2 Corrected Wave Frequency, Zone (0°N—55°N, 110°E—110°W), Annual
EIENS., HEANRBMER. 288 BF
Wave Height (m) Wave Period (sec) i‘i‘ﬁl’ ;‘i, :3
0~5 5~17 7~9 9~11 11~13 13~
~ 0.75 8.813 1.823 0.285 0.051 0.014 0.011 10.997
~ 1.75 25.176 14.157 4.637 1.319 0.435 0.314 46.038
~ 275 7.203 9.093 5.141 2.025 0.758 0.514 24.734
~ 3.75 1.607 3.457 2.851 1.415 0.581 0.377 10.288
~ 475 0.389 1.232 1.340 0.790 0.348 0.218 4.317
~ 5175 0.106 0.452 0.612 0.413 0.192 0.117 1.892
~ 6.75 0.032 0.175 0.283 0.214 0.104 0.062 0.870
~ 7.75 0.011 0.071 0.134 0.112 0.056 0.033 0.417
~ 8.75 0.004 0.031 0.066 0.059 0.031 0.018 0.209
~ 9.75 0.001 0.014 0.033 0.032 0.017 0.010 0.107
~ 1.0.75 0.001 0.006 0.017 0.018 0.010 0.006 0.058
~11.75 0.003 0.009 0.010 0.006 0.003 0.031
~12.75 0.002 0.005 0.006 0.003 0.002 0.018
~13.75 0.001 0.003 0.004 0.002 0.001 0.011
~14.75 0.002 0.002 0.001 0.001 0.006
~15.75 0.001 0.001 0.001 0.003
~16.75 0.001 0.001 0.001 0.003
~17.75 0.001 0.001
~18.75
~19.75
~ 20.75
Sum over All Height 43.343 30.517 15.420 6.473 2.560 1.687 100.000




Tab. 2.1 Details of “BEISHU MARU”
KM A FHER

Beishu Maru (Container Carrier)

Length over all 212.5 m
Length PP. » 200.0 m
Ereadth mld 30.0 m
Depth mld ' 163 m
Draft design 10.526 m
Displacement at summer draft 37,073 t
Dead Weight 24,191 t
Light Weight 12,882 ¢
Gross Tonnage _ 23,668 t
Net Tonnage 12,939 t
Machinery ' Mitsubishi Sulzer 9RND 105
M.R./RPM 34,200 PS / 108 RPM
~ Speed : 235  kt
Owner : Yamashita-Shinnihon Steamship Co.
Builder : Mitsubishi I:Ieavy Industry Co.
Builded Year : _ October 1970
Sectional Modulus I/Y  Deck 184,825 em?-m
" ” I'Y  Keel 198,291 em?-m
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Home Voyage
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1 1 20°
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Fig. 2.1 Course of “BEISHU MARU”
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Fig. 2.2 Block Diagram of Measuring and Recording System
ity 27670 5 7K



Port Gage
Stress

Stb. Gage

1,8
Pitching. Potentiomete ____;? °“‘T

Each channel 30 min.

in every 3 hours.

- Xe= Xy
X 1.
E'S
X,
Zero level

High Pass Low Pass A/D
Filter Filter Converter Calculater
0.02 Hz 1.4 Hz Sampling
interval
0.18 sec
Clock Puncher

LOut put (Punched Tapeﬂ

1. Day and Time
(L N I e I A | 5 A a
2. Channel Number
Time ey
o 30 min. 3. 1E = ¥2 x (rms of %)
“ bo Xppay = Max. of Xg;
Xoi 5. Xywin= Min, of Xy
1 Y A-1 4 A+ . l!J 6. N = Number of zero-cross cycles
! r N ( Mean Period T = 30x60/H sec )
‘ Fig. 2.3 Block Diagram of Automatic R.M.S. Meter
HBHR. M. S. #0785 7K
"BEISHU MARU"™  (71gt~110th Voyages ; Oct.1976 — Jan.1980 )
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. r Beaufort Wind Scale = Visual Wave Height Wave Encounter Angle
4537 Dat m 4288 Data (4332 Data)
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Fig. 2.4 Frequency Distribution of Environmental Conditions
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Tab. 2.2 Wind Velocity vs. Visual Wave Height

(m)

Visual Wave Height

13

12

11

10

Ak E HEE S
Total Data
642 | 1625 | 1458 461 91 8 3 0 4288
0 1 0 0 1
13 ,
1 1 1 1 4
12
1 3 2 0 6
11
0 1 1 1 0 3
10
2 4 3 1 1 11
9
= 1 1 10 8 0 0 20
E 8
0 2 12 8 9 0 2 0 33
b= 7
o 1 3 16 24 10 2 0 0 56
s 6
o 1 24 88 74 29 3 1 220 '
> 5
3 21 100 314 155 24 1 0 615
o 4
2 62 306 463 132 3 0 966
& 3
215 663 483 47 3 S 1611
2
321 519 74 1 0 915
1
21 5 0 1 27
0
21m| 3.4m| 3.5m| 4.50]| 6.0m| 7.0 6.8 m Hean
Value
0 D 2 20 40 50 60 70 80
Wind Velocity (kt)
Tab. 2.3 Beaufort Wind Scale vs. Visual Wave Height
A& BRERS
Total Data
63 58 233 512 915 885 871 433 242 59 9 5 4285
0 1 0 0 1
0 1 1 0 1 1 4
1 0 1 3 1 0 6
0 0 1 0 2 0 0 0 3
2 1 2 2 2 1 0 1 11
0 1 1 3 10 5 0 0 20
0 0 5 4 7 8 6 1 2 33
1 3 0 10 16 16 8" 1 1 56
0 0 3 14 14 57 61 48 18 4 1 220
0 1 11 15 43 114 196 136 79 16 2 0 615
6 10 12 64 170 230 277 139 55 2 0 965
13 15 85 188 357 385 286 61 18 1 1409
41 28 116 235 323 133 34 5 0 0 915
3 4 9 6 3 1 0 0 1 27
1.9 m 2.1 m dm 2.2 m 2.5m 3.0 m 3.5m (4.2 m | 4.9 m |6.0m 6.4 m 7.3 m _b_stan
alue
0 1 2 3 4 5 6 7 8 9 10 11

Beaufort Wind Scale
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Tab. 2.8 Distribution of Max. Value of Pitching Angle (Bow Down)

Tab. 2.7 Distribution of Max. Value of Pitching Angle (Bow Up)
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Tab. 2.10 Distribution .of Max. Value of Rolling Angle (Port Up)

Tab. 2.9 Distribution of Max. Value of Rolling Angle (Port Down)
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Tab. 2.12 Distribution of Max. Value of Deck Stress (Compression)

istribution of Max. Value of Deck Stress (Tention)
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Tab. 3.1 The First Experiment of Wave Measurement at Sea

B 1 ERRIWER—EER

, lIntegral of Acc.¥‘J

Test | Month/Day Wwind \/Mgeﬁ)bservat'an Swell Ses Seell Ship Cowse | Mesuring  [tems

No. Time irection] Speed |puection] Period |Height [Dwection] Reriod |Height | —» ~ - Speed etc. & Comment

11 |43 058 60 | 2360 | 2 lo5] 6 | 7 | 05

12 |i1:40~1455! 60 [ 23| 60 [ 2 |05 | 6 | T 105

13 |ia312~1337 g0 |39 | a0 | 2 | 05 |120/80| 7/6 |o8ws| 3N 195 - sTop_| Somharative Tosl of Various

14 145:37~ {10 |s0lw0 | 2 |05 a0 | T |15 €2~ 150

ot | 370% sl 340 | 26 [ 340 | 1 | 0 |40/ as6 [15m0

22 lam~qs] 39 |25 | 30| 1 | 02 |sonae] 98 im0l S | zep-smop

23 | ass~i0:s| 340 | 22 | 0| 1 | 0.2 || 98 [wsn0] G | ap-stop |omrelive Tl of Various

24 100~ 114 am0 | 21 | 340] 1 | 02 aondo| 4 [1om0] = | ao-stop

25 1141:35~1147|320 { 26 | 320 | 1 04 |40M0] 475 |10/10 Qf 210 -SToP

26 1347~ 360 |82 | 360} 2 0.5 |i50/%0| 6/9 | 1005 180~ 15.0

27 | 14:00~ 360 | 82 {360 2 | 05 [15090| 6 | 10/05 180 - 150

28 |1a11~uz3 360 | 82 1360| 2 | 05 |150%| 64 |10n5 {80 -150

31 1% ae0l40 30l 1 | o2 |susd 921 [esm0] B po-srop [Cmroalive Testod Various
Stabilized
Platform

G

Oscilloqraph
Data Recorder

l
[

’ |
Pressur }——
e 1 °
’
d Acceleration
’ Relative Motion }—ﬂ
A
Off-shore . SRI1 1
Vave Recorder I/(Ultra—sonic) r“““““{Tucker |
(Ultra-sonic) 4 “
1]
n k““'|Acceleraxtion I i
"
m ;\/\lL_/ Rolling ]___‘
N . .
1l - -
:: TU-Buoy Pitching }—a
!: (Acceleration) Tucker’s Ship-borne
il Wave Recorder
i
I
|I

. PMS (Pressure)

Fig. 3.1 Arrangement of Experiment on Board
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T |———i—:>-]  TU-Buoy: Acceleration Buoy (Tokyo Univ.)

Tucker: Tucker’s Ship-horne Wave Recorder
PMS: Pressure Buoy (Keifu-maru)

US-Relative Motion: Ultra-sonic Relative Vave
Surface Sencer (SRI)

Fig. 3.3 An Example of Wave Records
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Tab. 3.2 The Second Experiment of Wave Measurement at Sea
E220HRAAER -EE

Visual Observation _ : .
Test  IMonth/Day T Wind Sea Swell Sed Swell Ship Course | Measuring  [tems
No. | Time__ pwectioSpeed Durection Reriod |Height Drection Reriod [Height | —» ~» | - Speed ete. &  Comment
{22005 20 [ 137] 20 4 {15 |25] a | 10 205 - 15
2 moo~ut5 30 |57 30 | 5 |25 10| 8 [20] § | ca5-smp
3 o~ 40l g0l4 |3 lwlw]|s 25] & | 30-smop
4 lmoo~ 1460 50| 160 | 3 | 10 |woomo| #s5 [owto] L | 40-smp
5 (W23 ool o loe0] 3 | 13 |weao] 8/5 J2ano] Y | ag-swp
6 |igas~itto 220| 64 | 220] 2 | O |wo/eo] &k |2on5| (- | 0 -stop
7 [ yto~ ' 200] 41| 220] 2 | 05 |woweo 86 Joons] 08~ | g5-swp
8 lia30~ zsol 11| 260 3 | 12 |wowso| ase |2ns| . | wus-swp
9 100~ 240 100! 240 3 | 40 |wowso| 88 l2ons| YW | y35-smwp
10 lists~ | 240|100 250 | 3 | 10| w0 | 8 |20 |° 300-15
L ;'r‘(ﬁﬁf 2 q0 20| 3 15 a | 8 l20] O | 285-swp
12 ! gyp~ 0 90! 20 3  15|a | 8 | 20| Ok | 280-swp
13 | jp40~4055/ 201 05| 20 | 3 | 15| m | 8 | 20| (% | 310-swp
14 | 1to~q12s] 20 120/ 20 | 4 | 20{w | 8 | 20| (L | 285-SwP
15 | 13:33~ 30125301 5 | 20| | q | 25| [ | 305-STOP
16 | o0~ .
i | MZES, o 10 60| 10| 5 | 20] w0 | 9| 25 (%, | 2w-SoP
18 | g43~683(325)lc85) 40 | 4 | 15145 | T | 25| O 38-15
M | por~72 10| w0l 10| 5 2508 | a |2 IN 265 ~STOP
20 | o7~ | 51mal0! 3 o7~ -] O | ew-swp
2t |45 uss] 5 (12l w0 4 15— |— | —1 O | 285-s10P|
22 | W2 osel 10 | 50l360| 2 [03]80) 6 [05] O | z0-soP
23 | qs0~1005] 10 | 60 10 ] 10 1 0590 | T | 05| A~ | 250-STOP
26 | 47~307) 0 | 65| W | 2 | 05[120] 4 | 10| Ox | so5-STOP
%5 |as-pael B0 |12 1 0 | 4  15|wo| q [15] D 0 - 14
26 | gqa5~1800) 35 | 143390 | 4 ! 15| a | 8 | 20| (X | 300-ST0P
or |"728 c46l 30 |13 | 30 4 [ 20| 80| 8 | 20! Ox
28 | 830~ 5 | 152) 20/ 4 | 20| 80| 8 | 20] O% | 280-ST0P
A | wo33~05] 20 | 114] 20| 4 | 20 {myso| 10/8 [1520] ¥ | 2T5-STop
30 1110~ 11:47
3 | 43:30-1405] 20 [125] 20 | 4 | 20 |smveo| 107 |2ms| AR | 280-STOP
32 'r'z{32§~ 250 | Q6 | 250 | B | 20 '160/70 10/8 | 155 ¥ 120-STOP
33 8:18~821220 | 96 | 220 4 15 [160/% 10/8 | 1515 "ﬁL 120-ST0P
54 | a0~ 1230 | 131 | 230 | 5 | 20 | sohed ass 2045 Y- | 130-STOP
35 | w057~1113| 240 | 130 | 240 | 5 | 20 | soaed 48 j20n5] Th | 140-s10P
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Fig. 3.9 Wave Spectra by Sliip Borne Wave Recorder of Ultrasonic Type
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Fig. 3.10 Wave Spectra by Ship Borne Wave Recorder of Tucker Type
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Fig. 3.11 Comparison of Wave Spectra Obtained by Various Wave Recorder
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Fig. 3.12 Comparison of Wave Spectra Obtained by Ship Borne Wave Recorder
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Fig. 3.13 Weather Charts during the 2nd Experiment
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