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Experiments on the Stress Frequency and Deck Wave Load
Acting on the High Speed Ships in Rough Seas

1 PREFACE

1. 1. Introduction

The structural members of a ship are experienced the irregularly repeated forces
which induced by ocean waves. For the optimum design of a ship, the investigations on
these loads are most necessary. But little is known about the actual situations of these
loads and the wave induced ship stresses experienced in service. In order to estimate the
durable years of an existing ship and to establish the reasonable design of ship structures,
the load spectrum and the value of the expecting maximum load on ship in certain service
term must be well known.

Recently, with the improvement of statistics, oceanography and measuring instru-
ments, the statistical measurement of ship stresses or loads has been developed in many
countries. In these tests, the ship stresess in main longitudinal member amidship are
mostly measured as the standard. For instance, series tests™” were carried out by David
Taylor Model Basin in United States on many kinds of war ships and oil tankers, and
expertments!®='2 on cargo boats were carried out by Shipbuilding Research Foundation in
Sweden.

In Japan, statistical measurements were carried out in 1957 through 1959 on a cargo
liner Hodakasan-Maru'® and in 1956 through 1960 on a cargo liner Settsu-Maru by the 44th
Research Committee of Shipbuilding Research Association of Japan.“®-'” In 1960, the 49th
Research Committee was organized in this Association, and under the helping of the
Ministry of Transportation and the co-operation with the several organizations, statistical
measurements of stresses on many liners were planned. On the other hand, with increase
in speed of ship, several damages due to ‘‘green seas’’ have been reported in forecastle
deck, fore part of upper deck or brigde front of ships. A few experiments on the impact
force of green sea have been carried out on model ships, but none on the actual ship
except Settsu-Maru mentioned above. Up-to-date the magnitude of the impact force due to
green sea has been estimated only by the analysis of the damages or the observation by
crews. Then there are no data on green sea useful to the design of ship. Together with
the statistical measurement of ship bending stresses, these experiments aimed to measure

the impact force due to green sea and to investigate the relation between operating condi-
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tions of ship and the occurrence and severity of green sea phenomena.
1. 2. Outline of Experiments
The experiments were carried out on seven ships in 1960 and ten ships in 1961.
For 4 ships of them, the statistical stress in longitudinal member of ship structure was
measured together with the water pressure due to green sea, but as for the other six
ships in 1961 only the deck water pressure was measured. The list of these ships is shown
in Tab. 0.1. Soyo-Maru is a refrigerating cargo boat for whaling, Yawatasan-Maru is an oil
and ore carrier, and Shinanogawa-Maru is an oil tanker and the other nine ships are regular
ocean liners from Tokyo to New York with rather high speed having almost the similar types.
The statistical longitudinal stress was measured on upper deck plate in the midship
section, and the deck water pressure due to green sea was measured by the special gauges

fitted on the upper deck near the No. | hatch.
2 MEASURING APPARATUS

2. 1. Stress Cycle Counter

The stress cycle counter has a simple semi-mechanical system in order to avoid the
drifting of zero balancing, to be fit for use in long time and easy to operate. This counter
is consisted of three parts such as detector, microhead and counter. The outline is shown
in Fig. 2. 1.

The detector changes the strain in a span to the rotation of the pointer of a dial
gauge, and the pointer slides on the segments which divided the circle into forty and are
the electric contacting points. In this case, the span is 500mm and the pitch of the segment
corresponds to the stress of 0.5 kg/mm?®.

The microhead rotates the micro screw bv a condenser motor and adjusts the zero
point of the dial gauge.

The counter part consists of 17 electromagnetic counters and each of them is connected
to the corresponding segment of the detector. In this system the level crossing frequen-
cies are counted in 17 levels (positive 8 negative 8, and zero), and the frequency of each
maximum stresses in positive and negative can be obtained byv simple calculations,

2. 2. Apparatus for Wave Pressure on Deck
(1) Electronic Frequency Counter

With the electronic frequency counter the frequency of water pressure on upper deck
due to green sea was measured. The water pressure is picked up by a diaphragm and wire
strain gauges. The output of the strain meter is connected to a photo-electric galvanometer,
and the light reflected from the galvanometer is received by photo-cells, then the number of
the level crossing is counted by electro-magnetic counters. (Fig. 2.5).

(2) Portable Frequency Counter



The portable frequency counter is a simple counter designed to be easy for use, easy
to fit on the deck and needless to use the electric source and lead wires. The counter is
shown in Fig. 2.7 and 2.8. Six small bellows which are adjusted to act as electric contacts at
six levels of pressure respectively are connected to six electromagnetic counters, and the
water pressures are counted at these steps ranged from 0.1 kg/cm® to 1.6 kg/cm®. The
battery is self contained in the apparatus.

(3) Maximum Water Pressure Gauge

By the maximum water pressure gauge, only the value of the maximum water
pressure in any concerned term is measured. This gauge is the most simple one aimed
to be used and fitted easily and inexpensively, on many ships to obtain the data as
much as possible. This gauge consists of an annealed copper diaphragm of 0.1 mm thick
which is fixed to a ringformed steel frame as shown in Fig. 2.31, and the experienced
maximum water pressure is estimated from the residual deformation of the copper dia-
phragm. The errors of the estimated pressure are rather large in the range less than 0.3
kg /cm®, but above this pressure it was assured from static and dynamic tests that the
error is less than several percents. The dynamic tests were carried out by dropping water

mass on the gauge using the apparatus described in the following chaper 3. 2. (4).
3 METHOD OF TESTING

3. 1. Surrounding Conditions

Most of the records on the weather, wave and ship operating conditions were
measured each 4 hours by the apparatus originally fitted to the ships or the observation
by crews. (Tab. 3.1)
3. 2. Stress

The pick up part of the stress cycle counter is attached to the under surface of
upper deck in amidship section for measuring the longitudinal bending stress of ship.

The zero point of the meter is adjusted before starting harbour. The counted
numbers were read and recorded at noon every day, then the stress frequencies in 24 hours
were obtained. Besides this, the stress frequencies in 15 minutes before noon were measured
to obtain the short term distribution.
3. 3. Water Pressure on Deck

As the ships were scarecely encountered with green sea, the time intervals for record-
ing the statistical deck water pressure or the maximum values and the times for chang-
ing the diaphragm of gauge were unequal in each ship. In most ships the pick up was

located near the No. | hatch side of upper deck.



4 ANALYSIS

4. 1. Frequency of Stress
(1) Short-Term Distribution

It is well known that, in such a short time as the operating condition which is
represented by sea condition, weather condition, speed of ship, load condition, angle of
encounter and etc. is considered to be constant, the frequency distribution of stresses coin-
cide with the Rayleigh distribution. Rayleigh distribution is decided identically by the
value of \/E which is the root mean square of stress variations. The values of E depend
on the operating conditions of a ship and particularly on wave heights. This is increased
with the increase in wave height.

The maximum and mean values of each short-term distributions were compared with
the curves of 2.142/E and 0.886, E as discussed by Longuet-Higgins!*='¥, and there are
good agreement between these values and two curves as shown in Fig.4.2. 1t was proved
from these results that the short-term distribution of stresses is represented by Rayleigh
distribution.

(2) Element Histogram and Long-Term Distribution

The measured histograms of long term distribution are shown in Fig. 4. 3 for each
navigation and ship. 1In this figure the bending stress x in upper deck at amidship is
taken as abscissa, and the ‘“‘stress frequency density” as ordinate which shows the stress
frequency in the range from (x-0.5) kg/mm? to (x+0.5) kg/mm®*. These curves are
obtained by accumulating the short-term distributions which follow the Rayleigh dis-
tribution, then each curve should have a peak near the null stress, rather be flat line near
the maximum or minimum stress, and approximately straight lines midway. Thus, in
this figure the middle parts are approximated by straight lines. Since the four ships in
the figure are same type ships in Tokyo-NewYork line, it would be safe to estimate the
stress frequency of the same type ships in winter North Pacific Ocean line from the
average histogram on these four ships, see Fig.4.4. The histogram for 20 years is also
estimated by translating it in parallel as shown in the figure. The sea condition is well
known to be most severe in winter in North Pacific Ocean, then the expected maximum
stress would be estimated from this histogram. These values are 6 kg/mm? in tensile
stress and 10 kg/mm?® in compression.

If we know the short-term distribution and the frequency of encountering in each
operating condition, the long-term distribution can be estimated by summarizing the short-
-term distribution weighed by the frequency of the corresponding operating conditions.

Short-term distribution for each operating condition is called as “‘element histogram”’

because it is the element to obtain the long-term distribution, and the encountering
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frequency in each operating condition is called the ‘‘weighing factor’”. Many kinds of
factors are considered in operating condition but three items-class of wave [A], class of
ship speed [B) and heading angle (C)- are taken into account following after the analysis
of Jasper”. Each condition is classified in 5, and the operating conditions-are represented
by (A,B,C,), see Tab. 4.1.

Shorter intervals in measurements of operating condition are needed to establish
the more precise analysis, but here only the measured conditions at every noon are roughly
assumed as the operating condition of those whole days. The element histograms for 24
hours are assumed from the short-term distribution corresponding to the same operating
conditions as those of the concerned noon. Although 24 hours are too long to be considered
as the short term, if the long-term distribution constructed by these element histograms
and weighing factors can be approximated to the result of actual measurements, it may
be said that the data in logbook can be used easily for the classification of the operating
conditions.

Frequencies in each operating condition which are called “‘weighing factors’ are
shown in Tab. 4.1. This is the total of the measurements in 414 days and the numbers in
round brackets are the ones of the days of encounting the concerned condition. These
experiments are carried out mostly on ships of similar type, on same course and in same
seasons, then the operating conditions are distributed in somewhat narrow ranges of
classification.

Few examples of element histograms are shown in Figs.4.5~4.12, and all of them
are approximated straight lines as same as Fig. 4.3. Some discrepancies are found even
on same ships in the same condition, and it would be considered that these are resulted
from the choosing of operating conditions in which only three parameters are taken into
account and the assumption that they last for 24 hours. But in rough approximation, we
can think that the element histograms on all the similar ships are represented by a mean
histogram as shown in Fig. 4.5. by thick lines.

In Fig. 4.13 we have shown the comparison of the histograms in 414 days, which
are built up by calculation using the mean histogram of each operating condition and
weighing factor, with the histograms from the actual measurements on all ships. Further
rough approximations are made by assuming that the operating conditions have only one
variable of wave height [A], and the others are constant, i.e. ship speed [B] is the 4th
class (15-20 kt) and heading angle is the first class (head seas), and using the correspond-
ing weighing factors as shown in the undermost line of Tab. 4.1. The results are
also shown in Fig.4.13. It is known on these two results that the both histograms are
approximately agreed with the histograms of the actual measurements, and that longterm

histograms can be estimated by the operating conditions at every 24 hours and the
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corresponding element histograms, and even when assumed that the operating conditions
are classified only by the wave heights. That is to say, if we can get the element his- -
tograms of a ship for several classes of wave heights, and if we have the informations
about the statistical data of the concerned ocean, we can estimate the long term stress
distribution without actual long term stress measurements.

(3) Distribution of Extreme Values

The maximum stresses in each day are shown in Figs. 4. 14 and 4. 15 as represented
by Gumbel*” and Yuille*. The results are almost in straight lines except a few stresses
in compression. Thus the maximum stress or the return period in any certain terms can
be estimated from these curves.

4. 2. Water Pressure on Deck
(1) Frequency of Water pressure

The results of measurement of the pressure of dashed water of green sea at the side
of No. | hatch on upper deck are shown in Tab. 4.2 and Fig.4.17. From the results of
the experiments in winter of 1960, it was impossible to find a significant conclusion on
the frequency distribution of water pressures, by the following reasons that many troubles
happened in the testing apparatus, the number of gauges is too small and the time intervals
for measuring are not equal on each ship.

Even if the most simple classifications are considered in ship operating and sea
conditions, the number of the measurements of deck water pressure was too small to achieve
the statistical analysis on the frequency in water pressure due to green sea. The results
on four ships carried out in winter of 1961 are shown in Fig. 4. 18. Fortunately no troubles
happened with the instruments in these tests, and the encountered green seas were all
catched without fail. The frequency and magnitude of green sea during the navigation in

winter North Pacific Ocean may be roughly estimated from these results.

(2) Maximum Water Pressure

The frequency of green sea is too small, thus the maximum value of the water
pressure is rather utilized for the design of ships. In order to obtain the date as many as
possible, simple and cheap measuring apparatus were provided. The measured results are
shown in Tab. 4.3. Weather conditions observed by crews are also shown in this table,
It seems to be impossible to find precisely the correspondence of weather conditions with
the maximum pressure values from these results, But the estimation would be made on
that the maximum pressures were induced in the most severe weather conditions in each
concerned terms. It should be noted that the maximum peak value of the deck pressure
has exceeded 17 m head. However in this case, no damage was observed in this ship. It

seems rather unreasonable if our considerations are limited only in statical strength
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calculations. Further analysis about the space and time distribution of the pressure and the
transient response of the ship structural member must be achieved. For this purpose, the
simple maximum pressure gauges in these experiments are not so useful.

The maximum water pressures comparing with the heading angles and wave classes
are shown in Fig. 4.19. The accuracy of the gauge is not so good at the heads less than
3 meters, but the conditions of occurrence of the green sea in these ships are estimated by
the cross points of the base plane and the envelopes shown by dotted lines in the figure.

(3) Model Experiment

For the basic investigation of green sea phenomena, laboratory experiments on dropp-
ing water mass were carried out following after the experiments conducted by Watanabe
andot hers?®. The equipments of the test are shown in Fig. 4.20. On the top of a steel tower
of 10 m height, a cubic water tank of | ton capacity are hanged. Hinged bottom plates ot
the tank can support the filled water by a compressed air cylinder. When the air is
released by a solenoid valve, the bottom is open and the water is falled down in a green
mass.

Laying a stiffened square panel of 1.2m x 1.2m on the floor, the time and space
distributions of the water pressure and the transient impact load on the panel were
measured. These are largely effected by the volume of water, height of the tank and the
opening speed of the tank bottom as shown in Fig.4.21 and 4.22.

In Fig. 4.22 the peak of the water pressure is very high and the duration is very
short. In this case the peak value of the impact load on the 1.44m?® panel exceeded 40
tons. when the bottom is opened more slowly, we can get Fig.2.17 which is assumed
similar to the actual green seas on ocean going ships.

After the experiments on transient pressure and load, we are conducting the
research on the relation between the loads and the structural elements having various

flexibilities and vibration characters.

5 CONCLUSION

This paper presents the results and the analysis on the statistical measurements
of ship bending stress and the water pressure on deck due to green sea on several
similar type cargo ships during the navigation in winter north pacific ocean.

It may be estimated on the wave induced longitudinal stress on upper deck that,
the maximum stress which is experienced on a ship in Tokyo~New York line during her
navigation for twenty vears is 10 kg/mm?® in compression and 6 kg/mm® in tension.

It is assured that, if the element histograms and the weighing factors of each
operating condition are given on a ship, the long term stress distribution can be estimated,

and that, even if the variable in the operating condition is limited only to the wave
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height, it can be estimated approximately.

As for the water pressure on deck due to green sea, shortness of data refrains us
to derive any significant conclusion now. But some informations about the conditions of
the occurrence of green sea phenomena in tested ships were obtained.

On the stresses or damages induced by the impact pressure due to green sea, the
dyvnamical analysis of the transient phenomenon should be taken into consideration.

This project was helped by the grant-in-aid of the Ministry of Transportation and
completed under the co-operation of related ship building companies, shipping companies,
universities and research institutes.

The authors wish to thank the parties concerned for their continued support.
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Table 0.1 List of the Experimented Ships
. | , | ' Measured |
i - Items
- Ships Name ?(};:-,pdss | Ler |D.W. 'Speedl Tested Term Course I ¢ |
RCONNORECON l1]2]3]
A e e o = S A
Settsu  Maru | Cargo | 145 0![], 182 17.8 | Dec.  '59-March ’60 Rc::.;ra-ldSH?:ZWurld @2 O -
” ” ” " # " Dec. '60-Feb. ’'61 | To New York Ol & =
Montana # " 150.313,361'17.5i " ” ” o|0O| -
" ” ” ” ” ” Dec. '61-Jan. 62 " SR EEHES)
Hodakasan j . . Round the World .
: " ! ” ‘145.11L184II?.2 Jan. el-April 6l T o ol 0|0
Hudson  # » | 145.012,150 17.4 | Feb. ‘'61-April '61 | To New York o|o| -
” ” ” N Nov. ’'61-]an. '62 ” | S I O
Oshima  » » 145,412,033 17.8 | Dec. '60-Feb. ‘6l | " lo| O] -
#” " " ! " I " I " Oct, '6 | -Dec. '61 | ” O | o O
S0y » | Refrig| 142.911,864 15.3 | March '61-April 61 | To Antarctic olo| -
" " " | » v | Dec. '61-April '62 o O -0
Brooklyn ~ Cargo 148.012,392 18.5 | Dec. '60-Feb. '61  To Vancouver Q10| - '
u” o | ” ” | Dec. '61-March ‘62 ” - =10 ‘
Yawatasan + | Olé)re ‘ 176 02? 490 16.6 | Nov. ‘'61-Jan. '62 ‘ To Vancouver | = ! = ! @)
Norfork \ Cargo | 145.012,200 18.2 | Dec. ’6i-Feb. 62| To New York | -| -|O
Shinanogawa | oil \ 190.033, 579‘ 165 # | To Kwait | - ‘ =&
Saikyo  ~ | Cargo | 145. 0|11_747| 8.3 # # \ To Neww Yoik lo|o]o
e — == — —_ - | ———— I T
Saitama ‘ v | 15111559 17| Nov. 61-Mareh 62 e G = o
. | : Stress Frequency, 2: Freq. of Deck Wave Pressure, 3: Max. Deck Wave Pressure
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Tab. 1.2 Number of Equipped Measuring Apparatus

Stress Waler Portable Maximum

R . Water .
Ship’s Name . Frequency Press. Freq. Press. Freq. Water Press.
| Counter Counter Counter Gauge
= - A e == e, e

1960 Settu Maru 1 1 1
- I Montana Maru | 2
19g; = Hodakasan Maru 1 1
| Hudson Maru | 1
Winter | §ghima Maru | |
Soyd Maru 1 2
Brooklyn Maru l 1

1961 Montana Maru 1 9 1

s Hudson Maru 1 | 1

1962 Oshima Maru 1 { |

) Soyo Maru . l

Winter Brooklyn Maru | 1

Yawatasan Maru 2

l Norfork Maru |

Shinanogawa  Maru ' 1

Saikyo Maru | 1

Saitama Maru 1

—

[ Boat Dk . . PO
Measunng R oom Bridge Dk. F'cle Dk

Upp. Ok.
Wire Strain /“\

Gage(P.&5S)

1
Upp. Dk =t

__?-_"d_@i.—
3rd Dk

2nd Dk.

)
\ e [

1

Stress Freq.
Indicator, (P)

Outward Vnyageh Upp. Dk.

I | No] Hatch’ \:F\

B Portable Indicator of oo e = + I
Waler Pressure Frequency ‘ ’ i& 19 = y
0O Maximum Water :
Pressure Gage Return Voyage ——i—s

,.L-—O/”/

Fig. 1.2 Arrangement of Measuring Apparatus on Hudson Maru
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Fig. 2.2 Detector and Micro Head
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- Stress Counted

Level Stress Variation

Frequency *
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—
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® (Number of Positive Max) —(Number of Positive Min)

Fig. 2.4 Counting Method of Stress Frequency Counter
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2.2.1 HBKEHES Pick-Up Oatica! Unt
ABRAT AN O H s X o5, Bk _:Ef:TTij ;f!“ ;_45%5
DR HIT 5 B CEDRAELDTH ﬂKgithE__+ﬁh? et gl
D, S KFERE R (B B > 4 i = -
CERBE TS bOTH B, 0sc. %— L =15 =
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Fig. 2.5 Electronic Frequency Counter of
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- DDA ) A= 2R T, Osc. iz
Ty vy —2HOCRMRRHRCHD. L
i e eh A0 R RIERBEERTE » 77
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LIk D BGTHET, MOWhkBERFTAH—L ) B BRETHD. ARREORELM T 5o,

D — ARMICHET AR M A2RD, ERBRITY—ER 4y FCXST, HyC 45° C oiR
EaEo2L 5L T
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Fig. 2.7 Portable frequency Counter of
Water Pressure (Old Type)

Fig. 2.9 Sensing Element of portable
Frequency Counter of Water
Pressure
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Water Pressure (New Type)
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2.10 Section of Sensing Element

Circuit of Portable Frequency
Counter of Water Pressure



SWRE IOERE O I M v FIc ANEFER LEN (G, R 550 G, R) B, W¥
nbESOKIELNEL, BEANERCHL B2 e (o0 bDOTH %, BEGEHR
M 100 ms (1/1 sec) & OWIEMSA 2L L T 55 ZORBKIC XL, v 2T v T OIEME
B 2.5ms ("/400 Sec) BREOH RIEAMERICIHBR T I LN TE S,

B5E ik A B A T L EOREMRICMEL, EEOHMONRc s 5K EBEt OB F 25
AW, FRENOBEREARDEN D, HBMOKIELZT B E, LOMUIFCEy P LAK

AR AMHIET 200, KEBEOKIEHIEZRS 212, ORI OIS, K (1B
WKHE) OREEGHOBIERIE R AT BBRH Do

L, Fig. 2,12 s\ TKE~IH OB E
AD X HTHnERMBRRWS, BOX s EEAIK
be RilA% V/msec VI EBERTWA E, H2E3 1]
AT THDZOCE 3 BX 2 BIEHL, Lid
DB TRAbEWZ 8 EF D, LnL, fifE
ftHME L AR TR ZOBREOARSHIR, i)

Pressure Level

) Fig. 2.12 Operation of Portable
AR ECL TS Frequency Counter of

~Ro—ZREVINTIE: s THIEIhAZdOTH Water Pressure
Licsh, MUTEOLOTHHEHNCARAHLDOTC, 1| AF 28K VW TREBEETTR 7o B
R O—#l% Tab. 2.1 R4 BERTKIE (AIE) Tiitsofeh’, HREOBEA/LL L X
DI THRIC L DRELMA TH VA, b EW» ImH lo~xo—xX-¢h, 30mH OfRKTAZ
HTHLRECE(DORWE L REBRTHED T oo

Tab. 2.1 Example of the Constants of Pick-up Bellows
Pikun i Ballotre M:?z:reing_ I Spring Constant Effective B _ -éef_tin_g_:
Wo. No e kp Arean Weight Deflectmn
‘ : P, (mH) (mH/mm) (kg;’mm) A, (em®) | W, (kg) 4y (mm)

n—{"(A—ér__1'1___: 0.63 | 0.3 | _;}__ﬁ 057 | Le
‘ n—z}'B~3 2 | L24 068 i_ 5.5 L0 | Le
n— 3_11_—7 = & | 3 R 6.3 250 a 1.88 o
"m—4 | D=3 | 8 " a9 | 2% | 59 | am | e
!u—5 | E—7 | 12 | 53 | 3.20 60 | 725 | 22
| _n«— 6 |'_ﬁ—— 3 \ a _fé_ i_ 9. o ;'25___|____ _5:9_____ 9.37 1.77

ABHRTELLEBLE->TWEDT, REEMC YL > THEOEANELLONS. FRBRHRTICE
HiREZ(L —20°C~+80°C 2%z hni1f, 0.3kg/em® B3mH) BEOHNEET L7 - T, &k
BHEDICE IV, Lo L ERC PR ATEAYZT 5 L5 RRETR, HAKORBEZEMLIZ, 5°C~
25°C L ELTbL WL Ebh, 0.5mH BEORERERMRT 5 &iIcl .
~No—ZOWEHERELSXNRZVWTHES I, BHURKEOVWTHAL KR TR, 1mH o
~o—ZT§ 4.5kg/ecm?, 16mH T 1Tkg/cm® OREBEZHL TWb, i, BROENC
SR =
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Nz, T7bb, SROHAMAMC BTl SHUER, EnREET, BT X aHlid
AT o ety WRCOVWTRAMRFBMAOBHBNIC X b, BEIZLRLENEEORXKS, €
a—7 +— kAR RRERS ISR OERE AV, Ea, BERE, SRD 0K L
M OAET I & OMFRIIRT 2 EIc T 520 Fig. 3.1 CRTHHIC L - TigikL ko ZD—fl& L
TAFY s ADE D% Tab. 3.1 53T,

Tah. 3.1
Date
Time
Weather
Atomospheric
Pressure (mb)
g Air (sc)
&  Sea Water (sc)
| Long. (deg)
E | Pourse Let. (deg)
% | Course (deg)
u: | Speed (deg)
w | Speed Relative
a to Water (kt)
“| R P. M

Wind

Wave

Swell

Rolling Period

Pitching Period

Absolute Direction
Relative Direction
Relative Speed (m/s)
Beaufort Scale

Heading Angle

Length (m)
Height (m)
Sea State

Heading Angle
Length (m)
Height (m)
Period of
Encounter (sec)

Swell State

Amplitude (deg)
(sec)

Amplitude (deg)
(sec)

$3E FF A

Jan. 2.

0 4 8 ‘

C c | BC|

1020 | 1023.5 |024- |
17 19 | 16
17 | 18 | 18

|
34-10| 34—|0| 34—]0I

146-20 147-10| 149-07

27 | 267 | 267
16.8 | 16.8 | 17.2
16.75| 17.25| 17.25
106.3 | 106.6 | 108.3
WSW| W | WSW

H H H

14 ‘ 12 9
6 | 4 . 3 |

H H @ H

15 10 10

5 2 ‘ 15

6 | 3

H H H

100 100 100

10 10 8
1 5 10

6 6 6

8

9

10

7

5E

An Example of Record Sheet of Surrounding Conditions

1961 Jan. 3
12 | 16 ‘ 20 o| 4| 8 12 |
= | { — | |
Q| R| Q| @ QP‘ BC BC
S ; —= e
1023.5 1017 | 1011 | 1007.5 1004 | 1008 | 1010.5
18 20 2 20 19 16 15 |
185 19 20 | 20 18 17 17
3357 33-52] 33-49 33-45 33-43] 3339 3342
149-56| 151-25| 152-56 154-31| 155-50 156-55, 157-15
267 | 266 | e62 | 266 | 266 | 267 | 267 |
16.25( 16.2 16.3]| 15.0| 13.5| 149
18 18.5| 18.5 18.5| 16.0| 13.75 14.75
109.6 | 109.8 | 109.3 | 108.0 | 104.4 | 99.8 ‘ 99.5 |
SE | SSE | SW | SSW Sw | sw W
P-QH P-B P-QH P-QH H H H
10 18 | 20 18 28 23 16
4 7 7 7 8 8 7
P-QF PQF | P-QH PQH H @ H H
10 5 | 20 | 20 30 30 30
15 | 5 5 5 8 | i 6
4 | 7 7 7 9 8 7
H H H P-QH P-QH H H
100 | 100 | 100 | 100 100 = 100 100
8 10 10 10 1 12 10
" 10 10 10 8 8 8
6 6 6 6 7 7 7
8 8 7
6 15 8 6 7
5 5 5 6 8 5
7 7 8 7 7
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2

)= E

i p(x) BEEREEER, » RERLEHM TR L 2SN OZEHE : E 12 = ©® Rayleigh 431 %
EHLHERWT, x O EEYTH D, E RfEAYS 2 5 hif operating condition OE¥TH %,
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TIAP M E L5 2 AR E LB AR, EROBRREERTCWEA, - CRiHo
feHic @A), BifE, CHAMEDIEREI R LD LicLi, ZE¥A2En%h Tab. 4.1 1
AT XS5 B srd, BES (A, B, C) CRRTIC LicLi, ARG, B
Bk, CRUAMBELZRTHET, At 125 OARS LOBRIBAFCHELEDT CH 5,

Tab. 4.1 Classification of the Operating Conditions
and Weighing Factors

(A) (B) (C)
Wave Height Ship Speed Hea‘iggle
Class | 2 3 4 5 ' o
Class Range Class Ran
ge
| Bange (o). |y 9 2.5-3.5 3.5—65 | 55~ (kt)
. T =
2 | Q.H, |
! —5 3 | B.
4 | Q.F.
5 | F.
( 3) 0.0072 1 H.
( 1) 0.0024 2 | Q.H.
2 5—10| 3 B.
N 4 Q.F.
( 1) 0.0024 5 F.
| (4)0.0097 | (9)0.0217 I H |
( 2) 0.0048 (1) 0.0024 | (4)0.0097 | (7)0.0169 2 | Q. H.
3 [10—15| 3 B.
4 Q.F.
5
(27) 0.0652 | (25) 0.0604 = (19) 0.0459 = (14) 0.0338 | ( 7) 0.0169 I | H
(37) 0.0894  (24) 0.0580 | (26) 0.0628  (19) 0.0459 | (11) 0.0266 2 | Q.H. |
(32) 0.0773 | (11) 0.0266 | ( 6) 0.0145 ( 7) 0.0169 | ( 5) 0.0121 4 [15—20| 3 | B.
(36) 0.0869  (17) 0.0411 | (10) 0.0242  (12) 0.0290 | ( 3) 0.0072 4 |Q.F. |
(15) 0.0362  (7) 0.0169 (5 0.0121 | ( 5) 0.0121 | ( 2) 0.0048 5 | F. I
| | 1‘ H. |
2 | Q. H.
5 |20——| 3 [ B,
4 | Q.F.
! 5 | K
| | |

(149) 0.360 | ( 84) 0.203 | (67) 0.162 | ( 65) 0.157 | ( 49) 0.118 |

(414) 1.000

ol H.—Head Sea, Q. H.- Quarter Head Sea, B. —Beam Sea,
Q. F.=Quarter Following Sea, F.~Following Sea.

AR B LCEBRA 2T 205 E/N X ThiE T 2128, WERENM AL N5,
TCTCRELMHAEME LT HHOWLF ST 5802EEIL T, 20 1 H24BERIZ Z OK M4
Pt ENAbDOEEZ, BEREAMSFTALLTRED | HEOH 0 (&2 EH 5 & 12 v 2 4
WA LB eiklio THIZ, TOXDAEUTHY CREMAAin LB & Akt
i, BAAEIARD TETE, BAOARE LCRBRURBCEZD DR 2T bi <
Th, 87 79 706 B8KRHLN, KENBBRCRISAi4#ECE 056 TH 2,

Tab. 4.1 L4 EIOAEBIMOLE,LRDE, EARS LUCEBBEGORBEEONLS, Thb
LELERARLe () NORFREFENTIRM L > TORERERL, Ex414 D
ARURRZ LD LD TH Do BT, MMS LIEEMCRKBOLALVOT, HErk R %

T



L TWwdo

Fig. 4.5~4.12 124 LA O 1 O 24850 06 I K RN D RO BEHR L R 7T L2 R
BN RLAELDTH D, chb LREBICIZIFHMCEN TSI AT, 22T, | HHEOWS
OO A RS, BRERA M7 720828 0IHR T OBERRc—KTH LB 1EXMZTH
Do Mt B hE—OHCHA—OREFeWTH IR s THMOESL XD LND, &
NRAEED LB, ARBSICEMBIFE L T3ERET L > TROBENA UL CWDH T &, &
KA P FLLL T HMABEORE 1%L s TWHOIRHL C, AR LHMEALL TR
EPOREHECRESHE WD LA REIDBDEEZLNS,

LarLl, BSHCREROBEIICE T 2 EGNRBERER 77 ADEBRLGIWT, &R
THMOIEDOE AT > THRBARVWE I CBbis, 4EIOREBRTRARS LOCRMENDE
(LA SN DT, + i T &AW, HEAEL s L @SIh ) OREEN @b
L, MAMEOEBRILEN/NEIVZ LR ERHLMCEDLNR S,

SO —Litd T, 2MAML COEHDOE R+ 7T avkd <, HUROELEERLS T
LEHZEZDBTEL, TOBEBEOELORALHEEX ATV L L bE, —flEL T, ##15~20
kt, mWEobi& (Fig. 4.5) L ZOEHOHELKE R b 77 A% HPic KEECAR TH 7,

Ship Speed 15~20kt, Head Sea.
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Stress Frequency Density

Number of Cycles of the Stresses in the Range of (x:0.5) kg/mm®
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4 2 BRKE

4.2.1 KEHELH

P RIC X 2MEMETHR No. | o FH4 Ficks 2kTHES, 2.2 Cili<7Mi 5k TH
B CHBIL 2R % Tab, 4.2 KRT. BZ0kdic, XXERACHRIL AR 4300
o TOLARKEMOBBR A HETRE > TWADT, HERCL ZEELHL TH5.

Tab. 4.2 Frequency of Deck wave Load

Wave Pressure on Deck (mH)

Ships Period = . ———— — —

=2 | 2—4 | 4—8 | 8—12 | 12—16 | 16—

Settsu Maru | 4.12.1959 — 11. 3.1960 53 15 4 ol o 0
" P 13. 2.1961 — 15. 2.1961 | 43 2 1 0 0 0
Hodakasan  Maru | 19. 2,196 — 27. 2.1961 1 1 o/ o 0 0
Montana Maru 3.12.1960 — 11,12, 1960 0 0 0 0 0 0
” » | 19, 1.1961 — 2. 2.1961 186 189 8 29 3 0
” o | 111962 — 11, 1.1962 13 7 3 0 0 0 |

" ¥ 28, 1.1962 — 31. 11962 16 13 12 0 0 0
Hudson Maru 1, 1,192 — 11. 1.1962 | 13 7 < 0 0 0
Oshima Maru | 6.12.1961 — 2312191 | 2 o | 1 | 0 o 0
Saikyo Maru | 7.12.1961 — 26.12.1961 | 7 3 4 0 0 0
” « | 8219%2—16219% | 10| 2| o o o! 0
Total M4 | 239 | 36 | 2 3 0

IRFI354R 20 & 364EFRIC 20 COFHI C1x, BB DM B, KSR 2 A\ i e b, 7K F DML DT
WMTHEAARIC K> 2L DA% <, Tab. 4.2 CRIERKICHFL 23 BRORBOALAIEBFEL DT,
SHOADHIRIC bH WA ZO MO B, Az 2B L) >R TRFLVELAERBRL 23
DbdH oo

IRFI364E 20 5 3TAEFIT 20 TOFRI TR, HBRLTRLRBAICHEL TE Y, R
LABTRIRL ABBRTRTRPCEIRTH D, ZRLAOHRERIZZI T, 2L,
COFHRMBE LR EO—RTiih-o2b0TH D, HEREREL CBHiNALOTEIND,
BFL DT R COFBENLD & & OHPKIEOHAMATERL T B LIRS Vo LR
KEZZG 2868, EDOh—HE0ULMRBELAWDE TH 5, BIcRUHR CHOBFRICZEL
Fedped/KIERH T, B CRIEBRL Ao A RKKELZRHEL TWIHbEH 5,

RIKIZ W TAGHRI A TR & U Cw Bk, SHRIEORKID 21745 EMRAESCEVS 0
BEVe LAAoT, Tab. 4.2 WRL 2P Cd, EBRcHE LD CE - 2B 2 b <
BRESNAEIHTHSS I LEXONLM, COMMAERC Nz LRTEA V., MBEELYE
N, COMMMOBRLTENABRE ZOBA LMD Z LR TEH4, HHBERSELNED LM
DRF ORI ZEMC KDDL bWMETH 2, £, RENOKBAOMDL Hic, FED X
b LRV b - T L, LOMMhORLERARELRROBR AN LEETs o &
RAMETHES S,

Rz WIVAERT OB A4 L AR, %5, BEBLICHAVWHOITRTEDbTLL T, #ik
RROET 5MARMv b D, BEARPRIORNIC 2 0% #BT 5 KL Kb bhikdh
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W, KB ORERS RICHEE N2z 2 L3EL V. LN T, BEBREOTE
EITR, BESAOERA M FAa2RDTHHE Y ERIZ AW, Tab. 4.2 ORI O % KR
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EELLS>LLT 4DloBEKEH HEXNHTCH S,
RERMBI0EDI B, AL LOCERNINAKCRE 2, ok 1 H, G128 0808 KIE
2ok,

Tab. 4.3 Maximum Water Pressure on Deck

Wave Swell Relative Head. ‘ Maximum Value
Ships Name Speed Angle ol
- we | from from
Class. Class. (kt) D |. Max, Gauge Counter
Hudson Maru 7 7 15 | H 35 2-- 4
” ” 6 6 16 Q.H. 4.2 4-- 8
" ” 7 6 15 : " 3.8 2-- 4
Montana " 9 8 16 B. 9.6 4-- 8
” ” 9 7 8 H. 17.5 8--16
Yawatasan ~ 6 14 QH 4
” 7 9 H. 5
” " 6 14,5 QH 5 |
” " 6 14 ” 4,5 |
Norfork v | e | s 14 . H | 4.2 |
Saikyo v ' | 3.6 4-- 8
" o t i ' 3.8 2-- 4
” ” | : ‘ 3.2 ’”
" " ; | ; 4 ”
Shinanogawa » 6 ' H. 9.6 3.6
" ” 5 | " 3.8 4.4
Oshima " 7 ‘ v 3.0 4 8
" " 7 | QH 2.5 [-—- 2
Soy6 . s | 6 COH 3.1

s H: Head Sea, QH.: Quarter Head Sea, B: Beam Sea

atBRE R 2 —IEL € Tab. 4.3 1k, MR, fdEs XMW AREOARRMER, EEL THO
PR B H M 2T D0, MELENDRD IOV TFNMIC L 5 7o HIEBERIRTIHE X &I L b
EHLELT, WBEMASVWEHEARBRT2ACKCEHALALLOLH D, £lifins Ak coREN
MABMNELALDEE 5, WTFhOBAL, YOHIFEDERHO & Xl KE %23 fo ik HR
LW, oMok EXLWERREAIhCHET2b0L 525z Ll &,

FhA—_OMTR, BEAKEHOZERCMEROEDLNL DL H ok, Thid 2.2 Tikix
febsh, —EMEELLDR, KALAOFRICE D Xbd TUMNSWHAIEIRE » TEEZEEL
bDTC, FFIRETAFADEDIHIERIZIZELVHDE L CENRHEEL 720

MR TR0 TR, HYOMHEEREZSWTHEL CWBhkd, 10O CHhTIC
Tab. 4.3 KB LG OEE LM BONEh ok I B 2ER S HRICHEBLE» 210
Ths, COBEOAM TR, RAKEDHENMGALROLLART I LR CER V., 4,
B, &, HEVARLEOARLICEBREHLOMELERNALER L TICRARFT S TED. #
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