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Introduetion

    A  committee  was  organized  in i963 in the Ship Building Research  Association of  Ja-

pan  to study  on  the winds  and  waves  as the  environment  to the ship,  and  completed

few  works  mainly  on  the  statistical  investigation of  winds  and  waves.  The  source  mate-

rial  is the 
`Marine

 Meteorologieal Data', observed  and  reported  to the Meteorologieal

Agency by  Japanese Ships. Some  of  the results  were  reported  to I.S.S.C. Cornmittee Nr.
1 Environmental Conditions, and  also  were  published  by  this assoeiation  [1, 2] and  by  the

Ship Researeh  Institute [3], whieh  has been elosely  co-operating  to thts Committee.

    This contributioh  is also  an  abstract  of  the results  obtained  by  this Committee in

1966 (SR-91-II), in eo-operating  with  the Ship Researeh  Institute, to which  this author

worked  as  the ehairrnan.

Purpose of  Study

    The average  condition  of  the winds  and  waves  which  are  expected  to be eneountered

by a  ship  on  her way,  will  be dedueed from  the statistics  like the ones  just above  men-

tioned, as  soon  as  the period  of  season  and  the route  on  the ocean  which  are  to be adopt-

ed  by  this ship  are  fixed. Then the average  behavior of  the ship  in this environment,  as

the ship  oseillation,  stress  indueed on  the hull, or  the increment of  the shaft  horse power
will  be estimated  statistieally  if the response  eharaetor  of  these behavior of  the ship  are

known. Now,  most  of  these eharaeteristies  ean  be estimated,  experirnentally  in model

basin or  theoretieally by computations,  if the speed  of  advance  of  the ship  is given.

    While, the ship  is not  sailing  on  her designed sea  speed.  Because of  the severe  oseil-

lations by the winds  and  waves,  the resistance  increases and  the propulsive  erneieney  de-

ereases,  and  results  to reduee  the speed.  Moreover, beeause of  the apprehension  of  the

damages en  the eargo  by large aecelerations  ef  severe  oscillations,  buckling of  deck plate,
damage  of  hateh by  shipping  of  water  on  the deck, damage  on  shell plate by emergence

 and  slamming  of  the bottem, aeterioration of  the propellerp  erformanee  and  damages by

 raeing  of  the screw  propeller, the eaptain  euts  down  the pewer  ef  engine  and  reduee  the

 ship  speed  deltberately.

    Thus  the speed  reduction  is one  of  the most  eonspieuous  responses  of  the ship  to the

 environment,  and  ean  not  be ignored in estimating  the short  or  long term  diF.tribution of

 the stresses,  the various  expeeted  values  of  oseillations  or  the sea  margin,  and  to set

 up  the optimum  reute  in erossing  the ocean.  The  ineidental deerease of  speed  on  aceount

 of  the rough  weather  can  be estimated  experimentally  er theoretieally, however the delib-
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erately  reduction  of  the speed  can  not  be presumed  at  this stage,  because this is brought
mainly  by the captain's  subjeetive  decision, based on  his knowledge, experience  and  to his
synthetical  judgement as  the  captain.  (Of couse  in future this should  be done more  ra-

tionally and  objectively,  however at  present, this is the ease.)  Aecordingly at  present,
one  of  the  presumably  most  suitable  way,  to get the general  information on  the speed

reduetion  of  the  ship  in the  sea,  is to extract  the general  tendency  from  the accumulation

of  the  result  of  the voyages  in relation  to the severeness  of  winds  or  waves.  Already
a  typical pattern of  this speed  reduetion  of  a  eertain  type of  ship  in rough  sea  was  given
by E. V. Lewis  [4] and  R. W.  James [5] through  log book  analysis.

    We  also made  this analysis  in this way,  but not  through  the analysis  of  log book but
from the `

 Meteorological Data  
'.

 At first log book was  investigated earefully  [6] and  was

found that  usually  the description of  the environment  in the log book tended to be sever-

er  than  actually  it is, and  has very  poor  eorrelation  with  the observed  value  of  winds

and  waves  in the `
 Marine Meteorological Data', reported  to the Meteorological Agency.

While  the 
`
 Marine  Meteorologieal Data  

'
 includes the report  ef  winds  and  waves  as  well

as  the ship's  course  fortunately (as the average  ef  3 hours before the time  when  the
weather  was  observed,)  and  the report  of  winds  and  waves  are  more  reliable  than the
description in log book. Espeeially the  wind  speed  and  directien in Marine Meteorologieal
Data  are  measured  bY anemometer  whieh  is eompelled  by law to be equipped  on  the ship
and  are  examined  by the Meteerologieal Agency,  and  is one  of  the most  Teliable  item
among  the  weather report.  The  detailed description of  the behavior and  conditions  of

ship  in log book are  of  course  so  valuable  to be given up,  however we  prefered to take
the more  reliable  value  of  environment  and  compensated  the less detailed information on

the ship's  behavior and  conditions  by  the number  of  data.

Procedure of  Analysis

    We  intended to get this pattern  of  speed  reduction  for many  groups  of  ship  at  once,

elassified  by  its type,  purpose  and  dimensions as  well  as  her other  designed conditions.

    The  data souree  is 830,0eO sheets  of  IBM  punehed  card  of `Marine
 Meteorological

Data'which  eover  7 years  ef  1954-1960. 1,500,OOO sheets  of  IBM  eard  whieh  cover  10
years of  1954-1963 were  already  stored  in magnetic  tapes, for the purpose of  statistical

investigations of  winds  and  waves  we  performed  in previous  years, however  for our  re-

gret, from  1961, when  the  code  was  amended  following the WMO  standard  eode',  they
quitted to punch  the  ship  speed  and  course  as  these items were  not  included in WMO
standard,  aecordingly  we  had to use  the data of  only  7 years.
    The follewing proeedure was  adopted  in the analysis.

I. Classification of  the Ships

    1. Identifying the  name  ef  the ship  by the ship  No., using  the Guide Boek  of the
Meteorologica! Ageney, the principal  dimensions and  partieulars  were  collected  eonsulting

with  the Detail Book  of  Ships,

   2. The  ships  construeted  before 1950 were  exe}uded.  '

   3. As  the items to express  the  differenee of  seakeeping  quality, the  next  were  chosen.

   ship  length;

   ship  speed  ; [to standardize  the published data, the max.  trial speed,  that is the most

       re}iable  data, was  taken as  the basis, and  eonstant,  different by the  purpose and

       size  of  the  ship  was  multiplied  to express  the  O sea  margin  speed  at  85%  MCR]

   ship  purpose ; elassified  as  in Table 1 and  fishing boat and  passenger  boat were  ex-

       eluded  from  this analysis.
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   ship  form above  the water  line;

       considering  the difference of  the

       eastness  of  shipping  water,  the

       difference of  the effective  free-

       board was  taken  into account

       as  in Table 1.

   4. Using these items as  above  men-

tioned, ships  were  elassified  into 34

groups  as  in Table 2. Thus among

1,100 vessels  that reported  the data,
during this period, 453 vessels  were

adepted  to be analysed.

Table  1. Code  fcrShip  Purposeand  Type
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    The analysis  was  performed  for 5 groups  of  relative  angle  of  ship's  course  to the
wind  direction, namely  head, bow, beam, quarter  and  follow, adjusting  the  differenee of

wind  direction and  the ship's  eourse.

Results

    The  statisties  were  performed  by an  electronie  eomputor  (CDS 3600132eO at  C. Ito
Electronic Computing  Service Co., Ltd,), and  output  were  printed  on  more  than  1000
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II. Classifieation of  items used  in the analysis

    In order  to eorrelate  the reduetion  of  ship  speed  with  the  roughness  of  the weather,

the wave  height (and period)  might  be mest  appropriate,  however  the  wind  speed  was

adopted  as  the index to show  the severeness  of  the  weather,  beeause the reliability  is
mueh  higher in wind  speed  measeured  by  anemometer  than  in the  wave  height by visual

observation,  as  mentioned  before. The most  serious  defeet of  this data is that this does
not  include any  information on  load condition  of  the ship,  whieh  is one  of  the important
faetors for seaking  quality of  the ship.  In order  to prevent the large dispersion of  the
results,  beeause of  this reason,  we  devided the ship's  route  into homeward  voyages  and

outward  voyages,  as  are  shown  in Table 3.

             Table  3. Classification ef  Ship's Reute
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 sheets  that-is for every  group  of  ship,  route  and  relative  wind  directiori. ,Each  output
shows  the distribution of  oecurrence  of  reduced  ship's speed  for each  wind  speed,  More-
over,  the mean  ship speed  and  the standard  deviation were  computed  for each  ･wind speed.
Examples of the plot of  this results  are  shown  in Fig. 1, Fig. 2 and  Fig. 3.wlO.

    At  first, the class  interval of  3kt for the ship's  speed,  the most  important item in
this analysis,  looked too large to get a good  estimate  of  the mean  redueed  speed.  This
was  investigated statistically  and  was  found .that as  far as  the number  of  data is moderate-
ly Iarge, the effect  of  this interval is rather  unexpectedly  small,  the  standard  error  of  the
mean  reduced  speed  being adversely  proportional to the square  root  ef  the data number,
and  being effeeted more  by the variance  of  the speed  ibself, than the varianee  beeause of

this class  interval.

    Figs. 3hilO sho.w  examples  ef  the relation  of the mean  speed  reductien  to the wind
speed.  About  200 figures like these were  drawn, and  eaeh･has  its own  meaning  and  appli-
eation  indepently eaeh  other.  However  by comparing  these figures, the effect  of  the items
such  as  the purpose, type, length, speed  and  so  on,  used  in elassifying  the ships,  and  also
the items as the ship  route  and  relative  directions to the winds,  used  in the  analysis,  will
become  elear as  follows.

(1) Usually in head seas  (winds) the speed.reduetion  starts from the lowest wind  speed,

    and  the amount  of  decrease is the largest for the same  wind  speed  among  varioug  re-

    lat'ive direetions. (Fig. 3..10)
(2) Generally the bow sea  comes  next,  and  the amount  of  reduction  decreases by the

    order  ot  beam sea  and  quartering sea.  (Figs. 3.vlO)
(3) In the fellowing sea,  for the moderate  wind  speed,  the ship  speed  increases than for

    the  ealm  sea  for most  of the eases.  The reduction  of  speed  starts  from rather  high
    wind  speed,  but with  comparative]y  small  amount.

These  (1)N(3) shQw  that most  of  them  look very  mueh  like the pattern  whieh  was  shown
by  E. V. Lewis [41, Hewever  the wind  speed,  where  the captain  seems  to eut  down  the
power  did not  appear  clearly.  (Figs. 3.vlO)
(4) For large sized  ship  about  200m,  the speed  reduetion  is larger in beam sqas  against

    the general tendency  for moderate  sized ships  as.above  mentioned.  (Eig. 10)
Then  as  a  next  step  of  comparison,  the average  Vi of  reduced  speed  V}t, for all relative

wind  direction, over  whole  range  of wind  speed  was  computed,  and  assuming  the mean

speed  X  for O-10  kt (Code 1) wind  as  the O sea  margin  speed,  the ratio  ri VleIVI,'(d"=k
-LC)

 and  reduetien  dV}i==Vl-Vh  were  eompared  by groups and  the following tendency
were  netieed.

(5) The  differenee of  freeboard appeared  to effect very  slightly  on  the speed  down, al-

    though  the  ship  with  smallest  freeboard appeared  most  sensitive  to rough  sea.  This

    suggests  that the shipping  of  water  might  not be the most  leading eriterion  to make

    the captain  cut  down  the power, and  the speed.  (Fig. 11)
(6) Comparing  the ship  of  length 125<LS150m,  with  various  design speed,  the group

    of  ship  with  moderate  speed  14<V$15,5kt  looks like most  sensitive  to the rough

    sea.  Generally however, as t･he design speed  increases, this means,  as  the ship  be-
   eomes  finer, the  speed  reduction  deereases, or  becomes less sensitive  to rough  sea.

    (Fig. 12)

(7) Comparing theship  with  different length, the ship  with  length around  150m  and  with

   speed  12.5<V$14kt  or  14<V$15.5kt  appeared  rather  sensitive  to speed  reduetion,

   in spite  of  the general tendency  of  the decrease ef  speed  reduction  by the increase of

   the length. (Fig. 13)

(8) As mentioned  befere, the load condition  was  one  ef  the most  diMcult items to be

   identified from this `

 Data ',

 and  so  in this investigation, the voyages  were  divided by
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   the route.  The  result  shows  that for all routes,  the  speed  for outward-bond  is larger

   than that for homeward-bond and  shows  that the load is fuller for homeward-bond

   than for outward-bond.

   The cornparison  of  speed  down  by load condition  was  diMcult, because of  the large seatter

for outward-bond,  presumably  because of  the seatter of  load condition,  however  for South

Route, the speed  down  appeared  ]arger for full load condition  than for light load condition.

    As already  mentioned,  the  variance  namely  the scatter  of  the ship  speed  for the same

wind  effeet much  more  on  the estimate  of  the mean  ef  the reduced  speed  than the class

interval of  3kt. As  the cause  of  this scatter,  the following ean  be counted.

a) Scatter of  the seakeeping  quality of  the ships, classified in one  group, beeause of  the

    scatter  of  the principal dimensions and  other  design conditions,

b) seatter  of  !oad conditions  of  ships  of  one  group on  the  same  route,  same  course,

c) scatter  of  the captain's  judgement to cut  down  or  to adjust  the power,
d) scatter  of the performance  of  hull and  engine  by the different period of  time after

    the last docking, and  the years after  construetion,

e)   scatter  of the performance  of  engrnei  or  the steering  system  mcluding  the auto-pilot

   system.

D Besides, a  rather  large scatter  is supposed  to be eaused  by  the  differenee of  the wave

   climate  as  the wave  direction, height, period or  the existence  of  the swell  at  the same

    wind,  as  can  be presumed  by the wind  and  wave  statistics  as  we  investigated in pre-

    vious  year. In these results,  there appeared  a  lots of  problems  that should  be investi-

    gated more  precisely relating  to the environments  in desigriing a  ship  with  good  sea-

    keeping quality. Here however just the results  are  shown.  Further  diseussions will

    be reported  in future.

    In conclusing  this note,  this author  sincerely  wishes  to propose to ISSC, to make

a  proposal to  WMO  to add  the ship  speed  and  course  to the items to be punched  on  IBM

card  of  
`Marine

 Meteorological Data'. This will iriake  this `data'

 more  valuable  for us

naval  architects, giving a  good  information on  the behavier of  ships  as  well  as  the environ-

ment.  (In this case,  two  colums  of  puched  card  are  desirable to  be used  to express  the

ship  speed  by knots, expeeting  the appearanee  of  high speed,  higher than  30kt, merehant

vessels  in near  future.)
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