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      A  Proposed Stana'ard of  Stability for Passenger Ship
                                                   '
                                                 '                                                      '                              '                         '
                          (Part I: Smooth ,Water  Area)
                                                         '                                                             '

                                 By  .Mitsuo  Satb; . Kogakushi,-Memb'er.
                                                             t t

                                      Yasubumi  \amanouchi,KKogz kttshi, Member.

                                      S,eizo.Motora, . .. Kogukushi, Mem6ex
                                                           '

                                      Mamofu  Vchida, . 
-Kogalezishi; MeMber

                                                    '                                                    '
                                    1. Intr6duetion                                   s                                      '                                                '                                        '                            '

  . Need  of  a  sgitable  standard  of stability  for ships  has  long. .been recognized.  In view  of  promot-

  ing safety  of  lives an.d vessels  at  sea.  Tlie problem  is, however, rather  cgmplex  and  involves

  
'so

 many  d{thculties, and  it may  be said  that little developme'nt of sigriificance  has'been made"

  in this field in Japan.

   . At  present, in conju.nction  with  the progrtim  to re'vise  various  regulations  under  the new  Ships

  Safety Law, a  drafting board  has boen set up  within  Ministry  of Trasp6rtation,  and  the werk

  
on

 
establishing

 standards  of  sFability  for vaTlous  types and  duties oE  vessels  are  now  bging in

  steady  progress  with  she  cooperation  of  Tokyo  and  Kyttshu  Universities, NipP6n Kaiji Kyokai

  (Japan Maritime Corporation). etc..  As  the  first step,  a  standard  of stability  fdr ships  engaged

  ip tsmooth Water Service has  been  developed{ and  inspections, based  en  this standard  have  been
"'in

 force since  the beginning of  this year.' Th6  authors  intend to describe the basic principles

  and  process  followed in preparing  this standard,  and  would  like to have wider  recognition  and

  criticisrn  on.  our  $cheMe.

,d,T.//.,x:.:ds,gg,,ig･
 ."gt.lll,  

d.e

 ,i:r.gd.ks,`,go,".I.s.e;,;.o..be.,2  ,Rr l:,c ,:n;.･ s,?,,.･";lgg:'1"i, ei,7z";.,::s?pe,                                                             t t

  would  6e neverthajess  of intepest- to 4ple thata  stahdard  hasi be6h established,  in that it may                                                    tt

  at  least. be utilized  as  a measure  to eompare  stabilities  ot different vess'61s., It is strongly  heped

  that, making
 
this

 standard  as  an  initiative, an  improved  criterion  for ghip's stability  may  be

  developed.

                                '

                                g,2. Basic  Principles
                                t t
                                              tt

   As  tfie heelipg 
'lorces,

 wind  pfesstire and.  movem6nt.of  phs's'engeis were  b6fi'i idered, tind.it

 was  aimed  to require  

'the
 ship  to haye  an  initiai stability  which  will  not  allow  the  ship  to h.F)el

 over  and  beyondacertain  iirnitation by  these heeling moments.  / 
'
 
''

   
The

 
follewing

 
basie

 principles were
 
assy.

 
med

 
to
 proceed  

with
 
the

 preparation  of  
-this

 standard  i

   (1) Use  ef  statical stabiiity'f6r  the final criterion.

  
"(21,,.A.s,ih:,2e2X':g.G'.gsL,e".ix.t?e,,w.i:d,.sfe.s,2u.rg.a.2d.;h,t.s.h3f/j,n.g.e[,ea.zs.e,g･:･:r;:,;･:;.:e.con'

   (3) 
Overloading

 
of

 p.assengers in excess
 
of

 permissible  capacity  would,not  be dealt wjth,  as

    .thgre.'are ether  existlng  regulatiops  prQhibiting iY. , . ･
                               ,

   (4) Passengers  of  the capacity  nttmber  were  assumed  to move  within  the  space  allotted  for
     them.  '                                                                               '                              '

   (5) The  maximum  angle  of  inclination was  limited to 80%  of  ttie freeboard, -allowing for
       '
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other.  effec!s  such'as  w.aves.  The  freeboard in the

of  si.de  which  wM,submerge  at  the angle  of heel of

the'ship' iroin incJining tb an  exeessive  angle.

calcttlation  was  also  limited to tfib depth

 2ee, thins preventing  at  the sarne  time

                     g3. Heeling  Moment･ dpe  te Wind  Pressure
                            '                                        '                     '

  When  .consideting the heeling Inornent 6aused by wind  pressure, .let 
us  first assume  the centere

      ttt  t t t
ei  pre$sure  is located at the geometricaS  center  of  the  proje' cted  laterai area  of, porCion of  ship
                                                           '            -t  t t t t                     '
above  Waterlinei as  shown  in Fig. 1. Then  ･the heeling mornent  due to wlnd  p, ressure,  M..  in
                          t.

'ten-m.
 may  be expressed  by  the equatioti  :

                                    1,

  The.restilts

 Fig. 1

      Cp=14teral

       A=projected
       xv=.viind

        hl"ert.ieal･distapce

            sistapce

            of

ineastired values

 are  listed in.Table

         
Mw=EpCDAv2h

         where,  p=  denslty of air, in tons sec!rm4

                 ==1.25 × 10-4 tons sieeilnt4

  air  drag  coeMeient
           tttt  tt t
     lateral area  of  pertion of vessel  atpve  waterline,  in mt

 velocity,  in mlsec  

'

          
'
 between the  center  of  pressttre and  the  centbr  ef  Iateral re-

                                               tt tt
     ef  water,  which  is the  geometrical center  of  projected lateral area

the hull.undgr waterline.  in m.  ,                             t t

 oi CD have been made  available  by  many  .observers.a'nd s'.orne  of  the.
                                                               '
   

'iL･
 ･･' ･. 

'.
 

'
     '                  '       '             tt  tt t                            '        '
            TABLE  1. Values  of  CD

Ship
          .-tfi-t.."   tt / tt t
          i 

'
 London Mariner         '                      ttt

              San Cerardo

              Maur.etanil

              (Propeged)
              lbya . Mdiru
      - Kitami  llfaru

              1fogn#e Mara

               with awnipgs  ,

    
'
 Kbgnne.Uar'u

,. w,ithQu;  awningg

CD.1.14lleo1..

 231.28.LOO1.05'

L15.

O.95

  On  the other  hand,  the  actual  rnagnitude  of  heeling moment  due  to wind  pressure  directlY

measured  by Mr. Okada  and  the results  pubiished  in the paper  (4], reveals  that the center  oi

pressure is located considerably  abbve  the  geometricat  center  of  projected,latera1 area  of  portiQn

of  ship  above  waterline.  If we  now  take,:･'  ,, .                      tt t t tt t t                          '                         t t
     

'
 he =vertical  distan¢ e from  the actual  center,oi  pressure  to the center  of  lateral

            .resistance,  ,

             
h==yertical

 
distance

 
from

 
the

 
center

 
of

 
area

 
A,te

 
the

 
cppter

 
of

 
lateral

 
resistance.

                                                      '
ratio  of  ko te h ha.s been found tq be in the order  exemplified  in Table 2. '

 ,, 
･.

 
･

                                                                         '                                    '            t t ttt                                                       '                             ..
                              

'TAB!E
 2, Ratio Of ho teh                                        '                     t t                                 tt / t

Ship

KognneKbgntie'Maru,Maru,with awning

wltheut  avining

CD

'IL15O. 95

holh

fL1551,23

CD'helh
T#=--

1.3ti.L
 17
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                                                   '                                       '                                                                        '

   Therefore, h may  be used  in lieu of･hc  to simpllfy  the calculations,  provided  that  the  values
             '                 '
 iof CD  should  be  inc;eased to incqrporate the effect  of r,ise in actual  center  of pressure.  . Weigh-                                     '

 ing 
the

 averge  value  of CD.holh s,hown  in Table  
2,

 
and

 
also

 
with

 
reference

 to papers  (1) &  (2].,

 the  value  of  1.25 for CD  was  adopted  for our  purpose.  Therefore :.

             M.=d:78 × 10'`Ahv2 

'(.1)
 .                              '

   
ln passing, Mr.  Kato's Paper shows  the  variation  ef  heeling momg,;}t  due' to 

'wind
 
･pressure

 
･at

          t t t tt
.･different a.ngle ef  heel. In' vlew  Qf far less ihagnitude  ef heeling rpoment due'to.wind pressvre    '

 cornPareq  to that･a'ue'to movement.  of  passepger.s, 
･with.

 the 
'ships

 ehgaged  in Smooth'Water.

 
･Se;vice.

 equation  (1) was  adopted  for'. simplificatiQn,  . .                               t t

   rn the United States, es show'n  in Appendices･II &  [6) ;.III&  (7), ttie 
'steady'

 wind  velocity                                                                  '     '         '
 :ef 37 fuiles per  hour (qr 16.5 in/sec) is adopted  for fully protected areas  such  as  rivers,  harbors,
          t / t t

 
tetc.,

 
and

 
the

 
value

 
of

 
45

 
miles

 per  
hour･(or

 
20.1

 
mlsec)

 
for

 parYially protected 
areas

 such  
as

                                                '
･/.l4lj.es,

 bays, sound.s,  etc., aF  weli  /as fgr' G,reat. Lakes (summgr). It is difi;cul!to d'etermine the

 ¢ lear-cut sFandqrd  for st6ady wind  velocity  for shipsi  

'engaged
 it} Smo6th  Water  Service, but it                                      '                                                              '                                            '

 
･seems,not

 too uhfit  to  assume  the  average  wipd  velocity  of abouV  10.mtsec. In .actuhj cases

 however, it is essential  to take into,consideration the sudden  gugts 6f the order  ef  1.4 times the

..averge 'wind velocity,  and  therefore the standard  wind  velocity  Sf 15mlsiec was  adopted  by the  ,

 thoafd. 
'
 Substituting this value  w'ith  v in equation  (1), we  .have :.

             M.  
=O.O176

 4h, 
',
 (.2)                                                                               '

                         '                                                            t t                       t t

              , g4: HeeIipg Mement  due to Movement  of' P, assengers
   '                         '                     '                               '

  . In 
-.the

 ca,s.e ,of' passenger ships  for Sniooth ,Water Servic'e; Whick carry  on  ,lx)ard  a relat,ively
                                              t tt

 1large number  of  passengers  coinpafedi'to  thg  size' oi  these ships,  heeling .mpnient ,due to 
'move-

                                                 '

 ]ment  of  pasi'gehgers is of  considerable  mag?itude,  but.',littlg useful  iniormatipns on  thig subjecF
':may

 bo ltound. Wheregpon,  quthors･haye decldgd  ;o deterlnine the  heelipg rpoment  due'to..     t t                   t t
MO(rl:allDYi,i:/rg,e"j?1.M.O.".//.M,e.2t.;fp

 ?,;:e.ng2e.'..S, lb.:dihe 
utethod

 
g.escribed

 
below.

 
..
 . 

.,
 ....

                      t tt t t

   Let us  suppose  that q bumber,n  of  passengers'in  the  passenger  ･spages. are  first, distribtited ais
                                              '                                                   '

 
"the

 
density

 r  per unft,floor grela (in personslm2), a?d  then these  passengefs  bavp moved.and

 iformed  the  density  re  (in persons/m2), and  their center  

'ef
 gravity  has  moved  tlre distance d

                                                     '

 (in ?t). 
When,

 as  shown  in Fig. 2, the x-axis  is taken  along  thb  athwartship  direction･, and  y
:axis  aiong･  the lpngitgdinal direction of  the  passenger  sipace in the ship,  within  the  small  strip

 .area dy, the distributed breadth of  passengers  iF2pt･ 
rr,
 5Ster the.passengefs  

'have
 
'move'd,

 and
                                                        '

A  P,roposed Stpndard  of Stability for Passenger  Ship

.rthe:efore it

murnber  of

             ttt

 fallews',that their  '           '
passengeTs  in this'
'  '     t ttt

          ,.. J:

                                 '                 t t

 center  Qf.gravity･  has  rn6ved  the distgnee
             t t
 strip  ls r.2x.dy,  it fttrthe.r follows :
                t tt

x(l-  
.r,
 >r･2th-dy' 

'

x' 1'-/-e>(
v

n

             where  n=nl:2x.dy

          therefore d=2(i-' :') 
;21

"

,fl

  wherelt;Ij:xx ciglf:x  ･du' .is pot hin'g but the 
'athwartkhip

 dis-
                                         '                                         '                                             '
aance  from  the  centerline  Of passenger  space  to  the 

'center

ed

While  t.he

p

ttiiiliEat
  nFig.'2

x'
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of  passenger  space  on  one  side  pf centerline,  namely,  b (in m),  then:
              'tt

            d =2(1-  
rro
 )b          '                                              '

  When  we  take B(in m)'as  the average  athwartship  distance, within  which ttie passengers                                                                    '
are  free to move,  tilie results  of  our  caleulatipns  with  the various  ships  indicate :
                                                                '

            b÷tB
             '

 Therefore d=-12--(1= 
.r,')'3'

 
'(3)-

                    '                   tt  tt t

  The,actuql  gro'uping test of  p`a.gsenger.sk in ti iimited area  demonstrated'that'  t'he inakimtim

y.alue  of' 9 personsl";a  f6r .To mgy  be reached]  qnd Lhe･ value  
･of

 lg persons/m!  is readily  attained

ttnqer  ng.rmal  conditions.  The  investigation col.rd.u6ted  by the authors (Appendix r) also  indicates

that all the passeng'ers may  easi!y  move  frorp. the ce.nterifne  to either  side  ab!east  (re=2r). As

the r-value  of  these  ships  was  3.33 persons/m2, ro  comes  to 6.66 personsrm2. Thetefore, the  re-                                       '                                                      '
yalue  of  7 personslm2  was  confirmed  he;Ne as  teadily attainhble  

under
 
actual

 
circumstances.

,i
 
iX,:.:'fi'

 
.2',.W.:e,

 ;,', 
i:-6t)8･

 
.a;I?l)Cii'li

 
ag.li6t',B....`he,,P.

'r.diXai.g,:

 
,tq.::llO:..

 [:L.:a,? 
b.e,,,lti:.:t:}

 
e.g,b{;L

 
i:::

                t t tt                                                    1'rigorotis.to
 assunie  

'that
 al!  the passengers'  m'ove  at.the  same  time to a  unif6rm  clensity. . ,

   
'
 The  autfiors'  field inv'estigations (Ap-

'

 .<.o

g
,gM･xps5mt

 .･
  

-4

  3.

  2'

  '

  o
        

i
 
'.
 ?T' 

3pe'r-song5!nd.6'

          . Fl'g., ..  'nieasure,

 line B  oi  Fig. 3, pamely,
'

 
.
 d'=t/kil;,)E

 , Let us  now  attemPt  to translate                ./
the  passengers  moVe  from  the
                    '        '
-.

 d==i(1-;,.)g  
.

  By  equating  thls.equation'to (4>, we  have ;
         '

   
'
 

.1',`t(;"i)
 

'
 ' '                '

                                                           '

anEi:1rfei;otsOsiSbateY'pl\ec:9p:.t7:)2goeorrS
 
aCrOelaeenSate

 
tO
 
t?e

 
arithmeticai

 
tnean

 
vg,iue･between

                                             '                                               '

  The  rec6mmendations  by  Arrierican Marine Standards Committee (See ･Appendix
thay  be interpreted to have as$umed  the mQvement  of  all the passengers from  the

                          '

                    pendix  I) ii volv,gd  the experiments  of

r£ )e, nr7  perse.nfhe MOVing
 PaSSengers. 

Whenthe
 distance

-･OE, ts=7personEi"t 
Of

 
PaSSengers'

 
CG

 
movernent

 
is
 
asses.

                    sed  from.the  actual  angle  of  heel int                                       '
 

'
 these  6xperiments, it comes  as  plotted.                    ' i

･
 .'...,  .' g//..F,i.gl,32,g.hO,W,g

'

,",g, 
`.h,e

 ,,].a,i"e.S.',. 
a\O,",g'

v.aiuE7,/.co'"ese,o""`ag

 . 
･l::tde:hC.Yt

 
,M,2,Yh

'

,b,.heipat.t/7,b":e.d,d

'

.t.O
 
.t,h;

                   
''tind

 
'that

 the mevement  .bf pas'sengers,

                    co.urd. not  be acgomp]ished  Vo a upiform

  i ,df.nsity dge ?g yariogs 6bstructio'ns on

  . board. The  authors have, therefore,'

  
3
 .sieen 

fit to adept,.･as,the'  optimum

       '          '                      '         ...  .

  ana  ro =.7  personslm2 ･ . ･ 
'(4)'

                                             '                                '                                   '      tt t

      the paganing of  equption  (4) ln other  words.'  Supposing. thats
  density r  to r',  then:-

 thg origirial

           '    'II

 apd  C6)),.
centerline  to
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either  one  side  of  the centerlinel  (d=b),and U.S: CDast Guard  Regulations  (See Appendix III and

 (7]) to have reduced  it tb d=O.31  b, and  thereiore these  requirements  rnay  be  expressed  by lines

C and  D  rekpectively  in Fig. 3. In both 6ases however, the  maximum  langle of heel is limited

 to one-half  the freeboard  or  7 degrees  whlchever  is less. There aie  alse  shown  in Fig. 3, r-

'values

 of  3.333 persnosfm!  and  2.222 persons/m!, that are  most  frequently  feund  w.ith  the pas-

 senger  ships  for Smooth  Water Service. '

  (2) )ensity of  passengers  before  movement

  When  the passenger  capacity  of  the passenger  space  is denoted by n  persotis, and  the area

 ef  the  space  by  a  (in m.!),  the average  area  per passenger  is aln.  
-Article-

 93 of  our  Sempaku

 Setsubi Kitei CRegulations for the Arrangernents of  Ships) prevides the  vaiues
 
of
 
ain

 
as

 
sliown

in

 
Table

 
3

 
fer

 
the.

 
p{Lssengeii,

 
4SBhi'I:S3f"gMagi#..i."rnSMAO.2ihpW..f

tpe.r.,S,e."gV,iie'

 
.                                                                       t. ma.t-ntt "-                                                                                '                                                            '

cla6s Qf' passenge;

1 st'2nd3

 rd
                            '"-'th'rm,

 3rd.  
'
 '

 .(For the ghips capable  of  cruising  .th'p

  maximum  distance ytithin one.  hour)

space  on  and  ab6ve  uptier･'
D9Ckain,g.S.pda,c.etiIfrB,l.e.diate-

    
t.t/ .  'space'
 under  and

      2nd  Peekbelow

a]it'-(m!fperson)'11?Sletrsobstmb  
').bln

 (in'tperson)I?l:t5rsonsfm2)

,O.85o.

 55'O.45O.30

'
 L176 

'

  1.818

  2. 222

  
･1.'10･

 O.85

  O.55 
'

o.geg1.1761.818

  It appears  therefore  perrbissible to t'ake nla  for

authors  indicate, however.  passengers dQ  net  6ccupy the area  in between  couches

 - TABLE  4. Valueg  of a,  ai and  a2

Ship .

Ll.L

 2L,,

 3L4

-' a(m!)2I3.30156.00

 39.00,

 36.00-

ai(m2)..37.25

 44,OO

 14,.64

 17.12

a"-(mt)74.584&6112.22z12.

 46

passengers  rnay  also  freely rnove  about  When  the

            
･ n

  . r' a-al+as  '

Table 4 lists the, values  of. a,  ai  arid.  a2 of  some

rhe smallest  ships,  but beeomes  smailer  thati q2
that  it is not  necessary  to consider  couches,  tables,

not  constitute  too heavy  a  demand  in general even

 ly, nla. was  adopted  for the  value  of  r with  ordinary
                                        '
..C=  nla)  are･mostly  either  .3,333,or 2.222 persons/

 
'
 (3) The  Inaximum athwartship  distance ef  free

  The  average  athwartship  distance of free passenger  mvvement  with

in ordinary  cases;  equal  to the  average  extreme

Fig. 4. When  there are  such  spaces  as  passage-ways

spaces,  as  shovvn  in Fig. 5, these should  
'be

 included

 outside  spaces  are  narrower  than  4e cm,  qs shown

ing B-, as  beihg impassable  by  passengers.

                                
'2,222

        3,333                    O.45

               . .T

 the valuets  ot rL As th,e 1'nvestigati'ons by  the

                    
'
 

,tables,etc.
 Thus,

  when-.  tlae area  occ"pied  by  thesg obstlyctions
""
 is denoted by  ai Cin m2),  r  then  becornes

 
'n/(a-ai).

 It should  be noted･again  that the

  .area a  in these  Regillations. consists  Qnly  ai                                       '                                '
  the space  fitted.fot the accomodation-of  pas-

  sengers,'and  do  nQt  inelude such  spaces  as

  passage-ways,  stairways,  etc.,  where  the

   area  of  these spaces  totals a2,  then;

ships,  and  indicates that at  is larger thap  ai  for

as  the size  of  the･ship  increases. It follows

   etc:, except  for smallest  ships.  and  it 
"would

  though  r  were  represented  by  n/a.  Eventual-

    ships  in que$tion,  InpidentallY, valuep  of
               '                                 '  - t tt
m".  ' '
                                '

  passenger  movement

                 iri the  passenger  spaces  is,

breadth oi  the  passenger  spaces.  as'sihown  in

      outgiqe'the  proper,passenger-carrying

    to assess  the mean  breadth. When  these

  in Fig. 6, they  are  to be excluded  in obtain-
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B-

fa n  zz' ft'su- rt es pt gs e
                      

ttt

E

&

Bz

e' tt

-B

 Z･

                                                        3
                                                                       '

                                                           e  tso
                                                           Fig. 51

    .wt--onAsverage 
weight

 
of..apassenger.

 
in
 12E Z.g i

   
thed

'"(eitlti,lhto;:e,neS.UtrnofO;ahseseeiA"ggersMiOnMee'//tfi'

 u pg g(4o

'r:cerT-'=

 
:ISit

Tr
 :
t

     passenger-carrying  space.  that  is:
                                                           Fig. 6                  i. t

        ･,'. 4dlo=Znwd
  Therefoge, enterinl  a(4) into ,this equation,  we  have

           
'ijp.,=iwZ(i-'fi)n'ts1,

 (-s,)                                     '           t .                                            '
Asstiming w=o.e6'ten.  re=7'pers6nslm:,  atid  r=  !:  

'
 .

         -. - .t a'

             M.=:o.Oo2142(7-:>/,nJB 
'
 (6)

                                         /                     '                                            .t
                    g,5.' Maximum  Perrnissible Angle  Qf  Hee1
                                                                               '                             t tt

  1ytiaximum atigle ef heel adopted  ･in the Unlt6d States 
'is

 limited to onerhglf  the  freeboard  .or 7

degrees, but te either  wind  pressure Qr  mevement  of  passengers,independent op. each  other,  a.s

queted  
in

 Appendices II &  [6) .; III &  (7). In our  standara,  the heeli,ng moment  was  assumed

as  a  sum  of  the moments  due  to combined  wind  pressure  and  movement  of  passengers,  and  the

maximum  angle  of  heel was  #mite.d to 80%  of  the  freeboaa, making  a  certain  allowance  for wayeg
and  gther effects.  That  is,

j
i

          Fig.7 Fig.,s
        t. I
when,  .. 

'..
 ･. ''

            e=:Max,imum  angle  of heel, in degrees

            B=Beam  of  t･he shipk  in m

           f==Freeboard of  the ship,  in "t

vie may  write.  ' ･'                           '                        '        '              '

          
'

 tan e.F!COi8f)- ='Ll:'i!l'lr

              tt tt           '

Fi･g. 9

(7)
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              CM2;(1..1 Ah+EknB)BflOOLf`t

                f$Bi5.5

                h=O..13'4(7-I･) ,                                  '                        tt                  '                                   '
  where  values  of  k may･be  obtained  from  Table      .t              ,/  , .

  n/a  may  be su.bstituted  by  n/b  grom Table  3.
                                 '                              ''.
 Table  6 illustratgs the results  

'derived
   tt                          '
  ships  using  the formula  (11)L             '                         '

  ed' by  U:S.  Coast Guqrd  Regulations-are.'also
                                t tt
                       TABL'E 6. Calculated

Passenger-ShiP 71
                                                              ij
t tt t t tt
Even  though  the ship  mqy  have. sufucient  freeboard, excessive  angle  of  heel, must  be avoided･.
                                                tt                              t t                                                                                '            '
Therefore, it was  declded to limit t.he'value of  freeboara, .L in the formula to be not  in excess                             '
of  depth of  side  submerslon  at  the angle  of  heel gf 2e degrees..
                   '           '

            fS!B  tan 2o"
               2             t t                                                                           '
         or  fK.Bf5.5 

'
 ･ (8･).                              ttt                                                   '

  The  f;eeb6ard shourd,be  measured  in general  tg the top o.f the upper  ¢
ck

 a,s shown  in                   t t t
Fig. 7, but in such  ¢ ased  as  Fig. 8' where  the side pla'ti'ng' is watgrtight  to a eertain  .level above
                                 t t   '                 '
thg upper  deck,, or  where  there is' an  bpening below  the  upper'deck,,Fig.  9. it should  be measur-

ed･to  the lbwest  edge  6f noti-watertight  portion.
                                t t                                       '

                            g6..'Standar'd 6f Stability
                                                   t t                               tt t                                                                '

  As sta.ted,  the, ships, must  have  an  inital stability  which will not.  allow  the ships  to.hee1 in

excess  of  the limited angl ¢  tinder wind  pressure  and  
'movement

 of  pa,sisetigers. This  is expresL
                                                                         tt tt t            t tt t
sed  by  the  following equation,  where  GM  is the  metacentric  height (in m)  and  d  the 

'displacement

(in tohs)' of  the ship:

            GM.i(M;btMb)idtpne .. . . ,(
 g)

Substittuting equations  (1> 
'and

 (s) int6 above.  it 
'follows

 : .                                         '

       
'

 GMI{O.78 × le-4 Ahv!+twZ(1--  :-) nfi  )ld tane  (10)
                                     t t                           '                                       '     tt t t t t tt

  The.working  fgtmula  is obtained  by introdueing equations  (2), (6), (7) apd  (8) into the above

getieral
 
equatiOn

 
(9):

 !  TABLE  
5;
 ValueS Of 'fa

(11) aln(m'fperison).

-5,.because

          from  the actita
                      '
The  c41eulatpd  results,  .requirt

             shoWn  for 

'

             Results for

Q.30e:45e.55O.85LIO

 ,

-kO.'49O.64O.69O.78O･.

 82 
･

   ttcotnparison.
         '
 Actdal ships,

9hips 
'･MaHt

 ;ial      ttt       ' '

  Ll
  L2
  L3
  L4
  L5L

  L6'
  L7
  L8
  L9
  HlH2H3SlS2S3

'Wooden

   tt･

   tt t'
   tt' 

'

   t.r .

Wooden
 SteelWoqden

  tl

  ltWooden

  ti rG

 Stpel
   ttWooden

L(m) × B(m)× D(,ti)
              '            ''

 27,OOx6.40× 2.40
 24.00 × 5.80 × 2L30
 14.90× 3.90xL･32
 lil.25× 3.72 × 1.46

 14.50× 3.85 × 1.25

 14.50× 3.95X1.33
53.00 × 8.50 × 2.20

 18.2gx4.27xl.s3
 IL28 × 2.76 × 1;37
 12.42 × 2.83xL27

 ILOOx2.70xL30
 11.0Qx2.s8 × 1.o6'21.34X5.49

× 2.44
23.00x5.80 × 2.50

 l8i13 × 4s49X'L67

d<m)

1.831.80･O.･87O.'90O.87

Q.861;s8L26'O.89Le8O.･53O,

 42･1.90･2:07O.96

P  assen,.        '   '
 
'ger

 .
Cap'acity

    705     '
    520
    1.30
    

'120

    160157957131

 51
 37.

 34
   29
  195
  322
  170

d(tbns)

153. 65,'127.07

 23.69
 19.21'･25･.90

 21.84-346.0e

 51.77
  9. 15
 18.39

 . 6.85
  6.13
 93.88.164.

 03
 41.04

ActualGM(m)O:710O.4101.030O.A6Q1.6671.7462.

 6oeO.
 580Q.717O.361o.

 47e'L'161O.

 630O.
 61･Oo.
 s2e

Required
GM(rk)

¢ rl. 144srO.870

  O,594ltrO.
 S54

  O.674     '  '      Lt  '
  O.734
  1.789
  O.288
  O.462
  O.226'

  O. 363･
  O.300
  O..447tfo.

 7e6･
 o.4se

G-Mrequir-
･ ed  by
U.S.C.G.(m>

lttl.210ltlO.945

  O.753ltlO.756'

  Oi850

  1.009
  1.273
  O.'366
  O. 576
  O.171

  O.381.
 O.323
  O.420rkO.

 679
  e. 634

Note:  11r'showsrequiredGM  la'rger thanacttialGma
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 '

                              g7. Additionql  Notes

 There  gre some  features to be born.in'mind ,when using  this standarC  above  outlined.  They  are:

  (1) The'  standard  assumes  that  the  stability  curve  forrns asine  cutve,  as  may  be seen  from

   equation  (9). This  is justifled on  account  of  the limitation of  the maximum  angle  to about

   167 (which is 80%  of  the freeboard  corresponding  to' the  inclination of  2eO), a4d  also  be-                                                                    '
   cause  the maximum  GZ's of  the  rnajority  of  ships  are  found  betweein 20 and  2s  degrees  of

   g lk gl.E fts:".m,p:gn, 
･,,IIg::

 ?(ll:.",･x
'

s 
`.he
 ;i:Ie s,tw.ay:,z",:e,. 

",f//;.s'd,e.:o:,thg･fi:}g`l:,ix

   pronounced fiare or  tumble-home,  and  those  with  bulge, etc.,  it is necessary  of  course  te

   derive and  use  the actual  GZ.

  <2) Passerigers were  supppsed'  to be of capaciVy･number  ahd  to  move  o4  
'athwartship

 diree-'

  
'tiQn

 on  a predetermined  level. If the  passngers  were  to move  on  to higher  decks, for ex-

   ampl6,,GM'would  be reduced,  and  the sbips  passable  under  this requirement  Inighr not

  
'
 necessarily  tcma･in 

'safe.

  (3) The  ships  were  supposed  to carry  capacitynumberofpassengers.  By  substituting  n=ra

  ･ into'equatlQn' (s).                   '                                '

       
'

 1 Mp=liwEr(i-  
.r,)a7                                                   tt           t tt

  The' heeling moment  due to movement  of  passengers  varies  along  a  parabala, as  shownin  Fig.

  -  10. reaching  toamaximiim  at  r=:  Sel'. Thg･  value  of  ro

･/.?/
 . .. , was

 
taken'7

 personslmri  atid  
as

 
seen

 
from･table

 
3,
 
-never

'i'ttr 

'

  SLI

         '

    o

    ttt

tude. This  eonditioh,

rnissible,  and  ,fur,thermore
tion of  the  only

  In the foregoing,
ing .the 

'standard,
 .

･' (1) The  sthndarct  of

. . against  the

abeam  

'the
 ship,

. , (2) Heeling  moment  due  to movement  of  passengers  is far greatet  than  that  due to

1 (3) rhg athWartshlp

   density  6f passengerg,
  As  admitted

fectt and  contains

scope  of  Smogth

of  waves  are

that everi  the

cluding  a  solution

ard  of  stability

  
'l
 .' 

'
 

.

'

 
'i.eS,C,h,ZS;O,.

'

.'Oil,,T,h,e,Ilff2r.:',i2",Olll.kZLg.',::gilltr,il7.9
 
M.,e.S.;,h.e.

STS . 
'
 

･-r5
 ,on  th6  contrary.  M.  is of  course'  greater when  c'arrying

Fig. lo . Iess passebgers,  but is tstill far smaller  than  Mp  in magrii-
                                   '
       ,however, gives greater  free.boqrd, and  thence  greater angle  of  heel per=

           increased GM  in ordinary  vessels.  For these reasops"he  considera-

  
'case

 when  carrying  a  total  of  eapacity  passengers  is justifiable.
                        '                                      '                       '
                      8., Conclusions                     g .
                   '            '

   wahiUcth?Oi iltl7.abVee saut 
elmM,

 ,aPrtlzde30ag.e;oCiiiLbi silie  
pripcipies

 
and

 ?f.ocedufef 
in

 
prep?r.

                                                           '

         stability  was  selected  se  that a  sqfe  initi4i stability･  would  be' maintqingd

  average  wind  velocity  of about  10 m/sec  (steady wind  velocity  of  15 mlsee)'                                                                   ttt                                                               .
  and  under  the  movement  of  passengers'normally  incidenta1.

         MO;edM.n,t,Zf.,CC,..ei.P,a:,fie,".//eJ,P.::;e,PLe,tr:.:;ld:.c:
'

/1,gi2gYo'::eP'8.:iZ':':i             '                           t t
 in tEe introduetion of  this paper, this  standard  may  hardly  be asserted  as  per-

    rnany  Prbblems yet  to be splved..  

'For
 lp,stancet there are  some  places ih the'

   
Water

 
Area,

 
where

 
the

 
effect

 
of

 wayes  cannot  be neglect$d.  But  the  patterns

so  various  and  complex  at  the differept places in the  same  Smooth  W, ater  Ar.ea,

attempt  to determlne  standard  wave  profile presents  avery  diMcult problem.  In.

    of  this important  problein, it is st;.ongly  hoped  that  a  more  reasonable  stand-

 wlll  be developed in the future. '
 

'
                                               '
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                                                  '
APPENDIX  V  REPORT･OF  ･'WVVCESTIGATIOtgS ON  ST.ABIL.ITY OF  SHIms                                            t ttt                                         t t

                     ON  
"
 ASHFNO-KO  

"
 AND.`f BiVVrA-KQ  

"
 LAKES

                                                            '                                       '

  The  authors  have  conducted  investigations on  $tability  of  crnising  
ivessels

 on  
`f.Ashi-no-Ko"

and  
"Biwa-Ko"

 lakes. There  were  not  rnan\  touristp, and  F,herefore few  full-load conditions

available  at,the  time  ef  these investigatiens. Besides, passengers  did not  come  out  to weather

decks.due to the.unfavourable  weather.  With  these disadvantages, the objects,  as  previously  ex-

pected,. were  pot fully attqined.  / Many  groups  of  higher-anq  rnigdlerscheol  students  on  excursion'

were  available.  on  ttie ot4er  hand,. and  they  were  willing  to cooperate.with our  experiments  on

the movqment  of  passengers.
'
 The  tests conducted  were  ef  the nature  1.isted in Table  7.. .

                      
aTAritE

 7., Vesselq･tested, and  types  of test
   ' 'r'Place'

shib･No.  ofpassengers

335higher-school
s'tgdents

Dhte Type  of  test

4 June 53c6ntinuottsrecording'of
 angle  of  hee1

            ･ (l st)

1-.  . nT...'

.ll tttt

L2T
-tTT'

 
320,

 
igri.ddd,le.-,s.choo].,

 
.･

5 June'i53 i1･Ineliningexperiment
tt･Rolling.e4peritnept

.t

             '

             l
             I.
".Ashi-nQ-Ko"

/LITj/.'1iI

tr1･:I･1

'53
 1'   '

,:Zn,l.ur2:,I
 
';,El

 I//l.Z,Of 9pg'g lf,kes,i
.' Rolling exPeriment･,  

'
 

'

  Passenger  movemetit  test, antl

turning
 

'test
 were  also  mader  ･

  i'

L3

, 4 Juhe'

`

       t. .      t/t
 143 higher-School

..students 
(i.irls)

             -.L..-v

";Tr
    '
  ･ rt.  tt

1Inclining

      '
'experl'ine'nt

I.'1Rollingexperirpent

'

 t･

･L5

tt11

ul.rt1[I･
 j

 
'i''-l,

:Dff/f.l":.
",,",lh:.,kt,'

//iilll'..r/",'i,li:gi:.ia.:g,i;,,

O..f

.Ze;,l                        t.        '          t -                    '     'Incliningexperiment

;'

"  Biwti-Ko  "  /'L'7'

/ ･

.t
 iOO.i:Ii.dddte.",S.Ch6bl

 ttt  t           '
..i. . ., T;

Lr/589

 general
passengers

rt Rpllingexperiment

5  June 53'/1･lll
Continuods recording  of angle
During'this  reCotding,  

'

  
Turning

 
test

 
was

 
also

 made.6f

 heel
   tt

3.N.ov. 53

ft

t t ttt
Rolling'experiment
  t tt t
Continuous reeordingDl  angle  of  

''

During  this  rebording,  
'

  Turning  test  
-was

 also  made.heel

 
'

                                                 1              l                                      t l                                                        '                                                               '

  For the continuous,recording  of  angle  of  hepl, rolling  recorder  of  U-tnbe type  was  used  en

"Ashimo'-Ko"

 and  that  of  pendu!urn  type on  yrpiwh-ko:'' 
'

      '          '

      Ship  L  2
                                   '                                                '                                                            '

ca7cruOi
 ltetdheanrdeSaUrigSsOhfoennCil.nninTga:rePesr.iMe?t' 

.diSpiacement,
 
CA41..

 
efc-

 
under

 
each

 
eonditiofi

 
were

         tt

  Cl) Normal  angle  of heel and.ho'rmal  movemeht  of passengers .                                                        '

  As  indiicated by .the continuous  record  of  angle  of  hegl,･･Fig. 11. the ship  heels to  pert a.n, d

starboard  following the  guide's explanations,  and  altso when  a  pleasure  bdat  comes  close  apd
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attracts passengers'6n  one

va nd en k  ss rt ft $  95 e

SideT'ABALEMsftXiil):}Mu:[lllZlre
 
eOafeLt'"c

 
nadSi:eo/r,iStered

 
when

 
the
 
pleasure

 
boaF

    '
      '
Passenger

355 
'higher-school

 s'utdents  (55kglhead)'

.LltlEiStEi?mUted:.2tvesOsO.".p.rpopm.,enda,d,ekdeck
                            /

                             '               t/

320 middle-sehoo1  students  (50Kglhead)

  6istributed: 9s on  prgmenade  deck  i
              225 on  upper  deck  , .'
                   '
                       , [
                                  :                       tt

Experirnent

Inelining

Rolling
-1-･----･-･/--･-----･･                     '                '
'Continuous

 recording･of

 angle  
of

 hell Clst) ..
                 -LL ".

 Continuotts recording  of

engl: 
of
 
heel

 
(2nf)

 
.

'RollingPassenger

 movement

M(t･)･GM(m)

 ･98.77 1.069 .

'1.
 

'u
 r

115. 77

Turning 1

114. 83

e. s7o

O. 740

KG(m)'2.

 ?oG

2. 560

t..
 .
      tt/

       '

  2.410

                                                   '

ibpeafed on  the $tarlSoard  side.  Heelipg inoment･  of  5.73 t-m''is required  to heel the ship  to this,

ungle, and  this moment  would  have eaused  the ship  urrder  full load condition  (d=127.07t) to･

l.i'

gzX,e:
n

},[:
M

g.:.g,L/il.es
MrgoX

'

iljia:,I
S

i:,:.i
'

g
S

g,
a

i;:,si･:.ill,/;
t

iZ
n

,

'

.1

0

I,ii,
O

S.
n

g,.
W

.:

e

,:,Z

"

.a

'

.:,

'2

1
7

.,II

t

l?chi
ngeiE, t

e,
e

.1[:l

i

l;ti,
d

i.:LV/lll
';,e;,

Therefore,  
'
 =O.893.  or  ro==1.12 r.  Further,  athwprtship  rnovement  of  CG  of  pasgengers=e.30in.                         '

           re -･                                                                                     '                                              '
== {iiol.''Afsuming that only  .the passenger,  who  spotted  the pleasure boat, moved,  apd  thati

th:;)wepraess2eb.Og:;t7r;:o//se:nio:tu:.bpeer;i;ele--nl･23r,.,

 .
                                       '
   

-.''The
 relsults  of  thig,experiment  i$ shbwn  in Fig. 1-2.

    <a) Movernent  only  within  promegade-deck  hguge -,

      Ne.  of  passengers  moved  : 95. Moved  to starboard  side  on  centerline.  Registered e=1.4e'
                   t. /tt ttrrT

 
',
 . .EstimF,ted heeling moment=95xO.050xJ2

          -.

      WhepB ±=Breadth  of the deck. .hduse. or  4m,  e=39'  ..

     . WRen'B=Pm}  i.e., bench  spaces  do not  admit  passefigers. e=2.2se

    (b) Movement-only･Within  upper  deck  house  . , , ,

      No. of  passengers  rnoved:  225. Moved  to startlg.grd  side  on  centerline.  Re-gistered e=6"

     . Estimated  heeling moment=:225xO.050 × -B4-,

      Whenj ±
･3 in, e=6o;  

･

  (3) Turingexperiment  ,. ,

  
-
 The  results  are  shown  iri Eig. 12. 

'

      AtS- ahead  and  100 helm,  registered  e=2.3e  ,

     7Mh:li2e7E:IVta)iea.nstmhu9 :nags:rnOinent 
wouid

 
have

 
heeied

 
the

 
ship

 
under

 
ioad,conditiox}-

     When  CM=:O.4!O"m,  or  passeng'ers at  proper  position, e=3.7P  , ･

     Wheti  GM=O.297m,  or  all passengers  en  promenqde  deck, ez5.10
                               '

                                                                          NII-Electronic  Mbrary  
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      '

     Next,, at･S  ahead'and-20e  helm, registered  ev3.se  .

 The  equivakent  morFtent  would  have  caused  tbe ship  under  load cQndition  (d=127.07 t) and  with:
                                                                  '
            CM--O.410m,  to heel e=s.7  or  ･ CM=  O.297m,  to hee1 e-nyse

  (4) gRolling  experiment  

'
 .    '

   (a) During  inclining.experiment,.  .

       . .GM-i.e6gm,.  T=4.g  s6c.  k; i･6b'm= 
2g37

   (b) .Ouring the,first  trip'(Fig. 11). ･
 

'

     T  was  not  meastired,  but frQm Fig. 11.
             .t t

    . , 
,GM=o.s7pm,  Tg7.4  sec, K=  2+7Sm=  2i.6o

    (c)'.During the 2nd  trip (Fig. 12) 
'
 -

                                                B
             GM=O.740m,  7=6.0see,'K=  2.53m=
                                               2. 37           '         '

     . Ship L･3

  From  the  fesults of inclining experiment,  displacement. CM  etc. uader'each  conditioft  were

caicuiated

 
and

 
given

 
in'TabieT9A'

 BLE  g. ati'under ea6h'L'onditi6'n  
''' ' ' 

'
 i''

           
.
 I･                                        '                                                                            '

           ,Pqssenger .' . 
Experiment 

-
 . 

'CM(m).'
 KG<m)

       
N'r･

 ]･.･ 
r-

 

'rnc!inffg
 

"
 '"'                                                         '

                -L･  
-
 

-･-
 .----m"-.-.m  

･2.,210
 

'1.610

                                
-
 Rolling

                                                         '

....,g,111,

3

..//:l.

e(iii C

s
h

un

g,
oo/.h'e,galil,trS

.

t

.

"

.

d

,

e

.."t,

"

..,k

-

/i/
'

.l'?,

'"

.OU,

fO

,

"

}
Slteii.CO

.

'

,

d

ill.
O`

 
'/,ii,,

 
'i.,"L･'

   , . 
･

 
42

 
on

 
upper

 
deck,

 ,'.'i'urnm･ng'/ 
･
 . 

r
 

'1,''
 I

 Continttogs recerd  of  angle  oC  heel.is.shown bSr.Fig. 13. 
'
 

'

  (1) 
'Normal

 angle  of  heet

  
'
 Normal  arig'le  of  heel is very  small.  This  can  abparently be accredited  to the  phip's char-

 acteristics  giving  a  good  comrmnd'  of  view  from  the promemade  deek  and  also  having  a  rela-

 tively high' GML                    '

  (2) Ptissenger movent'experiment.(only  6n promenade  deck)  ･

   
(a3istWtrheednet=h:.PaSSengerS

 
On

 
One

 
side

 
of

 
centerline

 fnoved 
to
 
.centerline

 
pagsage.way,

 
re+

       
'
 Since t'=4.12 personsfmX,  and  ili=5.75  petisonslnt2==1.39r

            ･- ･ .                                                      '
         

･
 B=3.00m  giyes .e=4.59 

･
 

･,
 .

     whlc.h  is in excess  of  the obseryed  valp, e. This is' aecredited  to ttie'fact that the  density

     was  not  uniforrn,  but  wasihigher  adjacent  to the centerline.  .- ･ .

   (b) When.the  passengers  moved  lrom  the centerline  to starboard  side  of  centerline,

     registered'e=4so  ..  . .                     '       t tt

         Singe  r=  4. 12 persorisim2, and  ro 
--8.

 24' personsltn. !L2.0r

             `

    ,' 
'5=:3.00m

 gives e=se･  ,
                           --･ .-"
   . CE'o'give actual  e==50,  B  must,  be B==(3.00-1.1)m

  (3) Turning  experlrnent  
'

 
'
 .,

     At  full ahead  and  30e tielm, registered,e=7.go

g(t).
16.15/.

2e.O14

'
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  (4) Rolling

       '

      Ship' L
     '

  The  results

conditipn.

                ts rc ut k  th rt ee ce 95 }

 experiment'  ., .
                                 B
GM=2.21o..,  T=2.5sgC,K==1:85M=  i.22+
 ･5.

of  inclining experiment  give the following vaines  of  displacement,

                              '

             TABLE  10. GM  under  each  cotidition

                           ExperimentPassenger

GM  
'etc.

 for eac'h

rr'r

leoahMlggie.'S,Cil;6og,i.s.t)udents',

in passengers' lgpnge

Iticlining
F'

 RollingContinuous

 reco)ding  of'

angle 
of

 
he.e.

 I

d(t)

i9.30

24.30

GM(m)

2. 500

1.871

   ' 
,Tvrnlng,

 .. .,    t･,

 Contitteous recerd.of  aligie  of  hef1 ttl.ts obtained,  but the  angles  were  very  small.

and  fog confined  the passengers  within  the lounge.

  (1) Turningexperiment  , ･

      At  full atiead'and  35" helm, register6d e=4`

  (2) 
Rolling

 
exberiMent

 
B.

       . cM=
 
2..soom,

 
T=2･6sec,

 
K==2･05m==-iigs"

                                                '
      Ship L'7 .     '                                             '                           t t

  The  values  of  displacement. CMete.  under  each  condition  were  Falculated as  shown
                             '

                         T4.BLE  11.' GM  urfder  each2,tcendition  . ･...
                                                           '

 .. ... . .. t

  KC(m)
1

    tt1.190

L1.
 269

      '

?assenger' .

   '
     .t
CM(m)

as  the'rain

in Table 1･1.

        '

.5g9 general passengers  ,'

   (52.6,Kg/person)

Ekperiinent  '    t..

Rolling         '.utt tt
 Continttous

:./angl.e  
of

 recording  of

.heel

Turp.lng.

n(t)'315.

 00

346. eO

.?. 63.0

2.6bo '

1kC(rk>

 
'

3.310

3,360'

                                                                         1.

  (1) Continuous  reeording  of angle  of heel and  turning experiment

  (2) 
TRhoiZiSnhgiPexhpaedriameVneiY

 
i,?rg9...

 
GM'

 
and

 
sttmcient

 
stabilify.

            cM=2.63om,  T, ys,2sec, Ktt4:2o  mi'i'iLttF6Tt

                                     '

                                    '

  . ･ ,. Cgnglusions･

iisl 
ehdebigi"oewSt,ig9tiOnS

 
reVeaied

 
rnanx

 
features,

 
uFrecogni{ed

 
in
 
the

 
past,

 
and

 
sgm6

 ff, which  
are

                        '

  (1) Angle  of  heel aue to  rnovement  of  passeng6rs  is greater when  a  noeel  thing  appears  on

   a  side  of  ship  than  while  passengers  coming  en  or  off board.  Whencoming  on  board, even

   with  a  rush,  passengers  usually  
'run.to

 the  other  side  and  when  !eaving, passengers  on

   promenade  deck  converge  to foreward and  after  stair-ways  and  only  those on  upper  deck  
'

  
'
 shift  to one  side. Thus,  the angle'of  h6el is not. so  large in both  cqge's.                     '              t t

 <2) Angle of  heel while  turning  is sometimes  too important to'be  neglected.  Even  though
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A prop6sedStatidardot Stability ior P4ssengerShip
                          '      '

    turning  ,while under  w'ay  full ahead  is n6t  imaginable, except  when  eneonntering

    ship  in a  dense  feg, and  turR.ing alone  phould 
not

 
cause

 dxcessive heel.

    speed  when  neaijng  to p'ier may  sometimes vegister  an, appreciable  heel.                                                                '
    when  arriving  at pier, comblned  con'centration  of  passengers  to･ one  side
                         '

    give riSe.  to large'angle pf heel. ..     t tt t t

  (3) When  passengers  move,  it is safe  to assurne  that they  do not  corne
                                                               ttt

    
CTOh"iCsh;6'i:2,dhaSsOiggtS.al.reel.ei:.I:ldi..dThi:regf40r.ef'tthh?sepffaepett..ofeouchesmustbe.taken

  .(4) The  ra'tfo  ef depeities beforg. and  aftet  the.pas'sengeil mgvement  was,

    ditions, in thq  6rdef ef  : ,ro･!ll.I2r for ship  L2,' Unqer  intentional conditions,
                                     '

    the inov6nient  .frorb eenteriin'e  pQ one  side  of  centerline,  is fully possiible.

  (5)" Wljep passengers  move  tQ one  side  under  nom.al  conqitions,  the existence

    does  not  

'i
 ecessarily  separate  the movement  in and  out  of  

.the
 housie.

                                          '

                                    elig.  IL
                                          '                                                '

       tire.t centinuegs  record  Qf  
angXe

 
of

 
･beel

 {e.r 
Shlp

 
L2.

 ..., .

   i l i X ･

ass,     .tst=.
  

it

 

              ,77

         the other

  turning at  ,a slow'

    This is to say,

  atid  
'turning

 may

              tt
into the area  ivherg
      into account.

               '             '

 under  normal  con-･'
          '
        re=2r,  or

    ol  deck  hou$e

s

,di

'
 'ttartef

 :ha';: asbore

rd.el'"ie'

F rt  Btde

5

e

.

o'.2se
-6

 
'
 

''E]g
 /2

            '      '

sec'6nd  Qenti=uou"  recera  o ±
- cn;le  of  hLer  for

    O.nte: 5 J'e:e' 19SJ'  i  50･to 1･O."'  ?. ,:

7

Stup  L'S.-

c;oliqy

6'.qag

qreve

utt mm..

          '
   C'on'-'inued frorn
     'turning

 experim.e･nt

et
 

it
 ebead  .

eoOve' / t
             

tt
 k}t/ s'SenE'eT.  at  l.,r .e. .r `vghln
   

･ ･1･  '

,
    ''
  'meve=ent

     '.
 /, L,
     '
  'pxoeru:e.nt

   '
    f

:at?easuregfi: IJ persons

"'pa ,h  bu

5R'sitI,,,Ti

   ,

s
"

,iitr

"

(
   ig-.ek'to"'
 l,,i,･/{rp,e.,i･-/'i,.
 helri     '
"-rt  ;Cb  helr,
  

･2]
 
'74

 25

i

  l, [.:'i.`. Iii
`

neTma.

'l
 t･p:,e=  stertea,  snly

       ,

u,.-;.inLa;.' Ln'i tbose'  
on

t:.overier,t  ,:ooeT deck  to

upper
 
[,-it.

 
st.erbeud.

 he'!

   
'
 c/istriis'dtioh       -

sterboere  oven  
･
 .

   Ihose
 

el
 prectenade

   t'p'essengeTs･ stari'eE

    
'gettjng.off'

 fre'm'
    sttirboaTd  side  ･

jS-  Se  75 jb 31

'tsirst

 
ves'4'el.;ers       ttt

ef  next  .:tio
ste:ted  bonrd ±ng

         '
Last paBsengers'left

t-o2i'21 ?e?7  ?fi'?q'  3o 3is? 1'nte ih' M/'n.
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 78 ve ma utksu-ee  eg 95g
                                                                                       '                                        '

   (6) Heeling moment  
due

 
to

 
movement

 of passengers  may  be,censidered statical, expcet  in

     extraordinary  cases.  
･
 .,. ,.  ,.  

'

   <7) RolJing experimept  can  be accotriplished  ･mor6 effectivelY'by'  bringing the ship  alongside

     a  pier and  giving  a  seesaw  by'the rail, than  the ordinary  method  of  mbving  wp, ights bn' board'.

   <8) This  sert;of  experiments  and  recordings  of  angle  ef  heel when  underway  should  be  con-
                                  t t/ /t
     ducted  several  more  times] 'preferably under  fuli load cenditions,  to obtain  data undpr  more

     severe  circ,umstances.  
-

                                       Hg. t3

         CsitrsuevB  reeerd  of  anigle  ef  bLeel for Ship,Ls.

           
6

'S
 

,s.  

  
eO  

1;t g.
                                        rhile  Cull
                                        

･ehefid
 g:P;i:::::d:nd:glemept 

o;
 
p.essengere

'//'e
 

tllhi

 
'i'4''i

 
f

 
b

 
'7

 
e

 
q

 
Je

 
U'"

 
ti

 
i･j

 
''t4

 
･'t5
 

i6

 
i7

 1El!iewlzztit2io
 -stdi//r.,p

ted.

 ;v:ning  te  port  Elde

:2t .'2?. 

'ij
 .?g ?f 26.  27  

',re'
 2ql ?O "n'ntelln. Mm

      tt               - t          tt                    tt        t t                                              '                                               t t

    
'APPE?ifP.IX..I%SMTEARBrcLAINTYMAnXDmLEOsATPAMNS40RFDSsrggeMh7TNmALE)REpORToFTHE

               '                                                      '

  rr'he Arnerican  Marine  Standards Committee recommended  the following standard  of  stabMty:

  +(1).
 Group.s of vgssels･  . .

'
 Group  I.-6cean  and  coastwise.  Group  II.-Pai3Lially protected waters.  Group  III.-Smooth

      and  protected waters.  

'

  il(2),  
'MinimuM

 initial sitability .                                                                 '                                      '                       '

    The  minimum  initial stability  when  operatin.g,  is given  by three formulaet ･
 ,.

    For'mula 1-lp. all groups  the heel is lirpited td thqt  whiclt  will imme;se not  rriore tP,an one-

  half of the freeboard  anpl a  maximttm  of 7e when  the vessel  is subjected  to a  steady  beam  wina  

''

  tof  abottt  55 rniles  per hour  for Group  I, 45 miles  per  hour  for Group Il, and137  miles  peih(nir

  ,for  Grogp  lll, 
,
 ,',

                                       
tt

    Formula 2-In  all groupp  ?he,heel is limiteq .to that'which  will  irntnerse n6t  more  than  one-  
-

  
'half

 of the freeboard and  a ma.ximum  of  79 When passengers crowd  to one  side. 
'

    Formula  3-rn  all  groups  the  heel is limited to  that  which  will  immerse  not  more  than  one-

  1'half th6 freedboard with  limit of  7e vyhen anY  two  adjacent  compartments  en  one  slde  of  the

  :3e)SSek.aqr.ei//Sd, 
9".Mi:.

 2..f.iO.'dgtt 
ue

 
to

 
damgge.

 .,. 
.
 ,. ..

 ,

   . 
The  minimum  initial stability  when  operating  shall'  be the maximum  CM  as  given  by the

tfollowing
 
formulas;

 ,. ,.
L
 (a) Gl(=CAhBlztn-･-･;1' must  not  be greater'1 than  either  O.246Por.  4 Cf.--1). .
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  CMntO.O05MB/`if:i･･-if must  not  be greater  tha'ti either  O.123 B, 2 Cf.-1), or  2Cfle7!).

. CM==(Bwd-ltfi)Zr(u4'÷ w)･J･･zl must  not  be greater Shan either  O.123 Bor  2 Cf;v71):
the foregoing formulas  the  symbols  have  the fol!owipg signifieance  :

   GM==  Metacentric height in feet.
                  '

    ,B= Moided' beam  ln feet.

    h  =Shell-opening  freeboard in feet

    
'
 A=Expesed  Iongitudina] area,  in square  feet above  waterline  on  which  the wind  may                       '                              '

       ,
 act  in the upright  position. . . ,

    M=Sum  of  the moments  about  the centerline  of  thg vessel,  in feet3, of the
 
total

 
net

          passepger-deck,a'reas Qn one  side  of  the ve. ssel.  

'
 , ./ . .

     d=Distance in feet from the  vessel's  centerline  to  the  center  of gravity  of the com-

     . partmepts.

   . .d-' 
Displacerient'ih long tons;.

    .Ae=Weather-deck  freeboard  in feet.
    t t

    o･ooso+  26o, 6Lo'o,6oo for Gr'olip' I.
                                     '         '
            

'
 ･ Lt

                         for Group  II.c==  O.O033+
,
 . .2.eQ,poo,eoo , 

-,
ttt t         t t

    P･OO,2,5+` 
2eo

 oLie oo6' 
for'Group  III.1.

               tr                                                     '
hevertical  distance in feet from center  of A  to one-half  the dr'aft.
                              t tt
w  =Capacity  in eubic  feet to waterline  of  at  least two  ad//acent  compartments.

u=35
 
fer

 ,salt 
water,  

35.9
 
for

 
fresh

 
w{.ter.

L!Length  in' fpet on'  "raterlinp. . .' 
'

i=Transeverse  moment  of' inertia of the compartments,  ip feet4, at  the level of'  water-                                               '                                         t --
     line about  an  axis  passihg th;ough  the center  o £

'gravity
 of  the- free surface  and

     parallel to the vessel's  centefline.  ,                t .

     ,..
III･RCLLIIISti11:DIEDREsG;CIli(lillrZNoSAt".TRcuP>nlRSSDE)WGF4.VESSELS

    . Regulati,ons appears,  to be the.modificatlon  of  ,the Final Report  of  the  American

     crifeOrMiaMiltee'
 
ana

 
theY

 
giVe

 
the

 
Minimurn

 
GM'

 
by
 fhe f?ilowing forrnulae.

                                           t t

     minirpttm  rpetacentri.c. h'.eight,.<GM) in' teet tit any'  particular draft is obtained
                   '

    .

 
formu!a:

       =,RAh/4tane  ,.

           ,petween perpendiculars  in feet.             '

    Projec.ted 
'
 laterFl ,area in square  feet gf pgrtion of  vessel'  above  waterline.  .

    Vertical distance in teet from  center  of  A  to centet  of  unde.rwater  Iatera! area  or

          APPmoIX-

       '    '

 . The  U.S,C.G

tt rine  Standatds
'
 (1) Weather
 . The, required          '
/from  the follpwing

              GM            '          tt
   where  : L 

--
 Length

          '       '
           A==              '
           h･=

           . approximafely  one-hali  draft point.,. ,
           d=Displacement  in long  tons.. .

           P==O･-O050+(  14,I.oo )StonsLfl2 for ocean  and  coastwise  service.

            =6;e933'+(  
'14,{ioo

 )2tonsLfi2 for partially prQtected waters  such  as  lakes.
                  tt t                                                  '

                sounds,  and  Great  Lakes, (smmmer'service).                       '                                                                         '

            =O･  O025+  T4iSoo )2tonsM: fer protected  waters  such  as  rivers,  harbors,                     (

bays, and

etc.

NII-Electronic  Mbrary  
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so ta toaft  im ]k ee- ag 95 e･ ･
                                                                            '

          e=Angle  of  hee! to one-half  the freeboard  to the deck  edge  er  14 degrees whichever

  ,,, .,,,,.,3,Zi.

e

i.:l:,:
(7oO'onVee-ISfiiS

 t2a.li7g. 6.g`,SCX･ 
n.'esg"g.,;.rza,;he.'.::E.k,?,r

 
apno

f
-

. 
ai

 
sheer,

  The  r'equired  minimu!n  metacentric  height(Gvain  feet is obtained  from  the following formula :

            CM=  Nx  b/24d tan  e

  where:  , ,
              '
         IV=Number  oi  pasgenger$.

         d=Displacemen･t  in ･long tops. .                                 '

          e=Angle  of heel to deck  edge  or  14.degrees, whichever  is less. ･-

          b= Distance  in feet from  tEe vessel's  centerline  to the geprnetrical center  of  the  pas-

              senger  deck area  on  one  side  of  centerline.

                                     '                                           '                                  '
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