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i
 . INTRoDucTioN. TraMc capacity  is the capability  ofa  waterway  to deal

with  the traMc  and  when  the traMc  yolume  exceeds  this limit traMc  flow
stops,  as is often  experienced  on  congested  roads.

  According to the  U.S. Government  Hlshwgy Capacnj MlanuaJ the
capacity  of  a  highway with  four or  more  lanes and  free from conditions
hindering .smooth  traMc  flow has a maximum  value  of  ny Yk,in per lane,
wbe.re  V is the speed  of  a group of  vehicles  and  Yini. is the  average

                  of  cars.  Since l'thi. is a  function of  V and  increasesmlnlmum  separation

rapidly  and  continuously  with  speed,  there is a  maximum  value  fbr
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a
 one-way  channel  and  under  ordinary  navigating  conditions  for

vessels  of  almost  the  same  size,  L, and  speed,  V, we  may  write  the basic
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TABLE I. CApAcmEs  oF  TRANspORTATIoN  FAclLrTIES

vOL.  24.

Facility Vehicle Speed(kmth)HourlycapacityPassengers

perhour

One  lane of  highway
One  line of  express  railway

New  Tokaido steam  line
Air route  <reeo ft. alt.)
Promenade (4 m.)

PasSenger car
electric  train

electric  train

jet plane
pedestrian

 se 24oo  vehicles

 So  3e trams
           t
 2oe  :2 trams

iooo  6 planes
  3 2e,oeo

       passengers

 g 6ooroo)eee

 Il)eee

 I 2oe

 2oJeee

CaPaCity,  Cb.,(L,y>, as }Vb ,...  V, where  L is tihe length between perpendi-
                                                   density.                               and  p... the maximumculars,  W  the width  of  the waterway

  
'Ihe

 maximum  density is determined by the  size  of  the 
`eflective

domain', which  we  define as  the  domain around  a  vessel                                                   under  way

:lg,l.'Cl,,.M.Oi6t,9"glgr,t,O,S,,Oi,igli2,W.,`l,gge,,'2e;,S,W.R:Ld,,gX02'S,.e,".te.rl".gv,,:..h.i?
                                            eshown  that  the  twowhich  may  be regarded  as  dynamic. However  it will  b
definitions are equivalent.

  Many factors affect  the estimation  of  theoretical  rnaximum  yalues  for

the traMc  yolume  of  a  waterway,  i,e. its possible capacity  :

   (i) The size  of  the effectiye  domain corresponding  to Cbe, as  a func-
      tion  of  L and  V.

   (ii) The influence of  weather,  sea  conditions,  yisible  range,  tidal

      currents  &c, on  the  size  of  the  effective  domain.

  (iii) The infiuence of  route  conditions  such  as  depth, width,  presence
      of  obstacle  &c,  on  the  size  of  the efTectiye  domain.

   (iv) The effect of  vessels with  difllerent sizes,  i.e. the  determination of

      a standard  size  for the route  and  the  equivalent  number  of  vessels

       of  difflerent sizes.

   <y) The eflhct  of  vessels  proceeding in opposite  directions.

The  capacity  of  crossing  areas  is also an  important  factor.

  The practical capacity,  which  may  be called  the design capacity,  is

                                                equency  of  badobtained  from the  possible capacity  by allowing  for the fr
weather  and  sea  conditions  and  safety  factors for the route;  this last

factor is at  present being studied  with  the aid of  simulators.  Basic

capacity,  possible capacity  and  the  capacity  of  crossing  areas  are  discussed
in the  fbllowing sections  while  theoretical  consideration  on  the eflective

domain and  on  design capacity  are  reserved  for a  later paper.
   2. BAslc TRAFFIc  cApAclTy.  Determination of the boundagF of efil]dive
dornajn. The beundary of  the efft]ctive  domain is more  of  a  psychological
barrier than a  stone  wall.  Suppose two  particles with  electrical  charges

gg,t,h,e,,f･tM.e,/rgl,l.:P,.P,IO:fih,eilzh,o,`,hei.;,l･V.e,re.p.".isile,,fb,'ge,g.",g･ge,aR2s,,a,sI:2
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Coulomb field. In the same  way  it is convenient  to assume  a  potential
field around  a  ship  which  causes  an  imaginary repulsive  force for approach-
ing ships  and  a weak  attractive  fbrce for distant ships.  Fojii has pointed
out  that the          repulsive  force causes  an  ayoiding  motion  while  tlie attractive
force causes  grouping, much  as  in crystal  growth.
  For a  first approximation  the potential field may  be regarded  as  a  rigid

wall  surrounding  a ship  and  the  boundary defined as  fbllows. Let us  take
the simple  case  of  an  obstacle  in a fairway where  there is a  uniform

traMc     flow with  a density p suMciently  far from the  obstacle.  In Fig. i the
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EZill Considerablylew

E:llll Extraordinarilylow

 FiG. i. Wake  lines and  cross-section  defining boundary of  effectiye  domain

density along  a Iine JY[--X' will  be of  the  form showri  in the  cross  section.

The terms  
`extraordinary'

 and  
`considerable'

 are  used  in a statistical
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density is varied.  We  attach  censiderable  importance to the  definition of

this boundary because it is determined by long observation  and  elaborate
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data treatment  ; the definition of  the boundary has a  significant  influence

on  capacity  estimates.

  Determination of the gfiiictive domain correspondins  to basic capaci!1.

Lengths, speeds  and  vessel  separations  have to be measured  
fbr

 
the

FIG.:,`,e･r2f･:;,ftp,g/s,2.ra,dR".ah,.o.tgr.agh,,gh.o":/Agg.m,,m,h':,tv.e.ikd{::,ksm.,l#,}erl,.o.:I

lision of  7 August ig68.
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 other  data. The measurement  of  position at  suitable  time inter-
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not  difier much  to the left and  right of  a  vessel  the  left-hand distribution

has been turned  oyer  on  to the right.  The presence of  an  eflectiye  domain

is clear. Following the procedure already  described fbr determining the

boundary of  the effective  domain, it is seen  to be a halflellipse having a

semi-axis  major  of  about soe  m.  and  semi-axis  minor  of  about  3oo  m.
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FiG.  4. Distribution of  relatiye  positions of  the  fo11owing vessels  to  a  preceding
         vessel
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where  A is log L and  Vh and  L are  in metres  per hour and  metres  respec-

tively.
  We  have made  more  than  six series of  observations  to obtain  the  size

of  the  eflective  range,  the semi-axis  rnajor  r and  the semi-axis  rninor  s,

each  covering  about  two  weeks.  The  results  are  shown  in Fig. s which
                                                  These                                                       resu}ts                                        colleagues.also  includes data obtained  by Toyoda and  his
lead to the following estimates  for the  effective  domain corresponding  to

Land  Vh:

            r==7L ± L, or  logr=A+e･8s ± o･o6  (2>
            s-3L ± o･sL,  or  logs==A+o･48± o･o7  (3>

  Basic capaclgy  correspondjns  to L and  Fh, The size  of  the  eflective  domain
thus  obtained  allows  us  to  calculate  the maximum  density, p..., Since

the  separation  between centres  of  ships  must  egual  or  exceed  the size  of

the eflbctive  domain, the  maximum  density obtained  by packing ellipses
of  this size  will be:

                         pmax=  i'iSl  rs  (4>
where  i･is  is the close  packing ratio.

  The basic capacity  per hour, Cb., ( va, L, Vk) corresponding  to L, Vl,, and

the width  vr can  be derived from the  above  eguations  :

               }og Cb.,ttlog Vh+log  pmax

                      =Iog  rv-i･7iA+2nysi ± o'ii  (S)
 The  probable error  is calculated  from the  standard  deviations of  the

 eguations.  Table II gives the  capacity  fbr a waterway  whose  width  is i

 nautical  mile  <rv =  i8s2  m4,  log va=3'37)･

   3. FACTORS  AFFECTING  THE  DETERMINATION  OF  POSSIBLE  CAPACITY.

 Injiuence of weather  and  sea  conditions.  Reduced yisibility  seems  to increase

 the size  of  the  eflbctive  domain, but a  further deterioration in visibility

 does not  appreciably  infiuence its size. Ichinose reports  that with  poor

     TABLE  II. BAslC CAPACITY  coRRESPONDING  TO  NORMAL  SPEED  IN  A  MILE-WIDE

                            CHANNEL

Grosstonnage 2olooo-Ioe,ooo3eee-2o,oooSoo-3oeoIOO-Soe2o-IeoS-2o

-

I-S-

MeanIength(m.) 2]S I27 G7 33 I8 lo･4- 6-2

Normalvelocity(kt.)I6,2 I3･4 lr.I9-I-77 6･SS･6

Observedve]ocity

(kt.) I4 I4 I2 9 s 7 7

Basiccapacityper

hour S3 1se 44oIsoe

-

4soo

'

II,ooe

'

27soee
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 visibility  the  mean  speed  of  vessels  is not  appreciably  smaller,  so  that

 capaeity  seems  to be little affected.

   Tanaka et al. express  the influence of  tidal current  on  the  size  of  efTbc-

 tive domain in the  fonm:

               r:=7L+sLo2ulLuo ± L and  s=3L ± L (6)
 where  u is the  speed  of  the  tidal current  in knots and  Lo and  uo are  4o  m.

 and  io       knots respectively.  The sign  of  u  is positive for a  fair current  and

 
negative  fora counter  current.  Since the ground speed  is V+  u, a simple

 calcu]ation  shows  that the  influence of  tidal current  on  capacity  is small,

 especially  for large                 vessels.

,,gfsnj?.eZCZ,iiC,,:Ogte,,20antiOes.S,i",.'2h?･ag,igaii?ri.YV.ti.d,?gPif,Oita':･S,g.h2J.eSr

and  Tanaka et al. have all attempted  to define the effk)ctive domain of
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relationships
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     effective  separation  firom a  steel  tower  to a  ship  : about  4L,
     efTective  separation  from a buoy: about  2L,

     eflective  separation  from an  ariificial  island: sL.

  Mizuki and  Fujii recently  made  observations  to  determine the efTective
separation

 between a  bridge pier and  a ship,  using  a scale  model  of a
cross-channel  bridge, and  obtained  a  value  of  i･sL  fbr boats of  from ie
to 4o m.  in length.
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  Where  most  of  traMc  consists  ofa  single  class  of  vessel,  as  in Table II,
this may  be called  the  standard  class.  It is 2o-ioo  g.t. in the  channels  of

Tokyo Harbour and  ioo-soo  fbr the  I.Iraga Strait.

  When  a  larger ship  traversing a  waterway  is surrounded  by vessels  of
the  standard  class,  the  ratio  of  the  area  of  the  eflective  domain to that of

gee.,s.tl",l.as,1d,sm,,a.i",4s.,ds.fi:e,t,ag.teg,afs,",ig."ge",f",",le2e,r.',e,:d.Si.r:".g,hSI
for a  wooden  barge in tow  has been measured  and  is about  2 when  the
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raft

 
or
 group of  batges it is

  The converted  traMc  volume  is defined as the weighted  sum  of  the
traMc

 volumes  of  each  class,  using  the eguivalent  number  as  the  weighting
factor.

 It is practical to definei the  degree of  congestion  by the ratio  of  the
CO?6eE,t:S,.Saof"',,V,st",M.t,tO,,;h.g.fa,g:,;,X[Pfi.Vg,S.SeJI,9,fkh.e.S:,9."di:;d.g,iggig

crossing  or  going in opposite  directions is now  being studied  and  is
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  4. 0THER  TOPICS  CONCERNING  TRAFFIC  CApACITy.  ItY]uence of speed on

capaci!1.  Though  the dependence of  basic capacity  on  ship's  length has

been established,  its dependence on  speed  is not  yet clear  since  observa-

tions are  time  consuming  as  most  ships  proceed at  about  their cruising
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a  Poisson distribution for arriving  vessels.  He concludes  that the capacity
                                                    volume  infor ferry traMc  decreases exponentially  with  increasing trarac

the  main  route  when  this exceeds  a  certain  threshold  value,

  The capacjty  ofan anchorage  ofreflige. Nishitani and  Ogami  have studied

the  capacity  of  Osaka Bay as  an  anchorage  fbr riding  out  t>rph                                                      oons.  By

c.o,:,",F.i",g,gh,e.,",".rpk,eg,?f,s',o,ss,iy.gzk,s,d.chr:,ie,s,gf,:,//gp.ggeg,2ge.6s.o,,m,s

Bay is small  since  the number  of circles (al)out 2oo)  is less than  
the
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berths in the harbour plan.
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