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ABSTRACT

T he a r t ic le  s t a r t s  w ith  a  d e sc rip tio n  o f th e  ship

m a n o eu v rin g  s im u la to r  u sed . T he p ro c e d u re  fo r d esign  and  

c h o ic e  o f an  e x c e e d a n c e  freq u e n c y  is d e sc rib e d  and  som e 

p r a c t ic a l  f ig u re s  a re  m en tio n ed .

A fo rm u la  is  g iven  on th e  w idth  o f th e  re lia b il i ty  b e lt

o f  a  c e r ta in  e x c e e d a n c e  freq u e n c y  an d  is i l lu s tra te d  in

so m e  figures-

T he s ta t i s t i c a l  d is tr ib u tio n  o f th e  s h ip 's  sw e p t p a th  is 

t r e a t e d  a n d  d if f e r e n c e s  a re  show n b e tw e e n  s ta t i s t i c a l  

p ro c e ss in g  b a sed  on th e  a ssu m p tio n  th a t  th is  d is tr ib u tio n  is 

no rm a l and  ta k in g  in to  a c c o u n t th e  re a l  d is tr ib u tio n .

E x am p le s  a re  g iven  a b o u t w rong c o n clu sio n s  th a t  c an

b e  d raw n  b ased  upon e rro n e o u s ly  used  " d e te rm in is tic "  

s ta t i s t i c s .

SOMMAIRE

L 'a r t i c l e  c o m m e n ce  p a r une d e sc r ip t io n  du s im u la te u r  

de  m an o eu v re  des n a v ire s  u tilis e  pour le s  e ssa is . Il d é c r it  

e n su ite  la  p ro c e d u re  pou r la c o n ce p tio n  e t  le  choix  d 'une 

f ré q u e n c e  de d é p a s s e m e n t e t  fo u rn it q u e lq u e s  d onnées  

d 'o r d r e  p ra tiq u e .

L es a u te u rs  don n en t une fo rm u le  pou r la la rg e u r  de  la 

zo n e  de  f ia b il i té  d 'une c e r ta in e  fré q u e n c e  de d é p asse m e n t. 

C e l le - c i  e s t  é g a le m e n t i l lu s tré e  p a r  d e s  f ig u res .

L a d is tr ib u tio n  s ta t is t iq u e  de la  t r a je c to i r e  p a rc o u ru e  

p a r  le  n a v ire  e s t  é tu d ié e  e t  l 'a t t e n t io n  e s t  a t t i r é e  v e rs  les 

d if f é r e n c e s  e n tre  le  t r a i t e m e n t  s ta t i s t iq u e  b asé  sur 

l ' h y p o th è se  que c e t t e  d is tr i tu b io n  e s t  n o rm a le  e t  la  p rise  

e n  c o n s id é ra tio n  de  la  d is tr ib u tio n  ré e lle .

L a d e rn iè re  p a r t ie  d e  l 'a r t i c l e  e s t  c o n s a c ré e  à  des 

e x em p le s  d e  con clu sio n s  e r ro n é e s  p o u v a n t ê t r e  t i r é e s  au 

d é p a r t  d e  s ta t is t iq u e s  d i te s  " d é te rm in is tiq u e s "  u t i l is é e s  a 

to r t .

1. INTRODUCTION

Ship  m an o eu v rin g  s im u la to rs  and  p ro to ty p e  m e a su re ­

m e n ts  a re  u sefu l to o ls  in th e  d esign  o f ap p ro a ch  c h an n e ls  

to  p o r ts ,  th e  p o r ts  th e m s e lv e s  and  in lan d  n a v ig a tio n  

c h a n n e ls . This a r t ic le  w ill be  c o n fin e d  to  c h a n n e ls , s in ce  

th e y  a re  e a s ie r  fo r  i l lu s tra tio n  purposes.

T he  r e s u l t s  o f  t r ia ls  a r e  u sually  p ro c e sse d  s ta t i s t ic a l ly ;  

th e n  th e  c h a n n e l w id th  is d e te rm in e d .

W hen an  ex is t in g  c h a n n e l h a s  b e en  te s te d  in  th e

s im u la to r  an d  w hen w e h av e  u sed  r e a l - l i f e  tr ia ls ,  w e h av e  

fo u n d  in b o th  c a s e s  th a t  th e  n o rm a lly  a c c e p te d  s ta t i s t i c a l  

p ro c e ss in g  so m e tim e s  re s u l ts  in an  e x is t in g  c h an n e l

s e e m in g  n o t w ide or n o t s a fe  enough . S ta t i s t i c a l  p ro ce ss in g  

o f re s u l ts  In d ica ted  so -c a lle d  "e x c e e d a n c e  freq u e n c ie s"  of 

th e  c h a n n e l ed g e  w hich  did n o t ta l ly  w ith  y e a r s  of

p r a c t ic a l  ex p e r ie n ce .

T h is  cou ld  n o t be  due to  d if f e r e n c e s  b e tw e e n  s im u la to r  

an d  re a l i ty ,  s in ce  th e  s ta t i s t i c a l  p ro ce ss in g  o f  re s u l ts  from  

m e a su re d  re a l - l i f e  t r i a l s  gav e  th e  sam e  e f f e c t .  I t  w ould, 

th e r e f o r e ,  a p p e a r  to  be  due to  th e  s ta t i s t i c a l  p ro ce ss in g .

C o n se q u e n tly , w e h av e  d e v elo p ed  s e v e ra l  m e th o d s  to  m ake  

i t  m o re  re lia b le  and  m o re  in lin e  w ith  r e a li ty .

S in c e  s ta t i s t i c a l  p ro c e ss in g  o f th e  re s u lts  is o f te n  

b a se d  upon s im u la to r  t r i a ls ,  we sh a ll s t a r t  w ith  an  o u tlin e  

o f th e  s im u la to r  used.

2. BRIEF DESCRIPTION OF SIMULATOR CONFIGURA­

TION

T h e  sh ip  m anoeuvring  s im u la to r  c o n s is ts  o f tw o  loca l

te rm in a ls ,  from  w hich th e  sh ip  m an o eu v rin g  can  be 

c o n tro lle d  and  v isu a lized . T he  n u m e ric a l s im u la tio n  p ro cess  

ru n s  in te ra c t iv e ly  on a  H P3000, ty p e  64 , m a in fram e  

c o m p u te r .

T he  b r id g e -c o n tro l- te rm in a l g iv e s  a  re a d -o u t  o f th e  b ridge  

c o n tro l  in s tru m e n ts  and en ab le s  in p u t o f b rid g e  co m m an d s 

(en g in e , ru d d e r, tu g s , b o w -th ru s te r )  v ia  th e  te rm in a l 

k e y -b o a rd .

T he  v ie w -te rm in a l g ives g ra p h ic a lly  th e  m oving p ic tu re  as 

c a lled  fo r , such  a s  b rid g e  v iew , ra d a r  v iew  an d  b i r d 's eye 

v iew . T he  te rm in a l d isp lay  is  • blow n u p  on a la rg e  1.2 x 

1.5 v ideo  s c re e n  (see  f ig u re  1).

T he  c o n tro l  room  o u tf i t  has b een  k e p t r a th e r  s im ple ,

w hich  m akes  i t  re la tiv e ly  ch ea p , th e  a d v a n ta g e  a lso  be ing

th a t  th e  te rm in a ls  c an  be p lac ed  ev en  o u t-h o u se , if asked  

by th e  C lie n t. T h e re  is no s h ip 's b rid g e ; th e  p ilo t s i ts  in 

a  n o rm a l o ff ic e  room , c o n ta in in g  2 c o m p u te r -c o n n e c te d  

te rm in a ls  and  a  video s c re e n . T he p ilo t g iv e s  th e  

c o m m a n d s  to  th e  h e lm sm an , s i t t in g  b eh in d  th e  

te rm in a l-k e y  board .
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F ig u re  1 : C o m p ariso n  b e tw ee n  r e a l i ty  and  s im u la to r

T h e  s o f tw a re  o f th e  s im u la to r  c o n s is ts  o f  tw o  m ain 

p a r ts ,  v iz . th e  SH IP p ro g ra m , w hich c a lc u la te s  th e  

e n v iro n m e n ta l  m o v em en ts  o f th e  ship and th e  ViSUA 

p ro g ra m , w hich  c a lc u la te s  how _ th e  p ilo t on th e  b rid g e  

s e e s  th e  v isu a l su rround ings.
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T he p ilo t c an  ask  d if f e r e n t  v iew s from  th e  p ro g ram  

VISUA; he c an  look fo rw a rd  and a f t ,  an d  in bo th  

d ire c tio n s  he c an  s tan d  on  m idb ridge  and  a t  p o r t  and 

s ta rb o a rd  side  (see  f ig u re  2).



F ig u re  2 : D if f e r e n t  b rid g e  view  o p tio n s  o f  s im u la to r
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F ig u re  3 : O vera llv iew  o f  c o m p le te  su rro u n d in g s  f o r  v is u a l iz a tio n  in  s im u la to r

If th e  v isu a l su rro u n d in g s  a re  v e ry  c o m p lic a ted , a s  in 

f ig u re  3 fo r  in s ta n c e , th e  su rround ings  is d raw n  

p r io r i ty -w is e ,  i .e . only  th e  fo reg ro u n d  and c h a r a c te r i s t ic  

p a r ts  o f th e  b a ck g ro u n d , w hich is  u p d a te d  con tin u o u sly . 

A p a r t  from  th e  b rid g e  im ag e  v iew , th e  p ilo t c an  ch an g e  

to  a  b i r d 's e y e  v iew  and  to  a  ra d a r  v iew . T he  b i r d 's eye 

v iew  (f ig u re  4) c a n  be sca le d  to  any  s ize  th e  p ilo t w an ts . 

In th e  b i r d 's  e y e  v iew , th e  ship is  m oving in fixed  

su rro u n d in g s ; w ith  th e  ra d a r  v iew  th e  o p p o s ite  is th e  c a s e .

T he  b a sis  fo r th e  SH IP p ro g ram  w as pub lished  in [ l ] .  

It is a  n u m e ric a l m o d e l in w hich th e  in te g ra tio n  o f th e  

th r e e  e q u a tio n s  o f m o tio n  is c a r r ie d  o u t in a  f in ite  

d if f e r e n c e  sch e m e  w ith  a  tim e  s te p  o f 1 sec o n d . The 

m odel is v e ry  c o m p re h e n s iv e .

I t  ta k e s  in to  a c c o u n t  c u r re n ts  and c u r r e n t  g ra d ie n ts , 

shallow  w a te r  e f f e c t s ,  w ind , w ave d r i f t  fo rc e s , a d ju s te m e n t 

o f  RPM  an d  ru d d e r in th e  period  fo llow ing  a  c e r ta in  

c o m p ian d , a s  w e ll as  th e  in flu en ce  o f RPM  on ru d d e r

F ig u re  4 : B ird 's  ey e  view  o p tio n  o f ‘s im u la to r
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e f f ic ie n c y .  I t a lso  a llow s fo r  th e  e f f e c t  o f tu rn in g  ( to  

s ta rb o a rd )  and th e  d e c re a s e  in  p ropu ls ion - and ru d d e r 

e f f ic ie n c y , w hen th e  en g in e  is in re v e rs e .

T ugs  and b o w -th ru s te rs  a re  a lso  in c o rp o ra te d  in th e  

m o d e l and  c an  be  u sed  a t  th e  p i l o t 's re q u e s t .  T he  p ilo t 

s e le c ts  a  fo rc e  and  a  pulling  a n g le  fo r  th e  tu g s  an d  th e  

p ro g ra m  c a lc u la te s  w h e th e r  th e  tug  can  d e liv e r  th e  

re q u ire d  fo rc e , a cc o rd in g  to  th e  pulling  an g le  and  th e  

fo rw a rd  sp eed  o f th e  v e sse l. If th e  p ilo t re q u e s ts  too  

m uch (risk ing  cap s iz in g  th e  tug ) th e  p ro g ram  a u to m a tic a lly  

re d u c e s  th e  fo rce  to  th e  m ax im um  a v a ila b le  fo r th a t  

sp ee d  and  pulling a n g le . T he  t im e  n e ed e d  fo r th e  tu g  to  

s h if t  from  one p o sition  to  th e  o th e r  is a lso  s im u la ted  in 

th e  p ro g ram .

O ne th ing  o f r e le v a n c e  to  a  p ilo t, and  w hich  he 

p e rc e iv e s  d if f e r e n t ly ,  is th e  f a c t  t h a t  in re a li ty  he  can  

look p e rp e n d ic u la r  to  th e  s h ip 's a x is  and look os e r  th e  

s h ip 's  hu ll. In th e  s im u la to r  th is  c an  only be o v e rc o m e  by 

sw itch in g  to  th e  b i r d 's e y e  v iew , w h ich  is  d if f e r e n t  from

re a li ty .  Only v e ry  e x p e n s iv e  s im u la to rs  m ay o v e rc o m e  th is

d isad v a n ta g e .

An im p o r ta n t p o in t o f  th e  above  d e sc rib e d  

c o n fig u ra tio n , is th a t  th e  p ilo t is re a lly  a b le  to  sa il in a  

na rrow  ch an n e l u n d e r b r id g e s , e tc .  T he  s im u la to r  is not 

e q u a l to  r e a l i ty  b u t is fa ir ly  c lo se .

3. PROCEDURE FOR DESIGN A ND CHOICE OF

EXCEEDANCE FR EQ U E N CY

When s u f f ic ie n t  m a n o e u v rin g  t r i a l s  hav e  b een  c a r r ie d

Sw ept  path
F igu re  6 : D e fin itio n  o f  s w e p t p a th

T he  p ilo t -  o r th e  C lie n t - c an  ch o o se  in a d v an ce  

b e tw e e n  t r a c to r  tu g s  (VOIGT -  SC H N EID ER ) and 

c o n v en tio n a l tu g s , w hich h a v e  d if f e r e n t  c h a r a c te r is t ic s .

F o r  th e  b o w -th ru s te r  th e  p ro g ram  c a lc u la te s  th e  fo rce , 

a cc o rd in g  to  th e  sh ip1 s fo rw a rd  speed  as  w ell.

A sp ec ia l op tio n  in th e  p ro g ram  is bank  su c tio n  fo rce s  

and  m o m en ts . This o p tio n  is only u sed  in sm all c h an n e ls  

w h e re  th is  e f f e c t  p lays a  ro le . T he  bank  su c tio n  fo rc e s  

and  m o m e n ts  a c t in g  on th e  sh ip  a re  c a lc u la te d  acco rd in g  

to  th e  ship’ s e x c e n tr ic i ty ,  s h ip /c a n a l b lo c k a g e  ra tio ,  co u rse  

a n g le  w ith  re s p e c t  to  c h an n e l ax is , an d  th e  s h ip 's  speed  

r e la t iv e  to  th e  w a te r ,  h e r le n g th , d ra u g h t and 

k e e l-c le a ra n c e .

P ilo ts  from  v a rio u s  p o r ts  h a v e  s a iled  in th e  s im u la to r  

and  th e i r  re a c t io n s  w e re  very  p o s itiv e .

F ig u re  5 p lo ts  a m an o eu v re  m ade  in th e  s im u la to r .

T he  re le v a n t po in t in th e  ab o v e  d e sc r ip t io n  o f th e  

s im u la to r  is th a t  th e re  is l i t t l e  d if f e r e n c e  b e tw e e n  re a li ty  

and  s im u la to r . T he p ilo t h a s  th e  s a m e  fee lin g s  a b o u t w ha t 

is h ap p en in g  w ith his ship a s  he  h a s  in re a l life ; he  sees 

th e  su rround ings  a s  he  no rm ally  w ould  from  th e  b rid g e .

Ó f c o u rs e  th e re  a re  d if f e r e n c e s  : th e  p ilo t does n o t h e a r  

th e  en g in e , he  does n o t fe e i th e  o s c il la t io n s  c a u se d  by 

w av es , th e re  is no re a l  s te e r in g -w h e e l o r eng ine  te le g ra p h , 

b u t th e se  a s p e c ts  a re  less re le v a n t w ith  re g a rd  to  th e  

o th e r  im p o r ta n t sh ip  re a c t io n s .  O ur e x p e r ie n c e  is th a t  a 

p ilo t can  d is tingu ish  b e tw ee n  th e s e  re le v a n t  and  i r re le v a n t 

m a t te r s  very  w ell. H is m ind w orks lik e  a  s c ree n , s iev ing  

o u t  an d  fo rg e tt in g  th in g s  th a t  do n o t re a lly  in flu en ce  his 

sh ip .
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o u t, th ey  can  be p ro c e sse d  s ta t i s t ic a l ly .  This m eans th a t

a v e ra g e s  an d  s ta n d a rd  d e v ia tio n s  c an  be d e te rm in e d  fo r a ll 

s ignals  re c o rd e d  d u ring  th e  tr ia ls ,  such  a s  RPM  and  speed , 

ru d d e r and  c o u rs e  a n g le , tu g  a s s is ta n c e  and  b o w -th ru s te r  

use.

In d ica tio n s  can  be  o b ta in e d  fro m  th e s e  a b o u t d if f ic u l t ie s  in 

th e  c h a n n e l, ad eq u a c y  o f tu g  a s s is ta n c e , e tc . ,  b u t

u lt im a te ly  i t  is a lw ay s  th e  a n a ly sis  o f th e  sw e p t p a th  th a t  

is m ost im p o r ta n t .  T he  sw e p t pa th  is d e te rm in e d  by tw o  

lin es  fo rm ed  by th e  tw o  m ost e x tre m e  p o in ts  o f th e  sh ip1 s 

hull in r e la t io n  to  th e  c e n te r  line  of th e  c h a n n e l (se e

fig u re  6).

F o r e ac h  c h an n e l c ro s s  s e c tio n  th e re  a re  a  n um ber o f 

sh ip  pass ings , e q u a l to  th e  num ber o f tr ia ls ; th e se  sh ip

passings h a v e  a  c e r ta in  d is tr ib u tio n  o v e r th is  c ro s s -s e c t io n  

(see  f ig u re  7). T h is  d is tr ib u tio n  can  be m ade fo r e i th e r  

side  o f th e  sh ip . B ased  upon th is  d is tr ib u tio n  it  is possib le  

to  d e te rm in e  th e  10 96, 1 % , e tc . ,  p ro b a b ilis tic  e x c e e d a n c e  

fre q u e n c ie s , w hich  m ean s th a t  10 %, 1 % , e tc . ,  o f the  

sh ip  passings is beyond th is  p o in t in th e  c ro s s -s e c t io n .

When th is  is done fo r a ll c ro s s -s e c t io n s  a long th e  c h an n e l 

ax is, e x c e e d a n c e  freq u e n c y  lines can  be d e te rm in e d  a ll 

a long  th e  c h an n e l.

T he  a c c e p ta b le  e x c e e d a n c e  freq u en cy  f should  be 

d e te rm in e d  in a d v an c e , e i th e r  - b r ie f ly  -  in an  

o p tim iz a tio n  p ro c e ss  ( 2 )  , o r from  an  o v e ra ll a c c e p ta b le  

c h a n c e  o f s tra n d in g s  o v e r a lo n g er period .

A ssum ing  th a t  th e  sh ip  t r a n s i ts  a re  s to c h a s tic a lly  

in d e p e n d e n t, th e  a c c e p ta b le  va lue  of f c a n  be d e te rm in e d



by using  th e  fo llow ing  P o isso n  d is tr ib u tio n  fo r  a  la rg e  

n u m b er o f t r a n s i t s  :

P  = 1 -  (1 - f )N (1)

w h e re  :

P  = o v e ra ll  p ro b ab ility  th a t  a  sh ip  w ill e x c e e d  a

c e r ta in  lim it  one or m ore  t im e s  d u ring  th e

c o n s id e re d  period  

f  = in d iv id u a l a v e ra g e  e x c e e d a n c e  freq u e n c y  p e r t r a n s i t

N = to t a l  n u m b e r o f t r a n s i t s  d u ring  th e  c o n s id e re d

perio d

P o rt s id e  of ship S ta rb o a rd  s id e  of sh ip

F ig u re  7 : S ta t i s t i c a l  d is tr ib u tio n  o f  s w e p t p a th

T h is o v e ra ll  p ro b ab ility  h a s  b een  g iven  in f ig u re  8 a s  

a  fu n c tio n  o f th e  ind iv idual freq u e n c y  pe r t r a n s i t  an d  th e  

t o t a l  n u m b e r o f tra n s its .

In ou r op in ion  th e  v a lu e  o f P  should  be  in th e  o rd e r 

o f  10-70 % fo r  a  p ra c t ic a l  p e rio d  o f, say , 20 y e a rs .

T h e  lo w e r  p ro b a b ility  w ould app ly  w ith  a  re la t iv e ly  c h ea p  

c h a n n e l (n o t to o  m uch d e ep en in g  and  m a in te n an c e )  and 

r e la t iv e ly  la rg e  d a m ag e  if th e  sh ip  w e re  to  s tra n d  ( s te e p  

s lo p es , o r ev en  q uay  w alls, b r id g e s  or ex p en s iv e  p ro te c tio n  

s t ru c tu re s ) .  O v e ra ll p ro b a b ilitie s  le ss  th a n  10 % a r e  "paid" 

w ith  very  sm a ll ind iv idua l e x c e e d a n c e  fre q u e n c ie s , m aking 

th e  c h an n e l ex p en siv e .

T h e  h ig h e r p ro b a b ility  w ouid app ly  fo r a  re la tiv e ly

e x p en s iv e  c h an n e l (c o n s id e rab le  d e ep en in g  a n d /o r  

m a in te n a n c e )  and  re la tiv e ly  s m a ll d a m a g e  w ith  s tra n d in g . 

O v e ra ll  p ro b a b ilitie s  h ig h e r th a n  70 % m ake  i t  p r e t ty  su re  

t h a t  o n e  o f m o re  s tra n d in g s  w ill o c c u r  during  th e

c o n s id e re d  p e rio d  o f 20 y e a rs , th u s  in c re a s in g  th e  c o s ts  

c a u s e d  by s tran d in g s .

If  th e  ab o v e  f ig u re s  a re  a p p lied , o p tim u m  c h an n e l w id th  is 

p robab iy  a p p ro x im a te d . O f co u rse  o th e r  re q u ire m e n ts ,  such 

a s  s a f e ty ,  if  d an g ero u s  c a rg o e s  o r p o llu tio n  a r e  involved, 

m ay  a f f e c t  th e  c h o ic e  o f th e  o v e ra ll p ro b a b ility .

T he  a d v a n ta g e  o f s e le c tin g  a  v a lu e  fo r o v e ra ll

p ro b a b ility  o v e r a  period  o f, say , 20 y e a rs , is th a t  th e

in d iv id u a l e x c e e d a n c e  freq u e n c y  f is  d e te rm in e d  by th e  

e x p e c te d  t r a f f i c  in te n s ity , w hich is r e a lis t ic .

O n ce  a  c r i te r io n  is know n fo r th e  v a lu e  o f f, th e  

d e sig n  p ro c e d u re  shou ld  c o n tin u e  as  fo llo w s :

T h e  c h a n n e l is a ssum ed  to  m e e t th e  s e t  c r i te r io n .  T h is  is 

c a l le d  th e  "n u ii-h y p o th es is" . T he  te s t  in th e  s im u la to r  is

used  to  d e te rm in e  w h e th e r  th e  n u li-h y p o th e s is  shou id  be

re je c te d  or n o t. As long as  th e  n u ll-h y p o th es is  c a n n o t be

re je c te d , i t  re m a in s  v a lid . If th e  n u ll-h y p o th es is  shou ld  be

re je c te d , th e  a l te r n a t iv e  h y p o th e s is  b e co m es  v a lid , th is  

a l te rn a t iv e  h y p o th e s is  being  th a t  th e  c h an n e l ed g e  is 

e x ce e d e d  by a  h ig h e r p e rc e n ta g e  th a n  th e  s e t  design  

e x c e e d a n c e  freq u en cy .

4 . TEST PROCEDURE

It w ill b e  c le a r  th a t  th e  t r ia ls  m ade  in th e  s im u la to r

shouid be c o n s id e re d  as a  t e s t .  In o th e r  w ords : th e

re s u lts  m ust be t r e a te d  a s  a  sam p le , and  a  sam p le  only 

prov ides an in d ic a tio n  o f th e  to ta l  p o p u la tio n . I t is  n o t th e  

to ta l  p o p u la tio n . A sam p le  is o f te n , m is ta k en ly , e q u a ted  

w ith  th e  p o p u la tio n . T h is is c a l le d  " d e te rm in is tic "  s ta t i s t ic s ,

w hich is used  th a n  fo r  p ro b a b ilis tic  pu rposes. P ro b a b il is tic

s ta t i s t ic s  r e la te  a lw ay s  to  m arg in s  and  re lia b il i ty ,  and  can  

n ev er be  used  to  g iv e  e x a c t  an sw ers .

The a v e ra g e  / j .  and  s ta n d a rd  d e v ia tio n  (T o f  th e  

popu la tion  a re  d e te rm in e d  by th e  a v e ra g e  m and  s ta n d a rd

d ev ia tio n  s o f th e  sam p le  in th e  fo llow ing  w ays :

m -  t . s /  V~~ñ < (J  < m + t . s /  V~n (2)

(1 - a j) .s  < 0 < (1 + a2).s (3)

w here

p  = a v e ra g e  o f pop u la tio n

0 = s ta n d a rd  d e v ia tio n  o f pop u la tio n

m = a v e ra g e  o f sam p le

s = s ta n d a rd  d e v ia tio n  of sam p le

t  = re l ia b il i ty  f a c to r  fo r  a v e ra g e  o b ta in e d  from  S tu d e n t 's

t-d is tr ib u tio n  w ith  n-1 d e g re e s  o f freed o m  

n = n u m b er o f t r i a l s  in th e  sam ple

a^ , = re l ia b il i ty  f a c to r s  fo r  s ta n d a rd  d e v ia tio n  o b ta in e d

from  c h i-sq u a re  d is tr ib u tio n  w ith  n-1 d e g re e s  of 

free d o m

The v a lu e s  o f t  and  of a^ and  a 2 d epend  on d e sired  

r e lia b ility ; fo r  ex am p le  95 %.

So s ta t i s t i c a l  d is tr ib u tio n  o f th e  pop u la tio n  c a n  vary  

b e tw ee n  th e  e x tre m e s  g iven  in f ig u re  9.

In o th e r  w ords, w hen we h a v e  s e le c te d  a  0 .1 %

e x c e e d a n c e  freq u en cy  as  th e  d esign  c r i te r io n ,  an d  w e h av e  

d ec id ed  fo r  our n u ii-h y p o th es is , th a t  th e  c h an n e l e d g e  may 

n o t be e x ce e d e d  by 0.1 % o f th e  sh ips, th e  ed g e  shouid 

be  b e tw een  th e  m inim um  an d  m axim um  v a lu e s  in d ic a te d  in 

th e  sk e tc h . A s long a s  i t  d oes, th e re  is no e v id e n c e  th a t  

th e  n u ll-h y p o th es is  should be re je c te d .

In d e te rm in is tic  s ta t i s t ic s ,  w h e re  th e  d is tr ib u tio n  o f th e  

sam p le  and  th e  pop u la tio n  a r e  w rongly c o n s id e re d  equal, 

th e  ch an n e l ed g e  w ouid n o t fu lf il  th e  design  c r i te r io n ,  in 

fig u re  9.

A d m itte d ly , th e  m ost lik e ly  va lue  fo r  th e  0.1 %

freq u e n c y  of th e  pop u la tio n  is a t  th e  lo c a tio n  d e te rm in e d  

by th e  sam ple  (f ig u re  9a). B u t th is  is n o t d e fin ite .  An 

ex a m p le  o f th is  c an  be seen  in f ig u re  10 w h e re  w e have 

g iven  th e  95 % re l ia b il i ty  b e lts  fo r th e  0.1 96 e x c e e d a n c e  

freq u e n c y  iin es  fo r bo th  c h a n n e l ed g es , b u t fo r d if f e r e n t 

sam p le  s iz e s  (co m p risin g  59 an d  12 t r i a ls ,  re s p e c tiv e ly ;

c h a n n e l
e d g e
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a. d i s t r i bu t i on  of s a m p l e

c h a n n e l  e dge

b. p o s s i b l e  d i s t r i b u t i o n s  
of p o p u l a t i o n

S I
c h a n n e l  e d ge

reliabil i ty a r e a  | 
for 0.1% frequency

p 2 p oss ib l e  value 
for 0.1%

p o s s i b l e  va lue  
for 0.1 %

f r e q u e n c y  f r e q u e n c y
( m i n i m u m )  ( m a x i m u m )

F igu re  9 : D is trib u tio n  o f  sam p le  (a) 

sam p le  o f 12 t r i a l s  is ta k e n  a t  random  fro m  th e  sam ple  

o f 54 tr ia ls ) .  S in ce  w e h av e  assu m ed  h e re  a  no rm al

d is tr ib u tio n , th e  0.1 % d is tr ib u tio n  freq u e n c y  is in th e

m idd le  o f  e a c h  re lia b il i ty  a re a .

F ro m  th e  f ig u re  i t  is c le a r  t h a t  if  w e had  s e le c te d  -

in d e te rm in is t ic  s t a t i s t i c s  -  th e  0.1 % freq u en c y  o f  th e

sam p le  o f  12 m an o eu v res, w e w ould hav e  m ade  a  big

m is ta k e , s in ce  th e  sam p le  o f 59 m an o eu v re s  in d ic a te s

(w ith  95 % re lia b il i ty )  th a t  th is  0.1 % va lue  lie s

so m ew h ere  e lse  (see  lo c a tio n s  in d ic a te d  w ith  a rro w , fo r  

in s ta n ce ) . C o n se q u e n tly , th e  h y p o th e sis  th a t  th e  c h an n e l is 

w ide enough fo r  a  0.1 % e x c e e d a n c e -f r e q u e n c y  may n o t 

b e  r e je c te d  a t  th e  in d ic a te d  lo c a tio n s .

S in c e  th e  a l te rn a t iv e  h y p o th e s is  is th a t  th e  ch an n e l

ed g e  is e x c e e d e d  by m o re  th a n  0.1 % o f th e  ships, w e 

a re  in f a c t  only  in te re s te d  in th e  m in im um  v a lu e  o f th e  

re lia b il i ty  a re a ,  so  w e c a n  t e s t  w ith  a o n e -s id ed  re lia b ility  

o f, say , 95 %.

We h a v e  a d o p te d  th e  fo llow ing  p ro c e d u re  for

d e te rm in in g  th e  l im its  o f  th e  re lia b il i ty  b e lt  fo r a  -given 

e x c e e d a n c e  freq u e n c y  o f  th e  sw e p t p a th .

T h ese  l im its  a re  th e  r e s u lt  of a  l in e a r  c o m b in a tio n  o f tw o 

random  v a ria b le s ,  v iz . p. an d  o , d e te rm in e d  by e q u a tio n s  

(2) an d  (3).

and  possib le  d is tr ib u tio n s  o f  p o p u la tio n  (b)

A ssum ing a  n o rm a l d is tr ib u tio n  th e  e x p e c ta t io n  and 

r e lia b il i ty  o f th e  sw ept p a th  can  be  ex p re sse d  as  :

E x p { y }  = m + u.s

R el{y >  = \ f [ Ü ^ 7 7 1 ^ T ( ¡ ^ T ^ W 2 ^  .s  (5) 

w h e re  :

y = sw e p t p a th  fo r  s e le c te d  e x c e e d a n c e  freq u e n c y

u = e x c e n tr ic i ty  f a c to r  fo r th e  s e le c te d  e x c e e d a n c e

freq u en c y

t ,  a ^ , a 2 = re lia b il i ty  fa c to rs ,  d e te rm in e d  fo r  a  o n e -s ided  

re lia b ility  o f, say, 95 %.

T he  ab o v e  so lu tion  is an a logous to  and va lid  o v e r a 

w ider a re a  th a n  a  m e th o d  o u tlin ed  in Shen (5 ]  for 

G um bel an d  L o g -P earso n  ty p e  111 d is tr ib u tio n s .

A s w e t e s t  only o n e -s id ed  fo r th e  n a rro w e s t sw ep t

p a th , th e  fo llow ing  ex p ress io n  fo r th e  c o n fid e n c e  lim it  can  

be  d e riv e d  :

Y conf. = E x p { y }  - R e l{ y }  (6)

As long as  th e  co n fid e n c e  lim it  is s t i l l  w ith in  th e

c h an n e l ed g e , th e  n u ll-h y p o th es is  m ay n o t be  re je c te d . 

When th e  c o n fid e n c e  lim it is beyond th e  ch an n e l ed g e , th e  

n u ll-h y p o th e s is  should be r e je c te d  and  th e  ch an n e l m ust be 

co n s id e re d  a s  in su ff ic ie n t w ide fo r  th e  s e t  c r i te r io n .
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5 . DISTRIBUTION OF THE SAMPLE

So f a r  d is tr ib u tio n  o f th e  sam p le  h a s  a lw a y s  been

assu m e d  to  be n o rm al. As long as  th e  o p p o s ite  c a n n o t be

p ro v en , th is  is n o t a  bad  su pposition . H o w ev e r, th e r e  a re

re a so n s  to  suppose th a t  d is tr ib u tio n  is  n o t n o rm a l b u t

sk ew ed  so m e tim es .

A p ilo t m ay , in th eo ry , re m a in  in th e  m id d le  o f  th e

ch a n n e l; so d is tr ib u tio n  could  be n o rm a l, w ith  th e  a v e ra g e

o f th e  s h ip 's c e n t e r  in th e  m idd le  of th e  c h an n e l.

H o w ev e r, o n e  m ig h t suppose t h a t  th e  c lo s e r  th e  sh ip  

c o m e s  to  th e  c h an n e l ed g e , th e  m ore  th e  p ilo t  w ill t ry  to  

s ta y  aw ay  from  i t .  This co u ld  g iv e  a  d is tr ib u tio n  as

in d ic a te d  in f ig u re  11.

L e t  u s c a l l  th is  d is tr ib u tio n  "skew ed  to  th e  l e f t  side", 

m ean in g  th a t  th e  f l a t t e s t  side o f th e  d is tr ib u tio n  is le f t

o f th e  a v e ra g e .

I

% A verage

Channel  edge

F ig u re  11 : E xam ple  o f  skew ed  d is tr ib u tio n  

S in c e  th e  tw o  sides  of th e  sh ip  a re  c o n n e c te d , th e  

d is tr ib u tio n s  a t  e i th e r  s ide  o f th e  sh ip  g e n e ra l ly  have 

sk ew n e sse s  to  th e  sam e  s ide. H o w ev er, th e y  a re  n o t 

c o m p le te ly  re la te d ,  s in ce  w e a r e  dea lin g  w ith  d is tr ib u tio n s  

o f  th e  sw e p t p a th , w hich is n o t only d e te rm in e d  by th e  

s h ip 's  e x c e n tr ic i ty  in th e  c h a n n e l, b u t a iso  by h e r  head in g  

in  r e la tio n  to  th e  c h an n e l ax is . D is tr ib u tio n s  o f e i th e r  s ide  

o f th e  sw ep t p a th  m ay th e re fo re  be o p p o s ite ly  skew ed .

T h is  m ean s  th a t  th e r e  a re  reaso n s , w hich o f te n  w e do 

n o t know , why th e  d is tr ib u tio n  is e i th e r  p o s itiv e ly  or 

n e g a t iv e ly  skew ed . T h is  skew ness  shou id  be ta k e n  in to  

a c c o u n t,  ho w ev er, s in ce  w e a re  o th e rw is e  iike iy  to  

u n d e re s t im a te  -  w hen looking  to  th e  f i a t t e s t  s ide  o f th e  

d is tr ib u tio n  -  o r o v e re s t im a te  -  w hen look ing  to  th e  

s te e p e s t  s ide  o f th e  d is tr ib u tio n  -  th e  1 %, 0.1 % e tc . ,  

e x c e e d a n c e  freq u e n c y  va lues.

T he  p ro c e d u re  w e apply  is  a  t r a n s fo rm a tio n  o f th e  

o r ig in a l d is tr ib u tio n  w ith  a  c e r ta in  skew ness , to  a  n o rm a i 

d is tr ib u tio n  (w ith  ze ro -sk ew n ess) an d  w e c a r r y  o u t a li 

s t a t i s t i c a l  e la b o ra tio n s  w ith  th is  no rm al d is tr ib u tio n . O n ce  

w e hav e  d e te rm in e d  th e  e x c e e d a n c e  fre q u e n c y  v a lu es, w e 

t ra n s fo rm  b ack  to  th e  o rig in a l sy s te m .

T he  t ra n s fo rm a tio n  p rin c ip le  re s e m b le s  th e  phenom enon  th a t  

i t  is im possib le  th a t  th e  rad iu s , s u r f a c e - a r e a  an d  c o n te n ts  

o f a  random  n u m b e r of sp h e re s  c an  a li  h a v e  a  no rm al 

d is tr ib u tio n , b u t th a t  a s  soon a s  it  is c e r ta in  th a t  one is 

no rm al, con clu sio n s  c a n  be d raw n  a b o u t th e  o th e r  tw o.

A n o th e r ite m  is  th e  "k u rto s is  c o r re c tio n " , as  i t  is 

c a l le d . K u rto s is  is a m e a su re  fo r  th e  b e li-s h a p e  of

d is tr ib u tio n ; a  n o rm a l G aussian  d is tr ib u tio n  h a s  a  k u rto s is  

o f 3. K u rto s is  c o r re c t io n  f a c to r s  c an  be  d e te rm in e d  fo r 

d is tr ib u tio n s  w ith  d e v ia tin g  k u rto s is  v a lu e s  ( [ 5 ]  a n d  [ 6 ] ) .

The fin a l r e s u lt  is th a t  tra n s fo rm a tio n s  and  c o rre c tio n s  

a re  c a r r ie d  o u t fo r  skew ness  and  k u rto s is , r e s p e c tiv e ly , 

a f t e r  w hich th e  d is tr ib u tio n s  c an  be t r e a te d  a s  norm ai

G aussian .

T h ese  t ra n s fo rm a tio n s  an d  c o r re c tio n s  shou id  b e  c a r r ie d  

o u t s e p a ra te ly  fo r  e v e ry  c ro s s -s e c t io n  in w hich  th e  ship 

p asses.

6 . EXAMPLES

We should now lik e  to  i l lu s t r a te  how w rong con clu sio n s

c a n  be  draw n from  s ta t i s t i c a l  m a ltr e a tm e n t .  We hav e  used

th re e  c a s e s  in w hich p ro to ty p e  o r s im u ia to r- in v e s tig a tio n s  

w e re  m ad e , and  one im ag in a ry  c a s e  invo lv ing  te s t s  fo r

r e s e a rc h  p u rposes on ly .

A. PO R T OF ZEEB R U G G E; A PPR O A C H  CHANNEL

T he f i r s t  c a s e  re la te s  to  th e  P o r t  o f Z ee b ru g g e ,

B elg ium  (f ig u re  12), w here  p ro to ty p e  m e a su re m e n ts  w ere  

c a r r ie d  ou t.

We can  s e e  th e  d if f e r e n c e  b e tw e e n  s ta t i s t ic a l

p ro ce ss in g , using th e  c o r re c t io n  fo r  skew ness , an d  o m ittin g  

th e  c o r re c tio n  fo r skew ness , w hich is e q u a l to  assum ing  

n o rm a l d is tr ib u tio n . When d is tr ib u tio n  is c o r r e c te d  fo r 

skew ness, a  co m p le te ly  d if f e r e n t  p ic tu re  re s u l ts  as  fa r  as 

th e  e x c e e d a n c e  fre q u e n c ie s  o f  th e  sam p le  a re  c o n c e rn e d  : 

in th e  bend , w h e re  w a te r  d ep th  is  s t i l l  s u f f ic ie n t  fo r  som e 

ships (c o n ta in e r-v e sse is ) , d is tr ib u tio n  is sk ew ed  to  th e  

in n e r-b en d . In th e  a c tu a l  ap p ro a ch  c h a n n e l (be iow  arrow ), 

d is tr ib u tio n  is skew ed  to  th e  d o w n stre am  side  o f th e  

c h an n e l. If skew ness  w e re  not c o r r e c te d ,  e x c e e d a n c e  

fre q u e n c ie s  fo r th e  u p s tre a m  (W est) c h an n e l ed g e  w ould be 

o v e re s tim a te d .

(I t should b e  bo rne  in m ind th a t  th is  a n a ly se s  w as a lso  

m ade fo r th e  tw o  d if f e r e n t  ty p e s  o f v e sse ls  (V L C C 's  and 

c o n ta in e r  v esse ls) se p a ra te ly .  This is n e c e s sa ry  s in ce  th e  

V LCC  uses  th e  ap p ro ach  c h an n e l o v e r a  g r e a te r  d is ta n ce  

th a n  th e  c o n ta in e r  vesse l. T h e se  s e p a ra te  a n a ly se s  g ive  th e  

sam e  e f f e c t  in th e  a c tu a l  ap p ro a ch  c h an n e l, b u t in th e  

bend i t  is d if f e r e n t .  In th e  bend  th e re  a re ,  in fa c t ,  tw o 

d if f e r e n t  d is tr ib u tio n s  : one fo r  th e  c o n ta in e r  v e sse l, w hich 

is n o t bound to  th e  ch an n e l, and  one fo r  th e  V L C C , bound 

to  th e  ch an n e l. This is th e  m ain  re a so n  fo r skew ness  in 

th e  bend. T h is  exam ple  is p u re ly  to  i l lu s t r a te  th e  e f f e c t  

of skew ness  on ex ce e d a n ce  freq u e n c y  va lues).

In o rd e r to  prove how  w e ll th e  d is tr ib u tio n  c o r re c te d  

fo r  skew ness  co m p a re s  w ith  r e a li ty  we h a v e  p lo tte d  in

51



SO EU R

SCHEUR 7

i— E x c e e d a n c e  f r e q u e n c y  0.1% of sample  
\  wi thout  c o r re c t i o n  for s k e w n e s s

E x ce ed an ce  f requ en cy  0 .1 %  
with correct ion for s ke wn es s

ZAND 2

z m  i

ENTERING VLCC'S AND TRIO-CONTAINESS

A  V A ST E  B O E IE N  
*  KRAK

F ig u re  12 : A pproach c h a n n e l P o r t  o f  Z e eb ru g g e ; c o m p a riso n  b e tw ee n  d is tr ib u tio n  

a ssu m e d  as  n o rm a l an d  re a l  d is tr ib u tio n

fig u re  13 th e  m ax im u m  sw ep t p a th  re a liz e d  d u ring  th e  40 

p ro to ty p e  m e a su re m e n ts  and  th e  2 .5  % e x c e e d a n c e

fre q u e n c y  lin e , b o th  c o r r e c te d  fo r  skew ness, a n d  a ssu m in g  

a  n o rm a l d is tr ib u tio n .

T h e  m ax im u m  re a l iz e d  during  40 tr ia ls  should , in p rin c ip le , 

b e  e q u a l to  th e  2.5 % e x c e e d a n c e  fre q u e n c y , a lb e i t  th a t

o c c a s io n a l d e v ia tio n s  may o c cu r . F rom  fig u re  13, i t  is 

c le a r  t h a t  th e  c o r r e c te d  d is tr ib u tio n  fo llow s th e  r e a li ty  

v e ry  c lo se ,  w h e re a s  th e  a ssu m e d  no rm al d is tr ib u tio n  does 

n o t.

B. P O R T  O F  SEA TTLE; DUWAM1SH WATERW AY

F ig u re  14 show s th e  s itu a tio n , fo r a n  in land  n a v ig a tio n  

c h a n n e l, v iz . th e  D uw am ish  W aterw ay  in th e  P o r t  of

S e a t t l e ,  W ash ing ton , U .S .A . I t  is c le a r  th a t  th e r e  is again

a  d if f e r e n c e  b e tw e e n  s ta t i s t i c a l  p ro ce ss in g  ta k in g  in to

a c c o u n t  r e a l  d is tr ib u tio n , a n d  th e  a ssu m p tio n  o f n o rm a l 

d is t r ib u tio n . In ou r e x p e r ie n c e , d is tr ib u tio n  in ben d s  is 

m o s tly  sk ew e d  to  th e  o u te r  bend . (T he c a s e  o f Z e e b ru g g e  

w as d i f f e r e n t  fo r  re a so n s  a lre a d y  ex p la ined ). T h is  p robab ly  

r e s u l t s  fro m  th e  m eth o d  o f s te e r in g  o f a  ship : th e  a f t

sh ip  is m ov ing , and  i t  seem s fa irly  e asy  to  k e e p  th e  bow s

on t r a c k .  H o w ev e r, th is  s o m e tim e s  cau se s  la rg e  d e v ia tio n s

in th e  t r a c k  d e s ire d  fo r  th e  s te rn .

F ig u re  14 show s th a t  in one and th e  sa m e  c ro s s - s e c t io n

th e  skew ness  fo r  e i th e r  s id e  o f th e  sw e p t p a th  m ay be  

o p p o s ite , and  m ay, a t  b o th  sides, p ro d u ce  an  in c re a s e  in 

th e  re q u ire d  w idth  c o m p a re d  to  no rm al d is tr ib u tio n .

T he  tw o fo rego ing  e x am p les  b o th  r e la te  to  th e  

e x c e e d a n c e  freq u e n cy  o f  th e  sam p le . T he  a im  w as to

i l lu s t r a te  th e  d if f e r e n c e  b e tw e e n  s ta t i s t i c s  using th e  re a l 

d is tr ib u tio n , and  s t a t i s t i c s  b ased  on th e  a ssu m p tio n  o f 

n o rm a l d is tr ib u tio n .

I t  is now in te re s tin g  to  s ee  som e e x am p le s  o f  m is ta k en

co n c lu sio n s  in d e te rm in is t ic  s ta t i s t ic s ,  w h e re  th e  

d is tr ib u tio n  o f sam ple  an d  pop u la tio n  a re  a ssu m ed  to  be 

eq u al.

C . PO R T  OF A N TW ERP; A PPR O A C H  TO  K A LL O -LO C K

T his ex am p le  d ea ls  w ith  an  in v e s tig a tio n  re g a rd in g  th e  

e n tr a n c e  m an o eu v re  o f a  c a r - c a r r ie r  to  th e  o u te r  p o rt of 

K a llo -lo c k  a t  A n tw e rp , B elg iu m .

In f ig u re  15 we h av e  g iven  tw o 0.01 % e x c e e d a n c e

freq u e n c y  lines, bo th  fo r a  m axim um  flood  c o n d itio n , and 

b o th  b a se d  on 10 tr ia ls .  O n e  lin e  re la te s  to  a  w in d -fo rc e

o f 3 B it ,  th e  o th e r  to  5 B ft, b o th  from  th e  sam e 

(N o rth -W es te r ly )  d ire c tio n . T he  tw o lin es  in fig u re  15 a re
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Sc h e u r

  maxi mum real ized dur ing ¿O tria.=>

 2 .5 % e x c e e d a n c e  f requency  for a s s u m e d
normal  d i s t r ibut ion

2 .5 % e x c e e d a n c e  f req ue nc y co r re c t ed  
di s t r ibut ion

A  VA STE BO EIE N  
♦ WttK

F ig u re  13 : A pproach  c h a n n e l Z eeb ru g g e ; co m p ariso n  r e a l  v a lu e s  w ith 

d is tr ib u tio n  a ssu m ed  a s  n o rm a l and  c o r re c te d  d is trib u tio n

e x c e e d a n c e  fre q u e n c ie s  o f  th e  sam p le , b u t in d e te rm in is t ic  

s t a t i s t i c s  w ould, e rro n e o u s ly , be  c o n sid e red  a s  e x c e e d a n c e  

fr e q u e n c ie s  of th e  p o p u la tio n . T he in c o r re c t  co n clu sio n  

w ould be th a t  B it  3 is a  m o re  s ev e re  c o n d itio n  th a n  5

B it  a t  th e  c r i t i c a l  lo c a tio n  in d ic a te d  by th e  a rro w .

In a c tu a l  f a c t ,  B i t  3 is  an  e a s ie r  co n d itio n  fo r th is  ship

(a 200 m long c a r - c a r r ie r  w ith  30 m free b o a rd )  and  

c o n se q u e n tly  th e  p ilo ts  w e re  sa ilin g  le ss  c a re fu lly .  T he 

o u tc o m e  is a  la rg e r  s ta n d a rd -d e v ia tio n , w hich in tu rn  

m e an s  th a t  th e  e x c e e d a n c e  freq u e n c y  line  o f th e  sam p le  

is fu r th e r  aw ay  a t  th e  c r i t i c a l  p o in t. H ow ever, th e  c lo se r  

th e  p ilo t  c o m e s  to  th is  c r i t ic a l  p o in t, th e  m ore  he c an  be 

e x p e c te d  to  t ry  and avo id  i t ;  th is  w ill in flu en ce

d is tr ib u tio n . O ur supposition  is th a t  m ore  t r ia ls  fo r bo th  

c a s e s  w ould  p robab ly  show  th a t  B i t  3 is indeed an  e a s ie r  

c o n d itio n .

T h e re fo re ,  in fig u re  16 th e  m in im um  lin es  o f  th e

r e lia b il i ty  b e l t s  ( th e  c o n fid e n c e  lim its )  a re  g iven , fo r  bo th  

c a s e s , o f  th e  0.01 % e x c e e d a n c e  freq u e n c ie s .

F ro m  f ig u re  16, th e  fig h t co n clu sio n  c an  be d raw n  : th e  

n u ll-h y p o th e s is  th a t  th e  c r i t ic a l  p o in t is s u ff ic ie n tly  safe  

fo r  a  0.01 % e x c e e d a n c e  freq u e n c y  c a n n o t be  re je c te d ,

e i th e r  fo r a  3 B ft w ind, o r fo r a  5 B it  wind fro m  NW 

d ire c tio n .

D. EX PER IM EN T WITH CURVED NAVIGATION LANE

The la s t  ex am p le  in v o lv es  an  e x p e r im e n t m ade  on th e  

s im u la to r; i t  does n o t r e la te  to  a r e a l  c a s e .

We m ade  te s t s  in  a  cu rv ed  n a v ig a tio n  lan e  w ith  d if f e r e n t  

w id th s  in d ic a ted  by buoys, v iz . 100 m and  200 m . W ater

d e p th  w as eq u al in a ll lo c a tio n s  and  c u r r e n t  an d  w ind had

th e  sam e  d ire c tio n  e v e ry w h e re  (c u r r e n t  0 .5  m /s ; wind 

20 kno ts). T he te s ts  w e re  m ade  w ith  a 21 .000  d w t bulk 

c a r r ie r  (170 m leng th ).

In f ig u re s  17 and 18 th e  1 % e x c e e d a n c e  freq u en c y  

lin es  o f th e  sam p les  (each  sam p le  c o n s is ts  o f 26 tr ia ls )  a re  

show n ( th ick  lines). A ssum ing th a t  th e se  sam p le  lin e s  a re  

eq u al to  th o se  of the  po p u la tio n  -  d e te rm in is t ic  s ta t is t ic s !  - 

th e  in fe re n c e  w ould be th a t  n e i th e r  o f th e  tw o  la n e s  is 

w ide enough fo r th e  1 % c r i te r io n .

J u s t  a s  we saw  e a r lie r ,  th is  co n clu sio n  is w rong : perhaps

th e  w ider lan e  is used to  i ts  fu ll w id th , c au s in g  a  la rg e r 

s ta n d a rd  d e v ia tio n . T he c lo se r  th e  p ilo t c o m e s  to  th e  lane 

ed g e , ho w ev er, th e  m ore  h e  w ill try  to  k e e p  h is  ship 

w ith in  it ,  and  th is  in flu en ce s  s ta t i s t i c a l  d is tr ib u tio n . I t may
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ag a in  b e  p o ssib le  t h a t  th e  s ta n d a rd -d e v ia tio n  fo r  in s ta n ce  

d e c re a s e s  w hen  m o re  t r i a ls  a re  m ade .

The r ig h t  c o n c lu s io n s  c a n  be draw n by ta k in g  th e  th in  

lin e s  in f ig u re s  17 and 18, th e s e  lin e s  in d ica tin g  th e  

re lia b il i ty  b e lts  fo r  th e  1 % e x c e e d a n c e  freq u e n c y  lin es  of 

th e  p o p u la tio n s . F o r th e  100 m c h an n e l th e  h y p o th esis  (i.e . 

th e  lan e  is  w ide enough fo r  th e  1 % -c r ite r io n )  m u s t be 

re je c te d .  I t  c a n n o t ,  in v iew  o f th e  te s t ,  fo r  th e  200 m 

channeL

1. I t  is  n o t a llo w ed  to  a ssu m e  a  n o rm a i G aussian  

d is tr ib u tio n  fo r  th e  s w e p t pa th  o f  sh ip  p a ssag es  in a  

c h an n e l. T he  sk ew n e ss  and  k u r to s is  o f th e  d is tr ib u tio n  

m ust be  ta k e n  in to  a c c o u n t. T h is  c an  b e  d one  by 

tra n s fo rm a tio n  o f th e  re a liz e d  d is tr ib u tio n  to  a  n o rm a l 

d is tr ib u tio n  w ith  z e ro -s k e w n e ss  and  k u rto s is  3.

2. T he  sk ew n e ss  o f su ch  sw ep t pa th  d is tr ib u tio n s  is 

u n p re d ic ta b le ,  b o th  in  sign and  m ag n itu d e .

I t  is th e r e f o r e  n e c e s s a ry  th a t  sk ew n ess  an d  k u rto s is

o p po s i t e
s k e w n e s s e s

/  \

SWEPT PATH o f  TRIALS

E x c e e d a n c e  F n e g u e n c y  ! . 01 X
----------- Dis t r ibut ion a s s u m e d  n o rm al
----------- Real  d i s t r ibu t ion

F igu re  14 ! D uw am ish  W aterw ay , P o r t  o f

We d ec id ed  to  c h eck  w h e th e r  a  300 m w ide lane

m ig h t s t i i l  b e  in s u f f ic ie n t b ased  upon a  d e te rm in is tic

1 % -c r ite r io n , c a r ry in g  o u t te s t s  in th is  ch an n e l. T he 

re s u l ts  a re  p re s e n te d  in f ig u re  19, w h e re  bo th  th e  1 %

v a lu e  o f th e  sam p le , and  th e  r e lia b il i ty  b e l t  fo r th e  

1 % e x c e e d a n c e  freq u e n c y  o f  th e  p o p u la tio n  a r e  g iven . In 

th is  c a s e  th e  d e te rm in is t ic  I % -c r ite r io n  d id  n o t m ean  

th a t  th e  la n e  w as n o t w ide enough .

T he in fe re n c e  from  th e  a b o v e  is, th a t  e rro n eo u s ly  used  

d e te rm in is t ic  s t a t i s t i c s  w ould h a v e  re v e a le d  th a t  a  ia n e  of 

300 m w ould ju s t  b e  s u f f ic ie n t ,  _ w h ils t, based  upon th e  

te s t ,  th e re  a re  no te rm s  to  sup p o se  th a t  a  la n e  of 200 m 

w id th  is in s u ff ic ie n t.

7 . CONCLUSIONS

T he fo llow ing  c o n c lu sio n s  c an  b e  d raw n  from  th e

fo reg o in g  s e c tio n s  :

l e n g t h  s c a l e  Cm!

0 1 0 0  2 0 0  3 0 0  4 0 0  5 0 0

P h a s e  No M a n e u v e r s  F i l e  Name

1 6 4  X Ï N 1 J I

S e a t t le ;  co m p a riso n  o f  d i f f e r e n t  d is tr ib u tio n s

c o r re c t io n  a re  c a r r ie d  o u t fo r  e ac h  c ro s s -s e c t io n  

s e p a ra te ly .

3. T e s ts  in a  s im u la to r  and  p ro to ty p e  m e a su re m e n ts  should  

b e  t r e a te d  a s  te s t s ,  i.e . th e  re s u lts  m u s t be  p ro c e sse d  

in  te r m s  o f sam p le  th eo ry .

T h is m e a n s  th a t  a  n u ll-h y p o th es is  shou id  be e s ta b lis h e d , 

such n u ii-h y p o th e s is  be ing  th a t  th e  c h an n e l ed g e  w ill 

n o t b e  e x c e e d e d  by  m o re  th a n  1 % , 0.1 %, e tc .  of 

th e  sh ip  t r a n s i ts .  T he sam p le  sh a ll be  used  to  re v e a l 

w h e th e r  o r n o t th is  n u ll-h y p o th es is  m u s t b e  r e je c te d .

If th e  n u ll-h y p o th e s is  c a n n o t be  re je c te d ,  b ased  upon 

th e  te s t ,  i t  re m a in s  valid .

4. T he  n u m b e r o f t r i a l s  in th e  sam p le  m ust be  

s u f f ic ie n t ly  la rg e  in  o rd e r  to  o b ta in  a  re la tiv e ly  n a rro w  

re l ia b i l i ty  b e l t .  In th e  c a s e  of a  re la t iv e ly  w ide b e lt ,  

th e  s am p le  is n o t s u f f ic ie n t  to  d e c id e  on th e  v a lid ity
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curren t and wind d irec t io n  - > > v \

X * .  *

★X V i

b u o y s

........................  f a i r w a y  e d g e

------------------ g 5 %  re l i abi l i ty  bel t  for  1% e x c e e d a n c e
f r e q u e n c y  of p o p u l a t i o n

------------------ 1% e x c e e d a n c e  f r e q u e n c y  l ine  of s a m p l e

length ecale Cm]

0 100 200 300 400 500

Phase No Maneuvers File Name

PHI 26  ZSTSPH1

F ig u re  17 : C urved fa irw a y  100 m w idth ; 1 Í  e x c e e d a n c e  freq u e n c y

o f  th e  n u ll-h y p o th e s is  ( th e  f a c t  th a t  th e  n u ll-h y p o th es is

c a n n o t  b e  r e je c te d  may a lso  be due to  th e  in ad eq u acy  of 

th e  sam p le) .

A sam p le  w ith  a  re la t iv e ly  la rg e  s ta n d a rd  d e v ia tio n

re q u ire s  a  la rg e r  num ber o f t r ia ls  in th e  te s t ,  s in ce  th e

w id th  o f th e  re l ia b il i ty  b e l t  d e p en d s  a lso  on th e  s ta n d a rd  

d e v ia tio n  o f th e  sam p le .
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RESUM E

L e  t r a i t e m e n t  s ta t i s t iq u e  des e ssa is  de m a n o e u v re  de  

n a v ire s  -  so it p a r  s im u la te u r , so it p a r m e su re s  sur

p ro to ty p e s  -  d é m o n tre  so u v en t des f r é q u e n c e s  de

d é p a s s e m e n t d e  l 'e x t r é m i t é  du ch en a l qui ne  so n t pas

c o n c i l ia b le s  a v e c  l ' e x p é r ie n c e  p ra tiq u e . L a  ra iso n  en  e s t

u n  t r a i t e m e n t  s ta t i s t iq u e  in c o r re c t  des r é s u lta ts .

L o rsq u 'u n  s im u la te u r  e s t  u tilis é  pour d é te rm in e r  la 

la rg e u r  d 'u n  c h e n a l d 'a p p ro c h e , le  s im u la tu e r  d o it  r e f l é t e r  

c o r r e c te m e n t  la  r é a l i té  du double  p o in t de  vue du 

c o m p o r te m e n t  du n a v ire  e t  de  la  re p ré s e n ta t io n  de 

l ' e n v iro n n e m e n t v isu e l du p ilo te .

En d e rn ie r  re s s o r t ,  le  t r a i te m e n t  s ta t is t iq u e  des 

r é s u l t a t s  se  l im ite  à  l 'a n a ly s e  de la  t r a je c to i r e  p a rc o u ru e  

p a r  le  n a v ire  (fig- 7). C e t t e  a n a ly se  d e v ra it  ê t r e  ré a lis é e

en  to u te  c o n sc ie n c e  d u  fa i t  q u e  l ' on  ne d isp o se  pour ce  

fa ir e  q u e  d 'u n  n om bre  lim ité  d 'e s s a is .  En c o n sé q u e n ce , en 

e f f e t ,  il n 'e s t  pas p o ssib le  de  p ré c is e r  e x a c te m e n t  l 'e n d r o i t  

d ' up c h e n a l où su rv ie n t une c e r ta in e  f r é q u e n c e  de 

d é p a s s e m e n t. Il f a u t  d o n c  c o n s id é re r  le s  r é s u l ta t s  d ' essa is  

su r s im u la te u rs  ou de m esu res  su r p ro to ty p e s  c o m m e  un 

é c h a n ti l lo n  de ta i l le  l im i té e  q u i ne p e u t don n er q u 'u n e

in d ic a tio n  de la  pop u la tio n  c o n c e rn é e  qui e s t  q u a n t à  e lle , 

e n  p rin c ip e , ill im ité e .

S u r la base  de c e t  é c h a n tillo n , il e s t  n éan m o in s  

possib le  de  t r a c e r  une zo n e  de f ia b il i té  pour une c e r ta in e  

fr é q u e n c e  de d é p asse m e n t de  la  p o p u la tio n , zo n e  d 'a u t a n t  

plus p ré c ise  que l 'é c h a n ti l lo n  e s t  g ra n d . En o u tr e ,  la 

la rg e u r  de  la  zo n e  d épend  de l ' e r r e u r - ty  pe de la 

t r a je c to i r e  p a rc o u ru e  a in s i  q u e  de  la  f r é q u e n c e  de 

d é p a s s e m e n t e n v isag ée .
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C e t t e  f r é q u e n c e  de  d é p a s s e m e n t d o it  ê t r e  d é te rm in é e  

e n  to u t  p re m ie r  lie u . C e c i e s t  possib le  su r la  b a se  d 'une 

p ro b a b ilité  g lo b a le  a c c e p ta b le  d1 un ou d e  p lu s ieu rs  

ta lo n n e m e n ts  au  c o u rs  d’ u n e  pério d e  donnée, de  20 ans 

p a r e x e m p le  (f ig . 8). U ne fo is  d é te rm in é e  c e t t e  fré q u e n c e  

d e  d é p a s s e m e n t in d iv id u e lle , le  c h e n a l e s t  supposé  ré p o n d re  

à  c e  c r i t è r e .  C 'e s t  c e  q u 'o n  a p p e lle  l 'h y p o th è s e  nu lle , 

h y p o th è se  q u i d e m e u re  v a la b le  aussi lo n g te m p s  q u e  

l 'é c h a n t i l lo n  n e  d é m o n tre  pas le  c o n tra ire .

L 'h y p o th è s e  se lo n  la q u e lle  la  d is tr ib u tio n  s ta t i s t iq u e  e s t  

n o rm a le  e s t  en  f a i t  so u v en t in c o r re c te .  D ans d e  nom breux  

c a s ,  la  t r a j e c to i r e  p a rc o u ru e  répond  à  une d is tr ib u tio n  

a sy m é tr iq u e  d o té e  d’ u n e  c o n v e x ité  s 'é c a r t a n t  de  3 . La 

p rise  e n  c o n s id é ra tio n  d e  c e t t e  a s y m é tr ie  e t  de  c e t t e  

c o n v e x ité  d é v ia n te  d e  la  n o rm a le  co n d u it à  d e s  ré s u l ta ts  

t r è s  p ro c h es  de la  ré a l i té  (f ig . 13). A sy m é tr ie  e t  c o n v e x ité  

p e u v e n t ê t r e  n e u tr a l is é e s  e n  t ra n s fo rm a n t les  d is tr ib u tio n s  

o rig in a le s  e n  d is tr ib u tio n s  n o rm a le s .

O n donne  d e s  e x a m p le s  d e s  d i f f é r e n c e s  d e  t r a i t e m e n t  

s ta t i s t iq u e  lo rsq u 'o n  su p p o se  une d is tr ib u tio n  n o rm a le  e t  

lo rs q u 'o n  t i e n t  c o m p te  de  l 'a s y m é t r ie  e t  de  la  c o n v e x ité  

d é v ia n te .  L 'h y p o th è s e  d 'u n e  d is tr ib u tio n  n o rm a le  c o n d u it 

q u e lq u e fo is  à  une s o u s -e s tim a tio n  e t  q u e lq u e fo is  à  une 

s u r -e s t im a tio n  d e  la  s é c u r i t é .  En d ' a u tre s  te rm e s , le  c h e n a l 

n' e s t  pas a ss e z  la rg e  en  c e r ta in s  e n d ro its  e t  t ro p  la rg e  en 

d' a u tre s .

O n donne a u ss i d e s  e x em p le s  de  r e s p e c t  des 

s ta t i s t iq u e s  d ite s  " d é te rm in is te s "  q u i ig n o re n t to u te  zo n e  

d e  f ia b i l i té ,  c e  qui c o n d u it  à  d e s  c o n c lu sio n s  e r ro n é e s  : 

l ' a p p ro c h e  de  i' h y p o th è se  nu lle  e û t  donné de m e ille u rs  

ré s u l ta ts .  L e  dessin  de la  zo n e  de f ia b i l i té  a t t e s t e  en 

o u tr e  la  q u a li té  d e  l 'é n o n c é  sur la  f r é q u e n c e  de 

d é p a s s e m e n t e t  p e rm e t  d 'é v i t e r  d e  fo n d e r  d e s  c o n clu sio n s  

tro p  ra d ic a le s  sur un é ch a n ti l lo n  t ro p  p e t i t .
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