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I NTh ( ~f lh j(  ‘2 ~ ( i N

Thi  “e j  ~~~~ or i t a in s  t h e  resul ts  of a l i ter - t t ,u : - ‘ .: ~r v u i  of ’ Ju: r , r , ,:e
::3:1rceu unuertaken rio an i n i t i al  part of the  Superst ru . t u r u  ‘ir i r ~r . , - : r ~~’
( f l i P )  funded by the Ur t r ’a t ,h on  Oil  Company . Most of the  avu l iable ’
were related t o  .;h i p i c ing  that  j o p r i m a r i l y  caused by oc ’i u nr a y  du t~~
the  ~u u n ( i r I g  of waves against  the s h i p .  This  s i t  u r i t i on  i s  di  f’ i’i c
compare w i t h  3.nat of s t a t ionary  s t r uc tu r e s  such as oil rig: ; , s~~r~r ’.
major  port ion of the sea spray in t h e  lat ter  case would Li ~r i ’ :  :r- i

wind—genera t ed whitecaps , rather than by the pounding or w veu ag-~ino ,
stationary s t ructures .  Since fewer parameters are involved in ~he
latter case , theoretical calculations are possible. The r i - ru l t : ;  u i ’
parallel to those obtained for sh ip  icing , except that the winds~ u - U
has to be higher for the stationary structures than for shi p:- .

REPORTS FROM FIELD STUDIES

Exten :~ive s tudies mad e through cooperation between the . ‘ ih ~~~r ; - . ’
L ar i t i m e  r . f ety  : oat’(I and t h e  I n s t i t u t e  of Low Teir .per ature f lcie : .c :
lescribed by Tabuta et al ( 1 9 ( i ) .  A major po r t i on  of’ the  avai l a ti e
f ie ld  ntudies  was contr ibuted by th is  group . 2-inc e th. ei’ e were  :ornu
dupl ica t ions, papers reviewed here will cover the esnential p ar t s  o~ the
resu l t s .

‘ r’ uwt : :  R a t e  of Ice Thickness

1’ t~ er r : t r k ’  -r : ;

l ’ a ja ’ r r r i ;t r ’k er r  were f rozen onto the growing i re , us ing  small rL~:’i :uut .u
of water , at ~4— hour intervals at several locations on hoard shin . Tb-
cross :rect ions of accumulated ice ar e shown in Figure  1. The gr o w t h
ra te  i cj ,a ’ lye to f ina l  th ickness , together  w i t h  the bear ing  of the ~h i r
and t b -  w ind  d i r e ct i o n , i;: shown in Figurn 2 . Appa ren tly ,  the r e l a t i v e
ari~ le of the  ship to the wind has n strong effec t on the icing rate.
Table I indicates icing rates by position of ice on board ship. Note
that U~ to 2 ton/hr of icing occurred under rather noder r i t  e c n . h  i t  ion: . ;
(air t.emp ~— 6 to —8°C , windspeed ~ 11 m/s) on a 316—gross-ton vessel .
A:; shown in F i gu r e  3, the Bertufort wind scale and air temperature cLeW

.~~~~ .—~~~~~~ . — ‘ - - -~~r ’  ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
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no p ar t i c u l a r  n ’ e 1 ’ i t . i . n : ~ h i j - , ~‘ x ’ ’~~- ’ T h ; (  a -  i n n 1’ ‘u ; ‘ ;“ ‘ l  b -  ~~ I r i . 1
sc-t i e ~~. ‘reru rn: i t i ’, , 00: -L i t i ce  ;t ’ ( ’ : d - : : l : I L j ( n l : ,  n.  i ’ l , ’ w i n : : : ;  w ‘ i. J o . :!.
by bel a~— W ed; ’ ‘ .1 ~‘n’ om sea vu t ‘0 wh i  . i v ’  n’ : ’  - r ’ r n ’  -u ’ ; :‘g hun ;  ‘ - r u —

t or i ’s .

I c i n L  r o l

Two alurn .~ri uini rod :; w o e  ~ i;iced or ; t i e  fi’ i ’ n , ~ , ‘ ‘v - n .’ Sf ~h ’ ,- :;tj ~~’ ;;
l r i i , ’c . Rod \ b a - h  an , - i n ’ u ! r i . ’;L ] t:’; t r t , :r : i t h e r  to r;, ’’;t:: l r ’ ’  i . ;  w ’  i ’ b : t. ,

was kept in place b r  j r~ ’ the  t . , ’ :;t i n ;r . Rod B w i : ;  O n - i ’  us’ I v i i ; a
rod every four l ie  ir o -anid i t_ ;  w ’ i ; ~h~. v - u  rr.~ ’asore’l e ; i ’ i :  ‘ i c ’ . F i g ’ ; r ’ u : . ’,
and 1ib show a schemat iu  i i  uu -t ’;tn , arid pho t c ’gr an .h o f hb ~.’ i c i n i ’ r H , : . ‘Ti , ’.-
results of th e se  tests r ice : :t oxw n in T a b i n -  I I

Ic ing  gage

Sinc e l. r i n e  in b:: j oe  may i n ’  ;r ’ ’i . ined and l u : H .  t i er;: ‘ (0 ’  ; - ; : r ; , 0 ) : ,
the total amount of sea spray ca pt u r e d  by t h e  u b  ,je c t c a r ,  r o t  be ;; eu, :a;”-

by the ic ing  rod . Therefore , an i c i n g  gru~ was J e v i s c ; , rt:: ; r : ’ . v ; .
Figures 5a and 5b , to measure the t ot a l  arr uur i t of t b .’ .;p r ’i,: car  -u” .-
the  rod ( Tabata , 1963). Two sets 1’ i c i ng  gages w ’r ’ n- e x O ; i rir,.~~’O - ‘i ”ry
four hours and the  amount s and chl or in it i eo of icc ;Lr u .t ’L t ” - i  ice “r .  I r i  : . -

were measured . The results  are shown in  Table T I .  Thn . ch i lor ~~n i t ,’:
in c’cluinr ; 9 was generally close to t h at  of sea v at  e”~~ I n : - :  . u r j . L i !u t a ’ i t
sea spray is the maj o r  source of L c J r ~~ , .

The s t ruc tu re  o r ’  accret ’:d I C C

The s t ruc ture  of ’ accret ed ice wac ::tud ~~n ;d by flOLk i S ’  t h i n  :;e .’ t a. ’
from samples collected . T h e  s izes  of 4 ,h e c r ys t ’ H  :‘ v n - r  e about 0 .5
no preferred o r i e n t a t i u n i u  were found .

Total amount ar ia ’ :en ter ’ ’H ’ ~rav l y of ’ a c ’r , -I. ’ 1 i . ~

The total r u ;uu r : t  and tie c e n t e r ’  of ;.r av i y of - ‘e a ’ ’ ; ”  .u ‘ ‘H on .  W I
ioeas i.red by iwo  method ;-

1) Method by change i n  r e n t e r’ o f ’  ~ n ’ a v i t ’ ,-’: t n  vn: i ; , . ’ : 1 . ;  t : , o
center  of gr r iv i  ty of the ice car: be ‘ ‘ ‘ i i ’  .il’ n t n ” ;  ‘~~on;. t h e  ::u’l, :u I’ ’’ ; ’ .

he center of ’  g rav ity  of t I c  - shi a tn  1 ’ - re ; u i  ‘ : i ’ t. ‘‘!‘ ‘c b i ’  ru n  IV ;;  I 0’ accre ’
ice and change j r  t h e  t i u ; f t , .  ‘ T h i n ’  n i e i ~~h l .  b i n ;  C o n l t , n - n ’  I f ’  , s ’;v it ’: of’
r i c c r ’ . ’t , r ” I  ce can also be ‘ri i ’ ’ ; Lat ,ed .,~ t i :  i ’ b i a r v n ’  in  h’ f - c ’ I ’ I u : I  of’
r o l l ing . The r ’u ’ ::uj t , s  Ti!’ ’ do wn ;  i i i  t ’ s f . f . c’ 11 I ( s ).  r ’ i ’ i : .  ; ‘( .1 -i r’ l .’ p : I ; ’ ( - ; ;  a

qu i n t  J .o r i~ for ru’ u urat , n ’ ; ; n ’ ! t : ;u r n’n r I f ’n I

2 )  M ’ ’ t i ;u’f  by 5’ i g l i i nig : 5’ - i~~le  t i n ’ i r e h i v i  1 is I n i o u n - : ;  ‘ ;, ‘ ‘ I ’O t n  -~

ice i :; a mor e rn ’ L i r ih , Iu -  n r n ’ t tud • t J , e i ; , O ;  te :n ’  t i n e  - ‘ ;n ~ r l a b  ‘ - n ’  ; a ’ q - i i ru d an ’ ’ ’
‘:o n s i d e r ’ ’ d ) i ( ’ . A lso , thi ,; n , n ’ t . h : , ’i n - r o i l  err  n . h 1 ,  c c i n t _ r i l r ; t , i ’ ’ n ; : ;  of ice
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“vn ;: :  p035 i ’r, I ’ ’  for t , m , n ’ :: 1,n i t , u o n a r y  f ru ct -: 1 ’ ’’;  I ,hc ’  j’e r ie n ’n t l  a;; ; ‘ct was p’ t r o l l  ‘ ‘ 1
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