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P RE FAC E 

The growing requirements  f o r  resource  e x p l o r a t i o n  and e x t r a c t i o n  
from t h e  A r c t i c  a r e  r e f l e c t e d  i n  an i n c r e a s i n g  i n t e r e s t  i n  developing 
f a c i l i t i e s  ( i c e  breaking v e s s e l s ,  o f f -  shore d r i l l i n g  s t r u c t u r e s ,  wharves, 
p i p e l i n e s ,  e t c .  ) t h a t  w i l l  perform s a f e l y  and economical ly  i n  i c e  covered 
waters .  Phys ica l  modeling o f  t h e  behaviour  o f  i c e  covers  i s  one a r e a  
t h a t  i s  developing t o  provide  information r e q u i r e d  f o r  t h e  r a t i o n a l  
des ign  o f  t he se  f a c i l i t i e s .  

The au tho r  o f  t h i s  r e p o r t  spen t  a  year (May 1976 t o  May 1977) a t  t h e  
I c e  Model Tank o f  t he  Hamburg Ship  Tes t ing  Establ ishment  (HSVA) s tudy ing  
phys ica l  modeling o f  i c e  behaviour  and i t s  a p p l i c a t i o n  t o  t h e  problem o f  
i c e  a c t i o n  on s t r u c t u r e s .  Th i s  r e p o r t  d e s c r i b e s  t h e  i c e  tank f a c i l i t y  
and o u t l i n e s  t he  phi losophy and o p e r a t i o n  o f  i t .  

0 t tawa 
September 19 77 

C. B . Crawford, 
D i r ec to r ,  DBR/NRC 



DESCRIPTION OF FACILITY 

A complete d e s c r i p t i o n ,  i n  bo th  German and Engl i sh ,  o f  t he  a s - b u i l t  
f a c i l i t y  appears  i n  "Sch i f f  und Hafen", Vol. 24, No. 8, 1972, p ,  549-554. 
The fol lowing d e s c r i p t i o n  c o n c e n t r a t e s  on the  c u r r e n t  f a c i l i t y  and 
emphasizes changes o r  mod i f i ca t i ons .  

The i c e  tank i s  30 m long, 6 m wide and has  a  water  dep th  o f  1 . 2  m. 
I t  i s  c o n s t r u c t e d  o f  concre te  and has  a  g l a s s  f i b e r  r e i n f o r c e d  epoxy 
l i n e r .  A ske t ch  o f  t h e  tank layout  i s  shown i n  Figure 1  and a  v i s u a l  
impression i s  given  i n  Figure 2. The t r i m  tank is  sepa ra t ed  from the  i c e  
tank by i n s u l a t e d  f o l d i n g  doors .  The model can t h e r e f o r e  b e  trimmed and  
a t t a c h e d  t o  t he  towing c a r r i a g e  i n  a  warm environment whi le  i c e  i s  being  
grown i n  the  tank .  A t  t he  o t h e r  end of t h e  tank ,  a l s o  s epa ra t ed  by 
i n s u l a t e d  f o l d i n g  doors ,  i s  t h e  mel t ing  b a s i n .  Water, hea ted  wi th  waste  h e a t  
from t h e  r e f r i g e r a t i o n  system, i s  sprayed on t h e  t e s t e d  i c e  t o  a c c e l e r a t e  
i t s  mel t ing .  The tank  i t s e l f  i s  cooled by f i nned  c o i l s  which cover  t h e  
e n t i r e  c e i l i n g .  A i r  movement i s  o n l y  by convec t ion .  

Observa t ion  windows extend a long  h a l f  t he  l eng th  o f  t h e  tank bot tom. 
There is  a  passage beneath t he  tank so t h a t  v i s u a l  and pllotographic 
obse rva t ions  can b e  made through t h e s e  windows. Th i s  f a c i l i t y  has been 
found u s e f u l  i n  observ ing  i c e  behaviour  under  s h i p s  and a 1  so around 
s t r u c t u r e s .  An example o f  a  photo taken  through a  bottom window i s  given 
i n  F igure  3. I c e  movement around p r o p e l l e r s ,  r udde r s  and bow t h r u s t e r s  
i s  becoming a n  a r e a  o f  i nc reas ing  i n t e r e s t .  The b reak ing  p a t t e r n  and i c e  
movement under s h i p s  and around s t r u c t u r e s  i s  o f t e n  much b e t t e r  v i s u a l i z e d  
from underwater obse rva t ions .  These viewing windows a r e  i nd i spensab le  i n  
developing phys ica l  and mathematical models f o r  i c e  r e s i s t a n c e  due t o  
breaking ,  submerging, a c c e l e r a t i n g  and f r i c t i o n .  I-ISVA wishes t h e  windows 
r an  t he  e n t i r e  l eng th  o f  t h e  t a n k .  There a r e  a l s o  s i d e  viewing windows 
b u t  t he se  a r e  much l e s s  u se fu l  than the  bottom windows and a r e  no longe r  
used a t  HSVA. The r e q u i r e d  a c c e s s  p i t  has  been found t o  l e a d  t o  a  
thermal anomaly along t h a t  p a r t  o f  t h e  tank w a l l .  

The towing c a r r i a g e  i s  c o n s t r u c t e d  o f  wood (framing,  roo f ,  f l o o r  and 
wa l l s )  b u t  i t  has  been found t o  b e  too f l e x i b l e  and now i s  being  s t i f f e n e d  
wi th  s t e e l  beams. On one  s i d e  t h e  c a r r i a g e  has  s t e e l  wheels running  on a  
s t e e l  r a i l  which provides  t r a c t i o n  and l a t e r a l  guidance.  S p e c i a l  
p r o v i s i o n s  had t o  b e  made f o r  t h e  d i f f e r e n t i a l  expansion between the  s t e e l  

r a i l  and t h e  concre te  wa l l .  The o t h e r  s i d e  o f  t h e  c a r r i a g e  has  hard rubber  
wheels on a  c o n c r e t e  t r a c k .  The r a i l  deve lops  t r a c t i v e  f o r c e s  up t o  about  
0 .5  kN b u t  t h i s  i s  no t  adequate  f o r  t e s t i n g  s t r u c t u r e s ,  t h e r e f o r e  a  r ack  
and p in ion  d r i v e  system i s  being  i n s t a l l e d .  hb t ive  power i s  from a  t h r e e -  
phase motor with r e g u l a t i o n ,  c o n t r o l  and d r i v i n g  p o s i t i o n  on t h e  c a r r i a g e .  
Speeds from 0.5 cm/s t o  2  m / s  a r e  p o s s i b l e .  The c a r r i a g e  has  f a c i l i t y  
f o r  s i d e  obse rva t ions  o f  v e s s e l s  o r  s t r u c t u r e s  and a l s o  has  f o l d i n g  p l a t -  
forms i n  f r o n t  f o r  o b s e r v a t i o n s  o f  i c e  behaviour  around t h e  bow. 



Measurements o f  load ,  displacements ,  a c c e l e r a t i o n s  and v e l o c i t i e s  

a r e  taken from the  c a r r i a g e  v i a  a  r ibbon  wi re  system t o  an ins t rument  

room f o r  r eco rd ing .  The d a t a  a c q u i s i t i o n  system i s  c u r r e n t l y  be ing  up- 

graded wi th  a  computer t o  f a c i l i t a t e  o n - l i n e  a n a l y s i s  o f  t h e  r e s u l t s .  
A temperature  monitor ing and record ing  system has  been added t o  t h e  t a n k .  

A i r  and i c e  tempera tures  a r e  measured a t  s eve ra l  l o c a t i o n s .  This  informa- 
t i o n  i s  used t o  ach ieve  d e s i r e d  i c e  p r o p e r t i e s .  

Models used i n  t h e  tank  a r e  manufactured from wood i n  t h e  I-ISVA model 
shop .  They a r e  f i n i s h e d  w i t h  a  hard ,  w e a r - r e s i s t a n t  p a i n t  t h a t  y i e l d s  a  
f r i c t i o n  c o e f f i c i e n t  o f  about  0 .1 .  For t e s t i n g  a t  a  h i g h e r  c o e f f i c i e n t  

o f  f r i c t i o n ,  ab ra s ive  m a t e r i a l s  a r e  g lued  t o  t he  f i n i s h .  The models a r e  
f i n i s h e d  i n  r e d  t o  provide  maximum co lou r  c o n t r a s t  f o r  obse rv ing  and 
photographing i c e  movement around t h e  models. 

I n  the  s p r i n g  o f  1977, a f t e r  5 y e a r s  o f  o p e r a t i o n ,  one s e c t i o n  o f  
c o n c r e t e  i n  the tank wal l  was observed t o  b e  d e t e r i o r a t i n g .  A l t o g e t h e r  a  

s e c t i o n  about 5  m long and 0 .5  m deep had t o  b e  removed b e f o r e  sound 
ma te r i a l  was reached .  The remainder o f  t h e  conc re t e  i n  t h e  tank  appeared 
t o  b e  i n  good c o n d i t i o n  so presumably t h i s  was j u s t  one a r e a  where t h e  

q u a l i t y  c o n t r o l  was n o t  good. I t  was f e l t  t h a t  t h e  c y c l e s  o f  f r e e z i n g  

and thawing ( r e a l l y  an a c c e l e r a t e d  weather ing  p r o c e s s ) ,  r a t h e r  than  the  
s a l t  wa te r  environment,  were r e s p o n s i b l e  f o r  t h e  d e t e r i o r a t i o n .  

SIMILITUDE AND SCALING 

I n  any modeling f a c i l i t y  a  g r e a t  deal  of a t t e n t i o n  must b e  g iven  t o  
t he  s i m i l i t u d e  cond i t i ons  t h a t  a r e  t o  b e  met. For i c e  modeling t h i s  i s  
even more so t he  c a s e  s i n c e  r e sea rch  and deba te  a r e  s t i l l  going on 

concerning the  a p p r o p r i a t e  s i m i l i t u d e  c o n d i t i o n s .  Most modeling o f  i c e -  
b reak ing  i s  done on the  b a s i s  o f  Froude s i m i l i t u d e ,  i . e . ,  t h e  r a t i o  o f  

i n e r t i a l  and g r a v i t a t i o n a l  f o r c e s  i s  i d e n t i c a l  i n  n a t u r e  and i n  t h e  model. 
In  i c e  modeling it i s  a l s o  cons idered  impor tan t  t h a t  t h e  c o e f f i c i e n t  o f  

f r i c t i o n  between t h e  i c e  and t h e  v e s s e l  b e  i d e n t i c a l .  F r i c t i o n  i s  a  
complex phenomena and HSVA has  ongoing i n v e s t i g a t i o n s  o f  it .  The 

modeling phi losophy a t  HSVA a l s o  emphasizes Cauchy s i m i l i t u d e  ( r a t i o  o f  
e l a s t i c  t o  i n e r t i a l  f o r c e s )  which means t h a t  t h e  e l a s t i c  modulus must 
a l s o  b e  s c a l e d .  The o b j e c t i v e  is  t o  produce i c e  w i t h  an  e l a s t i c  modulus 

t o  s t r e n g t h  r a t i o  o f  1500 t o  2000. HSVA f e e l s  t h a t  i c e  t h a t  i s  too  
p l a s t i c  l e a d s  t o  i n c o r r e c t  r e s u l t s .  The c r y s t a l  s i z e  and s t r u c t u r e  o f  
t he  model i c e  i s  s c a l e d  w i t h  r e s p e c t  t o  t h a t  i n  n a t u r e .  

I n  a c t u a l  p r a c t i c e  it i s  very d i f f i c u l t  t o  s imul taneous ly  meet a l l  
t h e s e  s i m i l i t u d e  requi rements  a t  a l l  model s c a l e s .  TIlis is due t o  

l i m i t a t i o n s  o f  a  phys i ca l  n a t u r e .  For example, i t  may n o t  b e  p o s s i b l e  t o  
e q u a l l y  reduce  s t r e n g t h  and e l a s t i c  p r o p e r t i e s  of t h e  i c e  t o  v a l u e s  
r e q u i r e d  by the  model s c a l e .  S i m i l a r l y ,  going t o  too  smal l  a  model may 
l e a d  t o  i nc reased  i n f l u e n c e  o f  s k i n  f r i c t i o n  e f f e c t s .  



The r e l a t i v e l y  low s a l i n i t y  i c e  used a t  IISVA combined w i t h  t h e i r  

warming technique a l lows  f l e x u r a l  s t r e n g t h s  t o  be  s c a l e d  down by a  f a c t o r  
o f  about  12 whi le  s t i l l  mainta in ing  a  modulus t o  s t r e n g t h  r a t i o  g r e a t e r  
t han  1500. A t  t h i s  t ime they  p r e f e r  t o  work wi th  model s c a l e s  i n  t h e  

range 10 t o  20. For c a s e s  where model t e s t s  must b e  done a t  s c a l e  
f a c t o r s  g r e a t e r  than  20, t h e  phi losophy a t  HSVA i s  t o  ma in t a in  t h e  

modulus t o  s t r e n g t h  r a t i o  even though t h e  s t r e n g t h  i s  known t o  b e  s eve ra l  

t imes too  g r e a t .  Because o f  t h e  too  g r e a t  s t r e n g t h  a  c o r r e c t i o n  based on 
reduc ing  t h e  breaking  p o r t i o n  o f  t h e  r e s i s t a n c e  i s  a p p l i e d .  

HSVA i s  c a r r y i n g  o u t  a  b a s i c  s tudy ,  funded by BMFT, ( t h e  German 
Federa l  Min i s t ry  f o r  Science and Technology) on s i m i l i t u d e  c o n s i d e r a t i o n s .  
A model o f  t h e  U.S. Coast  Guard Po la r  S t a r  i s  being  used  t o  s tudy  the  

i n f luence  o f  i c e  s t r e n g t h  and e l a s t i c  modulus. Flodel t e s t  r e s u l t s  w i l l  

be  compared wi th  f u l l  s c a l e  r e s u l t s  t o  b e  supp l i ed  by t h e  U.S. Coast  
Guard. This  i s  an  example o f  b a s i c  r e s e a r c h  t h a t  w i l l  l e a d  t o  a  b e t t e r  
unders tanding  o f  t h e  e f f e c t  o f  i c e  p r o p e r t i e s  on s i m i l i t u d e  c o n s i d e r a t i o n s .  

OPERATION O F  TANK 

The tank  i s  c u r r e n t l y  ope ra t ed  by a  four-man group.  I t  i s  headed by 

D r .  Joachim Schwarz who manages t h e  r e s e a r c h  and t e s t  programs, p r epa re s  
program p roposa l s ,  ana lyzes  r e sea rch  and t e s t  r e s u l t s  and p repa re s  

r e p o r t s  on work undertaken.  A mechanical t e c h n i c i a n  has r e s p o n s i b i l i t y  
f o r  t h e  day-to-day o p e r a t i o n  o f  t h e  tank,  i . e . ,  r e g u l a t i n g  r e f r i g e r a t i o n  

system, growing i c e ,  s e t t i n g  up models, checking i c e  p r o p e r t i e s ,  r educ ing  

d a t a  and genera l  maintenance. He i s  a s s i s t e d  i n  t h e s e  t a s k s  by a n o t h e r  
t e c h n i c i a n .  The f o u r t h  member o f  t h e  group i s  an e n g i n e e r i n g - p h y s i c i s t  

who i s  r e s p o n s i b l e  f o r  i n s t rumen ta t i on  a p p l i c a t i o n  and development, d a t a  
r educ t ion  procedures ,  a n a l y s i s  o f  r e s u l t s  and r e p o r t  p r e p a r a t i o n .  The 
group c a r r i e s  q u i t e  a  l a r g e  work load  and a t  t imes  works long o r  

i r r e g u l a r  hours  q u i t e  w i l l i n g l y  i n  o r d e r  t o  c a r r y  t h e  l o a d .  The group i s  
a l s o  involved  w i t h  f i e l d  t r i a l s  and i s  c u r r e n t l y  be ing  expanded t o  under-  
t ake  more b a s i c  i n v e s t i g a t i o n s  i n t o  t he  mechanical p r o p e r t i e s  o f  i c e .  

The a c t u a l  procedure f o r  producing model i c e  a t  HSVA i s  a s  fo l l ows :  

(a) Water i s  cooled t o  n e a r  e q u i l i b r i u m  temperature  f o r  t h e  given 
s a l i n i t y ,  - 0.5"C f o r  6 p e r  s a l i n i t y .  

(b) The a i r  temperature  i s  reduced t o  about -7  o r  -8°C. The 
r e l a t i v e  humidity of  t h e  a i r  i s  about 80 p e r  c e n t .  By t h i s  
t ime a  t h i n  s k i n  (-2 mm) o f  l a rge -g ra ined  i c e  has formed on t h e  

w a t e r  s u r f a c e  o f  t h e  t ank .  

[c)  The t ank  i s  then  seeded .  The c a r r i a g e  moves a long  t h e  l e n g t h  
o f  t he  tank a t  a  speed of about  5  m/min. A board  a t  t h e  l e a d i n g  

edge of  t h e  c a r r i a g e  i s  lowered t o  skim t h e  l a rge -g ra ined  i c e  
o f f  t h e  wa te r  s u r f a c e .  A nozz l e  system a t  t h e  r e a r  o f  t h e  
c a r r i a g e  sprays  o u t  a i r  and  w a t e r  under p r e s s u r e .  Cooled by 
t h e  a d i a b a t i c  expansion o f  t h e  a i r  t h e  atomized water  p a r t i c l e s  
f r e e z e  and f a l l  a s  a  f i n e  snow on to  t h e  wa te r  s u r f a c e  i n i t i a t i n g  
t he  formation o f  a  random o r i e n t e d ,  granu: lnr  i c e  l a y e r  about  
2 mm t h i c k .  A r e l a t i v e l y  f i ne -g ra ined  columnar i c e  grows from 
t h i s  l a y e r .  



(d) The columnar gra ined  i c e  growth i s  done a t  an a i r  t empera ture  
o f  about  -15°C f o r  which a  growth r a t e  o f  about  1 . 5  mm/hr i s  
a t t a i n e d .  A s  mentioned h e a t  exchange from t h e  i c e  s u r f a c e  i s  
by convect ion from t h e  c e i l i n g  c o o l e r s .  There i s  no fo rced  a i r  
movement. This  r e s u l t s  i n  a  very  uniform i c e  t h i c k n e s s  ove r  
t h e  l eng th  o f  t h e  i c e  tank ,  + 0 .5  mm v a r i a t i o n .  

(e )  The warming-up process ,  which might t a k e  a  number of hours ,  i s  
s t a r t e d  by b r i n g i n g  the  temperature  i n  t h e  r e f r i g e r a t i o n  c o i l s  
t o  - lOc.  A t  t h e  beginning o f  t h e  warming the  f l e x u r a l  s t r e n g t h  
i s  about  200 kPa and t h e  e l a s t i c  modulus 500 MPa and by the  end 
o f  t h e  warming pe r iod  t h e s e  va lues  a r e  about  60 kPa and 100 MPa 
r e s p e c t i v e l y .  The i c e  t h i cknes s  i n c r e a s e s  dur ing  t h i s  pe r iod ,  
b u t  a t  a  reduced r a t e .  S t r e n g t h s  a r e  measured p e r i o d i c a l l y  t o  
p i n p o i n t  t h e  t ime when i c e  p r o p e r t i e s  a r e  opt imal  f o r  running  
t h e  t e s t .  The f o l d i n g  doors  a r e  o f t e n  opened t o  speed  up t h e  
l a s t  p a r t  o f  t h e  warming process .  

( f )  While t h e  foregoing  o p e r a t i o n s  a r e  going on the  model i s  being  
s e t  up i n  t he  t r i m  t ank .  When t h e  i c e  p r o p e r t i e s  a r e  r i g h t  t h e  
t e s t  i s  r u n .  Usual ly  t h r e e  o r  f o u r  s t e p s  o f  i n c r e a s i n g  v e l o c i t y  
comprise a  run .  Towing r e s i s t a n c e ,  i n  some c a s e s  v e r t i c a l  
l oads ,  displacements  and a c c e l e r a t i o n s  of t h e  model and v e l o c i t y  
o f  t he  c a r r i a g e  a r e  measured and recorded  i n  d i g i t a l  form. 
Photographs and movies o f  b reaking  a c t i o n  a r e  u s u a l l y  made from 
above and below. A t  t h e  end of t h e  t e s t  run i c e  t h i cknes se s  
a r e  measured a s  a r e  v a l u e s  of s t r e n g t h  and e l a s t i c  modulus. 

(g) A f t e r  t h e  t e s t  t he  model i s  r e t u r n e d  t o  t h e  t r i m  tank and t h e  
r e f r i g e r a n t  temperature  i s  brought  above t h e  me l t i ng  p o i n t .  
Also t he  wa te r  i n  t h e  tank i s  c i r c u l a t e d .  Th i s  a l l  a i d s  i n  
warming up the  i c e .  When the  i c e  i s  s u f f i c i e n t l y  so f t ened  it 
i s  f r e e d  from t h e  w a l l s  mechanical ly  and then  t h e  board on t h e  
c a r r i a g e  i s  lowered and t h e  i c e  i s  pushed i n t o  t h e  mel t ing  
b a s i n .  Af t e r  t h e  tank  has  been c l e a r e d  o f  i c e  t h e  temperature  
can b e  s e t  down and t h e  procedure f o r  growing a n o t h e r  tank  o f  
i c e  s t a r t e d .  

CONCLUSION 

The I c e  Technology Group a t  HSVA is  a c t i v e l y  engaged i n  improving 
i t s  a b i l i t y  t o  dea l  wi th  i c e  problems i n  t he  marine environment.  They 
a r e  c a r r y i n g  o u t  fundamental s t u d i e s  t o  improve t h e i r  unders tanding  o f  
i c e  modeling, a c t i v e l y  s eek ing  o p p o r t u n i t i e s  t o  c a r r y  o u t  f u l l  s c a l e  
f i e l d  measurements t o  r e l a t e  t o  t h e i r  model r e s u l t s ,  and i n i t i a t i n g  work 
i n t o  t h e  b a s i c  mechanical p r o p e r t i e s  of i c e .  This  i s  an ambi t ious  
program f o r  a  r e l a t i v e l y  small group, b u t  t h e i r  f e e l i n g  i s  t h a t  o n l y  by 
be ing  a c t i v e  i n  a l l  t he se  a r e a s  can they  remain a t  t h e  f o r e f r o n t  o f  i c e  
technology.  





(a) looking towards Melt ing Basin 

(b) looking towards Trim Tank 

Figure 2 

Views o f  I c e  Tank; no te  convec t ive  c o o l e r s  on c e i l i n g  



Figure 3 

Photo taken through bottom observa t ion  window 
showing i c e  movement around s t e r n  o f  an  i ceb reake r  


