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ABSTRACT 

The paper d i s cus se s  t h e  procedures used f o r  
strengthanddeformationstudiesofseaice, and 

t h e  extremely cons i s t en t  f i e l d  r e s u l t s  obtained 

i n  t h e  High Arctic.  Emphasis i s  on t h e  l o v i n  
ca re  t o  be given t o  specimen preparat ion.  

Cette 6tude po r t e  s u r  l e s  m6thodes u t i l i s ' e e s  

dans les travaux de recherche po r t an t  s u r  l a  

r g s i s t a n c e  e t  l a  dgformation de l a  g l ace  marine 
e t  les r b u l t a t s  ex t rbemen t  homoghes obtenus 

dans l e  Haut Arctique. L'accent e s t  m i s  s u r  
l ' a t t e n t i o n  t o u t e  sp5c i a l e  q u ' i l  f a u t  appor te r  3 

l a  prgparat ion des 6chant i l lons .  
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The q u a l i t y  of i c e ,  i t s  th ickness ,  and 

temperature a r e  e s s e n t i a l  information i n  solving 

most engineering problems involving f l o a t i n g  

i c e .  S a l i n i t y ,  a i r  p o r o s i t y ,  g ra in  s t r u c t u r e ,  

and cracks a r e  important f a c t o r s  determining 

i c e  q u a l i t y  and have been d i c t a t e d  by p a s t  a s  

wel l  a s  p reva i l ing  c l imato log ica l  condi t ions .  

A l l  inf luence both physical  c h a r a c t e r i s t i c s  

and mechanical p roper t i es .  

It i s  d i f f i c u l t ,  and o f t e n  impossible,  t o  

ob ta in  such information f o r  desc r ib ing  t h e  

physical  s t a t e  o f  a  f l o a t i n g  i c e  block o r  an 

i c e  sheet .  Most working temperatures with  i c e  

a r e ,  i n  r e a l i t y ,  very high a s  f a r  a s  i t s  

mate r ia l  responses a r e  concerned because t h e  

working temperatures a r e  so  c lose  t o  i t s  melt- 

ing  po in t .  High temperature deformation and 

f a i l u r e  mechanisms play a  dominant r o l e  i n  i c e  

mechanics, and r a t e  s e n s i t i v i t y  of s t r e n g t h  

a n d . o t h e r  mechanical p r o p e r t i e s  become pre- 

dominant. The t e s t  condi t ions  a r e  complicated 

f u r t h e r  by t h e  f a c t  t h a t  n e i t h e r  t h e  experi-  

mentor nor most experimental t o o l s  a r e  "comfort- 

able"  a t  t h e  sub-zero ambient temperatures 

required i n  any s t u d i e s  of i c e .  

In  s p i t e  o f  extensive e f f o r t s  i n  labora-  

t o r i e s  and i n  t h e  f i e l d  t o  overcome t h e s e  

t e c h n i c a l  d i f f i c u l t i e s  i n  i n v e s t i g a t i n g  s t r e n g t h  

and deformation q u a l i t i e s  of i c e ,  d iscrepancies  

i n  t h e  r e s u l t s  a r e  s t i l l  t o o  l a r g e .  There is  

t o o  much s c a t t e r ,  and t h e r e  is  too  much d i s -  

agreement among d i f f e r e n t  s e t s  of r e s u l t s .  

There i s  t h e r e f o r e  a  requirement t o  develop 

b e t t e r  techniques f o r  t e s t i n g  i c e ,  both i n  t h e  

con t ro l l ed  environment of t h e  well-equipped 

labora to ry ,  and under t h e  adverse condi t ions  

encountered i n  t h e  f i e l d .  

The author  twice spent  a  month a t  t h e  

High Arc t ic  Weather S t a t i o n  a t  Mould Bay, 

Pr ince P a t r i c k  I s l a n d ,  N.W.T. ( 7 6 O ~ ;  1 1 9 ° 2 0 ' ~ ) ,  

i n  September-October 1981 and i n  June-July 1982. 

Both t r i p s  were made on behalf  of a  Canada-U.S.A. 

j o i n t  program known as  t h e  RadarsatIFirex Pro jec t .  

The primary ob jec t ives  were t o  determine micro- 

wave p r o p e r t i e s  o f  f i r s t - y e a r  and multi-year s e a  

i c e  i n  n a t u r a l  condi t ions  i n  t h e  A r c t i c ,  in for -  

mation t h a t  was t o  be app l ied  i n  a  remote-sensing 

s a t e l l i t e .  Extensive ground-truth observat ions  

were c a r r i e d  out t o  determine t h e  physical  

c h a r a c t e r i s t i c s  of t h e  var ious  types  of i c e  

encountered and u l t imate ly  t h e  inves t iga t ions  

were extended t o  include t h e  mechanical proper- 

t i e s  of t h e s e  types  o f  i c e  a s  wel l .  Observations 

were made on r a t e  s e n s i t i v i t y  o f  u n i a x i a l ,  un- 

confined compressive s t r e n g t h  of f r e s h l y  recov- 

e red  f i r s t - y e a r  s e a  i c e  from Mould Bay and m u l t i -  

year  s e a  i c e  from a l a r g e  f l o e  of about 1 5  km 

d i m  found near  t h e  junct ion o f  Crozier Channel 

and McClure S t r a i t .  

The t e s t s  were conducted i n  a por tab le  

899 



room on t h e  shore  of Mould Bay. A commercial 

t e s t  machine ( S o i l t e s t  ~ ~ 4 0 5 )  designed f o r  a  

load capaci ty  of 50 kN was used. Large p r i s -  

matic samples 50 x 100 x  250 mm were used t o  

t e s t  i c e  o r ien ted  hor izon ta l ly  with  respec t  t o  

t h e  i c e  cover. The samples were c a r e f u l l y  

machined with respect  t o  t h e  o r i e n t a t i o n s  o f  

t h e  g ra ins .  Tests  were conducted over a  wide 

range of displacement r a t e s  and temperatures ,  

load was determined by a c a l i b r a t e d  load c e l l ,  

and s t r a i n  was measured i n  t h e  c e n t r a l  a r e a  of 

t h e  specimens, away from t h e  end p l a t e n s ,  with 

a  p a i r  of  s p e c i a l l y  designed devices ( 1 )  mounted 

d i r e c t l y  on t h e  specimens (Fig. 1 ) .  

The r a t e  s e n s i t i v i t y  o f  s t r e n g t h ,  o r  t h e  

maximum s t r e s s ,  was analyzed on t h e  b a s i s  of 

average s t r e s s  r a t e  a s  wel l  a s  t h e  average 

s t r a i n  r a t e  t o  peak s t r e s s  because of e a r l i e r  

success i n  p resen t ing  r e s u l t s  i n  t h i s  manner ( 2 ) .  

Time and s t r a i n  aspec t s  o f  t h e  t e s t  r e s u l t s  

ind ica ted  t h a t  extremely cons i s ten t  r e s u l t s  can 

a l s o  be obtained under f i e l d  condi t ions .  
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S T R E S S  vs S T R A I N  

T r r t  Y 35 B 80 oC Mould  Bey. J u n r  1992 
l o r  typo.  F i r r t  Y r o r  S r a  I o r .  H o r i r o n t o l  S r o t i o m  
Rat -  S-ttingm 3. 0 
T-mprraturra -18 'C 

F i g .  1 S t r e s s - s t r a i n  r e l a t i o n s h i p s  obtained on h o r i z o n t a l l y  o r i e n t e d  samples of f i r s t -  

year  s e a  i c e  from Mould Bay, wi th  t h e i r  long a x i s  p a r a l l e l  and 45O t o  t h e  d i r e c t i o n  
o f  t h e  t i d a l  water cur ren t  i n  t h e  Bay. Both t e s t s  were performed under t h e  same 

900 cross-head displacement r a t e .  
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