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Dans c e t t e  n o t e  on pr ' esen te  l e s  r d s u l t a t s  d ' e s s a i s  de 
dGformation e t  de r b i s t a n c e  3 l a  compression un iax i a l e  
d16chant i l lons  de g lace  de  mer columnaire de premisre ann'ee. 
Les charges ont 6  appliqu'ees paral lUement  B l ' axe  des  
colonnes-Gchantillons avec p lu s i eu r s  v i t e s s e s  de d'eplacement 3 
l ' a i d e  d'une machine d ' e s s a i  p o r t a t i v e  d'un l abo ra to i r e  s i tu 'e  B 
Mould Bay dans l lOues t  de l lArc t ique  canadien. Les r d s u l t a t s  
son t  analyst% en fonc t ion  du taux mesur'e de con t r a in t e  e t  de 
d&f ormation jusqu' aux con t r a in t e s  maximales. On a  obtenu des  
r ' e s i s t a n c e s  a l l a n t  j u squ ' a  16 M N * - ~  3 - l O ° C ,  a v e c  d e s  
d6formations de rupture  de l ' o r d r e  de 0 , l  3 0,3 p. cent.  
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FIELD TESTS ON RATE SENSITIVITY OF VERTICAL STRENGTH AND 

DEFORMATION OF FIRST-YEAR COLUMNAR-GRAINED SEA ICE 

A b s t r a c t  

Observat ions  on r a t e  s e n s i t i v i t y  of u n i a x i a l ,  unconfined 

compressive s t r e n g t h  and deformat ion of f r e s h l y  recovered 

columnar-grained f i r s t - y e a r  sea  i c e  a r e  descr ibed.  Loads were 

a p p l i e d  p a r a l l e l  t o  t h e  a x i s  of t h e  columns over  a wide range of 

displacement r a t e s ,  us ing  a  p o r t a b l e  t e s t  machine i n  a  f i e l d  

l a b o r a t o r y  a t  Mould Bay i n  t h e  wes te rn  High A r c t i c  of Canada. 

R e s u l t s  a r e  analysed i n  terms of measured s t r e s s  and s t r a i n  r a t e  

t o  peak stress. S t r e n g t h s  up t o  16 M N - ~ - ~  a t  -lO°C were 

ob ta ined ,  w i t h  f a i l u r e  s t r a i n s  i n  t h e  range of 0.1 t o  

0.3 p e r  cent .  

1 INTRODUCTION 

T e s t s  c a r r i e d  out  i n  t h e  Canadian E a s t e r n  A r c t i c  on t h e  s t r e n g t h  

of v e r t i c a l  and h o r i z o n t a l  samples of columnar-grained s e a  i c e  

have been d i scussed  /1/ i n  terms of measured s t r a i n  and s t r e s s  

rates. Although v e r t i c a l  samples proved t o  be cons iderab ly  

s t r o n g e r  than  h o r i z o n t a l  samples,  no s i g n i f i c a n t  d i f f e r e n c e s  were 

e s t a b l i s h e d  f o r  f a i l u r e  s t r a i n .  Ana lys i s  r evea led  t h a t  t h e r e  

were anomalies l i n k e d  t o  t h e  performance c h a r a c t e r i s t i c s  of t h e  

t e s t  machine, which w a s  r a t h e r  s m a l l  and could no t  develop a  load  

of more than about 10 Id, and t h a t  problems wi th  t h i s  t e s t  system 

could be common t o  f i e l d  t e s t  equipment g e n e r a l l y .  The p r e s e n t  

paper d i s c u s s e s  r e s u l t s  ob ta ined  f o r  v e r t i c a l  s t r e n g t h  wi th  a  



t e s t  system of much l a r g e r  c a p a c i t y .  Th i s  s tudy was c a r r i e d  o u t  

i n  June-July 1982 as p a r t  of a comprehensive Canada-U .S .A. 

program, t h e  IZADARSATIFIREX P r o j e c t ,  a t  t h e  High A r c t i c  Weather 

S t a t i o n  a t  Mould Bay t o  determine t h e  microwave p r o p e r t i e s  of 

f i r s t - y e a r  and mul t i -year  s e a  i c e  under n a t u r a l  cond i t ions .  

T e s t s  were c a r r i e d  out on samples of f i r s t - y e a r  i c e  o r i e n t e d  

v e r t i c a l l y  and h o r i z o n t a l l y  w i t h  r e s p e c t  t o  t h e  i c e  cover  i n  

Mould Bay. 

2 TEST PROCEDURES 

Experiments were conducted i n  a f i e l d  l a b o r a t o r y  a t  Mould Ray, 

u s i n g  a commercial t e s t  machine ( S o i l t e s t  CT-405) w i t h  a des ign  

load c a p a c i t y  of 50 kN. A screw--driven machine, i t  i s  capable  of 

d e l i v e r i n g  an  a c t u a t o r  r a t e ,  k, of 3 x 10'~ t o  7 x rnm s-1 o r  

a nominal s t r a i n  r a t e ,  = :/&, of about 1.2 x t o  
d 

2.8 x s'l f o r  a specimen l e n g t h ,  R, of 250 mm. T e s t s  were 

made a t  -lO°C ( t o  be c o n s i s t e n t  w i t h  t h e  previous  s tudy  / I / )  on 

c y l i n d r i c a l  samples of 76 mm diameter  ( c r o s s - s e c t i o n a l  a r e a  of 

4500 mm2) and l e n g t h  of 250 mm prepared from v e r t i c a l  c o r e s  t aken  

from an  i c e  cover more t h a n  2 m t h i c k .  Specimens were t e s t e d  

between a p a i r  of p o l i s h e d  s t e e l  p l a t e n s .  Load was measured w i t h  

a c a l i b r a t e d  load c e l l .  Specimen deformat ion was measured u s i n g  

a p a i r  of s p e c i a l l y  designed gauges (gauge l e n g t h s  of 150 mm) 

mounted d i r e c t l y  on t h e  specimen 121. The o u t p u t s  from t h e  load 

c e l l  and t h e  two displacement gauges were recorded s e p a r a t e l y ,  

us ing  s t r i p  c h a r t  r ecorders  kep t  warm i n  heated and wel l -  

i n s u l a t e d  boxes t h a t  a l s o  housed t h e  load  c e l l  e l e c t r o n i c s  and 

t h e  6 V d ry  c e l l s  f o r  t h e  displacement  gauges. The displacement  

gauges were c a l i b r a t e d  from time t o  t ime t o  ensure  t h e  accuracy 

of t h e  s t r a i n  measurements. 

On 13 June 1982, a t  n igh t  when t h e  a i r  temperature  was -2OC ( t h e  

minimum f o r  t h e  day) ,  e i g h t  v e r t i c a l  c o r e s  of 76 mm and more t h a n  

2 m i n  l e n g t h  were recovered from t h e  i c e  cover i n  Mould Bay. 



liccovcry t i ~ n c  was nbout onc hour ,  from a f l a t  a r c 3  of about 1 rn2 

a t  S t a t i o n  3,  i n  t h e  channel and about  1.5 km from t h e  shore .  

The samples were  t r a n s p o r t e d  t o  base  camp w i t h i n  t h e  next  30 min. 

S i x  cores  were immediately s t o r e d  i n  a  f r e e z e r  mainta ined a t  

about  -25°C. One c o r e  was s e c t i o n e d  immediately w i t h  a  bandsaw 

i n  t h e  cold  room (-10°C) f o r  s a l i n i t y  measurements, t h e  o t h e r  was 

c u t  f o r  m i c r o s t r u c t u r a l  examination.  The t o p  100 mm of t h e  core ,  

used f o r  s a l i n i t y  measurements, was cu t  i n t o  10 mm t h i c k  d i s c s ;  

t h e  remainder was s e c t i o n e d  i n t o  20 mm t h i c k  segments. These 

were melted i n  s e a l e d  p l a s t i c  c o n t a i n e r s  i n  a  microwave oven and 

s t o r e d  i n  a  warm room f o r  more t h a n  10 h s o  t h a t  they  were a t  

e q u i l i b r i u m  temperature  be fo re  t h e i r  s a l i n i t i e s  were measured by 

means of a c a l i b r a t e d  refractomc:ter. 

A f t e r  s t o r a g e  i n  t h e  f r e e z e r  f o r  about 36 h a t  -25°C t h e  s i x  

c o r e s  were brought,  one a t  a  t ime,  i n t o  t h e  co ld  room (-10°C) f o r  

p rocess ing  and t e s t i n g .  Each was c u t  t o  make a  250 mm long  

c y l i n d r i c a l  sample. F ive  o r  s i x  specimens could  be made from 

each core .  The average depth  of each specimen from t h e  t o p  of 

t h e  i c e  cover  was noted. The c y l i n d e r s  were t h e n  c a r e f u l l y  

f i n i s h e d  w i t h  sandpaper t o  remove t h e  cu t  marks and end s u r f a c e s  

of  each specimen were g iven  a  f i n a l  p o l i s h  w i t h  f i n e  sandpaper  t o  

make c e r t a i n  t h a t  they were f l a t  and a t  r i g h t  a n g l e s  t o  t h e  a x i s  

of t h e  c y l i n d e r s .  F i n i s h e d  bpecimens were weighed and t h e i r  

dimensions measured. A l l  procedures  were c a r r i e d  o u t  whi le  t h e  

i c e  was s t i l l  below about -15"C, and samples were tu rned  over  

p e r i o d i c a l l y  dur ing  subsequent s t o r a g e  u n t i l  t e s t e d  i n  o r d e r  t o  

reduce b r i n e  d ra inage  o r  migra t ion.  

S i x  d i f f e r e n t  a c t u a t o r  speed s e t t i n g s  were s e l e c t e d ,  i n c l u d i n g  

t h e  s l o w e s t  and t h e  f a s t e s t ,  f o r  t h e  s i x  cores .  A l l  samples from 

any one c o r e  were t e s t e d  a t  t h e  same speed a t  a  t empera tu re  of 

-10°C 2 0.5"Cd Sur face  t empera tu re  of t h e  specimens was measured 

be fo re  and a f t e r  t e s t i n g ,  u s i n g  a  commercial t h e r m i s t o r  system. 

I n  a d d i t i o n ,  t h e  i n s i d e  t empera tu re  of one specimen from each 

ba tch  was monitored by i n s e r t i n g  a  mercury thermometer i n t o  a  

deep h o l e  d r i l l e d  a long  i t s  l o n g i t u d i n a l  a x i s .  T h i s  specimen was 



not ,  of course ,  used f o r  s t r e n g t h  t e s t i n g .  Half of each  specimen 

w a s  melted f o r  s a l i n i t y  measurements a f t e r  t e s t i n g .  

3 RESULTS AND ANALYSIS 

The i c e  was col~imnar-grained a long  i t s  e n t i r e  dep th ,  w i t h  a  

dens , i ty  of abou t  0.90 + 0.02 m g . m n T 3 ,  excep t  f o r  t h e  t o p  50 mm. 

The s a l i n i t y  d i s t r i b u t i o n  i n  t h e  i c e  on t h e  day of sampling is  

s h m n  i n  Fig.  1 ,  which a l s o  p r e s e n t s  t h e  s a l i n i t i e s  measured i n  a  

number of samples ( a l b e i t  from d i f f e r e n t  c o r e s )  a f t e r  t e s t i n g  and 

p l o t t e d  a c c o r d i n g  t o  t h e i r  ave rage  depth.  The adopced sample 

p r e p a r a t i o n  t echn ique  d i d  n o t  seem t o  a f f e c t  t h e  b r i n e  con ten t  of 

t h e  specimens. 

A s e t  of r e s u l t s  i s  given i n  Fig.  2 ,  i n c l u d i n g  t h o s e  f o r  tests 

s h m i n g  t h e  minimum and maxirmm s t r e n g t h s  o b t a i n e d  d u r i n g  t h i s  

S A L I N I T Y .  Oleo 

- 

- 

- 
- 

- 
- S A L I N I T Y  OF - 

A  CORE - 
S A L I N I T Y  OF 
V E R T I C A L  S A M P L E S  
AFTER THE TEST - 

- 
- 

- 

- 

1 1 1 1  1 ! I 1 1 1 1 1 1 1 1  

Fig.  1  

V e r t i c a l  s a l i n i t y  
p r o f i l e  S t a t i o n  3 ,  
Mould Bay, 
13 J u n e  1982, p l u s  
s a l i n i t y  of a  few 
samples t a k e n  a f t e r  
t h e  s t r e n g t h  t e s t s  



s e r i e s .  Examples of s t r e s s - s t r a i n  diagrams a r e  g i v e n  i n  Fig.  3. 

F igure  2  i s  of p a r t i c u l a r  i n t e r e s t  because i t  demonstra tes  t h e  

s c a t t e r  i n  t h e  r e s u 1 . t ~  and t h e  v a r i a t i o n  i n  t h e  mode of f a i l u r e .  

A d i s t i n c t  upper y i e l d  type of f a i l u r e ,  w i t h  s t r e s s  d e c r e a s i n g  

r a p i d l y  from t h e  maximum va lue ,  occur red  a t  lower r a t e s  of load- 

ing.  A t  h i g h e r  r a t e s  some specinlens f r a c t u r e d  a f t e r  e x p e r i e n c i n g  

upper  y i e l d  t y p e  of f a i l u r e ;  o t h e r s  f r a c t u r e d  p remature ly ,  t h e  

h igher  t h e  r a t e  t h e  e a r l i e r  t h e  f r a c t u r e .  These o b s e r v a t i o n s  are 

c o n s i s t e n t  w i t h  p rev ious  o b s e r v a t i o n s  on h o r i z o n t a l l y - o r i e n t e d ,  

f resh-water ,  columnar-grained S-2 i c e  under t r u l y  c o n s t a n t  

cross-head / 2 /  and s t r a i n  r a t e s  1 3 1 .  

F i g u r e  2  shows t h a t  t h e  d e s i g n  l o a d  c a p a c i t y  of t h e  machine w a s  

exceeded dur ing  many of t h e  t e s t s .  S t ress - t ime  and s t r a i n - t i m e  

o b s e r v a t i o n s  f o r  two of them a r e  shown i n  F igs .  4  and 5 .  Both 

e x h i b i t e d  upper y i e l d  type  of f a i l u r e ,  t h e  t o t a l  load a t  f a i l u r e  

i n  t h e  s lower  t e s t  (Fig .  4 )  be ing  abou t  60% of t h e  d e s i g n  load  

c a p a c i t y  of t h e  machine. The measured specimen s t r a i n  r a t e  was 

n o t  c o n s t a n t ,  b u t  i n c r e a s e d  g r a d u a l l y  a s  t h e  t e s t  progressed.  

Th i s  is c o n s i s t e n t  wi th  e a r l i e r  o b s e r v a t i o n s  f o r  t e s t s  a t  t r u l y  

c o n s t a n t  cross-head r a t e  /2 / .  The s t r a i n  r a t e  i n  t h e  f a s t e r  t e s t  

(Fig.  5 )  a l s o  i n c r e a s e d  g r a d u a l l y ,  but  a f t e r  about 45 s (Po in t  A )  

when t h e  t o t a l  l o a d  ( P o i n t  A ' )  was abou t  70% of t h e  l o a d  c a p a c i t y  

of t h e  machine t h e r e  was a  d i s t i n c t  d e c e l e r a t i o n .  Independent 

measurements of crossi-head r a t e  i n d i c a t e d  t h a t  t h i s  could  be due 

t o  f a i l u r e  of t h e  machine t o  main ta in  a  c o n s t a n t  r a t e  of 

d isplacement  d u r i n g  t h e  l a t t e r  p a r t  of t h e  t e s t .  The t e s t  

c o n d i t i o n s  were t h e r e f o r e  no t  s t r i c t l y  comparable, demons t ra t ing  

t h e  importance  of measuring a c t u a l  l o a d i n g  c o n d i t i o n s .  The 

l o a d i n g  p a t h  g i v e n  by t h e  average  s t r e s s  r a t e  = uf / t f ,  

where of i s  t h e  maximum s t r e s s  and t t h e  t ime corresponding t o  f  
t h i s  p o i n t ,  d e s c t i b e s  w e l l  t h e  a c t u a l  l o a d  h i s t o r y  ob ta ined  i n  

Fig. 4. On t b e  o t h e r  hand, t h e  de fo rmat ion  p a t h  g i v e n  by t h e  

average s t r a i n  r a t e  ; = pf / t f ,  where E i s  t h e  s t r a i n  a t  
af  f  

f a i l u r e ,  could  be more a p p r o p r i a t e  t h a n  f o r  t h e  c a s e  shown i n  
a  f 

Fig.  5 .  I t  i s ,  perhaps ,  a p p r o p r i a t e  t o  mention t h a t  r e c e n t  

measurements a t  t h e  D i v i s i d n  of B u i l d i n g  Research,  N a t i o n a l  

Research Council  Canada, dur ing  closed-loop,  c o n s t a n t  s t r a i n - r a t e  
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Stress-time curves for  several s t r a i n  ra tes  a t  -10°C f o r  ve r t i c a l  
samples of f i rs t -year  sea i c e  
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Fig. 3 

Stress-strain diagrams a t  -10°C for  ve r t i ca l  samples of 
f i rs t -year  sea i c e  



experiments i n d i c a t e d  t h a t  t h e  cross-head r a t e  should  indeed 

d e c r e a s e  d u r i n g  t h e  p r e - u p p e r y i e l d  p e r i o d  t o  main ta in  a c o n s t a n t  

deformation r a t e  i n  t h e  specimen. Decrease i n  t h e  cross-head 

displacement  r a t e  d u r i n g  t h e  f i e l d  t e s t  w i t h  i n c r e a s e  i n  l o a d  

( invo lv ing  high l o a d s )  was t h e r e f o r e  b e n e f i c i a l  from t h e  p o i n t  of 

view of main ta in ing  a favourab le  s t r a i n  path.  A s  most of t h e  t e s t s  

i n  t h i s  s e r i e s  were c a r r i e d  out  a t  h igh  l o a d s ,  t h e  a n a l y s i s  of 

r e s u l t s ,  on t h e  b a s i s  of measured s t r a i n  h i s t o r y ,  i s  thought t o  be 

appropr ia te .  

MOULD BAY. JUNE 1982 
TEST 29, SEA ICE. 
VERTICAL SAMPLE -10°C 
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The dcpendcnc-c of ripper y i e l d '  o r  f r a c t u r e  stress and 

corresponding s t r a i n  on i s  shown i n  Fig.  6. The r e s u l t s  
a  f  

i n d i c a t e  v a r i a t i o n s ,  but  no dependence of s t r e n g t h  o r  dzformat ion 

on depth  of specimen (shown i n  cm i n  Fig .  6 )  w i t h  r e s p e c t  t o  t h e  

t o p  s u r f a c e  of t h e  i c e  cover. The p resence  of b r i n e  channels  

(very  i r r e g u l a r  i n  shape and s i z e )  and d i f f e r e n c e s  i n  t h e  load ing  

c o n d i t i o n s  p a r t l y  induced by t h e s e  d e f e c t s  were though t  t o  be 

r e s p o n s i b l e  f o r  t h e  l a r g e  v a r i a t i o n s .  I n  g e n e r a l ,  bo th  s t r e s s  

and s t r a i n  a t  f a i l u r e  i n c r e a s e d  w i t h  s t r a i n  r a t e ,  c o r r o b o r a t i n g  

o b s e r v a t i o n s  on fresh-water i c e  12,  31. S t r a i n ,  however, showed 

l e s s  r a t e  s e n s i t i v i t y  t h a n  s t r e n g t h  and t h i s  a l s o  c o r r o b o r a t e s  

p rev ious  o b s e r v a t i o n s  12, 31. The lower d u c t i l i t y  f o r  t h e  

premature f r a c t u r e  f a i l u r e s ,  i n  comparison w i t h  t h o s e  undergoing 

upper y i e l d  type  f a i l u r e ,  w a s  a l s o  s i m i l a r  t o  t h e  behaviour of 

f r e s h - w a t e r  i c e  12,  31. The dependence of s t r e n g t h  on s t r a i n  

r a t e  may be r e p r e s e n t e d  by 
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01 1  

where 01 i s  t h e  u n i t  o r  r e f e r e n c e  s t r e s s  ' (= 1 M N - ~ - ~ )  and l1 i s  

t h e  u n i t  o r  r e f e r e n c e  s t r a i n  r a t e  (= 1 s'l). Regress iona l  

a n a l y s i s  of t h e  r e s u l t s  f o r  only upper y i e l d  type  f a i l u r e  gave P 

= 139 f 75 and p  = 0.24 ? 0.04, w i t h  a  c o r r e l a t i o n  c o e f f i c i e n t  of 

0.78. The s t r a i n  r a t e  s e n s i t i v i t y ,  p ,  i s  c l o s e  t o  t h e  va lues  

o b t a i n e d  f o r  f resh-water  i c e  12, 3/ and f o r  h o r i z o n t a l  samples of 

t h e  same s e a  i c e  a s  t h a t  used f o r  t h e  p resen t  t e s t s  141 i t  

d i f f e r s  g r e a t l y ,  however, from t h a t  o b t a i n e d  i n  a  p rev ious  s tudy 

on h o r i z o n t a l  s t r e n g t h  of s e a  i c e  151. 

The r e l a t i o n  between f a i l u r e  t ime and s t r e s s  is shown i n  Fig.  7 .  

I n c r e a s e  i n  tf w i t h  i n c r e a s e  i n  of can be s e e n  f o r  some load ing  

speeds ,  due a lmost  c e r t a i n l y  t o  t h e  d i f f e r e n c e s  i n  t h e  degree  of 

slowing of t h e  cross-head displacement  r a t e  d i scussed  e a r l i e r ;  

t h e  g e n e r a l  t r e n d  can  be  expressed a s  

t 1  01 

where t i  i s  t h e  u n i t  o r  r e f e r e n c e  t ime (= 1 s ) .  Regress ion 

a n a l y s i s  of t h e  r e s u l t s  e x h i b i t i n g  only  upper y i e l d  behaviour  

gave C = 1.32 x lo4 f 1.32 x lo4 and 8  = 1.95 2 0.39 w i t h  a  

c o r r e l a t i o n  c o e f f i c i e n t  of 0.76. By d e f i n i t i o n ,  . 
01 a1 

S u b s t i t u t i o n  of tf / t i  from e q u a t i o n  (2)  i n  e q u a t i o n  (3 )  and 

rearrangement g i v e s  

On s u b s t i t u t i o n  of t h e  va lues  C and 8 ,  determined e a r l i e r ,  t h i s  

g i v e s  
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Experimental  r e s u l t s  a r e  compared w i t h  equa t ion  (5)  i n  Fig. 8. 

The s t r e s s  r a t e  exponent i n  equa t ion  (5)  i s  comparable t o  t h a t  

cb t a ined  f o r  h o r i z o n t a l l y - o r i e n t e d  s e a  ice 11, 4,  61 and f r e sh -  

water  i c e  12, 31 and i n d i c a t e s  r a t e  s e n s i t i v i t y  similar t o  t h a t  

observed prev ious ly .  The numerical  va lue  of t h e  c o e f f i c i e n t  i n  

equa t ion  (5 )  is ,  however, more t han  f i v e  t i m e s  g r e a t e r  t han  t h a t  

ob t a ined  f o r  h o r i z o n t a l  samples of s e a  ice 11, 41. 

It is  common eng inee r ing  p r a c t i c e  t o  determine e f f e c t i v e  modulus 

from t h e  s l o p e  of t h e  s t r e s s - s t r a i n  diagrams. I n  agreement w i t h  

t h e o r e t i c a l  p r e d i c t i o n s  171, Fig.  3  shows t h a t  even t h e  s l o p e  of 

t h e  e a r l y  p a r t  of t h e s e  curves  depends on r a t e  of l oad ing  owing 

t o  t h e  c o n t r i b u t i o n  of delayed e l a s t i c  s t r a i n  t o  t o t a l  s t r a i n .  

It was decided,  t h e r e f o r e ,  t o  p r e s e n t  t h e  f a i l u r e  modulus, 

Ef = of 1 c f ,  i n  F igure  8 i n  accordance w i t h  prev ious  a n a l y s i s  

12 ,  31. The h igh  moduli ob ta ined  f o r  t h e  f r a c t u r e  f a i l u r e s  show 

t h a t  t h e  i n i t i a l  load ing  cond i t i ons  approach q u a s i - e l a s t i c  

cond i t i ons  a t  h igh  r a t e s .  

4 CONCLUSIONS 

Compressive s t r e n g t h s  of 5  t o  16 M N * ~ - ~  a t  -lO°C f o r  stress 

a p p l i e d  p a r a l l e l  t o  columnar g r a i n s  were ob ta ined  f o r  f i r s t - y e a r  

sea i c e  w i th  a  s a l i n i t y  of 4%,. The s t r a i n  r a t e s  a c t u a l l y  

measured i n  t h e  specimens were i n  t h e  range of 2.5 x t o  

5.5 x s - l ;  corresponding stress r a t e s  were i n  t h e  range of 

0.01 t o  0.4 M N * ~ - ~  s - l .  F a i l u r e  s t r a i n s  of 0.1 t o  0.3% and 

f a i l u r e  moduli of 3 t o  9 G N * ~ - ~  were observed. V e r t i c a l  samples 

were found t o  be about f i v e  t imes s t r o n g e r  than  h o r i z o n t a l l y -  

o r i e n t e d  samples (measured e a r l i e r  and confirmed by r e c e n t  

measurements). The r a t e  s e n s i t i v i t y  of sea- ice  s t r e n g t h  was 

s i m i l a r  t o  t h a t  of f resh-water  i c e .  The s tudy  showed t h a t  

c o n s i s t e n t  r e s u l t s  can a l s o  be ob ta ined  under f i e l d  cond i t i ons .  

Tha t  t h e  t e s t  machine was i ncapab le  of main ta in ing  a  cons t an t  



cross-head displacement  r a t e  d u r i n g  l o a d i n g  was a c t u a l l y  

b e n e f i c i a l  i n  o b t a i n i n g  a  favourab le  s t r a i n  path.  
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