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k s  analyses de s ~ ~ / m n d u t i v i t &  Clectrique, des isompes de l'oxygihe et de la structure 
granulaine de cmttes de glace dcup6&s h la surface d'une ile de glace ont indiqd que la 
glace etait l'origine de I'eau douce. La strvctlue granulaire 6tait quelque peu columnaire, la 
masse volumique variait de 875 h 400 kg/m3. Sept essais & compression uniaxiale ont 6d 
effecmb avec des khantillons d'un dimhtre rie 60 mm, d'une longueur variant & 110 ii 160 
mm. et orient& verticalement par rapport B la surface & lye de glace. Les dsistances B la 

compression variaient de 1,4 B3,5 MPa (h  & = 10-5s-~), valeurs cornparables B celles 
obtenues pour la glace d'iceberg. 
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ABSTRACT 

Sal i n i  t y / e l  e c t  r i  cat conducti v i  ty ,  oxygen isotope and g ra i  n 

s t ruc tu re  ana lys is  o f  i c e  cores recovered from the  sur face o f  an i c e  i s l and  

showed the  i c e  t o  be o f  freshwater o r i g i n .  The g ra i n  s t r u c t u r e  o f  the  i c e  
3 

was somewhat columnar; dens i ty  ranged from 875 t o  900 kg/m . Seven 

un iax ia l  compression t e s t s  were done on specimens 60 mn i n  diameter, 110 mn 

t o  160 mn long and o r ien ted  v e r t i c a l l y  w i t h  respect t o  t h e  surface of t h e  

i c e  island. Compressive strengths ranged from 1.4 MPa t o  3.5 MPa 
-5 -1 

( a t  gnom = 10 s ), comparable t o  values f o r  iceberg ice.  

In t roduc t ion  

I ce  i s lands  i n  t he  A rc t i c  are l a rge  t abu la r  i c e  features t h a t  

ca lve from t h e  ice-shelves on the  nor th  coast o f  El lesmere Island, Canada 

(Fig. 1 The f i r s t  confirmed i c e  i s l and  s i g h t i n g  was i n  1946 (Koenig e t  

al., 1952), and s ince then there have been numerous i c e  i s l a n d  ca lv ings and 

s i  gh t i  ngs (e  .g. Hatters1 ey-Smi th, 1963; J e f f  r i e s  and Serson, 1983). Once 

they calve, i c e  i s lands  d r i f t  w i t h  t he  Beaufort Gyre, and some have been 

known t o  remain i n  t he  gyre f o r  up t o  35 years. The clockwise d r i f t  o f  

these massive i c e  fea tu res  means t h a t  they p e r i o d i c a l l y  en te r  t h e  coastal  

waters of t he  Beaufort  Sea. With the  advent o f  exp lo ra t ion  and the 

po ten t i a l  development o f  hydrocarbon resources i n  t h i s  region, i t has been 

recognized t h a t  i c e  i s l ands  represent a po ten t i a l  hazard t o  bottom-founded 

offshore s t ruc tu res  (Sackinger e t  a1 . , 1985). 
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Figure 1: Map showing l oca t i on  o f  Hobson's I ce  I s land  i n  May 1987, Ward 

Hunt I c e  Shel f  and A r c t i c  OceanIBeaufort Gyre. 

With regard t o  t he  po ten t i a l  hazard represented by i c e  is lands, 

p a r t i c u l a r  i n t e r e s t  i s  focussed on the  number, size, and volume, as we l l  as 

the  physical ,  s t r u c t u r a l  and mechanical proper t ies  o f  t h e  ice.  The 

physical  and s t r u c t u r a l  p roper t ies  o f  i c e  is lands depend on t h e  s t r uc tu re  

and growth h i s t o r y  o f  t he  i c e  shelves from which they calve. I ce  core 

s tud ies o f  i c e  shelves and i c e  is lands have found f i v e  bas ic  i c e  types. 

They are found alone o r  i n  combination w i t h  each other  and comprise sea 

ice,  brackish ice,  f reshwate r l l ake  ice, i ced - f i r n  and g l a c i e r  i c e  (see 

Je f f r i es ,  1987 f o r  a  review o f  i c e  she l f  growth, s t r u c t u r e  and 

d i s i n t eg ra t i on ) .  El  sewhere i n  t h i s  volume, J e f f  r i e s  e t  a1 . (1988a) present 

t h e  f i r s t  r e s u l t s  o f  measurements o f  the mechanical p roper t ies  o f  sea i c e  

and brackish i c e  f rom Ward Hunt I ce  Shelf. I n  t h i s  paper we repor t  t he  

f i r s t  published data on the  mechanical proper t ies  o f  i c e  from an i c e  

is land. 



A t  t he  present time, the re  are approximately 30 i c e  is lands known 

i n  t he  A rc t i c  Ocean, i nc l ud ing  those t h a t  calved from east Ward Hunt I ce  

Shel f  i n  1982-83 ( J e f f r i e s  and Serson, 1983; J e f f r i e s  e t  a1 1988b). The 

l a rges t  o f  the  l a t t e r  i c e  is lands i s  Hobson's I ce  Island. It has an area 

o f  about 4  x  9  km, a  mean thickness o f  42.5 m over 64% o f  i t s  area, and a 
6 

mass s l i g h t l y  exceeding 700 x  10 tonnes ( J e f f r i e s  e t  al., 1988b). 

A1 though i t  i s  re1 a t i  ve ly  small compared t o  An ta r c t i c  tabu1 a r  icebergs, 

Hobson's I ce  I s land  i s  two orders o f  magnitude l a r g e r  than a medium-size 

Greenland iceberg. It has been shown t h a t  36% o f  t h e  area of t he  i c e  

i s l a n d  i s  mu l t i year  l and fas t  sea i c e  (p rev ious ly  at tached t o  t h e  f r o n t  of 

east Ward Hunt I ce  Shel f  and as much as 10 m t h i c k )  and t he  remaining 64% 

o f  the  area i s  former s h e l f  i c e  w i t h  a  mean thickness o f  42.5 m ( J e f f r i e s  

e t  a1 . , 1988b). Pre l iminary  studies o f  t he  phys ica l -s t ruc tu ra l  proper t ies  

o f  deep i c e  cores d r i l l e d  from Hobson's I ce  I s land  have shown t h a t  the  

shel f  i c e  i s  composed e n t i  r e l y  o f  granular, non-sal i n e  i c e  ( J e f f  r i e s  e t  

al., 1988b,c). The i c e  specimens tes ted  i n  t he  present study are s i m i l a r  

t o  the granular non-sal i n e  i c e  found previously.  

Specimen acqu is i t i on ,  preparat ion and hand1 i n g  

I n  May 1987 a few shallow 75 mm diameter cores were d r i l l e d  a t  

t h e  c res t  o f  a  h i 1  lock  on Hobson's I ce  I s land  us ing a PIC0 (Polar  I ce  

Coring O f f i ce )  1  ightwei  ght co r ing  auger. Ambient a i r  temperatures were 

-15.C t o  -2OgC. The cores were packed and sealed i n  polythene bags p r i o r  

t a  shipment t o  Resolute Bay where they were s tored a t  -18'C. I n  November 

1987 t he  specimens were shipped by a i r  t o  Montreal and by road t o  Ottawa. 

During the a i r  f l i g h t ,  the  i c e  warmed s i g n i f i c a n t l y  and some me l t ing  

occurred. Although t h i s  unfor tunate occurrence must be taken i n t o  account 

i n  the  i n t e r p r e t a t i o n  o f  t he  resu l ts ,  it probably d i d  no t  s i g n i f i c a n t l y  

a f f e c t  the  phys ica l -s t ruc tu ra l  propert ies.  This w i l l  be discussed 

f u r t he r .  

Shor t l y  a f t e r  t h e i r  a r r i v a l  i n  Ottawa, the  cores were examined 

and seven specimens o f  adequate length and diameter were selected f o r  

mechanical p roper t ies  measurement. The t e s t  program determined un iax i  a1 
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~ r e s s l v e  s t reng th  and f a i l u r e  modulus of the i c e  a t  a nominal s t r a i n  

r a t e  o f  about 1 x 1 0 ' ~ s - ~  (cross head r a t e  0.1 m lm in ) .  The t e s t  specimens 

were prepared on a l a t h e  and reduced t o  diameters of 59.1 mm t o  66.4 nun. 

The ends o f  t h e  specimens were f i n i shed  using a band saw and emery paper. 

A l l  but  two o f  t he  specimens had leng thd iameter  r a t i o s  exceeding a value 

of two. A standard specimen s i ze  could not be selected because of p a r t i a l  

me l t ing  o f  t he  i c e  i n  t r a n s i t .  A st ra tegy o f  maximizing specimen s ize was 

adopted, the  consequences o f  which w i l l  be discussed l a te r .  Specimen 

dimensions were measured w i t h  a vern ier  c a l l i p e r  and bu lk  dens i ty  was 

determined a f t e r  each specimen had been weighed on an e lec t ron i c  balance. 

Uniax ia l  compression t es t s  were performed us ing a 100 kN capacity 

" Inst ron"  model. TTDM-L t e s t  machine, w i t h  a swivel-head platen, a t  a 

temperature o f  -10'C. Specimens were or iented v e r t i c a l l y  w i t h  respect t o  

t he  surface o f  t he  i c e  i s l a n d  and f i t t e d  w i t h  100 mm gauge length 

extensometers f o r  the  measurement o f  specimen deformation. A f t e r  each 

specimen had been tested, samples were taken f o r  e l e c t r i c a l  conduct iv i ty  

( s a l i n i t y )  and s tab le  isotope analysis, and v e r t i c a l  t h i n  sect ions were 

cut. Hor izontal  t h i n  sect ions were cut  p r i o r  t o  tes t ing ,  and a l l  sections 

were photographed i n  cross-polarized l i g h t .  The spec i f i c  e l e c t r o l y t i c  

conducti v i  t i  (SEC) o f  samples was measured using a' Beckman Conductivity 

Bridge. 

Physical and s t r u c t u r a l  proper t ies  

A de ta i l ed  explanat ion o f  the  app l i ca t ion  of s tab le  isotopes i n  

i c e  core s tud ies i s  inappropr ia te  here. It i s  s u f f i c i e n t  t o  note tha t  the  

isotope values a re  i n d i c a t i v e  o f  f resh  water ice. The non-saline o r i g i n  

and nature of t he  i c e  i s  evident i n  the SEC values (Table 1)  and the i c e  

structure.  I n  terms o f  s a l i n i t y ,  the SEC values are equivalent t o  a very 

low s a l i n i t y  range o f  O.OZO/.. t o  0.03'/... The dens i ty  o f  the  samples 

ranged from 872-893 kg/m3 (Table 1). The absence o f  br ine, and the bubbly 

nature o f  the  i c e  gives r i s e  t o  dens i ty  values somewhat lower than are 

general ly found i n  sea i c e  (Table 1). The four  odd-numbered specimens 

which were c loser  t o  t he  i c e  surface had lower dens i t ies  than the three 

even-numbered specimens which were from a greater depth (0.2 t o  0.4 m) i n  

t he  i c e  cover. 
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1: S p e c i f i c  e l e c t r o l y t i c  conduc t i v i t y  (SEC) , dens i t y  and g ra in  s i z e  . 
o f  t e s t  specimens. 

Mean Grain 
Core No. Specimen No. Depth (m) S E C * ( ~ S . C ~ - ~  ) ~ e n s i  ty (kg .inm3) Diameter (mn) 

1 0709 0.0-0.2 35.5 875 7.1 

1 0710 0.2-0.38 26.9 892 14.7 

2 0711 0.0-0.2 39.1 881 12.4 

2 0712 0.2-0.4 33.0 89 3 13.1 

3 0713 0.0-0.2 26.6 887 19.5 

3 0714 0.2-0.37 41.3 892 17.3 

4 0715 0.0-0.17 26.0 872 11.5 

*A SEC value o f  16511~.cm-1 approximately equals a s a l i n i t y  o f  0.10*/... 

The phys ica l  and s t r u c t u r a l  p roper t ies  o f  t h e  i c e  t e s t e d  are 

q u i t e  s i m i l a r  t o  those o f  o ther  i c e  i s l a n d  samples which were not  

t ranspor ted t o  Ottawa ( J e f f r i e s  e t  al., 1988b and unpublished data). These 

s i m i l a r i t i e s  and t h e  v i r t u a l  absence o f  s a l i n i t y  i n  t h e  i c e  imply  t h a t  t h e  

i c e  was no t  s i g n i f i c a n t l y  a l t e r e d  as a r e s u l t  o f  t h e  p a r t i a l  me l t i ng  i n  

t r a n s i t .  This p a r t i a l  m e l t i n g  cou ld  be looked upon as s imply another 

summer melt  pe r iod  t o  which t h e  i c e  was subjected. 

Hor izonta l  t h i n  sect ions show t h e  i c e  t o  genera l l y  have l a r g e  

gra ins  (Fig. 2a; Table 1). The mean g ra in  diameter i n  each sec t ion  var ies  

from 7.1 mm (medium-grained) t o  19.5 mn (coarse-grained) (Table 1). 

V e r t i c a l  t h i n  sect ions reveal  a quasi-columnar s t r u c t u r e  (Fig. 2b). The 

grains are up t o  5 cm long  and 1.5 cm wide. Only specimen 0714 exh ib i ted  a 

c l a s s i c a l  continuous columnar s t ruc ture .  
f 

Mechanical p roper t ies  

A t y p i c a l  r e s u l t  o f  a s t rength  t e s t  i s  presented i n  Figure 3a. 

Stress and s t r a i n  are  each p l o t t e d  versus time. The s t rength ,  of, i s  t h e  

maximum s t ress  which t h e  specimen sustained dur ing  t h e  t e s t ,  i n  t h i s  case, 

where i t  yielded. Note t h a t  a l l  7 specimens f a i l e d  by y i e l d i n g .  The t ime 

a t  which t h i s  occurred i s  t h e  f a i l u r e  time, tf. The s t r a i n  a t  f a i l u r e  cf, 

i s  the  s t r a i n  a t  t ime tf. Examining t h e  s t ra in - t ime  p o r t i o n  o f  t h e  p l o t  

shows tha t ,  w h i l e  t h e  t e s t  was run a t  a constant cross-head ra te ,  the  . 

actua l  s t r a i n  r a t e  experienced by t h e  specimens i s  not  constant. I t  can be 
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F igu re  2: Th in  sec t ions  o f  coarse-grained i c e  photographed i n  

cross-pol a r i z e d  1  i ght (specimen 0710). 

(a )  h o r i z o n t a l  sec t ion  (depth 0.2 m) (mean g r a i n  diameter 

14.7 mm), 

( b )  v e r t i c a l  sec t ion  (depth 0.2-0.38 m). 

seen t h a t  t h e  s t r a i n  r a t e  measured on t h e  specimen i s  i n i t i a l l y  very low 

and on ly  approaches t h e  nominal r a t e  (cross-head r a t e  d i v i d e d  by specimen 

l e n g t h )  when t h e  specimen y i e l d s ,  i.e. has no s t i f f ness .  This 

c h a r a c t e r i s t i c  o f  constant  cross-head r a t e  t e s t s  was po in ted  out  by S i  nha 

(1981). 

The ac tua l  s t ra in - t ime  path fo l lowed i n  a p a r t i c u l a r  t e s t  i s  a  

f u n c t i o n  o f  t h e  r e l a t i v e  s t i f f n e s s  o f  the  specimen and t h e  t e s t  system. 

Stress i s  p l o t t e d  versus s t r a i n  i n  F igure  3b, showing t h e  non- l inear 

behaviour o f  ice .  From t h i s  p l o t  two moduli can be defined, a  tangent 

modulus, Et, which i s  tangent t o  t h e  s t ress  s t r a i n  curve a t  a  p a r t i c u l a r  

po in t ,  and a  secant modulus. ES, drawn from t h e  o r i g i n  t o  a  p a r t i c u l a r  

po in t .  The secant modulus t o  the  f a i l u r e  p o i n t  (cf ,  of) i s  re fe r red  t o  as 

t h e  f a i l u r e  modulus, Ef. Specimen s t i f f n e s s  i s  a  func t ion  o f  i t s  geometry 

end e l a s t i c  p roper t i es .  I n  t h i s  t e s t  se r ies  each specimen, as explhined 

e a r l i e r ,  had a  d i f f e r e n t  geometry so a  d i f f e r e n t  s t r a i n  pa th  was fol lowed. 

- 193 - 
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Figure 3: 

0 0.4 0.8 1.2 1.6 2.0 

STRAIN, lom3 

Test r e s u l t s  f o r  i c e  i s l and  specimen 0712, 

E 
nom 

= I O - ~ S - ~ ,  temp = -10'~. 

( a )  s t ress and s t r a i n  versus time, 

(b)  st ress versus s t r a i n  (Ef = 1.27 GPa, Et = 7 MPa). 

Timco and Frederking (1984) proposed a method t o  co r rec t  t h e  nominal s t r a i n  

r a t e  fo r  t he  e f f e c t  o f  r e l a t i v e  specimen t o  t e s t  system s t i f fness .  The 

f o l  lowing formula was der ived: 

where E i s  t h e  average tangent modulus up t o  y i e l d ,  A and R are  specimen 
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s - rec t iona l  area and l eng th  and fIsis the average s t i f f n e s s  o f  the  t e s t  

system. The f a i l u r e  modulus Ef i s  a good approximation o f  t he  average 

tangent modulus and r e f l e c t s  t h e  i n t r i n s i c  s t i f f n e s s  o f  t h e  ice,  i .e. 

temperature, g ra i n  s ize,  etc. With t h i s  cor rect ion,  s t reng th  r esu l t s  

compared favourably w i t h  those o f  t r u e  constant s t r a i n  r a t e  t e s t s  performed 

on a closed-loop t e s t  machine (Timco and Frederking, 1984). 

Table 2: Results o f  mechanical proper t ies  t e s t s  o f  i c e  i s l a n d  i c e  a t  

-1O'C. 1 

l eng th  d l  ameter af tf "f 
E 

Ef 'nom 'cor r  

MPa s 
-5 -1 10-5s-l 

Specimen No. mm m -  lom3 - GPa 10 s 

0709 163.55 63.80 1.38 360 0.92 1.50 1.02 0.68 

0710 134.11 69.29 2.48 405 1.58 1.57 1.24 0.86 

0711 164.67 63.80 2.07 440 2.05 1.01 1.01 0.79 

0712 165.36 63.68 2.00 345 1.58 1.27 1.01 0.72 

0713 114.68 62.06 1.48 285 1.59 0.93 1.45 0.78 

0714 118.29 66.42 3.57 540 3.23 1.10 1.41 1.24 

0715 145.61 63.96 2.26 425 2.37 0.95 1.15 0.86 

NOMINAL STRAIN RATE 

0 CORRECTED STRAIN RATE 

10 a ICEBERG ICE NADREAU (1985) 

0 ICEBERG ICE SINHA 6 FREDERKING (1987) 

1. * 
STRAIN RATE, s-' 

Figure 4: Strength versus s t r a i n  r a t e  f o r  i c e  i s l a n d  i c e  a t  -10'C. 

The r e s u l t s  from t h e  seven specimens tes ted  are summarized i n  

Table 2. In add i t i on  t o  strength,  f a i l u r e  t ime and s t r a i n  a t  f a i l u r e ,  

f a i l u r e  modulus, Ef, nominal s t r a i n  rate,  Enom, and corrected s t r a i n  rate, 

are included.'  Note from equation (1 )  t h a t  t h e  cor rected s t r a i n  rate,  
cor  

E 
.tor' 

contains t h e  f a c t o r  A 1 1  which takes i n t o  account specimen geometry. 
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, t rength versus s t r a i n  r a t e  r esu l t s  are p l o t t e d  i n  F igure 4. Also 

shown i n  t h i s  f i g u r e  a re  i nd i v i dua l  t e s t  r e s u l t s  from two t e s t  se r ies  

performed on iceberg i c e  a t  - l O e C ,  a reasonable agreement between t h e  

strength r esu l t s  f o r  i c e  i s l a n d  i c e  and those f o r  iceberg ice.  Nadreau's 

(1985) r esu l t s  are given i n  terms o f  nominal s t r a i n  r a t e  and app l i ca t i on  of 

a  co r rec t ion  would move h i s  data i n t o  a  c loser  agreement w i t h  t h e  data of 

Sinha and Frederking (1987). Comparing t he  resu l t s  f o r  f a i l u r e  modulus, 

Ef, from Table 2, i t  can be seen t h a t  they are genera l ly  lower than t he  

value o f  2.5 GPa which Sinha and Frederking (1987) found f o r  iceberg ice.  
3 

This i s  p a r t i a l l y  due t o  t h e  lower densi ty of t h i s  i c e  (884 kg/m ) compared 
3 

t o  iceberg i c e  (892 kg/m ) and t h e  f a c t  t h a t  t he  iceberg i c e  t e s t s  were 

performed on a c losed loop t e s t  machine w i t h  s t r a i n  r a t e  con t ro l  on t he  

specimen. 

CONCLUSIONS 

Stable isotope analys is  and s a l i n i t y  showed t he  i c e  cores recovered 

from the  top  0.5 m o f  Hobson's I ce  I s land  t o  be o f  f resh  water o r i g i n .  The 

i c e  i s  probably i ced  f i r n .  The s t rength p roper t ies  of t h i s  ice', when 

corrected f o r  t e s t  system s t i f f n e s s  e f f ec t s  on s t r a i n  rate,  are s i m i l a r  t o  

those o f  iceberg ice.  The i c e  showed somewhat greater  d u c t i l i t y  a t  y i e l d ,  

i .e. lower f a i l u r e  modulus than iceberg ice.  It can be concluded tha t ,  

when g ra in  s t r uc tu re  and fabr ic ,  densi ty and s a l i n i t y  are taken i n t o  

account, i c e  i s l and  i c e  from t h e  upper l eve l s  has mechanical p roper t ies  

which f a l l  w i t h i n  t h e  range o f  those o f  o ther  i c e  types w i t h  s i m i l a r  

physical  propert ies.  More work, however, i s  requi red on determining t h e  

overa l l  physical  and mechanical proper t ies  o f  i c e  i s l and  ice.  

ACKNOWLEDGEMENTS 

The authors would l i k e  t o  acknowledge t he  assistance of t h e  PCSP i n  

gaining access t o  Hobson's I c e  I s land  t o  r e t i eve  t he  cores. M.O. Je f f r ies  

and W.M. Sackinger a lso  acknowledge the  support of the  Geophysical 

I n s t i t u t e ,  Un ive rs i t y  o f  A1 aska, Fairbanks (S.-I. Akasofu, D i r e c t o r )  and 

t he  U.S. Department of Energy, Morgantown Energy Technology Center. Also 

t h e  assistance o f  J.D. Nei l ,  Technical O f f i c e r  a t  IRCINRCC i n  performing 

t he  laboratory  t e s t s  was much appreciated. 



IAHR Ice Symposium 1988 
Sapporo 

Hattersley-Smith, G., 1963. The Ward Hunt I c e  Shelf:  recent changes of t h e  

i c e  f r on t ,  Journal o f  Glaciology, Vol. 4, pp. 415-424. 

Je f f r i e s ,  M.O., 1987. The growth, s t r uc tu re  and d i s i n t e g r a t i o n  of A r c t i c  

i c e  shelves, Polar Record, Vol. 23, pp. 631-649. 

J e f f r i e s ,  M.O. and Serson, H.V., 1983. Recent changes a t  t he  f r o n t  o f  Ward 

Hunt I ce  Shelf,  Ellesmere Island, N.W.T., A rc t i c ,  Vol. 36, pp. 289-290. 

J e f f r i e s ,  M.O., Sackinger, W.M., Frederking, R.M.W., and Timco, G.W., 

1988a. I n i t i a l  mechanical proper ty  measurements o f  sea and brackish i c e  

from Ward Hunt I ce  Shelf,  Canada, IAHR Symposium on Ice, 23-27 August 1988, 

Sapporo, Japan. 

J e f f r i e s ,  M.O., Sackinger, W.M., and Shoemaker, H.D., 1988b. Geometry and 

Physical Proper t ies  o f  I ce  Islands, i n  Por t  and Ocean Engineering Under 

A r c t i c  Condit ions, Vol. 1, W.M. Sackinger and M.O. J e f f r i e s  (eds.), 

Geophysical I n s t i t u t e ,  Un ive rs i t y  o f  Alaska, pp. 69-83. 

J e f f r i e s ,  M.O., Sackinger, W.M., Krouse, H.R. and Serson, H.V., 1988c. 

Water c i r c u l a t i o n  and i c e  accret ion below Ward Hunt I c e  Shel f  (Northern 

Ellesmere Is land, Canada) deduced from s a l i n i t y  and isotope analysis of i c e  

cores, Annals o f  Glaciology, Vol. 10, pp. 68-72. 

Koenig, L.S., Greenaway, K.R., Dunbar, M. and Hattersley-Smith, G., A r c t i c  

I ce  Is lands, Arc t i c ,  Vol. 5, pp. 67-103. 

Nadreau, J.P., 1985 Lo is  de comportement e t  de f luage de l a  glace 

granula i  r e  simuliie de cr5tes de pression. Ph.D. thes is ,  C i v i l  Engineering 

Department, Lava1 Univers i ty ,  Quebec City.  

Sackinger, W.M., Serson, H.V., J e f f r i e s ,  M.O., Shoemaker, H.D. and Yan, M., 

1985. I ce  i s l a n d  generation and t r a j e c t o r i e s  no r t h  of E l  lesmere Island, 

Canada, Proceedings o f  the 8th In te rna t iona l  Conference on Port  and Ocean 

Engineering under A r c t i c  Condit ions (POAC-85), Narssarssuaq, Greenland, 



IAHR Ice Symposium 1988 

Sapporo 

September 1985, pp. 1009-1040. 

Sinha, N.K., 1981 Rate s e n s i t i v i t y  o f  compressive s t rength o f  

columnar-grained ice. Experimental Mechanics, Vol . 21, No. 6, pp. 

209-218. 

Sinha, N.K. and Frederking, R., 1987 Prel iminary observations on 

compressive strength, deformation and Poisson's r a t i o  of iceberg ice. 

Proceedings o f  Workshop on Extreme Ice  Features, Banff, Alberta,  November 

3-5, 1986, National Research Council o f  Canada, Associate Committee on 

Geotechnical Research, Tech. Memo. No. 141, pp. 413-426. 

Timco, G.W. and Frederking, R., 1984 A proceedure t o  account f o r  machine 

s t i f f n e s s  i n  un i -ax ia l  compression tests.  Proc. 7 th  IAHR Symposium on Ice, 

Hamburg, Germany, August 27-31, 1984, Vol. 1, pp. 39-47. 



This paper is being distributed in reprint form by the Institute for 
Research in Construction. A list of building practice and research 
publications available from the Institute may be obtained by writing to 
the Publications Section, Institute for Research in Construction, 
National Research Council of Canada, Ottawa, Ontario, KIA 0R6. 

Ce document est dishbut5 sous forme de tire-&-part par 1'Institut de 
recherche en construction. On peut obtenir une liste des publications de 
1'Institut portant sur les techniques ou les recherches en matihe de 
bitiment en Ccrivant h la Section des publications, Institut de recherche 
en construction, Conseil national de recherches du Canada, Ottawa 
(Ontario), KIA 0R6. 

View publication statsView publication stats

https://www.researchgate.net/publication/287465644

