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Research i n t o  t h e  problems r e l a t e d  t o  snow and i c e  
i s  a most important par>t of the  work of t h e  Giv i s ion  of Building 
Eesearch aince i t  i s  so p e c u l i a r l y  a Canadian problem. 

The 3 t v i s i o n  has  jus t  had completed a s p e c i a l  cold 
room which was designed a s  a  snow and i c e  l abora to ry  -- one of 
t h e  f i r s t .  such l a b o r a t o r i e s  ever t o  be b u i l t .  The work has  
a l ready s t a r t e d  i n  t h i s  l abora to ry  and t he  l j iv i s ion  loolrr f o r -  
ward t o  using t h i s  spec ia l  f a c i l i t y  f o r  an inmediate a t t a c k  
on the  more u.rgent research  problems i n  t h i s  f i e l d .  

I n  advance of t h e  completion of t h i s  f a c i l i t y  Xx. 
h r n e  Gold, the  IIeod of t h e  Snow and Ice  Research Sect ion ,  has  
been ca r ry ing  out t h e o r e t i c a l  s t u d i e s  and has been usir~p~, a l s o  
t h e  r e s u l t s  of the  Snow Survey of Canada ;'or i n v e s t i g a t i o n a l  
work. The Snow Survey was i n i t i e t e d  and i s  c a r r i e d  out thpough 
t he  Associate  Committee on S o i l  and Snow Nechanics. 

T h i s  paper (''The St rength  of Snow i n  Cornprescion 
uncler Dynamic ~ o a d s " )  p resen t s  the  r e s u l t s  of some of these  
pre l iminary  s t u d i e s  and i s  n companion paner t o  t h a t  i n  D.!;.R. 
Eeport No, 54 ("The Lependence of Snow Hardness on Spec i f i c  
~ r a v i t y " ) ,  These two papers a r e  c i r c u l a t e d  i n  t h i s  p r e l i r i n a r y  
form f o r  c r i t i z i s n i  and comment. It i s  hoped t h a t  they may be 
publ ished when s u i t a b l y  amended i n  the  l i g h t  of comments 
rece ived ,  

Ottawa 
Gecember 1954 

Robert F. Legget, 
D i rec to r  



by Lorme W. Gold 

The 7roblerfls i n  Canada involving t he  s t r e n g t h  of 
i~~i i l is turbect  snow, p a r t i c u l a r l y  i n  r e l a t i o n  t o  t r a n s p o r t ,  a r e  
mal.nly of a  dynanic n a t w e .  That i s ,  before  t h e  a .ppl ica t ion  
of a load,  t h e  snow i s  r e l a t i v s l g  uns t ressed;  when the  load 
is appl ied ,  t h e  f o r c e s  involved a r e  s u f f i c i e n t  t o  cause t.he 
s t ; ruct~>.re  of t h e  snow t o  col lapse .  An engineer worlcing i n  t h i ?  
Z i 6 : i d  i s  Iticed with a situation i.nvolving f o r c e  of t h e  order  of 
10 p . s . f . ,  time of t h e  order  of one- f i f th  of a  second 2nd compress-  
j o r ~  of t h e  ::now of the  order  of h inches.  This problem is q u i t e  
d if': er e1l.r; f'rbox t h a t  invo lv in~ ;  t h e  s t r e n g t h  of snow u-nder what 
could be c a l l e d  q u a s i - s t a t i c  condi t ions.  Under q u a s i - s t a t i c  
cond i t ions ,  tho snow c;ovei7 i.s nodifiecl slowly by the  a c t i o n  of 
g r a v i t y  arid e t h e r  f o r c e s  tending t o  b r i n c  abo1-t a s t a t e  of therrnrj-.-, 
d ; . n ~ . n ~ i c ~ l  equ.llibrivm. I f  t h e  snow l i e s  on a s lops ,  t h e  s t r u c t u r e  
of t7he snow might reach s c r i t i c a l  s t a t e  where t he  snow cover nxiy 
be ca-l;astrc;p?~Lcally r e l e a s e d  as an avalanche with. t h e  p o s s i b l e  
resl.xlts of l o s s  of l i r e  and damage. 

In th iyn,unic p r o t l e a ,  t b e  en2;ineel-I is i n t e r e s t e d  i n  t h e  
~ e l a t i o n s h l p s  between equipment and the  energy absorbin;; and load 
bear ing  capaci ty  of the  snow iiurirl@ t h e  period of very rap id  
col . lapse;  in t l ie  quasi-sta4;ic problem, t h e  enk;ineer i s  i n t e r e s t e d  
i n  t l i e  v~odlif icat ions which occur witshin t h e  snow cover that  lead 
t o  c r i t i c e l  values i n  t h e  s t rei lgth p r o p e r t i e s  of t h e  snow. 
E s s e n t i % l l ~ ~  t h e  d i f f e r e n c e  i.s onc of ernphasi.~ on the p a r t i c u l z r  
aspect.? of' n.iot,amorphism a.nd s t r e n g t h  stuclies of i n t e r e s t  t o  the  
ob server .  

E x t e ~ s i v e  s t u d i e s  haT,re been c a r r l e d  out  and a r e  s t211 
cont inuing o n  snow under q ~ i a s i - s t a t l c  condition::. F'ew s t ~ ~ l i e s  
have beell made on the behaviour of snow under dynan;ic loacls. 
Problems involvfng t h e  dyn:~rnic loading of snow have v s u a l l y  been 
approached empi r i ca l ly  with l i t t l e  o r  no thoul;ht being g iven  
t o  t h e  niech.anica1 p r o p e r t i e s  of snow and i t s  behaviour when 
subjec t  t o  such loads.  This has  l e d  i n  many cases  t o  needless  
o r  misguided e f f o r t  with t h e  r e s u l t i n g  waste of money. Fur ther -  
more, because t h e  mecl?anical p r o p e r t i e s  of snow a r e  not f u l l y  
kn.ot.~n o r  v.nderstood, a confidence is o f t e n  placed i n  I t s  rr,ech.anical 
behaviour which i s  not wapranted. 

Th.ere a r e  many f a c t o r s  which a f f e c t  t h e  nechanica l  
pr30per t ies  of snow. These factor:: ,  some of which cannot be 
r e a d i l y  assessed ,  i n t e r a c t  t o  c r e a t e  condi t ions  which i n  t h e  f i r i a l  
a n a l y s i s  arc complicated i n  t h e  extreme. The r e s u l t  i s  t h a t ,  under 
p r a c t i c a l  condi t ions ,  t h e  determ.inrition of t h e  s t r e n g t h  p r o p e r t i e s  
of snow cannot be an exact  scienc6. This  i s  very evident  i n  t h e  
a n a l y s i s  t o  be presented where a  property,  with t h e  normally 
measured variat-)le. :  he ld  constanl;, could vary by a fz .c tor  of one 
hundred. Snor.: nay be a:? :deal, m a t e r i a l  f o r  winter  spor t  but it  
i s  not  az-1. i d e a l  m a t e r i a l  from most engineerding p o i n t s  of vicw. 



There Is a r e a s o n  f o r  t h e  extreme v a r i a t i o n s  i n  t h e  
s t r e n g t h  p r o ? e r t i e s  o f  snow. Snow i s  made up of smal l  i c e  c r y s t a l s .  
TJnder n a t u r a l  ?or,dlt , ions t h i s  i c e  i s  ve ry  n e a r  i t s  m e l t i n g  p o i n t .  
T h i s  condir,ion of  t h e  s o l i d  i s  very  d i f f i c u l t  t o  d e s c r i b e  
mccha~l c a l l y  b5ca1ise of' p l a s t i c  e f f e c t s  and v a r i a t i o n s  i n  s t r e n g t h  
p r o p e r t i e s  w i t h  t empera ture  i n  t h e  v i c i n i t y  of O°C. Furthermore ,  
t h e  t o t a l  i c e  s u r f a c e  a r e a  i n  t h e  snow i s  very l a r g e  and i r resu la ra  
w i t h  t h e  r e s u l t  tl-tar;, i n  a  normal environment,  t h e  s t r u c t u r e  f s 
thermodgnamicaily u n s t a b l e .  Eecause of t h i s ,  t h e  s t r u c t u r e  and 
t h u s  t h e  stzaength p ~ o p e r t i e s  a r e  c o n t i n u a l l y  modified.  

In  c r d c r  t o  g a i n  an i n s i g h t  i n t o  t h e  mechanfcul be- 
hav iou r  or" snow under dynamic loadin[; it was decided t o  c o n s t r u c t  
en  appa ra tu s  which would deform snow a t  a r a t e  comparable t o  t h a t  
caused by a  s k i  o r  a  t r a c k e d  veh fc l c .  With t h i s  a p p a r a t u s  and 
subsequent a n a l y s i s  it  was hoped t o :  

s t u h -  how t h e  snow deforms under a dynamic l o a d ,  
2 )  dexerniimza t h e  prinzar;~ varli.a: i e s  invo lved  i n  r e l a t i o n  t o  

t he  s t ~ c n g t h  of t h e  snow, 
3 )  de te rmine  how t h e  s t r e n g t l ~  of t h e  snow depends on t h e s e  

v a r  i a l , lL  s  , 
4) detzrtmine i f  t h e s e  v a r j a b l e s  could  be eva lua t ed  i n  a  

p ~ d ~ c t i c a l  wsy, 
5) de te r l~ l i ne  if sorr,e p r a c t i c a l  working theoray f o r  t h e  s t r e n g t h  

of  snow could  be developed,  
6 )  e-v.aiuate t h e  working theo ry  i n  t h e  l i d h t  of t h e  v a r i a b i l i t y  

of  t h e  s t r e n ~ t h  p p o p e r t f e s  of t h e  snow. 

In  o r d e r  t o  o b t a i n  a  c l e a r e r  i d e a  of  how t h e  proposed 
a p p a r a t u s  shoul.3 act. on t h e  snow, what snow c o n d i t i o n s  it  ehou1.d 
be capab le  o? d e a l i n g  w i t h  anii t o  o b t a i n  a c t u a l  f ' i g u r e s  on which t c  
bzsa  a d a c ; l ~ ~ ? ,  -AC1 a simnple zpparu. tus was c o n s t r ~ ~ c t c d  f o r  p r e l imina ry  
in.- ,, G , t f 5 a t i o n s .  - r n ~ n e  - oSse rva t lons  i ~ a d e  w i t h  t h i s  a p p a r a t u s  proved 

vt3rg i r i t e r e a t f n z  . .. and s t im-dlz tcd a n a l y s i s  of  d a t a  c o l l e c t e d  by t h e  
Cz:n;idian Slit;l,*l ::.~.~r~vey w'rlich p r e v i o ~ . ~  s l y  appearasd t.0 b e a r  i i t ' c  l e  
raalati.on ' to t i le ciy~~c~rnic s t r e n g t h  of snow. The f i r s t  p a r t  of t h i s  
report d e a l s  ~ 9 t h .  t h e  observnt ior ls  made w i t h  t h e  sinlple a p p a r a t u s  
and the secon? pa.i.c w i t t . ~  t h e  a n a l y s i s  p r e c i p i t a t e d  by t h e s e  
~cb s e r v a t i ~ n s ,  

F igu re  l ( a )  and ( b )  i s  a  s k e t c h  of t h e  s i m p l i f i e d  
a p ~ ~ a r a t u s  used f o r  p r e l i m i n a r y  o b s e r v a t i o n s  on t h e  c o l l a p s e  of  
snow under  compressive load ing .  F i  m e  l ( a )  i s  i n  a  p l ane  perpend- 
i c u i a r  t o  ths  snoN su r f ace :  Fig, l ( b  7 i s  i n  a p l a n e  p a r a l l e l  t o  t h e  
snow su r f ace .  By l e v e r - a c t i o n ,  a  f o r c e  i s  t r e n s m i t t e d  by a c a b l e ,  
th rough  a compression s p r i n g  t o  t h e  push rod and load ing  p l z t e  
a c t i n g  a g a i n s t  a v e r t i c a l  snow face .  A t r a c i n s  arm, Fi9.  l ( b ) ,  
p lvo t ed  on a sunnor t  r i 2 i d l y  a t t a c h e d  t o  t h e  s p ~ ~ f n g  c o n t a i n e r ,  i s  
l i n k e d  t o  t h e  cab l e .  T h i s  tracfn!.; arm r e c o r d s  t h e  forward movement 



of t h e  pilsh rod xid the co:qpressic~n o f  t he  s p r i n g  under  1-oa.d orl a 
waxed paper.  T h c  maxinum o b t a i n a b l e  penet;ra.tlon w i t h  t h i s  
inssrurnent i s  about 8 Inches .  By us ing  d i f f e r e n t  s p ~ i n g s , ,  t o t a l .  
l oad  r anges  of 0.-50 l b . ,  0--100 9.b. and 0-260 Ib, were ~b talineci, 
The load ing  p l a t e ,  always c i r c u l a r  i n  the 01; s e , ~ v a t i o n s  c a r r i e d  
o u t ,  was de tachab le  t h a t  t h e  t o t a l  load  b e a r i n g  a r e a  could bs  
r e a d i l y  z'ria!~ged, 

FLgi~re  2 i s  a t y p i c a l  l oad  - ITS -= p e n e t r a t i o n  cl.lrvt: 
ob t a ined  wi th  t h i s  a;nparat~:s. The s c a l e  is d i s t o r t e d  becai: sz  
t h e  t r a c l n g  arm moves on t h e  a r c  of a c i r c l s .  

The apna ra tus  was no t  completed u n t l l  we'll on i n  tile 
w in t e r  of i953~,5'&. There fo re ,  t h e  number of o b s e r v a t i o n s  and t h e  
t y p e s  o f  8iZOini i n  whlch t h e  obsexva t ions  could be made were l i m i t e d .  
Because snow c o n d i t i o n s  i n  t h e  g e n e r a l  Ottawa area a r e  poor  f o r  
+,his worl:, p a r t i c u l a r l y  i n  t h e  l a t e  wP' ; l te~~? t h e  o b s e r v a t i o n s  had t o  
l2e c a r r i e d  o1j.t 2.r~ d r r f t s  i n  o rde r  t o  c b t a i n  a  s ? . . ~ f f i c i e n t  dep th  
of snow. For ea:I-i t e s t ,  t h e  f l a t  c - i rcu ia r  l o a a i n g  p l a t e  was 
p l aced  a g s i n s t  .the v s r t i c a l  .face of an exp ossd  scow l a y e r .  
7' ~ a y s r s  tgerle ;hosen which appeared t o  be h.orno;:ensous and cont inuous 
t h o u ~ h  .this i s  quest ; ionable ,  p a r t i c l ~ l a r l y  !irl-clrbif.t a :  a:ld c e r t a i n l y  
;lot always t-..~:.e f o r  the  t c s t s  c a r r i e d  out .  Tlae p l a t e  was then  
~ a u s e d  t o  p e n e r r a t e  l:.orizontally i n t o  t h i s  l a g e r  a t  a r a t e  i n  t h e  
o r d e r  of  L f t , ' s s ~ = .  

Tlz~uff~ki t h e  condi t io l i s  f o r  t h e  t e s t s  were not i d e a l ,  
t h e  7 5  obser i rnt ions  :nade a l l  prclduced c.urves s i m i l a r  t o  t h a t  of 
Ffg.  2. A t  f i r s t  t h e  load . i-nsreases w l - t h  r e l a ' t i v e l y  l i t t i e  
penetra t ic-r , .  Milac pene-bration bras observed mis f e l t .  t o  be 
p r lm .a r i i y  due "so Urie'iTBllllCSS of t:he s1d1'T?8ce and t o  t h e  f a c t  t h e  
p l a t e  may r ~ c t  have been l y i n g  f l a t  on t h e  s u r f a c e ,  A t  some,  ell 
da.fined ;.oad:, thr= snow str.u:.t.urs beg ins  t .o  c o l l a p s e  and p e n e t r a t i o n  
begins .  T'hereaf key, t h e  lciarl slc)w:~y i n c r e a s e s  w i t h  penetrzation. 

Fer each snow type  on. rhshich t e s t s  were run ,  t h e  fo l iowing  
p r o p e r t i e s  were :neaaured:'. 

i.) Temperature ----- 
The t e r n p e r a t ~ r e  was alwat-s i n  t h e  rantye above - - ~ C ) " C ,  arid 
ti--erefore was not  a s ign- i f ichnx v a r i a b i e  i n  t h e s e  t e s t s ,  

This  was measured w i t h  t h e  N a t i a n a l  l iesearch Courscil 
g a ~ e  a.s desc r ibed  by-  Klsin: ,  Pearce and G o i d  (11, 

3 )  C r y s t a l  s f z e  and type  - .- 

Thi s  was measured and recorded ,  accord ing  t o  t h e  
procedure  d e s c r i b s d  i n  (1). 



 he following observations a r e  given t o  show i n  a  q u a l i t a t i v e  
way the  behaviour of snow under dynamic compressive loads,  Each 
of the  curves obtained i n  t h e  t e s t s  were redrawn on normal rec -  
tangular co-ordinate paper with s t r e s s  a s  ordinate  and penetra t ion 
a s  abscissa ,  

S t r e s s  S = 
Tota l  Load - - Q 

- *  

Area of p l a t e  A 

It was found tha t  the  s t r e s s  a t  which the snow began t o  col lapse  
and the  r e l a t i v e  increase i n  s t r e s s ,  a s  measured a t  the  bearing 
p l a t e ,  with penetra t ion was s ign i f i can t ly  re la ted  t o  t h e  specif f c 
grav i ty  of t h e  snow, No dependence of these values on the  a rea  of 
the  bearing p l a t e s  could be detec ed. The bearing p l a  e s  used had 8 B areas  o f  17.5 cm2, 50 cm2, 100 cm , 225 cm2 and 300 cm . Figure 3 
shows example s t r e s s  vs.  penetra t ion curves f o r  snow about 1 week 
o l d  and i n  Fig. 4 a r e  shown curves obtained i n  s e t t l i n g  snow of 
medium spec i f i c  gravi ty ,  I n  F ig ,  5  i s  shown the curve obtained 
when the  load was removed f o r  one minute a f t e r  penetra t ion had 
begun, and then increased u n t i l  the penetra t ion was complete, 
The increased load required t o  cause penetra t ion t o  begin again  
i s  appreciable.  This demonstrates the very rapid r a t e  a t  which 
the  snow can rega in  i t s  s t rength  once it has been disturbed,  

From Figs.  3 and 4 it i s  seen t h a t  it  i s  possible t o  make 
an est imate of the  s t r e s s  a t  which t h e  snow s t ruc ture  begins t o  
collapse.  Though the  values of t h i s  s t r e s s  varied f r o m  one t e s t  
t o  another i n  the same snow layer ,  they were a l l  of the  same order 
of magnitude, Much of the  va r i a t i on  i s  l i k e l y  due t o  the non- 
uniform nature of t h e  snow i n  d r i f t s ,  For instance,  it was found 
tha t  the densi ty  of the snow was not constant i n  any one layer  
p a r t i c u l a r l y  i n  a  d i r e c t i o n  normal t o  the  main ax i s  of the  d r i f t *  

It was found t h a t  t he  estimated s t r e s s  a t  the  beginning of 
col lapse ,  which w i l l  be cal led  the  ul t imate compressive s t reng th ,  
kp, obtained from these observations was of the same order a s  the  
hardness number a s  measured by the  hardness gauge. This i s  not 
unreasonable f o r  the  number recorded when using t h i s  gauge i s  the  
s t r e s s  which e x i s t s  across the p l a t e  of t he  hardness gauge when 
the  anow makes i t s  i n i t i a l  col lapse.  I n  Fig,  6 the  estimated 
ul t imate  compressive s t reng th  i s  p lot ted  aga ins t  the measured 
hardness o f  the l ayer  i n  which t h e  t e s t  was run,  The l i n e  kp 
= hardness has been drawn through the p lo t ted  points ,  There i s  
a  grea t  dea l  of s c a t t e r  of t he  po in t s  about t h i s  l i n e  but t h i s  
may be due t o  the f a c t  t h a t  the  snow i n  which the  observations 
were made d i d  not  have a  t r u l y  uniform homogeneous s t ruc tu re ,  
In  many cases,  the hardness readings were not made i n  the  same 
immediate area  i n  which the  t e s t  was run. From Fig,  6 it was 
concluded tha t  the hardness number was a  good measure of kp, 
I n  the  remainder of t h i s  paper, the hardness number w i l l  be 
assumed equivalent t o  kp. 



I n  Fig. 7 t h e  s t r e s s  a c r o s s  t h e  b e a r i n g  p l a t e  i s  d iv ided  
by kp and p l o t t e d  a g a i n s t  p e n e t r a t i o n .  It w i l l  be seen t h a t  t h i s  
r e l a t i v e  i n c r e a s e  i n  bear ing  load  w i t h  p e n e t r a t i o n  i s  p r a c t i c z l l - y  
8 s t r a i g h t  l i n e  r e l a t i o n  f o r  t h e  c o n d i t i o n s  of t e s t  u sed ,  Though 
t h e r e  i s  a  c a n s i d e r a b l e  s c a t t e r  i n  t h e  s lopes  of tlie l i l l e s  a t  ariy 
p a r t i c l l l a r  s p e c i f i c  g r a v f t y ,  t h e  s l o p e s  do telld t o  i n c r e a s e  w i t h  
i n c r e a s i n g  s p e c i f i c  g r a v i t y .  

For one s e r i e s  of  obse rva t ions ,  t h e  snow i n  f r o n t  of  
t h e  p e n e t r a t i n g  p l a t e  w a s  c u t  i l l  s e c t l o n s  a t  var::Lo!~.:: s t ~ . - . r : , :  :.3f 

p e ~ ~ e i ; ~ n t i o n  .in o r d e r  t o  o b t a i n  an i d e a  of what wa: happening, 
Figure  8? ( a ) ,  ( b j ,  ( c ) ,  ( d ) ,  sl.lovr ske t ches  of  t h e s e  secticlrls. 
The sect:i.ons a r e  normal t o  t h e  p i u t e  a r ~ d  t o  the snow s ~ l r f a c e ,  
The format ion  3f' a  "bulbT' of  dense snow i n  frori% of tk!s p l a t e  
was r ~ a d r i i - ~  observed and followed. The l i ~ e  cf demarcat ion 
between th; ".t~l.;lb'~ and s ~ . ~ r r o u n d i n g  snow w a s  c l ea r l3 -  marked. A 
fornled "bulb" could e a s i l y  be broken away i n t a c t  from t h e  
surrounding snow. 

Some neasurements were made on t h e  s p e c i f l c  g r a v i t y  of 
t h e  snow i n  t h e  "bulb" d i r e c t l y  i n  f r o n t  o f  t h e  p l a t e .  T h i s  
s p e c t f i c  g r a v i t y  2s p l o t t e d  a s  a  f u n c t t o n  of  t h e  or i : ; ; lna l  
s p e c i f i c  g r a v i t y  of  t h e  snow i n  iTip; .  9 ,  

It m ~ ~ s t  be renlembered t h a t  t h e  fo rego ing  observa. t ions  
a r c  of' a q u a l i t a t i v e  nat11i.e only .  These qual:ir;a.tfve r e s u l t s  do 
i n d i c a t e  some ?;enera1 r e l a - t i o n s ' r ~ i p s  wlnlch e x i s t  f o r  t h e  s t r e n g t h  
of snow i n  compression. One of t h c  most inlportaint of t h e s e  
r e l a t i o n s h i p s  i s  t h a t  i nd i ca t i . ng  t h a t  thc: navber found wi th  tlne 
Nat iona l  Xesearch Council  hardness  gua;;ci;s i s  a  5;ood i r i d i c a t i o n  of t h e  
u l t i rna te  compressive s t r e n g t h  o f  snow, Th i s  irnmediaf e l y  p l a c e s  
a new importance on t h e  r e s u l t s  of  snow sur.ve;ls UFL n:?; such 
inatrumerlts a s  they w j . 1 1  be a source  of data. from w!~.ich re lqt ionc: .  
s h i p s  between s p e c i f i c  s r a v f t y ,  t empera ture ,  c r y s t a l  s ize : ;  c r y s t a l  
t ype  and ultj-rnate compressive s t r e n g t h  of' snow may be obta-!.ned, 
Thc r e n a i n d e r  of  t hFs  paper  w i l l  dea l  w i t h  t h e s e  r e r ~ a t i o n s h i p s  
a s  observed from t h e  r e s u l t s  of  t h e  Canadian Snow Survey, 

Canadian Snow Survey 

I n  1947 t h e  Assoc ia te  Co~nmittee on S o i l  and Snow Mechs- 
n i c  s of t h e  'i.Ja-kiona1 i<esea.17c'h Council  i n i t i a t e d  t h e  snow sl~irveg of  
Canada. Since 1947, t h e r e  have been a t  l e a s t  t e n  o b s s r v a t i o n  
s t a t i o n s  l o c a t e d  I n  v a r i o u s  a r e a s  o f  Canada where p e r t i n e n t  
inf'ormati0.n on snow cover  h a s  been c o l l e c t e d .  About t w i c e  a  month 
a p r o f i l e  st~. idy of t h c  snow cover i s  made a t  each  s t a t i o n .  Lur5.ni.r k3 

tl:lis s tudy,  a  r e c o r d  i s  made of  . t he  va r fous  l a y e r s  whlch make up 
t h e  snow cover ,  t h e i r  thiclcness and l o c a t i o n  wi th  r e s p e c t  t o  t h e  
ground,  t h e i r  ha rdness ,  d e n s i t y ,  t empera ture  and p a i n  s i z e  and 
g r a i n  shape of t h e  snow contained.  Th i s  i n fo rma t ion  was u t i l i z e d  
I n  t h e  foll-owing s tudy ,  



For t h e  f i r s t  phase of t h e  s tudy,  ha rdness  was p l o t t e d  
a g a i n s t  s p s c i f i c  g r a v i t y  ( P s )  u s L q  t h e  o b s e r v a t i s n s  rmde a t  Alclavik, 
l.T.l,d,T. ; Gander, Newfoundlalid; Ottawa, Ontar5 o; Fiesolute, T The 
r e s u l t  i s  sllown on r e c t a n g u l a r  co-ord ina te  papel? i n  E'is, 10. The 
a r e a  of' each spot  i s  approximately  equa l  t o  t h e  number of o b s e r v a t i o n s  
made a t  t h a t  s p e c i f i c  g r a v i t y  and r a n c e  of  hardness ,  The hardness  
v a l u e s  were grouped i n  s t e p s  of 100, 

Though t h e r e  i s  a  spread of a t  l e a s t  a  f a c t o r  of 10 t o  100 
i n  t h e  v a l u e s  of kp f o r  any one s p e c i f i c  g r a v i t y ,  t h e  g e n e r a l  r e l a t i o n -  
s h i p  between ha rdness  and s p e c i f i c  g r a v i t y  i s  s t r i k i n g .  The f a c t  t h a t  
s p e c i f i c  g r a v i t y  I s  one o f  t h c  primar;y v a r i a b l e s  on which t h e  s t r c n g t h  
of snow depends h a s  been demonstrated ( 2 ,  3 ) ,  I ' i q r e  11, where t h e  
same in fo rma t ion  of Fig .  10  i s  p l o t t e d  on lo[;-102 p a p e r ,  emphasizes 
t h i s  f a c t .  Again, t h e  a r e a  of a spo t  i s  approximately  p r o p o r t i o n a l  
t o  t h e  number of readinrys  t a k e n  a t  .the va lue  o f p  and r anze  of' 
hardne s  s  , 

The s c a l e  of t h e  Na t iona l  i iesearch Counci l  ha rdness  kauge 
h a s  11 d i v i s i o n s  numbered 0 t o  10,  The number i n d i c a t e d  by t h e  
gau.2e when t h e  snow f i r s t  f a i l s  i s  m u l t i p l i e d  by a s c a l e  f a c t o r  of 1, 
10, 100 cr  1000, depending on t h e  s i z e  of' p l a t e  used,  t o  gLve t h e  

2 hardness  of t h e  snow i n  gmi/cm , Thi s  f a c t  was u t i l i z e d  i n  t h e  
grouping of d a t a  f o r  Fig .  11 and a l l  subsequent p r e s e n t a t i o n s .  
For example, a l l  p o i n t s  l y i n g  i n  th.e range  45& t o  54s were grouped 
and g i v e n  t h e  ha rdness  va lue  of 50, a l l  p o i n t s  i n  t h e  range of 
6lI5.& t o  7&-5 were g iven  the  hardness  vah ie  of 700 c t c .  Those 
p o i n t s  a t  4Ss 55, 650r 750 e t c .  were d i v i d e d  evenly  between t h e  
t w s  a d j a c e n t  hardness  grou.ps, 

By f i n d i ~ ;  t he  rneari d e n s i t y  comes2onding t o  each hardness  
e,, a s e r i e s  o f  po9nts  were ob ta ined  th rough  which t h e  l i n e  
was drawn, It was assixfled t h a t  t h i s  l i n e  very n e a r l y  g i v e s  

t h e  average dependence of hardness  on s p e c i f l c  , : ; ;ravity, Fro111 "A" 
f t  wa.s found t h a t  t h e  dependeizce o f  'r:ar>dness on s p e c i f i c  p a v i t y  
i s  given  ro1:gIlly by: 

ha rdness  = I , o 6 0 7 ~ s 7 * 7 .  

This demons t ra tes  t h e  extreme d e ~ e r ~ d e n c e  of  t h e  s t r e n g t h  p r o p e r t i e s  
of snow on s p e c i f i c  s rav j . ty .  

To determine r ea sons  f o r  tlne s-nread i n  ha rdness  v a l u e s  f o r  
any o n e p s ,  t h e s e  r ead i  ni;s were p l o t t e d  n.p;;ainst o t h e r  parameters  
measwed i n  t h e  snow slarvey, F'i,;:.ir'e 12  1 s a p l o t  of ! ~ a r d n e s s  
a g a i n s t  t empera ture ,  I n  t h i s  d i s p l a y ,  t h e  number of o b s e r v a t i o n s  
made w i t h i n  t h e  ran:::e c!f hardness  and tern?-jeratare i s  g iven.  The 
d a t a  have been f u r t h e r  grouped by t a k i n g  t e m p e r a t ~ : r e  s t e p s  of 3 ' ~ .  



It bras assumed t h a t  a r e l a t i o n s h i p  e x i s t s  between Yardness 
and temperature g iven  by 

l o g  (hardness)  = a + bT (1) 

where a and b a r e  constai l ts  arlrl T i s  t h e  t e n p e r a t ~ ~ r e .  Since al.1 
s p e c i f i c  z r a v i t i e s  a r e  represented  i n  lpig. 12,  "c!Ltt may not be a 
s i g n i f  i c a ~ t  number wPl.en c n l c u l a t  ed frorn t h e s e  d a t a  i. e,  "an may 
be a func t ion  of t h e  s p e c i f i c  i ~ r a v i t y .  To determine any clepende~ce 
of hardness on ternpicrature it i s  s ~ ~ f f i c i e n t  t o  tietcrrnine b. It 
was ass1,med t h a t  t was indc,~elident of s p e c i f i c  g r a v i t y ,  A rough 
check using p o i n t s  i n  t h e  r e s t r i c t e d  s p e c i f i c  g r a v i t y  tan,:e of 
0,18 t o  0.22 and 0.28 t o  0,32 showed t h a t  t h i s  was a reasonable 
asaumpt ion. 

A value f o r  b was determined from the d a t a  of Fig. 12  
us ing  t h e  method of l e a s t  s q ~ ~ a r  es .  It was found t h a t  

A c o r r e l a t i o n  c o e f f i c i e n t  f o r  the  d a t a  was c a l c u l a t e d  and found t o  
be 0.4.4. Pro attempt was rna.de t o  redxce t h e  spread i n  d a t a  d-ce t o  
v a r i a t i o n s  i n  s p e c i f i c  g r a v i t y  when c a l c u l a t i n g  t h i s  c o e f f i c i e n t .  

I f  we use thu determined v a l ~ i e  f o r  b i n  equat ion (1) t h e n  

lo!; hardness = a - 0 . 0 2 7 / ~ ~  

I f  snow a t  temperature T1 and hardness  H1 i s  clianzed t o  temperat1 1-o 

T2, t h e  r e s u l t i n g  hardness H2is given by 

Hz = -0.0274 (T2 - T I )  log  - 
Hi 

and i n  terms of n a t u r a l  1-ogarithms 

I n  Fig. 13, e' 000631 (T2 - T1) i s  p l o t t e d  a s  a f u n c t i o n  
of T2 - TI. It i s  seen tlict t h e  hardness i n c r e a s e s  by a f a c t o r  of 

approximately 1.88 f o r  each 10°c. drop I n  terny~erature. It I.s 
unreasonable t o  t 3 i n k  t h a t  t h i s  could po on i n d e f i n i t e l y  and 
t h e r e f o r e  t h e  above r e s u l t s  must be applicaL)le i n  a rbestrictc.cl 
t6mnerat;ure ran:;e i .e ,  0 t o  -4-0'~. 



This  inc rease  i n  s t r e n g t h  with decrease i n  temperature 
i s  not due alone t o  t h e  s i , zn i f i can t  i n c r e a s e  i n  t h e  stren2;th of 
i c e  with decrease i n  temperature near O O C .  ( 4 ) .  The snow t e s t e d  
I n  each case has  had some chance t o  a r r i v e  a t  a s t a t e  of tt~ermo-= 
dynamical equi l ibr ium. A s  t h e  tempera t~i re  decreases ,  water vap0u.r 
present  i n  the  voids of t % e  snow w i l l  f r e e z e  out  t h u s  tending t o  
inc rease  t h e  bondin[- between snow p a r t i c l e s  aid therefore t h e  
s t r e n ~ t h  o r  t h e  snow. Ths inc rease  i n  s t r eng th  of t h e  snow dce 
t o  f r e e z i n g  O I J . ~  of vagour would be most s i g n i f i c a n t  i n  the  
terflnerat~~.re ranse  0  t o  -Li.90c. s i n c e  it  i s  over t 'nis ranze t h a t  thc 
v a r i a t i o n  wlth tcn?peratr,r.e of t h e  amount of vapo1.l.r i n  equilLbrium 
with an 5.ce s!~rface i s  a ~ p r e c i a b l e .  

When t h e  temperaature vari .es from O ° C o  t o  - 4 0 " ' ~ ~ ~  t h e  
hal->dness can cb.n[;e by a  f a c t o r  of 12.5. Wcferring t o  11, 
we see t h a t  t h i s  var2 ia t ion  i s  s t i .11 not  sufl ' icrient t o  account f o r  
tb.s spread i n  hardness values i.e. hardness  v a r i e s  from 10 m 15 

a n  
4000 a t  ps = 0.25. I n  Fig. 14 t h e  number of obnervat lonr  f o r  

L 

cm 
each of tl-19 hardness  groL1.ps i s  p l o t t e d  aga-;.nst the  average c r y s t a l  
s i ze .  It i s  seen t h a t  t h e r e  i s  no obvious inc rease  o r  decrease 
i n  llardness a s  the  c r y s t a l  s i z e  var ied.  What i s  s ignif icalqt  i n  
Fig. ;I i s  t h e  {Jer:, l a r g e  snrcad i n  hardnese va17z.es a t  any one 
c r y s t a l  s i ze .  I n  'Table I, t h e  number of r e a d i n p ; ~  l y i n g  i n  t h e  
hardness  ranges of .LO - loo3. 200 - 1,000, 1,000 - 10,000 &m - 

fi 

cmL 
f o r  each c r y s t a l  s i z e  i s  s iven  a s  a percen-cage of' t h e  t o t a l  
number of reaclinss taken f o r  t h a t  c r y s t a l  s i ze .  It i s  seen t h a t  
only f o r  t h e  small  avera,ge c r y s t a l  s i z e s  t h a t  an apprec iable  
percenta,;e of the  re9dings  ha~7c: an u l t in la te  s t r c n g t h  i n  t h e  r a n l e  

l y O O O  - 109000 gm,/cmL. Table I i n d i c a t e s  t h a t  a s  thk snow becomes 
more thsrmodynamically s t a b l e  j l a r g e r  avera: c  c r y s t a l  s i z e s ]  t h e  
spread i n  hardness  readings  ciecrenses t h e  ma jo r i ty  lyini; i n  t h e  
range 100 - 1,000 grn 

-2 cm 

TABLE I 

C r y s t a l  S ize  Per cent of readings i n  range T o t a l  no. 
0-100, 100-1,000, 1,000-10,000 reauings  



I n  t h e  Canadian  Snow Survey,  snow i s  c l a s s i f i e d  i n t o  
v a r i o u s  t y p e s ,  namely: 

1) new snow, t y p e  a; 
2 )  snow i n  which t h e  c r y s t a l  s t r u c t u r e  c a n  s t i l l  be  d i s c e r n e d ,  

t y p e  b;  
3) s n o w  p a r t i c l e s  m o d i f i e d  by m e l t i n s ,  t y p e  c ;  
4) snow p a r t i c l e s  m o d i f i e d  by s u b l i m a t i o n ,  t y p e  d. 

I n  F i g ,  15, 16 and 1 7 ,  t h e s e  c r y s t a l  t y p e s  a r e  p l o t t e d  on a harcines: 
vS, - - s p e c i f i c  g r a v i t y  d i s p l a y .  The o b s e r v a t i o n s  i n  F i g .  15 were 
t a k e n  i n  t r e e - c o v e r e d ,  s h e l t e r e d  a r e a s ;  t h o s e  o f  F i g s .  1 6  an:! 1 7  
a t  Goose Eay, Labrador .  From t h e s e  f i g l ~ r e s  it  i s  s e e n  t : , ~ a t  l f  : ,ny  
d i f f e r e r c e  e x i s t s  between t h e  h a r d n e s s  p r o p e r t i e ?  o f  snow o f  t y p e  
c and snow o f  t y p e  d c r y s t a l s ,  it  i s  n o t  s u f f i - c i e n t  t o  be o f  
? r a c t i c a l  v a l u e  t o  t h e  e n g i n e e r  conce rned  w i t h  t h e  str.en2;;;tl.i pro;r,er:::ies 
of snow, These f i z u r e s  do show, p a r t i c u l a r l y  Fig;. 17 ,  t h a t  neiq 
snow g e n e r a l l y  h a s  low h a r d n e s s .  

The foregoing ~ n a l y s i s  h a s  shown t h e  ext reme v a r : i t i b i l i t y  
t . h a t  ex- is t s  i n  t h e  s t r e n g t h  p r o p e r t i e s  o f  snow. The dependence o f  
t h e  s t r e n g t h  o f  snow o n  t h e  n o r m a l l y  measu-red snow p r 0 p e r t i . e ~  does: 
n o t  acco~xn t  f o r  t h i s  v a r i a b i l i t y .  One f a c t o r  whlcb. c a n  be disc; :~u:~ed 
has n o t  as  y e t  been  c o n s i d e r e d .  I n  n .na lys ing  t h e  1:~ardnc-ss o f  ~rio!~:, 
no d i s t i n c t i o n  war drawn between o b s e r v a t i o n s  ma3e i n  d i . f f e 1 ~ e 2 t ~  
a r e a s  o f  Canada e x c e ~ t  i n  t h e  s e c t i o n  d e a l i n g  with,  snow t y p e ,  'The 
d i f f e r e n c e  between snow i n  s e p a r a t e d  a r e a s  i~ due t o  ~~ar.i.atl.o:?s i:i 

cli-n2:te f r o r i  re , - . , ion t o  rel;ioi?. Even w i t h i n  a re25011 t h e  c l i m s t e  
cc;:~ ?.:n:j..cr;;o e x t r e n e  changes  t l u . r i j l ~  t h e  coulrse o f  one lv,ririter, On 
t o p  of' t h e  chzn;;es t ,~h ich  o c c u r  i n  j u s t  one w i n t e r ,  t'qe1.e i s  the 
v a r i a t i o r ,  r.rl:~ich o c c u r s  f rom w i n t e r  t o  w i n t e r .  Each cli:-:ate 
f l!: r,tq~.atio!i l e a v e s  5 . t  s i m p r i n t  on t h e  snow cover .  

A s  examples o f  t h e  e f f e c t  o f  n l e t e o r o l o g i c a l  c o n d i t i o n s  
it bras foi.:ncl t h a t  f o r  R e s o l u t e ,  N.W.T., wh.i.ch b.as a v e r g  s t a b l e  
t h o ~ i y h  c o l d  c l i r n a t e  thrni~.,;hol:t t h e  w i n t e r ,  t h e  b.aradne s s  ok' sf;ruat:io-rl$ 
p l o t t e d  o n  t h e  h a r d n e s s -  ~ s .  -. s p e c i f  ric g r a v i t y  drispla.y, 1Tc ' - 7 3  .- ti :>I.II . . . c T ~  7' 

narZaower band t h a n  s a g  Tor "oose Bay, Labrador  (E'ili;. 17) ~,r'.lich ';?-as 
a c l i m a t e  s u b j e c t  t o  more ext reme f l u c t u a t i o n s .  kJ11le-n c o n s i d e ~ f n ;  
o b s e r v a t i o n s  from Fii.;. 11 th.Tch l i e  i n  t h e  7 p e c i f i c  ~ r z ~ v i t j w  ran&$ 
0.22 - 0.32, i t  was fo?;r?.tl t h a t  t h e  m a j o r l t g  of real.i~1;:;c. of 'rl.lL1: 

loardnes. were t a k e n  a t  R e s o l u t e  +.n d r r i f t e d  snov; t h e  m a j o r i t y  cf'. 
low h a r d n e s s  r e a d i n g 2  were t a k e n  a t  l\klavi:c T.1 o l d  "now s u b  j t ?c ted  
t o  te rn ;?er r tures  be low - l O ° C .  f o r  a l o n s  y e r i o d  of  t ime .  It iaas 
i n t e r e s t i n 2  t o  n o t e  t h a t  f o r  one s e r i e s  o f  o b s e r v a t i o n s  when .crw 
l a y e r  t e rnpera tu rc  .was below -10°'2. f o r  a lorlg p e r i o d  of ti!.:s, t.he 
hal-dness t e n d e d  t o  d e c r e a s e ,  y e t  f o r  a n o t h e r  s e r i e s  o f  i l ; . ~ "e . ' . ~~q*  .- A c . , . I . C Y , . ; : ~  - 

f o r  r.r!iich t h e  l a y e r  t e m p e r a t u r e  was above - 1 0 ° ~ ,  f o r  a ions per.ir;d 
o f  t i ~ i ~ e ,  t h e  h a r d n e s s  t e n d e d  t o  i n c r e a s e .  

T h i s  v e r g  b r i e f  d i s c u s s i o n  on t h e  e f f e c c  o f  c l i m a t e  
on h a r d n e s s  w a s  i n t r o d u c e d  t o  s11ow t h a t  t h e  s t r e n g t h  p r o l p e r t i s s  ci 
snow a1.e s e n s i t i v e  t o  t h e  a v c r a l l  rneteoro10,icnl p i c t u r e .  Kol~r .ovc_ . . r~ ,  



it h a s  shown t h a t  t h e  hardness  o f  snow i s  dependent on a p r o p e r t y  
which i s  no t  d i r e c t l y  4e t e rn ined  i n  t h e  snow survey, Th i s  p rope r ty  
i s  t h e  bonding u ~ t w e ~ n  c r y s t a l s  which i s  d i s c u s s e d  i n  some d e t a i l  
i n  ( 2 )  and ( 5 ) -  The e f f e c t  of bonding i s  c l e a r l y  demonstra tsd  by 
t h e  d i f f e r e n c e  i n  s t r e n g t h  between wind blown snow and o l d  snow 
a  proachirig therrnodynamic s t a b i l i t y  a.t low tempera tures .  F igu re  
1[ and Table I a l s o  demonstra te  t h e  e f f e c t  of bonding s i n c e  they  
s%ow t h a t  snow i s  more l i k e l y  t o  have a  ha rdness  below 1000 gm/cm2 
when t h e  avera2e c r y z t a l  s i z e  i s  g r e a t e r  t h a n  2mm. As t h c  snow 
ages ,  t h e  s u r f a c e  i r l - e g u l a r i t i e s  which a i d  bol~c1j.n~ d i s a p p e a r ;  t h e  
c r y s t a l s  becorie l a r y e r ,  more uniform i n  shape and t e n d  t o  have 
fewer 2nd weaker i n t e r - connec t  i ng  bonds. 

The fo rego ing  a n a l y s i s  h a s  shown t h a t  t h e  hardness  o f  
snow i s  p r i m a r i l y  dependent on s p e c i f i c  g r a v i t y ,  snow tempera ture  
and d e p e e  of bonding between p a r t i c l e s .  The dependence of ha rdness  
on c r y s t a l  s i z e  and c r y s t a l  type  i s  n o t  s u f f i c i e n t  t o  be s i g n i f i c a n t  
under practS.ca1 c o n d i t i o n s  thou!.;h a  knowledge of t h e s e  v a r i a b l e s  
i s  n e c e s s w y  i n  o r d e r  t o  o b t a i n  a complete unders tanding  of t h e  
chany;es which can  occur  w i t h i n  t h e  snow cover t o  y i e i u  t h e  observed 
s t r e n g t h  p r o p e r t i e s ,  

A s  h a s  been s t a t e d ,  t h e  above v a r i a b l e s  a r e  con t i . nua l ly  
changing wi th  time; t h e  degree  and d i r ec t j -on  of chanl;e depeliding 
on t h e  t'-ermod;,mamic s t r e s ~ e s  actring. I n t e r a c t i o r l s  between -these 
v a r i a b l e s  res1: l t  i n  s t r e n g t h  p r o p e r t i e s ,  tklc chanses i n  which a r e  
v e r y  d i f f i c u l t  t o  d e s c r i b e  u n a l y t i c a l l y  even i n  i s o l a t e d  ca ses .  
7he p r o p e r t i e s  of t h c  snow w i t h i n  a  s p e c i f i e d  a r e a  of a  l a y e r  In 
' ~ n e  snow cover  can be deterr i~ined a t  any one t ime ,  bu t  t h e s e  r e a d i n g s  
t aken  a lone  a r e  n o t  of m11.ch v a l u e  t o  t h e  man who must d e s i g n  
equipment t h a t  w i l l  a c t  on t h e  whole snow cover and o p e r a t e  i n  rnarty 
r ey ions .  It woulcl t h u s  appear  t l l a t ,  beca~ .~ . se  of t h e  number c f  f a c t o r s  
involved ,  i n d i v i d u a l  rneasui-ernents and exac t  r e l a t i o n s h i p s  between 
v a r i a b l e s  Ise2l.n t o  l o s e  meaning a s  f a r  a s  t h e  d e s i i y  of' apparatu.5 
t o  be  u - t i l i z e d  i n  snow i s  concerned. A more l o o s e  a3proach should 
b e  cons idered  i n  which t h e  average c h a r a c t e r i s t i c s  of the whole 
snow cover  a r e  de r ived  s t a t i s x i c a l l y  and t h e  behaviour  o f  th.e 
snow under  dynnrnic l oad  deduced from t h e s e  avera,ye c h a r a c t e r i s t i c s .  
Deslgn of appa ra tus  would t h e n  be based  on t h e s e  average  cha i .ac te r -  
i s t i c s  keeping i n  mind t h e  v a r i a t i o n s  and i n t e r d e ~ e n d e n c e  of t h e  
i n ( 1 i v i d u ~ l  r ead ings .  

Th i s  p r i n c i p l e  of approach i s  based no t  only on t h e  
o b s e r v a t i o n s  g iven  bu t  a l m  on the; f a c t  t h a t  t h e  c o l l a p s e  of t h e  
snow ( lur ing t h e  a?p l i ca t io r !  o f  a dynamic load  cannot be convenien t ly  
d e s c r i b e d  by t h e  theoray of e l a s t ~ c i t y  o r  p l a s t i c i t y ,  By u t i l i z i n g  
t h e  aver:-~.se cha rac t e r? - s t i . c s  of  a si?ot.~ cover and e s t i m a t  1n.g t h e  
dependence of t h e s e  c h a r a c t e r i s t i c s  on t h e  dynamic l o a d  i . t  would 
be p o s s i b l e  t o  deduce t h e  c h a r a c t e r f s t 3 . c ~  of t h c  snow just, a f t e r  
c o l l a p s e  ilnil? t h e  eneri;y involved i n  t h e  c o l l a p s e  process .  It i s  
t h i s  end p o i n t  ant1 a s s o c i a t e d  energy r e l a t e d  t o  t h e  kin.e!;l.atics of 
t h e  prolslem which i s  of' pr imary i n t e r e s t  i n  t h e  dynamic s j . tua t ion .  



F i c u r e s  10 and 1 9  have b e e n  g i v e n  t o  s'nol~ how c e r t a i r ?  
genera l -  c h a r a c t e r i s t i c s  c a n  t e  o b t a i n e d  f o r  a snJtr c o v e r .  I n  
F'i,. 18 an a t t e n ; p t  I - A ~  been made t o  f i n d ,  o n  t h e  a v e r a z e ,  tile 
r e l a t i v e  d e p t h  o f  snow i n  a  snow c o v e r  i ~ i t h  h a r d n e s s  l e s s  t h a n  a 
g i v e n  v a l u e .  Thc l a ~ e r  d e p t h s  f o r  t h c  o b s e r v a t i o n s  o f  ii'i~;. 11 were 
t o t a l l e d  as  were t h e  l a y e r  d e p t l ~ s  c o r r e s p o n d i n g  t o  eac11 l l a r d n e s s  rlange. 
The p e r  c e n t  of  t l la t o t a l  d e p t h  o f  t h e  a c c ~ m u l a t c d  d e p t h s  c o r 8 r e s -  
ponding t o  t h e  h a r d n e s s  v a l u e s  up  t o  a ~ i v e n  v a l u e  were t h e n  c a l - -  
c u l a t e d  and p l o t t e d .  The l i n e s  i n  P i ? .  1 0  show t h c  h-al-dness ran;.;es. 
n ~ h u s ,  i f '  one wished t o  d e c i d e  w'nat p e r  c e n t  o f  n snow c o v e r  c o u l d  

b e  e x p e c t e d  t o  have  a h a r d n e s s  of 1 O O O  gnJcm2 o r  l e s s ,  r e f e r e n c e  
t o  F ig .  1 0  would g i v e  70 p e r  c e n t .  If t h e  p a r t l s u l a r  a ~ p l i c a t i o n  
be in^; d e s i g n e d  w a s  i - s o l a t e d  t o  one a r e a  o r  t y p e  of' a r e a ,  a more 
c o r r e c t  dependence c o u l d  be fount1 fro:r: t h e  r e l e v a n t  sllow survey 
res7q l t s  o r  2 c o r r e c t i o n  f a c t o r  f o r  F i g ,  18 e s t i ~ n a t e d .  One c o u l d  
t h e n  p r o c e e d  o n  t h e  b a s i s  that  a l l  .mow of  h a r d n e s s  l e s s  t h a n  1000 

.grn/cm2 would b e  a f f e c t e d  by t h e  p a r t i c u l a r  a p p l i c a t i o n  and a l l  snow 
of  h a r d n e s s  g r e a t e r  than 1000 gm,/cm2 would n o t  b e  a f f e c t e d .  

I n  F i g .  1 9 ,  t h e  a v e r a g e  p e r  c e n t  o f  t h c  snow d e p t h  w i t h  
s p e c i f i c  g r a v i t y  l e s s  t h a n  a specified s ~ c c i f i c  y r a v i t y  h a s  b e e n  
p l o t t e d  f m m  t h e  d a t a  u s e d  i n  F i g .  11 ~ s i l g  t h e  saroc p r o c e d u r e  
employed f o r  Fig .  18, T h i s  t y p e  o f  ~ ~ c n e r a l  c h n n a c t e r i  s t i c s   hen 
avera:;ed o v e r  a nurrber o f  y e a r s  i n  one r e g i o n  o r  ~ ~ e g i o n s  c o u l d  b e  o f  
more v a l u e  i n  d e s i g n ,  when combined w i t h  a n  a p p l e c i a t i o n  of' t h e  
v a r ' _ a l ~ i l i t y  of t h e  snow p r o p e r t i e s ,  t h a n  e x a c t  r e l a t i o n s h i ~ s  s e t  up 
be tween  t h e  snow p r o p e r t  i e s .  

Though Fii_;s. 1 0  and 1 9 a r e  d e r i v e d  f r o m  t h e  same d a t a ,  
t h e r e  i s  no d i r ~ e c t  r e l a t i o n s h i , )  1-letweel-t t1lc:r-n. The: c o u l d  n o t ,  
t ' r , c re fo re ,  b c  usecl t o ? e t h c , r  w i t h  F i g ,  11 and a lrnowlecige of' t h e  
d e f o r m a t i o n  f o r  s c h  p r o b l e r ~ s  as  c s t i ~ a t l n , ;  t l le   inka age o f  a t r a c k  
o r  s l r i  i n  a snow cover .  Such problems c o u l d  be approached  if t h s  
avera;;e p e r  c e n t  o f  t h o  snow d e p t h  c o r r e s n o n d i n g  t o  a i i m i t e d  r a n z e  
o f  h a r d n e s s  and s p e c i f i c  g r a v i t y  were known. 

I n  the: i n t r o d u c t i o ~ z  c e r t a i n  u l t i m a t e  goa l  s f ~ r  a  
p roposed  snow t e s t i n g  a p p a r a t ~ i s  were laid. down. P r c l i m i n a r j  
i n v e s t  i g a t i c n s  and c e r t a i n  a n a l y  s i  3 of  snow s u ~ . ~ v e y  r e  s11.lt s have  
s a t i  sf icti mme o f  t h e s e  ~yoa l s .  

It w a s  found t h a t  t h e  ; ~ a r d n e s s  o f  snow, whfcl-1 i s  assunzed 
t o  be  a d i ~ e c t  i i ~ d i c a t i o n  o f  tt.;.~: 3",rc-:-i;;;tk of  v i r g i n  s n o ~ i  i n  corn- 
? r e s s i o n ,  i s  ~ r i m a r i l y  dependent  on  s p e c l f i c  g r a v i t y .  A t  an: one 
s p e c i f ' i c  ~ : ra~ i r i . t y ,  ,the haradness d o e s  depend s - i - ~ n i f i c a n t l g  o n  
t c r l ? e r a t u r e .  Any d q e n d e n c e  o n  c ~ g s t & i  size OF c r g s t a l  t;;pc i s  
i.;isi:;xifics.nt f o r  p r a c t i c a ? .  a p p l i c a t l o : ?  e x c e p t  t h a t  n e b J  .il-io~.r w i l l  
p r o b a b l y  have  a  low h a r d n e s s .  These v rLrLab les  a r e  r e a d  i.lg d e t e r . . =  

n mifled by methods now n o r m a l l y  employ cii 23. siloT.-I .<fie c1,la:lj.c s . ~ . h c  
hal-ci::less a l m  depends  s i : l ;nif  i - c a n t l y  o n  thc; s t r e ~ i ~ t h  t3 of  t l lc  b ~ l n d s  
between. c r y  s-knls.  The de,::ree o f  bontiling I. s u s u . a l l y   st iri1a.t ed f r o n  
s t r e n g t h  measi:rements, i .e.  t e l l s  3 . 1 6 :  stre:.l<;th t s s t  s ,  'This f a c t  



makes it  very d i f f i c u l t  t o  e s t i m a t e  t h e  u l t i m a t e  compressive 
s t r e n g t h  of  & snow without r e s o r t i n g  t o  d i r e c t  measurement, A l l  
t h e  foregoing  v a r i a b l e s  a r e  s e n s i t i v e  t o  t h e  i n t e g r a t e d  m e t e o r o l o g i c s l  
c o n d i t i o n s  and t h e r e f o r e  vary n o t  on ly  through t h e  snow cover  but  
a l s o  wi th  time. 

The g e n e r a l  dependence of ha rdness  on s p e c i f i c  g r a v i t y  
and temperature  was determined.  The dependence of hardness  on 
bond s t r e n g t h  could only  be  b r i e f l y  d i s c u s s e d  q u a l i t a t i v e l y ,  

From t h e s e  c o n s i d e r a t i o n s  it was concluded t h a t  i t  
woi~.id be u n r e a l i s t i c  t o  a t tempt  t o  d e r i v e  exac t  r e l a t i o n s h i p s  
between t h e  s t r e n g t h  of snow and t h e  s i g n i f i c a n t  v a r i a b l e s  f c r  t h e  
puypose of des ign.  It was shown t h a t  c e r t a i n  average c ' r ~ a r a c t e r i s t i c s  
of  t h e  snow cover r e l a t e d  t o  i t s  s t ren , , : th  could be  obta-ined,  A 
l o o s e  u t i l i z a t i o n  of  t h e s e  c h a r a c t e r i s t i c s  alony; w i th  an a p p ~ e c i a t i 0 . r ~  
o f  t h e  l i m i t s  and v a r i a b i l i t y  of snow p ~ . o p e r t i e s  would I- i l ielg 'bs 
t h e  b e s t  gu ide  i n  des ign  work. E s s e n t i a l l y  it  amo~.ints t o  estimatii ' lg 
t h e  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  from pre-determined average s.now 
stren;;th and d e n s i t y  d i s t r i b u t i o n  and t h e i r  denendeiice on t h e  
dynamic load.  An eval1:ation of t h i s  p r i n c i p l e ,  i,;hich has ?;een [used 
~.;on,cciously o r  o therwise  by many e n z i n e e r s ,  i s  s t i l l  t o  be capri .ed 
o u t  o 
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FIGURE- 16. DLPLUVLNCL OF HARDNLSS ON CRYSTAL TYPE 

OF SUOW OF A V L R A G L  SIZL LESS T H A N  \ . q  mm.. TUL 

OBSE-AVAT\ONS WkRL M A U L  AT 6005L BAY. LABRADOR.  



+ '= 
w 

HI m m  .. w 
a d *  n 

m L  
.r i 

m.... 

B. .. // 

1.0 0.8 0.6 0 . 4  0.2 0.1 0.00 0.0C 0.04 0.02 

S P L C \ F I C  GRAVITY fi 

FIGLl RE 17. o r p r N o r N c r  OF H A A D N L ~ ~  ON C n y s T A L  

TYPE, OF SNOW OF A V E R A G L  512L 6RLA7LK 7MAM 1;s mm.. TUE; 

OBSLRVATIOI45 WLRL M A B L  AT 60-k B A Y ,  LABRADOR.  





n 

a!! 
V 

0 0 0 0 0 

O b 
0 

O Ir'. 6) a w * O N 2  
0 

9 cr) 

( ' A )  H l d l a  M O N S  A0 1~'33%3d 33Vcd3AV 


