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FOREWORD - 

The problem of  wheel and track rnon i n t e r a c t l m  has b t t n  

covered m s t  recently and sumrurlzed insofar a5 H c C l 1 1  Vehicle 

h b T l  l t y  Laboratory wrk f o r  the 1377-1978 research year  i s  concerned,  

i n  the frm papers presented hereln. These h a w  been w r i t t e n  for - 

Included a l s o  1 s  s paper u r l t t s n  by the lSTVS comd#ee o n  Snow 

Mechunicb Redemh Coondination for - 
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SHOV TMFFl  C A B l  L l T Y  - THE K W L E D G E  CAP 

1 
Raymond H. Yong and U i l l i am L. Harrison 
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ABSTRACT 

Thc wlde differences in  factors and parameters dist lngulshlng 

snow t r a f f I c a b l l I t y  f rm general appreicatlon of o u y  s o l l  t r a f f i c -  

a b i l i t y  are seen to demand proper recqn lc lon  and attentfon. The 

problem o f  categorjr lng anow t r a f f i c a b l l  i t y  hawver 1s not easily aolved 

slnce a slmple one-to-one d l rec t  tccbology t rans fer  f r o m  so l l  t o  snow 

m b l l l  t y  and t r a f  Flcabl l l t y  cannot be implearentcd because of the very 

d i s t i nc t  d l f f e r cn t  r e s w s e  ~ r f o r r w n c e  o f  snow and the I ack  o f  avaf lable 

accepted or rcwgnlzed schemes of Ident l f  3cat Ion and c l a s s i f l c a t l m  o f  

sn LY. 

A5 a reru l  t of lmuncrable experSemes and recent studles on 

varlbus aspects o f  vchtcle m b l l  l t y  on snw covered tc r ra ln .  e.g .  [I, 21,' 
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i t  has become I n c r e a s i n g l y  c l e a r  t h a t  there i s  a need to c l a r l f y  t h e  

problems su r round ing  t h e  mcchan ics  of v e h i c l e - s m  i n t e r a c t i o n .  I n  

s p l t e  o f  t h e  ready temptation to c o n r l & r  vchlcle-snow l n t e r a c t l o n  l n  

t e r m  o f  v c h l c l e - s o l  l i n t e r a c t i o n  r e l y  lng thereby on a  s imple t r a n s f e r  

on a one-to-one b a $ I s  of t h e  mathods of a n a l y r i s ,  e v a l u a t l o n  and assess- 

ment d i r e c t l y  From s o l 1  t r a f f i c a b i l i t y  c o n s l d e r a t i o n s ,  i t  I s  necessary 

to bear i n  mind that  the t o t a l  response per fomance  of snow can be 

d l a m t r i c a l l y  o p p o s i t e  to  t h a t  o f  soft soil. As noted by Yong and 

Har r i son  C21, under a l a r g e  v a r l e t y  o f  5nm condl  t l o n s ,  the f l r s t  pa55 

of  a v o h l c l e  I n  snow Is g e n e r a l l y  the nort demanding pass - 1.e. i n s o f a r  

a5 s n w  t r a f f l c a b i l l t y  i s  concerned, me would observe t h a t  the f i r s t  

pass I s  the worst pass. Thls c o n t r a s t s  v i v i d l y  w i t h  the as ressarn t  of 

so11 t r s f f  i c a b i l  l t y  where by and la rge  the f l r s  t pass o f  t h e  v e h l c l e  

Is the e a s i e s t  pass, and succeeding passer on the sot7 t e r r a i n  would 

requ i re  g r e a t e r  e f f o r t  I n  o rder  to produce the same traction. The 

many c o n s l d e r a t l o n s  lead lng  t o  th l r  particular s e t  OF s t a t m s n t s  have not 

been f u l  l y  addressed. 

In r e c o g n i t i o n  o f  t h e  severe comp lex i t  ics i nvo lved  in  

h f i n l n g  the problem of smm t r a f f  I c a b i l  I t y ,  t h e  ISTVS has r e c e n t l y  

formed an I n t e r n a t i o n a l  c m l t t e e  t o  study t h i s  problem. Some of  t h e  

a r p c t s  l e a d i n g  to t h e  a b v e  s t a t e m n t s  have b-n cons lde rcd  I n  the 

f l r s t  worklng paper d a v t l o p c d  by the C m l t t e e  [?I w h l l s t  wse of the 

cons lde ra t ions  augmenting those given in (31 have been discussed by 

Yrxlg and Har r i son  [2]. The i n t e n t  o f  t h i s  s tudy  i s  t o  focus a t t e n t i o n  . 
on the spec l f  l c  problem o f  5rmr t r a f f l c a b i l  i t y .  cover l ng  some o f  the 



p o i n t s  mentioned i n  [21 and C33 and m other aspects not previously 

noted. 

Asse5sment o f  Vehicle b b l l  Ity and Terraln T r a f f  I c a b I l  l t y  

There are several methods used for assesynenr o f  vehlcle 

mobI!ity and t e r ra in  t r a l f i c a b i l i t y .  e - g .  ( 4 .  5, 61. By and large, 

these r t f t r  pr lmar i ly to inorganic or xrm organic te r ra in  material 

InsoFar a s  m b  l l  l t y  and t ra fF icab i l  Tty predict ions are concerned. 

The assessment of some of the requirements frm the avaTlablt 

practlccs o r  techniques has been performed and sunmarlzed recent ly 

[7, 81. The essence o f  the prlnelplas involved and current practices 

requ l r e  : 

(a) A knwledgc or an assumption o f  the klnd of 

vehic le- terrain Interactton characterIst lcs 

developd in  tha prducttsn 01 m b l l  l t y  - I .e. 

analyses o r  assunptlonr lradlng to the 

productton o r  dettrmrnat Ion o f  forces 

res i> t lng  vehic le m t l o n  such a s  ploughing, 

drag, bull-dozlng, s l i p ,  and other klnds o f  

s iml lar  d i s s l w t i v e  mechanlwns. 

(b)  Sane methods of dcterminatlon or characterlzatlon 

o f  the ground support material whereby c e r t a l n  

materlal wpt&!iCd a r e  extracted for use In the 

develoment O F  analyses o r  calculat  Ions leadlng 

to support capabil i t y  f o r  thc vehicle and 

asroclated losses. 

(c)  Empl r l ca l  and correlative studlcs whereby vchlcles 

are  related to cer ta in  ldent l f iab le  charactcr ls t lcs  

or  p rope r t i es  of  tha te r rdn  nv te r la l  - requlr lng 



I n  4ssence f l e l d  end l a b r a t o r y  t e s t i n g  procedures 

whera a c t u ~ l  exper itnce of veh Icle performance can  

be d i r e c t l y  r e l a t e d  to the t e r r s t n  m a t e r l a l .  l e a d l n g  

thereby to practical assessments and p r e d i c t  Ions o f  

r a o b l l l t y  and t r a f f t c a b l I I t y .  

Ye note f rom the a h v e  t h a t  a t  least tuo s p e c i f i c  w l n t s  

stand out ve ry  c l e a r l y .  These are: 

( I )  A knowledge o f  t h e  v e h i c l e - t e r r a i n  i n t e r a c t i o n  

c h s r a c t e r l s t l c s .  

(2) A p ropc r  means f o r  l d e n t l f y i n g  and c l a s s i f y i n g  t h e  

m a t e r l a l  Snsofar a s  response p e r f o n a n c e  i s  

concerned. 

Note t h a t  t h e  w e a l t h  of t e s t i n g  exper ience for v s h l e l e s  on 5011 

t e r r a i n  m a t e r i a l  I s  v e r y  l a r g e  - In c o n t r a s t  to  a c t u a l  documented and 

rut l o r d 1  studies o f  v t h l c l e s  on 5- covered t a r r a l n .  In addl  t l o n ,  

I t  I s  p e r t l n t n t  to observe t h a t  t h e  t reatment  o f  t e r r a i n  so11 m a t e r l a l  

bo th  as an a c t l v c  or pass lve m a t e r i a l  I n w f a r  as  c l a s s l f l c a t i o n .  

I d e n t l f i c a t l o n ,  c h a r a c t e r i z a t l m ,  a re  concerned, can be found I n  many 

e a r t h  s c l e n c t ~  d l s c i p l  ines. There are for cxmplc ,  several  methods 

of c l a r r i f i c a t i o n  and I d e n t i f i c a t i o n  a v a i l a b l t  depending upon one's 

p a r t l c u l a r  d i s c  l p l  lnc, 1 .e. s o i  1  sclence, geolcqy,  gcog'raphy, geotechn i c a l  

eng ineer ing ,  and a g r i c u l t u r e .  A r I s I n g  f r w n  a l l  these, I t  l r  p o s s i b l e  

t o  u t l l l z e  t h e  collective exper iences from these d l s c i p l l n a s  f o r  a p p l i -  

cat Ion to v e h l e l e - s o l 1  t a r r a l n  m a t e r l a l  i n t e r a c t i o n  and to p e r m i t  t h e  

development o f  a reasonable  base for examinat ion of t h e  v e h l c l e - s o l  l 

t t r r a l n  l n t e r a c t l o n  phe-non for assessment and p r e d l c t l o n  o f  

v e h l c l e  m o b l l l t y  and t e r r a i n  t r a f f l c a b i l l t y .  



The problem o f  v e h i c l e  m b S l i t y  on s m - c o v e r e d  t e r r a l n  hcwever 

I s  mt a5 e a s i l y  ob ta lned  or determined since:  

(1 )  T k  methods and Indeed the ph l losoph les  I n s o f a r  a 5  

c l a s s i f  l ca t1on and i d e n t i f i c a t i o n  o f  m o u  a r e  n o t  

eas I l y  reso lved.  

(2) The i n t e r a c t t o n  between veh7cle and snow cover  I s  indeed 

~ e n s l t  i v e  to the v a r i a b l e  p r o p e r t r e s  o f  mow.  

The problem concerned u l t h  the proper l d e n t l f i c a t i o n  and 

c l a s s l f l c a t  Ion of snow for v e h i c l e  m b i l  l t y  purposes has been l n i t  T a l l y  

e x a t n c d  by the ISTVS S n o w C m i t t e c [ j l .  Someof t h e o b s e r v a t l o n s  

mde inc lude:  

( I )  To p r e d l c t  o r  e v a l u a t e  v e h ~ c l e  m b l l l t y  i n  or through 

sncm. t h e r e  must be a q u a n t r r a f  i v e  d e f  l n l t l o n  o f  

s m  t r a f f l c a b l l  i t y .  

(2 )  T r a f f  i c a b l l  i t y  I I  dependent MI, or a f u n c t  Ion of, 

particular vehtcTe types, s l zes ,  runn ing g u r r ,  loads, 

e t c .  

( 3 )  A snow c l a r s i f t c a t l o n  scheme deslgned for app l  l c a t t o n  to 

s m w  t r a f f T c a b I l l t y  should be r e a d i l y  r e l a t e d  to [or  

r e a d i l y  i m p l y ]  the thermdynamIc h l s t o r y  o f  t h e  m a t e r i a l .  

T h l s  should  I n c l u d e  srcu  depth, w ind v e l o c i t y ,  prevailing 

wlnds, t o p g r a p h y ,  layering, d i r e c t  Ion O F  m t a m r p h  ism, e t c .  

(4) S m u  t r a f f  i c a b i l  l t y  a l x l  depends on t e r r a  i d t o p g r a p h l c a l  

f a c t o r s  such a s  t e r r a i n  g-try, n o n - u n l f o r m l t y  o f  snow 

dapos l t and c r u s t a l  f o r m t l o n ,  hardness of u n d t r l y  lng 

t e r r a  In. 

( 5 )  Any t r a f f  l c a b i l  i t y  p r e d i c t i o n  needs t o  be based on the snow 

condl  t i o n  a t  the t ime the v e h l c l e  i s  to at tempt t r a v e l  

o v e r  o r  t h r w g h  t h e  s m .  



( 6 )  Note t h a t  the present y l e l d / f a i  l u r e  c r l  t e r r a  eve i l a b l a  

and used, e.g. Hohr-Coulomb, pay no a t t e n t l o n  to  

s t r a t n  a t  f a i l u r e  or y i e l d .  I n  a d d i t i o n ,  they a r e  

app l  IcabSe o n l y  t o  no-volume change m a t e r i a l s .  

I t  15 5 i g n I f i c a n t  t o  n o t e  and t o  bear  In mind t h a t  except  f o r  

tht h i g h  A r c t i c  reg ions  and t h e  ve ry  h i g h  a1  t i t ud ts ,  snow cover and 

s n w e s a m a t e r j a l  d o r m t e n l s t a s  p e m n c n t e n t l t l e s .  By and l a r g e ,  

the 1  l f e  span of  t h e  m a t e r i a l  I s  l e s s  than 51% to e i g h t  m m t h s ,  w l t h  a 

three or four m n t h  pericd be ing t h e  t y p i c a l  p e r l o d  for c o n s l & r a t i o n .  

Because of i t s  sen51 t  i v l  t y  to  temperature and o t h e r  c l  l w t l c  f a c t o r s ,  i t  

I s  c lear t h a t  t h e  m a t e r l a l  p r o p e r t i e s  w l ~ l v a r y  n o t  o n l y  w i t h  respect  to 

I t s  l l f e  span or cyc le ,  b u t  also w l t h  respec t  t o  l o c a l  f l u c t u a t i o n s  

w i t h l n  i t s  l i f e  span - e.g. l o c a l  c l i m a t i c  and environmental f a c t o r s .  

Snow P r o p e r t i e r  and C h a r a c t e r i z a t i o n  

From t h e  severa l  r e c e n t  i t u d l e s  on S K ~  p r o p t r t l e s  and 

c h a r a c t e r i s t i c s  [ 9 .  10, 11, 121 t h e  f o l l e r r l n g  p o i n t s  m e r g e :  

(1)  The high volume change c h a r a c t e r i s t ~ c s  o f  snow 

under cwnpresslon and shear l l ~ l s t  be s u l t a b l y  

accounted for  I n  any a n a l y t i c a l  Formulat Ion. 

(2) The e f f e c t s  of r a t e s  o f  l oad ing  on the m a t e r i a l  

a r e  s u f f i c i e n t l y  s i g n i f i c a n t  t h a t  t h e s t  must 

a l s o  be Factored I n t o  t h e  a n a l y s i s  fo r  s t r e n g t h  

and response c h a r a c t e r i s t i c s .  

( 3 )  The d l s t l n c t l o n  between f resh and aged . snow . I n s o f a r  as  

p r o p e r t l s s  and response per for rwnce 1 5  concerned, 

1s l a rge .  



(4) I n  g r a n u l a r  w o w ,  t h e  need to be a b l e  t o  distinguish 

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

pack ing i s  e v i d e n t .  

(5)  Snow p r o p e r t y  v a r i a t i o n  can be seen t o  be dependent 

upon t l m e  O F  day of tes t ,  t o c a t i o n ,  temperature, 

speed expolure ,  e tc .  

The s imple procedure o f  a t r a n s f e r  o f  tcchn lque o r  a n a l y s i s  from 

p r e v i o u s l y  t r i e d  procedures a5 a p p l i e d  to t h e  m o b i l i t y  o n  mft  s o i l  

t e r r a i n  problems, t o  c o n s l d e r a t l o n s  or analyses o f  m b l l  i t y  i n  s m  

w i l  l undoubted1 y  face compl l c a t l o n s  and w i l l  lead t o  wvere m l s i n t c r -  

p r e t a t l o n s  and obv ious  e r r o r s .  The sens t t i v l  t y  o f  inon m a t e r i a l  

response to a1 1 t h e  v a r l o u s  f a c t o r s  a5 roc la ted  w l t h  m l c r o c l  imate, r a t e  

c l f c c t s ,  thermdynmnlc  h l s t o r y .  and especially the boundary c o n s t r a l n r 5  

Imposed through methods o f  t e s t i n g ,  render t h e  rcqu l rcmcn ts  for a  proper .  

knowledgeable, and senslble characterization o f  s m  a s  belng mst 

s l g n l f l c a n t .  Thus for ins tance the acc tp ted  a p p l i c a t i o n  of t h e  Mohr- 

Coulomb theory  o f  f a l l u r e  for i m r g a n i c  soils whereby a ' f r l c t l o n  a n g l e  

and a cohesion C a rc  ob ta  In&, needs t o  be c a r e f u l  l y  examlned i n s o f a r  

as a p p l l c a t l o n  to t h e  problem of snow c h a r a c t e r t z a t l o n .  5Tnce thc con- 

s t i t u t i v e  perFormance o f  $row constitutes a major  cmponen t  In v e h i c l e -  

snow i n t e r a c t i o n .  it becomes particularly useFul t o  l e a r n  t h e  l l r n l t s  O F  

a p p r i c a b t l  l t y  o f  c o n s t i t u t l v c  o r  f a i l u r e  theor ies .  

Informed proponents O F  t h e  Hohr-Cou lomb t k o r y  w i  11 observe 

t h a t  t h e  demands o f  t h e  theory  r e q u l r e  t h a t  the f o r c e s  expended ln  

shear ing the m a t e r i a l  t o  f a l l u r e  a r t  u t i l i z e d  s o l e l y  a t  t h e  plane OF 

f a l l u r e ,  or t o t a t l y  I n  shear f a l l u r e ,  and t h a t  no volumc change o r  



o r  o t h a r  losses of energy a r e  accounted for. b t e  t h a t  t h i s  i s  a 

def l c l e n c y  n o t  of  the analytical theory n e c e s s a r l l y  b u t  o f  the a v a i l a b l e  

methods o f  F I e l d  t e s t i n g  and mtasurtment. In l a b o r a t o r y  s tud ies ,  t h e  

t e s t  and m a t e r i a l  s i t u a t i o n  can bc w n t r o l l e d  and s e n s i b l e  measurtmcnts 

made t o  p rov ide  f o r  a r a t i o n a l  developnent and a p p l i c a t i o n  o f  c o n s t l t u t t v e  

theor ies .  One needs a l s o  to bear I n m I n d  t h a t  t h c  f r l c t l o n  a n d c o h e s i o n  

p a r a t e r s  ob ta lned  from application of  the hhr-Coulomb theory are 

s o l e l y  and a b x r l u t e l y  a d i r e c t  wnsequence of t h e  mathematical theory  

o f  f a i l u r e  and n o t  n e c e s s a r l l y  a r c p r e s e n t a t l o n  o f  t h e  phys lcs  of 

b e h a v l w r .  

I n  v law of t h e  above, I t  i s  necessary to ask hou these 

problems r e l a t e  to  the  d e t e r m i n a t i o n  of fa8 l u r e  i n  snow m a t e r i a l .  The 

a p p l T c a t i o n  o f  bhr-Coulomb's theory t o  the description o f  snow f a l l u r e  

or to t h e  d e s c r t p t  Ion o f  snow properties. cannot be r e a l  1st  l c a l  l y  

accepted s i n c e  t h e  h i g h  volume change c h e r e c t c r l s t i c s  of  the m a t e r i a l  

under shear a r e  not p r o p e r l y  accounted for In t h e  Forces developed or 

measured. Where such values have been reported i n  the l i t e r a t u r e ,  i t  

I s  undcrs t w d  t h a t  chase do  not have any measure of resonblance to the 

f r i c t i o n  and cohes ion parameters co r respond ing ly  used Tn t h e  description 

o f  inorganic s o l l s .  The danger o b v ~ o u s l y  l i e s  in  t h e  a p p l l c a t 1 o n  of 

such parameters t o  t h e  standard theory  developed in  vehlclt-Inorganic 

s o l 1  l n t e r a c t l o n .  I t  I 5  necessary Lo bear I n  mind that the mechanisms 

and m d e l s  developed i n  vehlcle-inorganic s o i l  Interaction do n o t  

n e c e s s a r i l y  bear any r c l a t l o n s h i p  to the mechanisms developed In 

v e h i c l e - s m  i n t e r a c t l o n ,  I n  p a r t l c u l a r  therefore I f  one then apprec ia tes  



t h e  problem o f  sncv behav l o u r  and t h e  f l c t  l t lous p r o p e r t  l e s  o b t a l n e d  

thereby through m l s a p p l  [ c a t  Ion o f  4 theory, the problems a r c  compounded 

and the answers dcr  lved cannot be easlly deduced I n s o f a r  a s  v l a b l l  I t  Ies,  

acceptabi l I t  i t s ,  and r e a l  i t i c s  e r e  concerned. 

There a r t  mny more such considerations w i t h  respec t  to  snow 

p roper ty  b t h a v l o u r  or v a r i a t i o n .  Some o f  these have been r e p o r t e d  

r e c e n t l y  [ lo,  1 1 ,  123 and do  Indeed p o i n t  up t o  t h e  v e r y  p r e s s i n g  need 

f o r  a k m w l t d g e s b l c  unders tand ing o f  snow behw l o u r  and performance. 

The Dilemna o f  Snow T r a f f l c a b i l i t y  

F o l l w l n g  a long  the present  genera l  techn ique o f  usTng 

t r a n s f e r  of informatTon on a one-to-one bas I s  w l t h o u t  s p e c l f l c  

a p p r e c i e t l o n  of t h e  wide v a r i a t l o n  and d i s t l n c t  c o n t r a s t i n g  

c h a r a c t e r i s t i c s  between Ino rgan ic  s o i l  and snow, the problem o f  

deFln ing sntlw t r a f f l c a b i l  i t y  I s  p a r t i c u l a r t y  s i g n i f i c a n t .  I n  the 

o r d l m r y  d e f l n l t l o n  o f  5011 t r a f f i c a b i l i t y ,  t h e  imp1 l c i t  unders tand ing 

developed i s  t h a t  tht  m a t t r l a l  [ i no rgan ic  s o i l  t e r r a i n  m a t e r i e l ]  i s  

c l a s s i i i t d  or d e f i n e d  I n  terms o f  i t s  a b i l i t y  to s u s t a i n  v e h l c u t a r  

l oad ing  in  t e n s  o f  a minTmum number o f  v e h l c l e  passes. By and la rge ,  

a f i g u r e  o f  50 passes i s  g e n e r a l l y  used to a r r i v e  a t  a means o f  

l d e n t i f y l n g t h e  t r a f f i c a b l l l t y o f  the sol !  m a t e r i a l .  Thus o n e w o u l d  

expect t h a t  i f  thc m a t e r i a l  can s u s t a i n  a t  l e a s t  '50 passes o f  

v e h i c u l a r  l oad lng ,  I t  bears a c e r t a l n  t r a f f  i c a b i l  i t y  c h a r a c t e r i s t  l c .  

It f o l l m s  t h a t .  If I t  cannot s u s t a i n  50 passes ,  t h c  c l a ~ s l f l c a t f o n  f o r  

v s h l c u l a r  l o a d i n g  w i t h  respect  t o  s o l 1  t r a f f l c a b i l l t y  can a l s o  be 



defined. In most s o i l  s i t u a t  Ions, as one con t inues  to add more and 

mre v e h i c u l a r  l o a d  passes to the s o l l .  d e t e r l o r a t i o n  o f  tk 5011 

su r face  occurs  to the p o i n t  t ha t  m r e  work 1s needed l n  o r d e r  to p r o v i d e  

for v c h l c u l s r  m o b i l  f t y .  Th is  r e s u l t s  tn  a l essen ing  o f  drawbar puTl  

o r  a r e q u i r e d  Tncrease In I npu t  to produce the same output.  the  

excep t lon  to t h i s  mlght  l l e  In SOM ~ i t u d t l o n ~  of  sand pack ing 

where dens i f i c a t  ion occur5 under repeated parses.  

I n  the case of snow, h e v e r ,  upDn I n i t i a l  l o a d i n g  of t h e  

5- through one veh i c l e  pass. I f  t o t a l  i a m o b i l i s a t i o n  docs not 

occur, the ~ t h I c I e s e r v e s  tocompress  the s m .  The succsedlng passes 

w u l d  now be m d e  on a m r e  compact s m  thereby ensur ing  a b e t t e r  

a b l l  l t y  f o r  succeeding vehTcle5 to m v e  o v e r  the snow t e r r a i n ,  Thus 

In essence the F l  rrt  pass of the v e h i c l e  on snow i s  genera l  1 y more 

d i f f i c u l t  then the succetd ing passes over t h e  soar covered t e r r a l n  

(snowpack), T h l s  I d e n t l f i e s a n e x a c t  p o l a r  p s i t l o n w i t h s o l l  

t r a f f  l c a b i l  i t y  consSderat ions In t h a t  w i t h  succsedlng passes o n  

srmwpack a g r e a t e r  dens]  f l c a t l o n  o f  t h e  snowpack =curs. The only 

excep t ion  t o  t h i s  mlght  be found In  a s i t u a t  Ion of  c r u s t a l  g r a n u l a r  

snow where succeeding passes might  serve t o  b r e a k  t h e  c r u s t  and render 

the g r a n u l a r  snow s imi lar  t o  t b t  o f  t h e  sand s u r f a c e .  b a v e r ,  w i t h  

f u r t h e r  and f u r t h e r  t r a c t i v e  loadlng, espec ia l ly  from t racks,  I t  i s  

p o s s i b l e  to jnduce a measure o f  compaction In the g r a n u l a r  mater  la1 

to a l l -  f o r  a t  l e a s t  no f u r t h e r  d c t e r l o r a t i n g  a d i t i o n  I n  the 

ground s e r v i c e  and thus p e n n i t  t h e  m a t e r i a l  to remaln t r a f f  l c a b l e .  

The dilemma t h a t  now a r l s e s  1s one whtch r c a u l r e s  t h e  user 



to p r 2 d i c t  t h e  p r o p e r t i e s  o f  the m a t e r i e l  and to r c l a t t  these 

p r o p e r t f c s  to t h e  c a p a b i l i t y  for s u p m r t  o f  v e h l c l e s  h t h  Tn the 

f 1  r s t  pass mde and (n subsequent passes. . I t  I s  necessary t o  

produce a means to I d e n t i f y  the material, n o t  o n l y  I n  the p resen t  

Ton but  In p a r t i c u l a r  w i t h  respcc t  to i t s  f u t u r e  r o l e .  To do t h a t  

one needs to be a b l e  to determine t h e  v a r i a t i o n s  i n  the p r o p e r t l e s  

o f  t h e r a a t e r l a l  w i t h  t i m e a n d c l l m a t S c c h a n g e s  a s m r t c d  ln [3 ] .  I n  

a d d i t l o n  I t  1s necessary t o  dctermlne how these p r o p e r t i t s  w l l l  r e l a t e  

or p a r t  I c  l p a t e  i n  t h e  v e h l c 1 e - s m  i n t e r a c t  Ion problem. Present 

techniques whlch depend s o l e l y  on t r a n s f e r  o f  l n fo rmat lon ,  procedures,  

a n d  p r a c t I c e 5  f rom t h e  v e h l c t e - s o i l  t e r r a l n  I n t e r a c t i o n  prob lem cannot 

be r e a d i l y  a p p l i e d  because they do n o t  account for t h e  diametrically 

c o n t r a s t i n g  bchav iour  for w o w  [as con t ras ted  to s o i l ] .  I n  a d d i t i o n ,  

t h e  a n a l y t i c a l  techn lques f o rmu la ted  for cons lde ra t  ion and e v a l u a t i o n  

i n  v e h i c l e - r o i l  Interaction cannot apply t o  the v e h l c l c - s m w  l n t e r a c t i o n  

problem k c a u s e  t h e  mechanisms o f  I n t e r a c t i o n  a r e  n o t  s l m i l a r .  These 

a r e  rmt  imnededia te ly  e v l d e n t  and a r e  t k r e f o r e  g e n e r a l l y  misused or 

misrepresented. 

The t o o l s  to p r o p e r l y  d e s c r i b e  the m s t e r l a l  (snwpack)  r e a c t i n g  

w l t h  a vehlclc,  and the r e l a t I o n s h l p s  es tab l  ishcd i n  i n t k r a c t i o n s  between 

s m w  and v e h l c l e  a r e  n o t  o n l y  absent, but n o t  c l e a r l y  u n d e r s t m d  o r  

v t5ua I  Ized. Uuch remains to be done to remedy the s l  t e a t  ion.  Present  

technology o r  methods used i n  v e h i c l e - m o w  s t u d 1 t r  s u f f e r  f rm Inadequacies 

o f  unders tand ing wh ich  need to be r e c t l  f ied. The d l s c u s s l o n s  and 

reccmnendations fo r thcoming  f r o m  the ISTVS S m  C m l t t e e  [31 need t o  

be s e r l o u s l v  con$Idnred. 
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ABSTRACT 

The d i f f i c u l t i e s  encountered in  thc da te rm lna t  Ion of snow 

p r o p e r t i e s  and c h e r a c t e r i s t  l c5  wh ich  a r e  r e l e v a n t  to the problem of snow 

t r a f f  i c a b i l  l t y  are magnjf l e d  by the l ack  of adequate means to  p r o p e r l y  

identlfy and c l a s s l f y  sno*. The v a r i o u s  wmponcnts of the problem 

Inc lude:  

(1) T h e m l .  mechanical,  end t lme f a c t o r s  whlch i n f l u e n c e  the 

d e n s l t y  and s t r u c t u r e  o f  s n w ,  and i t 5  r e s p n s e  c h a r a c t e r i s t i c s .  

(2 )  Changes i n  s n w  properties and response c h a r a c t e r i s t i c s  due 

to age and temperature h i  r t o r  ies. 

(3 )  Methods  of snow t e s t i n g  - r e c o g n l z l n g  tha t  the response of 

snav Is condlttoned by t h e  t e s t  ins t rument  and technique.  

(4) Procedures and c r i t e r l a  for I d e n t l F y l n g  and classifying snow 

throughout the p e r i o d  of I n t e r e s t  and f o r  f o r e c a s t  lng 

L p r e d l c t i o n J  prrposes.  

I n  t h i s  paper, the I S T Y S  C m i t t e e  on Snow Hechanlcs Rsseerch 

Coord ina t ion  discusses some o f  the above components of t h e  p r o b l a n  t o  

h 
Cumiittee Members: R.L .Brm,  W . L . H a r r i s o n ,  G.J.lrwln. T.Nuro, 

J.R.Aadforth, G.Reg1 I, J.Sctmlander, and R.N.Yong [Chalrmad. 



i l l u s t r a t e  and d r a n a t i z e  the need for t s t a b l  ishment o f  (a) necessary 

standards and procedures to i d e n t i f y ,  c l a s s i f y .  and t e s t  snow. and ( b )  

proper r e l e v a n t  ana lyres o f  the t e s t  data f o r  m o b i l i t y  a n a l y s l s  and 

p r e d i c t  i on  purposes. 

The three prime requlrernents i n  evaluation and a n a l y s i s  o f  o f f -  

road m o b i l i t y  a r e :  

1. a knmledge o f  the p r o p e r t i e s  o f  the v e h i c l e ,  and i n  

p a r t  f c u l a r  the runn ing gear c h a r a c t e r l s t l c s  and 

m r p k  1 o w ,  

2.  the p r o p e r t i e s  and characteristics of the  t e r r a i n  

be lng t raversed, and 

3 .  t h e  v e h i c l e - t e r r a i n  i n t e r a c t i o n  c h a r a c t a r i s t i c s .  

Many s t u d i e s  have been performed w i t h  respect t o  the c l a s s i f  i -  

c a t i o n  and i d e n t l f l c a t i o n  o f  t e r r a i n  and ground subso i l  [inorganic] 

c h a r a c t e r i s t i c s  and p r o p e r t i e s .  By and large,  t he  T d e n t i f i c a t i o n  and 

c l a ~ s l f i c a t i o n  o f  thcse t e r r a l n  m a t e r l a l s  have fo l l owed  e m p i r i c a l .  semi- 

e m p i r i c a l  and p a r t l y  r l g o r o u s  s e t s o f  ru les .  Assessment o f  t h e  arsoc- 

i a t e d  p r o p e r t i e s  has been through va r ious  k i n d s  of r e s t s  ranglnp frm 

a r b i t r a r y  t o  r a t i o n a l .  The r e s u l t s  from a l l  O F  these have served as 

inpu t  t o  e m p i r i c a l  o r  a n a l y t i c a l  models which p e r m l t  the 5ystems a n a l y s t s  

to a r r l v e  a t  p r e d i c t i o n s  o f  o f f - r o a d  mob11 l t y  and c a p a b i l i t y  - el ther  i n  

general  terms o r  w i t h  r t s p e c t  t o  p a r t i c u l a r  v e h i c l e s  and t h e l r  o p e r a t i o n a l  

requ i remen rs.  



I n  s i t u a t i o n  where snow cover becomes a s lgn lF1can t  f a c t o r  

Inso fa r  a5 t e r r a i n  cover Is concerned, c o n s l d e r a t l o n s  o f  o f f - r o a d  

m o b i l i t y  m u s t  o b v i o u s l y  Inc lude  proper e v a l u a t i o n  and a c c w n t i n g  for 

snow p a r t i c i p a t i o n  i n  the p r d u c L i o n  o f  v e h i c l e  m o b i l i t y .  I f  the 

same I n f o r m a t i o n  such as those used in s o i i s .  e . 9 .  m i l - t e r r a i n  

ident  if i c a t l o n ,  c l a s s i T l c a t  ion and p r o p e r t y  assessment a r c  sought 

For s n w .  i t  becaws imned ia te l y  apparent t h a t  much o f  the i n f o r m a t l m  

a v a i l a b l e  I s  e i t h e r  i n a p p r o p r i a t e  or i n v a l i d  i n s o f a r  a s  snaw t r a f f i c a b l l i t y  

or m o b i l i t y  on sncw i s  concerned. Thls predicament i s  n o t  5 u r p r l s l n g  

s lnce i t  has been r e c e n t l y  t h a t  a t t e n t i o n  to s n w  has been c m s i d e r e d  

i n m o b l l i t y  purposes. Past a t t e n t i o n  to 5 n w a s  a m a t e r i a l  for study 

has g e n e r a l l y  been conf ined t o  s c i e n t i f i c  a d  e n g l m e r i n g  d l s c i p l  ines 

o t h e r  than o f f - r o a d  m o b i l i t y .  

In v i e w  of the above, and w l t h  due r e c o g n l t l o n  of t h e  f a c t  that  

cont inued concern for v e h i c l e  m o b i l l t y  on or through snow cannot be 

f u l l y  r e a l i z e d  w i t h o u t  proper  attention t o  those aspects  o f  snau which  

impact d i r e c t l y  on v e h i c l e  m o b i l l t y ,  tht ISTVS Comnittee on Snow Mechanics 

Research Coord ina t ion  was r e c e n t l y  establ lshed t o  address the problem a t  

hand. I n  t h i s  f i r s t  r e p o r t , w h l l s t  t k t m l t t e e  recogn izes t h e v l t a l  

a p p r e c i a t i o n  f o r :  

1. the need for a c m n l y  accepted scheme for c l a s s l f  l c a t  Ion  of 

snav s p e c i f i c a l l y  for snar t r a f f l c a b i l i t y  purposes - 1.e. 

the r e q u i r m n t  Tor es tab l ishment  o f  a  l l s t  o f  snow 

p a r m e t e r r  which a f f e c t  v e h l c l e  m o b i l l t y  on and through 

5 n w  - I n c l u d i n g  v t h i c l e - s n w  i n t e r a c t l o v  c m s l d e r a t  ions. 



2. r p e c i f 1 c a t i o n  o f  procedures and methods o f  snow t e s t i n g  

b o t h  In t h e  f i e l d  and I n  the l a b o r a t o r y  for determin-  

a t i m  of the p e r t i n e n t  snow paranetcrs  f o r  input  to 

evaluation, p r e d i c t i o n  and design purposes for  

v e h l c l e  performance, 

3.  the need f o r  research [end r e p o r t  lng]  on s n w  mechanics 

as i t  r e l a t e s  to  v e h i c l e s  o p e r a t i n g  on or through snow, 

i t  proposes t o  deve lop t h e  o v e r a l l  vehlcle-snow m b i l i t y  problem by 

i n i t i a l l y  focuss ing  on the Reqhemenf don ldentidicat ion and Chanacten- 

i z a f & n o ~ S f f o w ~ o n M o b ~  PMpoded. I n  subsequent r e p o r t s ,  t he  

C m i t t e e  expects t o  p resen t  the o t h e r  C o n c m  In o r d e r  t o  p r o v i d e  

f u r t h e r  Impetus to the necessary research I n t o  the problem, and a l s o  t o  

coordTnate the a v a i  ) a b l e  Informat ion For use i n  research, app l  i c a t  i o n  

and deve l opnent. 

IDEHTTFICATION AND CHARACTERIZATLON OF SNOW 

There a r e  many aspects t o  the i d e n t  i f  i c a t  i o n  and c h a r a c t e r  I r a  t  i o n  

o f  s m .  The pr  lmary one r e q u i r e s  t h a t  these be dtrected s p e c i f  i t a l l y  

to  the problem of v e h i c l e  o p e r a t i o n  i n  snw-covered t e r r a l n .  For 

slmpl l c l  t y  i n  presentatTon and d iscuss ion.  i d e n t  i f  \ c a t i o n  o f  snow w i l l  be 

considered l n  terms of c l a s $ l f i c a t i o n  w h i l s t  c h a r a c t e r l z a t l o n  of snow w i l l  

r e f e r  to  the d e s c r i p t i w l  of s n w  i n  r e l a t i o n  t o  s p e c i f i c  properties. U l t h  

t h i s  i n  mlnd, the f i r s t  concern expressed he re in  I s  w l t h  regard t o  c l a s s i -  

f Tcat ion o f  ma*. 

Prev lous c l a s s l f f c a t l o n  systems of  $nor  are,  f o r  the mst p a r t ,  

inappropriate f o r  use i n  s m  t r a f f  l c a b l  l i t y  c o n s i d e r a t  Ions. For Instance,  



I> 
w h l l s t  La C h a p e l l t - S o m c r f e l d  system C 1 , 2 1  i s  widely recognized and 

used on t h e  h e r  ican con t inen t ,  i t  i s  not  d i r e c t l y  appl i c a b l e  s i n c e  

t 1s maln ly  a s t T e n t i f T c  t o o l  whlch c l a s s l f l e s  snow according t o  

i t s  c r y s t a l  g e m t r y .  As such, t h e  system uses t o t a l l y  o p t i c a l  methods 

t o  observe snow s t r u c t u r e  for t h e  purpose of d e s c r i b i n g  the micro-  

s t r u c t u r a l  properties of the m a t e r i a l ,  and hence does not lend i t s e l f  

** 
e a s i l y  f o r  the c a l c u l a t i o n  o f  mechanical p r o p e r t i e s  of the snow. 

The complete meteorological and thtrmodynamlc h i s t o r y  o f  the m a t e r l a t  

I s  r e f l e c t e d  i n  t h e  p a r t i c u l a r  c l a s s i f i c a t l o n  that a snaw sample I s  

p laced i n .  For example, t he  5 n m  t h a t  has gone through a temperature 

g r a d i e n t  process and then through me1 t metamorphism I s  placed In  a 

c l a s s i f i c a t l o n  o f  I t s  own. based on the g r a l n  s t r u c t u r e  t h a t  t h i s  

thermal process resu l  rs In. 

Temperature g r a d i e n t  or c o n s t r u c t l v t  metamorphism tends t o  

decrease d e n s i t y  and k a r i n g  s t r e n g t h  wh l le  g r a l n  s i z e s  Increase. On 

t h e  other hand, destructive o r  equ i t cmpera tu r t  metamorphism p r m v t e s  

d e n s i f i c a t l o n  and strengthening of the sncmpatk. Such c o n d l t l o n s  may 

occur anywhere I n  the snowpack and may d l f y  the t o t a l  behavlour o f  t h e  

pack under load ing.  W h i l s t  a magn i f y ing  g lass  and a t h e r m m r e r  a r e  

a l l  t h a t  I s  needed f o r  i n l t l a l  f i e l d  assessment o r  rnetamcrphlc d e s c r I p t -  

ion, accuracy or p r e c i s i o n  can o n l y  be obta ined w l t h  exper ience coupled 

w i t h  l abora to ry  con f i rmat ions .  Un fo r tuna te ly ,  a t  t h e  present tlme, 

m c h  w r k  i s  requ i red  to render t h i s  c l a r s i f i c a t i o n  system s u f f i c i e n t l y  

h 
Numbers i n  brackets  r e f e r  t o  re ferences i n  b i b l i o g r a p h y .  

;: h 
Research i n  t h i s  problem area should r d y  t h e  situation. 



a c c u r a t t  or amenable t o  r e l a t e  snow load lng schemes such as those 

Imposed by vehicular a c t l v i t y  to respcmse machanisms and r e l a v a n t  

snow mechanical p r o p e r t i e r .  

Requl r a n t s  for Ident I f  [ c a t  ion/Classif i c a l l o n  

I t  i s  apparent t h a t  c l a s s i f i c a t i o n  o f  a m a t e r i a l  can take 

severa l  forms and d l r e c t l o n s .  T h i s  Ts particularly t r u e  i n  the case 

o f  snow s ince  the Tnterest  I n  regard t o  t h e  m a t e r l a l  i s  not w l t h  

respect to a p h y s i c a l  m i c r o s t r u f t u r a l  d e s c r i p t i o n  of the m a t e r l a l .  but 

w i t h  respect t o  the performance o f  t h e  m a t e r i a l  when I t  i s  sub jec t  t o  

severa l  k4nds of load and deformation schemes. 

I f  one r e j e c t s  the mTcro r t ruc tu ra l  approach for c l a s s l f 1 -  

c a t i o n  - s i m i l a r  t o  the one used for enample In t h e  La Chapel le-  

S m r f e l d  system, because o f  the i m a d i a t e  i n a p p l i c a b l l  Tty of the 

system to respond t o  t h e  d m n d s  O F  the problem a t  hand, the  a l t e r n a t e  

scheme for c l a s s i f i c a t i o n  would obviously need to r e l y  on d e s c r ~ p t l o n s  

a r l s l n g  frommacroscoplcobservatlms. I t  may be, however, t h a t  a 

macro observa t ion  may n o t  be s u f f l c i c n t l y  elementary to a l l o w  for the 

development o f  a dependable r e l a t  Ion w l t h  mode o f  l oad ing .  Regardless 

o f  t h e  method chosen, the o b j e c t i v e  of a proper  classif l c a t i o n  scheme 

f o r  snow t r a f f  i c a b i l  1 t y  should:  

R e f l e c t  the thenmdynamlc h i s t o r y  of t h e  m a t e r i a l ,  i . a .  

i t  should p rov ide  some quantitative I n d i c a t i o n  of t h e  

temperature h i s t o r y  and temperature g r a d l e n t  h i  s t o r y  

o f  the m a t e r i a l .  I n  do ing  so, the degree o f  mata- 

m r p h i w n  t h a t  t h e  m a t e r i a l  has been sub jected to ,  



g r a i n  s l z e  d i s t r i b u t i o n ,  shape and I n t e r g r a n u l a r  

bonding can pcrhaps be s t a t i s t i c a l l y  deduced. 

~ o t c  however t h a t  .tnaEEicabXRy per  se I s  r c l a t l v c  t o  p a r t i c u l a r  typcs 

* 
of v e h i c l c s  and runn ing gear conf l g u r a t  i ons .  Thus, i n  deve lop ing t h e  

k i n d  and s t r u c t u r e  of a c l a s s i f  i c a t l o n  scheme for snow, i t  i s  necessary 

t o  d i f f e r e n t l a t e  between independent and dependent parameters.  

I t  should be remarked a t  t h i s  s tage t h a t  w h i l s t  i t  i s  d e s i r a b l e  

t o  prov ide as c o m p l c t e  a d e s c r i p t i o n  o f  the m a t e r i a l  Lsnor]  as p o s s l b l c  

t o  meet the o b j e c t i v e  l i s t e d  p r e v i o u s l y ,  t he  I I m i t a t i o n s  and c o n s t r a i n t s  

imposed would I n e v i t a b l y  r e q u i r e  t h a t  t h e  t o t a l  i d e n t l f l c a t l o n  and 

c h a r a c t e r i z a t i o n  procedure r f o r  snow3 be developed a long the  1 ines  o f  

$ implc  F i e l d  tcchn iques dnd proper  l a b o r a t o r y  t e s t  procedures. The 

use o f  51mple f l e l d  techniques a l l m s  onc t o  p r o v i d e  the b a s l c  i n fo rmat ion  

necessary  f o r  a c l a s s i f i c a t i o n  scheme. The added in format  Ion gained 

i n  l a b r a t o r y  t e s t s  f a l l s  i n t o  tw ca teyor les :  (a )  l n fonna t  Ion  o f  a 

descr l p t i v e  narhre  which w i l l  cx tend and conf  iri? thc  c l a s s  i f l c a t  i o n  o f  

the m e t e r i a l  ob ta lned  through thc  s l m p l e  f i e l d  techniques, and (b)  com- 

p l e x  t e s t  in format  i o n  r e l a t i n g  to performance c h a r a c t e r i s t i c s  and r c s w n s e  

p r o p c r t i e s .  In the l a t t e r  instance.  t h i s  l n f o r v ! a t i o n  becomes p a r t i c u l a r l y  

u s e f u l  i n  p r o v i d i n g  a d e s c r i p t i o n  o f  the c h a r a ~ t e r l s t i c s  o f  the m a t e r i a l  - 

6 
A s  noted by Yong and Har r i son  113 snow t r a f f i c a b i l i t y  increases w i t h  

m r e  v e h i c l e  passe5 - a s  con t ras ted  t o  s o i l  t r a f f i c a b i l i c y .  Snowpack 
p r o v i d e r  a b e t t e r  load c a r r y i n g  capability u T t h  inc reas ing  passes  s ince  
a q r c a t c r d e n s i f l c a t i o n  l s a c h i e v c d .  Thus. as ind rca tcd  by Yongand 
Harr ison.  i n  snow t r a f f i c a b i l i t y  cons ide ra t lons .  the 4 b . t  pabd i~ the 
w4h.t pa6d.  I f  one s u r v l v c s  the f i r s t  pass, t he  chances of a  5ucccrs -  
f u l  second pass a re  indeed g r e a t e r :  



beyond t h a t  provided by the  e l n s s l f l e a t f o n  scheme. I n  o t h e r  words, t h e  

s imple  c l a s s i f i c a t i o n  scheme re1 i.8 on almple  f i e l d  techniques and v i s u a l  

observations e a s l l y  obta ined I n  tho f lwld. w h i l s t  t h e  more c m p l e x  d e t a l l -  

i ng  o f  the  m a t e r i a l  wh ich must rs ty  on f u r t h e r  s tudy us ing  more soph is t  i -  

cated i n s t r m e n t s  and t e s t  techniques i s  i n  essence a  clro/raMhz&on 

o f  the performance aspects o f  tk m a t e r i a l .  As such, I t  Is best to 

de f ine  t h l s  aspect as  ' c h a r a c t e r i a a t l o n ' ,  i .e. complex classification. 

To avo id  confus ion,  the term ' c h a r a c t e r i z a L l o n '  w i l  1  be used. 

5 imple Class i f i c a t  ton Requ Irements 

The in fo rmat ion  rcqu i red a d  e a s i l y  o b t a l n c d  to s a t i s f y  the 

requirements f o r  s lmple  classification inc ludes:  

temperature p r o f i l e  and h i s t o r y  

d e n s l t y  p r o f i l e  

t i m e  o f  ramp1 ing 

g r a i n  s i z e  d i s t r i b u t i o n  a t  t ime of sampl lng 

g r a i n  g m t r y  and in1 t  l a 1  assessment of bonding 

c m p r e s s l b t l  l t y  under a s i n g l e  s t a t i c  load and 

d e n s i t y  change 

r e s i s t a n c e  to p e n e t r a t i o n  [from a cone o r  e q u i v a l e n t ]  

shear r e s i s t a n c e  [using a f i e l d  vane devlce  o r  e q u i v a l e n t ]  

Note t h a t  r e s l s t a n c e  t o  p e n e t r a t  Ion and sncar r e s l s t a n c e  may be obta ined 

foT lowing c ~ r c s s f b l l  1ty  assessment. I n  t h l s  manner, a more consistent 

and r e a l i s t i c  p i c t u r e  o f  the s lmple  mcchanlcal r e s p m s e  o f  t h e  m a t e r i a l  

can be o b t a l  ned. The rationale u n d e r l y i n g  t h i s  method of compresslb l  I 1  t y  

p r e - c o n d i t i o n  of the m a t e r i a l  can be found i n  the f a c t  that t h e  m a t t r l a l  



rill develop c r l t l c a l  01 threshold dansl t l ts  [3] whlch a r c  indeed 

c h a r a c t e r T s t l c  o f  fhc wtsrlal  a t  that p a r t i c u l a r  t ime  and s l t u a t l o n ,  

I . e ,  c h a r a c t t r T s t i c  o f  th. grain slxe distribution, temperature, and 

g r a i n  geemetry. Hence the simple c l a s s i f l c a t l o n  scheme wl I I  r e q u i r e  

t h a t  compress i b i  I i t y  measurements bs made, f e l  lowing which shear and 

p e n e t r a t l o n  res i s tances  w l l l  b e  determined. 

Requirements f o r  Character  Frat  Ion  

A good c a p r e h e n s  ive  i d e m  i f i c a t i o n  schcme should Inc lude  

d e t a l l s  o f  the m a t e r i a l  r h l c h  In fo rm the use r  a b u t  i t s  response 

c h a r a c t e r l s t l c s .  Th ls  g e n e r a l l y  takes the f o r m  o f  constitutive 

r e l a t i o n s h i p s  and y  i e l d / f a i  l u r e  c r  l t t r i a .  O t k r  r e l e v a n t  p r o p e r t  les  

used to desc r ibe  the  m a t e r i a l  performance c h a r a c t e r i s t i c s ,  such as 

volume change under load. and s t r a 1 n - r a t e  s u s c e p t i b i l i t y  can b t  use fu l  

i n fo rmat ion .  Such p roper t  i c s  a5 "Young's" modulus C s t r e s s - s t r a i n  

modulus] and essoc la ted parameters a r e  i n  a c t u a l i t y  d i r e c t  l n t e r -  

p r e t a t i o n s  o f  t h e  const  i t u t  l v e  r c la tTonsh ips .  Note t h a t  "Young's" 

nwdulus per  r e  does not  r e a l l y  app ly  s ince  t h i s  r e f e r s  to l l n e a r i t y  

and recoverab i  l i t y  i n  s t r e s s - s t r a i n  r e l a t  Ionsh ips .  

Before  d i scuss ing  f u r t h e r  the impor tant  c h a r a c t e r i s t i c s  that 

would be needed to c m p l e t e  the t o t a l  identiflcation/classificatlon of  

the m a t e r i a l ,  i t  I s  perhaps necessary t o  f i r s t  cons lder  the d e t a i l s  of 

snow r e r p c n s t  t o  v e h i c l e  t r a c t i v e  l o a d i y .  Enamlnation O F  the b a s i c  

mechanisms invo lved i n  a vehicle-snow i n t e r a c t  ion phenmencn w f l  l 

h d l c a t e  t h a t  the expendl ture  of energy from the d r l v i n g  force [ v e h l c l e  

d r i v e  t ra in:  take5 the form of s l l p  and de fo rmat ion  p roduc t ion  I n  t h e  



snow. The mechanisms o f  & fo rmt ion  and d is tor t ion on the snow can be 

broken dwn Into compress Sonal performance under normal and shear ing 

stresses, and also shear d is tor t ional  hhaviour as a separate phenmenon. 

Since load appl $cation at  the interface can be extrcmcly high, resul t lng 

in  high shear d is to r t ion  at  wrrcspondingly high s t ra in  ratss, the 

parameters of interest center around mechanical properties and the i r  

ssns i t i v i t y  t o  load-time boundary condltlons. I n  view of  the suscepti- 

b i l  I t y  o f  the mater tal to  temperature changes insofar as performance 

character ist ics are concerned - especial ly undsr high shear rates, i t  can 

be argued that the v lscws flw rate of the material w u l d  need to  be 

determined [4,5,61. Observations o f  local melt under high shear such 

as that condition found in  tk s l i p  region m u l d  tend to  support t h i s  

p rops  i t ion. 

I n  the deformation zone, canpressibi l i ty  performance under 

various rates of load application and confinement ef fect  need to  be 

determined [7]. It i s  apparent that th% various kinds o f  mechanisms 

developed by the smw in  response to  external stresslng conditions s b l d  

be categorized slmply and ef fect ive ly  - perhaps in to  parameters that can 

be detennlntd In the laboratory as standardized procedures and test  

techniques. 

The mechenical properties that need to be determlnsd to  provide 

for  a proper characterization o f  the materlal for  s m  t r a f f l c a b l l  l t y  

conslckrations can be surmarized as f o l l w s :  

Const i tu t  ive and rhw lo$ lc  performance 

YIeld/fat lure criterion 



Vlscous f tcw parameters 

Dens l t y  changes under spec1 f l t d  load l n g  m n d i  tons 

Shear s t r e n g t h  

Ua te r  content ,  d e h s l t y ,  e t c .  a t  t ime  o f  s t r e n g t h  t e s t i n g .  

Test  heasuremnts  and Techniques 

Because of the sensl  t i v i t y  o f  the mater fa1 to t e s t  boundary 

a n d i t i o n s  i n  a d d l t i o n  to o t h e r  l m a l  envfronmental  f a c t o r s ,  i t  i s  apparent  

t h a t  s tandard ized procedures trust be developed For both f i e l d  and 

l a b o r a t o r y  t e s t s .  Some o f  the more recen t  f l e l d  t m l 5  used to p rov ide  

I n f o r m a t i o n  o n  snow response have been examlned w l t h  respec t  t o  v e h i c l e -  

s n w  i n t e r a c t  Ion  requirements bl. A t  a l a t e r  stage. the C m i t t e e  w i l l  

endeavwr  to  document more d e t a i  led informat I on  regard ing  r e s t  procedures 

and methods. For the present. i t  i s  p e r t i n e n t  t o  observe t h a t  because o f  

t h e  v a r i e d  k inds  o f  t e s t s  used, and i n  v iew or  the v a r i o u s  types of 

a n a l y t i c a l  procedures used to  d e r i v e  p r e d i c t i o n s  on mob41 l t y ,  t he re  I s  

l i t t l e  commn agreement on what c o n s t i t u t e s  p roper  and p c r t l n t n t  t e s t s  

for sncw c lass  i f  i c a t i o n  and c h a r a c t e r i z a t i o n .  

Coupled w l t h  t h e  need f o r  developing s tandard l red  procedures 

for t e s t l n g  i n  t h e  f i e l d  and labora to ry ,  t h e r e  a l s o  e x i s t s  the n ted  for 

p roduc t ion  o f  a  method of sample procurement t h a t  would  m a i n t a i n  t h t  

I n t e g r i t y  of the snow sample. This presumes t h a t  the  associated f a c t o r s  

o f  i d e n t i f i c a t i o n  o f  the m a t e r l a l  i n -p lace  have been s a t I s f a c t o r i T y  

f u l  F i l l e d .  



CONCLUDING R E M R K S  

The a b j e c t  o f  t h l s  p a r t i c u l a r  p r e s e n t a t i o n  Ts to p r o v l d e  a 

v a r k l n g  b a s i s  f o r  users i n  the v e h l c l t - s n w  i n t e r a c t i o n  problem t o  

c o n t r i b u t e  t h e i r  experlenca, knowledge and Inpu t  t o  the  C m T t t e e  i n  

o rder  tha t  a c-n bas is  for c t n u n i c # t l o n  o f  the p e r t i n e n t  snow 

t r a f f l c a b i l l t y  In fo rmat ion  can be mads to t h e  user,  designer, system 

ana lys t ,  researcher ,  developer. e tc .  The f o l l c u l n g  p o i n t s  bear 

* 
d e t a l  l lng:  

I .  To p r e d i c t  o r  eva luate  vehlc le mob1 l l Ly i n  o r  thrcugh $now, 

t h e r e  must be a q u a n t i t a t i v e  d e f l n i t l o n  of snow 

t r a f f i c a b i l  i t y .  Th is  i s  n o t  p r e s e n t l y  available. 

Can t h l s  be de f ined?  

2. T r a f f  i c a b I 1  i r y  i s  dependent on. o r  a f u n c t l o n  of, p a r t  l c u l a r  

v e h l c l e  types, s l zas ,  runn ing gears,  loads, e tc .  Can we 

s p c c l f  y standard ized veh ic les ,  m f l g u r a t  ions, and 

m n d l  t l o n s ?  Hote t h a t  as noted by Yong and H a r r l s o n  C3] 

i n  snar  t r a f f i c a b i l i t y ,  s ince s n w  compressed and 

densifbed a f t e r  a s l n g l e  v e h l c l e  pass, subsequent 

passes should f l n d  t h e  snowpack mrt  amenable for load 

suppor t .  Thus. i n  snow t r a f f i c a b l l i t y ,  as noted by 

* 
F igures 1 and 2 f l l u s t r a t e  the w i d e  v a r l a b i l l t y  In ' s t r e n g t h '  read lngs 

in  two t y p l c a l  snow depos i t s  in l a t e  w i n t e r .  Note t h a t  the Information 
ob ta ined  can be render td  meaningfuT I f  more support l v e  ln format  Ion i s  
p rov ided .  T h e q u e s t i o n  r m 1 n s a s  t o ' b h a t  kind"? 



.- - 3 .  A sn& ciasi~fleatloi 'scheme designed for sppl 1&t?cn to 

snow t r a f f  l c a b i l  l t y  should be r e a d l l y  r e l a t a d  t o  [or 

r e a d i l y  imply] the t b d y n a m i c  h i s t o r y  o f  the 

m a t e r l a l .  T h l r  skou ld  inc lude snow depth. wlnd  - - . - - .  
v e l o c f t y ,  preval l lng wlnds,  topography, l a y e r i n g ,  

d i r e c t i o n  o f  metamorphism, e t c .  

4. Snow t r a f f l c a b l l  i t y  a l s o  depends on t e r r a l n / t o p o g r a p h i c a l  

f a c t o r s  such a5 t e r r a i n  geometry, nwr -un i fo rm i ty  o f  5 n w  

deposl t and c r u s t a l  formation, hardness o f  u n d e r l y i n g  

t e r r a i n .  

5. Any t r a f f  l c a b i l  l t y  prediction needs t o  be based on t h e  snow 

c o n d i t i o n  a t  the t lme the v e h l c l e  i s  to  a t tempt  t r a v e l  

o v e r  or through the snow. Therefore, a l t h g h  snow 

c o n d l t l o n  depends on the d e p o s l t l o n  and ag ing  h i s t o r y  

of the snow, k w l e d g e  of t h a t  h l ~ t o r y  should n o t  be 

necessary to d e s c r l b e  the srwhr for c l a s s i f I c a t l o n  

purwses, i .e. a  knowledge o f  h l s t o r y  serves as an 

a l d  t o  p r e d i c t t o n  but I s  not  essential. 

A c l a s s i f l c a t i o n  s c h  prov ides the larrguwe of  s n w  

d a s c r l p t i o n .  A f l e l d  o r l e n t t d  c l a ~ s l f l c a t l o n  system 

should serve to desc r ibe  snrnrpack cond i t i ons .  Heans 

mst be found to t i e  t h l s  to  t r a f f i c a b l l l t y  and 

mobi1 l t y .  
- 

6. Snow c l a s s i F i c a t l o n  research should focus on msasurtment o f  

I n l t t a l  and u l t l m a t e  c m p r e s r i v e  and shear s t r e n g t h  of 

s m  I n  v a r i o u s  conditions to a l l a r  f o r  a proper  d t s c r l p t -  



im of  the material canpattble w l t h  t r a f f i c a b i l i t y  

requirements. This l a t t e r  aspect requlres considerable 

research and discussion to  ar r ive a t  a mrtual ly 

acceptable set o f  c r i t e r i a  - 1.e. acceptable to  a l l  

segments o f  the user, deslgwr,  developer poprlat ion. 

7. The central objective o f  research in to  the mechanical 

wrformance characterist ics of snow, and the relevant 

properties o f  s m ,  shwld  be to  re la te  s m  classes to  

vehicle performance i n  quantitative terms so that a 

knowledge o f  tb s m  condlt lon would enable the 

re l lab le  predict ion o f  'go' or 'no-go' for  a given 

condition. A m r e u w f u l  c a p a b i l i t y w l d  be to  

produce the s l tuat lon which m u l d  permit prediction of 

the amunt o f  drawbar p u l l  that might be generated. 

8 ,  The load conditions that need to  be invest lgated must 

include rate e f f t c fs ,  repet i t ion o f  loads, load boundary 

s i rmlat ion ident i f ied wi th  the various load t rac t ion  

dev ices employed on present snw vehicl es. 

9 .  NDte that the present y le ld / fa i lu re  c r i t e r i a  avai lable and 

used, g .  Hohr-Cwlmb, pay m attent ion to  s t ra in  a t  

f a i l u re  o r  yield. In addltlon, they are appl icable only 

to  no-vol urn change mater la1 s. 
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