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CURRENT RESEARCH ON ICE CONTROL

by

L.  W. Gold*

I  wish to e>rpress to you rny appreciat ion for this opportunity
to  speak  to  you on  a  sub jec t  o f  rea l  concern  to  a l l  motor is ts .  Before
beginning on the subject of  my talk,  however,  I  would l ike to tel . I  you
about some of the act iv i t ies of the Nat ional Research Counci l ,  so that
the  cont r ibu t ion  these ac t iv i t ies  can make to  the  so lu t ion  o f  p rob lems o f
snow remova l  and ice  cont ro l  w i l l  be  qu i te  c lear  to  you.  The NRC is
only one of a number of inst i tutes and departments that is invest igat ing
or  can inves t iga te  the  prob lems o f  con t ro l  o f  i ce  on  roadways.  But  i t
is probably the organLzat ion most act ively engaged in studies of this
prob lem a t  p resent ,  and because o f  i t s  pos i t ion  w i th in  the  f ra rnework  o f
sc ience in  Canada,  the  Counc i l  i s  the  organ iza t ion  bes t  ab le  to  p rov ide
the  means by  wh ich  s tud ies  on  ice  cont ro l  th roughout  the  count ry  can be
coor  d ina ted .

La te  in  1916,  the  Government  o f  Canada es tab l i shed an  Honorary
Adv isory  Counc i l  fo r  Sc ien t i f i c  and Indus t r ia l  Research ,  now known by  the
shor t  t i t le  ' tNat iona l  Research  Counc i l r r .  The Counc i l  i s  a t  p resent
comPosed o f  twenty -one Canad ians ,  inc lud ing  the  Pres ident  and th ree
Vice-Pres idents  as  fu l l - t ime o f f i c ia ls ,  and repor ts  d i rec t l y  to  the  Pr ivy
Counc i l  o f  Canada.

The f i rs t  ac t i v i t y  o f  the  Nat iona l  Research  counc i l  was  to
under take  a  survey  o f  Canadars  sc ien t i f i c  resources ,  Th is  inventory
showed tha t  indus t r ia l  research ,  a t  tha t  t ime,  was prac t ica [y  non-
ex is ten t ,  and the  na t iona l  supp ly  o f  research  men ent i re ly  inadequate .
To he lp  remedy th is  s i tua t ion ,  a  sys tem o f  scho la rsh ips  and research
grants  was es tab l i shed in  19 I7 .  Th is  p rogram,  wh ich  has  been cont inued
and expanded over  the  years ,  i s  one o f  the  rna jo r  ac t i v i t ies  o f  the  Nat iona l
Research  Counc i l .  Today ,  over  I8  mi l l ion  do l la rs  per  year  i s  d i rec ted
toward  the  suppor t  o f  research  a t  Canad ian  un ivers i t ies  in  th is  wzr l r  o r

Head,  snow and Ice  sec t ion ,  D iv is ion  o f  Bu i ld ing  Research ,  Nat iona l
Research  Counc i l ,  Ot tawa,  Canada.
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about  one- th i rd  o f  the  Counc i l rs  budget .  The sys tem o f  scho la rsh ips  and

research  gran ts  i s  one method by  wh ich  money can be  rnade ava i lab le fo r

research  on  ice  cont ro l ,  bu t  on ly  to  un ivers i t ies"

In  1917 the  Nat iona l  Research  Counc i l  began to  coord ina te

research  programs o f  a  na t iona l  charac ter  by  means o f  Assoc ia te  C,om-

mi t tees .  These Comrn i t tees  are  na t iona l  in  scope,  each ac t ing  as  an

autorrornous unit ;  their  membership is drawn from federal ,  provincial ,

universi ty,  and industr ial  orgar. izat ions. When a rnajor problern ar ises,

the  Nat iona l  Research  Counc i l  fo rms a  Commi t tee  composed o f  lead ing

workers  in  the  area  o f  the  prob le rn  who are  par t i cu la r ly  qua l i f ied  to  g ive

gu idance and adv ice .  These men cont r ibu te  the i r  t ime w i thout  sa la ry ,  and

by exchanging inforrnat ion and views, work out a coordinated approach to

the  prob lem"  At  p resent  there  are  sorne  40  Commi t tees ,  opera t ing  in

d i v e r s e  f i e l d s ,  s u c h  a s ,  A e r o d y n a m i c s ,  S p a c e  R e s e a r c h ,  P a i n t  R e s e a r c h ,

and P1ant  Breed i .ng .  One Commi t tee  in  par t i cu la r ,  the  Assoc ia te  Corn-

rni t tee on Soi l  and Snow Mechanics, has a Subcommittee on Snow and Ice

tha t  g ives  a t ten t ion  to  p rob le rns  c rea ted  by  these rna ter ia ls .  Th is  Subcorn-

mi t tee  is  cur ren t ly  s tudy ing  theprob lem o f  snow remova l  and ice  cont ro l "

For  the  f i rs t  e igh t  years  o f  i t s  ex is tence the  Counc i l  employed a

srnal l  administrat ive staff  but no working scient i f ic staff .  I t  gradual ly

became c lear  tha t  in  o rder  to  fu l f i l  i t s  respons ib i l i t i es  to  Canad ian

indus t ry ,  the  Counc i l  wou ld  requ i re  i t s  own labora tor ies .  These fac i l i t i es

were  in i t ia ted  in  1925 and have increased th rough the  years ,  and

par t i cu la r ly  dur ing  the  war  years ,  so  tha t  they  now inc lude e leven D iv is ions

and two Reg iona l  Labora tor i .es ,  p rov id ing  a  capab i l i t y  over  a  b road range

of  sc ience and eng ineer ing .

In  1947,  the  D iv is ion  o f  Bu i ld ing  Research  was fo rmed to  p rov ide

a research  serv ice  fo r  the  cons t ruc t ion  indus t ry  and techn ica l  ass is tance

to  the  newly  es tab l i . shed Cent ra l  Mor tgage and Hous ing  Corpora t ion .  Wi th in

th is  D iv is ion  there  was es tab l i shed a  Sec t ion  tha t  was  to  g ive  a t ten t ion  to

p r o b l e r n s  c r e a t e d  b y  s n o w  a n d  i c e .

The ac t iv i t ies  o f  the  Snow and Ice  Sec t ion  are  broad indeed,

ranging from fundarnental  research to engineering, and include providing

techn ica l  in fo r rna t ion .  Th is  Sec t ion  cons iders  p rob le rns  such as  es tab-

l i sh ing  the  th ickness  o f  i ce  on  lakes  and r i vers  requ i red  to  ear ry  a  g iven

load;  de termin ing  the  fo rces  tha t  i ce  can exer t  aga ins t  s t ruc tu res ,  such

as  dams,  whar fs ,  b r idge p ie rs ;  ob ta in ing  in fo rmat ion  on  how ice  de for rns

and fa i l s  under  load;  ava lanche de fence,  and snow remova l  and ice  cont ro l "

In  shor t ,  i t  a t te rnp ts  to  p rov ide  to  the  eng ineer  knowledge necessary  fo r  the

so lu t ion  o f  p rob lems,  and to  ob ta in  needed knowledge,  when i t  i s  no t
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a l ready  ava i lab le ,  th rough the  app l ica t ion  o f  sc ience.  To  p lace  the

ac t iv i t ies  o f  the  Sec t ion  in  the  r igh t  perspec t ive ,  however ,  i t  shou ld  be

po in ted  ou t  tha t  i t  i s  a  smal l  g roup,  composed a t  p resent  o f  four  peop le

t ra ined in  the  sc iences  and eng ineer ing  and two techn ic ians ,  w i th  the

par t - t i rne  ass is tance o f  a  c l i rna to log is t  seconded f ro rn  the  Meteoro log ica l

S e r v i c  e .

Other  g roups  w i th in  the  NRC cons ider  p rob le rns  caused by

snow and ice ,  o r  s tudy  the  proper t ies  o f  these mater ia ls .  For  exarnp le ,

the  D iv is ion  o f  Mechan ica l  Eng ineer ing  has  deve loped a  spec ia l  ga te

a t tachment  fo r  p loughs  tha t  can  be  used to  p revent  p loughed snow f rom

block ing  dr iveways ;  the  D iv is ion  o f  App l ied  Chern is t ry  i s  conduct ing

fundamenta l  s tud ies  on  the  op t ica l  and ther rna l  p roper t ies  o f  i ce"

I t  is useful  to emphasize that the three act iv i t ies of the l . fat ional

Research  Counc i l ,  namely ,  admin is te r ing  Un ivers i ty  scho la rsh ips  and

research  gran ts ,  Assoc ia te  Cornmi t tees ,  and runn ing  the  labora tor ies ,

are quite independent.  A1I three act iv i t ies contr ibute in their  own way

toward  the  so lu t ion  o f  p rob le rns  o f  i ce  cont ro l .

In February of 1964, the Subcornmit tee on Snow and Ice

sponsored a  Conference on  Snow Rernova l  and Ice  Cont ro l  (1 ) .  Th is

Conference had th ree  pr inc ipa l  ob jec t ives :  to  beg in  to  de f ine  those

fac tors  p r imar i l y  respons ib le  fo r  the  cos t  o f  snow remova l  and ice

cont ro l ;  to  beg i "n  to  record  in  one p lace  eas iJ .y  access ib le  to  a l l  the

cons i .derab le  exper ience ava i lab le  on  the  prob lem;  and to  beg in  to

def ine  areas  where  research  and deve loprnent  shou ld  be  encouraged"

One of the results of that Conference was the establ ishrnent of a Working

Group under the chaj"rrnanshi.p of Mr" W" D" Hurst,  City Engineer for

Winnipeg, which wi l l  consider the problern of Snow Removal and Ice

Cont ro l  in  Urban Areas"

The papers  p resented  a t  th is  Conference po in ted  ou t  qu i te

c lear ly  tha t  one o f  the  more  ser ious  prob lems o f  w in te r  rna in tenance is

that of  the control  of  ice on roadways" Abor: . t  50 per cent of the winter

rnaintenance budget for the Highway Departrnents of the Provinces of

Ontar io  and Quebec is  spent  on  the  purchase and app l ica t ion  o f  chern ica ls

and abrasives for ice control .  For exarnple, the annual highway winter

maintenance cost {or the province of Ontar io is now about $15. 5 rni l l ion,

with about $5 rni l l ion spent on ploughing snow, $5 mi l l " ion for sanding

h ighways ,  $3  rn i l l i on  fo r  sa l t ing ,  and the  remainder  fo r  road pa t ro ls ,

e rec t ion  o f  snow fences ,  and o ther  spec ia l  tasks  (2 ) .  D iscuss ions  w i th
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the  s ta f f  o f  the  Road Research  Ins t i tu tes  in  Norway,  Sweden,  and Eng land,
and with others in Switzer land, showed that the forrnat ion of ice on
roads  is  a lso  a  major  p rob le rn  in  these count r ies .

For  the  purpose o f  rhe  present  d iscuss ion ,  the  ice  cont ro l
p rob lem can be  d iv ided in  the  fo l low ing  way:

1)  Ice  fo rmat ion and de tec t ion ,

the  fo rmat ion  o f  i ce ,Z l  Prevent ion  o f

3 ) Rernova l  o f  i ce ,

4 l  The in te rac t ion  be tween ice  and t ra f f i c ,

5 )  I c e  c o n t r o l  m e a s u r e s  f o r  v e h i c l e s .

In  the  fo l low ing ,  in fo rmat ion  is  p resented  on  the  research  be ing
conducted  on  these aspec ts  o f  the  ice  cont ro l  p rob lem,  and an  ind ica t ion
of  some o f  the  prob lems tha t  s t i l l  requ i re  s tudy"  I t  i s  very  p robab le  tha t
s o m e  c u r r e n t  r e s e a r c h  p r o j e c t s  h a v e  b e e n  o m i t t e d ,  a n d  i f  s o ,  w e  w o u l d
be gra te fu l  i f  these omiss ions  cou ld  be  brought  to  our  a t ten t ion .

ICE FORMATION AND DET'ECTION

With the traf f ic condit ions that exist  on many of our modern
h ighways ,  i t  wou ld  be  use fu l "  i f  th .ose  respons ib le  fo r  w in te r  ma in tenance
had some method o f  p red ic t ing  when the  fo rmat ion  o f  i ce  on  a  road sur face
cou ld  be  expec ted .  Th is  ab i i i t y  wou ld  have two prac t ica l  app l i ca t ions :
prov id ing  adequate  warn ing  so  tha t  p revent ive  ac t ion  cou ld  be  taken,  and
prov id ing  rno tor is ts  w i th  a  warn ing  o f  dangerous  h ighway cond i t ions .

Ice  fo rms on  roadways as  a  consequence o f  weather  cond i t ions
alone, or through the r i .ght cornbinat ion of weather and traff ic.  In any
prograrn  to  combat  i ce ,  in  par t i cu la r  to  p red ic t  when and where  i t  w i l l
f o r m ,  i t  i s  n e c e s s a r y  t o  h a v e  a  g o o d  u n d e r s t a n d i n g  o f  h o w  t h e  o c c u r r e n c e  o f
ice depends on weather and on traf f i "c.  This inforrnat ion can be obtained
on ly  th rough a  s tudy  o f  the  rn ic ro rne teoro log ica l  cond i t ions  a t  road
sur faces  pr io r  to  and dur ing  per iods  o f  i ce  fo rmat ion ,  and the  charac ter is t i cs
o f  the  t ra f f i c "  Such s tud ies  are  no t  be ing  conducted  in  Canada,  as  fa r  as
we are  aware ,  bu t  they  are  be ing  ac t ive ly  pursued in  Sweden,  Swi tzer land,
and Eng land.  A  d i f fe rence be tween the  average ic ing  cond i t ions  tha t  occur
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i n  these th ree  count r ies ,  and the  cond i t ions  genera l l y  encountered  in

Canada,  shou ld  be  no ted .  In  Sweden,  Swi tzer land,  and Eng land,  i ce

formation usual ly results from the freezing of water on the roadway, or

by the deposit ion and subsequent fr  eezir .g of moisture on the road

sur face .  In  Canada,  the  ser ious  ice  prob le rns  usua j . l y  resu l t  f rom

either freezing rain or by packing of the snow by traf f ic"

In Sweden, an instrumenl is being tested that gives a signal

ind ica t ing  a  r i sk  o f  s l ipper iness  when the  tempera ture  o f  the  a i r  o r

ground sur face  is  lower  than 30"F ( - l 'C)  and a t  the  sar re  t ime the

relat ive humidi ty is higher than 95 per cent.  An apparatus has been

developed to rneasure at intervals of f ive rninutes the coeff ic ient of

f f i c t ion  be tween a  s l ide  w i th  rubber  runners  and a  durnrny  road sur face  (3 ) "

This apparatus has not given sat isfactory correlat ion between the signal

ind ica t ing  a  r i sk  o f  s l ipper iness  and the  road cond i t ions  tha t  .d id  occur .

Development work is cont inuing.

In  Swi tzer land,  equ ipment  has  been deve loped to  measure

ternperature at var ious depths in the ground and at var ious heights above

the  ground sur face"  The humid i ty  o f  the  a i r  i s  measured a t  var ious

Ievels as wel l"  The ternperature and hurnidi ty,  and their  change with

t ime,  a re  used to  p red ic t  when ice  can be  expec ted  to  fo r rn  on  the  road

surface. In England, a device has been developed that gives a signal

w h e n  t h e  t e m p e r a t u r e  o f  t h e  r o a d  s u r f a c e  i s  3 7 " F  ( 3 ' C )  a n d  m o i s t u r e

condit ions are sui table for ice forrnat ion" For only about 50 per cent

o f  the  cases  when th is  dev ice  gave a  warn ing ,  however ,  d id  i c ing

occur "  The resu l ts  o f  these s tud ies  have been encourag ing .  In  bo th

England and Switzer lard i t  is hoped that abi l i ty to predict  the forrnat ion

of ice can be irnproved by further research and developrnent,

The present  cos t  o f  ins ta l la t ions  fo r  p red ic t ing  when ice

rnay form is about 3 to 5 thousand dol lars per si te,  and so they cannot

be used in great quant i ty.  The general  thinking at present is that such

ins t ruments  cou ld  be  use fu l l y  loca ted  a t  s i tes  where  ice  usua l ly  fo r rns

f i rst ,  and that the warning they provide must then be interpreted by the

individual responsible for the maintenance of the roadway.

These dev ices  are  pr i rnar i l y  fo r  p red ic t ing  ice  fo r rna t ion  on

roadways due to freezLng rain or deposit ion and subsequent freezing

of water vapour as ice or frost.  They would not be sui table for

predict ing the forrnat ion of ice due to the packing of snow by traf f ic"

I t  is possible that adequate warning of al l  types of ice condit ions can be

obta ined f rom spec ia l  weather  observa t ions  once the  in te r - re la t ionsh ip

be tween ice  fo r rna t ion ,  weather  and t ra f f i c  i s  we l l  unders tood.  Th i .s
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knowledge would be very useful  background inforrnat ion for the problem of

ice  cont ro l  in  Canada,  and so  the  necessary  observa t ions  shou ld  be  encouraged

at universi t ies and in those departments and inst i tutes that have a direct

in te res t  in  w in te r  ma in tenance o f  roads .

THE PREVENTION OF ICE FORMATION

Once i t  is known that ice may form on a road surface, what

s teps  can be  taken to  p revent  i t s  fo rmat ion? At  p resen! ,  there  is  on ly

one economica l  method -  by  the  app l ica t ion  o f  chemica ls  such as

sod iurn  or  ca lc ium ch lo r ide .  The app l ica t ion  o f  a  chemica l  to  the  road

sur face  pr io r  to  the  fo r rna t ion  o f  i ce  ensures  tha t  the  water  w i l l  remain

l iqu id  even wh i le  the  a i r  and road sur face  te rnpera tures  are  be low

freezing. Considerable knowledge is now avai lable on the act ion of

chern ica ls  in  p revent ing  the  fo rmat ion  o f  i ce ,  bu t  good prac t ica l  gu ide

l ines have yet to appear on how chemicals should be appl ied, and at

what  ra te ,  fo r  g iven  weather ,  road and t ra f f i c  cond i t ions ,  Some work

has been done on this problem in Canada, notably by the Ontar io Depart-

ment  o f  H ighways ,  and inves t iga t ions  are  cur ren t ly  be ing  conducted  in

Swi tzer land a t  the  Swiss  Federa l  Ins t i tu te  fo r  Snow and Ava lanche

R e s e a r c h .  T h e r e  i s  c o n s i d e r a b l e  p r a c t i c a l  e x p e r i e n c e  o n  t h e  u s e  o f

chern ica ls ,  bu t  th is  exper ience is  la rge ly  unrecorded and no t  thorough ly

checked by  cont ro l led  f ie ld  s tud ies .  Sptead ing  equ iprnent  has  ye t  to

be deve loped tha t  w i l l  p rov ide  to  the  opera tor  adequate  cor t ro l  o f  the

app l ica t ion  o f  chern ica ls .  I t  i s  use fu l  to  e rnphas ize  these fac ts  s ince

the  cur ren t  consurnpt ion  o f  sa l t  fo r  i ce  cont ro l  purposes  in  Canada is  now

about I  mi l l ion tons annual ly with the cost between $15 to $40 per ton,

depend ing  on  the  d is tance and method o f  t ranspor ta t ion .  Because o f  the

amount of money now being spent on chemicals for ice control ,  and the

present  concern  over  the i r  s ide  e f fec ts ,  inves t iga t ions  shou ld  be

encouraged that wi l l  provide the needed information about the appl icat ion

of chernicals under given condit ions.

The cont r ibu t ion  o f  sod iu rn  o r  ca lc ium ch lo r ide  to  cor ros ion

cannot  be  to le ra ted  by  a i rc ra f t ,  and is  o f  cons iderab le  concern  w i th

respec t  to  s t ruc tu res  such as  br idges ,  par t i cu la r ly  i f  they  have s tee l

decks .  The Cent ra l  Exper i rnenta l  Es tab l i shment  o f  the  RCAF has  con-

duc ted  f ie ld  t r ia ls  o f  sorne  non-cor ros ive  chemica ls  fo r  use  on  a i rc ra f t

runways .  These chern ica ls  a re ,  however ,  cons iderab ly  more  expens ive

than sod ium ch lo r ide .  The RCAF,  C i ty  o f  Winn ipeg,  and the  Min is t ry

o f  Transpor t  in  Eng land have conducted  t r ia ls  w i th  u rea ,  bu t ,  in

addit ion to being quite expensive, 
' i t  

was found to be slower act ing and

had to be used in Target quant i t ies than sodium chlor ide in order to
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obta in  the  same e f fec t i veness .  S tud ies  have been made in  Canada (by  the

RCAF)  and in  Eng land on  the  use  o f  g lyco l  so lu t ions  bu t  these were

found to  make the  sur face  qu i te  s l ippery  and to  leave a  res idue tha t

was di f f icul t  to rernove.

The RCAF has  evo lved a  use fu l  techn ique fo r  p revent ing  ice

fot ' rnat ion by the packing of snow by aircraft .  A rotary broorn was

developed which, when used ei ther alone or in conjunct ion with ploughs,

depend ing  on  the  snow cond i t ions ,  w i l l  p roduce a  snow- f ree  runway.

Heat ing  sys tems bur ied  in  the  road sur face  have been con-

s idered  fo r  p revent ing  ice  fo rmat ion  and fo r  me l t ing  snow (4) .  The

ins ta l la t ion  cos t  fo r  such sys tems is  qu i te  h igh ,  however ,  and the i r

opera t ing  cos t  i s  be tween ?5  and 50y 'per  square  foo t  per  year "  Because

of  the i r  h igh  cos t ,  they  can be  cons idered on ly  fo r  par t i cu la r ly  c r i t i ca l

s i tes ,  such as  approaches to  b r idges  and th roughways.  There  is  no t

avai lable at this t ime in Canada al l  the information that is required

for  feas ib i l i t y  s tud ies  and des ign  o f  heat ing  sys tems.  Cons iderab le  work

has  been done on  these sys tems by  the  Road Research  Labora tory  in

England (5),  but the condit ions in England are suff ic ient ly di f ferent

f rom those in  Canadat t ,a t  i t  i s  no t  poss ib le  to  app ly  th is  exper ience

d i rec t ly  to  the  prob lems here .  The inves t iga t ions  requ i red  to  ob ta in

the  necessary  background knowledge fo r  the  des ign  o f  heat ing  sys terns

for  i ce  cont ro l  in  Canada shou ld  be  encouraged.

REMOVAL OF ICE

For  cons idera t ion  o f  poss ib le ,  econorn ica l  rne thods  o f  p re-

vent ing  the  fo rmat ion  o f  i ce  on  roads ,  i t  wou ld  be  use fu l  to  have a

thorough unders tand ing  o f  the  way ice  adheres  to  road sur faces .

Infbtrnat ion is avai lable on this subject but our knowledge is st i l l

incomplete. Sorne quite fundamental  studies on adhesion of ice to

so l ids  have been car r ied  ou t  by  Pro f .  H .  Je l l inek  a t  Assurnpt ion

Univers i ty  in  Windsor ,  Ontar io .

I t  i s  known tha t  i ce  w i l l  adhere  to  rna ter ia ls ,  such as  concre te

and asphalt ,  with a strength that can exceed the strength of ice" Labo-

ra to ry  s tud ies  o f  the  shear  s t rength  o f  the  bond be tween ice  and such

rnater ials have shown that the fai lure usual ly occurs in the ice rather

than at the interface. Those resporxsible for winter maintenance know

how d i f f i cu l t  i t  i s  to  remove ice  mechan ica l l y ,  even w i th  a  g rader - -a

rnachine with quite a good planing act ion. I t  is not unusual for rnachines

to  cause cons iderab le  darnage to  roads  and curbs  when a t tempt ing  to

r e m o v e  i c e .
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I f  t h e  a i r  t e m p e r a t u r e  i s  a b o v e  a b o u t  l 0 " F  ( - I 2 ' C ) ,  s o m e

success  in  remov ing  ice  can be  ach ieved th rough the  app l ica t ion  o f  chemi -

ca ls .  Th is  techn ique may be  s1ow,  however ,  because the  chern ica l

must melt  through the ice before i t  can af. f .ect the bond between the ice

and the  road.  In  add i t ion ,  the  ac t ion  o f  t ra f f i c  does  no t  p rov ide  the  ass is -

tance i t  does  when the  chemica l  i s  app l ied  d i rec t l y  to  the  road sur face .

Stud ies  are  be ing  conducted  cur ren t ly  on  the  ac t ion  o f  chemica ls  on  ice

by  the  Sta te  Road Research  Ins t i tu te  in  Os lo ,  Norway.

I f  the  a i r  te rnpera ture  is  be low about  l0 'F  ( -12 'C) ,  the  on ly

prac t ica l  way  a t  p resent  to  cont ro l  i ce  i s  th rough the  app l ica t ion  o f  abra-

s ives .  S tud ies  conducted  in  Sweden show tha t  i f  sand on ly  i s  app l ied ,  the

coef f i c ien t  o f  f r i c t ion  be tween the  t i re  and the  ice  sur face  rnay  be  reasona-

bly high ini t ia l ly,  but the coeff ic ient decreases with t ime due to the sand

being rernoved by the act ion of the traf f ic.  A technique of water sanding

has been deve loped in  Nor thern  Sweden,  where  te rnpera tures  are  low and

snowfal l  qui te l ight,  in which sand is bonded to the road surface by

applying a thin layer of water" This provides a surface with a coeff ic ient

of f r ict ion nearly as high as that for bare pavement,  and the coeff ic ient

remains at a sat isfactory value fot  a reasonable length of t i rne depending

on weather  cond i t ions .  The water -sand ing  techn ique is  a lso  used under

emergency  cond i t ions  by  the  Roya l  Canad ian  A i r  Force  ( l ) .  A  s tandard

s t ree t  f lusher  veh ic le  has  been rnod i f ied  success fu l l y  fo r  th is  purpose,

and is  now a lso  used fo r  a  var ie ty  o f  jobs  about  RCAF s ta t ions ,  such as

weed control  and as an auxi l iaxy f i r  e f ight ing unit .

INTERACTION BETWEEN ICE AND TRAFFIC

Canada now has  a t  leas t  467,OO0 rn i les  o f  road,  o f  wh ich  about

6 5  p e r  c e n t  a r e  s u r f a c e d ,  T h e r e  a r e  a b o u t  5 , 0 0 0 , 0 0 0  v e h i c l e s  r e g i s -

te red  in  the  count ry ;  every  year  each veh ic le  t rave ls  an  average o f

8 ,? .50  mi les  and consurnes  600 ga l lons  o f  fue I .  In  te r rns  o f  passenger

miles;,  automobi les accounted for about 86 per cent of the total  performed

by a l l  modes o f  t ranspor ta t ion  in  1962.  The average fa rn i . l y  spends about

9 per cent of i ts incorne on this forrn of t ransportat ion" The idea that i t

shou ld  be  poss ib le  to  d r ive  an  au tomobi le  under  a I I  weather  cond i t ions  is

coming to  be  w ide ly  accepted .
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In  o rder  to  car ry  the  la rge  t ra f f i c  f low ra tes  tha t  occur  on  modern

h ighways ,  those respons ib le  fo r  the  cons t ruc t ion  and main tenance o f  roads

rnust provide a surface with an adequate coeff ic ient of  f r ict ion between the

road sur face  and the  t i re .  For  bare  pavernent  o r  aspha l t ,  the  coef f i c ien t

o f  f r i c t ion  is  about  0 .60  to  0 .  65 .  For  an  ice  sur face ,  i t  i s  about  0"  2  o r

lower. Extensive invest igat ions on the coeff ic ient of  f r ict ion between a

t i re  and road sur faces  in  var ious  cond i t ions  have been made by  ther  S ta te

Road Ins t i tu te  in  Sweden (3 ) "  In  one o f  the i r  repor ts  i t  i s  s ta ted  tha t  the

only way to reduce the r isk of skid accidents i .n the winter is to adapt the

speed and the  r ranner  o f  d r iv ing  to  road cond i t ions  (6 ) .

One subject that should be given attent ion is the deterrninat ion

of  the  road sur face  cond i t ion  requ i red  to  a l low t ra f f i c  to  f low sa fe ly . 'a t

a  g iven ra te .  In  res ident ia l  a reas  a  weI I  cornpac ted  snow sur face  may

be qu i te  adequate  fo r  the  speeds and f low ra tes  encountered  there"  Such

condit ions cannot be tolerated on throughways and simi lar high traf f ic

dens i ty  roads .  In fo r rna t ion  on  the  cond i t ion  o f  road sur face  requ i red  fo r

g iven t ra f f i c  f low ra tes  wou ld  be  use fu l  fo r  dec is ions  concern ing  the

locat ion and design of roadways and for deterrnining the extent of winter

rnaintenance and the technioues that should be used"

ICE CONTROL MEASURES FOR VEHICLES

Current research on the act ion t} .at  can be taken with respect

to a vehicle in order to i rnprove i ts abi t i ty to travel .  urder icy condit ions

wi I I  be  br ie f l y  cons idered.  There  is  cons iderab le  in te res t  cur ren t ly  in

studded t i res and the Highway Departrnent of Ontar io is conduct ing studies

on the i r  use .  Ex tens ive  inves t i .ga t ions  are  be ing  conducted  on  s tudded

t i r e s  b y  t h e  S t a t e  R o a d  R e s e a r c h  I n s t i t u t e  o f  S w e d e n  ( 3 , 6 ) .  I t  i s  o b s e r v e d

that studs increase the coeff ic ient of  f r ict ion between the t i re and the

sur face  by  about  0"2  to  0 .25  over  tha t  fo r  a  t i re  and ice  a lone.  The va lue

obtained is st i l t  far below that for a t i re and road surface in summer. The

f r i c t ion  appears  to  inc rease w i th  the  nurnber  o f  s tuds ,  and each t i re  wou ld

probably have to have about 200 studs in order to obtain an opt imum effect.

S tuds  decrease the  coef f i c ien t  o f  f r i c t ion  be tween a  t i re  and bare  pavernent .

A l though s tuds  do  no t  cause a  la rge  inc rease in  the  sk id  res is tance,  they  do

irnprove steering abi l i ty,  For rnaxirnum effect iveness, therefore, aI I

four t i res of an autornobi le should be equipped with studs. Observat ions

ind ica te  tha t  s tuds  are  bes t  fo r  i ce .  cha ins  are  bes t  fo r  snow.

Studs  do  come out  o f  t i res ,  par t i cu la r ly  a th igh  speeds,  Th is

does  no t  appear  to  be  due to  cent r i fuga l  fo rce ,  bu t  ra ther  to  fo rces  assoc i -

a ted  w i th  s l ip  be tween the  t i re  and the  road.  In  Sweden there  has  been no
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evidence of studs causing damage after corning out of the t i re" About 15

per  cent  o f  the  au tomobi les  in  Sweden are  equ ipped w i th  s tudded t i res .

There  is  ev idence tha t  the  s tuds  do  inc rease road wear .  The main  ques t ion

concern ing  the i r  use  in  Canada appears  to  be  a Iega l  one re la ted  to  the

poss ib le  damage tha t  they  migh t  do  to  road sur faces .  Th is  aspec t  o f

the i r  use  requ i res  fu r ther  s tudy .

The chemica ls  commonly  used fo r  i ce  cont ro l  con t r ibu te  to  the

deter io ra t ion  o f  some components  o f  au tomobi les .  Cons idera t ion  shou ld

be givento ways in which components that are direct ly involved with the

safe  opera t ion  o f  a  veh ic le ,  such as  brake l ines ,  b rake  cy l inders ,  t ie

rods ,  and ba l l  jo in ts ,  can  be  adequate ly  p ro tec ted  f rom the  ac t ion  o f  these

chern ica ls .  Th is  p rob lem does no t  appear  to  be  rece iv ing  much a t ten t ion

in Canada. D. Craik,  formerly at the Universi ty of Manitoba and now

with the Manitoba Research Counci l ,  is conduct ing i ,nvest igat ions on the

effect of  ice rnelt ing chemicals on metals.

CONCLUSION

From this br ief  review i t  is apparent that our abi l i ty to control

icy condit ions on roadways is very i rnperfect,  I t  is t rue that rnaintenance

otganizat ions have made noteworthy advances over the past ten years in

their  abi l i ty to maintain roadwals in a sat isfactory condit ion, but i t  is

jus t  no t  poss ib le  a t  p resent  to  cope w i th  a l l  weather  and t ra f f i c  cond i t ions

tha t  migh t  occur .  I t  may never  be  poss ib le  to  guarantee  an  ice- f ree

pavement at al l  t i rnes, but;  unt i l  such t i rne, dr ivers rnust xeal ize

that they are an irnportant factor in maintaining safe condit ions on icy

roads .  To  keep th is  fac t  a lways  be fore  thern  w i l l  reqr - l i re  ac t i ve  and con-

t inu ing  prograrns  o f  educat ion ,  such as  those sponsored by  the  Saskat -

chewan Safety Counci l"

Cons ider ing  the  sca le  o f  the  prob lem o f  i ce  cont ro l  and i t s

irnportance to the economic l i fe of Canada, the amor, l r*of research being

conducted  on  i t  in  th is  count ry  i s  cer ta in ly  inadequate ,  Prac t ica l l y  no

attent ion is being given to col lect ing and organizing knowledge on the

fac tors  respons ib le  fo r  the  fo rmat ion  o f  i ce ,  on  methods  tha t  cou ld  be

used to  p revent  i t  f rom fo rming ,  on  rne thods  tha t  cou ld  be  used to  re rnove

it  once i t  has forrned, on the interact ion between ice and traff ic,  and on

the  s ide  e f fec ts  caused by  cur ren t  i ce  cont ro l  techn iques .  Th is  i s

unfortunate not only because this knowledge would be very useful  in the

developrnent of the techniques that are required for coping with present

and future condit ions, but also because other countr ies natural ly turn

to Canada for information when they are faced with sirni lar problems.
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There  is  ava i lab le  cons iderab le  p rac t ica l  exper ience in  snow
remova l  and ice  cont ro l .  Perhaps  the  most  encourag ing  progress  dur ing
the  pas t  four  years  has  been in  ge t t ing  sorne  o f  th is  exper ience proper ly

recorded.  Ma in tenance groups  tha t  have th is  exper ience however ,  a re
usual ly so involved with the task of removing snow and ice that theyhave
ne i ther  the  t ime nor  the  rnen to  p roper ly  record  ex lger ience or  to  car ry
out  necessary  research  and deve lopment .  These ac t iv i t ies  shou ld  be
encouraged at universi t ies and in appropriate inst i tutes and Government

depar t rnents .  Because o f  the  na ture  o f  the  ice  cont ro l  p rob lem,  such
studies should be conducted in close associat ion with winter rnaintenance
groups  whenever  poss ib le .  The Assoc ia te  Comrn i t tee  on  So i l  and Snow
Mechanics, through i ts Subcommittee on Snow and lce, together with the
Counc i l rs  D iv is ion  o f  Bu i ld ing  Research ,  th rough i t s  Snow and Ice

Sect ion, wi l l  cont inue to do what they can to assist  inthie advance.
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