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F r o s t  C r a c k s  i n  R o a d s

Fissurat ion des routes par le gel

by F. R e n g m a r k , H ead  and  R. G a n d a h l , F irst G eologist, G eological D epartm ent, N ational R oad  R esearch Institute, 
Stockholm , Sweden

Summary

Du r i n g  r ecent  year s l ongi t udinal  cr acks  have  appear ed in 

ma n y  r oads  in Nor t h  Swe den . Thes e  cr acks  ar e f or med ear l y 
in t he frost  per iod and mai nl y in mode r n r oads  wi t h asphal t  

pavement . Th e  cr acks  ar e not  due  t o over l oadi ng dur i ng t he 

br eak- up per i od, but  t o fr ost  heave . Th e  frost  penet r at es deeper  

under  t he bar e pavement  in t he mi ddl e of  t he r oad and causes  

a  differ ent ial  fr ost  heave  t hat  r upt ur es  t he r oad.
A t est  r oad wa s  buil t , us i ng var ious  cr oss sect ions des igned 

t o r educe frost  heave  a nd t o s t udy t he frost  penet r at i on int o 

differ ent  t ypes  o f  const r uct ion. The s e  i ncl uded ma n y  moder n 
for ms  o f  const r uct ion, a nd t wo wi t h peat  and s and r espect ivel y 

bel ow t he sub- base.
Th e  t est s wer e  r un for  t wo frost  per iods , 1957- 58 a nd 1958- 59 

a nd ar e st ill goi ng on. Dur i nt  t he t est , r ecor dings wer e ma de  

o f  r ainfal l , ai r  t emper at ur e, frost  penet r at i on, t he a mount  of  

fr ost  heave , t he gr ound wat er  t abl e l evel s and t he moi s t ur e cont ent  

o f  t he soils.
Tes t  resul t s indicat e t hat  t wo par t icul ar  for ms  of  const r uct ion 

achi eved t he best  r esul t s, and t hat  frost  heave  is mor e  uni for m 

acr oss  t he wi dt h o f  a  r oad. Th e  ot her  t est  sect ions st ill di spl ayed 

l ongi t udinal  cr acking.

Int r oduct ion

Swe di s h  r oads , par t i cul ar l y t hos e in t he nor t he r n par t s  

o f  t he c ount r y , ha ve  in r ecent  year s  been s ubj ec t  t o l ongi ­

t udi nal  fr ost  c r acks  (Fi g . 1) o n  a  l ar ge scal e. In  t hese ar eas , 

t he fr ost  us ual l y penet r at es  t he g r o und  t o a  dept h  o f  s o me

2 met r es . Th e  c r acks , wh i c h  h a v e  gener a l l y a ppe a r e d  in 

n e wl y  bui l t  r oa ds  wi t h bi t umi nous  s ur fac i ng, ar e us ual l y 

f o r me d fai r l y ear l y dur i ng t he fr ost  pe r i od, i .e. in J a n ua r y  

or  e v e n  a s  ear l y as  t he l at t er  par t  o f  De c e mb e r . Th u s  t hey 

a r e  f o r me d dur i ng t hat  par t  o f  t he yea r  wh e n  t he r oa ds  ar e 

f r ozen a n d  c ons e que nt l y  h a v e  gr eat  bea r i ng capaci t y.

Ho we v e r ,  t hese cr acks  s houl d not  be c onf us ed wi t h cr acks  

wh i c h  m a y  ar i se f r om exces s i ve t raffic b l o w dur i ng t he t ha w 

pe r i od, wh e n  t he r oads  h a ve  mi n i mu m bear i ng capaci t y. 

Th e  cr acks  wh i c h  h a v e  been i nves t i gat ed, i .e. fr ost  c r acks , 

i ncr eas e in wi d t h  a n d  l engt h as  t he fr ost  penet r at es  i nt o 

t he s ubgr a de  a n d  r each t hei r  m a x i m u m di me ns i ons  at  t he 

e n d  o f  t he fr ost  per i od. In ext r eme  cas es , t he wi dt h  o f  t he 

cr acks  m a y  b e  20  or  e ve n  25 c m a n d  t he l engt h c a n  be  s o me  

hu ndr e ds  o f  met r es . Th e  c r acks  gener a l l y r un  a l ong  t he 

app r o xi ma t e  cent r e o f  t he r oad or  t o o n e  s i de or  t he ot her  

o f  t he cent r e. Th e  dept h o f  t he c r acks  doe s  not  a ppe a r  t o

Sommaire

Au  cour s  des  der nièr es années  de  nombr eus es  fissures l ongi ­
t udinal es se sont  pr odui t es  sur  les r out es , pr inci pal ement  dans  
le nor d de l a Suède.

Ces  fissures dues  à  l’act ion du gel  se for ment  génér al ement  
au début  de la pér i ode de gelées et  se pr odui sent , dans  l a pl upar t  

des  cas , s ur  des  r out es  nouvel l ement  const r ui t es et  r ecouver t es  

de r evêt ement s  bi t umi neux. El l es ne  sont  donc  pas  occas ionnées  

par  une sur char ge de la r out e au cour s  de l a pér iode de  dégel , 

mai s  au cont r ai r e sont  le r ésul t at  de s oul èvement s  dus  a u  gel .
Le  gel  pénèt r e pl us  pr ofondément  dans  l a par t ie médi ane  

de la r out e, no n  r ecouver t e de  neige, que  dans  les accot ement s , 

pr odui sant  ainsi  un  s oul èvement  var iabl e t r ansver sal ement  

qui  p r ovoque  la fissur at ion l ongi t udinal e de  la chaussée.

Un e  r out e d'essai s  a  ét é r éal isée avec  différ ent s t ypes  de  chaussée, 

dans  le but  de r édui r e les soul èvement s  différent iel s et  pour  
ét udier  la pénét r at ion du gel  dans  les différ ent es sor t es de  chaussée. 

Celles- ci compr ennent  : a 12 : t ype de chaussée nor mal  ; a  24 : 

t ype anci en de  chaus s ée; a 31 : t ype de chaussée car act ér ist ique 

pour  r out es  él ar gies; b 42 : t ype de  chaussée nor mal ement  empl oyé  
avec  s ous  la couche  de  fondat i on des  fouil l es en for me d’ent onnoi r  

r empl ies  de  t our be ; c  42 mê me  const r uct ion c o mme  s ous  b  42 

mai s  avec  dans  les foui l l es, du sabl e à  la pl ace de  t our be.

Les  essais qui  ont  dur é depui s  de ux sai sons de gel , 1957- 58 

et  1958- 59, cont inuent . Pendant  ce t emps  sont  not és  : les pr éci ­
pi t at ions et  les t empér at ur es , la pénét r at ion du gel , l’ampl i t ude 

des  s oul èvement s  dus  au gel , les ni veaux de la nappe  phr éat ique 

de mê me  que  les t eneur s en eau du sol .

Les  mesur es  fait es j us qu’ici ont  mont r é  que  les t ypes  b 42 
et  c  42 ont  donné  les mei l l eur s résul t at s en ce sens que  les soul ève ­

ment s  t r ansver saux dus  au gel  ont  ét é moi ns  ir r égul ier s pour  

ces deux t ypes  que  pour  les aut r es t ypes de chaussées . Pa r  sui t e 

le r i sque de fissur at ion a diminué,

Fig. 1 Fr ost  cr ack in a  r oad near  Er snas , Sweden. 

Fi ssur e sur  la r out e d ’Er s nas , Suède.
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exc e e d t he t ot al  t hi ckness  o f  p a v e me n t , bas e cour s e  a n d  

sub- base a n d  t hus  does  not  a ppe a r  t o penet r at e i nt o t he 

s ubgr a de .

Th e  t ypes  o f  c r acks  des cr i bed her e s e e m t o a pp e a r  al so 

i n  Ge r ma n y .  In  St r as se un d  Au t o b a h n  (No .  3, 1956), A.  

Dü c k e r  wr i t es  o n  pa ge  79 : “ Zwa r  handel t e  es  s i ch hi er bei  

ni cht  u m  Fr os t auf br üche , s onde r n  u m  l ängsger i cht et e

Fr os t r i sse.. . . . . . . . . . . . . . . . . . . . . . . .  di ese wä h r e n d  der  Fr os t zei t

ent s t ande nen Sc hä de n  .. .. .. .. .. . . .. .. . . .. .. . ” (Fi g . 2).

di t i ons , wh i c h  r esul t  in heavi er  fr ost  h e a v i ng  at  t he cent r e 

o f  t he r o a d , m a y  c a us e  be ndi ng a n d  t ensi l e st r esses i n t he 

p a ve me n t , bas e  cour s e  a n d  sub- bas e, wi t h  t he r i sk o f  c r ack ­

i ng. Th i s  s eems  t o be  t he cas e  par t i cul ar l y wh e n  t he s ub ­

bas e  cons i s t s  o f  coar se- gr ai ned gr avel , wh i c h  doe s  not  r et ain 

a n y  wa t e r  i n t he por es  a nd t her efor e l acks  a dequa t e  t ensi l e 

s t r engt h i n bo t h  it s f r ozen a nd  unf r ozen condi t i on.

Tes t  road

I n  or de r  t o s t udy fr ost  penet r a t i on a n d  fr ost  h e a ve  in 

r oads  mo r e  cl osel y a nd  t o e xa mi n e  t he possibi l i t i es o f  pr e ­

vent i ng c r acki ng, a  t est  r oad wa s  bui l t  in 1957 at  t he vi l ­

l age o f  Oj e b y n  i n No r t he r n  Swe de n . Th e  int ent i on wa s  —  in 

addi t i on t o gener al  s t udi es  o f  t he penet r a t i on o f  fr ost  i n ­

t o t he g r o u nd  —  t o t r y b y  va r yi ng t he cons t r uct i on o f  t he 

sub- base t o i ncr ease t he r al e o f  penet r a t i on o f  t he fr ost  at  

t he s ides  o f  t he r o a d  a nd  t o l essen it  in t he cent r e , a n d  t her e ­

b y  t o br i ng a bo u t  a  cons t ant  fr ost  dept h  ove r  t he ent i r e 

wi dt h o f  t he r oad. In t his wa y  t he t r ans ver s e fr ost  h e a ve  

m a y  be equal i s ed a n d  c ons equent l y  t he r i sks  o f  c r acki ng 

s ubs t ant i al l y r educed.

Th e  s ubgr a de  o f  t he t est  r oad cons i s t s  o f  s edi ment a r y 

s t r at a d o wn  t o a  dept h  o f  2- 50 m  or  mo r e , wh i c h  ar e  hi ghl y 

sens i t i ve t o fr ost  be l ow t he m be i ng mor a i ne . Th e  g r o u nd  

wat er  l evel  is at  a  de pt h  o f  70- 100 c m be l o w t he r o a d  sur face.

Fi v e  di ffer ent  t ypes  o f  sub- base we r e  t est ed dur i ng  t he 

i nves t i gat i on (Fi g . 4 ) ;  t wo  sect ions  o f  e a c h  t ype  we r e  t est ed.

Fig. 2  Fr ost  cr ack in a r oad, Ge r ma n y  (aft er  A.  Dücke r ).

Fi ssur e sur  une r out e a l l emande (d ’apr ès  A.  Düc ke r ).

Pr e l i mi nar y inves t i gat i ons  h a v e  s h o wn  t hat  a  condi t i on 

for  fr ost  c r acks  t o a ppe a r  t o be t hat  t he r o a d  is buil t  o n  a  

s ub- bas e l i abl e t o fr ost  he a ve , a n d  t hat  fr ost  ha ve  is gr eat er  

at  t he cent r e o f  t he r oad t han at  t he s ides . It  ha s  e v e n  bee n 

s h o wn  t hat  t he r eas ons  for  un e v e n  fr ost  h e a ve  ar e  of t en due  

t o t he fact  t hat  t he s i des  o f  t he r oad ar e i nsul at ed b y  s n o w 

dur i ng t he wi nt er , t he fr ost  penet r a t i ng deeper  d o wn  at  

t he cent r e o f  t he r oad t han at  t he s ides  (Fi g . 3). Th e s e  con-

7ype

. P ovem enf 

Ip o o q o I Base course 

l'~. • *- - *1 Sondy grove/
1 A ^  I Sondy moraine

Fi g. 4 Ro a d  cr oss sect ions wi t h differ ent  t ypes  o f  sub- bases 
t est ed on  t he lest  r oad Oj e by n  in 1957.

Di ffér ent s  t ypes  de  couche de fondat i on empl oyés  dans  

les chaussées  de la r out e d ’essais de  Oj e by n  1957.

Fi g. 3 Fr ost  l ines at  differ ent  dat es  dur i ng t he frost  per iod 

1957- 58 in a r oad near  Rut vi k, Swe den.

Pénét r at ion du gel  à différ enles époques  a u cour s  de 

la pér iode de gel 1957- 58 sur  la r out e de  Rut vi k, 
Suède.

Th e  t ot al  t hi ckness  o f  p a v e me n t , bas e  cour s e  a n d  sub- base 

for  t he di ffer ent  t ypes  wa s  80 c m ,  wi t h t he e xc ep t i on  o f  t ype 

b 42 a n d  c 42, t he t hi cknesses  of  wh i c h  wer e  pr ogr ess i vel y 

i ncr eas ed t owa r ds  t he cent r e o f  t he r o a d  unt i l  r eachi ng
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105 c m .  Th i s  g r o o ve d  par t  o f  t he sub- base wa s  i n t he cas e 

o f  t ype  b 4 2  fi l l ed u p  wi t h  peat  a n d  i n t he cas e o f  t ype  c  42  

wi t h  s a nd . Th e  p u r pos e  o f  t his me t h o d  o f  cons t r uc t i on wa s  

t o h a v e  un de r  t he cent r e o f  t he r o a d  a  sa t ur a t ed mat er i al  

no t  s ubj ec t  t o fr ost  h e a ve  a n d  hi ghl y  r esi st ant  t o f r eezi ng, 

(par t i cul ar l y t he pea t ), i n o r de r  t o dec r eas e  t he r at e o f  fr ost  

penet r a t i on at  t he cent r e o f  t he r oa d . Ty p e  a 12 r epr esent s  

t he us ua l  t ype o f  mo de r n  Swe di s h  r oad cons t r uc t i on a n d  

t ype  a  24  a  pr evi ous l y us ed f o r m, t he s t r engt heni ng l ayer s  

o f  wh i c h  cons i s t ed o f  capi l l a r y br eaki ng s a nd  l ayer s  at  t he 

bo t t om wi t h ove r l yi ng mo r a i ne  ma t e r i a l ; t he l at t er  hol ds  

moi s t ur e  a n d  t her efor e ha s  hi gh t ensi l e st r engt  wh e n  f r ozen. 

Ty p e  « 3 1  ha s  bee n i nc l uded for  t he fur t her  t es t i ng o f  t he 

effect  o f  f ine- gr ained mi ner a l  soi l  o n  t he penet r a t i on o f  

fr ost  i nt o t he g r o u nd . Th i s  t ype  a l s o r epr esent s  a  c as e  whe r e  

a n  ol d r o a d  in wi de n e d  a nd  s t r engt hened.

Th r o u g h o u t  t he t est s t he t emper a t ur e  o f  t he ai r  wa s  t aken 

wi t h aut oma t i c  r ec or di ng i ns t r ument s . Th e  penet r a t i on o f  

fr ost  i nt o t he g r o u nd  a n d  it s di s a ppea r ance  we r e  r ea d o nc e  

a  we e k  us i ng t he fr ost  i ndi cat or  o f  St at ens  Vagi ns t i t ut , wh i c h  

h a s  be en des c r i bed i n Pr oc . o f  t he Four t h  Int . Co n f . o n  

Soi l  Me c . a n d  F o u n d .  En g i n ., 1957 1 (a )/8. Ver t i cal  mo v e ­

me nt s  o f  t he r o a d  s ur face dur i ng t he fr ost  s ea s on we r e  

me a s ur e d b y  me a n s  o f  t hi s  fr ost  i ndi cat or  a n d  c he c ke d  b y  

l evel l ing. Th e  mo v e me n t s  o f  t he s ubs oi l  wa t e r  t abl e dur i ng 

t he fr ost  s ea s on we r e  not ed b y  me a s ur i ng  wi t h  a  subs oi l  

wat er - l evel  t ube . Fur t he r mor e  t he moi s t ur e  cont ent  o f  t he 

g r o und  at  va r i ous  l evel s  a n d  at  di ffer ent  t i mes  wa s  de t e r mi ne d 

b y  t est s a n d  t he moi s t ur e  cont ent  de t e r mi ned f r om s ampl es  

t aken.

Tes t  r esul t s

Us i n g  t he t emper at ur es  r ecor ded a s  a  gui de , a  f r eezi ng 

i nde x for  t he act ual  fr ost  s ea s on wa s  cal cul at ed a n d  fr eez­

i ng i ndex cur ves  d r a wn  (Fi g . 5). Fr o m t his it  appea r s  t hat  

t he f r eezi ng i nde x for  t he 1957- 58 fr ost  per i od a mo u n t e d  

t o I 220 degr ee- days  ( C° * d )  a n d  for  t he 1958- 59 fr ost  per i od 

t o 880 degr ee- days  ( C °  • d). Th i s  me a n s  t hat  t he t est  a r ea

Fig. 5 Freezing index in degree-days for the frost seasons 
1957-58 and 1958-59 on the test road ôjebyn 1957. 

Intensité du gel exprimée en jours-degrés C  pour les 
périodes de gel de 1957-58 et 1958-59 sur la route 
d'essais de Ôjebyn 1957.

ha s  a n  ave r a ge  f r eezi ng i nde x o f  s o me  1 050  degr ee- days  

(C ° • d), t he 1957- 58 wi nt e r  wa s  c ol d t hr oughout , whe r ea s  

t he wi nt er  o f  1958- 59 wa s  mi l d. Th e  di f fer ence in t he f r eezi ng 

i n de x for  t he t wo  fr ost  per i ods , wh i c h  we r e  o f  a pp r o xi ma t e l y  

t he s a me  dur a t i on a mo u n t e d  t o 440 degr ee- days  ( C °  • d). 
Fur t he r mor e , Fi g . 5 s h o ws  t hat  t he first  ha l f  o f  t he t wo  

fr ost  per i ods , i .e. f r o m t hei r  be gi nni ng a nd  unt i l  ear l y Fe ­

b r ua r y , h a d  t he s a me  f r eezi ng i nde x a nd  we r e  t hus  equa l l y 

co l d. Th e  s e c ond ha l f  o f  t he fr ost  per i od o f  1957- 58 wa s , 

o n  t he ot her  h a n d ,  cons i de r abl y  col der  t han t he cor r e s pond ­

i ng fr ost  per i od o f  1958- 59. Th e s e  c i r cums t ances  ar e r efl ect ed 

i n t he r at e o f  fr os t  penet r a t i on, t he fr ost  de p t h  fr ost  he a ve  

a n d  t he gr eat er  el evat i on o f  t he cent r e o f  t he r oad t han at  

t he edge s  dur i ng  t he fr ost  per i od a nd  al s o i n t he c ha nge s  

i n t he l evel  o f  t he g r o u n d  wat er  dur i ng t he wi nt er  a n d  in t he 

ext ent  o f  moi s t ur e  c oncent r a t i on in t he f r ozen par t  o f  t he 

s ub  gr ade . Ho we v e r ,  t hese par t i cul ar  r esul t s  a r e  no t  yet  

avai l abl e.

Th e  pene t r a t i on o f  t he fr ost  i nt o t he r oa d a n d  t he s ub ­

gr a de  dur i ng  t he fr ost  per i ods  1957- 58 a n d  1958- 59 wi t h 

t ype  a  12 ar e  s h o wn  i n Fi g . 6. He r e  it  c a n be  s een t hat  t he

Fig. 6 Frost penetration during the frost periods 1957-58 
and 1958-59 (test road ôjebyn 1957, subbase type 
a 12).

Pénétration du gel pendant les périodes de gel de 1957-58 
et 1958-59 (route d’essais de Ôjebyn 1957, couche 
de fondation type a 12).

r at e o f  fr ost  pene t r a t i on ha s  been a bout  t he s a me  u p  t o t he 

be gi nn i ng o f  Apr i l  for  e a c h  fr ost  per i od. Th e n  t he fr ost  in 

bot h cas es  ha s  pene t r a t ed t o a  de p t h  o f  a bo u t  140 c m  benea t h  

t he r o a d  s ur face. Af t e r  t his t i me, t he fr ost  penet r a t ed c o n ­

s i de r abl y mo r e  qui c kl y  a n d  mo r e  deepl y i n 1957- 58 t han 

i n 1958- 59. Th u s  t he fr ost  dept h  i ncr eased aft er  t his t i me 

b y  a bo u t  4 0  c m  dur i ng  t he first  me nt i one d fr ost  per i od a n d  

b y  o n l y  a bo ut  10 c m dur i ng t he l at t er . Th e  r eas ons  for  t his 

a r e  t hat  t he f r eezi ng i nde x dur i ng  t he l at t er  ha l f  o f  t he fr ost  

per i od o f  1957- 58 we r e  c ons i de r abl y  gr eat er  t han dur i ng 

t he c o r r e s pondi ng pe r i od o f  1958- 59, as  c a n  be  s een f r om 

Fi g . 5. A  c o mp a r i s o n  be t we e n  Fi g . 5 a nd  Fi g. 6 s h o ws  t hat  

t her e is a  g o o d  cor r el at i on be t we e n  t he f r eezi ng i nde x a n d  

fr ost  penet r a t i on.

Th e  m a x i m u m  fr ost  dept h  r ea ched b y  t he e n d  o f  ea ch 

f r ost  pe r i od, is, as  c a n  be s een f r om Fi g . 7, gr eat er  t hr ough ­

out  t he 1957- 58 fr ost  per i od t han in 1958- 59. On  a ver age  

t he m a x i m u m  fr ost  dept h  at  t he cent r e o f  t he t est  r oad 

dur i ng t he first  me n t i o ne d  per i od r eaches  170 c m ,  whi l e  

dur i ng  t he l at t er  i t  is o n l y  144 c m.  Exa mi n i n g  t he ma xi ­

m u m  fr ost  de p t h  for  t he di f fer ent  t est  sect i ons  it  c a n  be  

s een f r o m Fi g. 7 t hat  dur i ng t he t wo  fr ost  per i ods  t his is 

l east  at  t he t wo  out er  sect i ons , i .e. t he sect ions  whe r e  pave-
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Fi g. 7 Ma x i mm fr oust  dept h and ma xi mu m fr ost  heave  at  t he differ ent  sect ions o f  t he t est  r oad Oj e by n  1957 dur i ng t he frost  
per iods 1957- 58 a nd 1958- 59.

Pénét r at i on ma xi ma  du  gel  et  s oul èvement  ma xi mu m sur  les différ ent es sect ions de  l a r out e d ’essais de  Oj e by n  1957 
pendant  les pér iodes  de  gel  de  1957- 58 et  1958- 59.

me n t , bas e  cour s e  a n d  sub- bas e h a ve  beneat h t he m a  l ayer  

o f  peat  t ype b  42.  Th i s  c oul d  r ea s ona bl y be  expec t ed be ­

c aus e  t he peat  is mo r e  hi ghl y  r ei sst ant  t o fr eezi ng.

Ma x i m u m  fr ost  h e a ve  at  t he cent r e o f  t he r oad is gr eat er  

for  1957- 58 t han for  1958- 59, as  c a n  be  s een f r o m Fi g . 7. 

Th u s ,  t he m a x i m u m  fr ost  h e a ve  at  t he cent r e o f  t he r oa d 

aver ages  12- 9 c m  dur i ng t he fi r s t - ment ioned per i od a n d  

9- 5 c m dur i ng t he l at t er . As  t o t he fr ost  h e a ve  o n  t he di ffe ­

r ent  sect i ons , it  is no t e wor t hy  t hat  t his is a  m a x i m u m  (i .e. 

21- 2 c m  i n 1957- 58) o n  sect ion 8, wh i c h  first  o f  al l  s eems  

t o de pe nds  o n  t he c ondi t i on o f  t he s ubgr a de , a n d  is not  

c ompl e t e l y un i f o r m a l ong  t he ent i r e t est  r oad.

Fi g . 8 s h o ws  t he di f fer ence be t we e n  t he va r i ous  t est  sec ­

t i ons  dur i ng  t he t wo  fr ost  per i ods  i n q u e s t i o n ; t he di f fer ence 

is par t l y be t ween t he m a x i m u m fr ost  de pt h  at  t he cent r e 

o f  t he r oad a n d  at  t he s ides , a n d  par t l y t he c or r e s pondi ng 

di f fer ence i n t he m a x i m u m fr ost  he a ve . As  far  as  t hese t wo  

di ffer ences  ar e  c onc e r ned it  is a  fact  t hat  for  al l  t he s ect ions  

t hese di ffer ences  ar e  gr eat er  for  t he col der  fr ost  s ea s on o f  

1957- 58 t han for  1958- 59, wh e n  t he f r eezi ng i nde x wa s  less.

Th e  gr eat est  di f fer ence i n t he m a x i m u m fr ost  dept h  at  

t he cent r e o f  t he r oad a n d  t he edges  a mo u n t e d  t o 23 c m 

o n  t est  sect ion 8 dur i ng  t he 1957- 58 fr ost  pe r i od, as  is s h o wn  

i n Fi g . 8. As  c a n  a l s o be  s een f r om t hi s , t he c or r e s pondi ng 

di ffer ences  we r e  par t i cul ar l y l o w for  t he t wo  out er  s t r et ches. 

Fo r  o n e  o f  t he m, t he di f fer ence wa s  nega t i ve , i .e. t he fr ost  

penet r a t ed s o me wh a t  deeper  at  t he s i des  t han at  t he cent r e 

o f  t he r oad.

Th e  gr eat es t  di f fer ence be t we e n m a x i m u m fr ost  h e a ve  

at  t he cent r e o f  t he r oad a n d  t he s i des  me a s ur e d  4- 5 c m o n  

t he t est  sect i on 7  dur i ng  t he 1957- 58 fr ost  per i od. As  c a n  be 

s een f r om Fi g . 8, t he c or r e s pondi ng di f fer ence in fr ost  h e a ve  

is a  m a x i m u m  o n  t est  sect i ons  5- 8; t his appl i es  t o bot h  t he 

fr ost  per i ods . Fo r  1958- 59 it  is par t i cul ar l y not i ceabl e  t hat  

t he di f fer ence i n t he m a x i m u m  fr ost  h e a ve  at  t he cent r e 

o f  t he r o a d  a n d  t he s ides  is nega t i ve  o n  t he t est  sect i ons  1,

2 ,  9 a n d  10, wh i c h  me a ns  t hat  fr ost  h e a ve  wa s  gr eat er  at  

t he s ides  t han at  t he cent r e. In  al l  t hese sect i ons  t he t er r acing 

is o f  t r ough s ha pe . Th u s , wi t h  t his f o r m o f  cons t r uc t i on, 

r educ e d fr ost  h e a ve  at  t he cent r e o f  t he r oad wa s  a c h i e ve d,

cm
5

m VÀm
\ V \

Y s V m

b c ( 7 O n O O a c b
4  2 Î2 2 4 3 / ! 2 24 3 / 4 2 4 2

F r o s t  p e r i o d  Z 9 5 8 - 5 9

Fi g, 8 Th e  di ffer ence bet ween t he ma xi mu m fr ost  dept h at  t he cent r e o f  t he r oad a nd at  t he edges  a nd t he cor r es pondi ng 
di ffer ence in t he ma xi mu m frost  heave  at  t he differ ent  sect ions of  t he t est  r oad Oj e by n  1957 dur i ng t he frost  per iods 

1957- 58 a nd 1958- 59.

Di ffér ence ent r e l a pénét r at ion ma xi ma  du gel  a u  mil ieu de la r out e et  s ous  les accot ement s , ainsi  que  différ ence 
cor r es pondant e du  s oul èvement  ma xi mu m dans  les différ ent es sect ions de  l a r out e d ’essais de  Oj e by n  pendant  les 

pér iodes de  gel  de  1957- 58 et  1958- 59.

b c o o o a o o c b
4£ 42 /2 2 4 3 / /2 2 4 3 / 4 2 4 2
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by which the bending and tensile stresses in the pavement, 
base course and sub-base are lessened. The risk, of cracking 
is also reduced.

Typical longitudinal frost cracks have appeared on test 
sections 5-8, i.e. those sections where the difference between 
the maximum frost heave at the centre of the road and at 
the sides is a maximum. Also on section 9 and extending

into section 10 is a crack. However, this crack is situated 
along the side of the road. As the trough-shaped excavation 
of the sub-base of the two latter test sections finishes at the 
edge of the pavement (Fig. 4), the crack appearing here 
may owe its occurrance to this.

The results so far obtained are preliminary and investiga­
tions are continuing.
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