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SYNOPSIS 

The present Projec t Coonit tee on Frost HesTe and Fros t A c t i o n i n S o i l 
was c o n s t i t u t e d i n June, 1947. I t s scope i s intended t o cover a l l phases 
of f r o s t a c t i o n i n s o i l s . I t i s an outgrowth of a committee on "Freeie-
p r o o f i n g Treatment of So i l s and Calcium Ch lo r ide" which was o r i g i n a l l y or-
gan i i ed i n the f a l l o f 1943 to study the use o f calc ium c h l o r i d e i n pre 
ven t i ng de t r imen ta l f r o s t heave i n subgrades. The o r i g i n a l committee ôn 
f r eezeproof ing treatment of s o i l s w i t h calcium ch lo r ide i s being continued 
as a subcommittee under the new p r o j e c t committee. 

This r epor t i s a summary of the f i n d i n g s of the o r i g i n a l committee. 
The scope of the o r i g i n a l committee was t w o f o l d , namely; (1) to study the 
use of ca lc ium c h l o r i d e as an admixture w i t h s o i l s f o r min imiz ing f r o s t 
heave; and (2 ) the use of ca lc ium c h l o r i d e mixed w i t h subgrade s o i l s t o 
minimize f r o s t ac t ion and the r e s u l t i n g f r o s t damage to pavements. 

There has been much laboratory work performed i n t h i s f i e l d dur ing the 
past several years and the a v a i l a b l e data i n d i c a t e s t r o n g l y tha t ca lc ium 
c h l o r i d e mixed w i t h s o i l w i l l minimize or e l im ina t e f r o s t heave when the 
calcium c h l o r i d e i s used i n s u f f i c i e n t q u a n t i t i e s and when the chemicals 
are not leached f rom the s o i l under cond i t ions of adverse water f l o w . 

F i e l d i n s t a l l a t i o n s o f ca lc ium c h l o r i d e mixed or added t o subgrade 
s o i l s have been made on pro jec t s i n Minnesota, Indiana, Michigan, and Mass
achusetts i n areas where severe f r o s t heave or f r o s t damage has been noted. 
The r e s u l t s o f these f i e l d experiments have been e r r a t i c . I n severa l o f 
the i n s t a l l a t i o n s no apparent b e n e f i t resu l ted from use o f the chemical t o 
minimize the f r o s t heave. The data c o l l e c t e d by the committee i n d i c a t e 
that i n some of these cases, adverse water condit ions may have been respon
s i b l e , i n p a r t , f o r the f r o s t heave; l i k e w i s e , these adverse water con
d i t i o n s may have been la rge ly responsible f o r leaching the soluble chemical 
from the t rea ted subgrade. 

As a r e s u l t of these l a r g e l y negat ive r e s u l t s , the committee f e e l s 
t h a t i t i s not wor thwhi le t o cont inue the f i e l d experiments to e l i m i n a t e 
d i f f e r e n t i a l f r o s t heave; however, a program i s being developed to determine 
the e f f e c t i v e n e s s o f the use o f ca l c ium c h l o r i d e i n subgrades and base 
courses f o r the purpose of min imiz ing the amount of break-up which occurs 
on some roads d u r i n g the sp r ing o f the year because of s a t u r a t i o n of the 
subgrade d u r i n g the m e l t i n g p e r i o d . 
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The Sub-Committee on Freezeproof-
i n g Treatment o f S o i l w i t h Calc ium 
C h l o r i d e was appoin ted i n the f a l l 
o f 1943 f o r the purpose o f e v a l u 
a t i n g the p r a c t i c a b i l i t y o f t r e a t 
i n g subgrades w i t h ca lc ium c h l o r i d e 
t o e l i m i n a t e f r o s t h e a v e , f r o s t 
a c t i o n , and f r o s t damage. The com
m i t t e e has had f i v e meetings s ince 
i t was a p p o i n t e d and a number o f 
f i e l d i n s t a l l a t i o n s have been made 
i n M i n n e s o t a , M i c h i g a n , I n d i a n a , 
and M a s s a c h u s e t t s . Most o f t h e 
f i e l d i n s t a l l a t i o n s t o da t e have 
been made f o r the purpose of t r e a t 
i n g subgrades which heave p e r i o d i 
c a l l y . Most o f the highway p r o j e c t s 
were su r f aced w i t h p o r t l a n d cement 
concre te . The method o f t rea tment , 
i n most cases, cons i s ted o f d r i l l i n g 
holes through the pavement, removing 
s o i l f r o m benea th the h o l e s , and 
f i l l i n g t h e spaces w i t h c a l c i u m 
c h l o r i d e or w i t h c a l c i u m c h l o r i d e 
b r i n e . Wherever p o s s i b l e s i m i l a r 
s e c t i o n s were l e f t u n t r e a t e d so 
t h a t a comparison could be made be
tween t r e a t e d and un t rea ted sec t ions . 

MINNESOTA, J . H . Swanberg 
T. H. No. 12 - 2.8 Mi l e s East 

of Willmar 

I n a s h a l l o w c u t a s e r i e s o f 
s h a r p heaves o c c u r r e d a n n u a l l y 
w i t h i n a l e n g t h o f about 400 f e e t . 
The v e r t i c a l movement amounted t o 
about 0 .5 f o o t i n the most severe 
h e a v e . A s e c t i o n , 160 f e e t i n 
l e n g t h , was t r e a t e d i n August , 1944. 
Holes spaced 3 f e e t apa r t were dug 
f r o m each edge o f the s l ab w i t h 6-
inch post hole augers. These holes 
extended beneath the s lab t o w i t h i n 
one f o o t o f the center o f the pave
ment and were i n c l i n e d s l i g h t l y 
downward toward the center o f s l a b , 
the bot tom o f the holes be ing f rom 
one t o one and o n e - h a l f f e e t below 
the b o t t o m o f s l a b . C o m m e r c i a l 
ca lc ium c h l o r i d e was then placed i n 
each ho le a t the r a t e o f about 80 
l b . per h o l e , u s i n g a p i p e and a 

rammer t o fo rce the ca lc ium c h l o r i d e 
i n t o t h e h o l e s . Some w a t e r was 
poured i n t o d i s so lve the c h l o r i d e . 
A t o t a l o f 8500 l b . o f c a l c i u m 
c h l o r i d e was used, which was equ iv 
a l e n t t o s l i g h t l y less than 27 l b . 
per sq . y d . o f s u r f a c e . S o i l s i n 
the subgrade v a r i e d , but s i l t loam 
pockets i n medium t o f i n e sand ap
p a r e n t l y were the cause o f the more 
severe heaving c o n d i t i o n s . Ground 
wa te r l e v e l was more t h a n 6 f e e t 
below the bottom of the s l a b . 

A f r o s t p r o o f bench mark was 
p l a c e d and p r o f i l e l e v e l s were 
t a k e n on c e n t e r l i n e and 6 f e e t 
r i g h t and l e f t o f c e n t e r l i n e i n 
A u g u s t , 1944: J a n u a r y 1 9 . 1945: 
March 7 , 1945; J anua ry 16, 1946; 
March 18, 1946: and on February 12. 
1947. 

These w i n t e r p r o f i l e s i n d i c a t e 
v e r y l i t t l e , i f any , decrease i n 
the amount o f h e a v i n g w i t h i n the 
t r e a t e d s e c t i o n . 

T. H. No. 61-3.2 Miles South 
of Bush City 

A se r ies o f s i x sharp heaves oc
cur red every year i n a cut 400 f e e t 
i n l e n g t h . The s o i l s i n t h i s area 
cons i s t o f a sand mantle o f v a r i a b l e 
depth o v e r l y i n g f i f t e sandy loam and 
c l a y loam t i l l s . The grade l i n e 
c u t s t h r o u g h the sand m a n t l e i n 
t h i s c u t , and at the c r e s t o f each 
heave, the p l a s t i c s o i l s are found 
d i r e c t l y beneath the pavement. A t 
the low p o i n t s between the c r e s t s 
o f the heaves, medium t o f i n e sand 
i s found f o r some dep th below the 

pavement s l a b . A 200 f o o t s e c t i o n 
o f t rea tment was p laced t o i n c l u d e 
the most severe heaves which had a 
maximum v e r t i c a l r i s e of about 0 .4 
f e e t . 

Holes were d r i l l e d v e r t i c a l l y 
t h r o u g h the s l a b u s i n g pneumat ic 
d r i l l s , w i t h a 2-5/8 i n c h s t a r b i t . 
The h o l e s were d r i l l e d on 3 - f o o t 
c e n t e r s s t a r t i n g 1-1/2 f e e t f r o m 
t h e edge o f t h e 1 8 - f o o t s l a b . 
Below the s l a b the ho le s were en-
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l a r g e d w i t h s o i l augers and a i r 
j e t s so t h a t a h o l e f r o m 6 inches 
t o 8 inches i n diameter and f rom 12 
inches t o 18 inches below the bot tom 
o f s l a b was fo rmed . A t o t a l 9000 
pounds o f commercial c a l c i u m c h l o 
r i d e was p laced i n these h o l e s , an 
average o f about 22..5. l b . per > q . 
y d . Water was poured i n to d i s so lve 
the c h l o r i d e a f t e r which the holes 
were f i l l e d w i t h sand. Th i s t r e a t 
ment was comple t ed i n September , 
1944. 

P r o f i l e l e v e l s were t aken over 
t h i s t rea tment on October 4, 1944, 
January 25, 1945 and March 12, 1945-
These l e v e l s i n d i c a t e d no r e d u c t i o n 
i n heaving i n the t r e a t e d s e c t i o n . 

I n O c t o b e r , 1945 , a d d i t i o n a l 
c h l o r i d e was p l a c e d i n a 15 f o o t 
s e c t i o n o f t h i s t r e a t m e n t a t t he 
c r e s t of the most severe heave. On 
t h e l e f t h a l f o f t h e s l a b , 400 
pounds o f c h l o r i d e was added and on 
t h e r i g h t h a l f o f t he s l a b 1200 
pounds o f c h l o r i d e was added. I n 
t h i s t r e a t m e n t t h e c h l o r i d e was 
f i r s t d i s s o l v e d , and the s o l u t i o n 
poured i n t o the holes over a p e r i o d 
o f two weeks. 

P r o f i l e l e v e l s were taken over 
t h i s t rea tment on January 17, 1946r 
and on March 14, 1946. These l e v e l s 
showed a r e d u c t i o n i n heave over 
the 15 f o o t s e c t i o n hav ing the r e -
t reatment of f rom 1 t o 1-1/2 inches , 
b u t a heave o f f r o m 2 t o 3 inches 
s t i l l e x i s t e d . 

The cos t o f the o r i g i n a l t r e a t 
ment on t h i s s e c t i o n was $1.35 per 
square y a r d . 

CONCLUSIONS 
From the d a t a o b t a i n e d , i t ap

peared t h a t these t r e a t m e n t s were 
i n e f f e c t i v e . P r i n t s showing t h e 
d e t a i l s o f t he se t r e a t m e n t s and 
p r o f i l e s have been p r e v i o u s l y sub
m i t t e d t o the commit tee . 

INDIANA, R.. E . F r o s t 

Route U. S. No. 30, i n n o r t h e r n 
I n d i a n a , has s e v e r a l s e c t i o n s o f 

dua l lane pavement which were con
s t r u c t e d i n 1936 and 1937, i n which 
i t was necessary t o make some deep 
c u t s . Some s eve re f r o s t heaves 
developed i n s e v e r a l o f these deep 
c u t s on s e c t ons o f t h i s road i n 
P o r t e r County j u s t s o u t h o f V a l 
p a r a i s o . I n the f a l l o f 1944 one 
o f these heaves was t r e a t e d w i t h 
c a l c ium c h l o r i d e t o see whether or 
not the heave could be min imized . 

The s e c t i o n o f t he pavement , 
which was t r e a t e d , was i n the n o r t h 
lane between S t a t i ons 1157 / 98 and 
1158 / 38 . The heave area i n the 
s o u t h l ane was l e f t u n t r e a t e d so 
t h a t the use of ca lc ium c h l o r i d e i n 
the n o r t h lane c o u l d be e v a l u a t e d . 
A t o t a l o f 1800 pounds o f c a l c i u m 
c h l o r i d e was a p p l i e d t o the sub-
grade o f t h i s c u t s e c t i o n th rough 
h o l e s d r i l l e d i n t o t he c o n c r e t e 
pavement and i n a t r ench a long the 
south edge o f the pavement. Flake 
c a l c i u m c h l o r i d e was used t o f i l l 
each h o l e w h i c h had been d r i l l e d 
through the p o r t l a n d cement concrete 
pavement and then water was poured 
i n t o the hole t o d i s so lve the chem
i c a l . The procedure was repea ted 
u n t i l the d e s i r e d q u a n t i t y of c a l 
cium c h l o r i d e had been a p p l i e d . 

S o i l samples were t a k e n f r o m 
severa l o f the holes d r i l l e d through 
the P o r t l a n d xement concre te pave
ment at 12, 24, and 30- inch depths . 
I n a d d i t i o n , s i x t h r e e - i n c h g a l 
van ized i r o n downspout p ipes were 
i n s t a l l e d f o r making g round-wate r 
o b s e r v a t i o n s . 

I n the e a r l y s p r i n g o f 1945 de
t a i l e d s u r v e y s were made on t h e 
t r e a t e d and u n t r e a t e d s e c t i o n s o f 
t h i s r o a d . I t was found t h a t the 
heave w h i c h had been t r e a t e d was 
r a i s e d a maximum o f 0 .18 f e e t as 
compared w i t h a maximum o f 0 .68 
f e e t i n o t h e r a d j a c e n t , u n t r e a t e d 
sec t ion ' s o f t he n o r t h l a n e . The 
maximum heave i n the south lane i n 
a comparable s i t u a t i o n t o the f r o s t 
heave o f the n o r t h lane was 0.20 
f e e t . From t h i s i t was concluded 
t h a t the s a l t had not s topped the 
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heave, b u t t h a t i t may have m i n i 
mized the t o t a l amount somewhat. 
However, the g round-wate r r ecords 
i n d i c a t e t h a t the re i s a t ransverse 
f l o w o f w a t e r t h r o u g h t h i s c u t 
which probably leached the chemical 
f rom the s o i l . 

MASSACHUSETTS, J . E. Lawrence 

I n the s p r i n g and f a l l o f 1944 
s e v e r a l p r o j e c t s i n Massachuset ts 
were t r e a t e d e x p e r i m e n t a l l y w i t h 
c a l c i u m c h l o r i d e t o de te rmine the 
e f f e c t i v e n e s s o f t he c h e m i c a l i n 
reducing f r o s t heave. One o f these 
r o a d s was on A u t o Rou te 12 7 i n 
D i s t r i c t No. 5, Town o f B e v e r l y , 
The road was a b i t u m i n o u s macadam 
and t h e t r e a t m e n t was b e t w e e n 
S t a t i o n 1100 and 1100/20. Calc ium 
c h l o r i d e was a p p l i e d t o 2 1 /2 - inch 
d i ame te r ho les t r e a t e d t o a dep th 
o f two f e e t . A t o t a l of nine pounds 
per square yard was app l i ed i n t h i s 
f a s h i o n . I n the f a l l o f 1944 ad
d i t i o n a l c h e m i c a l s t o t a l i n g 18.7 
pounds per square yard were app l i ed 
t o t h i s expe r imen ta l s e c t i o n . Ob
s e r v a t i o n s made i n the s p r i n g o f 
1945 i n d i c a t e d t h a t the t rea tments 
were somewhat e f f e c t i v e i n m i n i 
m i z i n g f r o s t h e a v e . D u r i n g t h e 
w i n t e r o f 1945-1946 the f r o s t heav
i n g was reduced t o a maximum o f 2 
inches w i t h s l i g h t break up i n the 
macadam s u r f a c e . 

I n D i s t r i c t 4 , Town o f Ha rva rd , 
A u t o Route 1 1 1 . some e x p e r i m e n t s 
were i n i t i a t e d i n t h e s p r i n g o f 
1944 be tween S t a t i o n 6900 / 4 5 . 
The pavement was a sand and g r a v e l 
t a r s u r f a c e . The ca l c ium c h l o r i d e -
was a p p l i e d i n f l a k e fo rm t h r o u g h 
2 1 /2- inch diameter ho les , two f e e t 
on c e n t e r , t o a depth o f e i g h t e e n 
i n c h e s be low the s u r f a c e o f t h e 
r o a d . The s o u t h h a l f o f a r o a d 
o n l y was t r e a t e d w i t h a t o t a l o f 
f o u r pounds pe r s q u a r e y a r d p f 

ca lc ium c h l o r i d e . I n Q c t o b e r , 1944, 
e ' i g h t e e n a d d i t i o n a l pounds per 
square y a r d was a p p l i e d t o t h i s 

s e c t i o n . I n the s p r i n g o f 1945 
o b s e r v a t i o n s were made and i t was 
concluded t h a t the ca lc ium c h l o r i d e 
had been e f f e c t i v e i n m i n i m i z i n g 
the amount o f heave. D u r i n g the 
w i n t e r o f 1 9 4 5 - 1 9 4 6 , t h e f r o s t 
h e a v i n g was g r e a t l y r educed , b u t 
the road s u r f a c e was so badly dam
aged and b r o k e n up t h a t i t was 
necessary t o r e b u i l d the su r f ace . 

I n D i s t r i c t No. 5, Town of Nor th 
Andover , Auto Route 114, a severe 
heave was t r e a t e d a t S t a t i o n 16200 
/ 30 . Chemica l s were a p p l i e d i n 
1942, 1943, and 19 44- I t i s known 
tha t the road heaved at t h i s l o c a t i o n 
t o as much as ten inches each year. 
F o l l o w i n g the years o f a p p l i c a t i o n 
o f chemical , the heave was e n t i r e l y 
e l i m i n a t e d . D u r i n g the w i n t e r o f 
1945-1946 no no t i ceab le heaving was 
o b s e r v e d and no c r a c k i n g o f t he 
c o n c r e t e s u r f a c e r e s u l t e d . T h i s 
road i s now being r econs t ruc t ed . A 
summary o f t h e e x p e r i m e n t s show 
t h a t wh i l e there was a r e d u c t i o n i n 
the heaving due t o the use o f c a l 
c i u m c h l o r i d e t h e r e was s u r f a c e 
damage r e s u l t i n g f r o m the c h l o r i d e 
t r ea tmen t . 

MICHIGAN, A. E. Matthews 

I n o r d e r t o d e t e r m i n e the e f 
f e c t i v e n e s s o f t r e a t i n g subgrade 
s o i l s w i t h ca lc ium c h l o r i d e f o r the 
p r e v e n t i o n o f d e t r i m e n t a l f r o s t 
a c t i o p , f o u r l o c a t i o n s were se l ec 
ted i n M i c h i g a ) ! . F o l l o w i n g i s a 
b r i e f d e s c r i p t i o n o f the work a t 
these l o c a t i o n s : 

Stanwood Location 
US-31, Mecosta County, Approxi

mately 500 Feet North of the 
Village of Stanwood 

T h i s heave occurred i n concre te 
pavement. I t i s 50 f e e t i n l e n g t h . 
The maximum amount o f heave i s 3 
i n c h e s . The e n t i r e heave was 
t r e a t e d i n September, 1944. Holes 
( 2 - 5 / 8 " d i a m e t e r ) were d r i l l e d 
t h r o u g h t h e pavement on 3 - f o o t 
c e n t e r s . A combina t ion o f a i r j e t 
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and auger was used t o en la rge the 
ho le s i n the subgrade t o 6 inches 
i n d i a m e t e r and t o 12 i n c h e s i n 
d e p t h . T h i r t e e n pounds o f c a l c ium 
c h l o r i d e i n s o l u t i o n form was added 
t o each h o l e . A f t e r the s o l u t i o n 
had soaked away t h e h o l e s were 
f i l l e d w i t h g r ave l and covered w i t h 
c o l d patch m a t e r i a l . S o i l p r o f i l e s 
were d e t e r m i n e d by auger b o r i n g s 
along the outs ide edges o f the s lab 
( 1 0 ' R. & L . o f C / L ) . The subgrade 
s o i l i s v a r i a b l e bu t the heave was 
caused mainly by very f i n e sand and 
s i l t w i t h some c l a y . 

A f r o s t p roo f bench mark was es
t a b l i s h e d . P r o f i l e l e v e l s were taken 
along the ou t s ide edge o f the s labs 
on March 14, 1944, November 1 , 1944, 
January 23 , 1945, and February 26, 
1945. 

The t reatment was i n e f f e c t i v e i n 
reducing the amount o f heaving. 

Gladwin Location 
M-61, Gljodwm County, Approximately 

1-1/2 Miles West of the K i l l a g c 
of Gladwin 

T h i s heave i s i n a b i t u m i n o u s 
su r face t r e a t e d g rave l road . I t i s 
on ly 10 f e e t i n l e n g t h . The maximum 
amount o f heave i s 1-1/4 i n c h e s . 
The heave was t r e a t e d i n September, 
1944. Holes on 3 f o o t centers were 
dug t h r o u g h t h e r o a d s u r f a c e . 
These were extended w i t h a 6 i n c h 
pos t h o l e anger t o a dep th o f 12 
inches below the g r a v e l . T h i r t e e n 
pounds o f c a l c i u m c h l o r i d e i n s o 
l u t i o n f o r m was added t o each h o l e . 
A f t e r the s o l u t i o n had soaked away 
the ho les were f i l l e d w i t h g r a v e l 
and capped w i t h c o l d patch m a t e r i a l . 

P r o f i l e s o f the subgrade s o i l 
were d e t e r m i n e d by auger b o r i n g s 
12 ' R. & 12' L - o f C / L . The heave 
was caused by a S D I B I I p o c k e t o f 
v e r y f i n e sand and s i l t w i t h some 
c l a y . 

P r o f i l e l e v e l s ( F i g . 1 ) were 
taken at center and along each edge 
o f the s u r f a c e on March 14, 1944, 
September 1, 1944, January 19, 1945, 
and March 6, 1945-

p<mriL( or ptvtHCNT BiroRC a d o 
Un* TRtATMtNT WITH CALCIUM 
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100 • 

100 r 

STATE PROJECT 2 6 - l > STA ( I I t 00 TO STA 6S2 *<tO 
H - e i i t Mills WEST or THE VILLAGE Or OLAOWIN 

Figure 1 . P r o f i l e P l o t o f a Pave
ment Before and A f t e r Treatment 

w i t h Calc ium C h l o r i d e . 

The t reatment was i n e f f e c t i v e i n 
reducing the amount o f heaving. 

Saginaw West Location 
M-U7, Saginaw 'County, Approxi

mately i / 4 Mtle South of Junction 
vith US-10 

T h i s s l i g h t heave i s i n a con
c r e t e pavement. I t extends beyond 
the l i m i t s o f our 27 ' ' foo t t rea tment . 
The o l d pavement was removed i n 
A u g u s t , 1944, on .a p a t c h i n g c o n 
t r a c t . The r i g h t h a l f o f the sub-
grade a t t h i s t ime was t r e a t e d as 
f o l l o w s : Holes 6 inches i n diameter 
and 12 inches i n depth were dug i n 
t h e s u b g r a d e on 3 » f o o t c e n t e r s . 
T h i r t e e n pounds of ca lc ium c h l o r i d e 
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( f l a k e form) was added t o each h o l e . ' 
The s o i l p r o f i l e 10 ' R. o f (2. 

was d e t e r m i n e d by auger b o r i n g s 
a l o n g t h e edge o f t h e s l a b . The 
subgrade s o i l i s v a r i a b l e htit the 
heave was caused m a i n l y by v e r y 
f i n e sand and s i l t . 

P r o f i l e l e v e l s were t a k e n a t 
cen ter and 9' R. & L* o f cen te r on 
November 2 1 , 1944, January 19, 1945, 
and March 6, 1945-

A compar i son was made between 
the t r e a t e d s e c t i o n and the a d j a 
cent un t rea ted s e c t i o n . The t r e a t 
ment was i n e f f e c t i v e i n r e d u c i n g 
the amount of heaving. 

B r i g h t o n North Location 
US-23, 3.8 B i l e s North of J u n c t i o n 

vith VS-16 Near 
Brighton, Livings ton County 

Thi s heave occurs i n a concre te 
pavement. I t i s a p p r o x i m a t e l y 35 
f e e t i n l e n g t h . The maximum amount 
o f heave i s 2.5 i n c h e s . The east 
h a l f o f t h i s heave was t r e a t e d i n 
September, 1945. Holes (6" diame
t e r ) were d r i l l e d through the pave
ment on 3 f o o t c e n t e r s . Holes i n 
t h e subgrade were e n l a r g e d t o 8 
i n c h e s i n d i a m e t e r and 12 t o 15 
i n c h e s i n d e p t h . T w e n t y - f i v e 
pounds o f ca lc ium c h l o r i d e ( s o l u t i o n 
form) were added t o each on Septem
ber 13, October 3, and November 1 , 
1945. The ho les were then f i l l e d 
w i t h g r a v e l and covered w i t h c o l d 
pa t ch m a t e r i a l . 

P r o f i l e s o f t he subgrade s o i l 
were d e t e r m i n e d by auger b o r i n g s 
along each edge o f the s lab (10* R. 
& L* o f The s o i l i s v a r i a b l e 
b u t the heave i s caused m a i n l y by 
very f i n e sand and s i l t . 

P r o f i l e s l e v e l s were taken 5' R. 
& L . o f (2. at 10' i n t e r v a l s on Sep -
tember 7, 1945, February 25, 1946, 
and May 22, 1946.' By comparing the 
t r e a t e d s e c t i o n w i t h the a d j a c e n t 
un t rea ted s e c t i o n , we note tha t the 
t r e a t m e n t was i n e f f e c t i v e i n r e 
ducing the amount o f heaving. S o i l 
samples were taken d u r i n g May, 1946, 

t o determine the ex ten t o f m i g r a t i o n 
of ca lc ium c h l o r i d e . prom the t e s t 
d a t a , we n o t e t h a t t h e d e s i r e d 
m i g r a t i o n o f c a l c i u m c h l o r i d e has 
n o t taken p lace or t h a t a g r e a t e r 
p a r t o f the m a t e r i a l has l eached 
away. 

CONCLUSIONS 

From the i n f o r m a t i o n assembled 
i n t h i s work, we conclude tha t c a l 
cium c h l o r i d e has not been e f f e c t i v e 
i n r educ ing f r o s t heaving and t h a t 
the d e s i r e d m i g r a t i o n o f c a l c i u m 
c h l o r i d e has n o t ' t a k e n p l a c e o r 
t h a t a g rea te r pa r t o f the m a t e r i a l 
has leached away. 

PURDUE UNIVERSITY, F. 0 . Sla te 

Our e x p e r i m e n t s c o v e r " P e r 
manence o f Calcium C h l o r i d e i n Sub-
grade and S t a b i l i z e d Bases and I t s 
E f f e c t i v e n e s s on Base Course Dens i 
t i e s . " 

Ca lc ium C h l o r i d e i s mixed i n t o 
the base course o f a road p r i m a r i l y 
t o o b t a i n and m a i n t a i n a more or 
l e s s f a v o r a b l e m o i s t u r e c o n t e n t 
and, as a r e s u l t , o b t a i n a r e l a 
t i v e l y h i g h d e n s i t y . The purpose 
o f t h i s work was t o de te rmine the 
base cour se d e n s i t i e s o f s e v e r a l 
b i t u m i n o u s r o a d s t h u s t r e a t e d , 
a f t e r s eve ra l years o f use, and to 
de te rmine how much o f the c a l c i u m 
c h l o r i d e o r i g i n a l l y p l a c e d t h e r e 
s t i l l r e m a i n s . 

Two sampl ings have been made--
the f i r s t i n the summer o f 1942 and 
the l a s t i n the summer o f 1946-- to 
de te rmine the changes o f d e n s i t y 
and c h l o r i d e c o n t e n t w i t h t i m e . 
I n f o r m a t i o n on the o r i g i n a l c o n 
d i t i o n s o f d e n s i t y and c h l o r i d e 
c o n t e n t o f t h e roads i s i n some 
cases so meager and u n r e l i a b l e t h a t 
conc lus ions as t o changes f r o m the 
o r i g i n a l c o n d i t i o n s o f the roads 
cannot be made. However, changes 
f r o m the t ime o f f i r s t sampling t o 
t h a t o f the second have been measur
ed and are r e p o r t e d . 
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Five roads are sampled: Hiwassee 
Dam Access Road, N . C . , b u i l t i n 
1 9 3 8 ; D i e t r i c h - M o n t r o s e R o a d , 
I l l i n o i s , 1937; Musca t i ne County 
BoadC, Iowa, 1939; Lawton-Marcel lus 
R o a d , M i c h i g a n , 1 9 3 8 - 3 9 ; and 

K u t t a w a - F r e d o n i a Road, K y - , 1941. 
Base course d e n s i t i e s were measured 
by t h e sand m e t h o d . Samples o f 
base-course and subgrade m a t e r i a l 
were analyzed f o r hygroscopic water 
c o n t e n t , and f o r c h l o r i d e c o n t e n t 

TABLE 1 

DENSITIES OF BASE COURSES TREATED WITH CALCIUM CHLORIDE 

Road 
Year 

Hole 
Reported Dry Moisture True a/ 

Maximum Road Sampled Hole CaClq used Density Content Sp. Gr. Theore t ica l 
Dry Density 

l b . per l b . per % l b . per 
sq. yd. sq. yd. cu. f t . 

Hiwassee 1942 1 '2.7 2.4 2 .75=/ 161 
n 1942 2 2.7 144^/ 2.6 2.75 160 
n 1942 3 2.7 147^/ 2.5 2 . 7 5 « ' 161 
n 1946 1 2.7 ISO 2.3 2.70 158 
It 1946 2 2.7 142 1.9 2.76 163 
ft 1946 3 2.7 141 2.3 2.80 164 

D i e t r i c h 1942 1 1.7 159 d/ 4.0 2 .76?/ 155 
It 1942 2 1.7 147 3.3 2.76 S/ 158 
n 1942 3 1.7 155 1.8 2.76 S/ 164 
n 1946 1 1.7 163 ^ / 4.6 2.76 153 
n 1946 2 1.7 148 3.4 2.80 159 
It 1946 3 1.7 137 2.8 2.72 158 

Muscatine 1942 1 1.5 152 2.8 2. 68 £/ 156 
It 1942 2 l . S " 3 . / 2.8 2.68 S/ 156 
n 1942 3 1.5 156^/ 3.0 2 .68=/ 155 
It 1946 1 1.5 134 3.5 2.70 154 
It 1946 2 1.5 132 2.3 2.65 154 
n 1946 3 1.5 145 1.7 2.70 161 

Lawton 1942 1 1.1 146 5.0 2.80 S/ 153 
It 1942 2 1.1 146 4.3 2.80 156 
n 1942 3 1.1 145 4.5 2,80 155 
It 1946 1 1.1 151 4.5 2.79 155 
It 1946 2 1.1 146 2.2 2.77 162 
n 1946 3 1.1 143 3.4 2.84 162 

Kuttawa 1946 1 2.7 146 5.8 2.70 146 
It 1946 2 2.7 137 6 7 2.71 145 
II 1946 3 2.7 143 5 7 2.71 147 

Formula used; 

S/ 
4/ 

v o l . s o i l ( c u . f t ) + v o l . water (cu. f t ) = 1 cu. f t . (assuming 
complete sa tura t ion) 

l e t X = dry wt. ( l b . ) ; since v o l . given as 1 cu. f t . 
X = dry densi ty ( l b . per cu. f t . ) 
5 * M-.C? « 

( t rue sp. g r . ) (62.4) (100) (62.4) = 1 ; 
« = [ (6240) ( t rue sp. g r . ) 1 

100 + (56 M.C.) ( t rue sp. g r . ) 

Determined by Bernard Thomas. 
Average of 1946 values f o r same road. 
Impossible value; experimental e r r o r . 
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by t h e Mohr t i t r a t i o n m e t h o d . 
C h l o r i d e values f rom roadside blanks 
were s u b t r a c t e d f r o m the amounts 
f o u n d under t he pavements . 
Table 1 l i s t s the d e n s i t i e s o f the 
base courses sampled. The va lues 
l a b e l l e d "Maximum T h e o r e t i c a l D r y -
D e n s i t y a t M. C. Found" were c a l 
c u l a t e d t o d e t e r m i n e whe the r t he 
d e n s i t y va lues found are p o s s i b l e 
va lues (most o f the va lues are so 
h i g h , approaching those o f concrete 
tha t doubt might be expresed as t o 
t h e i r p o s s i b i l i t y ) . 

F i g u r e 2 shows t h e c a l c i u m 
c h l o r i d e c o n t e n t s o f t h e base 
courses and subgrades , c a l c u l a t e d 
f r o m the c h l o r i d e f o u n d . N o t h i n g 
i s known o f the ca lc ium i o n , or the 
manner i n w h i c h t h e c h l o r i d e i s 
p r e s e n t , except t h a t i t i s wa te r -
s o l u b l e . A l l depths represent d i s 
tances down f r o m the bot tom o f the 
pavement. Values o f c a l c i u m c h l o 
r i d e are expressed as the d i h y d r a t e , 
t he commerc ia l f o r m i n w h i c h the 
c h e m i c a l i s u s u a l l y used i n r o a d 
w o r k . A l l pe r cen t ages are based 
on the d r y weight o f the s o i l . 

The h o r i z o n t a l l i n e s across the 
graphs represen t the t o t a l ca l c ium 
c h l o r i d e a p p l i e d (as r e p o r t e d ) , | 
c a l c u l a t e d as though i t were mixed 
e v e n l y t h r o u g h o u t t h e 36 i n c h e s 
below the pavement, i n c l u d i n g base 
course and subgrade. I n these c a l 
c u l a t i o n s , an average d e n s i t y o f 
iOO pounds per c u b i c f o o t was as
sumed f o r the e n t i r e 36 inches . I n 
the Musca t ine graph i t i s obv ious 
t h a t more c h e m i c a l was used than 
was r e p o r t e d , p e r h a p s f o r d u s t 
c o n t r o l i n t h e y e a r s p r e c e d i n g 
pavement. 

I n a few years the 1946 v a l u e s ' 
are s l i g h t l y h i g h e r than the 1942 
V a l u e s . T h i s m i g h t be caused by 
changes i n ground-water c o n d i t i o n s . 

s i n c e t h e v e r t i c a l m i g r a t i o n o f 
c h l o r i d e i s s e n s i t i v e t o r i s e and 
f a l l o f wa te r , bu t the d i f f e r e n c e , 
are too s m a l l t o be s i g n i f i c a n t i n 
any case. 

The d e n s i t y values found are un
u s u a l l y h i g h , bu t there are no blank 
v a l u e s ( f r o m u n t r e a t e d s e c t i o n s ) 
f o r comparison. A f t e r a p e r i o d o f 
f i v e t o t e n y e a r s , o n e - t h i r d t o 
one -ha l f o f the c h l o r i d e o r i g i n a l l y 
p laced s t i l l remained. Almost the 
e n t i r e l o s s o c c u r r e d d u r i n g the 
f i r s t f i v e yea r s . 

COMMITTEE SUMMARY 

The work o f t he c o m m i t t e e t o 
da te has been c o n f i n e d l a r g e l y t o 
t h e e x p e r i m e n t a l t r e a t m e n t o f 
e x i s t i n g f r o s t heaves w i t h c a l c ium 
c h l o r i d e . F i g u r e s 3 t o 8, w h i c h 
f o l l o w , show t y p i c a l procedures and 
r e c o r d s . R e s u l t s have n o t been 
p a r t i c u l a r l y encouraging s i n c e , i n 
most i n s t a n c e s , t h e r e has been no 
d i m i n i s h i n g o f the o r i g i n a l amount 
o f the heave. I n c o n t r a s t , however, 
some r e p o r t s i n d i c a t e some b e n e f i t 
and, i n one i n s t a n c e , a comple te 
cure . Since l a b o r a t o r y experiments 
have i n d i c a t e d t h a t a moderate con
c e n t r a t i o n o f c a l c i u m c h l o r i d e i n 
the s o i l w i l l p r a c t i c a l l y e l i m i n a t e 
f r o s t heave, i t i s the commit tee ' s 
o p i n i o n , which i s based i n p a r t on 
e x p e r i m e n t a l da ta> t h a t adver se 
wate r c o n d i t i o n s have leached the 
chemical f r o m the s o i l thus making 
the t r ea tmen t s i n e f f e c t i v e i n some 
i n s t a n c e s . 

The commit tee has n o t expanded 
i t s a c t i v i t i e s t o i nc lude the t r e a t 
ment o f subgrades i n g e n e r a l , f o r 
the purposes o f s ee ing whether or 
n o t the f r o s t l i n e can be lowered 
i n the subgrade and thus decrease 
t h e amount o f p a v e m e n t s p r i n g 
b r e a k - u p . 
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F i g u r e 2 . C a l c i u m C h l o r i d e C o n t e n t s o f Subgrades and Base Courses 
o f Several Roads. ( H o r t . do t t ed l i n e s i n d i c a t e amount 

o f chemical r epor ted o r i g i n a l l y used) . 
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F i g u r e 3. P lan and C r o s s - S e c t i o n 
o f Road, Showing P r e p a r a t i o n f o r 

A p p l i c a t i o n of Calcium C h l o r i d e . 
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F i g u r e 4 . Subgrade S o i l P r o f i l e 
and Cross-Sect ion o f a Road Treated 

w i t h Calcium C h l o r i d e . 
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Figure 5. T y p i c a l Temperature Record Used f o r Fros t A c t i o n S tud ies . 
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F i g u r e 6 . T y p i c a l P r e c i p i t a t i o n Record Used f o r F r o s t A c t i o n S t u d i e s . 

F i g u r e 7 . A d d i t i o n o f C a l c i u m 
C h l o r i d e and Water to the Sub-

grade o f a Highway. 

F i g u r e 8 . C a l c i u m C h l o r i d e B e i n g 
Poured I n t o a T r e n c h A l o n g s i d e 

a Pavement . 




