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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 . 




