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SYNOPSIS 

T h i s r e p o r t , c o v e r i n g the work performed by Ta r i o u a s t a t e s on t h i s 
r e s e a r c h p r o j e c t , i s e s s e n t i a l l y a c o n t i n u a t i o n r e p o r t . I t s h o u l d , 
t h e r e f o r e , be c o n s i d e r e d as supplementing p r e v i o u s r e p o r t s submitted 
in 1948 and 1949. 

The o b j e c t i v e of the p r o j e c t continues to be a s e a r c h for the per­
centage l o s s of strength s u f f e r e d by highways sub j e c t e d to f r e e z i n g and 
thawing a c t i o n . 

Data gathered so f a r continues to i n d i c a t e t h a t there i s a l o s s of 
strength, even though the extent or percent of l o s s v a r i e s considerably 
between d i f f e r e n t t e s t p o i n t s . The s t r e n g t h of s l l types of s o i l s so 
f a r t e s t e d appears to be a f f e c t e d a d v e r s e l y by f r e e z i n g and thawing 
a c t i o n . 

The f o l l o w i n g s t a t e s have taken p a r t i n conducting t e s t s during the 
year 1950: lows, Michigan, Minnesota, New York, North Dakota, and Ohio. 

I n t h i s r e p o r t m a t e r i a l s u b m i t t e d 
b y t h e c o n t r i b u t i n g S t a t e s i s i n ­
c l u d e d i n i t s e n t i r e t y ; and because 
o f t h e i n t e r e s t i n g comments and t h e 
d e t a i l e d i n f o r m a t i o n f u r n i s h e d , t h e s e 
r e p o r t s m e r i t c a r e f u l r e a d i n g a n d 
a t t e n t i o n on t h e p a r t o f t h o s e i n ­
t e r e s t e d i n t h i s s u b j e c t . A f e w 
b r i e f commen t s on t h e r e p o r t s u b ­
m i t t e d by each s t a t e m i g h t be h e l p f u l 
i n d i r e c t i n g y o u r i n t e r e s t t o t h e 
v a r i o u s r e p o r t s . 

I n t h e r e p o r t s u b m i t t e d by Jowa, 
i t w i l l be n o t e d t h a t t e s t i n g was 
c o n f i n e d t o a l i m i t e d number o f p o i n t s , 
b u t t h e scope o f t e s t s i n c l u d e s n o t 
o n l y p l a t e b e a r i n g s b u t a l s o i n ­
s t r u m e n t t e s t i n g w i t h t h e N o r t h Dako ta 
cone b e a r i n g m a c h i n e and t h e I o w a 
subgrade r e s i s t a n c e m a c h i n e . Because 
t h i s c o m m i t t e e has i n c l u d e d i n i t s 
p r o g r a m a s e a r c h f o r p o s s i b l e c o r ­
r e l a t i o n o f p l a t e - b e a r i n g v a l u e s w i t h 
v a r i o u s i n s t r u m e n t - t e s t i n g v a l u e s , 
t h e Iowa r e p o r t i s o f s p e c i a l i n t e r e s t . 
T h e I o w a p l a t e - b e a r i n g t e s t s show 
l o s s i n s t r e n g t h 'Of l o a d - c a r r y i n g 

c a p a c i t y , b u t a c o r r e l a t i o n be tween 
p l a t e - b e a r i n g t e s t s and i n s t r u m e n t 
t e s t s has so f a r been i n c o n c l u s i v e . 

The Michigan r e p o r t d i s c l o s e s 
t h a t t e s t s c o n d u c t e d by t h i s s t a t e 
i n c l u d e t h r e e t y p e s o f i n s t r u m e n t s 
b u t no p l a t e - b e a r i n g t e s t s . T h e 
i n s t r u m e n t s u s e d were t h e r i n g s h e a r , 
t h e N o r t h D a k o t a c o n e , and t h e House l 
p e n e t r o m e t e r . A c o m p a r i s o n o f b e a r ­
i n g r e s u l t s s e c u r e d i n t h e s p r i n g 
a n d f a l l o f t h e y e a r d i s c l o s e s a 
g r a n d - a v e r a g e l o s s o f s t r e n g t h f o r 
e a c h t y p e o f i n s t r u m e n t u s e d , b u t 
t h e r e s u l t s s e c u r e d a t i n d i v i d u a l 
t e s t p o i n t s a r e q u i t e e r r a t i c , i n ­
d i c a t i n g t h a t t h i s t y p e o f i n s t r u m e n t 
t e s t i n g , when a p p l i e d t o s o i l s as t h e y 
a r e f o u n d i n t h e f i e l d , i s l i k e l y 
t o be s e r i o u s l y a f f e c t e d o r i n f l u ­
enced by some m i n o r s p e c i a l c o n d i t i o n 
e n c o u n t e r e d i n t h e s o i l a t t h e t e s t 
p o i n t . I t w o u l d a p p e a r t h a t e x c e p t 
w h e r e r a t h e r f i n e - g r a i n e d s o i l s o f 
u n i f o r m t e x t u r e a r e e n c o u n t e r e d , 
t h i s t y p e o f t e s t i n g i s t o o d e l i c a t e 
t o be r e l i a b l e . The s u p p o r t i n g d a t a 



f u r n i s h e d i n t h e M i c h i g a n r e p o r t , 
t o g e t h e r w i t h t h e i n d i c a t e d c o n c l u ­
s i o n s r e a c h e d , i s a s u b s t a n t i a l c o n ­
t r i b u t i o n t o t h e o b j e c t i v e s o f t h e 
r e s e a r c h p r o j e c t . T h i s r e p o r t s h o u l d 
a l s o be o f s p e c i a l i n t e r e s t t o s o i l s 
e n g i n e e r s . 

The M i n n e s o t a r e p o r t c o v e r s t h e 
r e s u l t s s e c u r e d d u r i n g t h e f o u r t h 
c o n s e c u t i v e y e a r o f t e s t i n g . D u r i n g 
p r e v i o u s y e a r s , t e s t i n g i n M i n n e s o t a 
was c o n f i n e d t o 8 l o c a t i o n s , w h i l e 
d u r i n g t h e p a s t y e a r t e s t s were made 
a t 38 l o c a t i o n s and 126 t e s t p o i n t s 
s c a t t e r e d t h r u o u t t h e s t a t e . The 
r e s u l t s a r e s i m i l a r t o t h o s e s e c u r e d 
i n p r e v i o u s y e a r s - s h o w i n g a s u b ­
s t a n t i a l a v e r a g e l o s s o f s t r e n g t h . 
D e t a i l e d i n f o r m a t i o n f o r e a c h t e s t 
p o i n t i s g i v e n i n t a b u l a t e d f o r m . 
D u r i n g t h e p a s t y e a r no e f f o r t was 
made i n M i n n e s o t a t o c a r r y on c o n e -
b e a r i n g t e s t s o r t o t r y t o c o r r e l a t e 
them w i t h f i e l d - b e a r i n g t e s t s . 

The Nev York r e p o r t s u p p l e m e n t s 
i n f o r m a t i o n f u r n i s h e d by t h i s s t a t e 
f o r p r e v i o u s r e p o r t s . The work done 
i n t h i s s t a t e c o n s i s t s o f b o t h p l a t e -
b e a r i n g and N o r t h D a k o t a c o n e - b e a r i n g 
t e s t i n g . The p l a t e - b e a r i n g t e s t s 
a p p e a r t o i n d i c a t e t h a t some t y p e s 
o f s o i l s ( l a c u s t r i n e * ) s u f f e r much 
g r e a t e r l o s s i n c a r r y i n g c a p a c i t y 
t h a n do o t h e r t y p e s o f s o i l k n o w n 
as a l l u v i a l o r o u t w a s h , b u t a l l 
t y p e s o f s o i l t e s t e d do show a l o s s 
i n c a r r y i n g c a p a c i t y due t o f r o s t 
a c t i o n . T h e c o n e - b e a r i n g t e s t s 
q u i t e g e n e r a l l y d i s c l o s e a l o s s i n 
b e a r i n g v a l u e d u r i n g t h e s p r i n g o f 
t h e y e a r , and t h e r e l a t i o n s h i p b e ­
tween c o n e - b e a r i n g and p l a t e - b e a r i n g 
t e s t s i s shown on t h e t a b u l a t i o n s 
i n c l u d e d i n t h e r e p o r t . O t h e r i n ­
t e r e s t i n g i n f o r m a t i o n r e l a t i n g t o 
m o i s t u r e , d e n s i t y , and subgrade c h a r -
a c t e r i s t i c s i s i n c l u d e d i n t h e 
t a b u l a t i o n . 

North Dakota r e p o r t s t h a t i t c o n ­
t i n u e d w i t h i t s c o n e - b e a r i n g t e s t s 
a t t h e 10 l o c a t i o n s where t e s t s had 
been made i n p r e v i o u s y e a r s . T h e 
r e p o r t i n c l u d e s a c o n s i d e r a b l e number 
o f g r a p h s i l l u s t r a t i n g t h e r e s u l t s 

s ecu red d u r i n g t h e p a s t y e a r . T e s t s 
i n N o r t h D a k o t a c o n t i n u e d t o d i s ­
c l o s e l o s s i n c a r r y i n g c a p a c i t y o f 
s u b g r a d e s d u r i n g t h e s p r i n g o f t h e 
y e a r a t d e p t h s o f 3 , 9 , 1 5 , and 24 
i n . b e l o w t h e r o a d w a y s t r u c t u r e . 
An e x a m i n a t i o n o f t h e d a t a and g r aphs 
d i s c l o s e s a c o n s i d e r a b l e f l u c t u a t i o n 
i n p e r c e n t a g e - l o s s v a l u e s , b u t t h e 
o v e r a l l a v e r a g e u n q u e s t i o n a b l y d i s ­
c l o s e s a g e n e r a l l o s s o f s t r e n g t h . 
No e f f o r t h a s b e e n made m N o r t h 
Dako ta t o c o n d u c t p l a t e - b e a r i n g t e s t s . 

Ohio has made i t s f i r s t c o n t r i b u ­
t i o n t o t h e w o r k o f t h e c o m m i t t e e 
and has c o n d u c t e d f i e l d t e s t s a t a 
l i m i t e d number o f l o c a t i o n s . R e s u l t s 
o f t hese t e s t s show no l o s s i n c a r r y ­
i n g c a p a c i t y o f t h e h i g h w a y d u r i n g 
t h e s p r i n g o f t h e y e a r as compared 
t o t h e p r e v i o u s f a l l , b u t t h e r e p o r t 
a l s o p o i n t s o u t t h a t t h e p a r t i c u l a r 
h i g h w a y t e s t e d had v e r y l i t t l e f r o s t 
p e n e t r a t i o n d u r i n g t h e p r e v i o u s w i n ­
t e r because o f m i l d w e a t h e r . Of i n ­
t e r e s t i n t h i s r e p o r t , h o w e v e r , i s 
t h e d a t a s e c u r e d on t h e b e a r i n g v a l u e 
o f t h e r o a d s t r u c t u r e a t each o f t he 
f o u r l e v e l s t e s t e d : on t h e s u r f a c e , 
on t h e base , on t h e s u b - b a s e , and on 
t h e s u b - g r a d e . S i n c e i t i s r e p o r t e d 
t h a t t h e s u b - s t r u c t u r e e l e m e n t s o f 
t h e r o a d were n o t f r o z e n d u r i n g t h e 
p r e v i o u s w i n t e r , no c o n c l u s i o n s can 
be made as t o w h e t h e r t h i s p a r t i c u l a r 
r o a d m i g h t , o r m i g h t n o t have been 
a f f e c t e d by f r o s t a c t i o n . 

I n c o n c l u d i n g t h e p r e l i m i n a r y 
comments on t e s t r e s u l t s r e p o r t e d by 
t he v a r i o u s s t a t e s , we w i s h t o p o i n t 
o u t t h a t i t i s n o t t h e o b j e c t i v e o f 
t he c o m m i t t e e t o d e t e r m i n e s o i l - b e a r ­
i n g v a l u e s w h i c h m i g h t be u s e d f o r 
r o a d d e s i g n p u r p o s e s , s i n c e a l l o f 
t h e f a c t o r s t h a t may a f f e c t t h e t r u e 
c a r r y i n g c a p a c i t y o f s o i l s have n o t 
been e v a l u a t e d , e . g . , l o a d r e p e t i t i o n 
and m o i s t u r e c o n t e n t . The b e a r i n g 
v a l u e s r e c o r d e d by e i t h e r t h e p l a t e 
m e t h o d o r t h e i n s t r u m e n t m e t h o d s 
were used t o p r o v i d e i n f o r m a t i o n on 
t h e r e l a t i o n s h i p b e t w e e n s p r i n g 
c a r r y i n g c a p a c i t i e s and f a l l c a r r y ­
i n g c a p a c i t i e s o f r o a d s . The d a t a 



s h o u l d , t h e r e f o r e , n o t be p r e s u m e d 
t o e s t a b l i s h b a s i c v a l u e s f o r s o i l 
c a r r y i n g c a p a c i t i e s . 

IOWA 

Test Sites - Road Number Iowa 1 4 4 . 
i n Greene C o u n t y , was c h o s e n as t h e 
l o c a t i o n f o r t h e f i e l d work , on t h i s 
p r o j e c t . One s e c t i o n o f t h i s r o a d 
e x t e n d s s o u t h w a r d f r o m Grand J u n c t i o n 
t o R i p p e y and c o n s i s t s o f a 6 - i n . 
g r a v e l - c l a y s t a b i l i z e d base w i t h an 
i n v e r t e d p e n e t r a t i o n w e a r i n g s u r f a c e . 
The o t h e r s e c t i o n o f t h i s r o a d e x ­
t e n d s n o r t h w a r d f r o m Grand J u n c t i o n 
t o D a n a , a n d c o n s i s t s o f a 5 - i n . 
a s p h a l t - e m u l s i o n - t r e a t e d b a s e o f 
g r a v e l a g g r e g a t e , s u r f a c e d w i t h an 
i n v e r t e d - p e n e t r a t i o n w e a r i n g c o u r s e . 
One t e s t s i t e on each o f t h e s e roads 
was chosen f o r d e t a i l e d p l a t e - b e a r i n g 
t e s t s a t l o c a t i o n s where t h e roadway 
showed e v i d e n c e o f good y e a r - r o u n d 
s e r v i c a b i l i t y . A t e a c h o f t h e s e 
l o c a t i o n s , t e s t s i t e s i n t h e o p p o s i t e 

MAR APR MAT JUNI JULY AUG SERT OCT NOV O K 

BASE 0 1 PENETRATION 
LCGENO « l«4t 

rta MAR APR MAT JUNC^ JULT AUO K P T OCT NOV OCC 

SUBCRADE 0 2 PENETRATION 

ROAD NO OWA 144 SOUTH OF GRAND JUNCTION 
PLATE BEARING T E S T 

12 OIAM P L A T E 

F i g u r e 1. S o i l - A g g r e g a t e B a s e 

ROAD NO IOWA 144 SOUTH OF GRAND JUNCTION 
QUICKIE BEARING T E S T 

O I " PENETRATION 12' OIAM PLATE 

F i g u r e 2. S o i l - A g g r e g a t e B a s e 

t r a f f i c l a n e were l a t e r s e l e c t e d f o r 
t h e p e r f o r m a n c e o f q u i c k i e p l a t e -
b e a r i n g t e s t s and t h e s e t e s t s a r e 
n o t e d as b e i n g i n "good a r e a s . " One 
a d d i t i o n a l s i t e on each o f t h e two 
t y p e s o f r o a d w a y was s e l e c t e d t o r 
t he q u i c k i e t e s t s i n a reas where i n ­
c i p i e n t f a i l u r e was i n e v i d e n c e , and 
t h e s e t e s t s a r e n o t e d as b e i n g i n 
'V>oor a r e a s " . 

T o p o g r a p h i c a l l y s p e a k i n g , t he de ­
t a i l e d t e s t s were p e r f o r m e d a t t h e 
a p p r o x i m a t e c e n t e r o f l e v e l s t r e t c h e s 
o f r o a d a t l e a s t 1 / 4 - m i . l o n g , where 
t h e c e n t e r l m e o f t h e r o a d w a y was 
r a i s e d 4 t o 5 f t . above t h e o r i g i n a l 
g r o u n d l i n e . T h i s c o n d i t i o n a p p l i e s , 
o f c o u r s e , t o t h e q u i c k i e t e s t s p e r ­
f o r m e d i n t he good a r e a s . The q u i c k i e 
t e s t s i n t h e p o o r a r e a s w e r e p e r ­
f o r m e d n e a r t h e t o p o f g e n t l e g r a d e s , 
t h e t e s t s i t e b e i n g l o c a t e d nea r t h e 
end o f t h e c u t s e c t i o n t h r o u g h t h e 
low h i l l s . 

S i n c e t h i s e n t i r e a r ea i s l o c a t e d 
w i t h i n t h e M a n k a t o l o b e o f t h e W i s ­
c o n s i n g l a c i a l p e r i o d , u n i f o r m i t y o f 
m a t e r i a l b e t w e e n t h e t w o s e c t i o n s 
o f roadway and , as a m a t t e r o f f a c t . 
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F i g u r e 3. E m u l s i o n T r e a t e d B a s e 

w i t h i n a g i v e n s e c t i o n o n e i t h e r 
r o a d , i s p o o r . G e n e r a l l y s p e a k i n g , 
t h e f i l l m a t e r i a l s m i g h t be c a l l e d 
a c l a y l o a m ( P . R . A . c l a s s i f i c a t i o n 
A - 2 t o A - 4 - 2 ) w h i c h v a r i e s l o c a l l y 
t o s a n d y l o a m o r t o g r a v e l l y c l a y 
l oam. 

T e s t s Performed - A p p r o x i m a t e l y 50 
d e t a i l e d b e a r i n g t e s t s h a v e b e e n 
c o m p l e t e d o n t h e t w o t e s t s i t e s . 
Each o f t h e s e t e s t s i n c l u d e s p l a t e -
b e a r i n g t e s t s on t h e m a t , on t o p o f 
t h e base , and on t h e s u r f a c e o f t h e 
s u b g r a d e , t o g e t h e r w i t h N o r t h D a k o t a 
c o n e - b e a r i n g t e s t s and t e s t s w i t h 
t h e Iowa Highway Commiss ion subgrade 
r e s i s t a n c e m a c h i n e . S o i l s a m p l e s 
f o r l a b o r a t o r y t e s t s and u n d i s t u r b e d 
s o i l spec imens f o r d e n s i t y and m o i s ­
t u r e d e t e r m i n a t i o n s a re a l s o o b t a i n e d 
a t v a r i o u s d e p t h s . A p p r o x i m a t e l y 
50 q u i c k i e - b e a r i n g t e s t s have been 
p e r f o r m e d a t t h e a b o v e d e s c r i b e d 
s i t e s , i n c l u d i n g some p a r a l l e l - i n ­
s t r u m e n t t e s t s . 

flesults of Tests - R e s u l t s o f t h e 
d e t a i l e d p l a t e - b e a r i n g t e s t s on t h e 

s o i l - a g g r e g a t e base s o u t h o f G r a n d 
J u n c t i o n have been summarized g r a p h ­
i c a l l y i n F i g u r e 1 . T h e q u i c k i e 
t e s t s on t h i s r o a d a re shown i n F i g u r e 
2 . R e s u l t s o f t h e d e t a i l e d p l a t e -
b e a r i n g t e s t s on t h e a s p h a l t - e m u l s i o n 
ba se n o r t h o f G r a n d J u n c t i o n a r e 
shown i n F i g u r e 3 , and t h e q u i c k i e 
t e s t s o,n t h i s r o a d a r e s h o w n i n 
F i g u r e 4 . I t w i l l be n o t e d t h a t t h e 
c u r v e s f o r t h e t e s t s on t o p o f t h e 
base , i n c l u d i n g t h o s e f o r t h e q u i c k i e 
t e s t s , have been based on a d e f l e c ­
t i o n o f 0 . 1 i n . due t o t h e l a c k o f 
c a p a c i t y o f ou r e q u i p m e n t t o p roduce 
a d e f l e c t i o n ' o f 0 . 2 i n . i n e v e r y 
t e s t a t t e m p t e d . 

A t h e r m o c o u p l e sys t em f o r measure ­
ment o f s u b - s u r f a c e s o i l t e m p e r a t u r e s 
was i n s t a l l e d nea r t h e d e t a i l e d b e a r ­
i n g - t e s t s i t e s o u t h o f Grand J u n c t i o n , 
b u t an u n d e t e r m i n e d e l e c t r i c a l o r 
i n s t r u m e n t d e f e c t r e n d e r e d t h e r e ­
s u l t s c o n f u s i n g . T h i s i n s t a l l a t i o n 
has been dug up and checked and w i l l 
be r e - i n s t a l l e d f o r u s e t h i s n e x t 
w i n t e r and s p r i n g . 

r» M M APR MHV JIJNI JULV 
POOR AREA 

K P T OCT NOV MC 

AMI MAT JUNE 

COOO AREA 

ROAD NO IOWA 144 NORTH OF GRAND JUNCTION 
QUICKIE BEARING TEST 

O l PENETRATION 12 DIAM P L A T E 

F i g u r e 4. E m u l s i o n T r e a t e d B a s e 



CONCLUSIONS 

No e x h a u s t i v e a n a l y s i s o f t h e 
d a t a a c c u m u l a t e d has t h u s f a r been 
a t t e m p t e d . P r e l i m i n a r y s t u d i e s i n ­
d i c a t e t h a t t h e c o r r e l a t i o n be tween 
t h e v a r i o u s i n s t r u m e n t t e s t s and t h e 
p l a t e - b e a r i n g t e s t s l e a v e s much t o 
be d e s i r e d , a l t h o u g h t h e p r e s e n t i n ­
f o r m a t i o n i s n o t t h o u g h t s u f f i c i e n t 
t o d r a w e v e n t e n t a t i v e c o n c l u s i o n s 
i n t h i s r e g a r d . I t i s h o p e d t h a t 
t h e c o m p l e t i o n o f a n o t h e r a n n u a l 
c y c l e o f t e s t s w i l l h e l p t o c l a r i f y 
t he s i t u a t i o n . 

The r o a d n o r t h o f Grand J u n c t i o n , 
t a k e n as a w h o l e , i s i n v e r y e x c e l l e n t 
c o n d i t i o n . T h i s i s a t t r i b u t e d , i n 
p a r t , t o t h e t e n d e n c y o f t h e em­
u l s i o n - t r e a t e d b a s e t o r e t a i n a 
m a j o r p o r t i o n o f i t s s t r e n g t h t h r o u g h 
t h e t h a w i n g p e r i o d , due t o t h e s t i f ­
f e n i n g o f t h e a s p h a l t d u r i n g c o o l 
w e a t h e r . The r a t h e r d e f i n i t e s a g 
o f t h e p l a t e - b e a r i n g c u r v e s d u r i n g 
t h e h o t , summer months i s t h o u g h t t o 
be t h e r e s u l t o f a w e a k e n i n g o f t h e 
base caused by s o f t e n i n g o f t h e a s ­
p h a l t w i t h i n c r e a s e d t e m p e r a t u r e . 

MICHIGAN 

D u r i n g t he s p r i n g b r e a k - u p p e r i o d 
o f 1950 , t h e M i c h i g a n S t a t e H i g h w a y 
D e p a r t m e n t c o n d u c t e d t h e t h i r d i n a 
s e r i e s o f f i e l d t e s t s u n d e r t a k e n t o 
s t u d y t h e e f f e c t o f f r o s t a c t i o n on 
t h e l o a d c a r r y i n g c a p a c i t y o f r o a d s . 
The f i r s t i n v e s t i g a t i o n by t h e D e ­
p a r t m e n t was made i n t h e s p r i n g o f 
1 9 4 9 . T h e s e c o n d o f t h e s e r i e s 
f o l l o w e d i n t he l a t e summer and e a r l y 
f a l l o f t h a t same y e a r . 

T h i s r e p o r t r e c o r d s t h e r e s u l t s 
o f t h e t h i r d s e t o f t e s t s t a k e n b e ­
t w e e n A p r i l 6 and 2 8 , 1 9 5 0 . I d e n ­
t i c a l t e s t p r o c e d u r e s were f o l l o w e d 
t h r o u g h o u t i n e a c h s e r i e s . F o r com­
p a r a t i v e p u r p o s e s t h e r o a d p r o j e c t s 
a n d t e s t s i t e s w e r e t h e same as 
t h o s e i n v e s t i g a t e d i n t h e f i r s t and 
s e c o n d s e r i e s o f t e s t s . A g e n e r a l 
map, t o g e t h e r w i t h v i c i n i t y and d e ­
t a i l e d s k e t c h maps , s h o w i n g t h e l o ­

c a t i o n s o f t h e t e s t a r e a s and p r e c i s e 
l o c a t i o n s o f t h e t e s t p o i n t s a r e 
shown i n t he f i g u r e s . The t e s t h o l e s 
i n t h i s r e p o r t a r e numbered t h e same 
as c o r r e s p o n d i n g t e s t h o l e s i n t h e 
f i r s t a n d s e c o n d r e p o r t s , e x c e p t 
t h a t t h e f i g u r e 3 , f o l l o w e d b y a 
d a s h , p r e c e d e s t h e o r i g i n a l t e s t 
h o l e n u m b e r . T h i s i d e n t i f i e s t h e 
t e s t and d a t a as b e l o n g i n g t o t h e 
t h i r d s e r i e s o f t e s t s t a k e n i m m e d i a t e ­
l y a d j a c e n t t o t h e p o i n t s o f t h e 
f i r s t and s e c o n d s e r i e s o f t e s t s . 

G e n e r a l v i e w p i c t u r e s t a k e n a t 
t h e t e s t s i t e s on each p r o j e c t , s u p ­
p l e m e n t t h e d e t a i l e d s k e t c h m a p s . 
T h e y show t h e l o c a l t o p o g r a p h y and 
g e n e r a l c h a r a c t e r o f t h e r o a d s under 
i n v e s t i g a t i o n . 

I n o r d e r t o i n s u r e w o r k i n g i n u n ­
d i s t u r b e d m a t e r i a l s , t h e e x a c t p o i n t s 
o f t h e 1950 s p r i n g t e s t s w e r e l o ­
c a t e d 18 i n . t o t h e r i g h t o f t h e 
s e c o n d s e r i e s o f t e s t h o l e s . The 
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F i g u r e 1. Map S h o w i n g L o c a t i o n o f 
M i c h i g a n F x e 1 d - R e s e a r c h L o c a t i o n s 
f o r C a r r y i n g C a p a c i t y o f F r o s t 

A f f e c t e d R o ads 



t e s t p i t o p e n i n g s w e r e a l l 16 i n . 
w i d e a n d 30 m . l o n g ( t h e l e n g t h 
b e i n g p a r a l l e l t o t h e c e n t e r l i n e o f 
t h e r o a d ) and t h e max imum d e p t h s 
v a r i e d f r o m 24 i n . t o 29 i n . These 
d e p t h s r e p r e s e n t t h e l o w e r f l o o r o f 
t h e p i t s , f r o m w h i c h l e v e l one s e t 
o f t h e v a r i o u s t e s t s was c o n d u c t e d . 
The t e s t i n g and s a m p l i n g o p e r a t i o n s 
e x t e n d e d t h e s e p i t d e p t h s 6 t o 10 
i n . A c o m p l e t e s e t o f t e s t s was a l s o 
r u n a t a l e v e l 12 m . a b o v e t h e s e 
maximum d e p t h s as t h e p i t s were b e i n g 
d e v e l o p e d . T h i s u p p e r l e v e l was 
n o r m a l l y t he f i r s t c l e a n e x p o s u r e o r 
c o n t a c t w i t h t h e n a t u r a l s u b g r a d e 
s o i l a f t e r t h e r o a d m e t a l ( a n d o f t e n 
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F i g u r e 2. Map o f R i c h v i l l e , Mich­
i g a n , and V i c i n i t y 

F i g u r e 3. Map o f T e s t S i t e s on M-46 
R i c l i v i l l e , E. f o r T h i r d S e r i e s 

a g r a n u l a r s u b - b a s e o f i m p o r t e d ma­
t e r i a l ) h a d b e e n r e m o v e d . 

I n g e n e r a l , t h e t e s t s w e r e c o n ­
d u c t e d a t t h e p i t e l e v a t i o n s e s t a b ­
l i s h e d i n t h e e a r l i e r s e r i e s . 

A d e t a i l e d d r a w i n g o f t h e l o g and 
s o i l p r o f i l e o f e a c h t e s t h o l e i s 
i n c l u d e d i n t h i s r e p o r t . The s o i l 
s t r u c t u r e and t e x t u r e s s h o u l d be 
s i m i l a r t o t h o s e f o u n d i n t h e c o r ­
r e s p o n d i n g t e s t h o l e s o f t h e f i r s t 
and s e c o n d s e r i e s o f t e s t s , b e i n g 
a p p r o x i m a t e l y 5 f t . f r o m t h e f o r m e r 
and 18 i n . f r o m ' the l a t t e r ; however , 
d i s p a r i t i e s e x i s t i n some i n s t a n c e s . 

The m e t h o d s o f t e s t a d o p t e d and 
used t h r o u g h o u t t h e s e r i e s t o measure 
t h e r e l a t i v e b e a r i n g c a p a c i t i e s o f 
t h e s u b g r a d e s o i l s a r e g e n e r a l l y 
r e f e r r e d t o as t he i n d i r e c t me thods , 
o r common d e n o m i n a t o r t y p e o f t e s t s . 
These were n a m e l y , t h e H o u s e l p e n e t r o ­
m e t e r t e s t , t h e r i n g - s h e a r t e s t and 
t h e N o r t h D a k o t a cone t e s t . I n d e ­
penden t s o i l d e n s i t y t e s t s were a l s o 
t a k e n b y t h e s t e e 1 - c y 1 1 n d e r c o r e 
m e t h o d . 

T e s t s by these methods were t a k e n 
i n d u p l i c a t e a t e a c h o f t h e t w o 



l e v e l s i n v e s t i g a t e d i n a l 1 t e s t p i t s . 
The r e s u l t s o b t a i n e d f r o m t h e s e i n ­
d i v i d u a l t e s t s w e r e t a b u l a t e d and 
a r e shown, i n T a b l e s I , I I , and I I I . 

D u p l i c a t e s o i l s p e c i m e n s w e r e 
t a k e n a t mos t o f t h e p o i n t s t e s t e d . 
T h i s o p e r a t i o n was c o i n c i d e n t w i t h 
t h e H o u s e l p e n e t r o m e t e r t e s t . From 
t h e s e s p e c i m e n s , t h e s o i l t e x t u r e , 
f i e l d d e n s i t y , m o i s t u r e , s h e a r v a l u e , 
a n d , i n some i n s t a n c e s , t h e u n c o n -
f m e d c o m p r e s s i o n s t r e n g t h o f t h e 
subgrade s o i l s was d e t e r m i n e d . These 
d a t a a r e r e c o r d e d on T a b l e s I V , V , 
V I , and V I I . 

A f i n a l t a b u l a t i o n s h e e t ( T a b l e 
V I I I ) s h o w s a c o m p a r i s o n b e t w e e n 
t h e b e a r i n g v a l u e s o b t a i n e d m t h e 
l a t e summer and e a r l y f a l l o f 1949 
and t h o s e measured d u r i n g t h e s p r i n g 
b r e a k - u p p e r i o d o f 1950 by e a c h o f 
t h e t h r e e i n d i r e c t me thods o f t e s t . 
The amount o f l o s s , o r g a i n , i n s p r i n g 
b e a r i n g - c a p a c i t y i s e x p r e s s e d as a 
p e r c e n t o f t h e c o r r e s p o n d i n g f a l l 
v a l u e . The f i n a l f i g u r e a t t h e b o t ­
tom o f T a b l e V I I I i s t h e d i f f e r e n c e 
between t he 1949 f a l l and 1950 s p r i n g 
b e a r i n g v a l u e s a v e r a g e d f o r t h e 
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F i g u r e 4. D e t e r m i n a t i o n o f F r e e z i n g 
I n d e x , S a g i n a w , 1949-50 
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F i g u r e 5. B i t u m i n o u s S u r f a c e F a i l ­
u r e A r e a S o i l P r o f i l e 

t h r e e p r o j e c t s and e x p r e s s e d as a 
p e r c e n t o f t h e a v e r a g e f a l l v a l u e 
as d e t e r m i n e d by e a c h o f t h e t h r e e 
i n d i v i d u a l methods o f t e s t . 

A c c o r d i n g t o s o u n d i n g s t a k e n by 
t h e l o c a l r o a d - m a i n t e n a n c e c r e w s , 
t h e f r o s t p e n e t r a t i o n i n t o t h e r o a d 
subg rades d u r i n g t h e w i n t e r o f 1949-
50 e x t e n d e d t o d e p t h s o f 15 t o 20 i n . 
The maximum d e p t h s were r e a c h e d l a t e 
i n F e b r u a r y and e a r l y i n M a r c h . The 
w i n t e r w e a t h e r up t o F e b r u a r y was 
c o n s i d e r e d m i l d f o r t h i s c l i m a t e . 
The w e a t h e r f o l l o w i n g t h i s p e r i o d 
f o r a month o r b e t t e r was g e n e r a l l y 
c o l d and we t w i t h i n t e r m i t t e n t s h a r p , 
l o w f r e e z i n g t e m p e r a t u r e s . 

On two p r o j e c t s t h e f r o s t e x t e n d e d 
i n t o t he r o a d subgrades 25 t o 33 i n . , 
as r e c o r d e d be tween March IS and 18 , 
1 9 5 0 . As l a t e as M a r c h 2 2 , 1 9 5 0 , 
t h e f r o s t i n t h e v i c i n i t y o f U b l y 
and R u t h e x t e n d e d t o d e p t h s o f 15 
t o 20 i n . i n t h e f e n c e l i n e s ; how­
e v e r , i t was s o f t e n i n g a n d i n a 
*1ioney-comb" c o n d i t i o n . 

B e t w e e n M a r c h 15 and 2 3 , 1 9 5 0 , 
t h e p e r i o d o f maximum f r o s t h e a v i n g , 
p e r c i s e l e v e l s w e r e t a k e n a t t h e 
R u t h a n d U b l y t e s t s i t e s o n r o a d -
c e n t e r l i n e s . T h e s e l e v e l s w e r e 
l a t e r p l o t t e d a g a i n s t t h e summer 
p r o f i l e s , i l l u s t r a t i n g t h e e x t e n t o f 
s u b g r a d e e x p a n s i o n d u e t o f r o s t . 
The re was no p r o n o u n c e d d i f f e r e n t i a l 
f r o s t h e a v i n g on any o f t h e p r o j e c t s . 



TABU I T!'IRD SERIES OF TESTS 

SUBCKADE BEAHINO VALIILS IN POUNDS PER SQ. HCH 
DERIVED FBOH HOUSFL PEIlETRCMiTER TESTS 

t 
••-J 

Test 
ilole 

lib* 

Defptli 
Tested 

Uaxijnum UijiJiinan 
Bearing 

Average 
Bearing 

Each Level 

Average 
Bearing 
SubiTado 

1 
Test 
ilole 

lib* Inches ir« p s l . N* p s l . p s l . p s l . 

3-1 
3-1 

llr-2lj 
27-37 

16'.5 
5 

76 
23 

16 
5 

7h 
23 23' U9 

d . 

3-1/. 
3-1 »-

17^7 
29-39 

IU.5 
9.5 

67 
tjU 

11.5 
8 

53 
37 51 

R
lc

hv
 

Se
c 

3-2 
3-2 

llr-21 
26-33 

13.5 
9.5 

62 
liii 

11 
8 

51 
37 

1.9 

3-2A 
3-2A 

15-23 
27-35 

8.5 
U 

39 
51 

6.75 
7 

31 
32 

39 

3-1 
3-1 

13-23 
25-35 

111 
5.5 

76 
30 

13 
li.75 

70 
26 28' 51, 

• 

CO 

• 

3-lA 
3-lA 

l l j-2l . 
25-35 

11.5 
7 

62 
38 

10 
6.25 

5U 
3l> 

58v 
36' U7 

R
ut

h 
N

 

3-2 
3-2 

13-23 
25-35 

ll> 
6.2! 

76 
3b 

13 
5.75 

70 
31 32,5' 53 

3-2A 
3-2A 

llr-2li 
26-36 

8.25 
8.75 

!i5 
U7 

7.25 
7 

39 
38 l:2.5> U2 

3-1 
3-1 

13-23 
25-35 

13.5 
6.5 

62 
30 

13.5 
6 

62 
28 29) U6 

• 
CO 
'H 

m 

3-lA 
3-lA 

1&-25 
2>-37 

12 
7.5 

55 
35 

9 
7.5 

l a 
35 

ii8, 
35' li2 

S3 3-3 
3-3 

12-22 
2lr3li 

19 
7.5 

87 
35 

N.T. 
7 32 

60 

3-3A 
3-3A 

15-25 
25-35 

11.2! 
8.7! 

52 
Uo 

10 
7 

li6 
32 li3 

PQ = Bearing i n l b . per sq. i n . 

- 6S (enpirlcal) 

S s 0 . 9 H 

HI s number of blom req'd for 6-in. 
~ Penetration. 

I t a l ^ of drop hamrar - 20 l b . 

Weight of penetrometer plus drop hanmer 
- 47 l b . (Used on Rlehville E . and 
Ubly Jobs only.) 

_„(irei«ht B W).25 l b . as used on Ruth Job.) 
N - LOH' (AppUes to Rlehville E . See. Z Z " " ^ " , ^ 

and Ubly H. and S. projects) Drop hamner f a l l distance a 34 inches 

B (aO,93SS 

N = to Ruth N. and S. 



TABLE n THIRD SERES OF TESTS 

SDKSiAIlE mxm 7AL0ES IN I'OUIiDS PER SQ. INSH 
DL-RTVED mOH RINO SHEAR TEST (P^ ̂  l:S) 

I*roject 
Test Hole 

Number 

Depth 
Tested l a 

Inches 
Ifaxlmoi 
Bearing 

Uinlnum 
Bearing 

Averati;e 
Bearing 

Each Level 

' .vera^ 
Learinc 

For Subfp:«de 

3-1 
3-1 

llr-2U 
2^-37 

18.80 
7.20 

17.20 
6.00 

18.00, 
6,6o' 12.30 

• 
14 

3̂  
3-lA 
3-lA 

17-27 
29-39 

23.20 
12.00 

18.20 
11,2u 

20.70» 
11.60^ 15.15 

RI
CH

V
I 

SE
C.

 

3-2 
3-2 

llr-21 
26-33 

28.00 
12.00 

19.60 
8.00 

23.80. 
10,00' 16.90 

3-2A 
3-2A 

15-23 
27-35 

10.00 
11.60 

8,U0 
8.00 

9.20. 
?.80' 9.50 

3-1 
3-1 

13-23 
25-35 

22.80 
6.60 

10.00 
6.00 

16.'0 
6,30' 11.35 

• 
CO 

• 

3-lA 
3-lA 

l l j-2l i 
25-35 

22.U0 
11.60 

18,1-0 
11.20 

20,>i). 
n . i o ' 15,90 

RU
TH

 »
 

3-2 
3-2 

13-23 
25-35 

10,00 
10,1)0 

10.00 
6.Q0 

10.00^ 
8,i>A 

9.20 

3-2A 
3-2'̂  

l l - 2 h 
26-36 

16.00 
20.80 

lO.liO 
16.30 

13.20» 
Ifl.JiO^ 15.30 

3-1 
3-1 

13-23 
25-35 

16.80 
13.60 

15.00 
1 0 . x 

I5.90x 
u . e o ' 13,65 

• 
CO 

• 

3-lA 
3-lA 

16-25 
27-3? 

13.60 
lO.liO 

P.60 
10.00 

11.60. 
10.20' 

10,90 

i 3-3 
3-3 

12-22 
2l»-3J4 

17.60 
16.M 

mm am 17.60x 
12.80' 15.20 

3-3A 
>3A 

15-25 
25-35 

17.30 
17.30 

12,00 
1I,.30 16.00' IJ.SO 
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TABLE m niHD SKHIKS OF TESTS 
SUBCfflADB BIARZIO TAUDBS 

nr FOUNDS FSR SQUARE INCH SBRIVBD I K M RDIiTH DAKOTA COBE TESTS 

Project 
Teat Bole 
Hunibsr 

TEST PIT 
Depth in 
Inehee to 

Test Point 

Bearing 
Values; Std. 
N.D.Cone 
Method 

Bearing 
B.D.Cone 

Spring Type 
Loading 

Average 
Bearing at 
Baoh LemX 

ATorage 
Bearing for 
Sijbgrade 

3-1 
3-1 
3-lA 
3-lA 
3-2 
3-2 
3-2A 
3-2A 

Ik 
27 
17 
29 
ll» 
26 
15 
27 

753 
156 
3̂5 

167 

15U 
210 
13* 

8ii8 
91 

3>»1 
IM 
381 
127 
236 
15U 

801 
121,) 
388 
158) 
k09 
Ikl 
223 

) 

) 

W3 

273 

275 

I8it 

CO 

3-1 
3-1 
3-lA 
3-lA 
3-2 
3-2 
3-2A 
3-2A 

13 
25 
l i t 
25 
13 
25 
ll» 
26 

323 
113 
31U 
271 
283 
700 
272 
103 

li»2 
127 
367 
185 
285 
20U 
360 
257 

233 
120 
31*1 
228 
28U 
452 
316. 
l8o' 

177 

285 

368 

2ii8 

CO 

3-1 
3-1 
3-lA 
3-lA 
3-3 
3-3 
3-3A 
3-3A 

13 
25 
16 
27 
12 

25 

>»21 
1U6 
254 
125 
989 
208 
3hk 
2U9 

1»56 
230 
3kk 
159 
681 
113 
383 
435 

439i 
188' 

314 

299j 
142' 

221 

835, 
161̂  498 
364 . 
342' 353 
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TABLE VI 
TABUUTION OF U a t A T O t f DATA OBiAINQ) FSOU CORE LIHEK 

SAUPU5 T i X E i FROM SUB'HADB COHCIDRIT WITH HOUSEL PEMEISOIIETER TESTS 

mmp SERIES or r^z-rs 
Fr

oj
ae

t 

Te
at 

llO
le 

Nn
nb

er 

H 
1 
rl O 

De
pth

 
Sa

np
lad

 
In

ch
ea

 

Rl
ae

 S
he

ar
 

Va
lue

 
pa

l. 

IISIN 
i 

II 
IP If Sou 

Serlee 
FUU 

Claaalfleatlon 
(FeOolorlcal) 

3-1 
3-1 

3-1-1 
3-1-2 

Lo. to 
CI. Lo. 13-23 

1>23 
I«.20 
3.7S 

33.00 
N.T. 8.33 127.6 

I2I1.2 
11.1 
11.9 

>1 3-1-3 
3-1-1. 

Is. to CI. Is. 
Tr. 5a. ft SUt 
Seaae 

25-35 
25-35 

3.10 
2.50 

15.00 
13.33 

3.75 
3.33 

122.3 
127.3 

U.2 
11.0 

KIAia 

. 
01 
<a 

3-lA 
3-lA 

3-lA-l 
3-1A-2 

lo. to CI. lo. 
IT. Ftotblea 

16-25 
I6-2S 

3.U> 
2.UD 

16.67 
H.T. llO.b 

109.a 
17Jk 
17.b 

a 3 ^ 
>1A 

3-1A-3 
>lA-t 

lo. to CI. lo. 
Tr. Pabtalaa 2W7 

2M7 
ZM 
2.50 

H.T. 
2.92 

117.9 
119.2 

II1.O 
11.7 

lUAia 

a 3-3 3-3^ Opf̂ nie te. lo. 
to lo. Sa. 

12-02 I1.I1O N.T. 112.9 15.9 

t 3-3 
3-3 

J->3 
3-3-<i 

lo. Tr. 
Pebbles 

2ir-3b 
2li-3li 

2.10 
b.00 

13.30 
'I.T. 

3.33 105.5 
113.0 

19.b 
16.6 

taua 

3-3A 
3 ^ 

3-3A-1 
3-3A-2 

Sa. lo. to lo. 
Tr. Fc'hiea 

15-25 
1S-2S 

I1.30 
3.00 

21.83 
H.T. 

5.I16 111.7 
121a 

16.9 
12J 

3-3A 
3-3A >3A-3 

3-3A-II 
loa 
Tr. PebUes 

23-35 
25-35 

I1.30 
3.TD 

2 2 / » 
26 J3 

5.9D 
6.58 

121.1 
122.9 

13.0 
13.0 

Hum 

s 

f 171% 

I 20 3% 

17 e% 

F i g u r e 6, 

Rood OravsL 

SanaiadGraraI'Lltl ' 

Black Manl Platic Or«o>ic flor Loori 
Old Ttirnplta Surtaea. 

Gnyiih-Bfom Madhim Platlle Vcfy Hoist 
ClqfLaoffl . 'naetMMn 

N o n - F a i l u r e A r e a S o i l 
P r o f i l e 

An e x a g g e r a t e d s c a l e was used t o 
p l o t the f r o s t h e a v i n g , i n d i c a t e d 
by the d o t t e d l i n e s on the d rawing . 

Another o b s e r v a t i o n made d u r i n g 
t h e s p r i n g t e s t i n g o p e r a t i o n s o f 
1950 was the r e s i l i e n t cha rac t e r o f 
the subgrades i n g e n e r a l and es ­
p e c i a l l y on the R i c h v i l l e E. M-46 
p r o j e c t . T h i s c o n d i t i o n was more 

o b v i o u s i n the s o i l s a t the upper 
t e s t l e v e l ( d i r e c t l y benea th the 
road m e t a l ) . 

A l l o f the s p r i n g t e s t s recorded 
i n t h i s r e p o r t were conducted under 
adverse weather c o n d i t i o n s . Whi le 
p r e - t e s t s o i l a u g e r - b o r i n g s showed 
t h a t the subgrades had thawed o u t 
c o m p l e t e l y b e f o r e any t e s t s were 
r u n , e x p e r i e n c e s i n e a r l y - s p r i n g 
t e s t i n g i n no r the rn c l ima tes suggest 
t h a t a minimum s o i l and a i r - t e m p e r ­
a t u r e s t a n d a r d be c o n s i d e r e d as- a 
p r e r e q u i s i t e b e f o r e any " s e n s i t i v e " 
t e s t s , such as the p resen t s tandard 
N o r t h Dakota cone t e s t s a re c o n ­
d u c t e d . P o i n t i n g up the p o s s i b l e 
m i t i g a t i n g i n f l u e n c e o f l o w , b u t 
above f r e e z i n g , temperatures on s o i l 
r e a c t i o n s , an in s t ance was noted i n 
connec t ion w i t h the d i g g i n g o f Test 
P i t No. 3-3 on the U b l y N . and S. 
j o b . The a i r temperature was 45 F . ; 
a l i g h t , wet snow had f a l l e n i n the 
e a r l y fo renoon and the t empera tu re 
the n i g h t b e f o r e had gone down t o 
near f r e e z i n g . The t e s t p i t was 
opened t o a 1 2 - i n . depth and a se t 
o f t e s t s were r u n ; l a t e r the h o l e 
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I&BLB m THTHD SKRTFS OF TRST3 

RECORD OF SELECTED MOISTURE 
AMD STEEL CYIINDER D E N S m TESTS 

1 
I 

D e n s i t y 
SamlB 
Nimber 

Mois tu re 
Sample 
Nimber 

Depth 
Ruige 

i n Inobes 
Percenfc 
Uo l s tu re 

Dry 
Density-

l b s * per ou« tt» 

3 

3 - 1 - l D 
3 - 1 - 2 D 

> 1 A - 2 D 
3-1A-2D 

3 - 2 - l D 
3 - 2 - 2 D 

3-2A-1D 
3-2A-2D 

3 - 1 - t a 

3-1A-1Q 

3 - 2 - J a 

l l r l B 
2 W 1 
l i 8 - 5 l 
17 -21 
29-33 
148-52 
l l r l 8 
26-30 

15 -19 
2 7 - 31 

1 5 . 9 

17 .2 

1 7 . 5 

109.8 
108.6 

1 1 1 . 1 
97.3 

1 0 6 . 1 
10lt ,8 

107.9 
1 0 6 . 1 

3 - 1 - l D 
3-1-2D 
3 - U - 3 D 
3-1A-2D 

3-2-2D 
3-2-2D 

3-2A-1D 
3-2A-2D 

3 - l A - i a 
3 - l A ^ I 2 

3 - a - K l 

3 - e A - i a 
3-2A-it2 
3-2A-M3 

13-17 
25-29 
l»i-19 
25-29 
1.6-511 
7D-76 
13-17 
25- 29 
60-66 
I J r l ? 
26-30 
36-U) 
I16-5O 
T0-7li 

16.1; 
12 .6 

13 .6 

12 .9 
1 3 . 9 
13.5 

9 6 . 7 
1 1 1 . 1 
l l i i . 2 
l l 5 . h 

m.7 
10lu8 

U 6 . 1 
122.3 

3 - 1 - l D 
3-1-2D 
3-lA-JJ) 
3-1A-2D 

3-3-11) 
3-3-2D 

3-3A-1D 
3-3A-2D 

3 - l f c - i a 

3 - 3 - M l 
> 3 - l l 2 
3-3-SO 

3 - 3 A - K I 
3 -3AHC 

13 -17 
25 -29 
16 -20 
27^31 
5I1-58 
12 -16 
2ii-28 
12-16 
2 l r 2 8 
68-71 

l l r l / 2 - 1 8 - 1 / ^ 
25-29 
36 - l i8 
l»8-60 

7 .3 

13.5 
19 .8 
l l i . l t 

16.5 
l l * . 6 

128 .5 
1 2 2 . 3 
1 0 9 . 2 
116 .7 

119.1i 
108.0 

110.U 
1 1 1 . 1 
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was put down t o a 2 4 - i n . depth f o r 
the next set o f t e s t s . The b lack top 
was 4 - i n . t h i c k and the road g rave l 
beneath was 6 - i n . t h i c k r e s t i n g on 
n a t u r a l t o p s o i l - - a dark, sandy loam. 
When f i r s t exposed the road g r a v e l 
appeared d r y and c r u m b l y and the 
n a t u r a l s o i l down t o 19 i n . was 
logged as q u i t e d r y . From 19 to 28 
i n . i t was s l i g h t l y m o i s t . The 
temperature o f the s o i l i n the upper 
p a r t o f the t e s t p i t was 42 F. and 
the l o w e r p a r t was 41 F . , the a i r 
t e m p e r a t u r e r e m a i n i n g 45 F. I n a 
s h o r t t i m e , about h a l f an hour , the 
s ide w a l l s o f the p i t took on a glazed 
appearance and l a t e r became d r i p p i n g 
wet. Some o f t h i s mois ture probably 
was c o n d e n s a t i o n ; howeve r , a f t e r 
be ing exposed f o r about an hour the 
road grave l t h a t e a r l i e r had appeared 
d ry began t o ooze o u t f r o m beneath 
the b lack top and f l o w down the s ides 
o f the p i t . Labo ra to ry t e s t s l a t e r 
showed the s o i l between the 12- and 
1 6 - i n . l e v e l s to con ta in 13.5 percent 
mois tu re and f rom the 24- to 2 8 - i n . 
l e v e l s 19.8 percent moi s tu re . I t i s 
an assumption, but i t appeared t h a t 
the t e m p e r a t u r e o f the s o i l a t 41 
and 42 F. i m m o b i l i z e d the m o i s t u r e 
which I t con ta ined u n t i l the warmer 
a i r re leased i t . A t any r a t e , the 
i n i t i a l c o n d i t i o n and s t r u c t u r a l 
c h a r a c t e r i s t i c s o f the exposed road 
g r a v e l and u n d e r l y i n g s o i l t o the 
depth o f the opened p i t were r a d i -

N 

Iff 'o o o o o o o o o • V 7 -

If 
i 

I >FlraltaNlrfniN«/V4IMaMB 
I • TUr, iw ta i t f TMIS 4 M 0 4 n M 0 

re 

F i g u r e 7 . Map o f T e s t S i t e s on M-46 
R i c h v i l l e , E . , See. 22 

i 
i 
s. 
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P r o f i l e 

c a l l y changed. 
R e g a r d i n g t h e s y s t e m used m 

i d e n t i f y i n g the t e s t holes and data 
t h e r e f r o m , i t i s r e c a l l e d t h a t the 
o r i g i n a l p l a n o f t e s t p r o c e d u r e 
s p e c i f i e d t h a t s i t e s were to be se­
l e c t e d which inc luded both a " f a i l e d " 
and an a d j a c e n t " n o n - f a i l e d " a rea . 
The n o n - f a i l u r e areas are i d e n t i f i e d 
throughout t h i s r e p o r t by the l e t t e r 
A, which f o l l o w s the t e s t hole num­
bers . 
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Figure 10. Compariaon o f Frost Heave P r o f i l e s f o r l l i i r d Series Michigan Testa 

COMCLUSIONS 

Through the medium o f the i n d i r e c t 
methods o f t e s t we can o b t a i n a 
f a i r l y r e l i a b l e index o f the s t r u c ­
t u r a l c a p a c i t y o f any one s o i l t e x ­
t u r e w i t h i n a f o u n d a t i o n complex . 
However , when an a t t e m p t i s made 
to comprehensively measure the pas­
s i v e r e s i s t a n c e o f the subgrade as 
a whole , c e r t a i n l i m i t a t i o n s o f the 
adopted t e s t methods must be recog­
n i zed . I r r e g u l a r i t i e s and i n c o n s i s ­
tenc ies i n the s o i l p r o f i l e (a common 
occur rence i n g l a c i a t e d areas such 
as Michigan) are the major de t e r r en t s 
to the o v e r a l l e f f e c t i v e n e s s o f these 
methods. 

When a subgrade i s composed o f a 
s i n g l e s o i l t e x t u r e or even a l i m i t e d 
number o f c l o s e l y r e l a t e d t e x t u r e s 
and i s g e n e r a l l y f r e e f rom pebbles , 
s t o n e s , i n c r u s t a t i o n s , and w a t e r ­
b e a r i n g seams, an average o f t he 
b e a r i n g v a l u e s o f t he components 
could be employed t o reasonably c a l ­
c u l a t e t o t a l c a r r y i n g c a p a c i t y . 

However , when t h e subgrade i s 

composed o f severa l t ex tu r e s v a r y i n g 
i n c h a r a c t e r , t h i c k n e s s , and water 
c o n t e n t , i t becomes d i f f i c u l t t o 
p r o p e r l y e v a l u a t e t h e r e s u l t a n t 
e f f e c t o f the combina t ion when sub­
j e c t e d t o s t r e s s . F r e q u e n t l y , the 
most c r i t i c a l elements or c o n d i t i o n s 
i n a subgrade are n o n - c o n f o r m i t i e s 
o f ana tu re most d i f f i c u l t to analyze. 
Even i f they c o u l d be r e s o l v e d phy­
s i c a l l y and m a t h e m a t i c a l l y , t h e i r 
s u b t l e i n f l u e n c e on the s o i l s i m ­
media te ly above and below and on the 
subgrade as a w h o l e c o u l d n o t be 
gauged. Th i s i s e s p e c i a l l y t r u e i n 
the case o f r e l a t i v e l y t h i n w a t e r ­
bear ing and s o f t or mushy seams which 
r e spond t o the pumping a c t i o n o f 
t r a f f i c . 

I t i s the w r i t e r ' s o p i n i o n t h a t 
unless the combined r eac t i ons o f a l l 
the s o i l s and c o n d i t i o n s t h a t go i n t o 
the make-up o f a subgrade are meas­
ured w h i l e the subgrade i s s t r e s sed 
i n a r e p e t i t i v e manner, the a c t u a l 
c a r r y i n g c a p a c i t y o f a r o a d , e s ­
p e c i a l l y one r e c e n t l y a f f e c t e d by 
f r o s t , remains i n doubt . 
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MINNESOTA 

As a f i n a l phase o f the i n v e s t i ­
g a t i o n i n Minnesota , i t was decided 
t o e n l a r g e the f i e l d o f t e s t i n g t o 
cove r the s t a t e as a w h o l e . The 
p r i m a r y o b j e c t i v e o f the 1949-1950 
survey was to exp lo r e , by f u l l - s c a l e 
l o a d t e s t i n g , t h e l o s s i n l o a d -
c a r r y i n g c a p a c i t y o f roads i n the 
s p r i n g on a s ta tewide basis and com­
pare the r e s u l t s w i t h those secured 
i n previous years on a l i m i t e d number 
o f p r o j e c t s . 

Tes t s e c t i o n s were s e l e c t e d t o 
i n c l u d e the p r i n c i p a l s o i l types i n 
the s t a t e and v a r i a b l e t h i c k n e s s e s 
o f f l e x i b l e pavemen t s . F i g u r e 1 
shows the approximate l o c a t i o n s o f 

the s e c t i o n s o f r o a d t e s t e d . On 
each t e s t s e c t i o n , p o i n t s were se­
l e c t e d to represent average subgrade 
s o i l c o n d i t i o n s . The subgrade s o i l s 
ranged from sand to s i l t y c l a y s . A 
minimum o f t h r e e t e s t p o i n t s were 
loca ted on each p r o j e c t . Each p o i n t 
was l o c a t e d by s t a t i o n i n g and by 
p o i n t on the pavement su r f ace . 

The f i r s t cyc l e o f p l a t e - b e a r i n g 
t e s t s was made i n Sep tember and 
O c t o b e r , 1949 , t o r e p r e s e n t t h e 
a p p r o x i m a t e maximum l o a d c a r r y i n g 
c a p a c i t y . A second c y c l e was made 
i n A p r i l and May, 1950, as soon as 
t he f r o s t had l e f t the s u b g r a d e . 
The p l a t e b e a r i n g v a l u e s o b t a i n e d 
a t t h i s t i m e were e x p r e s s e d as a 
p e r c e n t a g e o f t h e p , r e v i o u s f a l l 

r 
R O S E A U 

T A 8 C A 1«T I O U I B ' I 

' I 

/ O TEST PROJECTS 

I rCuWMIOiL 

ÎMCOUf LYON I • 

Figure 1. Test Locations i n Minnesota 
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g U I C X I E S U R V E Y 

B e a r i n g a t 0 2 m 

D a f l e e t i o i i - P S I 

S u b g r a d e 

P e r c e n t o f 

P e r c e n t 

P a a a x n g 

F a l l S p r i p g F a l l M a t B a a e N o 2 0 0 

R S T . H L o c a t i o n 1 9 4 9 1 9 5 0 B e a r i n g I n c h e a I n c h e a S i e v e L L P I 

6 9 2 0 5 3 1 7 M l N o J e t T H 1 6 9 4 5 9 2 3 5 ' 5 1 2 3 6 2 7 8 1 5 5 0 3 

" 3 6 H I N o J e t T H 1 6 9 6 8 2 3 3 6 4 9 3 3 5 1 3 8 S I P l a a t i e 

4 4 M l N o J e t T H 1 6 9 6 6 6 4 3 2 8 4 9 3 ' 5 ' 1 8 1 1 8 3 1 0 

6 9 2 1 S3 0 4 M l N o J e t T H 1 2 3 0 1 2 6 5 4 8 3 i 7 7 9 0 5 7 0 3 4 3 

1 2 M l N o J e t T H 1 2 1 0 1 4 4 6 8 6 3 8 7 2 0 4 2 2 2 1 3 
M 2 1 M l N o J e t T H 1 1 4 7 9 8 6 6 7 2 X 1 2 6 2 8 5 5 1 3 3 3 

6 9 2 2 S 3 1 2 M l N o A a h R i v e r 4 1 3 2 1 4 5 1 8 4 9 3 2 8 2 0 3 6 6 

" 3 0 M l N o A a h R i T e r 2 9 3 1 6 6 5 6 7 3 9 7 4 4 3 0 3 1 3 1 
It 4 0 MI N o A a h R i v e r 2 9 4 1 4 3 4 8 6 3 9 4 2 1 1 8 0 2 1 

3 6 0 8 S 3 0 2 M l N o J e t 2 1 7 e t R a y 1 7 9 9 1 5 0 8 3 1 0 6 9 7 6 1 6 3 9 9 

1 3 M l N o J e t 2 1 7 a t R a y 1 7 4 9 7 5 5 7 2 9 6 1 2 5 8 4 ' 3 6 4 

6 5 M l N o J e t 2 1 7 a t R a y 1 7 3 8 3 , 4 8 0 2 I i 4 5 2 3 3 1 4 17 9 

7 8 MI N o J e t 2 1 7 a t R a y 1 5 9 6 4 4 0 3 3 1 0 7 0 4 6 6 5 2 8 9 

3 6 1 3 7 1 0 1 M I S o J e t T H 1 1 1 6 0 1 0 4 6 5 0 2 1 0 3 3 9 2 6 4 1 0 7 

1 3 M l S o J e t T H 1 1 1 3 0 8 3 6 3 8 2 1 0 6 7 4 4 3 0 2 6 4 

3 3 M l S o J e t T H 1 1 1 3 9 7 7 5 5 3 2 7 6 8 5 3 5 . 5 2 0 4 

5 6 M I S o J e t T H 1 1 1 1 7 6 9 5 9 0 3 6 8 0 7 5 8 2 3 2 7 

3 6 1 2 7 1 0 7 M I S o J e t T H 6 5 1 1 7 6 6 5 6 4 2 10 7 2 8 4 4 4 2 5 9 

2 4 M l S o J e t T H 6 5 1 1 5 7 6 6 6 1 2 X 1 0 5 5 7 3 7 1 2 1 5 

" 4 3 M l S o J e t T H 6 5 1 2 3 7 2 5 8 5 2 1 1 5 6 3 4 0 2 2 3 0 

3 6 1 1 7 1 0 7 M l S o X R d a t M a r g i e 2 2 0 1 8 5 8 4 0 2 7 3 N o n - P l a a t i c 

' ' 3 8 M l S o X R d a t M a r g i e 9 7 6 6 6 8 0 2 1 9 0 6 9 6 1 9 9 
•1 6 9 M l S o X R d a t M a r g i e 1 0 1 5 6 5 5 4 2 3 S 4 4 2 1 1 2 3 

10 0 M l S o X R d a t M a r g i e 1 1 6 9 0 7 7 6 2 4 7 0 5 5 9 1 0 9 

3 6 1 0 7 1 0 8 M l S o J e t T H 1 1 2 4 8 3 6 6 9 3 6 6 5 0 3 4 4 1 7 9 

2 6 M l S o J e t T H 1 1 9 1 1 0 5 5 5 0 3 6 S7 0 3 0 8 1 5 9 

4 6 M l S o J e t T H 1 3 3 2 1 7 1 6 1 5 3 6 5 8 9 2 9 1 I S 3 

6 7 M l S o J e t T H 1 1 6 0 8 2 6 1 3 6 2 7 3 1 7 I S 6 

1 5 0 6 9 2 1 1 M l S o J e t T . H 2 3 6 6 2 1 2 5 7 8 3 T r e a t 3 5 7 1 6 1 S . l 
3 9 M l S o J e t T H 2 1 8 3 1 2 4 6 7 7 4 8 5 1 7 2 5 8 1 1 5 

5 6 M l S o J e t T H 2 1 9 7 9 0 4 5 7 4 8 4 4 2 2 2 1 7 5 

7 8 M l S o J e t T H 2 2 3 8 1 5 1 6 3 3 4 1 0 4 3 2 2 0 1 5 7 

6 0 1 4 1 0 2 1 3 M I S E J e t T H 7 5 1 1 5 8 5 7 4 0 I K 0 8 4 7 5 1 8 3 0 3 

3 1 M l S E J e t T H 7 5 1 2 3 7 9 6 4 3 I X 0 8 2 1 5 2 4 3 0 3 

4 3 M l S E J e t T H 7 5 1 1 1 6 3 5 6 8 I X 0 7 8 2 4 1 0 2 3 4 

8 4 M l S E J e t T H 7 5 l i s 6 4 5 5 7 I X 0 6 1 3 3 7 1 2 2 6 

9 5 M l S E J e t T H 7 5 4 6 8 2 6 8 5 7 4 I X 0 7 5 S I P l a a t i e 

6 0 1 0 7 5 0 1 M l S J e t T ' H 1 0 2 1 1 0 ' 6 2 5 6 3 I X 5 8 4 . 1 SO S 2 9 6 

2 0 M l S J e t T H 1 0 2 1 1 6 6 5 5 6 1 1 5 8 3 3 4 7 9 2 6 7 

4 1 M l S J e t T H 1 0 2 1 2 0 6 4 S 3 3 I X 5 7 6 7 5 9 8 2 1 . 9 

6 3 M l S J e t T H 1 0 2 8 3 5 6 6 7 4 1 6 8 0 3 4 1 3 2 5 1 

8 4 M l S J e t T H 1 0 2 1 2 8 7 7 6 0 1 3 / 4 7 7 9 0 3 8 5 2 2 1 
*• 1 1 7 M l S J e t T H 1 0 2 9 2 6 4 6 9 6 I X 5 7 3 3 5 7 8 3 7 4 

1 4 0 7 7 5 0 9 M l S o S i d e R d K r a g n e a 1 1 6 7 0 6 0 3 9 9 2 5 6 4 7 4 0 7 

2 1 M l S o S i d e R d K r a g n e a 7 9 5 5 6 9 6 9 7 9 1 5 9 6 3 3 8 

3 1 M l S o S i d e R d K r a g n e a 1 1 6 8 2 7 0 7 9 8 8 5 6 2 0 3 4 7 
4 3 M l S o S i d e R d K r e g n e a 1 0 1 7 1 7 0 6 9 8 8 S 6 3 3 3 7 5 

1 4 0 6 7 5 0 5 M l S o C o n c r e t e 1 1 3 7 1 6 2 7 9 8 6 2 5 0 4 2 7 2 
1 5 M I S o C o n c r e t e 1 0 7 6 3 5 8 8 9 9 1 3 SO 9 3 0 1 
2 5 M l S o C o n c r e t e 1 2 2 5 6 4 5 8 4 8 7 4 6 1 6 3 8 4 
3 5 M l S o C o n c r e t e 8 4 5 5 6 5 4 4 8 2 5 6 4 6 3 4 0 

4 9 0 3 1 0 0 7 M l N o X R d C u a h i n g 4 0 6 2 9 5 7 2 7 2 X 1 6 0 S I P l a a t i e 
2 1 M l N o X R d C u a h i n g 5 9 3 2 9 9 SO 4 2 X 
5 1 M l N o X R d C i a h i n g 4 6 8 3 1 6 6 7 5 2 X 2 0 1 1 5 2 3 3 

1 1 1 5 2 1 0 0 2 M l E J e t T H 1 0 3 8 6 2 2 1 5 7 3 3 9 5 S I P l a a t i e 
2 8 M l E J e t T H 1 0 2 2 0 1 8 3 8 3 2 6 2 7 7 1 4 8 2 1 
S 2 M l E J e t T H 1 0 2 2 0 1 1 9 5 4 1 6 2 0 8 S I P l a a t i e 

1 8 0 8 2 1 8 0 4 M l N o S i d e R d 8 M i S B 2 9 0 1 3 8 4 7 6 S 7 3 1 5 16 7 2 8 
2 3 M l N o S i d e R d 8 M i S B 2 8 4 1 4 7 5 1 8 9 6 2 9 6 1 6 7 3 7 
3 9 M I N o S i d e R d 8 M i S B 2 3 8 1 3 4 5 6 3 6 6 1 9 6 S I P l a a t i e 

0 1 1 2 6 5 0 S M I N o J e t T H 2 1 0 4 4 9 2 7 4 6 1 0 1 / 2 1 3 5 S I P l a a t i e 

" 1 6 M I N o J e t T H 2 1 0 2 5 2 1 2 9 5 1 2 1 / 2 2 X 1 2 6 S I P l a a t i e 
3 9 M l N o J e t T H 2 1 0 3 0 1 2 1 2 7 0 4 1 / 2 

0 1 1 1 6 5 1 2 M l S o J e t T H 2 1 0 2 3 4 1 0 8 4 6 2 2 8 1 4 2 S I P l a a t i e 
3 3 M l S o J e t T H 2 1 0 2 1 5 9 9 4 6 0 2 1 0 5 4 1 2 7 7 1 4 ; 
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Figure 2. Minnesota Bearing Tests 1949 Loading Cycle, 12 i n . Bearing Plate 

Loss o f Road Strength and RecoTery 

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

Due t o f l o o d c o n d i t i o n s i n the 
n o r t h e r n p a r t o f t he s t a t e , some 
t e s t s e c t i o n s had t o be d e l e t e d . 
On the 38 t e s t s e c t i o n s , 126 i n d i ­
v i d u a l t e s t s were completed f o r both 
the f a l l and s p r i n g bea r ing va lues . 
D e t a i l e d i n f o r m a t i o n s e c u r e d i s 
shown i n Table 1. An i n s p e c t i o n o f 
t h e d a t a w i l l d i s c lo se t h a t a l l types 
o f s o i l s t e s t e d so f a r appear t o 
s u f f e r f rom f r o s t a c t i o n ; and w h i l e 
the grand average o f a l l losses r e ­
corded I S 42 p e r c e n t , the average 
f o r each s o i l t ype , as n e a r l y as i t 
can be i d e n t i f i e d , seems to vary o n l y ' 
s l i g h t l y f r o m the g r a n d a v e r a g e . 

Another no t i ceab le c h a r a c t e r i s t i c 
o f the t e s t r e s u l t s i s t h a t t h i c k ­
ness o f base i n a road s t r u c t u r e has 
no a p p r e c i a b l e e f f e c t i n r e d u c i n g 
the p e r c e n t a g e o f s t r e n g t h l o s s , 
even though both the f a l l and s p r i n g 
c a r r y i n g c a p a c i t y o f the road may 
be cons ide rab ly improved because o f 
the base c o n s t r u c t i o n . Th i s can be 

e x p l a i n e d fay t h e f a c t t h a t t h e 
s t r e n g t h o f a road s t r u c t u r e s t a r t s 
w i t h the subgrade s o i l , and the de­
gree t o which the subgrade s o i l i s 
a f f e c t e d by f r o s t a c t i o n i s r e f l e c t e d 
i n the su r f ace c a r r y i n g c a p a c i t y o f 
the road i t s e l f . 

I n o r d e r t o b r i n g o u t t he com­
pa r i son between the data secured on 
the s t a t e w i d e t e s t i n g p rogram, as 
compared t o t h e d a t a a c c u m u l a t e d 
f r o m t e s t s made a t e i g h t s e l e c t e d 
t e s t p o i n t s d u r i n g the p r e v i o u s 3 
y r s . . F igu re s 2 and 3 are i n c l u d e d 
i n t h i s r e p o r t . 

FigiTre 2 shows the average l o s s 
o f l o a d s t r e n g t h and r e c o v e r y f o r 
the t e s t s made i n 1949, w h i l e Figure 
3 shows the comparison o f t e s t r e ­
s u l t s secured d u r i n g the three years 
o f 1947, 1948, and 1949. The average 
loss i n s t r e n g t h was somewhat higher 
d u r i n g these years than d u r i n g 1950, 
but a l l o f the i n f o r m a t i o n gathered 
i n Minnesota so f a r i n d i c a t e s sub­
s t a n t i a l s t r e n g t h losses f o l l o w i n g 
s p r i n g thawing and gradual recovery . 
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L E G E N D 

A v e r a g e o f A l l Tes t s 

1 9 4 7 
1 9 4 8 — 
1 9 4 9 
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I 
£ 6 0 
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Preceding 
Fal l 

M a r c h A p r i l May June 

Figure 3. State o f Minnesota - Dept. of Highways Comparison o f Results o f 
1947 - 1948 and 1949 Tests 

Figure 4. 
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NEW YORK 

As a c o n t i n u a t i o n o f the program 
o f f i e l d s t r e n g t h measurements by 
the use o f p l a t e - b e a r i n g t e s t s , the 
Bureau o f S o i l Mechanics i n s t i t u t e d 
a program o f measurements on va r ious 
roads i n Rensselaer and Washington 
C o u n t i e s . Tes ts were pe r fo rmed a t 
the same l o c a t i o n s , both i n the f a l l 
o f 1949 and i n the s p r i n g o f 1950. 

Most o f the s i t e s a t which t e s t s 
were performed were i n cut s ec t ions . 
However , a few t e s t s were r u n i n 
areas o f shal low f i l l s . The pavement 
a t these s i t e s represented c o n d i t i o n s 
o f bo th good and poor pe r fo rmance . 
The s u b g r a d e s i n c l u d e d s o i l s o f 
g l a c i a l l a c u s t r i n e , g l a c i a l t i l l , 
and g l a c i a l outwash o r i g i n , and s o i l s 
o f a l l u v i a l o r i g i n . 

The l o a d i n g arrangement f o r the 
p l a t e t e s t s c o n s i s t e d o f an I-beam 
s u p p o r t e d b e n e a t h two 5 1 / 2 - t o n 
t r u c k s . These t r u c k s were loaded 
w i t h a d d i t i o n a l w e i g h t ( sand and 
g r a v e l ) t o produce a r e a c t i o n under 
the j a c k p o s i t i o n o f somewhat more 
than 15 t o n s . T h i s arrangement i s 
s i m i l a r t o t h a t used d u r i n g t h e 
1948-1949 s e r i e s . 

I n order to permit the t e s t i n g o f 
the wide range o f s o i l t y p e s , the 
t e s t s were run on the pavement su r ­
face o n l y , u s i n g both the 6 - i n . and 
the 1 2 - i n . d i a m e t e r p l a t e s . T h i s 
s i m p l i f i c a t i o n p e r m i t t e d t e s t s a t 
30 l o c a t i o n s . A t a l l l o c a t i o n s , 

t e s t s were r u n u s i n g t h e 1 2 - i n . 
p l a t e s , w i t h occasional t i e - i n t e s t s 
us ing the 6 - i n . p l a t e s . Regular and 
quick t e s t s were run w i t h both p l a t e s . 
The l o a d - b e a r i n g t e s t s were supple ­
mented by the Nor th Dakota cone t e s t 
on the f i n e g ra ined s o i l subgrades. 

A comparison o f the t e s t r e s u l t s 
o b t a i n e d (see Tab le 1 and F i g . 1) 
shows t h a t the load bear ing capac i ty 
i n the s p r i n g averages from S3 to 86 
pe rcen t o f the f a l l va lues f o r a l l 
s o i l types t e s t e d . For l a c u s t r i n e 
s o i l s , the s p r i n g values are approx­
ima te ly 55 percent o f the f a l l va lues , 
showing the g rea tes t loss o f s t r e n g t h 
due t o f r o s t a c t i o n . The t i l l , a l -
u v i a l , and outwash s o i l s show a l e s ­
ser l o s s o f s t r e n g t h , a v e r a g i n g 70 
t o 75 percent o f t he f a l l v a l u e . 

Because o f the l a r g e numbers o f 
v a r i a b l e s t h a t may i n f l u e n c e the 
b e a r i n g c a p a c i t y o f s o i l s , i t i s 
impossible to say t h a t any one f a c t o r 
i s more r e s p o n s i b l e than any o t h e r 
f a c t o r . An at tempt has been made to 
r e l a t e a number o f the v a r i a b l e s ; 
however, o n l y the r e l a t i o n s h i p be­
tween the t o t a l th ickness o f pavement 
and the p l a t e load ing a t 0 . 1 - i n . de­
f l e c t i o n f o r g l a c i a l l a c u s t r i n e and 
g l a c i a l t i l l s o i l s seems to i n d i c a t e 
a d e f i n i t e p a t t e r n . A p l o t o f these 
data i s g iven i n F igure 2 . No d e f ­
i n i t e c o r r e l a t i o n was found between 
p l a t e load values and f i e l d mois ture 
con ten t s , f i e l d cone bear ing values , 
subgrade d e n s i t y , or c h a r a c t e r i s t i c s 

TABLE 1 

SUMMARY OF SPRING LOAD BEARING VALUES REPRESENTED 
AS A PERCENTAGE OF THE FALL VALUES 

S o i l Type 

T i l l S o i l s 
L a c u s t r i n e S o i l s 
A l l u v i a l S o i l s 
Outwash S o i l s 

1 2 - i n c h Diam. P l a t e 
a t D e f l e c t i o n o f 

0 .10 i n . 0 .20 i n . 

65 
S3 
74 
86 

S3 
77 

6 - i n c h Diam. P l a t e 
a t D e f l e c t i o n o f 

0 . 1 0 i n . 0 .20 i n . 

69 
S6 
74 
72 

79 
56 
71 
72 

N o t e - These are average v a l u e s f o r each s o i l t ype i n v e s t i g a t e d . 
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PSI at 
Deflection 

Dote J — Q l " 02" 
6" Plate Nov 1949 140 245 
6" Plate Apr 1950 60 100 

12" Plate Nov 1949 43 93 
l2"Plote Apr 1950 23 40 

6 Dia Plate 
Nov 21,1949 

6 Dia Plate 
Apr 10,1950 

I2~DM note 
Nov 21,1949 

l2"Dia Plate 
Apr 10,1950 

0 2 0 0 2 5 
Deflection-Inches 

Figure 1. Pavement Load Def l ec t ion Curves C. R. 46 - East Greenbush Sta. 
Soi l Series - Hudson Deposit ional Uni t - Lacustrine 

25 

I 
I to 

/ 1 i 
/LocuBtrina Soils 

/ 6* DiametarPlGle 

spring ona Foil VDiuss 
\ • a,*' Foil 

* «/ 0 ,«a Spring 
rX— 

0 
y 0 0 i l l Soils 

/ ,• ^ 0 ^ 
'«* • 

0 

• 
• 

200 400 600 800 1000 
Load - P & l at Ol'Deflaclion on RgvemBnt 

Figure 2.. Load P. S. I . vs Combined Depth 
of Base and Pavement. 

o f the i n d i v i d u a l subgrade s o i l s . 
As you w i l l see by e x a m i n i n g 

Tables 2 to 6 there was cons iderable 
v a r i a t i o n i n the f i e l d mois ture con­
t e n t o f the subgrade m a t e r i a l s a t 
the time o f t e s t . I t i s our b e l i e f 
t h a t such v a r i a t i o n s c o u l d have a 
very l a rge i n f l u e n c e on the bea r ing 
v a l u e o b t a i n e d . An e v a l u a t i o n o f 
t h i s f a c t o r , however, i s not poss ib le 
from the data we have on hand. 

I t may be t h a t a compar i son o f 
t h e f i e l d d a t a o b t a i n e d by t h i s 
se r i es o f t e s t s w i t h those from o ther 
areas may p r o v i d e i n t e r e s t i n g c o r ­
r e l a t i o n s . 
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NORTH DAKOTA 

For the p e r i o d covered by t h i s ' 
r e p o r t , ( J u l y 1 - Aug . 3 1 , 1950) 
t e s t s were con t inued on the 10 per­
manent t e s t - p o i n t s se lec ted i n 1948: 
one t e s t p o i n t f o r g r a v e l s u r f a c e , 
one f o r bi tuminous armor coa t , three 
f o r c o l d - I a i d o i l - m i x mats, one f o r 
h o t - m i x b i t u m i n o u s r e s u r f a c e , and 
f o u r f o r a s p h a l t i c - c o n c r e t e wear ing 
su r faces . 

Bear ing t e s t s were made on ly w i t h 
the Nor th Dakota cone device and a t 
3 - , 9 - , 1 5 - , and 2 4 - i n . dep ths i n 
the subgrade. Other data taken i n ­
c ludes s o i l s a n a l y s i s , t empera tu re , 
and subgrade d e n s i t y and m o i s t u r e 
con ten t . (Cone bear ing device p r i n ­
c i p a l l y i n t e n d e d f o r use i n f i n e -
g r a i n s o i l s . ) 

From the data o b t a i n e d i n 1949, 
f a l l b e a r i n g v a l u e s f o r each t e s t 
p o i n t were e s t a b l i s h e d . These values 
were p l o t t e d as 100 pe rcen t on the 
1950 g raphs i n t h i s r e p o r t . A l l 
o the r t e s t va lues f o r b e a r i n g power 
were p l o t t e d as percentages o f the 
f a l l va lues . 

The fo rmer progress r e p o r t t e r ­
mina ted on J u l y 1 , 1949. The t e s t 
data obta ined a f t e r t h a t date up t o 
November 22, 1949, when f r o z e n con­
d i t i o n s suspended opera t ions f o r the 
w i n t e r , have been added t o the 1949 
r e p o r t graphs and inc luded he re in to 
complete the 1949 i n f o r m a t i o n . From 
J u l y 1 , 1949, t o November 22, 1949, 

Figure 1. Average Bearings f o r A l l Tests 
a t the 10 Test Po in t s Bear ing Tests w i t h 

North Dakota Cone Device. 

Figure 2. Average Bearing f o r the 10 Test 
P o i n t s a t 3 i n . Below Subgrade Sur face 
Bearing Tests w i th North Dakota Cone Device. 

48 complete t e s t s were made. These 
r e s u l t s were p l o t t e d as c o n t i n u a t i o n s 
o f the graphs con ta ined i n the p r o ­
gress r e p o r t to J u l y 1 , 1949. Added 
to the work performed before J u l y 1, 
the t o t a l number o f t e s t s made i n 
1949 was 115. 

Figure 6 shows a curve represent ­
i n g t h e average b e a r i n g s f o r a l l 
t e s t s made i n 1950 a t the 10 t e s t 
p o i n t s , r e g a r d l e s s o f t e s t d e p t h . 
I t e s t a b l i s h e s the g e n e r a l t r e n d 
o f the loss o f l o a d - c a r r y i n g capac i ty 
when the subgrade i s t h a w i n g , and 
the subsequent r e c o v e r y . For 1950 
i t w i l l be noted the curve shows a 
r a p i d r ecove ry f rom May 10 t o June 
12 a f t e r w h i c h a l o s s i n b e a r i n g 
power occur red t o J u l y 5. Then r e ­
covery was resumed aga in up t o the 
r e p o r t date o f August 3 1 . Th i s e r ­
r a t i c procedure was no t a n t i c i p a t e d 
and i s not d e f i n i t e l y accounted f o r . 
However, p l a u s i b l e reasons are o f ­
f e r e d and the ma t t e r d iscussed more 
i n d e t a i l l a t e r i n t h i s r e p o r t . 

F i g u r e s 2 t o 5, 1949, and 7 t o 
10, 1950, show the average bearings 
f o r a l l t e s t s a t the 10 t e s t p o i n t s 
a t the respec t ive depths o f 3. 9, 15, 
and 24 i n . below the subgrade s u r ­
f ace . 

The f o l l o w i n g o b s e r v a t i o n s have 
r e s u l t e d i n r ega rd t o the subgrade 
b e a r i n g t e s t s w i t h the N o r t h Dakota 
cone dev ice : 

1 . A l l t e s t p o i n t s show a de­
c l i n e i n bear ing s t r e n g t h d u r i n g the 
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Figure 3. Average Bearing For the 10 Test 
P o i n t s a t 9 i n . Below Subgrade Sur face 
Bearing Tests w i th North Dakota Cone Device. 

s p r i n g thaw w i t h a subsequent r e ­
covery t h e r e a f t e r . 

2. Not a l l t e s t po in t s f o l l o w the 
same p a t t e r n o f recovery . 

3. I t was noted t h a t the average 
recovery i n subgrade bear ing s t r eng th 
f o r a l l t e s t s a t the lO t e s t p o i n t s 
d i d no t reach 100 percent d u r i n g the 
1949 season. F i g u r e 1 shows t h a t 
when f i e l d work was suspended i n the 
f a l l o f 1949 the average recovery had 
o n l y reached 90 percent o f the p r e ­
v i o u s f a l l v a l u e . T h i s may have 
been due i n p a r t t o s e l e c t i o n the 
p r e v i o u s year o f f a l l v a l u e s t h d t 
were too h i g h . Such procedure could 
be the r e s u l t o f the lack o f p rev ious 
da ta and e x p e r i e n c e t o e s t a b l i s h 
sounder j u d g e m e n t i n d e t e r m i n i n g 
reasonable f a l l va lues . 
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Figure 4. Average Bearings For the 10 Test 
P o i n t s a t IS i n . Below Subgrade Surface 
Bearing Tests wi th North Dakota Cone Device. 

Because o f t h i s p r o b a b i l i t y , p r i o r 
t o the r e sumpt ion o f f i e l d work i n 
the s p r i n g o f 1950, the f a l l values 
o b t a i n e d i n 1949 were rev iewed aiid 
a d j u s t e d t o more s u i t a b l y f i t the 
average r e s u l t s obta ined by the f i e l d 
t e s t s . These a d j u s t e d f a l l va lues 
are shown numer i ca l l y i n Table 1 and 
may be compared w i t h the 1948 f a l l 
values used i n 1949, which are a l so 
shown i n the same t a b l e . 

One r e s e a r c h p a r t y was s t a r t e d 
d u r i n g A p r i l 1950. This was a l a t e r 
s t a r t than usual due t o the abnor­
m a l l y c o l d s p r i n g which caused the 
f r o s t to come out o f the ground very 
s l o w l y . For t h i s reason one p a r t y 
c o u l d r e a d i l y hand le a l l the t e s t 
p o i n t s and keep up w i t h the r a t e o f 
f r o s t recess ion . 

no, 
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S60 
••sol 
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Figure 5. Average Bearings For the 10 Test 
P o i n t s a t 24 i n . Below Subgrade Surface 
Bearing Testa w i t h North Dakota Cone Device. 

The f i r s t t e s t was made A p r i l 13 
a t 3 i n . below the subgrade s u r f a c e . 
The f i r s t t e s t poss ib l e a t the 2 4 - i n . 
depth a f t e r d isappearance o f f r o s t 
was made A p r i l 26 . There were 69 
comple te t e s t s made between A p r i l 
30, 1950, and August 3 1 , 1950. 

The r e s u l t s were p l o t t e d and are 
shown i n t h i s r e p o r t by 1950 graphs. 
F i g u r e s 6 t o 10. (Graphs f o r i n ­
d i v i d u a l t e s t p o i n t s are n o t r e p r o ­
duced h e r e . ) As can be n o t e d by 
s tudy ing the curves f o r a l l the t e s t 
p o i n t s and the averages f o r a l l t e s t s 
a t t h e 10 t e s t p o i n t s t he r e s u l t s 
are f o u n d t o be q u i t e e r r a t i c f o r 
the 1950 season. We have been unable 
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TABLE 1 

TABUUTION OF FALL VALUES FOR 1949 AND 1950 

T e s t 
P o i n t 

No. 
L o c a t i o n 

1948 F a l l Values 
For 1949 

I n c h e s 

1949 F a l l Values 
For 1950 

Inches 
3 9 15 24 3 9 15 24 

1 US 83 S t e r l i n g South 827 398 282 239 788 378 209 224 

2 N.D. 3 North o f S t e e l e 1087 309 1077 307 718 537 344 289 
3 N.D. 13 E a s t of Edgeley 1332 465 596 1352 1272 455 764 1162 
4 US 52 Southeast of Sawyer 391 327 298 381 553 240 250 255 
5 US 52 Southeast o f Anamoose 613 417 296 266 680 340 290 266 
6 US 10 West o f S t e r l i n g 1880 1183 852 706 1047 536 478 542 
7 US 10 E a s t of S t e r l i n g 795 895 419 515 900 400 588 714 
8 US 10 E a s t of Menoken 807 288 1040 850 754 366 1015 357 
9 US 10 West of Jamestovn 1154 803 758 667 1214 856 814 660 

10 US 52 Southeast o f Donnybrook 1037 779 473 361 874 450 462 348 

t o d e f i n i t e l y a c c o u n t f o r t h e s e v a r i ­
a b l e r e s u l t s i b u t some o f t h e causes 
may have r e s u l t e d f r o m t h e a b n o r m a l 
c l i m a t o l o g i c a l c o n d i t i o n s t h i s s e a ­
s o n . A l s o , i t was n e c e s s a r y t o make 
p e r s o n n e l changes i n t h e f i e l d p a r t y 
d u r i n g t h e s e a s o n . H o w e v e r , t h e i r 
w o r k was s p o t c h e c k e d by more e x ­
p e r i e n c e d men t o a s s u r e u t m o s t a c ­
c u r a c y i n t h e f i e l d r e s u l t s . 

A n o t h e r i m p o r t a n t r e a s o n p r o b a b l y 
p e r t a i n i n g t o e r r a t i c r e s u l t s i s t h e 
f a c t t h a t r e c e n t t e s t s a r e now f a l l ­
i n g some d i s t a n c e f a r t h e r down t h e 
r o a d t h a n t h e a c t u a l l o c a t i o n o f t h e 
o r i g i n a l t e s t p o i n t s . T h i s p r o c e d u r e 
i s c o n s i d e r e d n e c e s s a r y i n o r d e r 
t h a t e ach new t e s t w i l l o c c u r a t an 

u n d i s t u r b e d l o c a t i o n . I n t h i s manner 
some u n d e t e c t e d changes i n s o i l com­
p o s i t i o n o r p r e s e n c e o f o t h e r unknown 
f a c t o r s c o u l d a f f e c t t h e u n i f o r m i t y 
o f b e a r i n g v a l u e s o b t a i n e d . To m i n i ­
m i z e t h e e f f e c t o f t h i s p o s s i b i l i t y , 
t e s t s w e r e f i n a l l y made d u r i n g 1950 
on t h e o p p o s i t e s i d e o f t h e c e n t e r -
l i n e t h a n f o r m e r l y and as n e a r t h e 
o r i g i n a l l o c a t i o n as p o s s i b l e . How­
e v e r , t h i s p r o c e d u r e has n o t appea red 
t o i m p r o v e o r a f f e c t t h e u n i f o r m i t y 
o f r e s u l t s t o any a p p r e c i a b l e e x t e n t 
up t o t h e t i m e o f t h i s r e p o r t . 

The month o f A p r i l was t h e c o l d e s t 
A p r i l s i n c e r e c o r d s began f o r t h i s 
s t a t e . U n u s u a l l y heavy snow c o v e r e d 
t h e g r o u n d d u r i n g t h e f i r s t h a l f o f 

F i g u r e 6. Average B e a r i n g s For A l l T e s t s 
S t the 10 T e s t P o i n t s B e a r i n g T e s t s w i t h 

North Dakota Cone Dev ice . 

F i g u r e 7. Average B e a r i n g f o r the 10 T e s t 
P o i n t s a t 3 i n . B e l o w S u b g r a d e S u r f a c e 
B e a r i n g T e s t s w i th North Dakota Cone D e v i c e . 
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t h e m o n t h . C o n s e q u e n t l y , t h e t h a w 
p e r i o d was r e t a r d e d a n d n o t much 
t e s t i n g c o u l d be a c c o m p l i s h e d i n 
A p r i l . 

The o u t s t a n d i n g f e a t u r e o f May 
w e a t h e r was i t s c o n t i n u a t i o n o f one 
o f t h e m o s t b a c k w a r d s e a s o n s e v e r 
e x p e r i e n c e d i n N o r t h D a k o t a . A new 
r e c o r d o f s n o w f a l l was e s t a b l i s h e d 
f o r t h e m o n t h . The W e a t h e r B u r e a u 
r e c o r d s show an ave rage s n o w f a l l f o r 
t h e s t a t e o f 8 .8 i n . w h i c h was more 
t h a n t w i c e t h e p r e v i o u s a l l - t i m e h i g h 
o l 4 . U i n . s e t i n 1905 f o r May. T h i s 
c o m p a r e s w i t h a n o r m a l s n o w f a l l o f 
i / 2 i n . f o r t h e m o n t h o f May. T h i s 
c o n d i t i o n no d o u b t l a r g e l y a c c o u n t s 
l o r t h e l o w ave rage subg rade b e a r i n g 
a r o u n d May 10, w h i c h e q u a l s 47 p e r ­
c e n t o f t h e p r e v i o u s f a l l v a l u e f o r 
t h e a v e r a o e o f a l l t e s t p o i n t s . I n 
c o m p a r i s o n , t h e s p r i n g v a l u e a v e r a g e 
i n 1949 f o r a l l 10 t e s t p o i n t s was 
58 p e r c e n t o f t h e p r e v i o u s f a l l 
v a l u e . 

F i g u r e 8 . A v e r a g e B e a r i n g F o r 10 T e s t 
P o i n t s a t 3 i n . Be low S u b g r a d e S u r f a c e 
B e a r i n g T e s t s with North Dakota Cone Dev ice . 

J u n e was a warm and d r y m o n t h , 
and d u r i n g t h i s p e r i o d t h e s u b g r a d e 
a t a l l t h e t e s t p o i n t s showed p a r ­
t i a l r e c o v e r y . On J u n e 2 4 and 25 
r a i n was g e n e r a l t h r o u g h o u t t h e s t a t e . 
T h i s m o i s t u r e seemed t o a f f e c t t h e 
subgrade c o n s i d e r a b l y as t h e ave rage 
b e a r i n g s d r o p p e d s u b s t a n t i a l l y t h e r e -
a f t e r ^ ^ ^ ^ 

= — ^ ^ T T f y was a c o m p a r a t i v e l y d r y 
m o n t h b u t n o t u n u s u a l l y h o t . How­
e v e r , t h e s u b g r a d e b e a r i n g s g e n e r -

F i g u r e 9 . A v e r a g e B e a r i n g f o r 10 T e s t 
P o i n t s a t I S i n . Below Subgrade S u r f a c e 
B e a r i n g T e s t s wi th North Dakota Cone Dev ice . 

a l l y i m p r o v e d and t h e r e c o v e r y o f 
s u b g r a d e b e a r i n g power resumed d u r ­
i n g t h a t m o n t h . 

A u g u s t w e a t h e r was s i m i l a r t o 
t h a t o f J u l y and s u b g r a d e b e a r i n g s 
c o n t i n u e d t o i m p r o v e . 

I n c o n c l u s i o n , t h e 1950 v a r i a b l e 
r e s u l t s appear somewhat d i s a p p o i n t i n g 
as m o r e u n i f o r m r e s u l t s w e r e a n ­
t i c i p a t e d . The r e s u l t s r e p o r t e d a r e 
t h o s e a c t u a l l y o b t a i n e d w i t h o u t d i s ­
c o u n t i n g o r c u l l i n g t h e e x t r e m e v a l ­
u e s . F o r u t m o s t a c c u r a c y , t e s t s 
were o f t e n r e p e a t e d as many as f o u r 
t i m e s b e f o r e a s i n g l e r e a d i n g was 
f i n a l l y a c c e p t e d a n d r e c o r d e d as 
r e p r e s e n t a t i v e o f t h e c o n d i t i o n s a t 
t h e t i m e o f t h e t e s t . 

A f t e r p l o t t i n g t h e r e s u l t s on t h e 
c u r v e s h e e t s t h e v a r i a t i o n s a r e 
g r a p h i c a l l y a p p a r e n t . The c u r v e s 
shown a r e t h e a c t u a l a v e r a g e s f o r 

F i g u r e 10. Average B e a r i n g s f o r 10 T e s t 
P o i n t s a t 24 i n . Below Subgrade S u r f a c e 
B e a r i n g T e s t s w i th North Dakota Cone Dev ice . 
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t h e b e a r i n g s shown and p l o t t e d . F o r 
t h i s r e a s o n t h e c u r v e s a r e n o t as 
u n i f o r m as m i g h t be t h e c a s e . No 
d o u b t more u n i f o r m i t y i n t h e c u r v e s 
c o u l d be o b t a i n e d by s t u d y i n g t h e 
g e n e r a l t r e n d s o f t h e d a t a and t h e n 
by r e d r a w i n g c u r v e s r e p r e s e n t a t i v e 
o f t h o s e t r e n d s f r o m w h i c h e x t r e m e 
v a l u e s have been c u l l e d o'r d i s c o u n t e d . 
T h i s p o i n t i s c a s u a l l y m e n t i o n e d f o r 
c o n s i d e r a t i o n i n case such p r o c e d u r e 
appea r s p r a c t i c a l . 

W i t h o u t q u e s t i o n , h o w e v e r , t h e 

1950 w o r k r e - e s t a b l i s h e d t h e 1949 
r e s u l t t h a t a l a r g e l o s s o f s u b -
g r a d e b e a r i n g p o w e r , a m o u n t i n g t o 
a p p r o x i m a t e l y 50 p e r c e n t o f t h e p r e ­
v i o u s f a l l v a l u e , o c c u r s d u r i n g t h e 
s p r i n g thaw p e r i o d . I t i s s i n c e r e l y 
hoped t h a t as t h e r e s e a r c h w o r k p r o ­
g r e s s e s , more s k i l l i n t e s t i n g w i l l 
be d e v e l o p e d a n d t h a t a d d i t i o n a l 
v a l u a b l e and r e l i a b l e i n f o r m a t i o n 
p e r t a i n i n g t o t h e p r o j e c t w i l l be 
c o m p i l e d f o r use by t h i s s t a t e and 
t h e c o m m i t t e e . 

OHIO 

The p l a t e - b e a r i n g t e s t s i n O h i o 
were made on a r o a d s e l e c t e d as t y p ­
i c a l o f modern , h e a v y - d u t y , f l e x i b l e 
p a v e m e n t s on US 3 6 , M i l e a g e S t a t i o n 
2 2 . 6 2 , De l aware C o u n t y and t h e p a v e ­
m e n t s e c t i o n i n c l u d e d : 4 i n . h o t -
m i x e d b i t u m i n o u s c o n c r e t e ; 8 i n . 
w a t e r b o u n d macadam; 10 1/2 i n . c l a s s ­
i f i e d embankment m a t e r i a l . 
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F i g u r e 1, Average T e s t s on S u r f a c e . 

The p l a t e b e a r i n g t e s t s were made 
i n a c c o r d a n c e w i t h t h e p r o c e d u r e 
o u t l i n e d by t h e c o m m i t t e e , u s i n g a 
1 2 - i n . p l - a t e . The c h a r t s show t h e 
a v e r a g e l o a d - d e f l e c t i o n c u r v e s o b ­
t a i n e d on each l a y e r o f pavement i n 
t h r e e s e r i e s o f t e s t s made on t h e 
d a t e s shown . T h e r e was l i t t l e d i f ­
f e r e n c e be tween t h e f a l l and s p r i n g 
t e s t s and c o n s e q u e n t l y a p e r c e n t a g e 
l o a d - s e a s o n p u r v e b a s e d o n l o a d s 
a t 0 . 2 i n . was n o t a t t e m p t e d . The 

1 9 4 9 - 1 9 5 0 w i n t e r i n t h i s a r e a was 
v e r y m i l d , and i t i s d o u b t f u l i f 
f r o s t p e n e t r a t i o n e v e r e x t e n d e d t o 
t h e t o p o f t he subbase and r a r e l y t o 
t h e d e p t h o f t h e t o p o f t h e macadam. 

The ave rage t e m p e r a t u r e s r e c o r d e d 
a t t h e t i m e t e s t s w e r e made w e r e : 

Item 

Average Temperstures 

Oct . '49 Msr.'SO Sept.'SO 

A i r 52 F 63 F . 80 F . 
Bituminous Concrete 56 48 76 
Mscsdam 58 54 74 
Subbsse 60 49 75 
Subgrsde 62 48 72 

. O a 0 4 9 -
I 1 B I 9 » -
SWS90 

0 0090 o i a oiso oioo oxso asoo 

Figure 2, Average T e s t s on Macadam. 

T e s t s made i n t h i s same l o c a t i o n 
w i t h t h e N o r t h D a k o t a cone b e a r i n g 
e q u i p m e n t were i n a d e q u a t e and no r e ­
s u l t s a r e r e p o r t e d . T h e s u b g r a d e 
c o n t a i n e d c o n s i d e r a b l e g r a n u l a r ma­
t e r i a l . L i m i t a t i o n s on t h e amount 
o f s u b g r a d e t h a t can be e x p o s e d f o r 
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t e s t i n g on a c o m p l e t e d pavement r e ­
s u l t i n an i n s u f f i c i e n t number o f 
r e a d i n g s t o o b t a i n a c o m p a r i s o n . 

The s u b g r a d e s o i l c o n s i s t s o f 

H . R . B . C l a s s A - 6 ( 6 ) h a v i n g a l i q u i d 
l i m i t o f a p p r o x i m a t e l y 28 a n d a 
p l a s t i c i t y i n d e x o f a p p r o x i m a t e l y 
1 2 . The S t a n d a r d A . A . S . H . O . com­
p a c t i o n was 9 6 . 6 p e r c e n t . 
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Figure 3. Average T e s t s on Subbase. 
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Figure 4. Average T e s t s on Subgrade. 




