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T H E E F F E C T OF T E M P E R A T U R E ON T H E 

BEARING V A L U E OF FROZEN SOILS 

Miles S. Kersten, j4ssociate Professor of Civil Engineering, University of Minnesota 
and 

A l l e n E. Cox, Construction Engineer, Groves, Lumfin , and Cox 

Many p r o b l e m s mus t be c o n s i d e r e d 
i n t h e c o n s t r u c t i o n o f b u i l d i n g s , 
r o a d s , r u n w a y s , and o t h e r s t r u c t u r e s 
i n r e g i o n s o f p e r m a f r o s t . One p l a n 
f o l l o w e d i n such a r e a s i s an a t t e m p t 
t o r e t a i n t h e f o u n d a t i o n s o i l i n a 
f r o z e n c o n d i t i o n , w i t h t h e i d e a t h a t 
i f s u c h i s a c c o m p l i s h e d , t h e f r o z e n 
s o i l w i l l r e m a i n f i r m and o f h i g h 
b e a r i n g v a l u e . T h i s p r a c t i c e s u g 
g e s t e d t h e s u b j e c t o f t h i s r e s e a r c h - -
I s a l l f r o z e n s o i l o f a p p r o x i m a t e l y 
e q u a l b e a r i n g v a l u e , and do t h e b e a r 
i n g c h a r a c t e r i s t i c s v a r y any w i t h 
changes i n t e m p e r a t u r e ^ 

M u l l e r , i n h i s c o l l e c t i o n o f i n 
f o r m a t i o n on p e r m a f r o 8 t ( l ) . h a s shown 
t h a t t h e p r o p e r t i e s o f i c e a r e d e 
p e n d e n t u p o n t e m p e r a t u r e , as w e l l 
as u p o n s u c h o t h e r p r o p e r t i e s as 
o r i e n t a t i o n o f i c e c r y s t a l s . B o t h 
t h e c o m p r e s s i v e s t r e n g t h a n d t h e 
s h e a r i n g s t r e n g t h o f i c e i n c r e a s e 
f o r a dec rease i n t e m p e r a t u r e . M u l l e r 
a l s o c i t e s d a t a c o n c e r n i n g t he s t r e n g t h 
o f f r o z e n s o i l s . I n g e n e r a l t h e 
p r o p e r t i e s o f f r o z e n s o i l s f o l l o w 
t he same t r e n d as i c e f o r changes i n 
t e m p e r a t u r e . T h e e f f e c t o f s o i l 
t e x t u r e a n d m o i s t u r e c o n t e n t a r e 
n o t v e r y c l e a r . 

I n t h e i n v e s t i g a t i o n r e p o r t e d 
h e r e i n , t e s t s w e r e made on f o u r 
s o i l s o f w i d e l y v a r y i n g t e x t u r e s , 
v i z . , s a n d , s a n d y l o a m , s i l t l o a m , 
and c l a y . Each s o i l was t e s t e d o v e r 
a range o f v a r y i n g m o i s t u r e c o n t e n t s 
and d e n s i t i e s . A s i m p l e p e n e t r a t i o n 
b e a r i n g t e s t was made and t e s t t e m 
p e r a t u r e s w e r e v a r i e d f r o m a b o u t -
10 F . t o above 32 F . 

SOILS TESTED 

F o u r s o i l s w e r e t e s t e d : S o i l 
P - 4 6 0 2 , F a i r b a n k s S i l t Loam, a g r a y 
s o i l f r o m t h e p e r m a f r o s t r e s e a r c h 
a r e a o f t h e C o r p s o f E n g i n e e r s a t 
F a i r b a n k s , A l a s k a ; S o i l P - 4 6 0 4 . 
L o w e l l S a n d , a m a t e r i a l f u r n i s h e d 
by t h e C o r p s o f E n g i n e e r s , New E n g 
l a n d D i v i s i o n , i s a c o h e s i o n l e s s , 
s i l i c e o u s sand f r o m a g l a c i a l o u t -
wash d e p o s i t a t S o u t h L o w e l l , Mass
a c h u s e t t s ; S o i l P - 4 7 1 3 , Ramsey bandy 
Loam, a l o c a l s o i l f r o m Ramsey C o u n t y , 
M i n n e s o t a ; and S o i l U - 4 7 0 1 , Gumbo 
C l a y , a l o c a l s o i l f r o m n e a r W o l v e r -
t o n , M i n n e s o t a . The c h a r a c t e r i s t i c s 
o f t h e s o i l s a r e shown i n T a b l e 1 . 

BEARING TEST 

The b e a r i n g t e s t c o n s i s t e d e s s e n 
t i a l l y o f p l a c i n g s o i l a t a k n o w n 
d e n s i t y a n d m o i s t u r e c o n t e n t i n a 
c y l i n d e r w i t h a t h e r m o c o u p l e , f r e e z 
i n g t h e sample tfith a v e r t i c a l s t e e l 
r o d a t t h e t o p , and f i n a l l y a p p l y i n g 
a l o a d t o t h e s t e e l r o d w h i l e r e 
c o r d i n g l o a d , p e n e t r a t i o n and t e m 
p e r a t u r e . The t e s t was a r b i t r a r i l y 
m a d e s i m i l a r t o t h e C a l i f o r n i a 
b e a r i n g - r a t i o t e s t i n t h a t speed o f 
p e n e t r a t i o n and p o i n t s o f p e n e t r a t i o n 
a t w h i c h l o a d s w e r e r e a d w e r e t h e 
same f o r b o t h t e s t s . 

F i g u r e 1 shows a c r o s s - s e c t i o n o f 
t h e t e s t c y l i n d e r . E l e v e n m o l d s 
were i n u s e . 

S o i l was m i x e d t o t h e d e s i r e d 
m o i s t u r e c o n t e n t and compac t ed i n t o 
a l l 11 molds a t t h e d e s i r e d d e n s i t y . 
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TABLE 1 

T e x t u r a l C l a s s Mechanical A n a l y s i s Modif ied 

Sand S i l t 

U . S . Bur . Corps G r a v e l 0 .05 O.OS C l a y P l a s t i 

S o i l of Chem. o f Over to to Under L i q u i d c i t y Opt. Max. 

No. & S o i l s Engrs 2.00 • 2.00 d.oos O.OOS L i m i t Index Mois t . Den 

p.4604 Med. Sand SW 0.0 100.0 0 .0 0 .0 — N P. 12.2 119.0 

P-4713 Sandy Loam CL 0 .4 S3.6 27 .5 18.5 24.6 9 .3 9 .0 127.5 

P-4602 S i l t Loam ML 0.0 7 .6 80 9 11. S 34.0 N.P . 15.5 110.0 

U-4701 C l a y CH 0 .0 9.2 37 .5 53.3 77 .0 53 .5 19.8 107.1 

* S i i e i n m i l l i m e t e r s 

R M S STEEL ROD 

I W U K D RIHO' 
FILLET mo-

•OWE BASE R.*TC 

n n a i UHER OF amcTED 
SOIL roEEP 

F i g u r e 1. C r o s s - S e c 1 1 on o f T e s t 
C y l i n d e r w i t h S a m p l e i n P l a c e 

F i g u r e 2 . B e a r i n g V a l u e - T e m p e r 
a t u r e C u r v e f o r I c e 

They were p l a c e d i n a c o l d - r o o m a t ap
p r o x i m a t e l y - l O F . f o r a b o u t 24 h o u r s . 

The b e a r i n g t e s t was made i n a 
h y d r a u l i c t e s t i n g m a c h i n e a t a head 
speed o f 0 . 0 5 i n . p e r m i n . A c y l i n 
d e r was t a k e n f r o m t h e c o l d - r o o m and 
t h e t h e r m o c o u p l e l e a d s a t t a c h e d t o 
a p o t e n t i o m e t e r . Upon c o n t a c t o f 
t h e h e a d w i t h t h e 3 / 4 i n . r o d , an 
Ames d i a l was r e a d t o d e t e r m i n e 
p e n e t r a t i o n s . L o a d s w e r e r e a d a t 
0 . 0 2 5 , 0 . 0 5 0 . 0 . 0 7 5 . 0 . 1 . 0 . 2 . 0 . 3 , 
0 . 4 , a n d 0 . 5 i n . p e n e t r a t i o n s and 
t e m p e r a t u r e s a t a b o u t t h e same i n 
t e r v a l s . Many o f t h e t e s t s were r u n 
t o o n l y a 0 . 2 i n . p e n e t r a t i o n . 

One c y l i n d e r was s u r r o u n d e d w i t h 
g r a n u l a t e d c o r k i n t h e c o l d - r o o m 
b e f o r e b e i n g t e s t e d . T h i s gave t h e 
l o w e s t t e m p e r a t u r e t e s t . Subsequent 
c y l i n d e r s were p e r m i t t e d t o warm up 
i n t h e l a b o r a t o r y a i r b e f o r e b e i n g 
t e s t e d . A t t e m p t s were made t o have 
t h e t e m p e r a t u r e s a t t h e t i m e o f t e s t 
v a r y f r o m b e l o w 0 F up t o 32 F f o r 
s e v e n o r e i g h t t e s t s , and t o h a v e 
t h e o t h e r t h r e e o r f o u r t e s t s made 
a t t e m p e r a t u r e s above 32 F . 

The t e s t r e s u l t s e l e c t e d f o r e x 
p r e s s i o n o f t h e b e a r i n g v a l u e was 
t h e u n i t l o a d a t a p e n e t r a t i o n o f 
0 . 1 i n . T h i s s e l e c t i o n was a r b i 
t r a r y , and no p a r t i c u l a r s i g n i f i c a n c e 
s h o u l d be a t t a c h e d t o t h e e x a c t n u 
m e r i c a l v a l u e s w h i c h r e s u l t . A 
max imum u n i t l o a d was u s u a l l y o b 
t a i n e d a t e i t h e r t h e 0 . 1 o r 0 . 2 i n . 
p e n e t r a t i o n . F o r c o m p a r a t i v e p u r 
p o s e s t h e b e a r i n g v a l u e as d e f i n e d 
above appea r s t o be r e a s o n a b l e . 
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9 C 1 > BO 30 « > 90 60 

F i g u r e 3 . B e a r i n g V a l u e - T e m p e r 
a t u r e C u r v e S a n d , T e s t No. 4 

D r y D e n s i t y 1 0 9 . 8 l b . p e r c u . f t . 
M o i s t . C o n t . 9 . 0 P e r c e n t 

\ e 

-« ) c 1 > H > X ) « > a 9 w 
TEMPERATIME, OEOKEt r 

F i g u r e 4 . B e a r i n g V a l u e - T e m p e r 
a t u r e C u r v e S a n d y L o a m , T e s t No . 2 

D r y D e n s i t y 1 1 6 . 3 l b . p e r c u . f t . 
M o i s t . C o n t . 9 . 6 P e - c e n t 

The t e m p e r a t u r e r e a d a t t he t i m e 
o f U . 1 i n . p e n e t r a t i o n was u s e d t o 
c o r r e l a t e t h e b e a r i n g v a l u e s w i t h 
t e m p e r a t u r e . 

From f i v e t o e i g h t m o i s t u r e - d e n 
s i t y c o n d i t i o n s were t e s t e d f o r t h e 
fo<ur s o i l s . I t was a t t e m p t e d t o 
s e l e c t t h e s e so t h a t b o t h t h e e f f e c t s 
o f m o i s t u r e v a r i a t i o n s a t a c o n s t a n t 

d r y d e n s i t y and d e n s i t y v a r i a t i o n s 
a t a c o n s t a n t m o i s t u r e c o n t e n t c o u l d 
be a s c e r t a i n e d . 

S p e c i a l t e s t s w e r e a l s o made t o 
d e t e r m i n e t h e v a r i a t i o n o f t e m p e r -
. a t u r e s i n t h e t e s t s p e c i m e n and t h e 
b e a r i n g v a l u e s f o r i c e . 

BEARING STRENGTH OF ICE 

B e a r i n g t e s t s made on i c e g a v e 
more i r r e g u l a r r e s u l t s t h a n t e s t s 
on f r o z e n s o i l s . (See F i g . 2 . ) A 
s t r a i g h t l i n e p l o t t h r o u g h z e r o 
s t r e n g t h a t 32 F seems r e a s o n a b l e . 
T h i s c u r v e i s o f i n t e r e s t f o r p u r 
poses o f c o m p a r i s o n w i t h t h e s t r e n g t h 
o f f r o z e n s o i l s . 

BEARING STRENGTH OF SOILS 

The s e r i e s o f b e a r i n g - v a l u e t e s t s 
on t h e f o u r s o i l s g i v e s a q u a l i t a t i v e 
i n d i c a t i o n o f t h e e f f e c t s o f t e m p e r 
a t u r e , t e x t u r e , m o i s t u r e c o n t e n t , 
and d e n s i t y . T y p i c a l t e s t r e s u l t s 
f o r one s e r i e s o f t e s t s on each s o i l 
a r e s h o w n i n F i g u r e s 3 t o 6 , i n 
c l u s i v e . I n any one o f t h e s e s e r i e s 
t h e s o i l s were a l l a t a p p r o x i m a t e l y 
t h e same d e n s i t y and m o i s t u r e c o n 
t e n t , t h e o n l y v a r i a b l e b e i n g t h e 
t e m p e r a t u r e a t t h e t i m e o f t h e b e a r 
i n g t e s t . F o r e a c h o f t h e s o i l s 

-U > G 1 ) CO 3( > 44 > SI > « 
TEVCRnum, OCGDEES F 

F i g u r e 5 . B e a r i n g V a l u e - T e m p e r 
a t u r e C u r v e S i l t L o a m . T e s t N o . 4 

D r y D e n s i t y 9 3 . 5 l b . p e r c u . f t . 
M o i s t . C o n t . 1 7 . 0 P e r c e n t 
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t h e r e s u l t s o f t e s t s made a b o v e 
f r e e z i n g w e r e a b o u t t h e same, and 
t h e c u r v e i s shown as a h o r i z o n t a l 
l i n e f o r t h i s t e m p e r a t u r e r a n g e . 
The t e s t s on t h e f r o z e n s o i l , how
e v e r , show a w i d e v a r i a t i o n , depend
i n g u p o n t h e t e m p e r a t u r e . B e a r i n g 
v a l u e s a t 0 F , f o r e x a m p l e , a r e as 
much as 10 t i m e s t h o s e j u s t b e l o w 
f r e e z i n g . The i n c r e a s e i n b e a r i n g 
s t r e n g t h w i t h d e c r e a s e i n t e m p e r a t u r e 
i s a p p r o x i m a t e l y a s t r a i g h t - l i n e 
r e l a t i o n s h i p w i t h some d e c r e a s e i n 
t h e r a t e o f i n c r e a s e - o f - s t r e n g t h a t 
l o w e r t e m p e r a t u r e s . 

N e a r l y a l l s e r i e s o f t e s t s gave 
c u r v e s s i m i l a r t o t h o s e o f F i g u r e s 
3 t o 6 . The c u r v e s f o r a l l s e r i e s 
o f t e s t s on e a c h s o i l a r e p l o t t e d 
i n F i g u r e s 7 t o 10 , i n c l u s i v e . I n 
F i g u r e 7 , f o r e x a m p l e , t h e f i v e 
s e r i e s o f t e s t s on t h e sand s o i l a r e 
s h o w n . The i n d i v i d u a l t e s t p o i n t s 
a r e n o t s h o w n . A s t u d y o f t h e s e 
c u r v e s , t o g e t h e r w i t h t h e m o i s t u r e 
c o n t e n t s and d e n s i t i e s , g i v e s an 
i n d i c a t i o n o f t h e e f f e c t o f t h e 
v a r i a b l e s under c o n s i d e r a t i o n . 

The p o i n t a t w h i c h t h e s t r e n g t h 
c u r v e s f o r t h e t e m p e r a t u r e r a n g e s 
above and b e l o w f r e e z i n g i n t e r s e c t 
I S o f i n t e r e s t . For t h e sand ( F i g . 7 ) , 
t h i s i s , i n g e n e r a l , be tween 3 1 and 
32 F , f o r t h e s a n d y l o a m ( F i g . 8 ) , 
somewhat v a r i a b l e b u t on t h e ave rage 
a b o u t 31F; f o r t h e s i l t loam ( F i g . 9 ) , 
3 1 t o 32 F; b u t f o r t h e c l a y ( F i g . 1 0 ) , 
s e v e r a l o f t he p o i n t s a re be low 30 F , 
and t h e average i s a b o u t 29 F . T h i s 
v a l u e f o r t he c l a y may be t he r e s u l t 
o f a d e p r e s s e d f r e e z i n g - p o i n t f o r a 
f i n e - g r a i n e d s o i l , as has been d i s 
c u s s e d by Bouyoucos , W i n t e r m e y e r , 
and o t h e r s . F r o m a p p e a r a n c e t h e 
c l a y seemed t o be f r o z e n u p t o a 
t e m p e r a t u r e o f 32 F , b u t c u r v e s such 
as t h o s e o f F i g u r e s 6 o r 10 i n d i c a t e 
t h a t n o g a i n i n s t r e n g t h r e s u l t s 
f r o m f r e e z i n g u n t i l a t e m p e r a t u r e o f 
l e s s t h a n 28 t o 30 F i s r e a c h e d . 

The e f f e c t o f t h e d r y d e n s i t y o f 
a f r o z e n s o i l on i t s b e a r i n g v a l u e 
may be i l l u s t r a t e d by a s t u d y o f t h e 
s t r e n g t h c u r v e s f o r t h e s a n d . F i g u r e 

tioai 

F i g u r e 6 . B e a r i n g V a l u e - T e m p e r 
a t u r e C u r v e C l a y T e s t No. 8 

D r y D e n s i t y 1 0 1 . 9 l b . p e r c u . f t . 
M o i s t . C o n t . 2 0 . 2 P e r c e n t 

7 . T e s t s e r i e s 2 and 4 are a t a b o u t 
t h e same m o i s t u r e c o n t e n t ( 9 . 3 4 and 
9 . 0 0 p e r c e n t ) b u t w i d e l y d i f f e r e n t 
d e n s i t i e s ( 9 4 . 7 and 1 0 9 . 8 l b s p e r 
cu f t ) . The h i g h - d e n s i t y s o i l has a 
much g r e a t e r s t r e n g t h ( C u r v e 4 ) t h a n 
t h e l o w - d e n s i t y s o i l (Curve 2 ) . S i m 
i l a r r e l a t i o n s h i p s can be n o t e d on 
F i g u r e s 8 , 9 , and 1 0 . On F i g u r e 8 , 
t h r e e s e r i e s o f t e s t s on t h e s a n d y 
loam a t 9 - p l u s p e r c e n t m o i s t u r e c o n 
t e n t and a t 1 1 6 . 3 , 1 2 0 . 9 , and 1 2 5 . 2 
1 b s - p e r - c u - f t . d e n s i t i e s show, i n 
g e n e r a l , an i n c r e a s i n g s t r e n g t h . 

T h e e f f e c t o f a v a r i a t i o n i n 
m o i s t u r e c o n t e n t w i t h an a p p r o x i 
m a t e l y u n i f o r m d r y d e n s i t y c a n be 
s t u d i e d i n a s i m i l a r m a n n e r . F o r 

TOrainUIE, KOSES F 

F i g u r e 7 . Summary o f B e a r i n g V a l u e -
T e m p e r a t u r e C u r v e s S a n d 
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e x a m p l e , on t h e sand s o i l . F i g u r e 7 , 
t e s t s e r i e s 4 , 1 , and 5 a r e w i t h i n 
3 l b s . p e r . c u . f t . o f t h e same d e n 
s i t y w i t h m o i s t u r e c o n t e n t s o f 9 . 0 0 , 
1 1 . 7 8 , and 1 4 . 5 5 p e r c e n t . I n t h e 
f r o z e n r a n g e , t h e b e a r i n g s t r e n g t h 
shows an i n c r e a s e w i t h t h i s i n c r e a s e 
i n m o i s t u r e . T h e s i l t - l o a m s o i l 
( F i g . 9 ) shows a s i m i l a r i n c r e a s e 
f o r t e s t s e r i e s 5, 3 , and 1 , w h i c h 
have m o i s t u r e c o n t e n t s o f 9 . U 8 , 16. 55 , 
and 2 2 . 6 2 p e r c e n t f o r a d e n s i t y o f 
a b o u t 1 0 1 l b . p e r . c u . f t . T h e 
s a n d y l o a m a n d c l a y s o i l s do n o t 
show such d i s t i n c t i n c r e a s e s . 

The b e a r i n g v a l u e o f f r o z e n s o i l 
i s a p p a r e n t l y a l s o dependen t upon 
the t e x t u r e o f a s o i l . (See F i g . 1 1 . ) 
The b e a r i n g - v a l u e t e m p e r a t u r e c u r v e s 
f o r e a c h s o i l a t t h e m o i s t u r e - d e n 
s i t y t e s t c o n d i t i o n c l o s e s t t o t h e 
m o d i f i e d o p t i m u m m o i s t u r e c o n t e n t 
and maximum d e n s i t y have been p l o t t e d 
t o g e t h e r w i t h t h e c u r v e f o r i c e as 
shown i n F i g u r e 2 . I t w i l l be n o t e d 
t h a t t h e o r d e r o f s o i l s f r o m l o w e s t 
t o h i g h e s t s t r e n g t h i s c l a y , s i l t 
l o a m , s a n d y l o a m , and s a n d . T h i s 
i s t h e o r d e r w h i c h m i g h t be e x p e c t e d 
a c c o r d i n g t o t h e n o r m a l b e a r i n g 
c h a r a c t e r i s t i c s o f t h e s e s o i l s . The 
s t r e n g t h o f t h e f r o z e n c l a y i s a p p r e -
c i a b l y l e s s t h a n t h a t o f t h e i c e ; 
t h a t o f t h e s i l t loam and sandy loam 
i s a p p r o x i m a t e l y t h e same as i c e ; 
and t h a t o f t h e sand i s two o r more 

F i g u r e 9 . Summary o f B e a r i n g V a l u e -
T e m p e r a t u r e C u r v e s S i l t Loam 

t i m e s g r e a t e r t h a n i c e . The s t r e n g t h 
o f t h e s a n d i n t h e u n f r o z e n s t a t e 
i s l o w b e c a u s e o f t h e l a c k o f any 
a p p r e c i a b l e s u r c h a r g e i n t h e b e a r i n g 
t e s t as r u n . 

V A R I A T I O N OF TEMPERATURE W I T H I N 
SPECIMEN 

I t i s r e a l i z e d t h a t i n t h e t e s t 
m e t h o d f o l l o w e d t h e t e m p e r a t u r e o f 
t h e s o i l was c h a n g i n g as t h e p e n e 
t r a t i o n t e s t was i n p r o g r e s s a n d 
t h a t t h e t e m p e r a t u r e was n o t u n i 
f o r m t h r o u g h o u t t h e s o i l s p e c i m e n . 
F o r t e s t s made a t l o w t e m p e r a t u r e s 
( 0 F , p l u s o r m i n u s ) , t h e t e m p e r 
a t u r e , as measu red a t t h e c e n t e r o f 
t h e s o i l s p e c i m e n , m i g h t change as 
much as 5 t o 10 d e g r e e s d u r i n g t h e 

F i g u r e 8 . Summary o f B e a r i n g V a l u e -
T e m p e r a t u r e C u r v e s S a n d y Loam 
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F i g u r e 1 1 . B e a r i n g V a l u e - T e m p e r 
a t u r e C u r v e s 

S o i l A p p r o x i m a t e l y a t M o d i f i e d 
O p t i m u m M o i s t u r e C o n t e n t a n d M a x 

imum D e n s i t y 

a t t a i n m e n t o f 0 . 1 i n . p e n e t r a t i o n . 
F o r t e s t s j u s t b e l o w t h e f r e e z i n g 
p o i n t t h e r a t e o f t e m p e r a t u r e change 
was much s l o w e r . 

Some s p e c i a l t e s t s were made w i t h 
f i v e o r s i x t h e r m o c o u p l e s p l a c e d m 
t h e s p e c i m e n a t v a r i o u s d e p t h s . 
T h e r m o c o u p l e s i n a c t u a l c o n t a c t w i t h 
t h e base p l a t e o r t h e 3 / 4 - i n . r o d 
gave h i g h e r t e m p e r a t u r e s t h a n t h o s e 
n o t i n c o n t a c t w i t h t h e m e t a l ; t h e 
d i f f e r e n c e was i n t h e n a t u r e o f 10 
d e g r e e s . T h e r m o c o u p l e s w i t h i n t h e 
s o i l and more t h a n 1/8 i n . f r o m t h e 
m e t a l b o t t o m o r p l u n g e r showed v a r i 
a t i o n s i n t h e n e i g h b o r h o o d o f 5 
d e g r e e s . Such t e s t s s u g g e s t t h a t 
t h e e x a c t t e m p e r a t u r e s g i v e n i n t h e 
v a r i o u s g r a p h s s h o u l d be c o n s i d e r e d 
o n l y as a p p r o x i m a t e . The d e p t h o f 
s o i l b e n e a t h t h e p l u n g e r , w h i c h 
c o n t r o l s t h e p e n e t r a t i o n , i s n o t 
k n o w n . W h a t e v e r t h i s d e p t h m i g h t 
be t h e r e w o u l d be some t e m p e r a t u r e 

v a r i a t i o n w i t h i n i t ; e x a c t d e t e r 
m i n a t i o n o f an a v e r a g e w o u l d be 
d i f f i c u l t . The q u a l i t a t i v e n a t u r e 
o f t h e g r a p h s i s s t i l l h e l d t o be 
e s s e n t i a l l y c o r r e c t . M o r e e x a c t 
t e m p e r a t u r e c o n t r o l and measurement 
m i g h t r e s u l t i n a s h i f t i n g o f s u c h 
c u r v e s as shown i n F i g u r e s 3 t o 10 
t o t h e r i g h t o r l e f t , b u t t h e i r 
g e n e r a l f o r m w o u l d n o t change . 

SUMMARY AND CONCLUSIONS 

An a r b i t r a r y t e s t p r o c e d u r e has 
b e e n d e v e l o p e d a n d t e s t s o n f o u r 
d i f f e r e n t s o i l s a t a w i d e r a n g e o f 
m o i s t u r e c o n t e n t s and d e n s i t i e s have 
been made a t t e m p e r a t u r e s f r o m a b o u t 
0 F t o above 32 F . The t e s t was a 
p e n e t r a t i o n t y p e s i m i l a r i n c h a r a c t e r 
t o t h e C a l i f o r n i a b e a r i n g - r a t i o t e s t 
b u t u s i n g much s m a l l e r e q u i p m e n t . 

T h e s o i l s t e s t e d c o v e r a w i d e 
t e x t u r a l r a n g e , v i z . , s a n d , s a n d y 
l o a m , s i l t l o a m , a n d c l a y . T h e 
f o l l o w i n g c o n c l u s i o n s seem w a r r a n t e d : 

1 . The t e s t p r o c e d u r e was s u f 
f i c i e n t t o p o r t r a y t h e e f f e c t s o f 
d i f f e r e n c e s i n d e n s i t y , m o i s t u r e 
c o n t e n t , s o i l t e x t u r e and t e m p e r 
a t u r e on s t a b i l i t y . The n u m e r i c a l 
v a l u e s o f t h e b e a r i n g v a l u e a r e f o r 
c o m p a r a t i v e p u r p o s e s o n l y and a r e 
n o t c o n s i d e r e d d i r e c t l y a p p l i c a b l e 
t o o t h e r c o n d i t i o n s . 

2 . The b e a r i n g p o w e r o f f r o z e n 
s o i l s v a r i e s m a r k e d l y w i t h t h e i r 
t e m p e r a t u r e . The b e a r i n g v a l u e i n 
c r e a s e s as t h e t e m p e r a t u r e dec rea se s 
b e l o w a p p r o x i m a t e l y 3 2 F . T h e 
s t r e n g t h a t 0 F may be s e v e r a l t i m e s 
t h a t a t 30 F . 

3 . The b e a r i n g power o f a f r o z e n 
s o i l a t a g i v e n m o i s t u r e c o n t e n t and 
t e m p e r a t u r e i n c r e a s e s w i t h an i n 
c r e a s e i n d e n s i t y . 

4 . The b e a r i n g power o f a f r o z e n 
s o i l a t a g i v e n t e m p e r a t u r e and d r y 
d e n s i t y i n c r e a s e s , i n g e n e r a l , w i t h 
an i n c r e a s e i n m o i s t u r e c o n t e n t . 
F o r t h a w e d s o i l s an i n c r e a s e i n 
m o i s t u r e c o n t e n t r e s u l t s i n a d e 
c r e a s e i n b e a r i n g v a l u e . 



38 

5 . The b e a r i n g power o f f r o z e n 
s o i l s may v a r y c o n s i d e r a b l y a c c o r d 
i n g t o t h e i r t e x t u r e . The o r d e r o f 
s t r e n g t h s o f t h e f o u r f r o z e n s o i l s 
t e s t e d i n t h i s p r o g r a m f r o m l e a s t 
t o g r e a t e s t was c l a y , s i l t l o a m , 
s a n d y l o a m , and s a n d . The b e a r i n g 
s t r e n g t h o f i c e as c o m p a r e d t o t h e 
s o i l s was g r e a t e r t h a n t h e c l a y , 
a b o u t t h e same as t h e s i l t loam and 
sandy l o a m , and l e s s t h a n t h e s a n d . 
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