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NATIONAL RESEARCH COUNCIL 

The N a t i o n a l Research C o u n c i l i s a c o o p e r a t i v e o r g a n i z a t i o n o f 
the s c i e n t i f i c men o f America. I t s members i n c l u d e , however, n o t o n l y 
s c i e n t i f i c and t e c h n i c a l men b u t a l s o b u s i n e s s men i n t e r e s t e d i n 
e n g i n e e r i n g and i n d u s t r y . I t was e s t a b l i s h e d i n 1916 by t h e N a t i o n a l 
Academy o f S c i e n c e s . . 

The c h a r t e r o f t h e N a t i o n a l Academy o f S c i e n c e s p a s s e d by 
C o n g r e s s and a p p r o v e d by P r e s i d e n t L i n c o l n i n 1863 p r o v i d e s t h a t 
" t h e Academy s h a l l , whenever c a l l e d upon by any D e p a r t m e n t o f t h e 
Gov e r n m e n t , i n v e s t i g a t e , e x a m i n e , e x p e r i m e n t and r e p o r t upon any 
s u b j e c t o f s c i e n c e o r a r t . " 

HIGHWAY RESEARCH BOARD 

The Highway Rese a r c h Board i s o r g a n i z e d under t h e a u s p i c e s o f 
t h e D i v i s i o n o f E n g i n e e r i n g and I n d u s t r i a l R e s e a r c h o f t h e N a t i o n a l 
Research C o u n c i l . I t s purpose i s t o p r o v i d e a n a t i o n a l c l e a r i n g house 
f o r h i g h w a y r e s e a r c h a c t i v i t i e s and i n f o r m a t i o n . The membership 
c o n s i s t s o f 36 e d u c a t i o n a l , t e c h n i c a l and i n d u s t r i a l a s s o c i a t i o n s o f 
n a t i o n a l scope. A s s o c i a t e s o f t h e Board a r e f i r m s , c o r p o r a t i o n s and 
i n d i v i d u a l s who a r e i n t e r e s t e d i n highway r e s e a r c h and who d e s i r e t o 
f u r t h e r i t s work. 

I n i t s p r a c t i c a l w o r k i n g s t h e B o a r d p r o v i d e s a fo r u m f o r t h e 
d i s c u s s i o n and p u b l i c a t i o n o f t h e r e s u l t s o b t a i n e d by i n d i v i d u a l 
r e s e a r c h w o r k e r s ; o r g a n i z e s committees o f e x p e r t s t o p l a n and suggest 
r e s e a r c h work and t o s t u d y and c o r r e l a t e r e s u l t s ; p u b l i s h e s and 
o t h e r w i s e d i s s e m i n a t e s i n f o r m a t i o n ; p r o v i d e s a r e s e a r c h i n f o r m a t i o n 
s e r v i c e ; and c a r r i e s on f a c t f i n d i n g i n v e s t i g a t i o n s . W i t h t h e 
c o o p e r a t i o n o f t h e highway d e p a r t m e n t s o f t h e S t a t e s and T e r r i t o r i e s 
and t h e P u b l i c Roads A d m i n i s t r a t i o n , t h e H i g h w a y R e s e a r c h B o a r d 
c o n d u c t s a Highway Research C o r r e l a t i o n S e r v i c e . I t i s t h e f u n c t i o n 
o f t h i s S e r v i c e t o a i d t h e many highway r e s e a r c h a g e n c i e s t o c o r r e l a t e 
t h e i r w o r k t h r o u g h p e r s o n a l v i s i t s , c o n f e r e n c e s , c o m m i t t e e w o r k , 
and d i s t r i b u t i o n o f p e r t i n e n t i n f o r m a t i o n . 
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AIRPORT RUNWAY EVALUATION I N CANADA 

BY 

NORMAN W. McLEOD, £ngincering C o n s u l t a n t , 
Department of Transport, Ottawa, Canada 

SYNOPSIS 

This paper o u t l i n e s the r e s u l t s of an i n v e s t i g a t i o n of the runways at a number 
of Canada's p r i n c i p a l a i r p o r t s , which was conducted by the Department of Transport 
during 1945 and 1946. The program o f - t e s t i n g included: a pedological s o i l survey 
and the preparation of a pedological s o i l map for each a i r p o r t s i t e ; f i e l d moisture 
and density t e s t s i n place on the base course and-on each 6-in. l a y e r of the upper 
18 to 24 i n . of the subgrade; s e c u r i n g large d i s t u r b e d samples of base course'and 
of each l a y e r of subgrade for p h y s i c a l and compaction t e s t s i n the laboratory, and 
undisturbed samples for CBR (both f i e l d and soaked c o n d i t i o n ) , t r i a x i a l compression, 
s h e a r , and c o n s o l i d a t i o n t e s t s ; cone b e a r i n g and Housel penetrometer t e s t s on 
l a y e r s of subgrade in the f i e l d ; p l a t e bearing t e s t s ( r e p e t i t i v e ) on subgrade, base 
course, and s u r f a c e , to determine the load supporting values of the runways, and 
to obtain information required for the design of e i t h e r r i g i d or f l e x i b l e pavements. 

C o r r e l a t i o n of the pedological s o i l map with load t e s t data, demonstrates the 
connections between s o i l types and s o i l engineering p r o p e r t i e s . 

The f i e l d moisture and dens i t y data i n d i c a L e that s a t u r a t i o n of the subgrade 
occurred a t r e l a t i v e l y few t e s t l o c a t i o n s . 

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 for u n i t load versus ^ r a t i o , a p p l i e s to p l a t e 
diameters over a range of 12 to 42 i n . and probably beyond. 

U s e f u l c o r r e l a t i o n s are i n d i c a t e d by means of which l i m i t e d load t e s t data 
for a s i n g l e bearing p l a t e can be extrapolated to other bearing p l a t e s i z e s between 
12 and 42 i n . i n diameter, and to any d e f l e c t i o n over the range of at l e a s t 0 to 0.7 i n . 

Base course support per u n i t of thi c k n e s s may be g e n e r a l l y independent of the 
composition of granular base course m a t e r i a l s , but i t appears to be inf l u e n c e d by 
base course density. 

Bituminous s u r f a c e s seem to have greater load supporting c a p a c i t y per u n i t of 
t h i c k n e s s than do g r a n u l a r bases. The r a t i o appears to vary from about l . S for 
those made with l i q u i d a s p h a l t and s o f t a s p h a l t cement, e t c . , b i n d e r s , to about 
2.5 f o r w e l l designed and c o n s t r u c t e d a s p h a l t c o n c r e t e , p e n e t r a t i o n macadam, 
and sheet asphalt. 

A method for designing bituminous paving mixtures by the t r i a x i a l compression 
t e s t I S o u t l i n e d . 

The i n f l u e n c e of r e p e t i t i v e l o a d i n g and bea r i n g p l a t e s i z e on the value of 
the subgrade modulus k i s shown. 

The load t e s t data i n d i c a t e that the supporting value of a given t h i c k n e s s of 
granular base at any s p e c i f i e d d e f l e c t i o n depends d i r e c t l y upon the degree of sub-
grade support, and t h i s leads to a method of design for obtaining the thickness of 
p r e s e n t e d at the 26th Annual Meeting of the Highway Research Boar^ Dec S to 8, 1946. 



DEPARTMENT OF DESIGN 

granular base reiiuxred for snpportiag »heel loads of any magnitude. 
Charts of t h i c k n e s s design curves for a wide range of wheel loads have been 

prepared to i n d i c a t e the required thickness of granular base for runways, for t a x i -
ways, aprons, and turnarounds,and for highways, based upon p l a t e bearing t e s t s , and 
upon cone bearing, Houael penetrometer, f i e l d CBR, and t r i a x i a l compression t e s t s . 

General equations of design for required thickness of f l e x i b l e pavements have 
been developed, based upon subgrade support, base course support per u n i t of t h i c k 
ness of base, and applied wheel load. 

T h i s paper o u t l i n e s t h e r e s u l t s 
o b t a i n e d f r o m an i n v e s t i g a t i o n o f 
th e runways a t a number o f Canada's' 
p r i n c i p a l a i r p o r t s , w h i c h has been 
c o n d u c t e d by t h e D e p a r t m e n t o f 
T r a n s p o r t d u r i n g 194S and 1946, and 
d e s c r i b e s t h e t e s t p r o c e d u r e s 
employed. W i t h v e r y few e x c e p t i o n s , 
t h e Department o f T r a n s p o r t has been 
r e s p o n s i b l e f o r t h e c o n s t r u c t i o n 
o f a l l a i r p o r t s i n Canada. 

The o b j e c t i v e s o f t h i s i n v e s t i 
g a t i o n were: 

1 . To d e t e r m i n e 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 e x i s t i n g r u n 
ways by means o f p l a t e b e a r i n g t e s t s 
( r e p e t i t i v e ) . 

2. To o b t a i n t e s t d a t a t h a t 
c o u l d be employed f o r t h e d e s i g n o f 
e i t h e r r i g i d o r f l e x i b l e pavements, 
b y means o f r e p e t i t i v e l o a d t e s t s 
on subgrade,base c o u r s e , and s u r f a c e . 

3. To a s c e r t a i n t h e f i e l d 
m o i s t u r e and d e n s i t y o f t h e base 
c o u r s e and s u b g r a d e a t e a c h t e s t 
l o c a t i o n . 

4. To c o n d u c t c e r t a i n s i m p l e 
f i e l d t e s t s on t h e s u b g r a d e , such 
as cone b e a r i n g , Housel p e n e t r o m e t e r , 
and CBR, w h i c h m i g h t be c o r r e l a t e d 
w i t h p l a t e b e a r i n g t e s t r e s u l t s . 
Load t e s t i n g i s c o s t l y , t h e e q u i p 
ment i s cumbersome t o move from one 
a i r p o r t s i t e t o a n o t h e r , a n d i t 
p r o v i d e s a q u e s t i o n a b l e b a s i s o f 
d e s i g n f o r new s i t e s where e q u i l i 
b r i u m subgrade m o i s t u r e and d e n s i t y 
c o n d i t i o n s do n o t e x i s t . I f i t 
c o u l d be d o n e w i t h r e a s o n a b l e 
a c c u r a c y , t h e s u b s t i t u t i o n o f «ne 
o r more o f t h e s e s i m p l e t e s t s f o r 
t h e l o a d t e s t , w o u l d be o f con-, 
s i d e r a b l e p r a c t i c a l v a l u e . 

5. To s e c u r e l a r g e d i s t u r b e d 

s amples o f base c o u r s e , s u b - b ase, 
and s u b g r a d e , on w h i c h t h e u s u a l 
p h y s i c a l t e s t s , m e c h a n i c a l a n a l y s i s , 
and c o m p a c t i o n t e s t s c o u l d be made, 
and u n d i s t u r b e d samples o f the sub-
grade f o r CBR ( b o t h f i e l d and soaked 
c o n d i t i o n s ) , t r i a x i a l c o m p r e s s i o n , 
s h e a r , and c o n s o l i d a t i o n t e s t s . 

6. To p r e p a r e s o i l maps f o r 
eac h a i r p o r t , b a s ed upon t h e pedo-
l o g i c a l system o f s o i l c l a s s i f i c a t i o n 
a n d t o c o r r e l a t e s o i l t y p e w i t h 
l o a d t e s t d a t a , i f p o s s i b l e . 

7. Upon t h e b a s i s o f p l a t e 
b e a r i n g l o a d t e s t d a t a , t o e s t a b l i s h 
a n ' e q u a t i o n o r s e t o f c u r v e s f o r 
r e q u i r e d t h i c k n e s s , w h i c h c o u l d be 
employed w i t h r e a s o n a b l e c o n f i d e n c e 
f o r the d e s i g n o f f l e x i b l e pavements 
t o s u p p o r t a i r p l a n e wheel l o a d i n g s 
o f any magn i t u d e . 

I n v i e w o f t h e q u a n t i t a t i v e 
d e s i g n r e c o m m e n d a t i o n s f o r t h i c k 
ness o f f l e x i b l e pavements f o r a i r 
p o r t r u n w a y s , w h i c h h a v e b e e n 
advanced by t h e C i v i l A e r o n a u t i c s 
A d m i n i s t r a t i o n , U n i t e d S t a t e s Corps 
o f E n g i n e e r s , P u b l i c Roads A d m i n i 
s t r a t i o n , and o t h e r o r g a n i z a t i o n s 
and a u t h o r i t i e s i n t h e U.S.A. i n 
r e c e n t y e a r s , o f t e n a f t e r l a r g e 
e x p e n d i t u r e s f o r c o m p r e h e n s i v e i n 
v e s t i g a t i o n s , i t m i g h t be c o n s i d e r e d 
t h a t Item 7 o f t h e o b j e c t i v e s l i s t e d 
a b o v e , r e p r e s e n t s an u n n e c e s s a r y 
d u p l i c a t i o n o f e f f o r t on our p a r t . 

C a n a d i a n h i g h w a y and a i r p o r t 
e n g i n e e r s g r e a t l y a p p r e c i a t e t h e 
tremendous amount o f p a s t and c u r r e n t 
i n v e s t i g a t i o n a l w o r k p e r f o r m e d on 
a l l phases o f pavement d e s i g n and 
c o n s t r u c t i o n by v a r i o u s U n i t e d S t a t e s 
o r g a n i z a t i o n s , a nd t h e v a l u a b l e 
r e s u l t s t h a t have been made a v a i l -
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a b l e . However, on the b a s i s of 
t h e i r , own e x p e r i e n c e d u r i n g the 
p a s t t e n y e a r s , the e n g i n e e r s of 
Canada's Department of T r a n s p o r t 
are f i r m l y c o n v i n c e d t h a t some of 
the t h i c k n e s s data for a i r p o r t run
ways bein g advocated i n the U.S.A. 
a t the present time are u n n e c e s a r i l y 
c o n s e r v a t i v e . F u r t h e r m o r e , they 
b e l i e v e t h a t they have s u f f i c i e n t 
t r a f f i c d a t a of t h e i r own on which 
to base a r e a s o n a b l e o p i n i o n con
c e r n i n g the adequacy of any suggested 
runway design. 

D o r v a l a i r p o r t a t M o n t r e a l i s 
one o f the hubs o f a i r t r a n s p o r t 
between North America and Europe, 
and was u s e d q u i t e e x t e n s i v e l y 
d u r i n g the war f o r the f e r r y i n g of 
f o u r - m o t o r e d a i r c r a f t from t h i s 
c o n t i n e n t to B r i t a i n . 

The o v e r a l l t h i c k n e s s of f l e x i b l e 
s u r f a c e , base c o u r s e , and sub-base 
a t D o r v a l , i s abou t 14 i n . The 
c l a y s ungrade has an a v e r a g e CBR 
r a t i n g of 3, a f t e r the samples have 
b e e n s u b j e c t e d t o t h e s t a n d a r d 
soaking t e s t . I n wi n t e r , the f r o s t 
p e n e t r a t i o n i s s e v e r a l f e e t . Based 
upon t h i s i n f o r m a t i o n , the runways 
a t D o r v a l w o u l d be c o n s i d e r e d 
unsafe f or c a p a c i t y o p e r a t i o n s f o r 
wheel loadings exceeding the follow
i n g v a l u e s f o r the d e s i g n c r i t e r i a 
o f the r e s p e c t i v e o r g a n i z a t i o n s ; 

5,000 pounds for USED (1) ^ 
7,500 " " CAA (2) 
10.000 " - PRA (3) 

By a c t u a l t r a f f i c c o u n t a t 
Dorval from Jan, 1942 u n t i l Oct. 1946, 
the o p e r a t i o n s by a i r c r a f t of the 
g r o s s l o a d i n g s i n d i c a t e d were as 
f o l l o w s : ( e a c h t a k e - o f f or e a c h 
l a n d i n g i s counted as one o p e r a t i o n ) 
No. of Operations Airplane Weight -

l b 
Over 200,000 25,000 or more 

•• 83,000 50,000 " " 
19,000 65,000 " " 

I n one day, r e c e n t l y , t h e r e were 

2l t a l i c i x e d figures in parentheses refer 
to l i s t of r e f e r e n c e s at the end of 
the paper. 

77 o p e r a t i o n s by C o n s t e l l a t i o n s , 
which weigh from 80,000 to 90,000 l b . 

The f i e l d CBR value ( f i e l d con
d i t i o n and unsoaked) f o r the sub-
grade under the runways a t D o r v a l , 
ranges from 2.7 to 4.9, and a v e r 
ages 3.9. 

The D i s t r i c t Airway E n g i n e e r a t 
Montreal, Mr. John Curzon, r e p o r t s 
t h a t a t no time s i n c e the a i r p o r t 
went i n t o o p e r a t i o n during the w i n t e r 
of 1941-42, has t r a f f i c been delayed 
because of poor runway c o n d i t i o n , 
e ven d u r i n g the s p r i n g b reak-up. 

I f the runways of Dorval a i r p o r t 
had been d e s i g n e d on the b a s i s of 
the soaked CBR r a t i n g of the subgrade, 
the USED de s i g n chart^s i n d i c a t e t h a t 
an o v e r a l l t h i c k n e s s of sub-base, 
base course,and pavement, of approxi
mately 30 to 35 i n . would have been 
r e q u i r e d to support the wheel load
ings which i t has been c a r r y i n g with 
i t s p r esent t h i c k n e s s of 14 i n . 

The Department o f T r a n s p o r t ' s 
e x p e r i e n c e a t Dorval can be v e r i f i e d 
by t h a t a t many o t h e r a i r p o r t s i n 
Canada. I n T a b l e 1 below, c e r t a i n 
d e s c r i p t i v e c h a r a c t e r i s t i c s and 
t r a f f i c i n f o r m a t i o n a r e summarized 
fo r Mai ton A i r p o r t a t Toronto, Stev
enson F i e l d a t Winnipeg, and the a i r 
p o r t a t L e t h b r i d g e , A l b e r t a , which 
are among Canada's b u s i e r a i r f i e l d s . 

For Toronto and Winnipeg a i r p o r t s , 
the t o t a l number of o p e r a t i o n s of 
pl a n e s weighing 7500 l b or more i s 
c o r r e c t as shown. Because of the 
manner I n w h i c h the t r a f f i c d a t a 
were recorded, i t has been n e c e s s a r y 
to break t h i s i n f o r m a t i o n down i n 
t e r m s o f a i r p l a n e s o f d i f f e r e n t 
weight c a t e g o r i e s , on the b a s i s of 
t h e i n f o r m e d e s t i m a t e s o f t h e 
t r a f f i c c o n t r o l tower o p e r a t o r s . 
However, from f l i g h t s c h e d u l e s , and 
the i n t i m a t e knowledge of the con
t r o l tower o p e r a t o r s , i t i s b e l i e v e d 
t h a t the breakdown of t r a f f i c d a t a 
g i v e n i n T a b l e 1 f o r T o r o n t o and 
W i n n i p e g a i r p o r t s i s r e a s o n a b l y 
c o r r e c t . T a b l e 1 i n d i c a t e s t h a t 
the runways at these three a i r p o r t s 
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TABLE 1 

TOAFFIC DATA TOR TORONTO, WINNIPEG AND LETOBRIDGE AIBPOTTS 
JAN 1. 1941 TO OCT 31, 1946 

O v e r a l l 
Thickness 
Pavement 

A i r p o r t and Base 

Average 
CBR 

Value 
Soaked 

Subgrade 
Samples 

Wheel 
Load 

Rating 
USED 

Design 
Curves 

7.500 
l b 

Actual T r a f f i c Data to 
Nearest F u l l Thousand. 

Number of Operations of A i r c r a f t 
Weighing More Than 

15,000 25,000 50,000 64.000 
lb l b l b lb 

Toronto 8 to 10 

Winnipeg 8 - 2 rwys. 
14 - 1 rwy. 

Leth-
bridge" 6 to 8 

3.5 , 2000 293.000 73,000 38,000 
(approx) 

3.3 2000 310,000 87.000 19,000 
5000 

4.6 2000 227,000 34,000 4,000 

3,400 3,000 

s e v e r a l 
hundred 

s e v e r a l 
hundred 

" T r a f f i c data for period Jan 1, 1942-to Oct 

have been s u p p o r t i n g a i r p l a n e wheel 
l o a d i n g s w h i c h e x c e e d by s e v e r a l 
t i m e s t h e i r r a t e d s a f e l o a d i n g ac
c o r d i n g t o some c u r r e n t U.S. d e s i g n s . 

A t a l a r g e number o f Canada's 
o t h e r a i r p o r t s , t h e CBR r a t i n g o f 
soaked samples o f t h e subg r a d e i s , 
or w o u l d be, a b o u t 3 t o 4, and t h e 
o v e r a l l t h i c k n e s s o f f l e x i b l e s u r 
f a c e and base i s o n l y f r o m 6 t o 10 i n . 
W h i l e a c c o r d i n g t o some U.S. d e s i g n s 
t h e s e runways a r e c a p a b l e o f c a r r y 
i n g wheel l o a d s o f l e s s t h a n 5,000 l b , 
a number o f them have c a r r i e d l i m i t e d 
t r a f f i c by f o u r - m o t o r e d a i r p l a n e s 
w i t h w h e e l l o a d i n g s o f 25,000 t o 
30,000 l b or more. 

I n s p i t e o f t h e comparisons w h i c h 
have j u s t been made, i t was r e a l i z e d 
t h a t t h e r e l a t i v e l y ( h i n base and 
s u r f a c e on t h e r u n w a y s a t many 
C a n a d i a n a i r p o r t s p r o b a b l y c o u l d 
n o t w i t h s t a n d h i g h l y c o n c e n t r a t e d 
t r a f f i c by 4-motored a i r c r a f t . A t 
t h e same t i m e , C a n a d i a n e n g i n e e r s 
b e l i e v e as a r e s u l t o f t h e i r own 
e x p e r i e n c e , t h a t t h e t h i n pavements 
on th e s e runways have a c o n s i d e r a b l y 
g r e a t e r l o a d c a r r y i n g c a p a c i t y t h a n 
t h e i r r a t i n g a c c o r d i n g t o s e v e r a l 
c u r r e n t U.S. d e s i g n s w o u l d i n d i c a t e . 

31, 1946. 
I n p a r t i c u l a r , i t was f e l t t h a t a 
d e s i g n based on t h e CBR r a t i n g o f 
soake d s u b g r a d e samples c o u l d n o t 
o r d i n a r i l y be j u s t i f i e d f o r a i r p o r t 
runway c o n s t r u c t i o n i n Canada. I t 
was because o f t h e i r c o n v i c t i o n on 
t h i s m a t t e r o f d e s i g n , t h a t t h e 
p r i n c i p a l e n g i n e e r s o f t h e D e p a r t 
ment o f T r a n s p o r t t o o k t h e n e c e s s a r y 
s t e p s t o have t h e c u r r e n t i n v e s t i 
g a t i o n u n d e r t a k e n i n t h e e a r l y s p r i n g 
o f 1945. 

I t i s emphasized t h a t i n s t a r t i n g 
t h i s program o f runway t e s t i n g , t h e 
D e p a r t m e n - t o f T r a n s p o r t h a d no 
t h e o r i e s o f pavement d e s i g n o f i t s 
own t o e i t h e r p r o v e o r d i s p r o v e . 
The p r i n c i p a l o b j e c t i v e was t o ob
t a i n t h e n e c e s s a r y t e s t d a t a , and 
l e t t h i s i n f o r m a t i o n speak f o r i t 
s e l f . T h i s p r i n c i p a l h a s b e e n 
f o l l o w e d c o n s i s t e n t l y t h r o u g h o u t t h e 
e n t i r e i n v e s t i g a t i o n . 
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AIRPORT TEST LOCATIONS 

CeWWTMtNT gr TBANSPOTT 
RUNWAY EVALUATION PROGRAM I94a-I946 

F i g u r e 1 

UX:ATION AND H»IEF DESCRIPTKJN 
OF AIRPORT PROJECTS TESTED 

F i g u r e 1 i n d i c a t e s t h e l o c a t i o n s 
o f t h e t e n a i r p o r t s w h i c h have been 
i n v e s t i g a t e d up t o t h e p r e s e n t t i m e . 
I t w i l l be o b s e r v e d t h a t t h e i r 
g e o g r a p h i c a l d i s t r i b u t i o n c o v e r s a 
v e r y wide area e x t e n d i n g from E a s t 
e r n C a nada t o t h e s o u t h w e s t e r n 
approaches t o A l a s k a , 

I t i s e m p h a s i z e d t h a t w h a t e v e r 
p r o g r e s s has been made i n c e r t a i n 
p r i n c i p a l a s p e c t s o f t h i s i n v e s t i 
g a t i o n became p o s s i b l e o n l y because 
t e s t d a t a had been d e t e r m i n e d by 
means o f i d e n t i c a l e q u i p m e n t and 
t e s t p r o c e d u r e s a t a c o n s i d e r a b l e 
number o f a i r p o r t s where c l i m a t i c 
and s o i l c o n d i t i o n s v a r i e d o v e r a 
wide range. G e n e r a l l y s p e a k i n g , i t 
i s q u e s t i o n a b l e w h e t h e r more t h a n 
a few w o r t h w h i l e r e s u l t s c a p a b l e 
o f b e i n g w i d e l y a p p l i e d e l s e w h e r e 
c o u l d have been o b t a i n e d f r o m even 
t h e most c o n c e n t r a t e d s t u d y o f a 
s i n g l e a i r p o r t , s i n c e t h e tes't d a t a 
f r o m a s i n g l e a i r f i e l d u s u a l l y 
a p p e a r on a g r a p h as a c l u s t e r o f 

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

Grande P r a i r i e , F o r t S t . J o h n , 
a n d F o r t N e l s o n a r e p a r t o f t h e 
N o r t h w e s t S t a g i n g R o u t e , and were 
b u i l t f o r t h e f e r r y i n g o f a i r p l a n e s , 
p e r s o n n e l , and s u p p l i e s t o A l a s k a 
and b e y o n d d u r i n g t h e w a r . The 
o t h e r s e v e n a i r p o r t s have been a 
p a r t o f C a n a d a ' s s y s t e m o f a i r 
s e r v i c e s f o r some t i m e , as r e g u l a r 
p o r t s o f c a l l on t h e s c h e d u l e s o f 
Trans-Canada A i r l i n e s . The runways 
a t t h e s e s i t e s w e r e c o n s t r u c t e d 
e i t h e r b e f o r e o r d u r i n g t h e e a r l y 
s t a g e s o f t h e war. 

Sin c e a l l o f the runways a t these 
a i r p o r t s had been c o n s t r u c t e d f o r 
a t l e a s t one' y e a r , and g e n e r a l l y f o r 
s e v e r a l y e a r s b e f o r e t h e t e s t i n g 
p r o g r a m began i n t h e e a r l y s p r i n g 
o f 1 945, i t c o u l d be r e a s o n a b l y 
assumed t h a t t h e subgrade, sub-base, 
and base c o u r s e had reached a p p r o x i 
m a t e e q u i l i b r i u m i n s o f a r as t h e 
d i s t r i b u t i o n o f s o i l m o i s t u r e was 
c o n c e r n e d . A g e n e r a l d e s c r i p t i o n 
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o f t h e s u b g r a d e , s u b - b a s e , b a s e 
c o u r s e , and pavement f o r e a c h o f 
t h e t e n a i r p o r t s i s c o n t a i n e d i n 
Ta b l e 2. 

A t U p l a n d s a i r p o r t a t O t t a w a , 
t h e s u b g r a d e c o n s i s t s o f 80 f t o f 
c l e a n sand, and a t F o r t N e l s o n t h e r e 
i s f r o m 3 t o 5 f t o f c l e a n s a n d 
over c l a y . A t tKe o t h e r e i g h t a i r 
p o r t s t h e subgrade i s c l a y o r c l a y 
l o a m , w i t h CBR v a l u e s ( s o a k e d ) 
v a r y i n g f r o m 2 t o 4.5. 

I t w i l l be o b s e r v e d t h a t t h e 
r u n w a y s a t a l l o f t h e a i r p o r t s 
t e s t e d so f a r have f l e x i b l e pave
ments. The d e s i g n f o r r i g i d pave
ments has r e c i e v e d a g r e a t d e a l o f 
s t u d y o v e r t h e y e a r s and i t seemed 
u n l i k e l y t h a t an i n v e s t i g a t i o n o f 
o u r own w o u l d add a n y t h i n g w o r t h 
w h i l e t o t h e v e r y f i n e a n a l y s i s 
ahd method o f d e s i g n w h i c h has been 
worked o u t by W e s t e r g a a r d f o r t h i s 
t y p e o f pavement. F l e x i b l e pave
ment d e s i g n , on t h e o t h e r hand, has 
u n t i l q u i t e r e c e n t l y r e c e i v e d v e r y 
l i t t l e f u n d a m e n t a l s t u d y , p r o b a b l y 
b e c a u s e o f t h e a p p a r e n t i n h e r e n t 
d i f f i c u l t i e s i n v o l v e d , and i t was 
i n t h e f i e l d o f f l e x i b l e pavements 
t h a t t h e e x p e r i e n c e o f a i r p o r t 
e n g i n e e r s i n Canada appeared t o be 
a t s u c h v a r i a n c e w i t h t h e d e s i g n 
r e q u i r e m e n t s advocated by p r i n c i p a l 
o r g a n i z a t i o n s i n t h e U.S.A. 

Ex c e p t where s p e c i f i c a l l y i n d i 
c a t e d t o be o t h e r w i s e , t h i s e n t i r e 
p a p e r d e a l s w i t h t h e t e s t d a t a 
o b t a i n e d f o r t h e e i g h t a i r p o r t s 
w i t h c l a y s u b g r a d e s . A r r i v i n g a t 
a r e a s o n a b l y s a t i s f a c t o r y d e s i g n 
f o r runways t o be p l a c e d on g r a n u l a r 
subgrade s o i l s , i s i n g e n e r a l n o t a 
t o o d i f f i c u l t p r o b l e m . I t i s f o r 
c l a y s u b g r a d e s t h a t t h e g r e a t e s t 
t h i c k n e s s e s o f base and s u r f a c e a r e 
r e q u i r e d , and i t i s i n c o n n e c t i o n 
w i t h c l a y subgrades t h a t t h e g r e a t e s t 
d i f f e r e n c e o f o p i n i o n e x i s t s a t the 
p r e s e n t t i m e c o n c e r n i n g t h e t h i c k 
ness o f f l e x i b l e pavement and base 
t h a t s h o u l d be s e l e c t e d . 

A l l t e s t i n g was c o n d u c t e d i n a 
manner t h a t w o u l d p r o v i d e d a t a on 

wh i c h t h e d e s i g n o f e i t h e r r i g i d o r 
f l e x i b l e pavements c o u l d be based, 
i f i t s h o u l d become n e c e s s a r y t o 
r e c o n s t r u c t o r e x t e n d t h e runways 
a t any one o r more o f t h e a i r p o r t s 
i n v e s t i g a t e d . 

SOIL SURVEY AND PEDOLOGICAL SOIL 
MAPS FX» AIRPORT SITES 

P e d o l o g i c a l s o i l s u r v e y s were 
made o f t h e v a r i o u s a i r p o r t s i t e s 
b y q u a l i f i e d s o i l s u r v e y o r s , 
p r o v i d e d t h r o u g h t h e c o u r t e s y o f 
t h e C e n t r a l E x p e r i m e n t a l Farm a t 
Ott a w a , and t h e S o i l s Department a t 
t h e U n i v e r s i t y o f S a s k a t c h e w a n . 
From t h e s o i l s u r v e y s , p e d o l o g i c a l 
s o i l maps were p r e p a r e d showing t h e 
a r e a o c c u p i e d by e a c h s o i l t y p e 
( F i g . 2 ) . 

G e n e r a l l y s p e a k i n g , n o t more 
t h a n one o r two p r i n c i p a l s o i l t y p e s 
o c c u r r e d a t each a i r p o r t s i t e , and 
most f r e q u e n t l y t h e r e was o n l y one. 
F i g u r e 2 i n d i c a t e s t h e a r e a s 
o c c u p i e d by t h e two main s o i l t y p e s 
a t D o r v a l , one a f l u v i a l d e p o s i t , 
1 a i d down by the S t . Lawrence r i v e r , 
w h i c h f l o w s n e a r b y , and t h e o t h e r 
c o n s i s t i n g o f b o u l d e r c l a y o r 
g l a c i a l t i l l l e f t by t h e i c e ages. 
The r e m a i n d e r o f t h e s i t e c o n s i s t s 
c h i e f 1 y o f s o i l w h i c h i s t r a n s i t i o n 
a l between t h e two p r i n c i p a l t y p e s , 
o r o f a l a y e r o f g l a c i a T t i l l 
d e p o s i t e d d u r i n g t h e c o n s t r u c t i o n 
over t h e f l u v i a l o r t r a n s i t i o n s o i l 
t y p e s . S m a l l a r e a s o f s a n d and 
muck s o i l s a l s o o c c u r . 

I n T a b l e 3, a comparison i s made 
between v a l u e s o f subgrade modulus 
f o r t h e f l u v i a l and g l a c i a l t i l l 
s o i l s . A l t h o u g h b o t h s o i l s a r e 
w i t h i n t h e same PRA c l a s s i f i c a t i o n 
r a n g e , T a b l e 3 i n d i c a t e s a h i g h e r 
subgrade modulus f o r t h e g l a c i a l t h a n 
f o r t h e f l u v i a l s o i l , when b o t h a re 
i n t h e u n d i s t u r b e d c o n d i t i o n . The 
s u b g r a d e m o d u l u s o f t h e g l a c i a l 
s o i l i n embankment i s c o n s i d e r a b l y 
l e s s t h a n i n c u t , p r o b a b l y because 
o f i n s u f f i c i e n t c o m p a c t i o n . 

I n T a b l e 4, a s i m i l a r comparison 
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TABLE 2 
GENERAL DESCRIPTION OF AIRPORT SITES 

Depth 
to 

Water 
A i r f i e l d Table 

Ft . St. John 
Deep 

Grande 
P r a i r i e Deep 

Subgrade 

Pavement 

3.5 to 6 i n . RC 4 
and 150-180 Pen. 
Bituminous 
2 to 8 i n . 

SC 5 
Bituminous 
Mixture 

Saskatoon 1.5 to 3.5 i n . 
Deep SC 5 

Bituminous 
Mixture 

Lethbridge 1.5 to 3.5 i n . 
SC 5 

Bituminous 
Mixture and 

Surface 
Treatment 

4 to 6 m. 
Pen. Macadam 
with Sheet 
Asphalt top 

Winnipeg 3 to 4 i n . 
Deep SC 5 

Bituminous 
Mixture / 

Mai ton 3. 5 to 9 i n . 
(Toronto) SC 5 

Bituminous 
Mixture 

2 to .3 i n . 
SC 5 

Bituminous 
Mixture 

F t . Nelson 4.5 to 5.5 i n . 
2 150-180 Pen. 
to Bituminous 
3 f t Mixture 

Regina O.S to 1 i n . 
Deep Surface 

Treatment 

Deep 

Dorval 
(Montreal) 4 

6 f t 

Deep 

Uplands 
(Ottawa) Deep 

Base Course 

5.5 to 10 i n . 
Crusher 

Run Gravel 
6.5 to 16.5 i n . 

Mechanical 
S t a b i l i z a t i o n 

and Gravel 
4.5 to 6.5 i n . 

Gravel 

4 to 7.5 i n . 
Gravel 

Sub-base 

5 to 17 i n . 
P i t Run 
Gravel 

None 

None 

3 to 5 i n . 
Water Bound 

Macadam 

5 to 10.5 i n . 
Mechanical 

S t a b i l i z a t i o n 

1.5 to 7 in. 
Gravel 

2.3 to 6 i n . 
Gravel 

6 to 10 i n . 
P i t Run 
Gravel 

5 to 7 m. 
Mechanical 

S t a b i l i z a t i o n 

None 

3 to 9 i n . 
P i t Run 
Gravel 

None 

None 

None 

None 

None 

PRA 
C l a s s i 
f i c a t i o n 

A-7 

A-7 

A-7 
A-6 

A-7 
A-6 

A-4 
A-7 
A-6 

A-7 

A-4 
A-7 
A-6 

A-2 

4 to S f t 
of Sand 
over 
Clay 

A-7 

LL Av PI Av 

49.2 27 

63.9 38.5 

46.5 23.7 

39.5 20 

33.7 . 13.4 

64.4 36.7 

32.1 13.8 

18.8 0 

24.8 10.4 
(f o r c l a y ) 

72 38 
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SOIL TYPES 
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DORVAL AIRPORT 
MONTREAL- CANADA 

LOCATION OF SOIL TYPES 
AND LOAD TESTS 

bow T O T LOOATMM 

F i g u r e 2 

i s made o f s u b g r a d e s u p p o r t on a 
3 0 - i n . d i a m e t e r p l a t e a t 0 . 5 - i n . 
d e f l e c t i o n , f o r t h e f l u v i a l and 
g l a c i a l s o i l s . 

I t i s a p p a r e n t f r o m T a b l e 4 
t h a t t h e g l a c i a l t i l l s o i l a t D o r v a l 
has a p p r e c i a b l y g r e a t e r b e a r i n g 
c a p a c i t y t h a n t h e f l u v i a l m a t e r i a l . 
T h e c o n s i d e r a b l ^ e d i f f e r e n c e i n 
s u p p o r t i n g v a l u e b e t w e e n c u t and 
embankment s e c t i o n s i n d i c a t e d i n 
T a b l e 3 f o r the g l a c i a l t i l l s o i l , 
has p r a c t i c a l l y d i s a p p e a r e d a t a 
d e f l e c t i o n o f 0.5 i n . W h i l e b o t h 

f l u v i a l and g l a c i a l s o i l s f a l l i n t o 
t h e same range o f PRA c l a s s i f i c a t i o n , 
the g l a c i a l s o i l c o n t a i n s an appre
c i a b l e p e r c e n t a g e o f f i n e g r a v e l . 
The average P I o f t h e g l a c i a l s o i l 
was a b o u t 1 1 , and t h e a v e r a g e P I 
o f t h e f l u v i a l s o i l was a b o u t 20. 

The i n f o r m a t i o n o f T a b l e s 3 and 4 
em p h a s i z e s t h e v a l u e o f t h e pedo-
l o g i c a l s o i l s u r v e y t o a i r p o r t and 
h i g h w a y e n g i n e e r s f o r i n d i c a t i n g 
t h e a r e a s o c c u p i e d by s o i l s ' w i t h 
d i f f e r e n t e n g i n e e r i n g p r o p e r t i e s . 
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TABLE 3 
COMPARISON OF SUBOtADE MODULUS FOR 
FLUVIAL AND GLAUAL T I L L SOILS AT 

DORVAL AIRPORT 

No. of Repeti- Subgrade Modulus 
ti o n s of Load l b per sq in. per i n . 

F l u v i a l S o i l G l a c i a l T i l l 
A-4 to A-7 A-4 to A-7 

Grade Cut Embank
ment 

1 140 260 170 
10 130 240 140 

100 125 220 125 
1000 120 210 110 
10000 110 200 100 

TABLE 4 
COMPARISCm OF SUBCBADE SUPPORT ON 
30.IN. DIAMETER BEARING PLATE AT 

0.5-IN. DEfLECnON FOR FLUVIAL AND 
(FACIAL T I L L SOILS AT DORVAL AIRPORT 

Subgrade Support 
No. of Repeti- j j , O.S-in. d e f l e c t i o n 
t i o n s of Load ao-in. diameter p l a t e 

F l u v i a l S o i l G l a c i a l T i l l 
A-4 to A-7 A-4 to A-7 

Grade Cut Embank
ment 

1 15000 29000 28000 
10 13000 24000 23000 

100 12000 21000 20000 
1000 11500 19000 19000 

10000 11000 17000 18000 

RESULTS OF HELD MOISItBE 
AND DENSITY TESTS 

I n a number o f t e c h n i c a l a r t i c l e s 
d u r i n g t h e p a s t f o u r or f i v e y e a r s , 
t h e c l a i m has been a d v a n c e d t h a t 
a l l s u b grades and base c o u r s e s may 
become s a t u r a t e d and t h a t d e s i g n s 
f o r pavement t h i c k n e s s s h o u l d be 
based upon t h i s a n t i c i p a t e d c o n d i 
t i o n . D u r i n g t h e D e p a r t m e n t o f 
T r a n s p o r t ' s i n v e s t i g a t i o n , f i e l d 
m o i s t u r e a nd d e n s i t y t e s t s w e r e 
made i n p l a c e on t h e base c o u r s e , 
and on each 6 - i n - l a y e r o f t h e sub-
g r a d e t o a d e p t h o f 18 i n . , and 
f r e q u e n t l y t o 24 i n . b e l o w t h e 
s u r f a c e o f t h e s u b g r a d e . L a r g e 
s a m p l e s w e f e t a k e n f r o m e a c h o f 
t h e s e l a y e r s and s e n t t o t h e l a b 
o r a t o r y f o r v a r i o u s t e s t s , i n c l u d i n g 
m o d i f i e d AASHO c o m p a c t i o n . From 
t e s t d a t a o b t a i n e d i n t h e f i e l d and 
on t l i e samples s e n t t o t h e l a b o r a 
t o r y , i t i s p o s s i b l e t o e x p r e s s t h e 
f i e l d d e n s i t y as a p e r c e n t o f modi
f i e d AASHO maximum d e n s i t y , and 
f i e l d m o i s t u r e as a p e r c e a t o f 
m o d i f i e d AASHO opt i m u m m o i s t u r e . 
The d e g r e e o f s a t u r a t i o n i n p l a c e 
c a n a l s o be d e t e r m i n e d f r o m t h e 
s p e c i f i c g r a v i t y o f t h e s o i l and 
f r o m f i e l d m o i s t u r e a nd d e n s i t y 
t e s t s . I n a d d i t i o n , t h e f i e l d 
m o i s t u r e c o n t e n t can be c a l c u l a t e d 

as a p e r c e n t o f t h e p l a s t i c l i m i t , 
a n d o f m o d i f i e d AASHO o p t i m u m 
m o i s t u r e . T h i s i n f o r m a t i o n i s sum
m a r i z e d i n F i g s . 3 t o 7 r e s p e c t i v e l y . . 

For t h e e i g h t a i r p o r t s w i t h co
h e s i v e subgrade s o i l s , r e l a t i o n s h i p s 
were d e t e r m i n e d f o r f i e l d d e n s i t y as 
p e r c e n t o f m o d i f i e d AASHO maximum 
d e n s i t y v e r s u s f i e l d m o i s t u r e as 
p e r c e n t o f m o d i f i e d AASHO optimum 
m o i s t u r e ( F i g . 3 ) ; f o r p e r c e n t 
s a t u r a t i o n ( f i e l d c o n d i t i o n ) v e r s u s 
f i e l d d e n s i t y as p e r c e n t o f m o d i 
f i e d AASHO maximum d e n s i t y ( F i g . 4 ) ; 
f o r p e r c e n t s a t u r a t i o n v e r s u s f i e l d 
m o i s t u r e as p e r c e n t o f m o d i f i e d 
AASHO o p t i m u m m o i s t u r e ( F i g . 5 ) ; 
f o r f i e l d m o i s t u r e v e r s u s p l a s t i c 
l i m i t ( F i g . 6 ) ; a n d f o r f i e l d 
m o i s t u r e v e r s u s m o d i f i e d AASHO 
optimum m o i s t u r e ( F i g . 7 ) . 

F i g u r e 3 i n d i c a t e s t h a t f i e l d 
d e n s i t y as e x p r e s s e d as a p e r c e n t 
o f m o d i f i e d AASHO maximum d e n s i t y , 
has l i t t l e i n f l u e n c e on f i e l d m o i s t 
u r e e x p r e s s e d as a p e r c e n t o f modi
f i e d AASHO optimum m o i s t u r e . The 
f i e l d m o i s t u r e c o n t e n t may be h i g h 
o r low, r e g a r d l e s s o f v a r i a t i o n s i n 
f i e l d d e n s i t y . I t a l s o i n d i c a t e s 
t h a t t h e f i e l d m o i s t u r e v a r i e s over 
a range f r o m a b o u t 60 t o a b o u t 200 
p e r c e n t o f m o d i f i e d AASHO optimum 
m o i s t u r e . 

F i g u r e 4 shows t h a t t h e r e may be 
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some tendency f o r the p e r c e n t o f 
s a t u r a t i o n o f t h e s u b g r a d e t o 
i n c r e a s e , w i t h an inc rease i n the 
f i e l d d e n s i t y of the subgrade, when 
the l a t t e r i s expressed as a percent 
o f m o d i f i e d AASHO maximum d e n s i t y . 
The f i e l d dens i t y ranges from about 
75 t o about 95 percent o f m o d i f i e d 
AASHO maximum d e n s i t y , w i t h an over-
a l l average o f about 85 p e r c e n t . 
Apar t f rom a c e r t a i n amount o f com
p a c t i o n a t Regina and Winnepeg a i r -
' p o r t s , no a t tempt had been made t o 
Proc tor compact the subgrade d u r i n g 
c o n s t r u c t i o n a t any o f the s i t e s 
inc luded i n the i n v e s t i g a t i o n . 

From F i g . 5 i t w i l l be observed 
t h a t the degree o f s a t u r a t i o n tends 
t o be grea ter as the f i e l d mois ture 
expressed as a pe rcen t o f optimum 
mois tu re i nc reases . I t i s obvious 
f r o m bo th F i g s . 4 and 5 t h a t com
p l e t e s a t u r a t i o n o f the subgrade 
•occurred a t a r e l a t i v e l y smal l per
centage o f the t o t a l number o f sub-
grade l o c a t i o n s t e s t e d . Even i f 
a l l values above 90 percent s a tu ra 
t i o n are c o n s i d e r e d t o r e p r e s e n t 

complete s a t u r a t i o n , the percentage 
o f l o c a t i o n s tha t could be considered 
t o be s a t u r a t e d i s o n l y 21,7 pe r 
cent of the t o t a l . 

I f the f i e l d mois ture content o f 
t h e subgrade was a lways e x a c t l y 
e q u a l t o t h e p l a s t i c l i m i t , a l l 
p o i n t s i n F i g . 6 would have f a l l e n 
a l o n g the 45 degree l i n e l a b e l l e d 
'100 percent PL". This graph i n d i 
ca tes t h a t i n 63.8 pe rcen t o f the 
l o c a t i o n s t e s t ed , the f i e l d moisture 
I s l e s s t h a n the c o r r e s p o n d i n g 
p l a s t i c l i m i t . Broken l i n e s have 
been d rawn t h r o u g h t h e d a t a o f 
F i g . 6 to represent 60, 70, 80, 90, 
100, 120, and 130 p e r c e n t o f the 
p l a s t i c l i m i t . I n a new l o c a t i o n 
where no pavement e x i s t s and the 
a n t i c i p a t e d subgrade mois ture cannot 
t h e r e f o r e be measured, t h i s i n f o r 
mation i s u s e f u l f o r e s t i m a t i n g the 
probable subgrade mois tu re conten t 
t o be e x p e c t e d , p r o v i d e d a lways 
t h a t the methods o f c o n s t r u c t i o n 
are s i m i l a r t o those employed f o r 
a i r p o r t subgrades i n the pas t . I t 
i s q u i t e conceivable tha t the f i e l d 
m o i s t u r e con ten t s o f F i g . 6 would 
be cons iderab ly reduced i f the sub-
grades were compacted to high d e n s i t y . 

For the methods o f subgrade con
s t r u c t i o n employed f o r these e i g h t 
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a i r p o r t s , which i n c l u d e d l i t t l e or 
no compaction, and f o r f i e l d cond i 
t i o n s s i m i l a r t o those a t a i r p o r t s 
on c l ay subgrades i n we t t e r c l imates 
i n Canada, the e q u i l i b r i u m moisture 
content to be designed f o r could be 
as h igh as 120 percent o f the p l a s t i c 
l i m i t . For c l i m a t i c and d ra inage 
cond i t i ons represented byLe thbr idge 
a i r p o r t , on t h e o t h e r h a n d , a 
m o i s t u r e c o n t e n t e q u a l t o about 
80 percent o f the p l a s t i c l i m i t i s 
the maximum to be a n t i c i p a t e d f o r 
the subgrade f o r runways. 

Kersten^^^ i n summarizing a study 
o f m o i s t u r e c o n t e n t s i n h ighway 
subgrades , r e p o r t s t h a t f o r c l a y 
s o i l s the f i e l d m o i s t u r e c o n t e n t 
g e n e r a l l y e x c e e d s t h e p l a s t i c 
l i m i t . I t i s i n t e r e s t i n g t o note 
t h a t the reverse has been the case 
f o r the e i g h t a i r p o r t s w i t h c l a y 
subgrades inc luded i n th i s s tudy . 

Figure 7 i n d i c a t e s t h a t the f i e l d 
m o i s t u r e c o n t e n t o f the c l a y sub-
grades at the e i g h t a i r p o r t s exceeded 
the m o d i f i e d AASHO optimum i n 71.2 
p e r c e n t o f the l o c a t i o n s ' t e s t e d . 
This graph can a l so be u s e f u l l y em
ployed when e s t i m a t i n g the probable 

subgrade m o i s t u r e c o n t e n t t o be 
expected under paved runways i n a 
new l o c a t i o n . 

One o f the p r i n c i p a l p rob lems 
encountered when des ign ing pavement 
t h i c k n e s s e s f o r runways i n a new 
l o c a t i o n c o n c e r n s t h e m o i s t u r e 
w h i c h a c l a y subgrade s o i l w i l l 
e v e n t u a l l y c o n t a i n . The p l a s t i c 
l i m i t and optimum m o i s t u r e can be 
e a s i l y de te rmined i n a l a b o r a t o r y 
on r e p r e s e n t a t i v e samples o f s o i l 
f rom the new s i t e . With t h i s l abora 
t o r y i n f o r m a t i o n , and a knowledge 
o f the drainage and c l i m a t i c c o n d i 
t i o n s t o which the subgrade a t the 
proposed l o c a t i o n w i l l be exposed, 
a reasonable es t imate o f the f i n a l 
e q u i l i b r i u m subgrade mois tu re con
t e n t can be made by r e f e r e n c e t o 
F i g s . 6 and 7. When the subgrade 
IS t o be h i g h l y compacted t o a depth 

o f 2 t o 3 f t , the u l t i m a t e f i e l d 
^ o i s t u r e w o u l d p r o b a b l y be l e s s 
than tha t i n d i c a t e d i n F i g s . 6 and 7. 

PUTE BEARING TESTS 

Equipaent:To determine the suppor t -
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i n g c a p a c i t y o f the e x i s t i n g r u n 
ways, r e p e t i t i v e l o a d i n g w i t h s t e e l 
b e a r i n g p l a t e s was employed. The 
a r r a n g e m e n t o f t h e l o a d t e s t i n g 
equipment f o l l o w e d i n general t h a t 
recommended by the Commi t t ee on 
F l e x i b l e Pavement D e s i g n o f t he 
Highway Research Boa rd (5 ) . 

I n 1945, f o u r we igh t ed t r a c t o r 
t r a i l e r u n i t s capable o f a p p l y i n g 
l o a d s o f f r o m 7 0 , 0 0 0 t o o v e r 
1 0 0 , 0 0 0 l b were employed as t he 
source o f r e a c t i o n . Two o f these 
u n i t s are shown i n F i g s . 8 and 9. 
Dur ing 1946 on ly one o f these u n i t s 
( F i g . 9) was i n o p e r a t i o n . 

The arrangement o f equipment f o r 
pe r fo rming each load t e s t i s i l l u s 
t r a t e d i n F i g . 10. 

C i r c u l a r s t e e l p l a t e s I ' i n . 
t h i c k and 30 i n . i n d i amete r were 
used f o r most t e s t s , but a cons ide r 
a b l e number were p e r f o r m e d w i t h 
b e a r i n g p l a t e s 12, 18, 24, 36, and 
42 i n . i n d i ame te r . Measured load* 
was t r a n s f e r r e d f rom a j a c k i n g p o i n t 
on the t r a i l e r to the s t e e l bear ing 
p l a t e by means o f h y d r a u l i c j a c k s 
o f 100 ,000- lb c a p a c i t y . The j a c k s 
were equipped w i t h gauges graduated 
i n increments o f 1,000 or 2,000 l b . 

A s p h e r i c a l b e a r i n g was p l a c e d 
between the top o f the j a c k and the 
j a c k i n g p o i n t on the t r a i l e r . 

D e f l e c t i o n s o f the bear ing p l a t e 
were measured t o the nearest 0.0001 
i n . by means o f two Ames d i a l s 
graduated i n increments of 0.001 i n . 
se t on the p l a t e near the ex t remet ies 
o f a d iameter . For the 1946 p o r t i o n 
o f the i n v e s t i g a t i o n , d e f l e c t i o n s 
o f the adjacent su r face o f the pave
men t w e r e d e t e r m i n e d by t h r e e 
a d d i t i o n a l Ames d i a l s , spaced a t 
0 .5 , 1.0, and 1.5 diameters beyond 
the pe r ime te r o f the bea r ing p l a t e 
i n use ( F i g . 1 0 ) . These t h r e e 
l a t t e r d e f l e c t i o n gauges r e s t ed on 
t h e heads o f s h o r t n a i l s d r i v e n 
f l u s h w i t h the pavement s u r f a c e . 

The Ames d i a l s were s u p p o r t e d 
from a d j u s t a b l e s t ee l arms at tached 
t o a d e f l e c t i o n beam c o n s i s t i n g o f 
an 1 8 - f t l e n g t h o f 2 - o r 2 K - i n . 
d iameter s t andard p i p e , r e s t i n g a t 
i t s e x t r e m i t i e s on b r o a d based 
s tands . D u r i n g the t e s t , the long 
a x i s o f the d e f l e c t i o n beam was a t 
r i g h t ang l e s t o t he l o n g i t u d i n a l 
a x i s o f the loaded t r a i l e r . A l l 
p o i n t s o f s u p p o r t f o r e i t h e r the 
t r a c t o r - t r a i l e r u n i t s , or f o r the 
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Figure 7. F i e l d Mois ture as Percent Versus Optimum Moisture 
as Percent ( M o d i f i e d AASHO) 

d e f l e c t i o n beam were a t l e a s t 8 f t 
f rom the bear ing p l a t e . 

Load Test ProcedureThe l oad t e s t 
procedure employed, w h i l e f o l l o w i n g 
i n general t h a t recommended by the 
Highway Research Board Committee on 
F l e x i b l e Pavement Design(5) was a lso 
governed by the need f o r o b t a i n i n g 
t h e t e s t d a t a r e q u i r e d f o r t h e 
des ign o f e i t h e r r i g i d or f l e x i b l e 
pavements. 

I t was t h e r e f o r e necessary t o 
employ one l o a d i n g o f a magnitude 
w h i c h wou ld g i v e a d e f l e c t i o n o f 
a p p r o x i m a t e l y 0.05 i n . , f rom which 
t h e s u b g r a d e modu lus f o r r i g i d 
pavement design could be determined. 
Ano the r l o a d , g i v i n g a d e f l e c t i o n 
o f about 0.5 i n . was r e q u i r e d t o 
p rov ide data f o r f l e x i b l e pavement 
d e s i g n . A t h i r d load i n t e r m e d i a t e 
between these was used, to g ive the 
f u r t h e r i n f o r m a t i o n r e q u i r e d f o r 
a complete load d e f l e c t i o n curve* 

I t was r e a l i z e d t h a t 0.05 i n . 
f o r r i g i d pavement de s ign , and 0.5 
i n . f o r f l e x i b l e pavement d e s i g n 
may not be the c r i t i c a l d e f l e c t i o n s 
t h a t should be employed i n a l 1 cases. 

I t has been s u g g e s t e d t h a t t h e 
c r i t i c a l d e f l e c t i o n f o r the subgrade 
under f l e x i b l e pavements depends 
upon the t h i c k n e s s o f o v e r l y i n g ^ 
s u b - b a s e , base c o u r s e , and s u r -
f a c i n g ( f i ) and t h a t the c r i t i c a l 
d e f l e c t i o n f o r a f l e x i b l e pavement 
i t s e l f depends upon i t s r a d i u s o f 
c u r v a t u r e under l o a d . However , 
u n t i l more i s known concern ing the 
r o l e o f these and o t h e r f a c t o r s , 
the above c r i t i c a l values appear to 
be the most reasonable t h a t can be 
adopted a t the p r e s e n t t i m e , and 
they are i n q u i t e common use. 

A f t e r some exper iment ing , a t e s t 
procedure was s tandardized which i s 
here o u t l i n e d b r i e f l y : 

A f t e r the equipment had been set up 
quick loads o f 1000, 2000, 3000, 4000, 
5000, and 6000 l b were appl ied once to 
the 12-, 18-, 24. , 30-, 36-, and 42 - in . 
p l a t e s r e s p e c t i v e l y , and immedia te ly 
r e l eased ' . T h i s was done t o o b t a i n 
b e t t e r s e a t i n g o f the p l a t e s on each 
other and on the loaded area. 

The d e f l e c t i o n gauges were l e roed 
at loads o f 500, 1000, 1500, 2000, 2500 
and 3000 l b f o r bear ing p la tes o f 12, 
18, 24, 30, 36, and 42 i n . in diameter, 
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respec t ive ly . 
A load g i v i n g a d e f l e c t i o n o f about 

0 .03 i n . was a p p l i e d , a s top watch 
s t a r t e d and the same load main ta ined 
u n t i l the increment i n d e f l e c t i o n was 
0.001 i n . or less per min f o r each o f 
three successive minutes. 

The load was then completely released 
and the de f l ec t ions were recorded u n t i l 
the r a t e o f recovery was 0,001 i n . or 
l e s s per m i n u t e f o r each o f t h r e e 
successive minutes. 

The same load was applied and released 
i n t h i s manner s ix times. 

and recorded p e r i o d i c a l l y . 
An e l e c t r i c b e l l a t t ached to the 

d e f l e c t i o n beam was buzzed b r i e f l y 
10 sec be fo re the d e f l e c t i o n gauges 
were read. The s l i g h t v i b r a t i o n gener
ated by the b e l l assured good contact 
between gauges and b e a r i n g p l a t e or 
pavement, when the readings were made. 

Figure 8. Load Test U n i t No. 1 . 
Capac i ty 150,000 l b 

The load was increased to give a de
f l e c t i o n o f about 0 .2 i n . , and the 
a p p l i c a t i o n and recovery o f t h i s load 
repea ted f rom 4 to 6 t i m e s . I n a l l 
cases the standard end p o i n t was taken 
t o be 0 . 0 0 1 i n . o r l e s s per min f o r 
three successive minutes. 

The load was f i n a l l y increased to 
p rov ide a d e f l e c t i o n o f f rom 0.35 to 
0.40 i n . , and repeated as before from 
4 to 6 times. 

D e f l e c t i o n r e a d i n g s f o r the two 
d e f l e c t i o n gauges r e s t i n g on a bearing 
p la te near the ext remit ies of a diameter, 
were read a t the end o f every minute 
and recorded i n f i e l d notebooks 

Readings o f the Ames d i a l s set a t 
0 .5 , 1.0, and 1.5 diameters beyond the 
p e r i m e t e r o f the b e a r i n g p l a t e were 
recorded j u s t be fore the release and 
j u s t b e f o r e the a p p l i c a t i o n o f load 
f o r each r e p e t i t i o n . 

From a thermometer near the bearing 
p l a t e s the a i r t empera ture was read 

Figure 9. Load Test U n i t No. 4. 
Capaci ty 100,000 l b 

S i m i l a r equipment and i d e n t i c a l 
load t e s t procedures were employed 
by each load t e s t i n g crew, i n order 
t h a t a common basis would e x i s t f o r 
c o r r e l a t i n g the da ta o b t a i n e d a t 
each a i r p o r t t e s t ed . 

Load t e s t s were made on the sur
face o f the pavement, on the sur face 
o f the base course, and on the sur
f a c e o f the subgrade . F i g u r e 11 
i l l u s t r a t e s the general arrangement 
f o l l o w e d i n 1945 f o r the g r o u p i n g 
o f t h e l o a d t e s t s a t each t e s t 
l o c a t i o n on a r u n w a y . For l o a d 
t e s t s on the base course, the pave
ment was removed f r o m a c i r c u l a r 
a rea 12 f t i n d i a m e t e r , and the 
b e a r i n g p l a t e was p l a c e d i n the 
c e n t e r . For l o a d t e s t s on t h e 
subg rade , b o t h pavement and base 
course were excavated to the top o f 
the subgrade over a c i r c u l a r area 
12 f t i n d i a m e t e r , i n o r d e r t h a t 
the subgrade load would be complete ly 
u n c o n f i n e d . . A l l f i e l d t e s t s were 
p e r f o r m e d , and bo th d i s t u r b e d and 
u n d i s t u r b e d samples were o b t a i n e d , 
i n the r e c t a n g u l a r s a m p l i n g area 
s i t u a t e d between the s u r f a c e and 
subgrade load tes t s ( F i g . 11) . 

I n 1946, the spacing between the 
i n d i v i d u a l load t e s t s at each t e s t 
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l o c a t i o n was a t l e a s t 1.5 p l a t e 
d i a m e t e r s . For u n c o n f i n e d base 
c o u r s e and s u b g r a d e t e s t s , t h e 
pavement, and the pavement and base 
course, r e s p e c t i v e l y , were excavated 
over a c i r c u l a r area o f s u f f i c i e n t 
diameter to avoid confinement w i t h 
i n 1.5 d i a m e t e r s o f t he b e a r i n g 

• samples performed at the engineer ing 
l a b o r a t o r i e s o f the U n i v e r s i t y o f 
Toronto , M c G i l l U n i v e r s i t y , and the 
U n i v e r s i t y o f A l b e r t a . 

I t m i g h t be added t h a t f o r a 
t i m e the i n v e s t i g a t i o n r e q u i r e d 
more t h a n 100 employees f o r the 
v a r i o u s phases o f work i n v o l v e d i n 

Figure 10. Diagram Showing Arrangement o f Equipment f o r Bearing Test 

p l a t e . I t i s b e l i e v e d t h a t t h i s 
p r o v i d e s e n o u g h c l e a r a n c e f o r 
r o u t i n e unconf ined t e s t s . A l l f i e l d 
t e s t s were made, and d i s t u r b e d and 
und i s tu rbed samples obta ined w i t h i n 
a r e c t a n g u l a r a r ea i m m e d i a t e l y 
ad jacen t to the bear ing p l a t e . 

A load t e s t i n g crew cons i s ted o f 
t h r e e men, one keep ing n o t e s , one 
r ead ing d e f l e c t i o n gauges, and one 
c h e c k i n g the a p p l i e d l oad d u r i n g 
a p p l i c a t i o n and re lease . Two s h i f t s 
were opera ted w i t h each load t e s t 
u n i t , and f rom 18 t o 20 hr per day 
were r e q u i r e d t o c o m p l e t e t h r e e 
l o a d t e s t s ( t h ' r e e m a g n i t u d e s o f 
l o a d f o r each t e s t ) . One f i e l d 
t e s t i n g and sampl ing crew was p r o 
v ided w i t h each load t e s t u n i t , t o 
make f i e l d m o i s t u r e and d e n s i t y 
d e t e r m i n a t i o n s , t o p e r f o r m cone 
b e a r i n g and House l p e n e t r o m e t e r 
t e s t s , and to o b t a i n the d i s t u r b e d 
and undis tu rbed sAjbgrade samples t o 
be sent to a c e n t r a l l a b o r a t o r y . 

Since the Department o f T r a n s 
p o r t has no l a r g e c e n t r a l l a b o r a 
t o r y o f i t s own, arrangements were 
made t o have the r e q u i r e d t e s t s on 
the d i s t u r b e d and u n d i s t u r b e d s o i l 

the f i e l d and l a b o r a t o r y t e s t i n g . 

p l o t t i n g of Load Test Data for Load 
Deflection Curves To o b t a i n the 
data needed f o r the c o n s t r u c t i o n o f 
load versus d e f l e c t i o n curves , the 
f o l l o w i n g steps were i n v o l v e d : 

For each r e p e t i t i o n o f each load , 
the d e f l e c t i o n was determined at which 
the r a t e o f d e f l e c t i o n was e x a c t l y 
0.001 i n . per min. This can be found 
w i t h s u f f i c i e n t accuracy from inspect ion 
of the d e f l e c t i o n data f o r each repe
t i t i o n o f load recorded i n the f i e l d 
notebooks. 

By means of a c a l i b r a t i o n curve f o r 
j a c k gauge read ings versus the load 
regis tered by a standard t e s t i ng machine 
during a c a l i b r a t i o n t es t for each jack 
and pressure gauge used, a c o r r e c t i o n 
i s made to the recorded loads as' read 
from the pressure gauge o f each hydraul ic 
jack employed. 

Zero poin t correct ions are determined 
f o r both app l i ed load and d e f l e c t i o n . 
This requ i res t a k i n g i n t o account the 
w e i g h t o f the j a c k , the pyramid o f 
bearing p la tes , e t c . , and the corrected 
j a c k loads a t which the d e f l e c t i o n 
gauges are zeroed at the beginning o f 
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t h e t e s t . The l o a d c o r r e c t i o n may 
amount to f rom 1000 to 3000 l b . The 
xero p o i n t c o r r e c t i o n f o r d e f l e c t i o n 
i s obtained g r a p h i c a l l y ( F i g . 12), and 
o c c a s i o n a l l y may amount t o 0 .02 or 
0.03 i n . I t must be added a lgeb ra i ca l l y 
to the observed u e f l e c t i o n s . 

Zero p o i n t co r rec t ions are p a r t i c u -

ence i s very small whether the data are 
p l o t t e d on semi- log or l o g - l o g paper, 
but i n general the s t r a i g h t l i n e r e l a 
t i o n s h i p seems to h o l d best f o r the 
l o g - l o g graph. I t should also be added 
tha t i n some testa the d i r e c t i o n o f the 
curve has become somewhat uncertain f o r 
»he l a s t 10 or 15 r e p e t i t i o n s . Most of 
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Figure 1 1 . Diagram Showing T y p i c a l Arrangement o f 
Load Tests and Sample Loca t ions 

l a r l y impor tant f o r the de t e rmina t ion 
o f anbgrade modnlna f o r r i g i d pavement 
d e s i g n , s ince cons ide rab le e r r o r may 
occur i f they are not made. 

The corrected d e f l e c t i o n s ( a t which 
t h e r a t e o f d e f l e c t i o n i a e x a c t l y 
0 .001 i n . per min f o r each r e p e t i t i o n 
o f each l o a d ) , versus the logar i thm of 
the number o f r e p e t i t i o n s o f load i a 
p l o t t e d f o r the three co r rec t ed loads 
on semi—log paper ( F i g . 13). 

There may be some question concerning 
the v a l i d i t y o f ex t r apo l a t i ng the l i n e s 
i n F i g . 13 t o 100, 1000, and 10,000 
r e p e t i t i o n s of load, from data f o r 4 to 
6 r e p e t i t i o n s . This r e l a t i o n s h i p was 
checked et a c o n s i d e r a b l e number o f 
l oca t ions f o r 100 r e p e t i t i o n s o f load , 
w i t h the 3 0 - i n . d i a m e t e r p l a t e , on 

" s u r f a c e , base cour se , and subgrade. 
The r e a u l t s o f one o f these, which can 
be considered genera l ly representa t ive , 
are shown i n F ig . 14, and ind ica te tha t 
the r e l a t i o n s h i p holds reaaonably we l l 
up t o 100 r e p e t i t i o n s o f l oad . Up to 
t h i s number of r e p e t i t i o n s , the d i f f e r -

the in format ion presented i n t h i s paper 
i s based upon 10 r e p e t i t i o n s o f l oad , 
and f o r t h i s small number of r e p e t i t i o n s 
i t makes no p r a c t i c a l d i f f e r ence whether 
a semi-log,or l o g - l o g graph o f d e f l e c t i o n 
versus number o f r e p e t i t i o n s o f any 
given load i s employed. 

Figure 15 was prepared d i r e c t l y from 
Fig . 13. The curves from top to bottom 
represent load versus d e f l e c t i o n f o r 1, 
10, 100, 1000, and 10,000 r e p e t i t i o n s 
o f l o a d , r e s p e c t i v e l y . From F i g . IS , 
data f o r e i the r r i g i d or f l e x i b l e pave
ment des ign can be o b t a i n e d f o r any 
number of r e p e t i t i o n s of load. Ihe sub-
grade modulus f o r r i g i d pavement de
s i g n , can be c a l c u l a t e d f rom the load 
f o r O'.OS-in. d e f l e c t i o n , whi le f o r f l e x i 
b l e pavement des ign , the load c o r r e 
s p o n d i n g t o O . S - i n . d e f l e c t i o n r a n 
be used. 
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Figure 12. Procedure f o r 
E s t a b l i s h i n g Zero Po in t 

C o r r e c t i o n f o r Load Versus 
D e f l e c t i o n Curves 

LOAD TEST DATA VERSUS SAFE DESIGN 
FOR RUNWAY WHEEL LOADINGS 

From the t r a f f i c data f o r several 
o f the a i r p o r t s i n c l u d e d i n t h i s 
i n v e s t i g a t i o n , i t has been poss ib le 
t o es t imate the maximum wheel l oad 
i n g s wh ich ' the runways have been 
s u p p o r t i n g under reasonably i n t e n 
s i v e t r a f f i c . T h i s e s t i m a t e i s 
somewhat c o m p l i c a t e d by the f a c t 
t h a t a t most a i r p o r t s i n Canada, 
the runways a l s o serve as tax iways 
t o a cons iderab le e x t e n t . 

I t has been known f o r some time 

Nuiua i V i m ^ i i i M i a or u o u 

Figure 14. Increase i n D e f l e c t i o n 
R e s u l t i n g f rom R e p e t i t i o n s 

o f a Given Load 

t h a t a g rea te r th ickness o f base and 
s u r f a c e i s r e q u i r e d f o r t a x i w a y s , 
a p r o n s , and t u r n a r o u n d s , t han f o r 
r u n w a y s , f o r t h e same a i r p l a n e 
wheel l o a d i n g . This mat ter i s d i s 
cussed q u a n t i t a t i v e l y under THICK
NESS DESIGN CURVES FOR TAXIWAYS, 
AND TURNAROUNDS l a t e r i n t h i s paper 
A g iven t h i cknes s o f base and s u r 
face w i l l t h e r e f o r e support a smal ler 
wheel load as a t a x i w a y , than as a 
runway. I t must a l so be remembered 
t h a t runways are w i d e r than t a x i 
ways, and t h a t the t r a f f i c o f t a x i -

so D I A U E T E R P L A T E 

M O L O A D - 1 0 

TU ' — I l i B 
N O O F R E P E T I T I O N S O F L O A D 

Figure 13. I n f l u e n c e on D e f l e c t i o n o f R e p e t i t i o n s o f 
Loading f o r Each o f Three Magnitudes o f Load 
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i n g p lanes on runways may be more 
w i d e l y d i s t r i b u t e d and t h e r e f o r e 
less severe than on tax iways . 

There i s an added d i f f i c u l t y i n 
t h a t the load t e s t r e s u l t s obtained 
f o r any runway are no t i d e n t i c a l , 
bu t may v a r y by many thousands o f 
pounds between the low and h i g h 
v a l u e s . A s i n g l e low va lue migh t 
be f a r out o f l i n e w i t h the o t h e r 
r e s u l t s , and f o r t h i s r eason i t 
seems u n d e s i r a b l e t o cons ide r the 
l o w e s t l oad t e s t va lue as a b a s i s 
f o r t h e l o a d c a r r y i n g c a p a c i t y 
r a t i n g o f a runway.' I f an average 
value o f the load t e s t r e s u l t s were 
s e l e c t e d as b e i n g r e p r e s e n t a t i v e , 
i t might lead t o underdes ign f o r a 
c o n s i r ' e r a b l e p a r t o f each runway. 
For these r ea sons , the l o a d t e s t 
r e s u l t a t the lower 25 pe icent p o i n t 
( t h e l o w e r q u a r t i l e p o i n t ) was 
adopted as the r e p r e s e n t a t i v e load 
s u p p o r t i n g va lue f o r each runway. 
That i s , the load t e s t va lue w h i r h 
was s e l e c t e d as r e p r e s e n t a t i v e f o r 
each runway was grea te r than 25 per
c e n t , bu t s m a l l e r than 75 pe rcen t 
o f the load t e s t r e s u l t s ob t a ined 

When a l l these f a c t o r s were con
s i d e r e d , i t was f o u n d t h a t t h e 
lower q u a r t i l e p l a t e b e a r i n g value 
( t h e l o w e r 25 p e r c e n t p o i n t ) a t 
0 . 5 - i n . d e f l e c t i o n f o r 10 r e p e t i 
t i o n s o f load , provided a load t e s t 
value which appeared t o be a p p r o x i 
m a t e l y equal t o the maximum wheel 
l o a d w h i c h t h e runways had been 
s u p p o r t i n g under reasonably i n t e n 
s i v e t r a f f i c . I t should be empha
s i z e d t h a t bot-h wheel load and r e -
p r e s e n t . a t i v e p l a t e b e a r i n g v a l u e 
must apply t o the same contac t area. 
I t i s wor thwhi le n o t i n g i n t h i s r e 
g a r d , t h a t the USED have observed 
i n t h e i r acce le ra ted t r a f f i c i n v e s t i 
g a t i o n s o f t e s t l o c a t i o n s , t h a t 
'Vhere f a i l u r e s occur i n f l e x i b l e 
pavements they occur i n r e l a t i v e l y 
few ope ra t i ons r a t h e r than over an 
extended n u m b e r ( £ ) " . 

I t i s o f i n t e r e s t t h a t the load 
suppor ted i n a p l a t e b e a r i n g t e s t 
a t 10 r e p e t i t i o n s o f load f o r 0 . 5 -

i n . d e f l e c t i o n has been suggested 
by the Highway Research Board Com
m i t t e e on F l e x i b l e Pavement Design 
as a c r i t e r i o n o f s a f e des ign f o r 
wheel loads on runways(5) . Fur ther 
i n f o r m a t i o n may i n d i c a t e t h a t t h i s 
approach s h o u l d be m o d i f i e d , bu t 
s ince i t seems t o f i t i n w i t h p re 
sent t r a f f i c exper ience i n Canada, 
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Figure 15. Load Versus D e f l e c t i o n 
f o r Repeated Loadings 

i t i s employed as the c r i t e r i o n f o r 
sa fe runway des ign throughout t h i s 
paper. I t i s f o r t h i s reason t h a t 
the data f o r most o f the accompanying 
diagrams are f o r 10 r e p e t i t i o n s o f 
l oad . 

GENEBAL INFYXOiATIWI FBOM LOAD TEST DATA 

Influence of ^ flotio on (Jnit Load 
Bearing Capacity: Jt has been known 
f o r many yea r s f r o m the work o f 
e a r l y i n v e s t i g a t o r s i n s o i l mechanics 
and more r e c e n t l y from the i n v e s t i 
g a t i o n s o f House l (7) , Hubbard and 
F i e l d ( j ) , Campen and S m i t h ( 9 ) ( i O ) , 
T e l l e r and S u t h e r l a n d ( 1 1 ) , M i d d l e -
brooks and Ber t ram(12) , and o thers , 
t h a t the s i ze o f bea r ing p l a t e em
p l o y e d f o r l o a d t e s t s on s o i l s , 
m a t e r i a l l y i n f l u e n c e s the magnitude 
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o f the u n i t load which i s supported 
a t a g iven d e f l e c t i o n . For cohesive 
s o i l s , the i n f l u e n c e o f p l a t e s i ze 
on u n i t load i s f r e q u e n t l y expressed 
as a s t r a i g h t l i n e graph when u n i t 
load i s p l o t t e d versus the per imeter 
area r a t i o ^ o f b e a r i n g p l a t e s o f 
d i f f e r e n t d iameters . 

I t has been suggested r e c e n t l y ( 1 3 ) 
t h a t the s i z e o f the bea r ing p l a t e 
ceases to have any i n f l u e n c e on the 
magnitude o f the u n i t load supported 
at a g iven d e f l e c t i o n , i f the p l a t e 
d i ame te r i s g r e a t e r than about 26 
t o 30 i n . P r o f e s s o r H o u s e l ' s i n 
v e s t i g a t i o n s on the o t h e r hand , 
have i n d i c a t e d t h a t t he s t r a i g h t 
l i n e g raph o f u n i t l o a d versus ^ 
r a t i o h o l d s f o r b e a r i n g p l a t e s up 
to at l e a s t 40 i n . i n diameter, and 
probably w e l l beyond. 

A c o n s i d e r a b l e e r r o r i n under-
design would r e s u l t ' f o r the heavier 
a i r p l a n e wheel l o a d i n g s , i f the 
u n i t l o a d s u p p o r t i n g v a l u e f o r a 
c o n t a c t area o f 1500 sq i n . ( d i a 
meter 44 i n . ) f o r example , were 
assumed t o be the same as t h a t ob
t a ined f rom a load t e s t on a 3 0 - i n . 
d i a m e t e r p l a t e h a v i n g a c o n t a c t 
area o f 707 sq i n . , but was a c t u a l l y 
cons iderab ly l e s s . 

To o b t a i n f u r t h e r i n f o r m a t i o n on 
t h i s ma t te r , the Department o f Trans 
p o r t made a cons ide rab le number o f 
t e s t s w i t h b e a r i n g p l a t e s 12, 18, 
24, 30, 36, and 42 i n . i n d iameter . 
When the v a l u e s o f u n i t l o a d are 
p l o t t e d v e r s u s t h e ^ r a t i o f o r 
these d i f f e r e n t p l a t e s a t any g iven 
d e f l e c t i o n , graphs s i m i l a r t o t h a t 
shown i n F i g . 16 are ob ta ined . 

Due t o d i f f e r e n c e s i n s o i l p ro 
p e r t i e s o c c u r r i n g under the i n d i v i 
dua l p l a t e s a t each group o f load 
t e s t s because o f the spacing requ i red 
between the d i f f e r e n t p l a t e s , ( a t 
l e a s t 1.5 p l a t e d i a m e t e r s ) , or t o 
d e f i c i e n c i e s i n t e s t procedure, or 
t o o t h e r v a r i a b l e s d i f f i c u l t t o 
c o n t r o l , i t i s seldom t h a t a l l the 
p o i n t s l i e on t h e b e s t a v e r a g e 
s t r a i g h t l i n e f o r every d e f l e c t i o n , 
a l though they seem to tend t o do so. 

F igu re 16, however, can be c o n s i d 
ered r e p r e s e n t a t i v e . 

When a l l o f the load t e s t s w i t h 
b e a r i n g p l a t e s o f d i f f e r e n t s i z e s 
are c o n s i d e r e d , t he re seems t o be 
l i t t l e doubt t h a t a s t r a i g h t l i n e 

O ISO 

P E R i y E T E R - A R E A R A T I O WA 

Figure 16. In f luence o f P la te Size 
on U n i t Load at D i f f e r e n t D e f l e c t i o n s 

r e l a t i o n s h i p e x i s t s between u n i t 
load suppor t at a g i v e n d e f l e c t i o n 
versus ^ r a t i o , f o r bea r ing p l a t e s 
w i t h diameters between 12 and 42 i n . , 
and probably l a r g e r . 

These r e s u l t s , t h e r e f o r e , c o n f i r m 
those o f Housel on the i n f l u e n c e o f 
bear ing p l a t e s ize on u n i t subgrade 
s u p p o r t . I t i s a l s o t o be n o t e d 
t h a t the i n v e s t i g a t i o n s o f Campen 
and S m i t h i n d i c a t e t h i s s t r a i g h t 
l i n e r e l a t i o n s h i p f o r bear ing p la tes 
between 2 3 . 4 and 9.6 i n . i n d i a -
m e t e r ( d ) , and f o r b e a r i n g p l a t e s 
be tween 32 and 1 6 . 6 i n . i n d i a -
m e t e r ( i O ) . 

A a t i o s of Loads Supported on Given 
Bea r ing P l a t e at Different Numbers 
of A e p e t i t i o n s . ' F i g u r e 17 i n d i c a t e s 
t h a t a r a t i o appears t o e x i s t between 
the load c a r r i e d a t 1 r e p e t i t i o n of 
load t o t h a t c a r r i e d a t 10 r e p e t i 
t i o n s o f l oad , f o r a 3 0 - i n . diameter 
bear ing p l a t e at 0 . 5 - i n . d e f l e c t i o n . 
S i m i l a r r a t i o s seem t o h o l d f o r l O 
versus 100 r e p e t i t i o n s , and 10 
versus 1000 r e p e t i t i o n s , over the 
range from 0- t o 0 . 7 - i n . d e f l e c t i o n . 
These r a t i o s a r e s u m m a r i z e d i n 
T a b l e 5, f o r d e f l e c t i o n s between 
0.2 and 0.7 i n . 
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LOAD IN KIPS AT 0 9 INCH DEFLECTION FOR 10 NCPCTITIONS OF LOAOIHC 

Figure 17. Load i n Kips at 0 . 5 - i n . 
D e f l e c t i o n f o r 1 R e p e t i t i o n 

Versus Load i n Kips a t 0 . 5 - i n . 
D e f l e c t i o n f o r 10 R e p e t i t i o n s 

The r a t i o s o f Table 5 are con
v e n i e n t when d e s i g n i n g f o r more 
l i m i t e d o r f o r h e a v i e r t r a f f i c , 
than the load i n d i c a t e d f o r 0 . 5 - i n . 
d e f l e c t i o n a t 10 r e p e t i t i o n s o f 
l o a d , w h i c h i s employed i n t h i s 
paper as a c r i t e r i o n f o r sa fe r u n 
way des ign . 

A s t u d y o f the l o a d t e s t d a t a 
i n d i c a t e s t h a t the r a t i o s o f Table 5 
a r e as e q u a l l y a p p l i c a b l e t o 
b i tuminous su r f aces as t o cohesive 
subgrades. 

TABLE 5 

RATIO OF LOAD FOR 'W" REPETITIONS AT 
DEFLECTION INDICATED TO LOAD FOR 10 

REPETITIWIS AT SAME DEFLECTION 

Range of 
Def l ec t i on Number o f Repet i t ions of Load 

Inches 1 10 100 1000 
0.2 to 0.7 1.15 1.00 0.89 0.80 

A a t i o of Loads Supported on a Given 
Bearing Plate at Different Deflect
ions: ^hen the curves f o r 1 oad versus 

d e f l e c t i o n f o r - l o a d t e s t s w i t h the 
3 0 - i n . d i ame te r p l a t e on the sub-
grades at a l l ten a i r p o r t s were ana
lyzed , the r e l a t i o n s h i p s i l l u s t r a t e d 
i n F igs . 18, 19, 20, 2 1 , 22, 123, and 
24 were developed. This i n f o r m a t i o n 
i s summar ized i n F i g . 25 , as an 
a r i t h m e t i c g raph o f the r a t i o o f 
load supported a t any d e f l e c t i o n up 
t o 0.7 i n . o v e r l o a d c a r r i e d at 0 .2 -
i n . d e f l e c t i o n , versus d e f l e c t i o n i n 
inches . 

Figures 25 and 26 i n d i c a t e t h a t i f 
the exact load supported a t 0 . 2 - i n . 
d e f l e c t i o n can be a c c u r a t e l y de te r 
mined f o r a 3 0 - i n . p l a t e , the com
p l e t e l o a d d e f l e c t i o n curve can be 
c a l c u l a t e d over t h e range o f d e 
f l e c t i o n between 0 and 0.7 i n . on 
the basis o f the i n f o r m a t i o n summar
i zed i n Table 6. 

R e l a t i o n s h i p s s i m i l a r t o those 
shown i n F i g s . 25 and 26 can be 
very e a s i l y e s t ab l i shed on the bas is 
o f d e f l e c t i o n s o t h e r than 0 .2 i n . 
For most cohes ive subgrade s o i l s , 
however, a d e f l e c t i o n o f 0.2 i n . i s 
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Figure 18. T o t a l Load i n Kips 
f o r 0 . 1 - i n . D e f l e c t i o n Versus 

T o t a l Load i n Kips f o r 
0 . 0 5 - i n . D e f l e c t i o n 
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Figure 19. T o t a l Load i n Kips 
f o r 0 . 2 - i n . D e f l e c t i o n Versus 

T o t a l Load i n Kips f o r 
0 . 1 - i n . D e f l e c t i o n 

one w h i c h can be o b t a i n e d w i t h a 
3 0 - i n . diameter bea r ing p i a t e , w i t h 
out the necess i ty f o r e x c e p t i o n a l l y 
heavy t r a i l e r s or o t h e r sources o f 
l o a d . I t i s a l s o u s u a l l y w e l l be
yond the u n c e r t a i n r e g i o n o f i n i t i a l 
loads and i n i t i a l s e t t l e m e n t s and 
belongs t o what might be considered 
t h e normal p o r t i o n o f a l o a d de
f l e c t i o n curve . 

I t i s t o be n o t e d t h a t the re*-
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Figure 20. T o t a l Load i n Kips 
a t 0 . 3 - i n . D e f l e c t i o n Versus 

T o t a l Load i n Kips a t 
0 . 2 - i n . D e f l e c t i o n (Subgrade) 

l a t i o n s h i p s i l l u s t r a t e d i n F i g s . 25 
and 26, h o l d n o t o n l y f o r subgrade 
load t e s t s f o r the e i g h t A i r p o r t s 
w i t h cohes ive subgrade s o i l s , b u t 
f o r Up lands ( O t t a w a ) , where t he 
subgrade cons i s t s o f about 80 f t . o f 
c l e a n sand , and f o r F o r t N e l s o n , 
where the subgrade s t r u c t u r e ' i s 3 
t o 5 f t o f c l e a n sand over a n i n 
d e f i n i t e d e p t h o f c l a y . I t has 
been obse rved i n o t h e r r e s p e c t s . 

TABLE 6 

RATIO OF LOAD SUPPORTED CW A SO-IN. DIAMETER PLATE AT m DEFLECTION 
FROM 0 TO 0.7 I N . VERSUS LOAD SUPPOBTED AT 0 . 2 - I N . DEFLECTICW, FBOM 

LOAD DEFLECTION CURVES FOR SUBWADE SOILS 

jOad c a r r i e d at 0 . 7 - i i i . d e f l e c t i o n i s 1.906 of tha t supported at 0 . 2 - i n 
>* I f f f 0 . 6 . " i f • f 1.768 f f f i f t I f 0 . 2 - " 
t* f f f f 0 . 5 - - f f f* 1.616 • i t r tf I f 0 . 2 - " 
• t • i i f 0 . 4 - " i f i f 1.443 f f »" f t f t 0 . 2 - " 
i f i t i f 0 . 3 - " f f f i 1.244 f f f i f t I f 0 . 2 - " 
•1 f f i i 0 . 2 - " f f f* 1.000 f f i i tf f t 0 . 2 - " 
9t f f i f 0 . 1 . " f f f i 0.656 f f f t ft t f 0 . 2 - " 
t t f f I f 

0 .05-" f f f f 0.401 f f I f I t f t 0 . 2 - " 
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Figure 2 1 . T o t a l Load i n Kips 
a t 0 . 4 - i n . D e f l e c t i o n Versus 

T o t a l Load i n Kips a t 
0 . 3 - i n . D e f l e c t i o n 

however, t h a t l oad t e s t s on these 
two a i r p o r t s w i t h sand subgrades 
had c h a r a c t e r i s t i c s n o r m a l l y asso
c i a t e d w i t h b e a r i n g p l a t e t e s t s on 
cohesive s o i l s . The top l aye r s o f 
sand, t h e r e f o r e , seem t o have con
t a ined a small amount o f s o i l f i n e s 
or o rgan ic m a t t e r , or b o t h , wh ich 
s e r v e d e f f e c t i v e l y as a b i n d e r 
m a t e r i a l . 

I t i s t o be emphasized t h a t the 
r a t i o s r e p r e s e n t e d g r a p h i c a l l y i n 
F i g s . 18 t o 26 r e p r e s e n t average 
r e l a t i o n s h i p s and c o u l d o n l y be 
determined as the r e s u l t o f a l a rge 
number o f l o a d t e s t s . From t h i s 
i n v e s t i g a t i o n t h e r e are l o a d de
f l e c t i o n curves f o r over 200 sub-
grade load t ^ s t s , and f o r over 750 
l oad t e s t s when those made on su r 
face and base course are i n c l u d e d . 
While t h i s number i s not p a r t i c u l a r l y 
l a r g e , i t appears s u f f i c i e n t t o 
p r o v i d e reasonably average r e s u l t s 
f o r most o f the p l a t e -sizes i n c l u d e d . 
Anyone who a t t e m p t s t o ma tch a 
s i n g l e l o a d d e f l e c t i o n c u r v e , or 
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Figure 22. T o t a l Load i n Kips 
a t 0 . 5 - i n . D e f l e c t i o n Versus 

T o t a l Load i n Kips a t 
0 . 4 - i n . D e f l e c t i o n 

any smal l number o f load d e f l e c t i o n 
curves f o r a 3 0 - i n . diameter p l a t e , 
w i t h t he r e l a t i o n s h i p s shown i n 
F i g s . 25 and 26 may be d i sappoin ted 
by what appears t o be poor agree
ment . I f a l a r g e number o f l o a d 
d e f l e c t i o n curves obta ined by means 
o f t he l o a d t e s t p r o c e d u r e p r e 
v i o u s l y o u t l i n e d , are t r i e d , how
e v e r , i t w i l l p r o b a b l y be f o u n d 
t h a t t h e i r average c u r v e c o r r e s 
ponds more c l o s e l y t o t h a t r ep re 
sented by these graphs. 

The v e r y c l o s e c o r r e l a t i o n o f 
the data i l l u s t r a t e d i n F i g s . 18 to 
24 i s somewhat s u r p r i s i n g i n v iew 
of the f a c t t h a t these r e l a t i o n s h i p s 
were not observed u n t i l a f t e r the 
l o a d t e s t da ta had been o b t a i n e d , 
and t h a t the load t e s t s were pe r 
formed by t e s t crews w i t h no p re 
v i o u s e x p e r i e n c e , w o r k i n g i n two 
s h i f t s , and o p e r a t i n g many hundreds 
o f mi les apa r t . 

I n f o r m a t i o n s i m i l a r t o t h a t i n 
F i g s . 18 t o 24 has been assembled 
f o r 1 2 - , 2 4 - , and 3 6 - i n . d iamete r 
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Figure 23. T o t a l Load i n Kips 
a t 0 . 6 - i n . D e f l e c t i o n Versus 

T o t a l Load i n Kips a t 
0 . 5 - i n . D e f l e c t i o n (Subgrade) 

p l a t e s w i t h v e r y s i m i l a r r e s u l t s . 
The present load t e s t data f o r the 
42- and 1 8 - i n . diameter p l a t e s are 
cons idered to be too l i m i t e d t o be 
reasonarbly a c c u r a t e , and have not 
been include<l. An o v e r a l l compar i 
son o f the r e l a t i o n s h i p s f o r (he 
12- , 24 - , 3 0 - , and 3 6 - i n . diameter 
p l a t e s i s shown i n F i g . 27. I t may 
be seen t h a t the r a t i o s f o r bear ing 
p l a t e diameters of 12, 24, and 36 i n d o 
not co inc ide w i t h those f o r the 30-
m . p l a t e . The g r ea t e s t number o f 
subgrade load t e s t s were made w i t h 
the 3 0 - i n . p l a t e . I f as many t e s t s 
had been made w i t h the 12-, 24- , and 
3 6 - i n . p l a t e as w i t h the 30 - i n . 
p l a t e , the curves o f F i g . 27 might have 
c o i n c i d e d . On the other hand. F i g . 
27 may be q u i t e r e p r e s e n t a t i v e and 
more data might merely c o n f i r m the 
i n d i c a t i o n s o f t h i s d i a g r a m t h a t 
each bea r ing p l a t e has i t s own se t 
o f r a t i o s . 

A c e r t a i n amount of_ u n c e r t a i n t y 
e x i s t s c o n c e r n i n g the exac t shape 
o f the l o a d d e f l e c t i o n cu rves i n 
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Figure 24. T o t a l Load i n Kips 
at 0 . 7 - i n . D e f l e c t i o n Versus 

T o t a l Load i n Kips at 
0 . 6 - i n . D e f l e c t i o n 

the v i c i n i t y 0 .05- and 0 . 1 - i n . de
f l e c t i o n , p o s s i b l y because o f i n i 
t i a l cond i t i ons o f adjustment under 
l o a d . Consequent ly, the r e l a t i o n 
s h i p s ( r a t i o s ) o f F i g s . 25 , 26 , 
and 27, i n v o l v i n g p o r t i o n s o f the 
curves over t h i s range o f d e f l e c t i o n 
may not be e n t i r e l y a c c u r a t e , bu t 
i t may be q u i t e d i f f i c u l t to o b t a i n 
more r ep resen ta t ive va lues . 

Professor Housel o f the U n i v e r s i t y 
o f Michigan has made a la rge number 
o f l oad t e s t s d u r i n g the pas t 18 
years . His load t e s t i n g procedure 
cons is t s o f s t a t i c l oad ing i n which 
each increment o f load i s a p p l i e d 
f o r e x a c t l y 1 h r , whereas the De
partment o f T ranspo r t employed r e 
p e t i t i v e l o a d i n g s i n w h i c h each 
a p p l i c a t i o n or re lease o f load was 
m a i n t a i n e d u n t i l the r a t e o f de
f l e c t i o n or recovery , r e s p e c t i v e l y , 
was 0 .001 i n . per min or l ess f o r 
each o f t h r e e success ive m i n u t e s . 

Professor Housel ' s data f o r load 
d e f l e c t i o n curves f o r about 45 f i e l d 
l o a d t e s t s on c o h e s i v e s o i l s , i n 
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OH 
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Figure 25. Ra t io o f Load at 
D e f l e c t i o n " N " i n Inches Over 

Load a t 0 . 2 - i n . D e f l e c t i o n 
Versus D e f l e c t i o n " N " i n Inches 

which c i r c u l a r bear ing p la t e s o f 1, 
2 , and 4 sq f t had been employed (14) 
Wfrre analyzed t o p r o v i d e i n f o r m a 
t i o n s i m i l a r t o t h a t o f F i g s . 18 t o 

50 OIAUETER PLATE 

" " "if."'.',?'" "~ 

T O T A L L O A D A T 0 2 I N C H D E F L E C T I O N W W P S 

Figure 26. Load a t D e f l e c t i o n 
" N " i n Inches Versus Load 

a t 0 . 2 - i n . D e f l e c t i o n 

24. I n F i g . 28, t o t a l load supported 
a t 0 . 7 - i n . d e f l e c t i o n has been 
p l o t t e d versus ^ t a l load supported 
a t 0 . 6 - i n . d e f l e c t i o n f o r a c i r 
c u l a r b e a r i n g p l a t e having an area 
o f 4 sq f t , (Housel d a t a ) . A very 
good s t r a i g h t l i n e r e l a t i o n s h i p 
appears t o h o l d . F igure 24 i s r e 
p r e sen t a t i ve o f the graphs obta ined 
f o r o the r combinat ions o f d e f l e c t 
i o n s . S i m i l a r i n f o r m a t i o n was de
te rmined f o r o the r d e f l e c t i o n s f o r 
the t h r e e b e a r i n g p l a t e s o f1 ,2 and 
4 sq f t , and i s summarized i n F i g . 29, 
w h e r e i n an o v e r a l l compar ison o f 
the r e l a t i o n s h i p s i s shown. F i g . 29 
f o r Housel data corresponds t o F i g . 
27 f o r Department o f Transpor t data 

4 \ 

/ 
4 

0 

i r i T i o n OF lAAO 

i i i r 

OEFIECTON ' « IN INCHES 

Figure 27. Ra t io o f Load a t 
D e f l e c t i o n " N " i n Inches Over 

Load a t 0 . 2 - i n . D e f l e c t i o n Versus 
D e f l e c t i o n " N " i n Inches f o r 

Bear ing Plates 36, 30, 24 and 12 
Inches i n Diameter (Subgrade) 

Al though they are not o f e x a c t l y 
the same a r e a , the r e l a t i o n s h i p s 
f rom F i g . 29 f o r Housel data f o r a 
b e a r i n g p l a t e o f 4 sq f t are com
pared w i t h the r e l a t i o n s h i p s f rom 
F i g . 27 f o r Department o f Transpor t 
data f o r the 2 4 - i n . diameter p l a t e . 
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and are shown i n F i g . 30. I t i s 
a p p a r e n t f r o m F i g . 30 t h a t t h e 
r a t i o s are q u i t e d i f f e r e n t and t h e i r 
u n l i k e va lues p robab ly r e f l e c t the 
d i f f e r e n c e s i n load t e s t procedure 
employed i n each case. F igure 30, 
t h e r e f o r e , emphasizes the f a c t t h a t 
the values o f the r a t i o s i n d i c a t e d 
by F i g s . 25, 26, and 27 w i l l apply 
o n l y when l o a d t e s t p r o c e d u r e s 
i d e n t i c a l (or approximate!y so) w i t h 
t h o s e used by t h e Depa r tmen t o f 
Transpor t are employed. 

KOUSEL D A T A 
STATrC LOAO TE5T3 
EACH SUCCESUVE IMCAEHENT V LOAD ATfLlEO fOtt 
AREA V C I K U L A A BEAAma n.ATE • 4 9Q ET 

-* to n n J B tr 
TOTAL LOAD H KIPS AT 0 6 INCH DEFLECTION 

Figure 28. T o t a l Load i n Kips 
a t 0 . 7 - i n . D e f l e c t i o n Versus 

T o t a l Load i n Kips a t O .d^ in . 
D e f l e c t i o n (Housel Data) 

I t would appear t h a t the r a t i o s 
i n d i c a t e d by F i g s . 25, 26 , and 27 
are u n i v e r s a l c o n s t a n t s f o r each 
b e a r i n g p l a t e s i z e i n d i c a t e d , and 
f o r the load t e s t i n g procedure em
p l o y e d , a t l e a s t f o r cohesive sub-
grade s o i l s s i m i l a r t o those en
countered so f a r i n the i n v e s t i g a t i o n . 
Th^y may a l s o a p p l y t o g r a n u l a r 
subgrade s o i l s . I t would a l s o seem 
t h a t u n i v e r s a l c o n s t a n t s s i m i l a r 
but w i t h d i f f e r e n t va lues , could be 
d e v e l o p e d f o r o t h e r l o a d t e s t 

i r -
FROM HOUSEL DATA FOR STATIC LOAO TESTS 

OM COHESIVE SaiS 
EACH SUCCESSIVE PiCftEWNT Of LOAD APPUEO W 0 

DEFLECTION *N'IN INCHES 

. F igure 29. R a t i o o f Load a t 
D e f l e c t i o n " N " i n Inches Over 

Load a t 0 . 2 - i n . D e f l e c t i o n Versus 
D e f l e c t i o n " N " i n Inches f o r 

C i r c u l a r Bear ing Pla tes o f 1 , 2 
and 4 sq f t (Housel Data) 

m e t h o d s , s i n c e t h e s e c o n s t a n t s 
( r a t i o s ) appear t o depend upon the 
s ize o f bea r ing p l a t e and the nature 
o f load t e s t procedure employed. 

S i m i l a r i n f o r m a t i o n has been 
deve loped f o r l o a d t e s t s made on 
the sur faces o f f l e x i b l e pavements. 
I n F i g s . 31 and 3 2 , t h e l o a d s 
s u p p o r t e d a t 0 . 6 - versus 0 . 5 - i n . 
d e f l e c t i o n , and a t 0 .3 - versus 0 .2-
i n . d e f l e c t i o n r e s p e c t i v e l y , are 
shown f o r s u r f a c e l oad t e s t s made 
w i t h a 3 0 - i n . diameter p l a t e . This 
i n f o r m a t i o n f o r b e a r i n g p l a t e d i a 
meters o f 12, 24, 30, and 36 i n . , 
and f o r a d e f l e c t i o n range o f 0 t o 
0.7 i n . i s summarized i n F i g . 33. 

I n F i g s . 31 and 32, the p o i n t s 
are somewhat less t i g h t l y c l u s t e r e d 
about the best average l i n e than i s 
t h e case f o r t h e c o r r e s p o n d i n g 
graphs f o r the subgrade , bu t the 
t r end i s unmis takable . I n F i g . 33, 
the curves f o r the d i f f e r e n t p l a t e 
s i z e s do n o t f o l l o w the r e g u l a r 
o r d e r , w h i c h o c c u r r e d i n F i g . 27 
f o r subgrades. While the r a t i o o f 
load supported at one d e f l e c t i o n to 
t h a t suppor ted a t another , f o r any 
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g i v e n p l a t e s i z e , i s n e a r l y t h e 
same f o r b o t h s u r f a c e and s u b g r a d e 
l o a d t e s t s , t h e y a r e n o t i d e n t i c a l . 
T h e s m a l l d i s s i m i l a r i t y i n r a t i o s 
may be due t o e x p e r i m e n t a l e r r o r , 
o r may be c a u s e d by f u n d a m e n t a l 
d i f f e r e n c e s i n t h e b e h a v i o u r o f s u b -
g r a d e s o i l s and b i t u m i n o u s s u r f a c i n g 
m a t e r i a l s u n d e r t h e s t r e s s e s i m p o s e d 
by b e a r i n g p l a t e s d u r i n g l o a d t e s t s . 

" ' U S E L DATA 

s m i c to.o i t m e . eo-euve ten-t 

SUCCEtSIVI naKCMEMT W LOAD APMIO F0« I MUl 

DC>APT«E»T Of TBAHSTOT DATA 
niriTITIVE LOAD t f lT I OM C»lC9l«I M I L S 
C*CH aire 

M L t i i n 

iTioN or t« 
OC'LICTiO 

II THK[( I U CI»IV[ Ml 

LlCO UHTlL 
0001 inCH 
UTES 

• ATI OF 
rVI HHITt 

A 

1 1 -1 r c 3 S T ( 5 1 I 1 

F i g u r e 30. C o m p a r i s o n o f R a t i o s 
o f L o a d a t D e f l e c t i o n "N" O v e r 

L o a d a t 0 . 2 - i n . D e f l e c t i o n V e r s u s 
D e f l e c t i o n "W f o r H o u s e l and 

D e p a r t m e n t o f T r a n s ' p o r t 
L o a d T e s t P r o c e d u r e s 

Ratxos of Loads Supported on Bearmg 
plates of Different Sizes at Sane 
D e / I e c t i o n ; I n F i g s . 34 a n d 35 t h e 
t o t a l l o a d c a r r i e d o n a 3 6 - i n . 
p l a t e i s p l o t t e d v e r s u s t h e t o t a l 
l o a d s u p p o r t e d by a 3 0 - i n . p l a t e 
a t d e f l e c t i o n s o f 0.2 and 0.5 i n . , 
r e s p e c t i v 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 i s i n d i c a t e d i n e a c h 
c a s e . When e x a m i n i n g F i g s . 34 a n d 
35 i t must be k e p t i n mind t h a t e a c h 
p o i n t r e p r e s e n t s d a t a f o r two l o a d 
t e s t s s p a c e d a b o u t 12 f t a p a r t and 
t h a t e a c h o f t h e two t e s t s was made 

LEGEND 
XTHBftlOGE o ' 
T ST JOHN 0 

JRANDE PRAIRIE « 
VJNNIPEO a 
SASKATOON ^ 
MRVAL • 
iALTON • 

-
LEGEND 

XTHBftlOGE o ' 
T ST JOHN 0 

JRANDE PRAIRIE « 
VJNNIPEO a 
SASKATOON ^ 
MRVAL • 
iALTON • 
'T NELSON 
JPLANDS 
neoiNA 

\ J 

if sc 
ON 8 

' DIAMET 
JRFACE AT 

ER PLATE 
0 REfCTIT om 

/ / 
7 ^ E \i i b to 

F i g u r e 31. L o a d i n K i p s a t 0 . 6 - i n . 
D e f l e c t i - o n V e r s u s L o a d i n K i p s a t 

0 . 5 - i n . D e f l e c t i o n ( S u r f a c e ) 

w i t h a b e a r i n g p l a t e o f d i f f e r e n t 
s i z e . A n y o n e f a m i l i a r w i t h l o a d 
t e s t i n g w i l l r e a l i z e t h a t two l o a d 
t e s t s made w i t h e v e n t h e same p l a t e , 
b u t s p a c e d 12 f t a p a r t , may i n d i 
c a t e r e s u l t s t h a t d i f f e r by s e v e r a l 

LEeEWD o • 
FT ST JOHN « 
ORAKOE PRAIRIE a 
WINNIPEG * 

OORVAL 
MALTON 
FT NELSON 
iioi Aiina 

• 
o ^ o 

REOINA 

a 
0 y * " 

• 

30 ' DIAMETER PLATE 
ON SURFACE AT 10 REPETITIONS 

if' 

-

-

LOAD IN KIPS AT 0 2 INCH DEFLECTION 

F i g u r e 32. L o a d i n K i p s a t 0 . 3 - i n . 
D e f l e c t i o n V e r s u s L o a d i n K i p s a t 

0 . 2 - i n . D e f l e c t i o n ( S u r f a c e ) 
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0 f 
I 

B 

1 --

/ / / i r i 
F i g u r e 33. R a t i o o f L o a d a t 

D e f l e c t i o n "N" i n I n c h e s O v e r 
L o a d a t 0.2-on. D e f l e c t i o n V e r s u s 

D e f l e c t i o n i n I n c h e s f o r 
B e a r i n g P l a t e s o f 36, 30, 24 

and 12 i n . i n D i a m e t e r ( S u r f a c e ) 

t h o u s a n d pounds a t a n y g i v e n d e f l e c t 
i o n f o r t h e s t r o n g e r s u b ^ r a d e s . 
C o n s e q u e n t l y , some s c a t t e r i n g o f 

LCTHBRIOOe 
FT NELSON 
USKATOON 
HALTON 
UPLANDS 
FT ST JOHN 
UANOe P M l R t 

DEFLECTION AT 0 2 INCHES 
SUBCRAOe 

AT 10 REPETITIONS OP LOAD 

LOAD IN MPS ON 30 INCH DIAMETER PLATE 

F i g u r e 34. L o a d i n K i p s on 3 6 - i n . 
D i a m e t e r P l a t e V e r s u s L o a d i n 
K i p s on 3 0 - i n . D i a m e t e r P l a t e 

a t 0 . 2 - i n . D e f l e c t i o n 

d a t a a b o u t t h e b e s t s t r a i g h t l i n e 
t h r o u g h t h e g r a p h s o f F i g s . 34 and 
35 i s t o be e x p e c t e d . F i g s . 34 and 
35 c o n t a i n d a t a f o r U p l a n d s a i r p o r t 
( O t t a w a ) , where t h e s u b g r a d e c o n s i s t s 
o f 8 0 f t o f c l e a n s a n d , a n d f o r 
F o r t N e l s o n w h e r e t h e s u b g r a d e i s 
3 t o 5 f t o f c l e a n s a n d o v e r c l a y . 
A q u i t e d i f f e r e n t r e l a t i o n s h i p w o u l d 
o r d i n a r i l y be e x p e c t e d b e t w e e n l o a d 
t e s t s on b e a r i n g p l a t e s o f d i f f e r e n t 
s i z e s on s a n d s u b g r a d e t h a n on c l a y . 

DEFLECTION AT 0 9 INCHES 
ON SUBCRAOE 

AT 10 REPETITIONS OF LOAD 

l-ECEND 

SASKATOON 
WALTON 
UPLANDS 
FT ST JOHN 
GRANDE PPAIRIE 
WINNIPEO 

LOAD W MPS ON 30 INCH OUUETER PLATE 

F i g u r e 35. L o a d i n K i p s on 3 6 - i n . 
D i a m e t e r P l a t e V e r s u s L o a d i n K i p s 

on 3 0 - i n . D i a m e t e r P l a t e 
a t 0 . 5 - i n . D e f l e c t i o n 

S i n c e F i g s . 34 and 35 i n d i c a t e t h a t 
t h e l o a d t e s t d a t a f o r U p l a n d s and 
F o r t N e l s o n c o n f o r m c l o s e l y t o t h o s e 
f o r a i r p o r t s w i t h c l a y s u b g r a d e s , 
i t i s e v i d e n t t h a t t h e u p p e r l a y e r s 
o f s a n d s u b g r a d e a t U p l a n d s and F o r t 
N e l s o n c o n t a i n e d s u f f i c i e n t i n o r 
g a n i c o r o r g a n i c b i n d e r , o r b o t h , 
t o make them b e h a v e i n some r e s p e c t s 
a s c o h e s i . v e s o i l s o f h i g h b e a r i n g 
c a p a c i t y . 

I n f o r m a t i o n s i m i l a r t o t h a t o f 
F i g s . 3 4 a n d 35 w a s d e v e l o p e d a t 
d e f l e c t i o n s o f 0.05 a n d 0.1 t o 0.7 
i n . i n O . 1-in.increments f o r 1 2 - i n . v e r s u s 
3 0 - i n . p l a t e s , 1 8 - i n . v e r s u s 3 0 - i n . 
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Ftn .>CIIOPI.AriE »MCEL LOADINGS 
COHCIIVC SUSOUUX MLS 

PERIMETER- AREA RATIO P/A 

F i g u r e 3 6 . R a t i o o f S u b g r a d e , S u p p o r t i n P S I a t D e f i e c t i o n I n d i c a t e d f o r 
B e a r i n g P l a t e s o f Any D i a m e t e r O y e r S u b g r a d e S u p p o r t i n P S I a t 

0 . 2 - i n . D e f l e c t i o n on 3 0 - i n . D i a m e t e r P l a t e V e r s u s P e r i m e t e r A r e a R a t i o 

p l a t e s , 2 4 - i n . v e r s u s 3 0 - i n . p l a t e s , 
3 6 - i n . v e r s u s 3 0 - i n . p l a t e s , a n d 
4 2 - i n . v e r s u s 3 0 - i n . p l a t e s . F r o m 
t h i s i n f o r m a t i o n , t h e r a t i o o f t h e 
u n i t l o a d s u p p o r t e d on a p l a t e o f 
g i v e n s i s e o v e r t h e u n i t l o a d s u p 
p o r t e d on a 3 0 - i n . d i a m e t e r p l a t e 

c o u l d be r e a d i l y d e t e r m i n e d f o r any 
r e q u i r e d d e f l e c t i o n . T h e s e r a t i o s 
a r e i n d i c a t e d i n F i g . 36 f o r d e f l e c t 
i o n s o f 0.2 i n . and 0.5 i n . r e s p e c t 
i v e l y . I t w i l l be n o t e d t h a t a v e r y 
good s t r a i g h t l i n e r e l a t i o n s h i p h a s 
b e e n o b t a i n e d . I n f o r m a t i o n f o r t h e 

FOR HIGMWfcl WHEEL LOADINGS 
COHESIVE SU8CR.0E SOILS 

A1 10 HEPtTlTIOhS OF LOAD 

ui 2.0 

PERIMETER AREA RATIO-P/A 

F i g u r e 3 7 . R a t i o o f S u b g r a d e S u p p o r t i n P S I a t D e f l e c t i o n " N " f o r 
B e a r i n g P l a t e o f Any D i a m e t e r O v e r S u b g r a d e S u p p o r t i n P S I a t 0 . 2 - i n . 

D e f l e c t i o n on 3 0 - i n . D i a m e t e r P l a t ^ e V e r s u s P e r i m e t e r A r e a R a t i o 
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F i g u r e 38. R a t i o o f S u b g r a d e S u p p o r t i n P S I a t D e f l e c t i o n "N" f o r 
B e a r i n g P l a t e o f Any D i a m e t e r O v e r S u b g r a d e S u p p o r t i n P S I a t 0 . 2 - i n . 

D e f l e c t i o n on 1 2 - i n . D i a m e t e r P l a t e V e r s u s P e r i m e t e r A r e a R a t i o 

4 2 - i n . d i a m e t e r p l a t e h a s b e e n 
o m i t t e d b e c a u s e i t c o n s i s t e d o f 
o n l y f i v e l o a d t e s t s made a t a 
s i n g l e a i r p o r t and m i g h t n o t be r e 
p r e s e n t a t i v e . I t s h o u l d p r o b a b l y 
b e a d d e d , h o w e v e r , t h a t t h e d a t a 
f o r t h e s e f i v e t e s t s w o u l d h a v e 
p l a c e d t h e p o i n t f o r t h e 4 2 - i n . 
p l a t e somewhat h i g h i n F i g . 36. 

K n o w i n g t h e r a t i o o f t h e l o a d 
s u p p o r t e d a t one d e f l e c t i o n t o t h a t 
s u p p o r t e d a t a n o t h e r d e f l e c t i o n f o r 
a b e a r i n g p l a t e o f g i v e n s i z e ( e . g . 
F i g . 25 f o r t h e 3 0 - i n . p l a t e ) and 
k n o w i n g a l s o t h e r a t i o o f t h e u n i t 
1 c a d , s u p p o r t e d on a p l a t e o f o n e 
s i z e t o t h e u n i t l o a d s u p p o r t e d on 
a p l a t e o f d i f f e r e n t s i z e f o r a 
g i v e n d e f l e c t i o n ( F i g . 3 6 ) , i t i s a 
r e l a t i v e l y s i m p l e m a t t e r t o p r e p a r e 
t h e c h a r t o f F i g . 3 7 . T h i s c h a r t 
i s b a s e d upon t h e l o a d c a r r i e d by a 
3 0 - i n . d i a m e t e r p l a t e a t 0 . 2 - i n . 
d e f l e c t i o n a s a u n i t y , o r i t c o u l d 
be c o n s i d e r e d t o be b a s e d u p o n a 
u n i t l o a d o f 1 p s i on a 3 0 - i n . d i a 
m e t e r p l a t e a t 0 . 2 - i n . d e f l e c t i o n . 

T h e v a l u e o f F i g . 37 l i e s i n t h e 
f a c t t h a t i f t h e u n i t l o a d S u p p o r t e d 
on a 3 0 - i n . d i a m e t e r p l a t e a t 0 . 2 - i n . 
d e f l e c t i o n i s known a c c u r a t e l y , t h e 

u n i t l o a d s u p p o r t e d on a b e a r i n g 
p l a t e f o r a n y o t h e r d i a m e t e r o v e r 
t h e r a n g e o f 12 t o 4 2 i n . and p r o 
b a b l y somewhat b e y o n d , c a n be c a l 
c u l a t e d f o r a n y d e f l e c t i o n b e t w e e n 
0 and 0.7 i n . 

F i g u r e 38 i s s i m i l a r t o F i g . 37, 
w i t h t h e e x c e p t i o n t h a t t h e d i a g r a m 
i s b a s e d upon t h e l o a d s u p p o r t e d on 
a 1 2 - i n . d i a m e t e r p l a t e a t 0 . 2 - i n . 
d e f l e c t i o n a s u n i t y . 

F i g u r e 37 i s i n t e n d e d f o r u s e f o r 
a i r c r a f t w h e e l l o a d i n g s , s i n c e i t 
c o v e r s t h e r a n g e o f c o n t a c t a r e a s 
a s s o c i a t e d w i t h t h e p n e u m a t i c t i r e s 
on a i r p l a n e w h e e l s . F o r a s i m i l a r 
r e a s o n . F i g . 3 8 i s m o r e r e a d i l y 
a p p l i c a b l e t o h i g h w a y w h e e l l o a d i n g s . 
D i a g r a m s s i m i l a r t o t h e s e c o u l d be 
v e r y e a s i l y p r e p a r e d , b a s e d on a 
r a t i o o f u n i t y , o r a u n i t l o a d o f 
1 p s i , f o r a n y o t h e r c o m b i n a t i o n o f 
b e a r i n g p l a t e s i z e a n d d e f l e c t i o n . 

A g a i n i t i s t o b e e m p h a s i z e d 
t h a t F i g s . 37 and 38, and a n y o t h e r 
d i a g r a m s b a s e d upon them, r e p r e s e n t -
t h e a v e r a g e r e l a t i o n s h i p s ^ d e r i v e d 
from t h e a n a l y s i s o f a l a r g e number 
o f l o a d t e s t s on b e a r i n g p l a t e s o f 
d i f f e r e n t s i z e s , f o r what a r e c o n 
s i d e r e d t o be r e p r e s e n t a t i v e c o h e -
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F i g u r e 39. R a t i o o f A p p l i e d L o a d on S u r f a c e a t D e f l e c t i o n " N " f o r 
B e a r i n g P l a t e s o f Any D i a m e t e r O v e r A p p l i e d L o a d on S u r f a c e a t 

0 . 2 - i n . D e f l e c t i o n on 3 0 - i n . D i a m e t e r P l a t e V e r s u s P e r i m e t e r A r e a R a t i o 

s i v e s o i l s i n C a n a d a . A t t e m p t s t o 
c h e c k t h e s e r e l a t i o n s h i p s w i t h d a t a 
f r o m a few l o a d t e s t s may l e a d t o 
d i s a p p o i n t m e n t . However, i f t h e d a t a 
f r o m a r e l a t i v e l y l a r g e n u mber o f 
l o a d t e s t s on c o h e s i v e s u b g r a d e s 
a r e a n a l y z e d , r e a s o n a b l e a g r e e m e n t 
may be o b t a i n e d , p r o v i d e d , o f c o u r s e , 
t h e l o a d t e s t p r o c e d u r e i s i d e n t i 
c a l w i t h t h a t o u t l i n e d e a r l i e r i n 
t h i s p a p e r . 

From l o a d t e s t s made on t h e b i 
t u m i n o u s s u r f a c e s a t t h e t e n a i r 
p o r t s , i n f o r m a t i o n s i m i l a r t o t h a t 
o f F i g . 36 f o r s u b g r a d e s w a s ob
t a i n e d f o r f l e x i b l e p a v e m e n t s . 
When t h i s i n f o r m a t i o n was c o m b i n e d 
w i t h t h a t o f F i g . 3 3 , t h e d i a g r a m 
o f F i g . 39 was p r e p a r e d . F i g u r e 39 
i n d i c a t e s t h a t i f t h e l o a d s u p p o r t e d 
b y a f l e x i b l e p a v e m e n t on a 3 0 - i n . 
d i a m e t e r p l a t e a t 0 . 2 - i n . d e f l e c t i o n 
i s a c c u r a t e l y known, t h e l o a d f o r 
a n y o t h e r b e a r i n g p l a t e d i a m e t e r 
o v e r t h e r a n g e o f 12 t o 42 i n . ( a n d 
p r o b a b l y g r e a t e r ) , a n d f o r a r a n g e 
o f d e f l e c t i o n from 0 t o 0.7 i n . c a n 
be c a l c u l a t e d . 

I t may be t h a t t h e d i a g r a m o f 
P i g . 3 9 w o u l d v a r y s o m e w h a t f o r 
d i f f e r e n t b i t u m i n o u s s u r f a c e s , b u t 

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

Ratio of Unit Load on 12-in. Plate 
to that on a 30-in.: Plate F i g u r e 37 
i n d i c a t e s t h a t f o r d e f l e c t i o n s .from 
a b o u t 0 . 1 5 i o . t o a b o u t 0.6 i n . , , 
t h e u n i t l o a d s u p p o r t e d by a 1 2 - i n . 
d i a m e t e r p l a t e on c o h e s i v e s u b g r a d e 
s o i l s i s a t l e a s t t w i c e t h e u n i t 
l o a d s u p p o r t e d on a 3 0 - i n . p l a t e 
a t a n y g i v e n d e f l e c t i o n . T h e r e may 
be e x c e p t i o n s t o t h i s o b s e r v a t i o n 
i n i n d i v i d u a l c a s e s , b u t i t i s s u p 
p o r t e d by n o t o n l y o u r own i n v e s t i 
g a t i o n , b u t by t h e p u b l i s h e d d a t a 
o f H u b b a r d and F i e l d ( 9 ) , Campen and 
S m i t h ( 9 ) , ( 1 0 ) , T e l l e r a n d S u t h e r -
l a n d ( i i ) , a n d M i d d l e b r o o k s a n d 
B e r t r a m ( i 2 ) . 

I n t h e a b s e n c e o f l o a d t e s t i n 
f o r m a t i o n f o r a w i d e r a n g e o f b e a r i n g 
p l a t e d i a m e t e r s , t h i s g e n e r a l r u l e 
i s v e r y u s e f u l when e x t r a p o l a t i n g 
o r i n t e r p o l a t i n g l i m i t e d l o a d t e s t 
d a t a t o c o n t a c t a r e a s o f d i f f e r e n t 
s i z e s . 

F o r d e f l e c t i o n s g r e a t e r t h a n 
a b o u t 0.6 i n . , a n d s m a l l e r t h a n 
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a b o u t 0 . 1 5 i n . , t h e u n i t l o a d 
s u p p o r t e d on a 1 2 - i n . p l a t e on c o 
h e s i v e s u b g r a d e s o i l s i s s omewhat 
l e s s t h a n t w i c e t h e u n i t l o a d s u p 
p o r t e d on a 3 0 - i n . p l a t e 

F o r a n y d e f l e c t i o n o v e r t h e 
r a n g e 0 t o 0.7 m., t h e a c t u a l r a t i o 
o f l o a d s u p p o r t e d on a 1 2 - i n . p l a t e 
t o t h a t s u p p o r t e d on a 3 0 - i n . p l a t e 
c a n be o b t a i n e d by r e f e r e n c e t o 
F i g . 37 f o r c o h e s i v e s o i l s . 

F o r l o a d t e s t s on f l e x i b l e p a v e 
m e n t s . F i g . 3 9 i n d i c a t e s t h a t t h e 
r a t i o o f t h e l o a d s u p p o r t e d on a 
1 2 - i n . d i a m e t e r p l a t e v e r s u s t h a t 
s u p p o r t e d on a 3 0 - i n . d i a m e t e r p l a t e 
i s somewhat g r e a t e r t h a n two. T h i s 
r a t i o i s a p p r o x i m a t e l y 2 . 4 5 o v e r 
t h e r a n g e o f d e f l e c t i o n o f a b o u t 
0.2 t o a b o u t 0.5 i n . T h e e x a c t 
r a t i o f o r a n y d e f l e c t i o n c a n be ob
t a i n e d from F i g . 39. ' 

YIELD POINT DEFLECTIONS FOR SUBGBADES 
AND FLEXIBLE PAVEMENTS 

P r o f e s s o r H o u s e l h a s d e v i s e d a 
m e t h o d f o r d e t e r m i n i n g t h e y i e l d 
p o i n t o f a s o i l , w h e n l o a d t e s t s 
h a v e b e e n p e r f o r m e d w i t h b e a r i n g 
p l a t e s o f a t l e a s t t h r e e d i f f e r e n t 
s i z e s ( 7 ) , ( i 4 ) . P r o f e s s o r H o u s e l 
d e f i n e s t h e y i e l d p o i n t o r b e a r i n g 
c a p a c i t y l i m i t o f a s o i l a s t h e m a x i 
mum l o a d w h i c h a s o i l w i l l s u p p o r t 
w i t h o u t p r o g r e s s i v e s e t t l e m e n t 
o c c u r r i n g . F o r l o a d s up t o t h e 
b e a r i n g c a p a c i t y l i m i t , t h e d e f l e c t 
i o n r e a c h e s a n e q u i l i b r i u m v a l u e 
n o t e x c e e d i n g t h e y i e l d p o i n t 
d e f l e c t i o n . F o r l o a d s g r e a t e r t h a n 
t h e b e a r i n g c a p a c i t y l i m i t , d e f l e c t 
i o n i n c r e a s e s p r o g r e s s i v e l y w i t h 
t i m e . T h e y i e l d p o i n t d e f l e c t i o n 
i s t h e d e f l e c t i o n w h i c h o c c u r s u n d e r 
t h e y i e l d p o i n t l o a d , o r b e a r i n g 
c a p a c i t y l i m i t o f t h e s o i l . 

P r o f e s s o r H o u s e l ' s method w o u l d 
r e q u i r e t o o much s p a c e t o o u t l i n e 
h e r e , o t h e r t h a n t o s t a t e t h a t i t 
d e p e n d s on p e r i m e t e r s h e a r "a", 
d e v e l o p e d p r e s s u r e "n", and d e f l e c t -
lon" d" u n d e r e a c h m a g n i t u d e o f l o a d . 

From d a t a f o r e a c h o f t h e s e v a r i a b l e s , 
he c a l c u l a t e s t h e s o i l r e s i s t a n c e 
f a c t o r s K i and K s . where K i = ^, and 
K a - When K i and K s v a l u e s a r e 
p l o t t e d a g a i n s t d e f l e c t i o n , t h e 
y i e l d p o i n t d e f l e c t i o n o c c u r s a t 
e i t h e r a minimum v a l u e o f t h e K i 
c u r v e , o r a t a maximum v a l u e o f t h e 
K s c u r v e . 

T h e d i a g r a m s o f F i g s . 37 and 39 
a r e s u s c e p t i b l e t o a n a l y s i s by 
H o u s e l ' s m e t h o d , a n d t h e r e s u l t s 
a r e p r e s e n t e d i n F i g s . 40 and 4 1 , 
r e s p e c t i v e l y . F i g u r e 40 i n d i c a t e s 
t h a t t h e y i e l d p o i n t o c c u r s a t a 
d e f l e c t i o n o f 0 . 2 6 - i n . , w h e r e t h e 
K a c u r v e r e a c h e s i t s maximum. T h i s 
means t h a t t h e ' a v e r a g e y i e l d p o i n t 
d e f l e c t i o n o f s u b g r a d e s f o r t h e t e n 
a i r p o r t s i s 0 . 2 6 i n . F i g u r e 41 
g i v e s t h e a v e r a g e y i e l d p o i n t d e 
f l e c t i o n f o r t h e f l e x i b l e p a v ements 
a t t h e t e n a i r p o r t s . I t a l s o o c c u r s 
a t a maximum v a l u e o f Ks> a n d h a s 
t h e v a l u e o f 0.225 i n . 

T h e v e r y n e a r l y i d e n t i c a l y i e l d 
p o i n t d e f l e c t i o n s i n d i c a t e d by F i g s . 
4 0 a n d 4 1 r e s p e c t i v e l y , c o u l d be 
i n t e r p r e t e d a s e v i d e n c e t h a t t h e 
s u b g r a d e i s t h e w e a k e s t e l e m e n t o f 
t h e r u n w a y s t r u c t u r e , a n d t h a t i t 
i s t h e y i e l d p o i n t o f s u b g r a d e w h i c h 
e s t a b l i s h e d t h e y i e l d p o i n t o f t h e 
f l e x i b l e p a v e m e n t s a t t h e s e t e n 
a i r p o r t s \ 

O r d i n a r i l y , i f t h e s u b g r a d e was 
t h e c r i t i c a l e l e m e n t i n e s t a b l i s h i n g 
t h e y i e l d p o i n t o f a f l e x i b l e s u r 
f a c e , t h e y i e l d p o i n t d e f l e c t i o n 
o f t h e p a v e m e n t c o u l d be e x p e c t e d 
t o be somewhat h i g h e r t h a n t h a t o f 
t h e s u b g r a d e , b e c a u s e o f t h e com
p a c t i o n o f t h e b a s e a n d s u r f a c e 
u n d e r l o a d . H o w e v e r , f o r a w e l l -
c o m p a c t e d b a s e and s u r f a c e o f 10 t o 
20 i n . i n t h i c k n e s s , t h e r e i s e v i e 
d e n c e t h a t t h i s c o m p a c t i o n may 
a m o u n t t o o n l y f r o m 0. 0 2 t o 0.04 
i n . ( 6 ^ . T h a t i s , t h e y i e l d p o i n t 
d e f l e c t i o n o f F i g . 41 f o r f l e x i b l e 
s u r f a c e s w o u l d n o r m a l l y h a v e b e e n 
e x p e c t e d t o be from 0.02 t o 0.04 i n . 
g r e a t e r t h a n t h e y i e l d p o i n t d e 
f l e c t i o n o f F i g . 40 f o r s u b g r a d e s . 
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F i g u r e 40. Y i e l d P o i n t D i a g r a m f o r C o h e s i v e S u b g r a d e s 

S o i l s , h o w e v e r , a r e d i f f i c u l t 
m a t e r i a l s t o i n v e s t i g a t e f r o m t h e 
p o i n t o f v i e w o f s t r e s s and s t r a i n , 
a n d a l t h o u g h t h e y i e l d p o i n t d e 
f l e c t i o n s o f F i g s . 40 and 41 a r e i n 
t h e r e v e r s e o r d e r t o t h a t o r d i n a r i l y 
e x p e c t e d , t h e d i f f e - r e n c e i s s o 
s m a l l t h a t i t c o u l d r e a s o n a b l y be 
a t t r i b u t e d t o e x p e r i m e n t a l e r r o r . 
T h o s e f a m i l i a r w i t h t h e d i f f i c u l t i e s 
n o r m a l l y e n c o u n t e r e d i n t h e l o a d 
t e s t i n g o f s o i l s a nd f l e x i b l e p a v e 
m e n t s a r e l i k e l y t o be s u r p r i s e d 
t h a t t h e s e y i e l d p o i n t d e f l e c t i o n s 
s h o u l d h a v e t u r n e d o u t t o be a s 
c l o s e a s t h e y a r e . I t s h o u l d a l s o 
be r e c a l l e d t h a t t h e i n f o r m a t i o n on 
w h i c h F i g s . 4 0 a n d 41 a r e b a s e d , 
r e p r e s e n t s t h e a v e r a g e r e s u l t s o f a 
l a r g e number o f l o a d t e s t s on b o t h 
s u b g r a d e s and s u r f a c e s . 

. BASE COURSE LOAD SUPPORT VERSUS NATURE 
OF BASE COURSE MATERIAL 

T h e b a s e c o u r s e s a t t h e v a r i o u s 
a i r p o r t s t e s t e d s o f a r c o n s i s t o f 
s e v e r a l m a t e r i a l s i n c l u d i n g p i t - r u n 
a n d c r u s h e r - r u n g r a v e l , w a t e r b o u n d 
macadam, and m e c h a n i c a l s t a b i l i z a 
t i o n ( T a b l e 2 ) . 

A t a c o n s i d e r a b l e number o f t e s t 
l o c a t i o n s f o r t h e d i f f e r e n t a i r p o r t s 
i n v e s t i g a t e d , l o a d t e s t s w e r e p e r 
f o r m e d on t h e s u b g r a d e , b a s e c o u r s e , 
a n d w e a r i n g s u r f a c e . L o a d v e r s u s 
d e f l e c t i o n c u r v e s w e r e p r e p a r e d f o r 
t h e l o a d t e s t s o n e a c h o f t h e s e 
t h r e e e l e m e n t s o f t h e runway s t r u c 
t u r e a t e a c h t e s t l o c a t i o n ( F i g . 4 2 ) . 
A p a r t f r om t h e d a t a f o r one a i r p o r t 
t h e a n a l y s i s o f t h e s e l o a d d e f l e c t i o n 
c u r v e s h a s i n g e n e r a l p r o v i d e d no 
d e f i n i t e e v i d e n c e t h a t a n y one o f 
t h e s e t y p e s o f g r a n u l a r b a s e c o u r s e 
m a t e r i a l s i s s u p e r i o r t o a n y o t h e r 
t y p e , i n s o f a r a s l o a d s u p p o r t i n g 
v a l u e p e r i n c h o f t h i c k n e s s i s c o n 
c e r n e d . T h e USED a p p e a r s t o h a v e 
o b t a i n e d d a t a w h i c h p o i n t t o a 
s i m i l a r c o n c l u s i o n ( 6 ) , ( 2 0 ) . 

I t w o u l d be r e a s o n a b l e t o e x p e c t 
t h a t t h e l o a d s u p p o r t i n g v a l u e p e r 
u n i t t h i c k n e s s o f a b a s e c o u r s e 
m i g h t v a r y w i t h t h e c o m p o s i t i o n o f 
t h e b a s e c o u r s e m a t e r i a l , i t s 
m o i s t u r e c o n t e n t , and i t s d e n s i t y , 
a l l o t h e r f a c t o r s b e i n g t h e same. 
T a b l e 10 ( s e e p g . 8 9 ) l i s t s t h e com
p o s i t i o n a n d d e n s i t y o f t h e b a s e 
c o u r s e s a t e i g h t d i f f e r e n t a i r p o r t s . 
I t w i l l be o b s e r v e d t h a t o n l y a t 
R e g i n a , was t h e a v e r a g e d e n s i t y o f 
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F i g u r e 41. Y i e l d P o i n t D i a g r a m 

t h e b a s e c o u r s e f o u n d t o be g r e a t e r 
t h a n 100 p e r c e n t o f m o d i f i e d AASHO 
maximum d e n s i t y . I t i s s i g n i f i c a n t 
t h a t t h e b a s e c o u r s e a t R e g i n a i n 
d i c a t e d a much g r e a t e r s u p p o r t i n g 
v a l u e p e r i n c h o f t h i c k n e s s t h a n 
t h e b a s e c o u r s e a t a n y o f t h e o t h e r 
a i r p o r t s t e s t e d . T h e r e i s no way 
o f k n o w i n g a t t h e p r e s e n t t i m e , 
w h e t h e r t h e g r e a t e r s u p p o r t i n g 
v a l u e p e r u n i t t h i c k n e s s o f t h e 
b a s e c o u r s e a t R e g i n a i s due e n t i r e l y 
t o i t s g r e a t e r d e n s i t y , o r p a r t l y 
t o t h e h i g h e r d e n s i t y , a n d p a r t l y 
t o i t s c o m p o s i t i o n . M o r e f i e l d 
l o a d t e s t d a t a on b a s e c o u r s e s o f 
d i f f e r e n t t y p e s p l a c e d a t v a r i o u s 
d e n s i t i e s a n d m o i s t u r e c o n t e n t s , 
w i t h a l l o t h e r f a c t o r s r e m a i n i n g 
c o n s t a n t , w o u l d be r e q u i r e d t o p r o 
v i d e f u r t h e r i n f o r m a t i o n on t h i s 

f o r F l e x i b l e P a v e m e n t s 

p r o b l e m . 
The t y p e s o f b a s e c o u r s e m a t e r i a l 

a n d m e t h o d s o f b a s e c o n s t r u c t i o n 
e m p l o y e d f o r t h e r u n w a y s t e s t e d up 
t o t h e p r e s e n t t i m e , a r e p r o b a b l y 
q u i t e r e p r e s e n t a t i v e o f p a s t a n d 
c u r r e n t a i r p o r t a n d h i g h w a y b a s e 
c o u r s e c o n s t r u c t i o n p r a c t i c e . When 
a l l t h e a v a i l a b l e i n f o r m a t i o n i s 
c o n s i d e r e d , t h e r e i s no p o s i t i v e 
e v i d e n c e t h a t f o r s i m i l a r c o n d i t i o n s 
o f 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 , 
a l l o t h e r f a c t o r s b e i n g e q u a l , t h a t 
a n y o n e t y p e o f g r a n u l a r b a s e 
m a t e r i a l h a s a g r e a t e r s u p p o r t i n g 
v a l u e p e r u n i t o f t h i c k n e s s ' t h a n 
a n y o t h e r t y p e . H o w e v e r , t h i s 
m a t t e r m e r i t s c o n s i d e r a b l e f u r t h e r 
s t u d y b e f o r e a f i n a l c o n c l u s i o n c a n 
-be s t a t e d . 

I n t h e s e l e c t i o n o f b a s e c o u r s e 
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m a t e r i a l , i t i s w e l l t o r e m e m b e r 
t h a t f a c t o r s o t h e r t h a n i t s l o a d 
s u p p o r t i n g c a p a c i t y p e r u n i t t h i c k 
n e s s must u s u a l l y be k e p t i n m i n d . 
Most p a r t i c u l a r l y , i t must n o t i t s e l f 
u n d e r g o s h e a r f a i l u r e u n d e r t h e 
w h e e l l o a d s t o w h i c h i t w i l l be 
s u b j e c t e d . T h e r e was no e v i d e n c e 
o f b a s e c o u r s e s h e a r f a i l u r e a t t h j 
t e n a i r p o r t s t e s t e d i n t h i s i n v e s t i 
g a t i o n . 

3 0 D IAMETER P L A ^ 
ATlOREPCTITlONSOr LOAO 

OEfLECTION m WCHCa 

F i g u r e 4 2. L o a d V e r s u s D e f l e c t i o n 
C u r v e s ' ( N o r m a l ) f o r S u b g r a d e , 

B a s e C o i i r s e , and S u r f a c e 

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

BITUMINOUS SURFACE STRONGER 
THAN GRANULAR BASE 

A s t u d y o f t h e l o a d d e f l e c t i o n 
c u r v e s f o r s u b g r a d e , b a s e c o u r s e , 
and s u r f a c e ( F i g . 4 2 ) a t t h e d i f f e r 
e n t t e s t l o c a t i o n s , s h o w e d v e r y 
d e f i n i t e l y t h a t 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 a b i t u m i n o u s s u r f a c e 
w a s g r e a t e r t h a n t h a t o f t h e 
v a r i o u s t y p e s o f b a s e c o u r s e p e r 
i n c h o f t h i c k n e s s . T h e t e s t d a t a 
i n d i c a t e t h a t f o r b i t u m i n o u s s u r 
f a c e s made w i t h l i q u i d a s p h a l t s , 
s o f t a s p h a l t c e m e n t s ( s o f t e r t h a n 
a b o u t 120 p e n e t r a t i o n ) , e t c . , 1 i n . -
o f t h i c k n e s s h a s t h e s a m e l o a d 

s u p p o r t i n g c a p a c i t y a s a b o u t 1.5 i n . 
o f g r a n u l a r b a s e . T h i s r a t i o 
s h o u l d probabl-y n o t be a p p l i e d f o r 
t h i c k n e s s e s o f t h e s e t y p e s o f pave-, 
ment g r e a t e r t h a n a b o u t 4 m., u n 
l e s s j u s t i f i e d by f u r t h e r l o a d t e s t s . 

F o r w e l l d e s i g n e d and c o n s t r u c t e d 
b i t u m i n o u s c o n c r e t e , p e n e t r a t i o n 
macadam, a n d s h e e t a s p h a l t , 1 i n . 
o f t h i c k n e s s o f t h e s e t y p e s a p p e a r s 
t o h a v e t h e s a m e l o a d c a r r y i n g 
c a p a c i t y a s a b o u t 2.5 i n . o f g r a n u 
l a r b a s e . A g a i n , h o w e v e r , t h i s 
r a t i o s h o u l d p r o b a b l y n o t be a p p l i e d 
f o r a t h i c k n e s s o f t h e s e t y p e s o f 
p a v e m e n t g r e a t e r t h a n a b o u t 6 i n . , 
u n l e s s w a r r a n t e d b y f u r t h e r i n 
v e s t i g a t i o n . 

T h i s i n f o r m a t i o n w i t h r e g a r d t o 
t h e r e l a t i v e l o a d c a r r y i n g c a p a 
c i t i e s o f b i t u m i n o u s p a v e m e n t s 
v e r s u s g r a n u l a r b a s e s was o b t a i n e d 
on r u n w a y s t h i t h a d been i n s e r v i c e 
f o r s e v e r a l y e a r s . T h e r e h a s n o t 
y e t b e e n a n o p p o r t u n i t y t o l e a r n 
w h e t h e r t h e same r a t i o s w o u l d h o l d 
f o r e i t h e r n e w l y c o n s t r u c t e d o r 
r e l a t i v e l y new b i t u m i n o u s s u r f a c e s . 

SUBGRADE LOAD TEST VERSUS 
CALIFORNIA BEARING RATIO 

One o f t h e o b j e c t i v e s o f t h e i n 
v e s t i g a t i o n w a s t o e s t a b l i s h r e 
l a t i o n s h i p s b e t w e e n s u b g r a d e l o a d 
t e s t s and c e r t a i n s i m p l e f i e l d t e s t s 
s u c h a s 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 , 
c o n e b e a r i n g , a n d H o u s e l p e n e t r o 
m e t e r . I f t h e s e r e l a t i o n s h i p s 
c o u l d be e s t a b l i s h e d , b e a r i n g c a p a 
c i t y d a t a c o u l d be o b t a i n e d b y 
means o f one o r more o f t h e s e s i m p l e 
f i e l d t e s t s i n p l a c e o f t h e cumber
some and <;.ostly l o a d t e s t . 

A t a l l t e s t l o c a t i o n s , u n d i s t u r b e d 
s a m p l e s w e r e t a k e n i n c y l i n d e r s 
6 i n . i n d i a m e t e r b y 6 i n . h i g h 
( F i g . 4 3 ) a t d e p t h s o f 0 t o 6 i n . 
and 9 t o 15 i n . b e l o w t h e s u r f a c e 
o f t h e s u b g r a d e . T h e y were immedi
a t e l y t r i m m e d a n d s e a l e d and t h e n 
s h i p p e d t o t h e l a b o r a t o r y f o r t h e 
d e t e r m i n a t i o n o f CBR v a l u e s f o r 
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F i g u r e 43. E q u i p m e n t f o r 
O b t a i n i n g CBR S a m p l e s 

b o t h f i e l d a n d s o a k e d c o n d i t i o n s . 
T h e f i e l d CBR v a l u e s w e r e ob

t a i n e d by t e s t i n g i n t h e " a s r e -

c i e v e d " c o n d i t i o n . The s o a k e d CBR 
v a l u e s w e r e d e t e r m i n e d a f t e r s o a k i n g 
t h e s a m p l e s f o r 4 d a y s a c c o r d i n g t o 
s t a n d a r d p r o c e d u r e , a n d w i t h r e 
q u i r e d s u r c h a r g e . 

F o r t h e e i g h t a i r p o r t s where t h e 
s u b g r a d e c o n s i s t s o f c o h e s i v e s o i l , 
T a b l e 7 l i s t s t h e CBR v a l u e s ob
t a i n e d f o r b o t h f i e l d a n d s o a k e d 
c o n d i t i o n s . The CBR r a t i n g ( s o a k e d ) 
o f t h e s u b g r a d e s f o r p u r p o s e s o f 
d e s i g n a s recommended i n t h e U.S.A. 
w o u l d be a p p r o x i m a t e l y 2.3 t o 4.5 
f o r t h e e i g h t a i r p o r t s . T h e f i e l d 
CBR v a l u e s , on t h e o t h e r hand, v a r i e d 
w i t h t h e c o n d i t i o n o f t h e s u b g r a d e 
s o i l u n d e r t h e p a v e m e n t a n d t h e 
a v e r a g e r a t i n g s r a n g e d f r o m 3.9 
t o 13.3. 

No r e l a t i o n s h i p s c o u l d be f o u n d 
b e t w e e n s o a k e d CBR r a t i n g s . a n d t h e 
c o r r e s p o n d i n g l o a d t e s t d a t a , b u t 
i n F i g . 44 t h e f i e l d CBR v a l u e s a r e 
p l o t t e d v e r s u s t h e m e a s u r e d s u b g r a d e 
s u p p o r t d e t e r m i n e d a t e a c h l o a d 
t e s t l o c a t i o n . T h e f i e l d CBR 
v a l u e e m p l o y e d i n e a c h c a s e was t h e 
a v e r a g e f o r s u b g r a d e d e p t h s o f 0 t o 
6 and 9 t o 15 i n . 

I n a r r i v i n g a t t h e l o c a t i o n o f 
t h e b e s t a v e r a g e l i n e t h r o u g h t h e 
p o i n t s o f F i g . 44, t h e d a t a c o u l d 
h a v e b e e n t r e a t e d s t a t i s t i c a l l y 
w i t h o u t r e g a r d f o r t h e d i f f e r e n t 
a i r p o r t s t o w h i c h t h e y p e r t a i n e d . 
On t h i s b a s i s , h o w e v e r , t h e f i e l d 

, ... . - TABLE 7 . , ' : , 

CBR VALUES FOR BOTH FIELD AND SOAKED CONDITIONS, FOR EIGHT AIRPORTS 
WHERE THE SUBGRADE CONSISTS OF COHESIVE SOIL 

Fort St. John 
Grande P r a i r i e 
Saskatoon 
Lethbridge 
Dorval 
Winnipeg 
Malton 
Re gin a ) 

CBR Values 
F i e l d Soaked 

Ave Max Min Ave Max Min 
5. 1 15.8 2. 3 2. 8 4.7 1. 1 
6. 1 14.5 2.4 2.2 3.9 1.0 
5.3 10.4 2.0 3.6 6.8 l.S 

12.6 25.0 5. 4 4.6 7.3 1.8 
3.9 4.9 2.7 3. 1 3.9 2.2 
4.T 6.8 3.4 3. 3 5. 3 2. 6 
6.6 13. 5 2.9 3..5 4.8 2 . 2 
7.3 11.2 5.7 3.3 5.0 1. 2 
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F i g u r e 44. S u b g r a d e S u p p o r t V e r s u s F i e l d CBR 

CBR v a l u e s c o u l d l e a d t o s e r i o u s l y 
o v e r - e s t i m a t i n g t h e a c t u a l s u b g r a d e 
s u p p o r t f o r some o f t h e a i r p o r t s . 
F o r t h i s r e a s o n , a d i f f e r e n t a p p r o a c h 
w a s a d o p t e d f o r t h e d a t a o f F i g s . 
4 4 , 4 7 , St), a n d 60. T h e p o s i t i o n 
o f t h e b e s t a v e r a g e l i n e t h r o u g h 
t h e d a t a o f F i g . 44 was e s t a b l i s h e d 
on t h e b a s i s t h a - t t h e s u b g r a d e 
s u p p o r t i n d i c a t e d by t h e c u r v e f o r 
f i e l d CBR v a l u e s m u s t n o t e x c e e d 
t h e a c t u a l s u b g r a d e s u p p o r t d e t e r 
m i n e d by a 3 0 - i n . d i a m e t e r p l a t e a t 
0 . 2 - i n . d e f l e c t i o n , by m o r e t h a n 
a b o u t 10 p e r c e n t f o r any one o f t h e 
e i g h t a i r p o r t s . T h a t i s , t h e l o c a 
t i o n o f t h e b e s t a v e r a g e l i n e 
t h r o u g h t h e d a t a m u s t n o t l e a d t o 
o v e r - e s t i m a t i n g t h e t r u e s u b g r a d e 
s u p p o r t by more t h a n a b o u t 10 p e r 

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

I t w i l l be s e e n l a t e r ( F i g s . 94 
a n d 9 6 ) t h a t o v e r - e s t i m a t i n g t h e 
s u b g r a d e s u p p o r t by a b o u t 10 p e r c e n t 
makes a d i f f e r e n c e o f o n l y 2 t o 3 
i n . i n t h e o v e r a l l t h i c k n e s s o f 
pavement r e q u i r e d . I t i s b e l i e v e d 
t h a t i n t h e p r e s e n t s t a t e o f o u r 
k n o w l e d g e o f f l e x i b l e p a v e m e n t d e 
s i g n , t h e l a c k o f a c c u r a t e i n f o r m a 
t i o n c o n c e r n i n g t h e o t h e r v a r i a b l e s 
t o be c o n s i d e r e d w o u l d l e a d t o a n 
e r r o r much g r e a t e r t h a n 2 t o 3 i n . 
when e s t i m a t i n g t h e r e q u i r e d t h i c k 
n e s s . E s t a b l i s h i n g t h e b e s t a v e r a g e 
l i n e s t h r o u g h t h e d a t a o f F i g s . " 4 4 , 
4 7 , 5 0 , 5 8 , a n d 6 0 s o t h a t t h e 
s u b g r a d e s u p p o r t w o u l d be o v e r -

9 0 ' 0 l * H E T E f l PLATE 
AT 10 REPETITIONS OFLOAD 
COHESIVE SUBCRAOE SOILS 

C B R (FIELD CONOmONSI 

F i g u r e 4 5 . S u b g r a d e S u p p o r t i n K i p s a t D e f l e c t i o n "N" 
V e r s u s CBR ( F i e l d C o n d i t i o n ) 
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e s t i m a t e d by n o t more t h a n a b o u t 
10 p e r c e n t , when m e a s u r e d i n d i r e c t l y 
by t h e t e s t s i n q u e s t i o n , t h e r e f o r e 
a p p e a r s r e a s o n a b l e . 

T h e s c a t t e r i n g o f p o i n t s a b o u t 
t h e b e s t a v e r a g e l i n e t h r o u g h t h e 
d a t a o f F i g . 44 i s d u e a t l e a s t 
p a r t l y t o t h e f a c t t h a t t h e f i e l d 
CBR v a l u e s a r e f o r t h e r e c t a n g u l a r 
s a m p l i n g a r e a s p a c e d a p p r o x i m a t e l y 
12 f t from t h e l o c a t i o n o f t h e c o r 
r e s p o n d i n g p l a t e b e a r i n g t e s t 
( F i g . 1 1 ) s i n c e e v e n two l o a d t e s t s 
on a 3 0 - i n . d i a m e t e r p l a t e s p a c e d , 
12 f t a p a r t m i g h t v a r y by s e v e r a l 
t h o u s a n d p o u n d s . T h i s s c a t t e r i n g 
o f p o i n t s i s p r o b a b l y a l s o p a r t l y 
d u e t o t h e n o r m a l e x p e r i m e n t a l 
e r r o r t o be e x p e c t e d when t e s t i n g 
s u c h a d i f f i c u l t m a t e r i a l a s s o i l . 

I n F i g . 45 r e l a t i o n s h i p s a r e i n 
d i c a t e d f o r CBR v a l u e s v e r s u s s u b -
g r a d e s u p p o r t on a 3 0 - i n . d i a m e t e r 
p l a t e f o r a r a n g e o f d e f l e c t i o n s 
f r o m 0 t o 0.7 i n . F i g u r e 45 r e s u l t s 
f r o m a c o m b i n a t i o n o f t h e i n f o r m a 
t i o n c o n t a i n e d i n F i g s . 44 and 25. 

SUBGRADE LOAD TEST VERSUS CONE BEARING 

B o y d ( i 5 ) , h a s d e s c r i b e d a c o n e 
b e a r i n g t e s t t h a t c a n be p e r f o r m e d 
r a p i d l y w i t h v e r y s i m p l e e q u i p m e n t 
( F i g . 4 6 ) , w i t h w h i c h he e v a l u a t e d 
s u b g r a d e s f o r f l e x i b l e pavement de
s i g n f o r h i g h w a y s i n N o r t h D a k o t a . 
T h e c o n e b e a r i n g t e s t i s made by 
l o a d i n g a s t a n d a r d s t e e l c o n e w i t h 
10, 20, 40, and 80 l b , i n t u r n , and 
r e a d i n g t h e p e n e t r a t i o n o f t h e cone 
i n t o t h e s u b g r a d e a f t e r e a c h l o a d 
i n s u c c e s s i o n h a d b e e n a p p l i e d f o r 
one m i n u t e . From 4 t o 6 d e t e r m i n a 
t i o n s s h o u l d be made on t h e s u r f a c e 
o f e a c h l a y e r o f s u b g r a d e t e s t e d i n 
o r d e r t o o b t a i n good a v e r a g e v a l u e s . 
Good c h e c k s c a n be o b t a i n e d and a l l 
v a l u e s t h a t d e v i a t e t o o w i d e l y from 
t h e a v e r a g e s h o u l d be d i s c a r d e d . 

I n F i g . 47 c o n e b e a r i n g v a l u e s 
a r e p i o t t e d a g a i n s t s u b g r a d e s u p p o r t 
on a 3 0 - i n . d i a m e t e r p l a t e a t 0.2-
i n . d e f l e c t i o n f o r t e s t l o c a t i o n s 

a t t h e e i g h t a i r p o r t s w i t h c o h e s i v e 
s u b g r a d e s o i l s . T h e c o n e b e a r i n g 
v a l u e e m p l o y e d i n e a c h c a s e was t h e 
a v e r a g e f o r t h e t h r e e s u b g r a d e l a y e r s 
0 t o 6, 6 t o 12, and 12 t o 18 i n . 
b e l o w t h e t o p o f t h e s u b g r a d e , w i t h 
t h e e x c e p t i o n t h a t w h e r e t h e v a l u e 
f o r t h e 0- t o 6 - i n . l a y e r w a s * h i g h -
e r t h a n f o r t h e o t h e r two, i t was 
d i s c a r d e d and t h e a v e r a g e was b a s e d 
u p o n v a l u e s f o r t h e 6- t o 1 2 - a n d 
1 2 - t o 1 8 - i n . l a y e r s . T h i s g a v e 
b e t t e r agreemen.t w i t h t h e l o a d t e s t 

i 
F i g u r e 46. E q u i p m e n t f o r 

Cone B e a r i n g T e s t 

d a t a . I t may be t h a t a s t r o n g e r 
0- t o 6 - i n . l a y e r o f s u b g r a d e h a s 
l e s s i n f l u e n c e on s u b g r a d e b e a r i n g 
c a p a c i t y m e a s u r e d by p l a t e b e a r i n g 
t e s t s t h a n u n d e r l y i n g weak l a y e r s 
a t t h e 6- t o 12- a n d 1 2 - t o 1 8 - i n 
d e p t h . T h e r e i s a l s o the p o s s " i b i l i t y 
t h a t t h e t o p o f t h e s u b g r a d e may 
h a v e b e e n i n t r u d e d b y some b a s e 
c o u r s e m a t e r i a l , w h i c h m i g h t r e s u l t 
i n h i g h e r c o n e b e a r i n g v a l u e s f o r 
t e s t s made on t h e s u r f a c e o f t h e 
s u b g f a d e t h a n a r e a c t u a l l y r e p r e 
s e n t a t i v e f o r t h e 0- t o 6 - i n . l a y e r . 
P r o b a b l y t h e c o n e b e a r i n g t e s t 
s h o u l d be made a t t h e d e p t h s o f 3, 
9, a n d 15 i n . f o r t h e 0- t o 6-, 
6- t o 12-, and 12- t o 1 8 - i n . l a y e r s , 
r e s p e c t i v e l y , t o o b t a i n more r e p r e 
s e n t a t i v e r e s u l t s f o r e a c h l a y e r . 
I n t h i s c a s e t h e most s u i t a b l e cone 
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F i g . 47 S u b g r a d e S u p p o r t V e r s u s 
F i e l d Cone B e a r i n g 

b e a r i n g v a l u e t o Jbe e m p l o y e d w o u l d 
p r o b a b l y be' t h e a v e r a g e f o r t h e 
t h r e e l a y e r s a t e a c h t e s t l o c a t i o n . 

The p o s i t i o n o f t h e b e s t a v e r a g e 
l i n e t h r o u g h t h e d a t a o f F i g . 47 
w a s e s t a b l i s h e d on t h e b a s i s p r e 
v i o u s l y d e s c r i b e d f o r F i g . 44. Re
l a t i o n s h i p s f o r c o n e b e a r i n g v a l u e s 
v e r s u s s u b g r a d e s u p p o r t on a 3 0 - i n . 
d i a m e t e r p l a t e f o r a r a n g e o f d e 
f l e c t i o n b e t w e e n 0 and 0.7 i n . a r e 
i n d i c a t e d i n F i g . 4 8 , w h i c h i s ob
t a i n e d by c o m b i n i n g t h e i n f o r m a t i o n 
o f F i g s . 47 and 25. 

SUBGRADE LOAD TEST VERSUS 
HOUSEL PENETROMETER 

P r o f e s s o r H o u s e l h a s i n v e s t i g a t e d 
t h e p o s ' s i b l e c o r r e l a t i o n o f a s i m p l e 
p e n e t r o m e t e r t e s t w i t h h i s own l o a d 
t e s t d a t a ( i 4 ) . T h e p e n e t r o m e t e r 
t e s t e q u i p m e n t ( f 6 ) ( F i g . 4 9 ) c o n 
s i s t s o f a s h a r p e n e d 1 . 2 5 - i n . d i a 
m e t e r s t a n d a r d p i p e , w h i c h w i t h 
a c c e s s o r i e s • w e i g h s e x a c t l y 20 l b , 
e x c l u s i v e o f t h e d r i v i n g w e i g h t , 
w h i c h a l s o w e i g h s e x a c t l y 20 l b . 
'Stops on t h e b a r r e l o f t h e 1 . 2 5 - i n . 
p i p e c o n t r o l t h e h e i g h t o f d r o p o f 
t h e d r i v i n g w e i g h t t o e x a c t l y 34 i n . 
T h e t e s t c o n s i s t s o f d e t e r m i n i n g t h e 
number o f b l o w s o f t h e 2 0 - l b d r i v i n g 
w e i g h t f a l l i n g e x a c t l y 34 i n . r e -

F i g u r e 4 8 . S u b g r a d e S u p p o r t i n 
K i p s a t D e f l e c t i o n "ti" 

V e r s u s F i e l d Cone B e a r i n g i n P S I 

q u i r e d t o d r i v e t h e s h a r p e n e d p i p e 
6 i n . i n t o t h e s o i l . A c a r d b o a r d 
s t r i p f i r m l y a t t a c h e d t o t h e b a r r e l 
o f t h e p i p e ( F i g . 4 9 ) i s m a r k e d 
w i t h a p e n c i l a t t h e b e g i n n i n g o f 
t h e t e s t and a f t e r t h e p e n e t r a t i o n 
o f e a c h blow. 

F i g u r e 50 i s a g r a p h o f H o u s e l 
p e n e t r o m e t e r v a l u e s v e r s u s s u b g r a d e 
s u p p o r t on a 3 0 - i n . d i a m e t e r p l a t e 
a t 0 . 2 - i n . d e f l e c t i o n , f o r t e s t 
l o c a t i o n s a t t h e e i g h t a i r p o r t s w i t h 
c o h e s i v e s u b g r a d e s o i l s . T h e pe n e 
t r o m e t e r v a l u e t a k e n i n e a c h c a s e 
was t h e a v e r a g e f o r t h r e e s u b g r a d e 
l a y e r s , 0 t o 6, 6 t o 12, a n d 12 t o 
18 i n . b e l o w t h e s u r f a c e o f t h e 
s u b g r a d e . 

B y c o m b i n i n g t h e i n f o r m a t i o n 
c o n t a i n e d i n F i g s . 50 a n d 2 5 , t h e 
r e l a t i o n s h i p s o f F i g . 51 a r e d e t e r 
m i n e d f o r H o u s e l p e n e t r o m e t e r v a l u e s 
v e r s u s a c t u a l s u b g r a d e s u p p o r t on a 
3 0 - i n . p l a t e f o r d e f l e c t i o n s 
b e t w e e n 0 and 0.7 i n . 

SUBGRADE LOAD TEST VERSUS 
TRIAXIAL COMPRESSIOV TEST 

T h r o u g h t h e u s e o f F i g s . 45, 48, 
a n d 5 1 , f i e l d CBR, c o n e b e a r i n g , 
a n d H o u s e l p e n e t r o m e t e r t e s t s c a n 
e a c h be e m p l o y e d i n t h e f i e l d t o 
d e t e r m i n e i n d i r e c t l y s u b g r a d e 



McLEOD - RUNWAY EVALUATION IN CANADA 39 

b e a r i n g v a l u e s f o r a 3 0 - i n . p l a t e 
f o r d e f l e c t i o n s o f f r om 0 t o 0.7 i n . 

I t was a l s o d e s i r e d t o d e v e l o p 
a l a b o r a t o r y t e s t w h i c h c o u l d be 
c o r r e l a t e d w i t h s u b g r a d e b e a r i n g 
v a l u e s d e t e r m i n e d f r o m l o a d t e s t s 
on s t e e l b e a r i n g p l a t e s . T h e t r i -
a x i a l c o m p r e s s i o n t e s t was s e l e c t e d 
f o r t h i s p u r p o s e , and a r e l a t i v e l y 
l a r g e amount o f t r i a x i a l c o m p r e s s i o n 
t e s t d a t a was o b t a i n e d on u n d i s t u r b e d 
s a m p l e s s e n t i n from t h e f i e l d . 

A t r i a x i a l c o m p r e s s i o n t e s t 
d i f f e r s from an o r d i n a r y c o m p r e s s i o n 
t e s t i n t h a t p r o v i s i o n i s made f o r 
c o n t r o l l e d l a t e r a l s u p p o r t w h i l e t h e 
s p e c i m e n i s s u b j e c t e d t o v e r t i c a l 
c o m p r e s s i o n . A d i a g r a m o f t h e t r i 
a x i a l c o m p r e s s i o n e q u i p m e n t em
p l o y e d t o o b t a i n t h e d a t a r e p o r t e d 
on h e r e i s g i v e n i n F i g . 5 2 . I t 
c o n s i s t s o f a l u c i t e c y l i n d e r t o 
w h i c h t w o m e t a l e n d - p l a t e s a r e 
f i t t e d by means o f w a t e r t i g h t a n d 
a i r t i g h t s t e e l j o i n t s . T h e s o i l 
t e s t s p e c i m e n i s c u t from t h e l a r g e 
u n d i s t u r b e d s a m p l e s e n t f r o m t h e 
f i e l d , i n s e r t e d i n a r u b b e r s l e e v e 
b e t w e e n t w o p o r o u s s t o n e s , a n d 
p l a c e d b e t w e e n t h e b a s e and p i s t o n 
w h i c h e x e r t t h e v e r t i c a l l o a d . By 
m e a n s o f c o n n e c t i o n s t h r o u g h t h e 
p o r o u s s t o n e s , t h e s o i l s a m p l e c a n 
be s u b j e c t e d t o v a c u u m o r w a t e r 
p r e s s u r e , b u t n e i t h e r was e m p l o y e d 
f o r t h e d a t a r e p o r t e d h e r e . W a t e r 
o r a i r c a n b e p u m p e d i n t o t h e 
l u c i t e c y l i n d e r t o p r o v i d e t h e m a g n i 
t u d e o f l a t e r a l s u p p o r t r e q u i r e d . 
F o r t h i s i n v e s t i g a t i o n , c o n s t a n t 
l a t e r a l p r e s s u r e s o f 0, 15, and 30 
l b p e r s q i n . r e s p e c t i v e l y , w e r e 
u s e d . C o n s e q u e n t l y , t h r e e t e s t 
s p e c i m e n s w e r e r e q u i r e d f r o m e a c h 
u n d i s t u r b e d s a m p l e s e n t i n from t h e 
f i e l d . 

F i g u r e 53, c ommonly known a s a 
Mohr d i a g r a m , i n d i c a t e s t h e n a t u r e 
o f t h e i n f o r m a t i o n o b t a i n e d f r o m 
a t r i a x i a l c o m p r e s s i o n t e s t . T h e 
a p p l i e d l a t e r a l p r e s s u r e a n d t h e 
c o r r e s p o n d i n g v e r t i c a l p r e s s u r e 
w h i c h c a u s e d f a i l u r e , a r e m a r k e d 
o f f on t h e h o r i z o n t a l a x i s f o r e a c h 

3 ' ^ 

F i g u r e 49. E q u i p m e n t f o r H o u s e l 
P e n e t r o m e t e r T e s t 

o f t h e t h r e e t e s t s p e c i m e n s . U s i n g 
t h e d i f f e r e n c e b e t w e e n t h e v e r t i c a l 
and l a t e r a l p r e s s u r e i n t h e c a s e o f 
e a c h s p e c i m e n a s d i a m e t e r , s e m i 
c i r c l e s a r e d e s c r i b e d a s s h o w n . 
The t a n g e n t w h i c h i s common t o t h e 
t h r e e s e m i - c i r c l e s i s drawn, and i s 
p r o d u c e d t o i n t e r s e c t t h e v e r t i c a l 
a x i s . The m a g n i t u d e o f t h e i n t e r 
c e p t on t h e v e r t i c a l a x i s i s a 
m e a s u r e o f t h e v a l u e o f t h e c o h e s i o n 
C f r o m t h e C o u l o m b e q u a t i o n 
e = o + n t a n lA, w h i l e t h e a n g l e 
b e t w e e n t h e common t a n g e n t and t h e 
h o r i z o n t a l i s t h e a n g l e o f i n t e r n a l 
f r i c t i o n /J. 

The common t a n g e n t i s g e n e r a l l y 
k nown a s t h e Mohr r u p t u r e l i n e . 
A l l s e m i - c i r c l e s w h i c h a r e t a n g e n t 
t o o r b e l o w t h e Mohr r u p t u r e l i n e , 
r e p r e s e n t e q u i l i b r i u m o r s t a b l e r e 
l a t i o n s h i p s , r e s p e c t i v e l y , b e t w e e n 
t h e v e r t i c a l and l a t e r a l p r e s s u r e s 
m a r k e d o f f by t h e s e m i - c i r c l e s on 
t h e h o r i z o n t a l a x i s . 
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F i g u r e 5 0 . S u b g r a d e S u p p o r t V e r s u s H o u s e l P e n e t r o m e t e r 

I f t h e h o r i z o n t a l c o m p r e s s i o n 
t e s t was t o be c o r r e l a t e d w i t h t h e 
p l a t e b e a r i n g t e s t , some c h a r a c t e r 
i s t i c v a l u e from t h e t r i a x i a l t e s t 
w a s r e q u i r e d w h i c h w o u l d b e a s 
r e p r e s e n t a t i v e and a s q u a n t i t a t i v e l y 
d e f i n i t e a s t h e c o n e b e a r i n g o r CBR 
v a l u e s , f o r e x a m p l e , a r e f o r t h e 
c o n e b e a r i n g o r CBR t e s t s , r e s p e c t 
i v e l y . From F i g ^ 53 i t i s o b v i o u s 
t h a t t h i s r e p r e s e n t a t i v e v a l u e f o r 
t h e t r i a x i a l c o m p r e s s i o n t e s t m u s t 
come from t h e c o h e s i o n c , t h e a n g l e 
o f i n t e r n a l f r i c t i o n j ^ , t h e l a t e r a l 
p r e s s u r e L , t h e v e r t i c a l p r e s s u r e 
V, o r from some c o m b i n a t i o n o f two 
o r more o f t h e s e v a r i a b l e s . 

A r e l a t i o n s h i p m i g h t h a v e b e e n 
e x p e c t e d b e t w e e n t h e l o a d t e s t d a t a 

a n d t h e r e s u l t s o f u n c o n f i n e d com
p r e s s i o n t e s t s . H owever, when t h e 
v e r t i c a l p r e s s u r e s ( u l t i m a t e o r a t 
s o m e d e f i n i t e d e f l e c t i o n ) f o r a 
l a t e r a l s u p p o r t o f z e r o w e r e p l o t t e d 
v e r s u s l o a d t e s t d a t a ( 3 0 - i n . p l a t e 
a t 0 . 2 - i n . d e f l e c t i o n ) , t h e p o i n t s 
w e r e s o w i d e l y s c a t t e r e d on t h e 
g r a p h p a p e r t h a t i t a p p e a r e d e v i d e n t 
t h a t n o r e l a t i o n s h i p c o u l d b e 
d e v e l o p e d b e t w e e n l o a d t e s t d a t a 
a n d t h e r e s u l t s o f u n c o n f i n e d com
p r e s s i o n t e s t s made w i t h t h e t r i 
a x i a l c o m p r e s s i o n e q u i p m e n t . A t 
l e a s t , t h i s c o n c l u s i o n i s j u s t i f i e d 
f o r t h e f i v e a i r p o r t s w i t h c o h e s i v e 
s u b g r a d e s o i l s f o r w h i c h d a t a a r e 
a v a i l a b l e . Nor c o u l d a n y r e l a t i o n 
s h i p be f o u n d b e t w e e n p l a t e b e a r i n g 

ON 30 DIAMETER PLATE 
AT 10 RCPCTITIONS Of LOAD 
coHnivi s a c U K soiLa 

S D I 5 I D £ 9 9 0 9 a 40 4S 
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F i g u r e 5 1 . S u b g r a d e S u p p o r t i n K i p s a t 
V e r s u s H o u s e l P e n e t r o m e t e r D e f l e c t i o n " N " 
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same v a l u e f o r l a t e r a l p r e s s u r e , 
t h a t i s L = L Q. However, t h e c o r 
r e s p o n d i n g v e r t i c i l p r e s s u r e , V f o r 
L i n e A i s g r e a t e r t h a n t h e v e r t i c a l 
p r e s s u r e V̂ ^ f o r L i n e B. 

F i g u r e 5 2. S k e t c h o f A p p a r a t u s f o r 
T r i a x i a l C o m p r e s s i o n T e s t 

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

Some o t h e r a p p r o a c h was t h e r e 
f o r e r e q u i r e d and F i g . 54 i l l u s t r a t e s 
t h e g e o m e t r i c a l and t r i g o n o m e t r i c a l 
r e l a t i o n s h i p s t h a t a r e e m p l o y e d f o r 
t h e d e v e l o p m e n t w h i c h f o l l o w s t h i s 
s e c t i o n . T h e two Mohr r u p t u r e l i n e s 
i n F i g . 54, L i n e A a n d L i n e B, a r e 
p a r a l l e l , b u t t h e c o h e s i o n c i s 
z e r o f o r L i n e B w h i c h p a s s e s t h r o u g h 
t h e o r i g i n . T h e d i a g r a m h a s 
b e e n c o n s t r u c t e d i n s u c h m a n n e r 
t h a t t h e two Mohr c i r c l e s h a v e t h e 

NomuL nxssun- iQHvsarT 

F i g u r e 5 3 . T y p i c a l Mohr D i a g r a m 
f o r T r i a x i a l . C o m p r e s s i o n T e s t 

T h e e q u a t i o n s r e q u i r e d f o r t h e 
f o l l o w i n g p a r a g r a p h s a r e l i s t e d i n 
F i g . 54. O f p a r t i c u l a r i m p o r t a n c e 
i s t h e e q u a t i o n : 

a = 2 c t a n ( 4 6 - | ) 
w h e r e i n a i s t h e v a l u e o f l a t e r a l 
p r e s s u r e L f o r t h e Mohr c i r c l e f o r 
w h i c h t h e v e r t i c a l p r e s s u r e V i s 
z e r o , and 

w h e r e i n t h e v a l u e s V̂ ^ a n d a r e 
v e r t i c a l a n d 1 i t e r a l p r e s s u r e s f o r 
L i n e B, w h i c h i s p a r a l l e l t o L i n e A 

c.Co}« 

(7) t . o S l n * 

c .Cohoilon 

,4, icy. gsi»» 
2cTon(4S^«/2) 

I --L. 

NORMAL PRESSURE-TONS/SO FT 

F i g u r e 5 4 . D i a g r a m I l l u s t r a t i n g C e r t a i n G e o m e t r i c a l 
R e l a t i o n s h i p s f o r T r i a x i a l C o m p r e s s i o n T e s t D a t a 
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Figure 55. Ratio of Y.^ L Versus L a t e r a l Pressure L 
fo r T r i a x i a l Compression Test 

V - L 
The graph of Jog — - — but passes through the o r i g i n . 

When st u d y i n g the r e l a t i o n s h i p s 
between the d i f f e r e n t v a r i a b l e s o f 
the Mohr diagram ( F i g . 53) i t was 
found t h a t a r e c t a n g u l a r hyperbola 

r e s u l t e d i f p l o t t e d 

a g a i n s t L ( F i g . 5 5 ) . T h i s curve 
conformed to the general equation 

(x - a) (y - b) = K 
where each symbol has the s i g n i f i 
cance i n d i c a t e d i n F i g . 55, and K 
i s a c o n s t a n t . 

I t was a l s o found t h a t a r e c t 
a n g u l a r h y p e r b o l a r e s u l t e d when 
(V - L) 

was p l o t t e d a g a i n s t V 
V 

(F i g . 56) and t h i s curve was repre
sented by the general equation 

(x) (y - b) = K 
where each symbol has the s i g n i f i 
cance i n d i c a t e d i n F i g . 56 and K 
i s a constant. 

I t i s o b v i o u s t h a t t h e r e i s 
n o t h i n g s i g n i f i c a n t a b o u t t h e 
curves of Figs. 55 an'd 56. However, 

versus 

when l o g V - L i s p l o t t e d a g a i n s t 

l o g L, the reverse curve graph o f 
F i g . 57 i s obtained. 

l o g V, on t h e o t h e r h a n d , i s 
w i t h o u t s p e c i a l s i g n i f i c a n c e . I t 
might a l s o be addefl t h a t graphs o f 

a g a i n s t L, or V, or o f l o g 

^ a g a i n s t l o g L or l o g V, are 
l i k e w i s e devoid of any s i g n i f i c a n t 
f e a t u r e . 

I t was thought t h a t the slope of 
the reverse curve of F i g . 57 at the 
p o i n t o f i n f l e c t i p n might be the 
sought a f t e r d e f i n i t e q u a n t i t a t i v e 
value provided by the t r i a x i a l com
pression t e s t , which could be cor
r e l a t e d w i t h t h e c o r r e s p o n d i n g 
p l a t e b e a r i n g t e s t . The slope o f 
the curve at the point of i n f l e c t i o n 
i s r e f e r r e d t o i n the balance o f 
t h i s paper as "slope f a c t o r m". 

The slope of the tangent at any 
p o i n t on a curve i s g i v e n by the 
f i r s t d e r i v a t i v e of the e q u a t i o n 
f o r the curve. The l a t e r a l pressure 
L a t which the p o i n t o f i n f l e c t i o n 
o c c u r s i n F i g . 57 i s f o u n d by 
eq u a t i n g the second d e r i v a t i v e o f 
the equation f o r the curve t o zero. 

An o u t l i n e of the equations and 
mathematical d e r i v a t i o n s i n v o l v e d 
i n o b t a i n i n g e x p r e s s i o n s f o r the 
values o f the slope o f the curve 
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Figure 56. Ratio of Y y L Versus V e r t i c a l Pressure V 
f o r T r i a x i a l Compression Test 

( s l o p e f a c t o r m) and o f l a t e r a l 
pressure L a t the p o i n t o f i n f l e c t 
i o n i s g i v e n on F i g . 57 and need 
not be repeated here. 

From the mathematical equations 
d e r i v e d i n this'manner, the value 
of slope f a c t o r m can be c a l c u l a t e d 
f o r each Mohr diagram r e p r e s e n t a t i v e 
o f the u n d i s t u r b e d samples from 

each t e s t l o c a t i o n . Figure 58 i s 
a g r a p h o f t h e v a l u e s o f s l o p e 
f a c t o r m versus load t e s t r e s u l t s 
on a 3 0 - i n . p l a t e a t 0 . 2 - i n . de
f l e c t i o n f o r the s i x a i r p o r t s w i t h 
cohesive subgrade s o i l s f o r which 
t r i a x i a l compression t e s t data were 
o b t a i n e d . I t i s apparent t h a t a 
r e l a t i o n s h i p e x i s t s , and a b e s t 

LOO L 

POINT O F I N F L E C T I O N AT U - I I t i 

S L O P E F A C T O R - m - - O S 5 7 

G E N E R A L E Q U A T I O N 
. L O O ( Y - b ) . L O O K - L O G I X - o l 
A C T U A L E O U A T I O N 

L O G ( V - L — teU - LOG K - L 0 G p . - { - 2 c T A N » S = - V E R T I C A L P H E S S U R E , M T O < t S / S O F T 
L - L A T E R A L P R E S S U R E J N TONS/SO F T 

POINT OF INFLECTION 

POINT OF I N F L E C T I O N G IVEN BY 2nd DERIVATIVE iflaf)!^ 

POINT OF I N F L E C T I O N O C C U R S A T 

L . 1 ^ - 0 ^ 6 

S L O P E AT POINT OF I N F L E C T I O N G I V E N BY 

S L O P E F A C T O R - m 
l o g b ' - 0 4 9 S 

^ l E f S f e l - f a ^ k - I - E e T A I x r f - i l J J ^ + Z c T A M * * 

Figure 57. Log o f Ratio V y ^ Versus Log L 
f o r T r i a x i a l Compression Test 
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Figure 58. Subgrade Support i n Kips at 0.2-in. D e f l e c t i o n 
Versus Slope Factorm 

average l i n e can be drawn through 
the p o i n t s shown. 

Further study of the mathematical 
e q u a t i o n s i n d i c a t e d that s l o p e 
f a c t o r in i s independent o f cohe
s i o n c, and i s e n t i r e l y a f u n c t i o n 
of the angle of i n t e r n a l f r i c t i o n J^. 
The r e l a t i o n s h i p between s l o p e 
f a c t o r m and a n g l e o f i n t e r n a l 
f r i c t i o n i s 'shown i n F i g . 59, 

Consideration of the i n f o r m a t i o n 
i n F i g s . 58 and 59 i m p l i e s t h a t a 
r e l a t i o n s h i p should e x i s t between 
angle o f i n t e r n a l f r i c t i o n and 
subgrade support on a 30 - i n . p l a t e 
a t 0.2-in. d e f l e c t i o n ( F i g . 60). 

An attempt was made t o e s t a b l i s h 
the best average l i n e through the 
data of F i g . 60 on the usual basis 
t h a t the subgrade bearing c a p a c i t y 
i n d i c a t e d by the 0 v a l u e s curve 
would not exceed the t r u e subgrade 
support on a 30-in. p l a t e at 0.2-in. 
d e f l e c t i o n by more than about 10 
percent f o r any of the s i x a i r p o r t s . 
However, because o f the d i s t o r t i o n 
of the curve which t h i s would have 
r e q u i r e d , the d e v i a t i o n f o r Regina 
i s about 15 percent. 

There i s no advantage i n going 
through the mathematical c a l c u l a 

t i o n s r e q u i r e d t o determine slope 
f a c t o r m ( i n o r d e r t o o b t a i n the 
corresponding value of the subgrade 
support on a 30-in. p l a t e at 0.2-in. 
d e f l e c t i o n from F i g . 58) when t h i s 
i n f o r m a t i o n can be determined w i t h 
i d e n t i c a l accuracy from F i g . 60 
based upon the angle o f i n t e r n a l 
f r i c t i o n as read d i r e c t l y from the 
Mohr diagram. 

Figure 61 i n d i c a t e s the r e l a t i o n 
ships f o r angle of i n t e r n a l f r i c t i o n 

versus subgrade support on a 30-
i n . p l a t e f o r d e f l e c t i o n s f r o m 
0 to 0.7 i n . 

Altai V anEHUL m c m i > -

Figure.59. Slope Factor m Versus 
Angle of I n t e r n a l F r i c t i o n 
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Figure 60. Subgrade Support i n Kips at 0.2-in. D e f l e c t i o n 
Versus Angle o f I n t e r n a l F r i c t i o n 

I f L i r e p r e s e n t s the l a t e r a l 
pressure at the p o i n t o f i n f l e c t i o n 
( F i g . 57) and Vj^ i s the correspond
i n g v e r t i c a l pressure, i t might be 
expected t h a t r e l a t i o n s h i p s should 
e x i s t between subgrade support (on 
a 30-in. p l a t e at 0.2-in. d e f l e c t i o n ) 

and - h^), L^, or (Vi - L i ) 

While the r e l a t i o n s h i p might be 
p a r t i c u l a r l y a n t i c i p a t e d between 

701 

subgrade support on a 30-in. p l a t e 
and V̂ ,* the s c a t t e r i n g o f data on 
the graph paper i n d i c a t e d t h a t none 
appears t o e x i s t . This i s e q u a l l y 
t r u e when load t e s t data are p l o t t e d 
against (Vi - L j ) . 

A reasonable graph i s o b t a i n e d 
when i s p,lotted against subgrade 
support on a 30-in. p l a t e ( F i g . 62) 
but because of the sharpness of the 
curve and the f l a t n e s s o f the lower 
p o r t i o n i t seems less s a t i s f a c t o r y 

JO DIAMETER PLATE 
AT 10 REPETITIONS OFLOAD 
COHESIVE SUBGRADE SOILS 

0 S 10 
ANGLE OF INTERNAL FRICTION ' 0 ' 

Figure 61. Subgrade Support i n Kips at D e f l e c t i o n "N" 
Versus Angle of I n t e r n a l F r i c t i o n 
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Figure 62. Subgrade Support i n Kips at 0.2-in. D e f l e c t i o n 
Versus for T r i a x i a l Compression Test 

as a basis f o r design than the r e 
l a t i o n s h i p between ^ and load t e s t 
data of Fig. 60. On the other hand, 
the graph of Fig. 62 has the advan
tage t h a t i n c l u d e s v a l u e s o f 
both c and ̂  from any Mohr diagram. 

A very good r e l a t i o n s h i p e x i s t s 
between subgrade support on a 30-in. 

( V i - L^) p l a t e and — 

( F i g . 

such as 

However, i n any r a t i o 

etc. the 

d i a m e t e r 
63). 

cohesion term c cancels from both 
numerator and denominator, and the 
expression i s seen t o be dependent 

V , r̂ L , - L i ) . 
on Q only. Therefore, i s 
independent of cohesion c and i s a 
f u n c t i o n o f / j f o n l y . Consequently, 
there i s no advantage i n determining 

s i n c e a the l u e o f 

s i m i l a r r e l a t i o n s h i p w i t h r e s p ect 
t o load t e s t values can be d e t e r 

mined from ĵJ (Fig.-60). 

CONE BEARING, HOUSEL PENETROMETER, 
" F I E L D CBR, AND T R I A X I A L COMPRESSION 

T E S T S COMPARED 

I n Table 8, a comparison i s made 
between the load t e s t data obtained 
i n d i r e c t l y from the best average 
l i n e t h r o u g h the f i e l d CBR, cone 
b e a r i n g , Housel penetrometer, and 
t r i a x i a l compression t e s t data of 
Figs. 44,47,50, and 60, r e s p e c t i v e l y , 
and the a c t u a l load t e s t data pro
v i d e d by p l a t e b e a r i n g t e s t s f o r 
each of the ei g h t a i r p o r t s w i t h co
hesive s o i l s , because of the basis 
on which t h e i r p o s i t i o n was estab
l i s h e d ( o v e r - e s t i m a t e of subgrade 
s u p p o r t must not exceed about 10 
percent f o r any a i r p o r t ) , i t i s ob
v i o u s t h a t the l o c a t i o n s o f the 
best average l i n e s would f i t t he 
data f o r some a i r p o r t s b e t t e r than 
f o r o t h e r s . Table 8 i n d i c a t e s f o r 
each a i r p o r t , the d e v i a t i o n between 
load t e s t i n f o r m a t i o n obtained i n 
d i r e c t l y from the c o r r e l a t i o n curves 
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Figure 63.vSubgrade Support i n Kips at 0.2-in. D e f l e c t i o n 
V- - L-

Versus for T r i a x i a l Compression Test 
Vi 

f o r these four t e s t s , and the actual 
l o a d t e s t r e s u l t s d e t e r m i n e d by 
p l a t e b e a r i n g t e s t s . Percentages 
greater than 100 show t h a t the best 
average c u r v e f o r t h a t t e s t has 
over-estimated the subgrade support 
f o r t h a t a i r p o r t by the amount o f 
the d i f f e r e n c e between the percent

age g i v e n and 100 percent. S i m i 
l a r l y , t he subgrade s u p p o r t , has 
been u n d e r e s t i m a t e d a c c o r d i n g t o 
the best average l i n e , wherever the 
percentage shown i n Table 8 i s less 
than 100. 

I n g e n e r a l , r e a s o n a b l y good 
agreement i s i n d i c a t e d by Table 7, 

TABLE 8 

RATIO OF LOAD TEST VALUES GIVEN BY BEST AVERAGE LINE THROUGH DATA FX)R CONE 
BEARING, HOUSEL PENETROMETER, F I E L D CBR. AND TRIAXIAL COMPRESSION TESTS. 
VERSUS ACTUAL LOAD TEST VALUES GIVEN BY P U T E BEARING TESTS- RATIOS EXPRESSED 
AS PERCENTAGES. DATA FOR EIGHT AIRPORTS WITH OHIESIVE SUBGRADE SOILS. 

Cone House1 F i e l d T r i a x i a l O v e r a l l 
A i r p o r t Bearing Penetrometer CBB Compression Average 

Fort St. John 108.1 98.7 , 109.5 93.3 10214 
Grande p r a i r i e 90.0 96.6 82.2 76.2 86.3 
Lethbridge 85.6 64.8 74.8 79.9 75.5 
Saskatoon 109.7 109.8 104.6 89.5 103.4 
Regina 85.7 101.9 .115.9 113.7 109.3 
Winnipeg 78.7 108.2 85.2 86.7 89.7 
Toronto 103.8 90.9 85. 1 - 93.3 
Montreal 101.0 83.9 87.7 - 90.9 
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Figure 64. Plat e Bearing Test Versus Angle of I n t e r n a l F r i c t i o n , 
Cone Bearing, F i e l d C a l i f o r n i a Bearing Ratio (Unsoaked),and 

Housel Penetrometer - (Ai r p l a n e Wheel Loadings) 

be*^ween the actual load t e s t i n f o r 
m a t i o n and the subgrade s u p p o r t 
determined i n d i r e c t l y by means o f 
the f o u r t e s t s . There are two or 
three a i r p o r t s i n the case o f each 
of these four t e s t s f o r which t h i s 
agreement i s poorer than f o r others, 
but i n only one case i s the devi a 
t i o n g r e a t e r than 30 percen t , and 
i n o n l y f i v e cases i s i t g r e a t e r 
than 20 percent. 

From the r i g h t - h a n d column o f 
Table 8, i t w i l l be seen t h a t when 
the r e s u l t s of the f o u r t e s t s are 
averaged, the act u a l load t e s t data 
are approximately w i t h i n 10 percent 
except f o r L e t h b r i d g e and Grande 
P r a i r i e . Of even g r e a t e r i n t e r e s t 
i s the f a c t t h a t i f the cone bearing 
and Housel penetrometer t e s t data i n 
Table 8 are averaged, the r e s u l t s 
are w i t h i n 10 percent of the act u a l 
l o a d t e s t d a t a f o r a l l a i r p o r t s 
except Lethbridge. 

From the p o i n t o f view o f sim
p l i c i t y o f t e s t equipment'and t e s t 
procedure, and of o v e r a l l accuracy 
o f r e s u l t s , the cone b e a r i n g t e s t 
appears t o be t h e b e s t o f these 
f o u r t e s t s . The cone bea r i n g t e s t 

i s p e r f o r m e d w i t h v e r y s i m p l e 
e q u i p m e n t w h i c h can be e a s i l y 
handled by one man. The amount of 
load r e q u i r e d i s small and i s pa r t 
o f the equipment. The device f o r 
marking the degree o f p e n e t r a t i o n 
under each loa d i s b u i l t i n t o the 
apparatus. The t e s t equipment i s 
qu i t e l i g h t , s e l f - c o n t a i n e d , can be 
set up i s a few momenta, and each 
t e s t completed i n about f i v e or s i x 
minutes. Several t e s t s should be 
made on each l a y e r o f subgrade t o 
p r o v i d e a s a t i s f a c t o r y o v e r a l l 
average value f o r the layer. 

The Housel penetrometer i s also 
a very r a p i d t e s t , which can be made 
w i t h s i m p l e a p p a r a t u s . Table 8 
i n d i c a t e s t h a t i t s accuracy as a 
measure of subgrade support i s a l 
most e q u a l t o t h a t o f t h e cone 
bearing. 

The CBR t e s t has been w i d e l y 
used i n the U.S.A. When used as a 
f i e l d t e s t , however, i t i s more 
complicated and time-consuming than 
the cone b e a r i n g or Housel pene
tr o m e t e r t e s t . I t r e q u i r e s a de
f l e c t i o n beam and d e f l e c t i o n gauge 
tro measure the p e n e t r a t i o n o f the 
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Figure 65. Plate Bearing Test Versus Angle of I n t e r n a l F r i c t i o n , 
Cone Bearing, F i e l d C a l i f o r n i a Bearing Ratio (Unsoaked), and 

Housel Penetrometer - (Highway Wheel Loadings) 

p i s t o n , and these must be set up to 
be independent o f the r e s t o f the 
equipment. A source o f load weighing 
many hundreds of pounds i s re q u i r e d 
to j a c k against i n order to o b t a i n 
the r e q u i r e d p e n e t r a t i o n o f t h e 
pi s t o n i n t o the subgrade. The ra t e 
o f l o a d i n g the p i s t o n must be, or 
sho u l d be c o n t r o l l e d t o g i v e t he 
r a t e o f p e n e t r a t i o n s p e c i f i e d . An 
h y d r a u l i c gauge, s p r i n g gauge, or 
proving r i n g i s needed t o indi c a i t e 
t h e magnitude o f t h e l o a d b e i n g 
a p p l i e d . Some time i s t h e r e f o r e 
r e q u i r e d t o s e t up the equipment 
f o r each t e s t made i n the f i e l d . 
L i k e the cone b e a r i n g equipment, 
s e v e r a l t e s t s s h o u l d u s u a l l y be 
made on each subgrade l a y e r , each 
of which r e q u i r e s a new set-up of 
the equipment. 

An a l t e r n a t i v e t o making the CBR 
t e s t i n the f i e l d i s to o b t a i n un
d i s t u r b e d samples o f the subgrade 
over I the depths r e q u i r e d and s h i p 
them to the la b o r a t o r y f o r t e s t . 

In F i g . 64 the cone b e a r i n g , 
f i e l d CBR, Housel penetrometer, and 

(fr o m the t r i a x i a l compression 
t e s t ) values are p l o t t e d a g a i n s t 

subgrade support on a 3 0 - i n . d i a 
meter p l a t e a t 0.2-in. d e f l e c t i o n 
f o r cohesive subgrade s o i l s . Con
s e q u e n t l y , F i g . 64 combines i n t o 
one graph, the i n f o r m a t i o n provided 
by the best average l i n e s through 
the d a t a o f F i g s . 44, 47, 50, and 60. 
Because i t r e f e r s t o a 30-in. p l a t e , 
F i g . 64 may be c o n s i d e r e d more 
app l i c a b l e t o a i r p l a n e wheel loading. 

I n F i g . 65, i n f o r m a t i o n s i m i l a r 
to t h a t of Fig. 64 i s given r e l a t i v e 
to a 1 2 - i n . diameter p l a t e at 0.2-in. 
d e f l e c t i o n . A 12 - i n . p l a t e has a 
c o n t a c t area s i m i l a r t o t h a t o f 
many highway wheel loadings. 

F i g u r e 66 c o n s i s t s o f a c h a r t 
which provides r e l a t i o n s h i p s between 
p l a t e b e a r i n g t e s t s on a 3 0 - i n . 
p l a t e at d e f l e c t i o n s of 0.2 and 0.5 
i n . , p l a t e bearing t e s t s on a 12-in. 
p l a t e at d e f l e c t i o n s of 0.2 and 0.5 
i n . , subgrade modulus k determined 
w i t h a 30- i n . p l a t e , and values o f 
cone b e a r i n g , f i e l d CBR, Housel 
penetrometer, and t r i a x i a l compress
ion t e s t s , a l l w i t h reference t o 10 
r e p e t i t i o n s o f l o a d on c o h e s i v e 
subgrade s o i l s . 

One o f the p r i n c i p a l advantages 
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Figure 66. Relationships Between the Measurements of Subgrade Bearing 
Capacity I n d i c a t e d by Various Test Methods ( f o r Cohesive Subgrade S o i l s ) 

i n having the four separate t e s t s , 
cone b e a r i n g , Housel penetrometer, 
f i e l d CBR, and t r i a x i a l compression, 
a l l c o r r e l a t e d w i t h load t e s t r e 
s u l t s , l i e s i n the f a c t t h a t one 
t e s t can be used as a check against 
another t o reduce the p o s s i b i l i t y 
o f e r r o r . I t has a l r e a d y been 
poin t e d out t h a t when cone bearing 
and Housel penetrometer t e s t s are 
combined (Table 8 ) , the margin of 
e r r o r may not exceed 10 p e r c e n t 
i n general. 

Another p r i n c i p a l advantage i s due 
t o t h e f a c t t h a t t h e r e are many 
lo c a t i o n s where load t e s t i n g i s out 
of the question owing t o inac c e s s i 
b i l i t y , or because the subgrade 
s o i l i s i n a d i f f e r e n t c o n d i t i o n 
than w i l l occur a f t e r paving. New 
l o c a t i o n s where no pavin g e x i s t s 
f a l l i n t o t h e l a t t e r c a t e g o r y . 
Load t e s t r e s u l t s i n t h e s e new 
areas are useless because the s o i l 
m o isture a f t e r p aving, and t h e r e 
f o r e the subgrade s u p p o r t , may be 
q u i t e d i f f e r e n t from t h a t a t the 
time the load t e s t s were made. 

Samples o f the s o i l from these 
areas may be taken i n t o the labora
t o r y however, compacted t o t h e 
moisture content and d e n s i t y which 
experience elsewhere has i n d i c a t e d 

they w i l l a t t a i n (Figs. 3, 4, 5, 6, 
and 7) and cone b e a r i n g , CBR, 
t r i a x i a l compression, and Housel 
penetrometer t e s t s made on them i n 
t h i s c o n d i t i o n i n the l a b o r a t o r y . 
From t h e s e l a t t e r v a l u e s t h e 
probable subgrade bearing c a p a c i t y 
f o r the s o i l i n i t s u l t i m a t e con
d i t i o n under the pavement can be 
read from the graphs o f F i g s . 64, 
65, or 66. 

A few c a u t i o n a r y comments are 
i n o r d e r i n c o n n e c t i o n w i t h t h e 
use o f cone b e a r i n g , f i e l d CBR, 
Housel penetrometer, or t r i a x i a l 
compression t e s t r e s u l t s f o r i n 
d i r e c t l y o b t a i n i n g bearing capacity 
values f o r cohesive subgrade s o i l s : 

1. The subgrade s h o u l d be 
i n the c o n d i t i o n o f m o i s t u r e and 
d e n s i t y u l t i m a t e l y a n t i c i p a t e d 
under the pavement. 

2. T e s t s s h o u l d be made 
t h r o u g h o u t the top 18 i n . o f the 
subgrade f o r highways, and through
o u t t he t o p 2 f t o f the subgrade 
f o r a i r p o r t runways. Average values 
should be determined f o r each 6-in. 
layer throughout t h i s depth. 

3. Care must be taken t h a t 
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Figure 67. L a t e r a l Pressure Versus An^le o f I n t e r n a l F r i c t i o n f o r 
Various Values of Cohesion f o r T r i a x i a l Compression Test 

the r e s u l t s o f any one or more o f 
t h e f o u r t e s t s a r e r e a s o n a b l y 
r e p r e s e n t a t i v e of the s o i l over the 
f u l l depths a c t i v e l y a f f e c t e d by 
the wheel loads of the a n t i c i p a t e d 
t r a f f i c . S o f t s o i l below a depth 
o f 3 f t , f o r example, would not be 
detected by cone bearing, f i e l d CBR, 
Housel penetrometer, or t r i a x i a l 
compression t e s t s made on layers to 
a depth o f 2 f t , but co u l d be the 
cause of l a t e r f a i l u r e . For high
way subgrades, the subgrade s o i l 
should be explored by borings t o a 
depth o f a t l e a s t 4 f t . For sub-
gra d e s f o r a i r p o r t runways f o r 
heavy planes, these borings should 
be made t o a depth o f not less than 
10 f t , and p r e f e r a b l y t o 20 f t . I f 
a s o f t layer of s o i l i s encountered 
over these depths, some m o d i f i c a t i o n 
of the bearing capacity established 
i n d i r e c t l y by the t e s t s on thfe top 
2 f t o f t h e s u b g r a d e w o u l d be 
i n d i c a t e d . 

4. One advantage of the load 
t e s t f o r d e t e r m i n i n g the b e a r i n g 
c a p a c i t y of a cohesive subgrade i n 
w h i c h a s o f t l a y e r o f s o i l may 
occur, i s t h a t i t i s probably i n 

f l u e n c e d by a s o f t subgrade l a y e r 
at any depth a f f e c t e d by an a i r 
plane or t r u c k wheel load, whereas 
the cone bearing, f i e l d CBR, Housel 
penetrometer, or t r i a x i a l compress
i o n t e s t s are n o t i n f l u e n c e d by 
the character of the s o i l more than 
a few inche s away. For cohesive 
s o i l s which may have a s o f t l a y e r 
w i t h i n the depth a f f e c t e d by the 
wheel loads of t r a f f i c , values o f 
subgrade bearing capacity determined 
i n d i r e c t l y by the fo u r t e s t s con
sidered i n t h i s s e c t i o n should pro
bably be modified downward. 

5. Let i t be emphasized again 
t h a t no one or more o f these f o u r 
t e s t s should be employed to deter
mine subgrade b e a r i n g c a p a c i t y 
unless the subgrade i s i n the most 
c r i t i c a l c o n d i t i o n of moisture and 
d e n s i t y u l t i m a t e l y a n t i c i p a t e d 
under the pavement, or unless they 
have been made on samples o f the 
subgrade p r e p a r e d a t these con
d i t i o n s o f m o i s t u r e c o n t e n t and 
density i n the la b o r a t o r y . 
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Figure 68. V e r t i c a l Pressure Versus Angle of I n t e r n a l F r i c t i o n f o r 
Various Values o f Cohesion f o r T r i a x i a l Compression Test 

BinjMINOUS MIXTURE DESIGN BY • 
THE THIAXIAL COMPRESSION TEST , 

A f u r t h e r deve.lopment o f the 
i n f o r m a t i o n "from the t r i a x i a l com
pression t e s t i s i t s a p p l i c a t i o n to 
the d e s i g n o f b i t u m i n o u s p a v i n g 
mixtures. 

F i g u r e s 67, 68, 69, and 70 

i l l u s t r a t e r e l a t i o n s h i p s i n v o l v i n g 
Lj^ and Vj^,'the l a t e r a l and v e r t i c a l 
pressures r e s p e c t i v e l y , correspond
i n g t o the p o i n t of i n f l e c t i o n i n 
Fig. 57. Figure 67 shows the r e l a t i o n 
s h i p between Lj^ and d f o r s e v e r a l . 
values o f cohesion c. I n F i g . 68 
the graph o f Vj^ versus l6 i s giv e n 
f o r t h r e e v a l u e s o f c o h e s i o n c. 

I I I 
V VERTICAL ntSSURE AT POINT OF INFLECTION 

. . [ i T . . , « . - « , ^ i i f i a i - m i ] 
L •LATOIAL ntCSSURC AT POINT OP llin.eCTION 

2c T«(49'-«/2tyi^^ 

, O T O P I M " 

ANGLE OF INTERNAL FRICTIpft ' « ' 

Figure. 69. S^, V j , L i and ( v i - L j ) Versus Angle o f I n t e r n a l 
F r i c t i o n When Cohesion c = 1.0 ton per sq f t 
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Figure 70. Mohr Diagram I l l u s t r a t i n g I n fluence of V a r i a t i o n i n Angle 
of I n t e r n a l F r i c t i o n on Values of L j and Vj When Cohesion i s Constant 

L i k e L^, the value o f V̂ ^ depends 
upon both /6 and c. 

The equation f o r Vj^ can be ex
pressed somewhat more simpl y than 
t h a t given on the v a r i o u s f i g u r e s 
as: 
„ ^ r l * 8 i n 0 + l f 2 s i n / Z J l f l + s i n 0 

= ^ V2sin;e^ 
I n F i g . 69, S i , hj_, V i , and 
- Lj^ are p l o t t e d against f o r a 

value of cohesion c equal t o u n i t y 
i n each case. i s the maximum 
s h e a r s t r e s s a t t h e p o i n t o f 
i n f 1 e c t i o n . 

Figures 67 and 69 i n d i c a t e t h a t 
when c i s constant, f o r each value 
of Lj^ there i s only one corresponding 
value o f Figures 68 and 69, on 
the other hand, show t h a t when o i s 
c o n s t a n t , f o r each v a l u e o f 
there are two corresponging values 
°{ l6t provided i s greater or less 
than 13<» 39' 16.7"; the va l u e o f 
/5 a t whic h the minimum v a l u e o f 

o c c u r s . 
When c i s c o n s t a n t , i t i s o f 

i n t e r e s t t h a t w h i l e decreases 
c o n t i n u a l l y as l6 i n c r e a s e s , 
decreases as increases u n t i l i t 
reaches a value of 13.7 deg a f t e r 
which increases as /() increases. 

The reason f o r t h i s can be r e a d i l y 
seen by reference t o Fig. 70, which 
i s a Mohr diagram i n terms o f Lj^ 
and V^, w i t h c c o n s t a n t b u t 0 
v a r i a b l e . 

Cohesion c i n F i g . 70 has the 
v a l u e o f u n i t y and Mohr r u p t u r e 
l i n e s have been drawn f o r value s 
o f the angle of i n t e r n a l f r i c t i o n 
^ v a r y i n g from zero t o greater than 
46deg. When — » zero, both Vj^ 
and L i are i n f i n i t e l y g r e a t arid 
are t h e r e f o r e o f f the diagram t o 
the r i g h t . For v a l u e s of gf from 
0 t o 13.7 deg, b o t h V i and 
s t e a d i l y decrease as fi i n c r e a s e s . 
For a l l values o f g r e a t e r than 
13.7 deg, L i continues to decrease, 
wh i l e V i , on the other hand, begins 
and continues t o increase as j6 i n 
creases from 13.7 t o 9C deg. Con
seq u e n t l y , f o r any given value o f 
cohesion c, the lowest value o f V̂^ 
occurs at an angle of 13.7 deg, and 
V i increases as li decreases toward 
0 or increases toward 90 deg from 
t h i s c r i t i c a l value of 13.7 deg. 

Figure 70 demonstrates t h a t f o r 
a constant value of c, the value o f 
( V i " L i ) decreases as decreases, 
and vice versa. I t can be s i m i l a r l y 
shown t h a t f o r a constant value ol lb, 
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I n t e r n a l F r i c t i o n and L a t e r a l Pressure at the Point 

o f I n f l e c t i o n f o r T r i a x i a l Compression Test 

(V i - L^) decreases as o decreases, 
and v i c e v e r s a . C o n s e q u e n t l y , 
(Vj^ - L^) values represent a measure 
o f t h e s t a b i l i t y o f a c o h e s i v e 
m a t e r i a l being t e s t e d by t r i a x i a l 
compression. 

Figure 69 i n d i c a t e s t h a t (v^ - L^) 
increases as increases, when c i s 
constant, but a point of i n f l e c t i o n 
occurs when Si i s equal t o 13.7 deg. 

Figures 71, 72, 73, and 74, are 
graphs o f cohesion c versus angle 
of i n t e r n a l f r i c t i o n ^, f o r values 
o f L^, V i , ( V i - L i ) , and 
r e s p e c t i v e l y . Figure 71 i n d i c a t e s 
t h a t the curve f o r each value of 
Lj^ r i s e s as o and j6 are b o t h i n 
creased, and a p o i n t of i n f l e c t i o n 
occurs when 0'= 13.7 deg. 

Figure 72 shows t h a t the curve 
f o r each v a l u e o f r i s e s as c 
and gi increase, over the range of £f 
between 0 and 13.7 deg. Thereafter 
t h e c u r v p f a l l s as ^ i n c r e a s e s 
beyond 13.7 deg. 

F i g u r e 73 i n d i c a t e s t h a t the 
c u r v e f o r any g i v e n v a l u e o f 
( V i - h^) f a l 1 s s t e a d i l y as gi i n 

creases from 0 t o 60 deg and beyond. 
From F i g . 74, i t i s seen t h a t 

the curve f o r any value of S j , the 
maximum shear s t r e s s a t the p o i n t 
o f i n f l e c t i o n , f a l l s s t e a d i l y , as (6 
increases from 0 t o 60 deg. 

Figure 75 i s a c h a r t taken from 
a manual on the design of a s p h a l t i c 
concrete r e c e n t l y published by the 
A s p h a l t I n s t i t u t e ( i 7 ) . The u n 
shaded p o r t i o n o f t h i s chart i n d i 
c a tes the corresponding ranges o f 
values f o r c and which a s p h a l t i c 
c o n c r e t e m i x t u r e must p o s s e s s 
according t o the manual, f o r s a t i s 
f a c t o r y s t a b i l i t y , and performance 
when they are designed by the t r i 
a x i a l compression t e s t . The cross-
hatched area of the chart represents 
those combinations of c and f6 which 
are r e p o r t e d t o r e s u l t i n poor be
h a v i o r o f a s p h a l t i c c o n c r e t e 
p a v e m e n t s . 

I t i s w e l l known t h a t a s p h a l t i c 
concrete paving m i x t u r e s may vary 
c o n s i d e r a b l y w i t h regard t o t h e i r 
s t a b i l i t y r e q u i r e m e n t s when em
p l o y e d f o r d i f f e r e n t p u r p o s e s . 
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Figure 72. Relationships Between Cohesion, Angle of 
I n t e r n a l F r i c t i o n and V e r t i c a l Loa^ at the Point of 

I n f l e c t i o n f o r T r i a x i a l Compression Test 

Very high s t a b i l i t y i s needed when 
the pavement i s t o be exposed t o 
much s t a r t i n g and stopping of t r a f f i c 
as at stop l i g h t s or bus stops. On 
the other hand, f o r a i r p o r t runways, 
except near the ends, i t i s genera 11 y 
agreed t h a t more moderate values of 
s t a b i l i t y are a c c e p t a b l e , s i n c e 
f a c t o r s p r o v i d i n g good d u r a b i l i t y 
under the r e l a t i v e l y l i m i t e d t r a f f i c 
(as compared w i t h p rimary highway 
t r a f f i c ) r e q u i r e c o n s i d e r a b l e 
a t t e n t i o n . Consequently, a s i n g l e 
s h a r p b o u ndary such as t h a t o f 
F i g . 75 tends t o be somewhat i l 
l o g i c a l , since i t s l o c a t i o n w i l l be 
such t h a t I t f a v o r s one o f t h e 
f o l l o w i n g c o n d i t i o n s : 

1. I t assures s a t i s f a c t o r y 
performance under severest t r a f f i c 
c o n d i t i o n s , and i s t h e r e f o r e too 
conservative f o r general use. 

2. I t p e r m i t s the i n c l u s i o n 
o f m i x t u r e s meeting low s t a b i l i t y 
requirements, and thereby leads to 
u n s a t i s f a c t o r y p e r f o r m a n c e f o r 
p r o j e c t s where h i g h s t a b i l i t y 

i s r e q u i r e d . 

3. I t w i l l be placed i n an 
average p o s i t i o n , where i t s s t a 
b i l i t y requirements w i l l o f t e n be 
e i t h e r too severe or too lax. 

The diagram of F i g . 75 would be 
m a t e r i a l l y improved, t h e r e f o r e i f 
i t c o u l d be d i v i d e d i n t o zones o f 
s t a b i l i t y , which would assure s a t i s 
f a c t o r y pavement performance over 
t h e whole range from moderate t o 
severe c o n d i t i o n s o f s t a b i l i t y i n 
s e r v i c e , s i n c e t h i s w o u l d l e a d 
t o g r e a t e r o v e r a l l economy i n the 
c o n s t r u c t i o n o f bituminous paving 
m i x t u r e s designed by'the t r i a x i a l 
compression t e s t . 

F i g u r e 76 r e p r e s e n t s a com
b i n a t i o n o f t h e i n f o r m a t i o n o f 
F i g s . 73 and 75. The ( V j - L^) 
curves o f F i g . 73 have been super
imposed upon the a s p h a l t i c concrete 
design c h a r t of F i g . 75. I t w i l l 
be observed t h a t a ( v ^ - Lj^) value 
of 80 p s i c o i n c i d e s very w e l l w i t h 
t h e l o w e r b o u n d a r y o f F i g . 75. 
Curves representing lower values of 
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Figure 73. Relationships Between Cohesion, Angle o f I n t e r n a l F r i c t i o n 
and (V£ ~ I ' i ) T r i a x i a l Compression Test ' 

(Vi — L i ) than t h i s l i e w i t h i n the 
p o r t i o n o f the A s p h a l t I n s t i t u t e 
c h a r t l a b e l l e d u n s a t i s f a c t o r y . 
(Vi — L i ) curves f o r higher values 
than 80 p s i , and t o the r i g h t o f 
the 0 = 26° o r d i n a t e , l i e w i t h i n 
t h e area o f the c h a r t c o n s i d e r e d 
t o represent s a t i s f a c t o r y design. 

-Figure 77 combines the informa
t i o n of Figs. 71 and 76, and super
imposes graphs f o r several (Vi — L i ) 
and L i values r e s p e c t i v e l y , on the 
Asphalt I n s t i t u t e diagram of F i g . 75. 

Every bituminous paving m i x t u r e 
caq m o b i l i z e o n l y so much l a t e r a l 
s u p p o r t a g a i n s t d i s p l a c e m e n t by 
a p p l i e d v e r t i c a l l o a d s . For weak 
m i x t u r e s , t he i n h e r e n t l a t e r a l 
s u p p o r t t h a t can be m o b i l i z e d i s 
p r o b a b l y moderate and f o r s t r o n g 
bituminous mixtures i t may be con
s i d e r a b l y greater. The exact amount 
of l a t e r a l s u p p o r t i n h e r e n t l y a v a i l 
able w i t h i n each bituminous pavement 
i n place i s unknown at present i n 
q u a n t i t a t i v e terms, but might be 
determined from a study of pavement 
performance under t r a f f i c , coupled 
w i t h t r i a x i a l c o m p r e s s i o n t e s t 
studies of samples from the pavement. 

Figures 76 and 77 i n d i c a t e t h a t 
s t a b i l i t y requirements f o r b i t u m i n 
ous paving m i x t u r e s could be very 
s a t i s f a c t o r i l y zoned i n terms o f 
(V, - L i ) v a l u e s . For example, 
a (Vi - L i ) value o f 80 p s i might 
be adequate where average s t a b i l i t y 
was r e q u i r e d . A (V^- - L i ) value 
o f 120 p s i might however,, be r e 
q u i r e d w h e r e v e r t h e r e was much 
s t a r t i n g and s t o p p i n g o f motor 
v e h i c l e s , as a t s t o p l i g h t s , bus 
stops, e t c . , while f o r pavements for 
secondary roads, a (Vi - i L i ) value 
of 40 psi or less might provide ade
quate s t a b i l i t y under t r a f f i c . The 
( V i — L i ) value r e p r e s e n t i n g the 
minimum s t a b i l i t y t h a t c o u l d be 
t o l e r a t e d f o r t he pavement on a 
given p r o j e c t could be s p e c i f i e d , 
and the curve f o r t h i s value would 
e s t a b l i s h t h e boundary between 
s a t i s f a c t o r y and u n s a t i s f a c t o r y 
s t a b i l i t i e s f o r t h a t p r o j e c t . The 
only l i m i t a t i o n s on t h i s boundary 
[ ( V i - L i ) c u r v e ] , would e x i s t on 
the l e f t hand s i d e , and would be 
marked by the i n t e r s e c t i o n o f the 
(V^ - L^) curve w i t h the curve f o r 
the L i value corresponding t o the 
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Figure 74. Relationships Between Cohesion, Angle of I n t e r n a l 
F r i c t i o n and Ŝ  f o r T r i a x i a l Compression Test 

maximum l a t e r a l support t h a t could 
be mobilized w i t h i n the pavement i n 
place under expected t r a f f i c loads 
when i n i t s most c r i t i c a l c o n d i t i o n , 
( p r o b a b l y i t s h i g h e s t summer tem
p e r a t u r e ) . T h i s v a l u e might 
f r e q u e n t l y be t o the l e f t o f the 
v e r t i c a l b oundary shown i n t h e 
Asphalt I n s t i t u t e diagram. F i g . 75. 
The c r i t i c a l v a l u e c o u l d be 
expected t o vary from p r o j e c t t o 
p r o j e c t depending upon the maximum 
l a t e r a l support t h a t could be mobil-
i z e d w i t h i n the pavement i n place, 
and i t would p r o b a b l y a l s o v a r y 
w i t h the (Vj^ — L^) value s p e c i f i e d 
or adopted f o r the paving mixture. 

Bituminous mixtures having com
bi n a t i o n s of c and ( g i v i n g higher 
L i values) t o t h e l e f t o f t h i s 
c r i t i c a l Lj^ value f o r each bi t u m 
inous pavement i n place, would be 
s a t i s f a c t o r y i n t h e m s e l v e s , b u t 
would tend to be u n s a t i s f a c t o r y i n 
service f o r the p r o j e c t i n question 
i n each case, because they c o u l d 
n o t m o b i l i z e s u f f i c i e n t l a t e r a l 
s u p p o r t t o d e v e l o p t h e minimum 
( V i — L^) v a l u e s p e c i f i e d f o r 

s t a b i l i t y . The j u s t i f i c a t i o n or 
otherwise f o r s h a r p l y d e f i n i n g the 
c r i t i c a l value of t o be adopted 
f o r each paving p r o j e c t can only be 
e s t a b l i s h e d as the r e s u l t o f con
s i d e r a b l e i n v e s t i g a t i o n , s i n c e 
c a l c u l a t i o n s i n d i c a t e t h a t a con
s i d e r a b l e d e c r e a s e i n l a t e r a l 
support does not markedly or r a p i d l y 
lower the (Vj^ - L^) s t a b i l i t y value 
o f the p a v i n g m i x t u r e . That i s , 
the s t a b i l i t y o f a bituminous mix
t u r e i n place does not appear t o 
be c r i t i c a l w i t h regard t o appre
c i a b l e changes i n the amount o f 
l a t e r a l s u p p o r t w h i c h i t can 
m o b i l i z e under t r a f f i c loads. The 
s t a b i l i t y appears t o depend much 
more c r i t i c a l l y upon changes i n the 
(Vj^ — Lj^) v a l u e s s p e c i f i e d f o r 
design, than upon m o d i f i c a t i o n s i n 
t h e d e g r e e o f i n h e r e n t l a t e r a l 
s u p p o r t t h a t can be developed by 
the pavement. 

I t i s b e l i e v e d t h a t the Lj^ and 
(V^ — Lj^) curves s i m i l a r t o those 
of F i g . 77, obtained from the t r i 
a x i a l compression t e s t , r e p r e s e n t 
a l o g i c a l and u s e f u l method f o r 
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t h e d e s i g n o f t he s t a b i l i t y r e q u i r e 
m e n t s f o r b i t u m i n o u s p a v i n g m i x 
t u r e s . H o w e v e r , c o n s i d e r a b l e i n 
v e s t i g a t i o n i s needed t o measure t he 
maximum v a l u e s o f l a t e r a l s u p p o r t 
Lj^ t h a t can be d e v e l o p e d , and t h e 
c o r r e s p o n d i n g m i n i m u m (Vj^ - L ^ ) 
v a l u e s r e q u i r e d f o r s t a b i l i t y , under 
d i f f e r e n t m a g n i t u d e s o f w h e e l l o a d 
and v a r i o u s i n t e n s i t i e s o f t r a f f i c . 
T h i s i n v o l v e s o b s e r v a t i o n o f t h e 
p e r f o r m a n c e u n d e r t r a f f i c o f v a r i o u s 
b i t u m i n o u s s u r f a c e s h a v i n g a w i d e 
r a n g e o f c and f6 v a l u e s , and t h e 
s t u d y o f samples o f t h e s e pavements 
b y m e a n s o f t h e t r i a x i a l c o m 
p r e s s i o n t e s t . 

I t s h o u l d be n o t e d t h a t a d i a g r a m 
s o m e w h a t s i m i l a r t o F i g . 77 f o r 
d e s i g n i n g t h e s t a b i l i t y f o r b i t u m i n 
ous m i x t u r e s c o u l d a l s o be p r e p a r e d 
on t h e b a s i s o f 
F i g . 7 8 . 

and i,^ v a l u e s , 

U N U OF INTERNAL FNICTION * •* 

F i g u r e 7 5 . D e s i g n C h a r t f o r 
A s p h a l t i c C o n c r e t e Based Upon t h e 

T r i a x i a l Compress ion T e s t (The 
A s p h a l t I n s t i t u t e Manual on 

H o t - M i x A s p h a l t i c C o n c r e t e P a v i n g ) 

, SELECTION OF BASE COURSE MATERIALS 
BY TOE TOIAXIAL TEST 

I t was p o i n t e d o u t e a r l i e r , t h a t 
f o r s i m i l a r r e l a t i v e d e n s i t y and 
m o i s t u r e c o n d i t i o n s , d i f f e r e n t 
t y p e s o f g r a n u l a r b a s e s may have 
t h e same s u p p o r t i n g c a p a c i t y p e r 

v r n i i C A i P R t s s u R i * i P O I M I or mr icc i iOM 
L A I I R A L PHESSUftC AT POINT Or MFLCCTlQH 

StnO 

COMCSION.IN P S I 
B 'ANGl l or INTERNAL FRICTION 

BOUNDARY BflWrEN SATISrACTD 

AND <INSAllSFACTORT ASPHALtIC CONCRCI 

PAVINS MlXIURtSI ASPHALT INSTITUTE MANUAL) 

• O P S I 

A N G L E ' O F INTERNAL FRICTION 

F i g u r e , 7 6 . Graph S f i o w i n g t h e B o u n d a r i e s Between S a t i s f a c t o r y and 
U n s a t i s f a c t o r y A s p h a l t i c C o n c r e t e M i x t u r e s P roposed By t h e 

A s p h a l t I n s t i t u t e , and ( V f - Lj^) V a l u e s 
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ANGLE OF INTERNAL FRICTION " 
F i g u r e 7 7 . C h a r t f o r A s p h a l t i c C o n c r e t e D e s i g n Based Upon V a l u e s o f 

c , (!>, L i and ( V j - L i ) D e r i v e d From t h e T r i a x i a l Compress ion T e s t 

u n i t o f t h i c k n e s s . I f t h i s i s sub 
s t a n t i a t e d by f u r t h e r i n v e s t i g a t i o n s 
I t means t h a t t h e r e l e l i t t l e o r no 
d i f f e r e n c e i n t h e a b i l i t y o f a 
g i v e n t h i c k n e s s o f d i f f e r e n t t y p e s 

40, 

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

19 eo 29 90 39 
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F i g u r e 7 8 . C h a r t o f R e l a t i o n s h i p s Between S^, L j , c and f() 
From the T r i a x i a l C o m p r e s s i o n T e s t 
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a s base c o u r s e s t h a n i t has b e e n 
c o n s i d e r e d a d v i s a b J e t o u s e i n 
t h e p a s t . 

I n a d d i t i o n t o p r o v i d i n g t h e 
n e c e s s a r y t h i c k n e s s , h o w e v e r , a 
base c o u r s e m a t e r i a l m u s t be a b l e 
t o d e v e l o p adequa te shear r e s i s t a n c e 
a g a i n s t s h e a r i n g s t r e s s e s i m p o s e d 
by t h e a p p l i e d l o a d . The h i g h e s t 
s h e a r s t r e s s e s o c c u r n e a r e s t t h e 
l o a d e d a r e a , a n d i t i s f o r t h i s 
r e a s o n t h a t t h e b e s t g r a n u l a r 
m a t e r i a l s a r e u s u a l l y s p e c i f i e d f o r 
t h e t o p l a y e r o f t h e base c o u r s e . 
I f t h e base c o u r s e has s u f f i c i e n t 
t h i c k n e s s , t h e s h e a r i n g r e s i s t a n c e 
o f t he subgrade w i l 1 n o t be exceeded . 

I n F i g . 7 9 , t h e s h e a r s t r e s s 
t r a j e c t o r i e s u n d e r a l o a d e d a r e a 
a r e i n d i c a t e d . I f t h e s h e a r i n g 
r e s i s t a n c e a l o n g t h e f u l l l i n e in~ 
F i g . 79 were e x c e e d e d , base c o u r s e 
m a t e r i a l u n d e r l o a d w o u l d move 
l a t e r a l l y a n d u p w a r d a l o n g t h i s 
t r a j e c t o r y , l e a d i n g t o r u t t i n g and 
p r o b a b l e f a i l u r e . 

The s h e a r i n g r e s i s t a n c e o f base 
c o u r s e m a t e r i a l s can be d e t e r m i n e d 
b v t h e t r i a x i a l c o m p r e s s i o n t e s t . 
Those w i t h m e a s u r a b l e c o h e s i o n can 
be e v a l u a t e d by means o f F i g . 7 8 , 
i n w h i c h t h e d i f f e r e n t d e g r e e s o f 
s t a b i l i t y u n d e r l o a d a r e zoned i n 
t e r m s o f a n d L j^ v a l u e s . F o r 
p r o j e c t s o r p o r t i o n s o f t h e ba se 
c o u r s e s u b j e c t t o l a r g e shea r s t r e s s e s 
a base c o u r s e m a t e r i a l w i t h a h i g h 
v a l u e o f Sj^ s h o u l d be s p e c i f i e d , and 

. f o r l o c a t i o n s w h e r e s h e a r s t r e s s e s 
a r e l o w e r , a m a t e r i a l w i t h a l o w e r 
Sj^ v a l u e c o u l d be s t i p u l a t e d . Each 
Sj^ c u r v e i n F i g . 78 w o u l d be bounded 
t o w a r d t h e l e f t hand s i d e by t h e 
c u r v e c o r r e s p o n d i n g t o t h e maximum 
l a t e r a l s u p p o r t t h a t c o u l d b e 
m o b i l i z e d w i t h i n t h e base c o u r s e i n 
p l a c e u n d e r t r a f f i c l o a d s , when i n 
i t s most c r i t i c a l c o n d i t i o n ( p r o b a b l y 
t h e h i g h e s t m o i s t u r e c o n t e n t 
a n t i c i p a t e d ) . 

B a s e c o u r s e m a t e r i a l s h a v i n g 
c o m b i n a t i o n s o f c and ^ g i v i n g t h e 
h i g h e r L j^ v a l u e s t o t h e l e f t o f 
t h i s c r i t i c a l L j^ v a l u e f o r e a c h 

b a s e c o u r s e i n p l a c e , w o u l d t e n d 
t o be u n s a t i s f a c t o r y i n s e r v i c e , 
b e c a u s e t h e y c o u l d n o t m o b i l i z e 
s u f f i c i e n t l a t e r a l s u p p o r t t o 
d e v e l o p t h e m i n i m u m 3j l u < 
s p e c i f i e d f o r s t a b i l i t y . H o w e v e r , 
c a l c u l a t i o n s i n d i c a t e t h a t a c o n 
s i d e r a b l e d e c r e a s e i n l a t e r a l 
s u p p o r t does n o t m a r k e d l y o r r a p i d l y 
l o w e r t h e s t a b i l i t y v a l u e o f a 
b a s e c o u r s e m a t e r i a l p o s s e s s i n g 

F i g u r e 79. D i a g r a m o f Shear S t r e s s 
T r a j e c t o r i e s Under a Loaded A r e a 

m e a s u r a b l e c o h e s i o n . T h a t i s , t h e 
s t a b i l i t y a p p e a r s t o be much more 
c r i t i c a l w i t h r e g a r d t o changes i n 
t h e v a l u e s s p e c i f i e d f o r d e s i g n , 
t h a n u p o n m o d i f i c a t i o n s i n t h e 
d e g r e e o f i n h e r e n t l a t e r a l s u p p o r t 
t h a t c a n be m o b i l i z e d w i t h i n t h e 
base c o u r s e ( w i t h c o h e s i o n ) i n p l a c e . 

The s t a b i l i t y r e q u i r e m e n t s f o r 
base c o u r s e m a t e r i a l s w i t h m e a s u r a b l e 
c o h e s i o n c o u l d a l s o be z o n e d i n 
t e rms o f ( v ^ - L ^ ) v a l u e s . F i g . 77 , 
a f t e r t h e manner d e s c r i b e d f o r b i 
t u m i n o u s m i x t u r e s i n t h e p r e v i o u s 
s e c t i o n . 

For base c o u r s e m a t e r i a l s h a v i n g 
no m e a s u r a b l e c o h e s i o n . F i g . .78 
c o u l d n o t be e m p l o y e d . The s h e a r i n g 
r e s i s t a n c e o f t h e s e i s g i v e n by t he 
C o u l o m b e q u a t i o n s = n t a n ^ and 
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d e p e n d s on t h e n o r m a l p r e s s u r e n 
and t h e a n g l e o f i n t e r n a l f r i c t i o n g}. 
For any g i v e n h i g h w a y o r a i r p o r t 
p r o j e c t a n d w h e e l l o a d i n g , t h e 
n o r m a l p r e s s u r e ( f r o m 1 o a d i c o n f i n i n g 
i n f l u e n c e , e t c . ) on t h e ba^e c o u r s e 
m i g h t be c o n s i d e r e d t o be c o n s t a n t 
a n d i n d e p e n d e n t o f t h e n a t u r e o f 
t h e b a s e c o u r s e m a t e r i a l , a s a 
f i r s t a p p r o x i m a t i o n . T h e s h e a r 
s t r e n g t h o r s t a b i l i t y o f g r a n u l a r 
base c o u r s e s w i t h o u t c o h e s i o n w o u l d 
t h e n v a r y d i r e c t l y w i t h t h e m a g n i 
t u d e o f t h e a n g l e o f i n t e r n a l 
f r i c t i o n / ^ o f t he v a r i o u s m a t e r i a l s . 
T h i s a n g l e c a n be- d e t e r m i n e d by 
means o f t h e t r i a x i a l c o m p r e s s i o n 
t e s t . 

A s t u d y i s needed , t h e r e f o r e , t o 
d e t e r m i n e t h e and Lj^ v a l u e s f o r 
base c o u r s e m a t e r i a l s w i t h c o h e s i o n , 
and t he v a l u e s o f f o r base c o u r s e 
m a t e r i a l s w i t h o u t c o h e s i o n , t h a t 
a r e r e q u i r e d f o r r e s i s t i n g t he base 
c o u r s e s h e a r i n g s t r e s s e s d e v e l o p e d 
under d i f f e r e n t m a g n i t u d e s o f whee l 
l o a d , and v a r i o u s i n t e n s i t i e s o f 
t r a f f i c . T h i s w o u l d i n v o l v e o b 
s e r v a t i o n o f t h e p e r f o r m a n c e u n d e r 
t r a f f i c o f v a r i o u s b a s e c o u r s e 
m a t e r i a l s h a v i n g a w i d e r a n g e o f 
c and gi v a l u e s , and t h e i n v e s t i g a t i o n 
o f s a m p l e s o f t h e s e m a t e r i a l s by 
means o f t h e t r i a x i a l c o m p r e s s i o n 
t e s t . 

T h e r e was no e v i d e n c e o f base 
c o u r s e s h e a r f a i l u r e a t any o f t h e 
a i r p o r t s t e s t e d so f a r , i n s p i t e o f 
t h e d i f f e r e n t base c o u r s e m a t e r i a l s 
e m p l o y e d . C o n s e q u e n t l y , a much 
w i d e r r a n g e o f g r a n u l a r m a t e r i a l s 
may f u n c t i o n s a t i s f a c t o r i l y as base 
c o u r s e s under t h e v a r i o u s r anges o f 
l o a d i n g s and t r a f f i c t o w h i c h h i g h 
ways and a i r p o r t r u n w a y s a r e s u b 
j e c t e d , t h a n i s f a v o r e d a t t h e 
p r e s e n t t i m e . T h i s a p p l i e s p a r t i 
c u l a r l y t o sands and p o o r l y g r a d e d 
g r a v e l s , w h i c h s u i t a b l e t e s t s m i g h t 
i n d i c a t e a re e i t h e r s a t i s f a c t o r y by 
t h e m s e l v e s , o r t h a t t h e y w o u l d be 
a f t e r a d m i x t u r e w i t h a d i f f e r e n t 
g r a n u l a r i n g r e d i e n t , a f i l l e r , o r 
o t h e r i n e x p e n s i v e m a t e r i a l . 

E v a l u a t i n g i n a q u a n t i t a t i v e 
manner , t h e r e q u i r e m e n t s o f g r a n u l a r 
m a t e r i a l s f o r base c o u r s e s , and t h e 
v a r i o u s i n e x p e n s i v e methods f o r i m 
p r o v i n g t h e p e r f o r m a n c e o f o t h e r 
w i s e u n s a t i s f a c t o r y g r a n u l a r 
m a t e r i a l s , h a s n o t r e c e i v e d t h e 
r e s e a r c h w h i c h t h e economic i m p o r t 
ance o f ba se c o u r s e m a t e r i a l s t o 
h i g h w a y and a i r p o r t e n g i n e e r s b o t h 
j u s t i f i e s and demands. 

T h e s t a b i l i t y d i a g r a m s o f 
F i g s . 77 and 7 8 , w h i c h have been 
d e v e l o p e d w i t h r e g a r d t o b a s e 
c o u r s e s and b i t u m i n o u s s u r f a c e s , 
a r e a l s o a p p l i c a b l e t o a i r p o r t and 
h i g h w a y s u b g r a d e s and s u b - b a s e s . 
I n a d d i t i o n , t h e s e o r s i m i l a r d i a 
grams s h o u l d f i n d u s e f u l a p p l i c a t i o n 
when i n v e s t i g a t i n g t h e s t a b i l i t y o f 
e l e m e n t s o f e a r t h masses i n dams, 
embankment s , f o u n d a t i o n s , e t c . , i n 
o t h e r e n g i n e e r i n g f i e l d s . 

EVALUATION OF LOAD TEST DATA FiQR 
RIGID PAVHJENT DESIGN 

I t I S common p r o c e d u r e a t t h e 
p r e s e n t t i m e , t o base t h e v a l u e o f 
t h e s u b g r a d e m o d u l u s k f o r r i g i d 
pavemen t d e s i g n on t h e l o a d w h i c h 
t he s u b g r a d e w i l 1 s u p p o r t on a 3 0 - i n . 
d i a m e t e r b e a r i n g p l a t e a t a d e 
f l e c t i o n o f 0 . 0 5 i n . 

The s u b g r a d e m o d u l u s i s u s u a l l y 
d e t e r m i n e d b y means o f a s i m p l e 
s t a t i c l o a d t e s t i n w h i c h t h e d e 
f l e c t i o n i s o b s e r v e d as t h e l o a d i s 
i n c r e a s e d by m e a s u r e d i n c r e m e n t s . 
I n a c t u a l p r a c t i c e , h o w e v e r , t h e 
s u b g r a d e u n d e r a r i g i d pavement i s 
s u b j e c t e d t o n o t one l o a d , b u t t o 
r e p e a t e d a p p l i c a t i o n s o f t h e whee l 
l o a d s o f t r a f f i c . 

F i g u r e 15 i n d i c a t e s t h e e f f e c t 
w h i c h r e p e t i t i v e l o a d i n g may have 
on t h e v a l u e o f subgrade modulus k. 
The k v a l u e s s t e a d i l y d e c r e a s e as 
t h e number o f r e p e t i t i o n s o f l o a d 
a r e i n c r e a s e d . 

For h e a v i e r w h e e l l o a d i n g s , t h e 
d i f f e r e n c e i n t h e a b o v e k- v a l u e s 
f o r 1 a n d 1 0 0 r e p e t i t i o n s w o u l d 
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i n c r e a s e t h e t h i c k n e s s r e q u i r e m e n t 
f o r a r i g i d pavement by abou t 1 i n . , 
w h i c h may o r may n o t be s i g n i f i c a n t . 
I t i s q u i t e p r o b a b l e , however , t h a t 
t h e v a l u e o f k , as o r d i n a r i l y 
d e t e r m i n e d by a s i m p l e s t a t i c l o a d 
t e s t , s h o u l d be h i g h e r t h a n t h a t 
s h o w n f o r 1 r e p e t i t i o n o f l o a d 

1 n F i g . 1 5 . 
T h e r e i s some q u e s t i o n as t o 

w h e t h e r a s t e e l p l a t e 30 i n . i n 
d i a m e t e r i s s u f f i c i e n t l y l a r g e f o r 
t h e d e t e r m i n a t i o n o f t h e s u b g r a d e 
m o d u l u s k . The a v e r a g e s l a b o f 
r i g i d p a v e m e n t has many t i m e s t h e 
a r ea o f a s t e e l p l a t e t h i s s i z e . 

F i g u r e s 16 and 37 i n d i c a t e t h a t 
t h e u n i t l o a d s u p p o r t i n g v a l u e o f 
a s o i l d e c r e a s e s w i t h i n c r e a s e i n 
s i z e o f b e a r i n g a r e a f o r b e a r i n g 
p l a t e s up t o a t l e a s t 42 i n . i n 
d i a m e t e r . C o n s e q u e n t l y , t h e subgrade 
modulus k d e t e r m i n e d w i t h a b e a r i n g 
p l a t e o n l y 30 i n . i n d i a m e t e r may 
be c o n s i d e r a b l y g r e a t e r t h a n t h e 
s u b g r a d e s u p p o r t a c t u a l l y p r o v i d e d 
f o r a r i g i d pavemen t s l a b . I t i s 
t o be o b s e r v e d m t h i s c o n n e c t i o n , 
t h a t T e l l e r a n d S u t h e r 1 a n d ( i i ) 
s u g g e s t t h a t i t m i g h t be a d v i s a b l e 
t o use b e a r i n g p l a t e s f r o m 48 t o 
60 i n . i n d i a m e t e r f o r t h e d e t e r 
m i n a t i o n o f subg rade m o d u l u s . 

I t i s p o s s i b l e , t h e r e f o r e , t h a t 
t h e c o m b i n a t i o n o f a s i m p l e s t a t i c 
l o a d t e s t and t h e use o f a b e a r i n g 
p l a t e ( d i a m e t e r 30 i n . ) t h a t i s 
m u c h t o o s m a l l , may r e s u l t i n 
v a l u e s o f s u b g r a d e m o d u l u s k t h a t 
a r e c o n s i d e r a b l y g r e a t e r t h a n t h e 
a c t u a l s u b g r a d e s u p p o r t t h a t i s 
p r o v i d e d f o r a r i g i d pavement . 

F i g u r e 42 d e m o n s t r a t e s t h e l o a d 
d e f l e c t i o n c u r v e s f o r s u b g r a d e , 
base c o u r s e , and f l e x i b l e w e a r i n g 
s u r f a c e t h a t a r e u s u a l l y o b t a i n e d 
a t a g i v e n t e s t l o c a t i o n . I n t h i s 
c a se t h e use o f a ba se c o u r s e has 
i n c r e a s e d t h e v a l u e o f s u b g r a d e 
modu1 us k . 

For a number o f t e s t l o c a t i o n s , 
t h e l o a d d e f l e c t i o n c u r v e s f o r 
s u b g r a d e , base c o u r s e , and f l e x i b l e 
s u r f a c e had t h e shape i n d i c a t e d m 

F i g . 80 . The c u r v e s o f F i g . 80 a r e 
abnormal s i n c e t h e base c o u r s e g i v e s 
a s m a l l e r - v a l u e f o r s u b g r a d e 
m o d u l u s k t h a n ' i s p r o v i d e d by t h e 
s u b g r a d e i t s e l f . T h a t i s , f o r 
t h e s e l o c a t i o n s , t h e u s e o f t h e 
ba se c o u r s e c o u l d be a d e t r i m e n t 
f r o m t h e p o i n t o f v i e w o f s u p p o r t 
f o r a - r i g i d p a v e m e n t , s i n c e f h e 
b a s e c o u r s e w o u l d p r o v i d e l e s s 
s u p p o r t a t 0 . 0 5 - i n . d e f l e c t i o n t h a n 

. t h e u n d e r l y i n g s u b g r a d e . W h e t h e r 

3 0 DIAMETER PLATE 

OEFLCCTION IN INCHES 
n 0 4 9 LOAO VERSUS OETLECTIOM CURVES ( t t w m l } FOR SIAGRAOE, BASE CCURSE 

AND SUVACE 

F i g u r e 80 . Load Ver sus D e f l e c t i o n 
Curves ( A b n o r m a l ) f o r Subg rade , 

Base Course and S u r f a c e 

i t was mere c o i n c i d e n c e , o r w h e t h e r 
i t r e p r e s e n t s a commonly o c c u r r i n g 
p h e n o m e n o n , i t was o b s e r v e d t h a t 
t he c o n d i t i o n r e p r e s e n t e d by F i g . 80 
o c c u r r e d m o s t f r e q u e n t l y _ f o r t h e 
macadam t y p e o f base c o u r s e . 

F rom t h e s e c t i o n i m m e d i a t e l y 
b e l o w , i t f o l l o w s t h a t t h e c a r r y i n g 
c a p a c i t y o f a g i v e n t h i c k n e s s o f 
w e l l c o m p a c t e d base c o u r s e v a r i e s 
d i r e c t l y w i t h t h e s u p p o r t i n g power 
o f t h e s u b g r a d e u p o n w h i c h i t i s 
p l a c e d . T h i s p r i n c i p l e s h o u l d a l s o 
h o l d t r u e i n c o n n e c t i o n w i t h t h e 
i m p r o v e m e n t o f s u b g r a d e m o d u l u s k 
by means o f p r o p e r l y compacted base 
c o u r s e s f o r r i g i d pavement d e s i g n . 
I n t h i s c a s e , t h e v a l u e o f i n c r e a s i n g 
t h e s u p p o r t i n g power o f t he subgrade 
b e n e a t h t h o r o u g h l y c o n s o l i d a t e d 
g r a n u l a r bases f o r r i g i d pavements , 
a c q u i r e s an e c o n o m i c s i g n i f i c a n c e 
w h i c h does n o t a p p e a r t o be r e c o g 
n i z e d i n r i g i d pavemen t d e s i g n a t 
t h e p r e s e n t t i m e . 
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3 0 D IAMETER P L A T E 
«T 10 REPETIT IONS Of LOAD 

LETHBDIOOE 
r i ST JOHN 
6RAH0E PRAIRIE 
SASKATOON 
WINNIPCO 
•ALTON 

0 10 2 0 5 O A O S O 6 0 7 D B 0 
SUB8RA0E SUPPORT IN KIPS AT 0 9 INCH DEFLECTION 

F i g u r e 8 1 . A p p l i e d Load Ver sus Subgrade S u p p o r t f o r 
O v e r a l l T h i c k n e s s e s C o r r e c t e d t o 12 i n . 

EVALUATION OF LOAD TEST DATA 
FOR FLEXIBLE PAVEMENT DESIGN 

I n F i g . 8 1 t h e s u r f a c e l o a d 
c a r r i e d by a 3 0 - i n . p l a t e a t * 0 . 5 - i n . 
d e f l e c t i o n has been p l o t t e d a g a i n s t 
s u b g r a d e s u p p o r t on a 3 0 - i n . d i a 
m e t e r p l a t e a t 0 . 5 - i n . a t t h e same 
t e s t l o c a t i o n f o r a l l l o a d t e s t s i t e s 
on t h e runways a t t h e e i g h t a i r p o r t s 
w i t h c o h e s i v e s u b g r a d e s o i l s . S i n c e -
t h e t h i c k n e s s o f ba se c o u r s e and 
w e a r i n g s u r f a c e v a r i e d f r o m a b o u t 
6 i n . t o a b o u t 2 4 i n . a t t h e 
d i f f e r e n t t e s t l o c a t i o n s , t h e d a t a 
o f F i g . 8 1 have been c o r r e c t e d t o 
an o v e r a l l t h i c k n e s s o f 12 i n . on 
a s i m p l e p r o p o r t i o n a l b a s i s . 

L i n e B o f F i g . 8 1 h a s b e e n 
d r a w n a t an a n g l e o f 45 d e g and 
r e p r e s e n t s on e i t h e r a x i s t h e l o a d 

c a r r i e d by t h e u n c o n f i n e d s u b g r a d e 
o n a 3 0 - i n . d i a m e t e r p l a t e a t 
0 . 5 - i n . d e f l e c t i o n . 

L i n e C r e p r e s e n t s t h e b e s t 
a v e r a g e l i n e t h r o u g h t h e p o i n t s o f 
F i g . 8 1 and i n d i c a t e s , on t h e o r 
d i n a t e a x i s , t h e l o a d c a r r i e d by a 
3 0 - i n . d i a m e t e r p l a t e on t he s u r f a c e 
o f t h e r u n w a y ( c o r r e c t e d t h i c k n e s s 
12 i n . ) a t 0 . 5 - i n . d e f l e c t i o n v e r s u s 
t h e c o r r e s p o n i l i n g s u b g r a d e s u p p o r t 
a t 0 . 5 - i n . d e f l e c t i o n on t he a b s c i s s a . 

L i n e Q i s p a r a l l e l t o L i n e B . 
The f o l l o w i n g comments a r e made 

on t h e s i g n i f i c a n c e o f F i g . 8 1 : 

1 . I n g e n e r a l , t h e p o i n t s 
f a l l a l o n g a s t r a i g h t l i n e . L i n e C> 
p a s s i n g t h r o u g h t h e o r i g i n . 

2 . I f t h e p o i n t s had f a l l e n ' 
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a l o n g L i n e B i n F i g . 8 1 , - i t w o u l d 
have meant t h a t t h e base and w e a r i n g 
s u r f a c e c o n t r i b u t e d n o t h i n g t o t h e 
l o a d s u p p o r t i n g c a p a c i t y o f t h e 
s t r u c t u r e . T h a t i s , t h e l o a d 
c a r r y i n g c a p a c i t y a t 0 . 5 - i n . d e 
f l e c t i o n , w o u l d have been no h i g h e r 
t h a n t h a t o f t h e s u b g r a d e a t t h i s 
d e f l e c t i o n . T h i s , o f c o u r s e , w o u l d 
n o t be e x p e c t e d . 

3 . L i n e Q i n d i c a t e s a l o c a 
t i o n o f t h e b e s t a v e r a g e l i n e 
t h r o u g h t h e p o i n t s t h a t m i g h t have 
b e e n e x p e c t e d on t h e a s s u m p t i o n 
t h a t 12 i n . o f a g i v e n b a s e a n d 
s u r f a c e w o u l d i n c r e a s e 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 a r u n w a y by 
e x a c t l y t h e same amoun t , r e g a r d l e s s 
o f t h e s t r e n g t h o f t h e s u b g r a d e . 
T h a t i s , i f 12 i n . o f a g i v e n base 
and s u r f a c e i n c r e a s e d t h e o v e r a l l 
c a r r y i n g c a p a c i t y o f a r u n w a y by 
1 6 , 0 0 0 l b when t h e s u b g r a d e s u p p o r t 
a t 0 . 5 i n . was 2 0 , 0 0 0 l b . L i n e Q 
i n d i c a t e s t h a t t h i s 12 i n . o f base 
and s u r f a c e w o u l d l i k e w i s e i n c r e a s e 
t h e o v e r a l l c a r r y i n g c a p a c i t y by 
1 6 , 0 0 0 l b w h e t h e r t h e s u b g r a d e 
s u p p o r t w e r e o n l y 1 0 , 0 0 0 l b , o r 
5 , 0 0 0 l b , o r 4 0 , 0 0 0 ' l b , o r a n y 
o t h e r v a l u e . Mos t o f t h e t h e o r i e s 
and e q u a t i o n s p r o p o s e d i n t h e p a s t 
f o r t he r e q u i r e d t h i c k n e s s o f f l e x 
i b l e p a v e m e n t s a r e i m p l i c i t e l y o r 
e x p l i c i t l y based upon t h i s a s s u m p t i o n . 

F i g u r e 81 d e m o n s t r a t e s v e r y d e f i n 
i t e l y , h o w e v e r , t h a t t h i s i s n o t 
t he c a s e , f o r t h e r e i s no t e n d e n c y 
f o r t h e p o i n t s t o f a l l a l o n g L i n e Q 
o r a l o n g any o t h e r l i n e p a r a l l e l 
t o L i n e B . 

Cn t h e o t h e r h a n d . F i g . 81 i n d i c a t e s 
v e r y c l e a r l y t h a t t h e p o i n t s t e n d 
t o f a l l a l o n g L i n e C w h i c h pa s se s 
t h r o u g h the o r i g i n . 

4 . The most n o t a b l e c o n c l u s i o n 
t o be d r a w n f r o m F i g . 8 1 i s t h a t 
the increase i n o v e r a l l load 
carrying capacity provided by any 
given thickness of f l e x i b l e base 

and surface varies directly with 
the load s u p p o r t i n g value of the 
subgrade upon which it is placed, 
when t h e b e a r i n g c a p a c i t y o f b o t h 
s u b g r a d e and pavement a r e measured 
a t t h e same d e f l e c t i o n by b e a r i n g 
p l a t e s o f t h e same d i a n t e t e r . 

T h i s c o n c l u s i o n a p p e a r s t o b e 
r e a s o n a b l e a f t e r s t u d y i n g t h e f i g u r e 
s i n c e L i n e B. and L i n e C b o t h s t a r t 
f r o m the o r i g i n and d i v e r g e i n s t e a d 
o f r u n n i n g p a r a l l e l . 

C o n s e q u e n t l y , i f 12 i n . o f a g i v e n 
f l e x i b l e base and w e a r i n g s u r f a c e 
adds 1 6 , 0 0 0 l b t o t h e c a r r y i n g capa
c i t y o f a s u b g r a d e t h a t s u p p o r t s 
2 0 , 0 0 0 l b a t 0 . 5 - i n . d e f l e c t i o n , 
t he same t h i c k n e s s o f base and s u r 
f a c e w i l l a d d 3 2 , 0 0 0 l b t o t h e 
c a r r y i n g c a p a c i t y o f a s u b g r a d e 
s u p p o r t i n g 4 0 , 0 0 0 l b , b u t o n l y 
8 , 0 0 0 l b t o t h e c a r r y i n g c a p a c i t y 
o f a subgrade s u p p o r t i n g 10 ,000 - l b . 

T h i s means t h a t 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 a g i v e n t h i c k n e s s o f 
base and s u r f a c e i s d o u b l e d i f t h e 
subgrade s u p p o r t i s ' ' d o u b l e d , b u t i s 
h a l v e d when t h e s u b g r a d e s u p p o r t 
becomes o n l y o n e - h a l f as g r e a t . 

5 . F i g u r e 8 1 e m p h a s i z e s t h e 
v a l u e o f i n c r e a s i n g t h e s t r e n g t h o f 
t h e s u b g r a d e u n d e r f l e x i b l e p a v e 
m e n t s . N o t o n l y i s t h e l o a d s u p 
p o r t i n g c a p a c i t y o f t h e s u b g r a d e 
i t s e l f ' i n c r e a s e d , b u t t h e l o a d 
c a r r y i n g v a l u e o f t h e b a s e a n d 
s u r f a c e p e r u n i t o f t h i c k n e s s 
v a r i e s d i r e c t l y w i t h t h e s t r e n g t h 
o f t h e s u b g r a d e , and d o u b l e s when 
t h e s u b g r a d e s u p p o r t i s d o u b l e d . 

The w o r k o f o t h e r i n v e s t i g a t o r s 
has been s t u d i e d f o r c o n f i r m a t i o n 
o r o t h e r w i s e , o f t he p r i n c i p a l c o n 
c l u s i o n t o be d r a w n f r o m F i g . 8 1 , 
t h a t 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 
a g i v e n t h i c k n e s s o f base and p a v e 
m e n t v a r i e s d i r e c t l y w i t h t h e 
s t r e n g t h o f t he subgrade upon w h i c h 
i t i s p l a c e d . 

Campen and S m i t h ( i O ) have r e -
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p o r t e d t h e e f f e c t on o v e r a l l b e a r i n g 
c a p a c i t y o f a g i v e n t h i c k n e s s o f 
base c o u r s e o v e r t w o d i f f e r e n t c o 
h e s i v e s o i l s u b g r a d e s . I t i s s i g 
n i f i c a n t t o n o t e f r o m t h e i r d a t a 
t h a t t h e b a s e c o u r s e w i t h t h e 
g r e a t e r s u p p o r t i n g power p e r i n c h 
o f t h i c k n e s s was t h e one w h i c h had 
been p l a c e d on t h e s t r o n g e r s u b -
g rade and v i c e v e r s a . 

H u b b a r d and F i e l d ( ^ ) have p u b 
l i s h e d t h e r e s u l t s o f some w o r k o f 
t h e i r s , i n w h i c h t h e b e a r i n g capa
c i t i e s o f t h e s u b g r a d e by i t s e l f , 
and a f t e r s u p e r i m p o s i n g d i f f e r e n t 
t h i c k n e s s e s o f a s p h a l t i c c o n c r e t e 

rHICKHEtS Of MViltHT • T 

SUBORADE SUPPORT 'S* IN PSJ AT Oi INCH DEaCCTION 

F i g u r e 8 2 . A p p l i e d Load Ver sus 
Subgrade S u p p o r t f o r A s p h a l t i c 

C o n c r e t e ( C o n s t r u c t e d From Da ta 
C o n t a i n e d i n t h e Cover F i g u r e o f 

t h e A s p h a l t I n s t i t u t e 
R e s e a r c h S e r i e s N o . 8 ) 

on t h e s u b g r a d e , w e r e d e t e r m i n e d 
f o r d i f f e r e n t s i z e s o f b e a r i n g 
p l a t e s . E m p l o y i n g t h e d a t a o f t h e 
c o v e r f i g u r e o f R e s e a r c h S e r i e s 
N o . 8 , a n d r e p l o t t i n g i t i n c 
d i f f e r e n t w a y , g i v e s F i g . 8 2 . 
W h i l e t h e 1 i n e s f o r d i f f e r e n t t h i c k 
nesses do n o t q u i t e s t a r t f r o m t h e 
o r i g i n o r f r o m a n y o t h e r common 
p o i n t , i t i s t o be n o t e d t h a t t h e 
g r a p h o f s u r f a c e l o a d v e r s u s s u b -

g r a d e s u p p o r t ( b o t h a t 0 . 5 - i n . d e 
f l e c t i o n ) i s a s t r a i g h t l i n e f o r 
e a c h o f t h e v a r i o u s t h i c k n e s s e s 
o f a s p h a l t i c c o n c r e t e and , f u r t h e r 
m o r e , t h e s u p p o r t i n g c a p a c i t y o f 
each t h i c k n e s s v a r i e s d i r e c t l y w i t h 
t h e s u b g r a d e s u p p o r t , i n g e n e r a l . 

- K l i n g e r d e v e l o p e d t h e f o l l o w i n g 
s i m p l e e q u a t i o n , w h i c h v e r y c l o s e l y 
r e p r o d u c e s t h e H u b b a r d and F i e l d 
d a t a o f t h e c o v e r f i g u r e o f R e 
s e a r c h S e r i e s No. 8: , 

t = = K 

w h e r e t 
pavement 

W 
pavement 

W, 

t h i c k n e s s o f = r e q u i r e d 
i n i n c h e s 
= w h e e l l o a d a p p l i e d t o 
a t O . S - i n . d e f l e c t i o n 
= s u b g r a d e s u p p o r t a t a 

O . S - i n . d e f l e c t i o n f o r t h e same 
b e a r i n g a rea as t h e s u r f a c e l o a d 

K = a c o n s t a n t h a v i n g t h e 
v a l u e o f 1 6 . 5 f o r a s p h a l t i c c o n c r e t e 

When t h e d a t a o f t h e c o v e r 
f i g u r e o f R e s e a r c h S e r i e s No . 8 a re 
p l o t t e d i n a c c o r d a n c e w i t h t h e 
K l i n g e r e q u a t i o n . F i g . 83 i s o b 
t a i n e d . The g r a p h o f s u r f a c e l o a d 
v e r s u s sub 'grade s u p p o r t i s seen t o 
s t a r t f r o m t h e o r i g i n f o r e a c h 
t h i c k n e s s o f a s p h a l t i c c o n c r e t e . 

I t i s t o be n o t e d t h a t b o t h 
F i g s . 82 and 83 i n d i c a t e s t r a i g h t 
l i n e r e l a t i o n s h i p b e t w e e n s u r f a c e 
l o a d and s u b g r a d e s u p p o r t . I t i s 
t o be o b s e r v e d , f u r t h e r , f r o m b o t h 
f i g u r e s , t h a t t h e c a r r y i n g c a p a c i t y 
o f any g i v e n t h i c k n e s s o f pavement 
v a r i e s d i r e c t l y w i t h t h e s t r e n g t h 
o f t h e s u b g r a d e u p o n w h i c h i t i s 
p l a c e d . I t i s s t r i c t l y t r u e o f 
F i g . 83 and a p p r o x i m a t e l y t r u e o f 
F i g . 82 t h a t 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 a g i v e n t h i c k n e s s o f 
pavemen t i s d o u b l e d when t h e s u b -
g r a d e s u p p o r t i s d o u b l e d , a n d 
becomes o n l y o n e - h a l f as g r e a t when 
t h e s t r e n g t h o f t h e s u b g r a d e i s 
h a l v e d . B o t h o f t h e s e r e s u l t s 
c o n f i r m t h e c o n c l u s i o n s w h i c h were 
i n d i c a t e d by F i g . 8 1 . 
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INFLUENCE OF BEARING PUTE SIZE ON 
' SURFACE LOAD VERSUS SUBGRADE SUPPOTT 

I n F i g . , 8 4 , t he i n f l u e n c e o f t h e 
s i z e - o f b e a r i n g p l a t e s 30 i n . and 
12 i n . i n d i a m e t e r on t h e r a t i o o f 
t h e l o a d c a r r i e d by t h e s u r f a c e a t 
0 . 5 - i n . d e f l e c t i o n v e r s u s t h a t 
s u p p o r t e d by the subgrade a t 0 . 5 - i n . 
d e f l e c t i o n i s g i v e n f o r R e g i n a a i r 
p o r t . F i g u r e 84 i n d i c a t e s t h a t t h e 
b e s t a v e r a g e l i n e t h r o u g h t h e 
o r i g i n , and t h r o u g h t h e p o i n t s f o r 
t h e 3 0 - i n . p l a t e , i s a l s o q u i t e 
r e p r e s e n t a t i v e f o r t h e l o c a t i o n o f 
t h e p o i n t s f o r t h e 1 2 - i n - . p l a t e . 
T h i s means t h a t t h e r e l a t i o n s h i p 
b e t w e e n s u r f a c e l o a d and s u b g r a d e 
s u p p o r t as d e t e r m i n e d by a 1 2 - i n . 
p l a t e i s t h e same as t h a t w h i c h 
w o u l d have been i n d i c a t e d b y t h e 
3 0 - i n . p l a t e f o r a weaker s u b g r a d e , 
o t h e r c o n d i t i o n s r e m a i n i n g t h e same. 

1 2 , 1 8 , 2 4 , 3 0 , 3 6 . and 42 i n . i n 
d i a m e t e r . A g a i n t h e b e s t a v e r a g e s 
l i n e t h r o u g h t h e o r i g i n and t h r o u g h 
t h e p o i n t s f o r t h e 3 0 - i n . p l a t e i s . 

SUBORAK SUPTOHT-riHKIPSATOawCH OEFLECTIOH 

F i g u r e 83 , Graph f o r K l i n g e r 
' E q u a t i o n Based on 

A s p h a l t I n s t i t u t e D a t a 

Da ta s i m i l a r t o t h o s e o f F i g . 84 
a r e p r o v i d e d b y F i g . 85 f o r L e t h -
b r i d g e a i r p o r t f o r b e a r i n g p l a t e s 

.T 10 BETITHIOIIS OF 
REGINA AIRPORT 

- a ts So-
SUaORAOE SUPPORT IN WPS AT 0 5 INCH DEFLECTION 

F i g u r e 8 4 . T o t a l A p p l i e d Load 
V e r s u s Subgrade S u p p o r t f o r 

B e a r i n g P l a t e s o f D i f f e r e n t S i z e s 
( R e g i n a ) 

g e n e r a l l y s p e a k i n g , a r e a s o n a b l y 
r e p r e s e n t a t i v e l i n e t h r o u g h t h e 
p o i n t s f o r t h e o t h e r b e a r i n g p l a t e 
s i z e s . C o n s e q u e n t l y , t he r e l a t i o n 
s h i p b e t w e e n s u r f a c e l o a d a n d 
s u b g r a d e s u p p o r t d e t e r m i n e d b y 
b e a r i n g p l a t e s o f d i f f e r e n t s i z e s 
c o r r e s p o n d s t o t h a t f o r a 3 0 - i n . 
p l a t e f o r t h e same p a v e m e n t and 
b a s e , b u t on a s t r o n g e r s u b g r a d e 
f o r l a r g e r p l a t e s i z e s o r o n a 
w e a k e r s u b g r a d e f o r s m a l l e r p l a t e 
s i z e s . E x p r e s s e d somewhat d i f f e r 
e n t l y , t h e r e l a t i o n s h i p b e t w e e n 
s u r f a c e l o a d s and subg ' rade s u p p o r t 
e s t a b l i s h e d by a 3 0 - i n . d i a m e t e r 
p l a t e h o l d s f o r b e a r i n g p l a t e s o f 
d i f f e r e n t d i a m e t e r s a l l o t h e r c o n 
d i t i o n s b e i n g t h e same. 

I n t h e t e c h n i c a l l i t e r a t u r e 
t h e r e seems t o be v e r y l i t t l e p u b 
l i s h e d i n f o r m a t i o n on t h i s p a r t i -
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c u l a r p r o b l e m by o t h e r i n v e s t i g a t o r s . 
However , Campen and S m i t h have been 
i n t e r e s t e d i n t h e s u p p o r t i n g c a p a 
c i t y o f base c o u r s e s p e r i n c h o f 

1 h 
miss 

4t PL.Tf 

SUBGRADE SUPPORT IN KIPS AT 03 INCH DEFUCTION 

F i g u r e 8 5 . T o t a l A p p l i e d Load 
V e r s u s Subgrade S u p p o r t f o r 

B e a r i n g P l a t e s o f D i f f e r e n t S i z e s 
( L e t h b r i d g e ) 

t h i c k n e s s and have p u b l i s h e d t h e 
r e s u l t s o f s e v e r a l t e s t s t h e y made( 9) . 
F i g u r e s 8 6 and 87 h a v e b e e n d e 
v e l o p e d f r o m t h e i r d a t a . F i g u r e 86 
i n d i c a t e s t h a t t h e b e s t a v e r a g e 
l i n e t h r o u g h the o r i g i n , and t h r o u g h 
t h e p o i n t r e p r e s e n t i n g s u r f a c e l o a d 
v e r s u s s u b g r a d e s u p p o r t f o r t h e 
1 3 . 5 - i n . d i a m e t e r p l a t e , a l s o f i t s 
t h e d a t a f o r t h e 9 . 5 - i n . a n d 
1 6 . 6 - i n . d i a m e t e r p l a t e s v e r y 
c l o s e l y f o r base c o u r s e t h i c k n e s s e s 
o f b o t h 6 a n d 12 i n . F i g u r e 87 
d e m o n s t r a t e s t h a t t h i s i s a l s o t r u e 
f o r b e a r i n g p l a t e s 9 .5 and 1 6 . 6 i n . 
i n d i a m e t e r f o r a n o t h e r s e r i e s o f 
t e s t s where t h e t h i c k n e s s e s o f base 
c o u r s e were 12 and 18 i n . 

C o n s e q u e n t l y , t h e r e i s r e a s o n a b l e 
e v i d e n c e t o i n d i c a t e t h a t t h e r e 
l a t i o n s h i p be tween s u r f a c e l o a d and 
s u b g r a d e s u p p o r t ( b o t h a t t h e same 

d e f l e c t i o n ) d e t e r m i n e d by a b e a r i n g 
p l a t e o f one d i a m e t e r , h o l d s f o r 
b e a r i n g p l a t e s o f d i f f e r e n t d i a 
m e t e r s ( a t l e a s t o v e r t h e r a n g e o f 
12 t o 42 i n . i n d i a m e t e r ) i f a l l 
o t h e r c o n d i t i o n s r e m a i n t h e same. 
E s t a b l i s h i n g t h i s r e l a t i o n s h i p 
m a t e r i a l l y s i m p l i f i e s t h e a p p r o a c h 
t o t h e d e v e l o p m e n t o f a me thod f o r 
d e t e r m i n i n g t h e r e q u i r e d t h i c k n e s s 
o f f l e x i b l e p a v e m e n t s w h i c h i s 
o u t l i n e d b e l o w . 

A METHOD OF DESIGN FOR THICKNESS 
OF. FLEXIBLE PAVEMENTS 

I n v i e w o f t h e g e n e r a l s c e p t i 
c i s m and t h e v e r b a l b r i c k b a t s w h i c h 
u s u a l l y g r e e t t h e a n n o u n c e m e n t o f 
each n e w l y p r o p o s e d method o f d e s i g n 
f o r d e t e r m i n i n g t h e t h i c k n e s s o f 

« " • / 
J / 

/ 
/ 
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FROM CAHPCN AND SMITH 
HOWAT RESEARCH BOARD 

I Z 9 
SUBGRADE SUPPORT IN KIPS AT a2S INCH DEFUCTION 

F i g u r e 8 6 . T o t a l A p p l i e d Load 
V e r s u s Subgrade S u p p o r t f o r 

B e a r i n g P l a t e s o f 7 2 , 144 and 
216 sq i n . (Campen and S m i t h ) 

f l e x i b l e p a v e m e n t s , i t w o u l d 
p r o b a b l y have been w i s e t o t e r m i n 
a t e t h i s paper a t t h i s p o i n t . 
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H o w e v e r , one o f t h e p r i n c i p a l 
o b j e c t i v e s o f t h e D e p a r t m e n t o f 
T r a n s p o r t ' s i n v e s t i g a t i o n was t o 
d e v e l o p a m e t h o d o f d e s i g n b a s e d 
u p o n t h e l o a d t e s t d a t a w h i c h had 
b e e n o b t a i n e d , t h a t c o u l d be em
p l o y e d w i ' t h r e a s o n a b l e c o n f i d e n c e 

/ 

FROy CAMPCN AND SMITH 

HIGHWAY RESEARCH BOARQ 

2 4 6 S 10 
SUBGRADE SUPPORT IN KIPS AT 0 29 INCH DEFLECTION 

F i g u r e 8 7 . T o t a l A p p l i e d Load 
V e r s u s Subgrade S u p p o r t f o r 

B e a r i n g P l a t e s o f 72 and 
216 sq i n . (Campen and S m i t h ) 

t o e s t a b l i s h t h e o v e r a l l t h i c k n e s s 
o f f l e x i b l e b a s e a n d s u r f a c e r e 
q u i r e d t o c a r r y a i r p l a n e w h e e l 
l o a d i n g s o f a n y m a g n i t u d e . C o n 
s e q u e n t l y , t h i s a s p e c t o f t h e i n 
v e s t i g a t i o n c a n n o t be i g n o r e d . I t 
a l s o h a p p e n s t h a t t h e l o a d t e s t 
d a t a p o i n t t o a v e r y d e f i n i t e method 
f o r d e t e r m i n i n g t h e t h i c k n e s s o f 
f 1 e X i b 1 e ^ p a v e m e n t r e q u i r e d t o 
c a r r y any whee l l o a d o v e r subg rades 
c o n s i s t i n g o f c o h e s i v e s o i l s . 

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

an e s t i m a t e o f t h e l o a d s u p p o r t i n g 
c a p a c i t y o f t h e e x i s t i n g runways a t 
e a c h a i r p o r t c a n be v e r y e a s i l y 
made. F o r h e a v i e r w h e e l l o a d i n g s 
t h a n t h e s e , g r e a t e r t h i c k n e s s e s o f 
p a v e m e n t and b a s e c o u r s e a r e r e 
q u i r e d . T h e p r o b l e m o f d e s i g n 
t h e r e f o r e c o n s i s t s o f d e t e r m i n i n g 
a method f o r e x t r a p o l a t i n g t h e t e s t 
d a t a o b t a i n e d f o r t h e p r e s e n t r u n 
w a y s , w h i c h w i l l i n d i c a t e t h e 
t h i c k n e s s e s r e q u i r e d f o r a i r p l a n e 
wheel l o a d s o f any m a g n i t u d e . 

I t was d e m o n s t r a t e d i n F i g s . 8 1 , 
8 2 , and 83 t h a t t h e c a r r y i n g c a p a 
c i t y o f a g i v e n t h i c k n e s s o f base 
c o u r s e m a t e r i a l v a r i e s d i r e c t l y 
w i t h t h e s t r e n g t h o f t h e s u b g r a d e 
u p o n w h i c h i t i s p l a c e d . T h i s 
o b s e r v a t i o n c a n be d e v e l o p e d i n t o 
an e q u a t i o n f o r d e s i g n i n g t he t h i c k 
nes s o f f l e x i b l e base a n d s u r f a c e 
r e q u i r e d t o c a r r y a w h e e l l o a d o f 
any m a g n i t u d e . 

B A S E ' COURSE• 

F i g u r e 88 . S k e t c h o f A p p l i e d Loads 
on S u c c e s s i v e Base Course L a y e r s 

o f U n i f o r m T h i c k n e s s 

F i g u r e 88 c a n be u s e d t o i n d i 
c a t e t h e f u n d a m e n t a l p r i n c i p l e o f 
t h i s m e t h o d o f d e s i g n . The l o a d 
c a r r y i n g c a p a c i t y a t 0 . 5 - i n . d e 
f l e c t i o n o f t h e f i r s t 6 - i n . l a y e r 
o f b a s e c o u r s e i n F i g . 8 8 i s 
n o r m a l l y g r e a t e r t h a n t h a t measured 
on t h e s u r f a c e o f t h e s u b g r a d e a t 
t h e same d e f l e c t i o n . I f t h e f i r s t 
6 - i n . l a y e r o f base c o u r s e i s now 
c o n s i d e r e d t o be t h e s u b g r a d e f o r 
t h e s e c o n d 6 - i n . l a y e r , a l l o t h e r 
c o n d i t i o n s b e i n g t h e same, 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 t h e s e c o n d 
l a y e r w i l l be g r e a t e r t h a n t h a t o f 
t h e f i r s t , s i n c e i t r e s t s o n a 
s t r o n g e r s u b g r a d e . S i m i l a r l y , t h e 
l o a d s u p p o r t i n g c a p a c i t y o f a t h i r d 
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6 - i n . l a y e r o f base w o u l d be g r e a t e r 
t h a n t h a t o f t h e s e c o n d , e t c . 
F i g u r e 8 9 h a s b e e n p r e p a r e d t o 
d e v e l o p t h i s p r i n c i p l e i n t o a 
s i m p l e m a t h e m a t i c a l e q u a . t i o n . 

l o a d c a r r y i n g c a p a c i t y o f a g i v e n 
t h i c k n e s s o f base c o u r s e , when i t 
i s p l a c e d on s u c c e s s i v e l y s t r o n g e r 
s u b g r a d e s , o r v i c e v e r s a , c a n be 
e x p r e s s e d as l i n e a r r e l a t i o n s h i p 

3 0 DIAMETEH PLATE 
AT'D REPETITIONS OF LOAD 
COttESIVE SUBCmOE SOILS 

PJ—42,130 - f -
40 r • siR/si 

WHERE; 
Maso — 

P-APPLIED PRESSURE IN KIPS AT OEFL N ' 
DN SURFACE OF >i t i l LAYER 

5.SUBGRA0E SUPPORT IN KIPS A T O E F L ' N 

P..APPLIEO PRESSURE IN KIPS AT OEFL "N 
ON TOP OF FIRST LAYER OVER SUBORAOE 

20.000 n .NUMBER OF LAYERS OF UNIFORM 
THICKNESS 
THICKNESS OF EACH LAYER IN INCHES 

T.REOUIRED OVERALL THICKNESS 

I F L A T E R 5 ARF I INr.H THICK 

p . S ( P / S ) . OR 

i5 20 30 40 90 60 

SUBGRADE SUPPORT IN KIPS DEFLECTION"N' IN INCHES 

F i g u r e 8 9 . Deve lopment o f D e s i g n E q u a t i o n f o r O v e r a l l T h i c k n e s s 

The d i a g r a m o f F i g . 89 has been 
p r e p a r e d o n t h e b a s i s o f t h r e e 
a s s u m p t i o n s , o f w h i c h t h e f i r s t two 
a r e t h e t w o c o n c l u s i o n s t o b e 
d r a w n f r o m t h e d a t a o f fig. 8 1 

. t h a t have a l r e a d y been p o i n t e d o u t : 

1 . A g i v e n t h i c k n e s s o f base 
c o u r s e has an i n c r e a s i n g l y g r e a t e r -
l o a d c a r r y i n g c a p a c i t y when p l a c e d 
on s u c c e s s i v e l y s t r o n g e r s u b g r a d e s , 
and v i c e v e r s a . 

2 . The i n c r e a s i n g l y g r e a t e r 

when a p p l i e d l o a d ' o n the s u r f a c e o f 
t h e base i s p l o t t e d v e r s u s subg rade 
s u p p o r t ( L i n e C o f F i g . 8 1 ) . 

The f i r s t c o n c l u s i o n above f r o m 
F i g . 8 1 i m p l i e s t h e a s s u m p t i o n t h a t 
has a l r e a d y been s t a t e d w i t h r e g a r d 
t o F i g . 8 8 , and w h i c h i s a l s o r e 
q u i r e d f o r t h e p r e p a r a t i o n o f t h e 
d i a g r a m o f F i g . 8 9 , n a m e l y : 

3 . A l a y e r o f g i v e n b a s e 
c o u r s e o f s p e c i f i e d t h i c k n e s s , 
n o r m a l l y has a g r e a t e r l o a d c a r r y -
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i n g c a p a c i t y t h a n the subgrade upon 
w h i c h i t i s p l a c e d . A second l a y e r 
o f base c o u r s e o f t h e same t h i c k 
ness w i l l t h e r e f o r e have a g r e a t e r 
l o a d c a r r y i n g c a p a c i t y t h a n t h e 
f i r s t l a y e r , s i n c e i t r e s t s on^ a 
s t r o n g e r subgrade ( t h e f i r s t l a y e r ) . 
T h e t h i r d l a y e r h a s a g r e a t e r 
c a r r y i n g c a p a c i t y t h a n t h e s e c o n d 
b e c a u s e i t i n t u r n r e s t s o n a 
s t r o n g e r s u b g r a d e ( t h e second l a y e r ) 
t h a n t h e second l a y e r , e t c . 

I t i s t o be n o t e d t h a t t h e l o a d 
s u p p o r t i n g c a p a c i t y o f b o t h subgrade 
and base c o u r s e r e f e r s t o t h e same 
d e f l e c t i o n and same c o n t a c t a r e a . 
I t i s t o be a l s o o b s e r v e d t h a t t h e 
s u b g r a d e s u p p o r t i n a l l c a s e s , i s 
t he l o a d i n d i c a t e d by an u n c o n f i n e d 
l o a d t e s t on t he l a y e r i n q u e s t i o n , 
a n d t h i s may b e , q u i t e d i f f e r e n t 
f r o m t h e a c t u a l s u b g r a d e s u p p o r t 
f u r n i s h e d t o a n y l a y e r t h a t i s 
a f t e r w a r d s u p e r i m p o s e d . S o i l 
m e c h a n i c s i s u n a b l e as y e t t o p r o 
v i d e r e l i a b l e i n f o r m a t i o n on t h i s 
l a t t e r a s p e c t o f t h e p r o b l e m . 

I n t he d i a g r a m o f F i g . 89: 

1 . L i n e OP d r a w n a t a s l o p e 
o f 45 deg g i v e s t h e v a l u e o f t h e 
s u b g r a d e s u p p o r t f o r a n y g i v e n 
c o n t a c t a r ea and any s p e c i f i e d 'de
f l e c t i o n N on e i t h e r a x i s . 

2 . P o i n t A r e p r e s e n t s a 
g i v e n m a g n i t u d e o f subgrade s u p p o r t 
S f o r a c o h e s i v e s o i l . 

f o r e P , i s e q u a l t o S. P o i n t C 
t h e r e f o r e , r e p r e s e n t s t he s u p p o r t i n g 
v a l u e , Pj^ = Sj^ , o f a base c o u r s e 
o f t h i c k n e s s t . 
CD I S d rawn v e r t i c a l l y t o OQ f r o m C. 

6 . The l o a d c a r r y i n g c a p a c i t y 
P o f V base c o u r s e o f t h i c k n e s s t 
p l a c e d o n s u b g r a d e s u p p o r t S 
( P o i n t C ) , I S g i v e n b y P o i n t D 
( f r o m a s s u m p t i o n No. 2 a b o v e ) . 

7 . B e a r i n g c a p a c i t y P 
( P o i n t D*), i s t h e r e f o r e t h e l o a d 
c a r r i e d by a base c o u r s e o f t h i c k 
ness t p l u s t , o r 2 t , s i n c e P o i n t C 
r e p r e s e n t s t h e s u p p o r t i n g v a l u e P̂ ^ 
o f t he f i r s t l a y e r o f t h i c k n e s s t . 

8 . H o w e v e r , t h e s u b g r a d e 
s u p p o r t f o r t h e b a s e c o u r s e o f 
t h i c k n e s s 2 t i s S, a t P o i n t A . 

9 . D ' , t h e i n t e r s e c t i o n o f 
t h e v e r t i c a l e x t e n s i o n o f A B , and 
o f t he h o r i z o n t a l t h r o u g h D , t h e r e 
f o r e r e p r e s e n t s t h e v a l u e o f t h e 
a p p l i e d l o a d P ^ , w h i c h c a n be 
c a r r i e d by a base c o u r s e o f t h i c k 
n e s s 2 t o v e r s u b g r a d e s u p p o r t S. 

1 0 . DE i s d r a w n h o r i z o n t a l l y 
t h r o u g h D- From g e o m e t r y , A D ' i s 
e q u a l t o D ' E , and P^ i s t h e r e f o r e 
e q u a l t o Sg , P o i n t E. 
C o n s e q u e n t l y , P o i n t E r e p r e s e n t s 
t h e s u p p o r t i n g v a l u e , P^ = S^, o f 
a base c o u r s e o f t h i c k n e s s 2 t . 
EP i s d rawn v e r t i c a l l y t'o OQ f r o m E . 

3 . P o i n t B r e p r e s e n t s t h e 
a p p l i e d l o a d Pj^ ( f o r t h e g i v e n c o n 
t a c t a r e a and d e f l e c t i o n N ) c a r r i e d 
by a l a y e r o f base c o u r s e t h i c k n e s s 
t , o v e r the subg rade w i t h s u p p o r t i n g 
v a l u e S. 

4 . L i n e OQ i s d r a w n t h r o u g h 
P o i n t B . BO i s d r a w n h o r i z o n t a l l y 
and BA v e r t i c a l l y f r o m B . 

5 . S i n c e OP has a s l o p e o f 
45 d e g , i t ' f o l l o w s f r o m g e o m e t r y 
t h a t Afi i s e q u a l t o BC, and t h e r e -

1 1 . The b e a r i n g c a p a c i t y P 3 
o f a b a s e c o u r s e o f t h i c k n e s s t 
p l a c e d o n s u b g r a d e s u p p o r t Sa 
( P o i n t E ) , i s g i v e n b y P o i n t F 
( f r o m a s s u m p t i o n No. 2 a b o v e ) . 

1 2 . The b e a r i n g c a p a c i t y P^, 
( P o i n t P ) , i s t h e r e f o r e t h e l o a d 

. c a r r i e d by a base c o u r s e o f t h i c k 
ness t + 2 t , o r 3 t , s i n c e P o i n t E 
r e p r e s e n t s t h e s u p p o r t i n g v a l u e P^ 
o f a l a y e r o f base c o u r s e o f t h i c k 
ness 2 t . 
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1 3 . H o w e v e r , t h e s u b g r a d e o f f i r s t t w o l a y e r s o f base c o u r s e 
s u p p o r t f o r t h e b a s e c o u r s e o f o f o v e r a l l t h i c k n e s s 2 t , w h e n 
t h i c k n e s s 3 t i s 3 , a t P o i n t A . p l a c e d on subgrade s u p p o r t S 

Pjj = P = l o a d c a r r y i n g c a p a c i t y 
1 4 . P " , t h e i n t e r s e c t i o n o f o f b a s e c o u r s e o f n 1 a y e r s , e a c h o f 

t h e v e r t i c a l e x t e n s i o n o f A B , and t h i c k n e s s t , when p l a c e d on s u b -
o f t h e h o r i z o n t a l t h r o u g h P t h e r e - g r a d e s u p p o r t S. 
f o r e , r e p r e s e n t s t h e v a l u e o f t h e B u t f r o m what has gone b e f o r e 
a p p l i e d l o a d P „ , w h i c h c a n be p = S , P = S , P = S 

. . . , 3 J. . 1 1 i ' a a 3 " 3 j e t c . ( 3 ) c a r r i e d by a base c o u r s e o f t h i c k - _ , , - , , , J , - , T h e r e f o r e , s u b s t i t u t i n g i n ( 2 ) n e s s 3 t when p l a c e d on s u b g r a d e 

s u p p o r t S. ! ! L _ - ( 4 ) 

1 5 . I n c i d e n t a l l y , p ' r e p r e - ^ ^3 ^ n - i ^ n - i 
s e n t s i n t u r n , t h e l o a d P „ w h i c h _ . . . 

. . . • . . . 8 From w h i c h c o u l d be c a r r i e d by a base c o u r s e 
o f t h i c k n e s s 2 t , i f t h e subg ra ide p _ 
s u p p o r t were S. ' a "g" 

. . ^ „ J , v „ . . And i t f o l l o w s f r o m s u b s t i t u t i n g i n 
16 . L i n e s OR and OS have been . . . . / A \ I 1 I « • J ™ i . ( 5 ) and ( 4 ) , t h a t d r a w n t h r o u g h P o i n t s D ' and P ' , and P P P 

t h r o u g h P" , r e s p e c t i v e l y . _ £ = « i = _ i ( 6 ) 
Pa S 

1 7 . The above p r o c e d u r e c a n — 
be f o l l o w e d t o d e t e r m i n e t he b e a r i n g ^ 
v a l u e , P^ o f n l a y e r s o f b a s e p p 8 
c o u r s e , e a c h o f t h i c k n e s s t , o v e r p ( 7 ) 
subgrade s u p p o r t ' S. 3 g 3 
From t h e g e o m e t r y o f s i m i l a r t r i - d i v i d i n g - t h r o u g h by S g i v e s 
a n g l e s i n F i g . 89 ; 

' ^ _ A w ^ * * ( 8 ) 

_ , . , , . , , I t c an be s i m i l a r l y showp t h a t T h a t i s , f r o m w h a t has gone b « f o r e , 

w h e r e . ' P _ ( P ^ ) " 
S = s u b g r a d e s u p p o r t o f o r i - g - g (10) 

g i n a l s u b g r a d e 
= s u b g r a d e s u p p o r t g i v e n w h e r e P = P̂ ^ , t h e l o a d c a r r y i n g 

b y f i r s t l a y e r o f ba se c o u r s e o f c a p a c i t y o f n l a y e r s o f base c o u r s e 
t h i c k n e s s t when p l a c e d on subgrade each o f t h i c k n e s s t , when p l a c e d on 
s u p p o r t S a c o h e s i v e s u b g r a d e o f s u p p o r t i n g 

= s u b g r a d e s u p p o r t g i v e n v a l u e S. 
by f i r s t t w o l a y e r s o f base c o u r s e 
each o f t h i c k n e s s t , p l a c e d on s u b - I t f o l l o w s t h a t t h e o v e r a l l t h i c k -
g r a d e s u p p o r t S, e t c . n e s s o f base c o u r s e T r e q u i r e d t o 

P^ = l o a d c a r r y i n g c a p a c i t y c a r r y a p p l i e d l o a d P o v e r s u b g r a d e 
o f f i r s t l a y e r o f b a s e c o u r s e o f s u p p o r t S i s , 
t h i c k n e s s t when p l a c e d on subg rade T = n t ( 1 1 ) 
s u p p o r t S w h e r e n * = n u m b e r o f l a y e r s , e a c h 

P^ = l o a d c a r r y i n g c a p a c i t y o f t h i c k n e s s t . 
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I f t h e l a y e r s o f b a s e c o u r s e a r e 
c o n s i d e r e d t o be 1 i n , 
e q u a t i o n ( 1 0 ) becomes. 

P 
T 

1 
S 

or 

( log P. 
•) (los |) 

s 

t h i c k , 

( 1 2 ) 

( 1 3 ) 

S i n c e i s t h e l o a d c a r r i e d b y a 
base c o u r s e o f u n i t t h i c k n e s s when 
p l a c e d upon a g i v e n subgrade s u p p o r t 
S, i t s v a l u e c o u l d be e x p e c t e d t o 
v a r y w i t h t h e c o m p o s i t i o n , m o i s t u r e 
c o n t e n t , and d e n s i t y , o f t h e base 
c o u r s e m a t e r i a l . I t h a s b e e n 
p o i n t e d o u t , h o w e v e r , t h a t f o r 
s i m i l a r c o n d i t i o n s o f m o i s t u r e 
c o n t e n t and d e n s i t y , t h e r e i s no 
d e f i n i t e e v i d e n c e t h a t a n y o n e 
t y p e o f g r a n u l a r base has a g r e a t e r 
s u p p o r t i n g v a l u e per i n c h o f t h i c k 
nes s t h a n any o t h e r t y p e . I f i t 
i s a s s u m e d t h e r e f o r e , t h a t b a s e 
c o u r s e s a r e p l a c e d and f u n c t i o n 
u n d e r s i m i l a r c o n d i t i o n s o f c o m -

p a c t i o n , t h e e x p r e s s i o n log 

c o u l d be c o n s i d e r e d a c o n s t a n t , 
and e q u a t i o n ( 1 3 ) w o u l d become. 

T = K log (-) ( 1 4 ) 

where 

K = 

A f u r t h e r d i s c u s s i o n o f t h e v a l u e 
1 

o f t h e e x p r e s s i o n p — f r o m 
l o g ( - i ) 

e q u a t i o n ( 1 3 ) , i s g i v e n l a t e r . 

DETERMINATION OF VALUE FOR CONSTANT K 
IN DESIGN EQUATION ( U ) 

B e f o r e e q u a t i o n ( 1 4 ) c a n be 
u t i l i z e d f o r d e s i g n , an a v e r a g e 
v a l u e , o r a s e r i e s o f v a l u e s m u s t 
be d e t e r m i n e d f o r t h e c o n s t a n t K . 

E6EN0 
LETHBRIOGE 
FT ST JOHN 
GRANDE PRAIRIE 
SASKATOON 
WINNIPEG 
DORVAL 
REGINA 

EQUATION Of LINE 

T . 6 S l o g P / S 

SO" DIAMETER PLATE 
AT 10 REPETITIONS Of lOAO 

BASE COURSE TMCKICSS IS TiNtHES 

SUBGRADE SUPPORT IN KIPS AT 0 5 * DEFLECTION 

F i g u r e 9 0 . A p p l i e d Load i n K i p s 
on Base Course a t 0 . 5 - i n . 

D e f l e c t i o n Ver sus Subgrade 
S u p p o r t i n K i p s a t 0 . 5 - i n . 

D e f l e c t i o n ( T = 7 i n . ) 

F i g u r e s 9 0 , 9 1 , and 92 have b e e n 
p r e p a r e d f o r t h i s p u r p o s e . T h e 
d a t a o f . t h e s e t h r e e f i g u r e s a l l ' 
p e r t a i n t o 0 . 5 - i n . d e f l e c t i o n , 
3 0 - i n . d i a m e t e r b e a r i n g p l a t e , and 
c o h e s i v e subgrade s o i l s . 

I n F i g . 9 0 , t o t a l a p p l i e d l o a d 
i s p l o t t e d a g a i n s t subg rade s u p p o r t 
f o r base c o u r s e s 7 i n . t h i c k . The 
a c t u a l t h i c k n e s s i n each case v a r i e d 
f r o m a b o u t 5 t o 9 i n . , b u t t h e d a t a 
w e r e c o r r e c t e d o n t h e b a s i s o f 
s i m p l e p r o p o r t i o n t o a p p l y t o a 
t h i c k n e s s o f 7 i n . 

I n F i g . 9 1 , i n f o r m a t i o n s i m i l a r 
t o t h a t o f F i g . 90 i s g i v « n f o r 
base c o u r s e s o f 14 i n . i n t h i c k n e s s . 
F o r t h i s d i a g r a m , t h e a c t u a l t h i c k 
n e s s o f b a s e c o u r s e i n the ' f i e l d 
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v a r i e d f r o m 12 t o 14 i n . , h u t t h e 
l o a d t e s t d a t a have been c o r r e c t e d 
on a p r o p o r t i o n a t e b a s i s t o a p p l y 
t o a t h i c k n e s s o f e x a c t l y 14 i n . 

lOOr 

aaOIAHETER PLATE 
AT 10 RCPCTlTmiSOFIMO 

••14 

EQUATKIN OF UNE 
T . 69 log P/S 

V - f t 4s <B tt KB & 
SUB6RA0e SUPPORT IN KIPS AT OS' DEFLECTION 

F i g u r e 9 1 . A p p l i e d Load i n K i p s on 
Base c o u r s e a t 0 . 5 - i n . D e f l e c t i o n 

V e r s u s Subgrade S u p p o r t i n K i p s 
a t 0 . 5 - i n . D e f l e c t i o n (T = 1 4 i n . ) 

A base c o u r s e t h i c k n e s s o f 21 i n . 
has r a r e l y been e m p l o y e d f o r a i r 
p o r t runway c o n s t r u c t i o n i n Canada, 
and i t was n e c e s s a r y t o o b t a i n t h e 
i n f o r m a t i o n f o r F i g . 9 2 s o m e w h a t 
i n d i r e c t l y , on t he b a s i s o f s u r f a c e 
l o a d t e s t s f o r a l l t e s t l o c a t i o n s 
where t he o v e r a l l t h i c k n e s s o f base 
a n d w e a r i n g c o u r s e was i n t h e 
v i c i n i t y o f 18 i n . The t h i c k n e s s 
o f t h e b i t u m i n o u s w e a r i n g s u r f a c e 
a t t h e s e t e s t l o c a t i o n s was u s u a l l y 
f r o m 3 t o 6 i n . I t was p o i n t e d o u t 
p r e v i o u s l y i n t h i s paper t h a t 1 i n . 
o f b i t u m i n o u s p a v e m e n t c o n t a i n i n g 
l i q u i d a s p h a l t o r s o f t a s p h a l t 
c e m e n t b i n d e r , was f o u n d t o h a v e 
t h e same l o a d s u p p o r t i n g c a p a c i t y 
as a b o u t I H i n . o f g r a n u l a r b a s e . 

A p p l y i n g t h i s p r i n c i p l e t o t he l o a d 
t e s t d a t a f o r 18 i n . o f p a v e m e n t 
and b a s e , gave t h e l o a d t e s t d a t a 
i n t e rms o f g r a n u l a r base 2 1 i n . i n 
t h i c k n e s s , w h i c h appear i n F i g . 92 . 

The s t r a i g h t l i n e r e l a t i o n s h i p s 
t h r o u g h t h e d a t a o f F i g s . 9 0 , 9 1 , 
and 92 w e r e e s t a b l i s h e d by means 
o f t r i a l and e r r o r , and r e p r e s e n t 
a v a l u e o f K = 6 5 . I t w i l l be 
o b s e r v e d t h a t t h e y f i t t h e d a t a 
v e r y w e l l . I n each ca se , t h e r e f o r e , 
t h e s t r a i g h t l i n e r e l a t i o n s h i p s 

FT ST JOHN 
GRAlOe PRAIRIE 
DORVAL 

EQUATION OF UNE 
T . 6 S l o g P/S 

7 30 DIAMETER PLATE 
AT 10 REPETITIONS OF LOAD 

BASE COURSE THICKNESS IS 21 INCHES 

0 SS «0 80" 80 ipO 
SUBGRADE SUPPORT IN KIPS AT OA DEFLECTION 

F i g u r e 9 2 . A p p l i e d Load i n K i p s on 
Base Course a t 0 . 5 - i n . D e f l e c t i o n 

Ver sus Subgrade S u p p o r t i n K i p s 
a t 0 . 5 - i n . D e f l e c t i o n (T = 2 1 i n . ) 

t h r o u g h t h e p o i n t s o f t h e s e f i g u r e s 
r e p r e s e n t t h e d e s i g n e q u a t i o n 

T = 66 l o g - ( 1 5 ) 
S 

I t i s t o be o b s e r v e d t h a t equa -
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t i o n ( 1 5 ) r e p r e s e n t s t h e p a r t i c u l a r 
case o f e q u a t i o n ( 1 4 ) i n w h i c h t h e 
v a l u e o f K = 6 6 . 

DESIGN CURVES FOR THICKNESS OF FLEXIBLE 
PAVEMSNTS FOR RUNWAYS 

The t h i c k n e s s r e q u i r e m e n t s o f 
e q u a t i o n ( 1 4 ) have been i n d i c a t e d 
g r a p h i c a l l y i n F i g . 9 3 , t o i l l u s * 
t r a t e t h e i n f l u e n c e o n r e q u i r e d 
t h i c k n e s s o f d i f f e r e n t v a l u e s o f K . 
F o r b a s e c o u r s e s c o n s t r u c t e d a t 
C a n a d i a n a i r p o r t s up t o t h e p r e s e n t 
t i m e , t h e b e s t a v e r a g e v a l u e o f K 
f o r d e s i g n a p p e a r s t o be 6 5 . T h i s 
I S i n d i c a t e d by t he c o n t i n u o u s l i n e 
l a b e l l e d K = 8 5 i n F i g . 9 3 . The 
i n f l u e n c e o f t h r e e o t h e r v a l u e s o f 
K o n t h e r e q u i r e d t h i c k n e s s o f 
g r a n u l a r b a s e , has b e e n shown b y 
means o f b r o k e n l i n e s . 

W h i l e F i g . 93 i n d i c a t e s t h e r e 
q u i r e d t h i c k n e s s o f g r a n u l a r base 
f o r any c o m b i n a t i o n o f a p p l i e d l o a d 
and s u b g r a d e s u p p o r t by means o f a 
v e r y s i m p l e g r a p h , t h i s i n f o r m a t i o n 
can be e x p r e s s e d somewhat d i f f e r 
e n t l y t h r o u g h t h e u s e o f o t h e r 
g r a p h s . F i g u r e 94 c o n s i s t s o f a 
c h a r t o f c u r v e s s h o w i n g t h e r e -

R C P C T I T I O H S O F L O A D 
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F i g u r e 9 3 . Graph o f O v e r a l l 

P 
T h i c k n e s s V e r s u s Log -

S 
q u i r e d t h i i i k n e s s e s o f g r a n u l a r base 
v e r s u s s u b g r a d e s u p p o r t a t O . S - i n . 
d e f l e c t i o n f o r a w i d e range o f a i r -
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F i g u r e 94 . D e s i g n C u r v e s f o r F l e x i b l e Pavements f o r A i r p l a n e 
Wheel L o a d i n g ( F u l l Load on S i n g l e T i r e ) - Load T e s t s 



p J a n e w h e e l l o a d s f o r a i r p o r t 
r u n w a y s . 

The t h i c k n e s s r e q u i r e m e n t s o f 
USED d e s i g n c u r v e s f o r d i f f e r e n t 
a i r p l a n e w h e e l l o a d i n g s o v e r s u b -
g r a d e s w i t h s o a k e d CBR r a t i n g s o f 
3 a n d 4 . 5 , a r e i n d i c a t e d on t h e 
c u r v e s o f F i g . 9 4 b y m e a n s o f 
c i r c l e s and c r o s s e s , r e s p e c t i v e l y . 
The c r o s s - h a t c h e d p o r t i o n g i v e s t he 
r a n g e o f t h i c k n e s s e s i n d i c a t e d by 
d e s i g n e q u a t i o n ( 1 5 ) f o r e i g h t 
C a n a d i a n a i r p o r t s a t w h i c h t h e 
soaked CBR r a t i n g s o f t h e subg rades 
v a r i e d f r o m 2 . 2 t o 4 . 6 . I t s h o u l d 
be r e c a l l e d t h a t t h e d e s i g n s r e p r e 
s e n t e d by t he c u r v e s o f F i g . 94 a re 
based upon 10 r e p e t i t i o n s o f l o a d , 
and a subgrade d e f l e c t i o n o f 0 .5 i n . 

I t w i l l be n o t e d t h a t t h e t h i c k 
n e s s r e q u i r e m e n t s f o r r u n w a y s 
i n d i c a t e d b y l o a d t e s t s made a t 
C a n a d i a n a i r p o r t s , and based upon 
o b s e r v e d t r a f f i c p e r f o r m a n c e o v e r 
a p e r i o d o f s e v e r a l y e a r s , a r e 
m a t e r i a l l y l e s s t h a n t h o s e s p e c i f i e d 
b y USED d e s i g n . Q u a n t i t a t i v e l y 
s p e a k i n g , t h e c o m b i n e d l o a d t e s t 
and t r a f f i c i n f o r m a t i o n o b t a i n e d 
d u r i n g t h i s i n v e s . t i g a t i o n show t h a t 
r u n w a y s w i t h t h i c k n e s s e s o f base 
and s u r f a c e v a r y i n g f r o m abou t one -
t h i r d t o a b o u t f o u r - f i f t h s ( depend 
i n g u p o n c l i m a t e , d e p t h t o w a t e r 
t a b l e , e t c . ) o f t h o s e r e q u i r e d b y 
USED d e s i g n , have been f u n c t i o n i n g 
s a t i s f a c t o r i l y i n Canada. 

The o u t s t a n d i n g d i f f e r e n c e b e 
tween t he c h a r t o f F i g . 94 and L'SED 
d e s i g n , h o w e v e r , l i e s i n t h e f a c t 
t h a t f o r a CBR-3 s o i l , f o r e x a m p l e , 
t h e USED c h a r t p e r m i t s o n l y one 
t h i c k n e s s f o r any g i v e n whee l l o a d . 
These t h i c k n e s s e s a r e shown by t h e 
s m a l l c i r c l e s o n t h e c u r v e s o f 
F i g . 94 f o r t h e r e s p e c t i v e a i r p l a n e 
w h e e l l o a d s . The o a l y d e p a r t u r e 
p e r m i t t e d f r o m t h e t h i c k n e s s e s 
r e p r e s e n t e d by t h e s e c i r c l e s c a n 
be a s c e r t a i n e d f r o m t h e f o l l o w i n g 
two q u o t a t i o n s f r o m the E n g i n e e r i n g 
Manual o f t h e Corps o f E n g i n e e r s ( l ) 
w i t h r e g a r d t o t he s u b g r a d e : 

"In general' fo r most oa te r ia l s , the 
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most c r i t i c a l c o n d i t i o n * i l l be 
when the oaxiDnm amount of water has been 
absorbed. For t h i s reason, and i n order 
t o secure a c o n s e r v a t i v e d e s i g n , the 
des ign mois ture content adopted by the 
C o r p s o f E n g i n e e r s i s the m o i s t u r e 
content a t ta ined a f t e r the specimens have 
been immersed i n water f o r a 4-day period 
w h i l e con ta ined in molds and c o n f i n e d 
w i t h a surcharge equal to the weight o f 
pavement and base t h a t w i l l be above 
the m a t e r i a l . 

" I n a n d or s e m i - a r i d regions where 
the annual r a i n f a l l i s less than IS i n . 
and the water t ab l e ( i n c l u d i n g perched 
water t a b l e ) i s a t l eas t IS f t beloi[r> the 
s u r f a c e , the danger o f s a t u r a t i o n i s 
reduced. H e required thickness of pave
ment and base may be reduced 20 percent 
f o r these condit ions Complete data 
s u b s t a n t i a t i n g r a i n f a l l and water t ab le 
should be submitted w i t h design analyses." 

On t h e o t h e r h a n d , t h e c h a r t o f 
F i g . 94 p e r m i t s t h e w h o l e r a n g e o f 
t h i c k n e s s e s i n d i c a t e d by t he d e s i g n 
c u r v e s t o be c o n s i d e r e d f o r a n y 
i n d i v i d u a l s o i l ( i n c l u d i n g t h o s e 
h a v i n g a s o a k e d CBR r a t i n g o f 3 ) , 
d e p e n d i n g u p o n t h e m o i s t u r e a n d 
d e n s i t y c o n d i t i o n s a n t i c i p a t e d f o r 
i t a f t e r t h e p a v e m e n t h a s b e e n 
p l a c e d , w h i c h may be c o n s i d e r a b l y 
l e s s t h a n s a t u r a t i o n . 

I t i s o f i n t e r e s t t h a t t h e 
h e a v i e s t C a n a d i a n d e s i g n i n d i c a t e d 
b y t h e s h a d e d p o r t i o n o f F i g . 94 
c o r r e s p o n d s f a i r l y n e a r l y t o USED 
r e q u i r e m e n t s a f t e r t h e 20 p e r c e n t 
r e d u c t i o n i n t h i c k n e s s m e n t i o n e d i n 
t h e second q u o t a t i o n above has been 
made i n a l l c a s e s , a l t h o u g h f o r 
s e v e r a l o f t h e a i r p o r t s i n c l u d e d 
i n t h i s i n v e s t i g a t i o n , t h e w a t e r 
t a b l e o r a n n u a l r a i n f a l l c o n d i t i o n s , 
o r b o t h , were much more s e v e r e t h a n 
t h o s e q u o t e d b y t h e USED m a n u a l 
w h e n t h i s r e d u c t i o n w a s t o be 
c o n s i d e r e d . 

The b r o k e n l i n e s on t h e e x t r e m e 
l e f t and e x t r e m e r i g h t o f F i g . 94 
i n d i c a t e t h e t h i c k n e s s e s t h a t w o u l d 
be r e q u i r e d on t h e b a s i s o f t h e 
l o w e s t and h i g h e s t s u b g r a d e p l a t e 
b e a r i n g v a l u e s r e s p e c t i v e l y , t h a t 
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w e r e f o u n d f o r t h e e i g h t a i r p o r t s 
w i t h c o h e s i v e s u b g r a d e s o i l s . 
T h e s e v a l u e s w e r e t o o f a r o u t o f 
l i n e w i t h t he o t h e r s t o be i n c l u d e d 
when e v a l u a t i n g t h e subgrade s u p p o r t 
f o r t h e a i r p o r t s a t w h i c h t h e y 
O c c u r r e d . 

e x c e p t f o r t h e t u r n a r o u n d a r e a s a t 
e ach e n d , whe re t h e a i r c r a f t t u r n 
and pause b e f o r e t a k e - o f f . T h e y 
a r e based upon 0 . 5 - i n . d e f l e c t i o n 
and 10 r e p e t i t i o n s o f l o a d as d e 
t e r m i n e d by p l a t e b e a i i n g t e s t s , 
s i n c e t h e s e c r i t e r i a seeir. t o f i t i n 

,p , , , ,e 
HOUSEL PENETROMETER - WO. OF BLOWS TOB 6" PENETRaTION 

10 B ffi g » i> V> «> 

THIC«CSS OUBVES APPLY TD COHESIVE 
SUB8IIA0E SOILS AMD ARE DEtlVEO FROi 
THE F0U0V1N6 DESlCM EQUATION BASED 

UAO TESTSIAT « lEPCTnei lS OP LOAD I 
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WHERE 
REQUIRED THICKNESS OF ORANULAR B A K IN MCHES 
APFUED LOAD IN KiPS AT 0 S INCH DEFLECTION 
SU8CHA0C SUPPORT IN RIPS AT 0 S MCH DEFLECTION 

HOTF— M CENERAL.THE VALUES OF CONE BEARINO .HOUSEL 
PENETROMETER,FIELD CBR AND ANCLE OF INTERNAL 
FHICTION INDICATED. APFLT TO FINE TEKTUREQ COHESIVE 
SOILS.AND NEPRESENT TNE AVERAOE RATINS FOR THE TOP 
Z FEET OP THE 3UBCRA0E 

F i g u r e 9 5 . D e s i g n Curves f o r 
f o r Runways f o r Cohe 

( F u l l Load on S i n g l e T i r e ) -

r p l a n e Wheel L o a d i n g s 
Subgrade S o i l s ' 

one B e a r i n g , E t c . T e s t s 

I n F i g . 95 , t he t h i c k n e s s d e s i g n 
c u r v e s have been drawn on t he b a s i s 
o f t h e f o u r t e s t s , c o n e b e a r i n g , 
H o u s e l p e n e t r o m e t e r , f i e l d CBR, and 
t r i a x i a l c o m p r e s s i o n . F i g u r e 95 
r e p r e s e n t s t he combined i n f o r m a t i o n 
o f F i g s . 2 7 , 3 7 , 6 4 , a n d 9 4 . 
F i g u r e 95 m a k e s i t p o s s i b l e t o 
d e s i g n the t h i c k n e s s o f base c o u r s e 
and s u r f a c e r e q u i r e d f o r r u n w a y s , 
upon t h e b a s i s o f t he r a t i n g o f t h e 
s u b g r a d e as me'asured by one o r more 
o f t h e s e s i m p l e t e s t s . 

THICKNESS DESIGN CURVES FOR TAXIWAYS, 
APRONS, AND "niRNAROONDS 

The t h i c k n e s s d e s i g n c u r v e s o f 
F i g s , 94 and 95 can be e m p l o y e d t o 
d e t e r m i n e t h e r e q u i r e d t h i c k n e s s o f 
b a s e c o u r s e a n d s u r f a c e f o r a n y 
a i r p l a n e whee l l o a d i n g f o r r u n w a y s . 

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

When t h e s e a i r p o r t s w e r e c o n 
s t r u c t e d , t h e t a x i w a y s and a p r o n s 
w e r e o f t h e same t h i c k n e s s a n d 
g e n e r a l c o n s t r u c t i o n as t h e r u n w a y s . 
I n a l a r g e n u m b e r o f c a s e s , t h e 
t a x i w a y s , a n d p a r t i c u l a r l y t h e 
a p r o n s , s h o w e d s i g n s o f d i s t r e s s 
u n d e r a i r c r a f t t r a f f i c , a f t e r a 
t i m e . The t a x i w a y s were s t r e n g t h e n e d 
b y t h e use o f a g r e a t e r t h i c k n e s s 
o f base o r by e m p l o y i n g r i g i d p a v e 
ment . I n some ca se s , e i t h e r d u r i n g 
c o n s t r u c t i o n . o r a f t e r w a r d , t he r u n 
ways were p r o v i d e d w i t h r i g i d pave 
men t s f o r t h e t u r n a r o u n d a r e a s a t 
each end o f t h e r u n w a y . 

I t i s o b v i o u s , t h e r e f o r e , t h a t 
t h e t h i c k n e s s e s o f b a s e a n d f l e x i b l e 
s u r f a c e w h i c h a r e s a t i s f a c t o r y f o r 
r u n w a y s , a r e u s u a l l y i n a d e q u a t e f o r 
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t a x i w a y s , a p r o n s , and t u r n a r o u n d s . 
P u b l i s h e d r e p o r t s i n d i c a t e t h a t 
t h i s h a s b e e n w i d e l y o b s e r v e d 
e I s e w h e r e . 

The p r o b l e m w h i c h p r e s e n t s i t 
s e l f , t h e r e f o r e , i s how t o a r r i v e 

t h e r e f o r e , m i g h t be c o n s e r v a t i v e l y 
t a k e n as t h e l o w e r o f t h e s e t w o 
v a l u e s , o r 0 .225 i n . 

C o n s e q u e n t l y , i f r u n w a y d e s i g n 
f o r f l e x i b l e p a v e m e n t s i s t o be 
based upon t h e s u b g r a d e s u p p o r t i n g 

SUBGRAOE SUPPORT IN KIPS AT O J INCH DEFLECTION 

DESIGH EQUATION 

T . 6 5 L 0 0 f ¥ S 

m n w k T s A N D o i n K M ocn.ECTioH m T U I W A T B . C I C 
S . S U 8 G 1 U 0 E s w a n a n t m A T a s H C M o e F L C c n a i n R 

D C F L E C T I O M F O R T A X I V A T S . E T C 

0 E S I 6 N C U R V E S A R E B A S E D UPON PULlt B E A R I R S 
A F T E R 10 R E P E T I T I O N S O F I D A D . OH C O H E S I V E 
S O I L S 

F i g u r e 9 6 . D e s i g n Curves f o r F l e x i b l e Pavements f o r 
Runways and T a x i w a y s , E t c . , f o r A i r p l a n e Wheel L o a d i n g s 

( F u l l Load on S i n g l e T i r e ) - Load T e s t s 

a t t h e g r e a t e r t h i c k n e s s o f ba se 
and f l e x i b l e s u r f a c e r e q u i r e d f o r 
t a x i w a y s , a p r o n s , and t u r n a r o u n d s , 
a s c o m p a r e d w i t h t h e t h i c k n e s s 
e s t a b l i s h e d f o r t h e r u n w a y s a t 
a n y a i r p o r t s i t e . I t i s b e l i e v e d 
t h a t F i g s . 4 0 a n d 4 1 p r o v i d e a 
r a t i o n a l a p p r o a c h t o t h i s p r o b l e m . 

I t seems r e a s o n a b l e t o e x p e c t 
t h a t t h e w h e e l s o f a s t a n d i n g a i r 
c r a f t w i l l s e t t l e s t e a d i l y i n t o a 
r u n w a y i f t h e y i e l d p o i n t o f t h e 
o v e r a l l s t r u c t u r e , and more p a r t i 
c u l a r l y i f t h e y i e l d p o i n t o f t h e 
s u b g r a d e i,s e x c e e d e d . F i g u r e s 40 
a n d 4 1 i n d i c a t e t h a t t h e a v e r a g e 
y i e l d p o i n t s o f t h e o v e r a l l r unway 
s t r u c t u r e s and o f t h e u n d e r l y i n g 
s u b g r a d e s , o c c u r a t 0 . 2 2 5 and 0 . 2 6 
i n . , r e s p e c t i v e l y . S i n c e t h e s e two 
v a l u e s check e a c h ' o t h e r so n e a r l y , 
i t i s b e l i e v e d t h a t t h e y b o t h 
r e p r e s e n t t h e y i e l d p o i n t o f t h e 
s u b g r a d e . The a c t u a l y i e l d p o i n t , 

v a l u e f o r 10 r e p e t i t i o n s o f l o a d a t 
0 . 5 - i n . d e f l e c t i o n , s i n c e t h i s t i e s 
i n w i t h Canad ian t r a f f i c e x p e r i e n c e , 
i t seems r e a s o n a b l e " to ba se t h e 
t h i c k n e s s d e s i g n f o r t a x i w a y s , 
a p r o n s , a n d t u r n a r o u n d s , o n t h e 
s u p p o r t i n g v a l u e o f t h e s u b g r a d e 
f o r 1 0 r e p e t i t i o n s o f l o a d a t 
0 . 2 2 5 - i n . d e f l e c t i o n , t h e a v e r a g e 
y i e l d p o i n t d e f l e c t i o n o f t h e 
p a v e m e n t . 

F i g u r e 96 g i v e s t h e t h i c k n e s s 
d e s i g n c u r v e s f o r a number o f a i r 
p l a n e w h e e l l o a d i n g s f o r r u n w a y s , 
a n d f o r t a x i w a y s , a p r o n s , a n d 
t u r n a r o u n d s , r e s p e c t i v e l y , b a s e d 
u p o n p l a t e b e a r i n g t e s t s . T h e 
c u r v e s f o r r u n w a y d e s i g n a r e 
i d e n t i c a l w i t h t h o s e o f F i g . 9 4 , 
a n d a r e b a s e d u p o n 

e q u a t i o n T 

d e f l e c t i o n . 

t h e d e s i g n 

f o r 0 . 5 - i n . 

The c u r v e s f o r t a x i w a y , 

66 
P 

l o g -
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a p r o n , a n d t n r n a r o n n d d e s i g n a r e 
t h o s e g i v e n b y t h i s same " d e s i g n 
e q a a t i o n b u t b a s e d u p o n 0 . 2 2 5 - i n . 
d e f l e c t i o n . B o t h s e t s o f c u r v e s 
c a n be p l o t t e d on t h e same d i a g r a m 

|— 
o 

b a s e . These may be r e p l a c e d i n t h e 
r a t i o o f 1 i n . o f b i t u m i n o u s s u r f a c e 
f o r m i n . o f g r a n u l a r b a s e , when 
t h e b i n d e r i s l i q u i d a s p h a l t o r 
s o f t a s p h a l t cemen t , o r i n |the r a t i o 

r 
I ? ^ 0 Z) V 

30 

UIMIHUII T H I C K N E S S 

T W C X N E S S C U R V E S A P P L Y T O C O H E S I V E 

SlieCRADg S O I L S . A N D ARC D E R I V E D F R O M 
T H E F O L L O V I N O D E S I G N E O U A T I O N B A S E D 

U P O N ISMO T E S T S U T I O R E P E T I T I O N S O F L O A D ) 
T ' S S L O G P / S 

WHERE 
REOUttSD T H C n i E S S O F G R A N U L A R BASE IN WCKES 
APPUEO LOAD n BPS A T OS INCH D E F L E C T I O N F O R R U N V A Y S 
AND O t t S I N C H O E F l £ C T I O N F O R T A X I W A Y S . C T C 

B U P P O T T I N K I P S A T 0 3 INCH DEFLECT10H F O R R U N W A Y S 

AMD 0 t 2 S I N C H D E F L E C T I O N F O R T A X I W A Y 8 . E T C 

NOTE - IN eEHERAL.TMC VALUES OF CONE BEARMB.HOUSCL PENETROMETER, FIELD C B R 
AMD AMGU OF IMTERMAL FRtCnOM D0ICATEO. APPLY TO RNE TEXTURED COHESIVE SOILS.AND 
REPRCSCMT THE AVCRA6E BATIHa FOR THE TOP 2 FEET OF THE SUBGRADE 

F i g u r e 9 7 . D e s i g n C u r v e s f o r F l e x i b l e Pavements f o r Runways 
and T a x i w a y s , E t c . , f o r A i r p l a n e Wheel L o a d i n g s 

( F u l l Load on S i n g l e T i r e ) - Cone B e a r i n g . E t c . T e s t s 

( F i g . 96 ) s i n c e t h e r e i s a c o n s t a n t 
r a t i o b e t w e e n s u b g r a d e s u p p o r t a t 
O . S - i n . a n d 0 . 2 2 5 - i n . d e f l e c t i o n 
f o r each i n d i v i d u a l s i z e o f b e a r i n g 
p l a t e ( F i g . 2 7 ) . 

F i g u r e 97 a l s o g i v e s t h i c k n e s s 
d e s i g n c u r v e s f o r r u n w a y s , and f o r 
t a x i w a y s , a p r o n s , and t u r n a r o u n d s , 
b u t i n t e r m s o f t h e f o u r t e s t s , 
c o n e b e a r i n g , f i e l d CBR, H o u s e l 
p e n e t r o m e t e r , a n d t r i a x i a l c o m 
p r e s s i o n . T h e c u r v e s f o r r u n w a y 
d e s i g n a r e i d e n t i c a l w i t h t h o s e o f 
F i g . 9 5 . Those f o r t a x i w a y . a p r o n , 
a n d t u r n a r o u n d d e s i g n a r e b a s e d 
u p o n a d e f l e c t i o n o f 0 . 2 2 5 i n . , 
and have been d e r i v e d by r e f e r e n c e 
t o F i g s . 2 7 , 3 7 , 6 4 . and 9 6 . 

I t s h o u l d be p o i n t e d o u t h e r e 
t h a t t h e t h i c k n e s s e s i n d i c a t e d b y 
F i g s . 96 and 97 r e f e r t o g r a n u l a r 

o f 1 i n . o f b i t u m i n o u s s u r f a c e f o r 
2 ^ i n . o f ' g r a n u l a r base i n t h e case 
o f p r o p e r l y d e s i g n e d and c o n s t r u c t e d 
a s p h a l t i c c o n c r e t e , p e n e t r a t i o n 
m a c a d a m , o r s h e e t a s p h a l t . The 
m a x i m u m t h i c k n e s s o f b i t u m i n o u s 
s u r f a c e t o w h i c h t h e s e r a t i o s c a n 
a p p l y , s h o u l d be t a k e n as 4 i n . f o r 
t h e f o r m e r t y p e , and 6 i n . f o r t h e 
l a t t e r , u n t i l more t e s t d a t a a f f i r m s 
t h a t t h e y may be a p p l i e d t o g r e a t e r 
t h i c k n e s s e s . The d e s i g n e r , howeve r , 
may p r e f e r t o s p e c i f y t h e t h i c k 
nesses i n d i c a t e d by F i g s . 96 and 97 
and u t i l i z e t h e g r e a t e r s u p p o r t i n g 
v a l u e o f t h e b i t u m i n o u s s u r f a c e 
as a s a f e t y f a c t o r . 

By m a k i n g l o a d t e s t s on e x i s t i n g 
r u n w a y s , o r t a x i w a y s , e t c . , w i t h 
f l e x i b l e p a v e m e n t s , i t i s b e l i e v e d 
t h a t t h e a d d i t i o n a l t h i c k n e s s o f 
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b a s e and s u r f a c e . r e q u i r e d f o r a 
h e a v i e r w h e e l l o a d i n g c a n be 
o b t a i n e d d i r e c t l y f r o m F i g . 9 6 , by 
a s s u m i n g t h a t t h e e x i s t i n g s u r f a c e 
w i l l be t h e s u b g r a d e f o r t h e new 
base and s u r f a c e . 

The u t i l i z a t i o n o f F i g s . 96 and 
97 depends upon a k n o w l e d g e o f t h e 
a v a i l a b l e s u b g r a d e s u p p o r t . W h i l e 
g r a d i n g o p e r a t i o n s s h o u l d t e n d i n 
g e n e r a l t o p r o v i d e a u n i f o r m degree 
o f s u b g r a d e s u p p o r t , m e a s u r e m e n t s 
o f t h e b e a r i n g c a p a c i t y o f t h e 
s u b g r a d e i n p l a c e by p l a t e b e a r i n g 
t e s t s , o r by cone b e a r i n g , H o u s e l 
p e n e t r o m e t e r , f i e l d CBR, t r i a x i a l 
c o m p r e s s i o n t e s t s , e t c . , w i l l 
p r o v i d e a s e r i e s o f v a l u e s a t t h e 
d i f f e r e n t t e s t l o c a t i o n s on a r u n 
way o r t a x i w a y , e t c . , t h a t may v a r y 
hy s e v e r a l t h o u s a n d p o u n d s f r o m 
t h e l ow v a l u e t o t h e h i g h . I f t h e 
s u b g r a d e were t h o r o u g h l y e v a l u a t e d 
t h r o u g h o u t , i n c o n j u n c t i o n w i t h a 
p e d o l o g i c a l s o i l s u r v e y , i t w o u l d 
be p o s s i b l e t o e m p l o y a v a r i a b l e 
t h i c k n e s s , t h a t i s , g r e a t e r t h i c k 
ness where t h e s u b g r a d e was weak , 
and l e s s w h e r e i t was s t r o n g . I n 
a c t u a l p r a c t i c e t h i s i s s e ldom done , 
and a u n i f o r m t h i c k n e s s i s u s u a l l y 
s p e c i f i e d . 

I f t h e l o w e s t v a l u e o f s u b g r a d e 
s u p p o r t d e t e r m i n e d i s a d o p t e d f o r 
d e s i g n , t h e base and s u r f a c e w i l l 
be o v e r d e s i g n e d f o r much o f t h e 
r u n w a y , o r t a x i w a y , e t c . , and t h e 
c o s t o f c o n s t r u c t i o n w i l l be e x 
c e s s i v e . I f t h e a v e r a g e v a l u e o f 
t h e s u b g r a d e s u p p o r t i s c h o s e n , a 
c o n s i d e r a b l e p o r t i o n o f t h e r u n 
w a y , o r t a x i w a y , e t c . , may be 
u n d e r d e s i g n e d , t h e r e b y l e a d i n g t o 
v e r y h i g h m a i n t e n a n c e c o s t s a n d 
p r o b a b l e i n t e r f e r e n c e w i t h s c h e d u l e d 
a i r t r a f f i c . I t i s s u g g e s t e d , 
t h e r e f o r e , t h a t t he l o w e r 25 p e r c e n t 
p o i n t ( t h e l o w e r q u a r t i l e p o i n t ) be 
s e l e c t e d as t he r e p r e s e n t a t i v e sub -
g r a d e s u p p o r t i n g v a l u e f o r d e s i g n . 
T h a t I S , t he s u p p o r t i n g v a l u e w h i c h 
I S g r e a t e r t h a n 25 p e r c e n t , b u t 
s m a l l e r t h a n 75 p e r c e n t o f t h e l o a d 
t e s t r e s u l t s o r o t h e r m e a s u r e o f 

subgrade s u p p o r t i n g v a l u e o b t a i n e d . 
T h i s may r e s u l t i n t h e n e e d f o r 
e x t r a m a i n t e n a n c e o v e r a s m a l l 
p o r t i o n o f t h e r u n w a y o r t a x i w a y , 
b u t w i l l a v o i d t h e e x c e s s i v e o v e r -
d e s i g n t o w h i c h t h e u s e o f t h e 
l o w e s t v a l u e o f s u b g r a d e s u p p o r t 
m i g h t l e a d . 

D U A L BEARINO 

PLATE 

SINGLE BEARING 

PLATE 

TOTAL AREA.424 SO INS * R E A . 424Sa iNS 

F i g u r e 9 8 . D i a g r a m o f E l l i p t i c a l 
S t e e l p l a t e s Employed f o r 

Compar i son o f S i n g l e Versus 
Dua l B e a r i n g P l a t e T e s t s 

INFLUENCE OF DUAL TIRES ON FLEXIBLE 
PAVEMENT DESIGN FOR AIRCBAFT 

For a g i v e n wheel l o a d , i t appears 
r e a s o n a b l e t o e x p e c t t h a t t h e d e 
f l e c t i o n o f t h e p a v e m e n t w i l l be 
l e s s i f t h e l o a d i s c a r r i e d on d u a l 
t i r e s t h a n on a s i n g l e t i r e . 

To i n v e s t i g a t e t he q u a n t i t a t i v e 
v a l u e o f d u a l v e r s u s s i n g l e w h e e l s 
w i t h r e g a r d t o r u n w a y d e s i g n , a 
number o f l o a d t e s t s were made w i t h 
d u a l a n d s i n g l e e l l i p t i c a l s t e e l 
b e a r i n g p l a t e s h a v i n g t h e same 
t o t a l c o n t a c t a r ea ( F i g . 9 8 ) . The 
s p a c i n g be tween t h e c e n t e r l i n e s o f 
t h e d u a l p l a t e s , 3 0 . 7 5 i n . , i s 
i d e n t i c a l w i t h t h a t f o r t h e d u a l 
w h e e l s on DC 4 a i r p l a n e s u s e d by 
T r a n s - C a n a d a A i r l i n e s . The d u a l 
b e a r i n g p l a t e s were r i g i d l y y o k e d 
t o g e t h e r so as t o f u n c t i o n as a 
u n i t i n a l o a d t e s t . 

A c c o r d i n g t o t h i s s e r i e s o f 
t e s t s , d u a l whee l s o f t h i s s i z e and 
s p a c i n g c a r r y f r o m 25 t o 35 p e r c e n f 
more l o a d t h a n a s i n g l e w h e e l w i t h 
t h e same c o n t a c t a r e a a t any g i v e n 
d e f l e c t i o n o v e r a r a n g e o f 0 . 2 t o 
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0 . 5 i n . The d i f f e r e n c e i n l o a d 
c a r r y i n g c a p a c i t y o f s i n g l e a n d 
d u a l w h e e l s a p p e a r s t o d e c r e a s e as 
t h e t o t a l t h i c k n e s s o f base c o u r s e 
a n d w e a r i n g s u r f a c e i s i n c r e a s e d , 
as w o u l d be e x p e c t e d . 

- The a b o v e r e s u l t s a r e a t c o n 
s i d e r a b l e v a r i a n c e w i t h t h o s e r e 
p o r t e d by t h e U . S . C o r p s o f E n g i n 
e e r s f r o m t h e i r s t u d i e s o f t h e i n 
f l u e n c e o f d u a l v e r s u s s i n g l e t i r e s 
on r u n w a y d e s i g n f o r a w h e e l l o a d 

aEXIBLE PAVESENT DESIGN TOR HIGHWAYS 

p 
When e q u a t i o n ( 1 5 ) , T = 86 l o g -

S 
i s e m p l o y e d f o r e s t a b l i s h i n g t h e 
t h i c k n e s s e s o f f l e x i b l e ba se and 
s u r f a c e r e q u i r e d f o r v a r i o u s h i g h 
way w h e e l l o a d i n g s o v e r d i f f e r e n t 
m a g n i t u d e s o f subg rade s u p p o r t , the 
d e s i g n c u r v e s o f F i g . 9 9 a r e 
o b t a i n e d . 

TABLE 9 

Airport 
No. 1 
No. 2 

LOAD SUPPORTED BY DUAL VERSUS SINGLE ELLIPTICAL 
BEARING PUTES OF HIE SAME TOTAL CONTACT AREA 
FOR ANY GIVEN DEFLECTION FROM 0.2 TO O.S IN. 

AFTER 10 REPETITICHtS OF LOADING 
Load Supported on Dual 

Load Supported on Single 
at any given deflection, for 

deflection range 0.2 to 0.5 i n . 
1.3S 
1.25 

Overall Thickness 
Surface and Base 

Course 
i n . 

7 to 8 
15 to 16 

Ratios of 

o f 6 0 , 0 0 0 l b f o r t h e B - 2 9 s u p e r 
f o r t r e s s . T h e y r e p o r t ( 6 ) t h a t f o r 
t h i c k n e s s e s o f base c o u r s e and s u r f a c e 
up t o a b o u t 10 i n . , t h i s wheel l o a d 
o f 6 0 , 0 0 0 l b , i f c a r r i e d o n d u a l 
t i r e s , had t he same e f f e c t on r u n 
w a y d e s i g n as a w h e e l l o a d o f 
3 0 , 0 0 0 l b on a s i n g l e t i r e . T h a t 
I S , f o r base and s u r f a c e t h i c k n e s s e s 
u p t o 10 i n . , t h e use o f a s i n g l e 
t i r e u n d e r t h e g i v e n c o n d i t i o n s 
w o u l d i n c r e a s e t h e d e s i g n l o a d on 
t h e r u n w a y b y 1 0 0 p e r c e n t a b o v e 
t h a t f o r d u a l t i r e s . 

D e p a r t m e n t o f T r a n s p o r t d a t a , on 
t h e o t h e r h a n d , i n d i c a t e f o r 
s i m i l a r c o n d i t i o n s t h a t t h e use o f 
a s i n g l e t i r e i n c r e a s e s t h e ' d e s i g n 
l o a d by o n l y 35 p e r c e n t (maximum) 
above t h a t f o r d u a l s . 

W h i l e t h e s m a l l c i r c l e s a n d 
c r o s s e s o n t h e f o u r c u r v e s w e r e 
o b t a i n e d f r o m t h e USED d e s i g n c h a r t 
f o r a i r p l a n e w h e e l l o a d i n g s f o r 
s u b g r a d e s w i t h s o a k e d CBR r a t i n g s 
o f 3 and 4 . 5 r e s p e c t i v e l y , t h e b a s i s 
o f t h e USED c h a r t c o n s i s t e d o f t h e 
r e s u l t s o f a c t u a l o b s e r v a t i o n s o f 
f l e x i b l e pavement p e r f o r m a n c e i n t he 
f i e l d made by t h e C a l i f o r n i a D i v i 
s i o n o f H i g h w a y s . The t h i c k n e s s e s 
r e p r e s e n t e d b y t h e c i r c l e s a n d 
c r o s s e s were d e t e r m i n e d by a f i e l d 
s u r v e y o f t h e c o n d i t i o n o f f l e x i b l e 
p a v e m e n t s on C a l i f o r n i a h i g h w a y s 
o v e r s u b g r a d e s w h i c h had f i e l d CBR 
r a t i n g s o f 3 and 4 . 5 r e s p e c t i v e l y , 
i f n o t p e r m a n e n t l y , t h e n a t some 
t i m e d u r i n g t h e y e a r . I n t h e 
C a l i f o r n i a h i g h w a y s u r v e y , t h i c k 
n e s s e s o f b a s e a n d s u r f a c e l e s s 
t h a n t h o s e i n d i c a t e d by the c i r c l e s 
and c r o s s e s , we re f o u n d t o r e s u l t 
i n f a i l u r e s o v e r subgrades w i t h CER 
v a l u e s o f 3 and 4 . 5 r e s p e c t i v e l y , 
w h i l e g r e a t e r t h i c k n e s s e s d i d n o t . 
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The shaded p o r t i o n o f t h e c h a r t 
r e p r e s e n t s the r ange o f t h i c k n e s s e s 
f o r t h e f o u r h i g h w a y l o a d i n g s , 
w h i c h a r e i n d i c a t e d b y d e s i g n 
e q u a t i o n ( 1 5 ) , w h e n b a s e d u p o n 
p l a t e b e a r i n g t e s t s a t t h e e i g h t 
a i r p o r t s w h e r e t h e s u b g r a d e s o i l s 

9 , 0 0 0 and 1 2 , 0 0 0 l b a re c o n c e r n e d , 
t h e r e f o r e , i t i s o b v i o u s t h a t i f 
a n y t h i n g , t h e t h i c k n e s s r e q u i r e m e n t s 
i n d i c a t e d by d e s i g n e q u a t i o n ( 1 5 ) , 

T = 6 6 l o g —, a r e somewha t c o n -
S 

SUBCRtPE SUPPORT IN KIPS AT 0.5 INCH DEFLECTION 

OESHSN EQUATION 
a LOG P /S 

WHERE 
T> REQUIRED THICKNESS OF GRANUUR BASE IM INCHES 
P.APFUED LOAD III KIPS AT 0 9 INCH OEFLECTIOH 
i'SUBWm SUPPORT IN KIPS AT QSINCH DEFLECTION 

0 , « ImCKNtSSES REOUIREO B » U « » OESON CUPVIS I O « C e « | 
OFS.S 4SPEBPECT1VELT 

IRAHQC o r THICKNESSES REQUIRED FOR HIGHWAY WHEEL 
LOADINOS (ACCOflDINO TO DESIGN EQUATION T>6SlegP/S) 
BASED UPON PLATE BEAHHO TESTS AT 6 AIRPORTS WHERE 
THE SUBGRADE SOILS HAD SOAKED C B R VALUES BETWEEN 

AHD 4 9 

N O T E . D E S J G N CunvC9 ARC BAStO UPON PLATE BEAAIHB TESTS. 
AMD 0 9 INCH DEFLECTION AFTER 10 HCFCTITIOHS OP LOAD. 
ON COHmvE guSGRAOE SOU) 

F i g u r e 9 9 . D e s i g n Curves f o r F l e x i b l e Pavements f o r Highway 
Wheel L o a d i n g s ( F u l l Load on S i n g l e T i r e ) - Load T e s t 

h a d s o a k e d CBR r a t i n g s b e t w e e n 
2 . 2 and 4 . 6 . I t i s t o be n o t e d 
t h a t t h e maximum t h i c k n e s s e s g i v e n 
b y t h e s h a d e d p o r t i o n a r e i n 
a p p r o x i m a t e a g r e e m e n t w i t h t h e 
t h i c k n e s s e s i n d i c a t e d by C a l i f o r n i a 
e x p e r i e n c e f o r a s u b g r a d e w i t h a 
C K ) o f 3 , f o r whee l l o a d s o f 1 2 , 0 0 0 , 
9 , 0 0 0 , and 7 , 0 0 0 l b , b u t r e q u i r e 
a b o u t 6 i n . l e s s f o r t h e w h e e l 
l o a d o f 4 , 0 0 0 l b . 

I t i s o f c o n s i d e r a b l e i n t e r e s t 
t h a t a d e s i g n e q u a t i o n b a s e d upon 
p l a t e b e a r i n g t e s t s a t 10 r e p e 
t i t i o n s o f l o a d a n d 0 . 5 - i n . d e 
f l e c t i o n s h o u l d h a v e i n d i c a t e d 
m a x i m u m t h i c k n e s s e s o f p a v e m e n t 
w h i c h c o n f o r m s o n e a r l y t o t h e 
d e p t h s o f ba se and s u r f a c e f o u n d 
n e c e s s a r y b y an a c t u a l s u r v e y o f 
f l e x i b l e p a v e m e n t p e r f o r m a n c e 
unde r t r a f f i c i n C a l i f o r n i a . I n s o 
f a r as h i g h w a y w h e e l - l o a d i n g s o f 

s e r v a t i v e , r a t h e r t h a n o t h e r w i s e . 
I t i s t o be n o t e d t h a t f o r s u b -

g r a d e s o i l s w i t h soaked CBR v a l u e s 
o f 3 , t h e f o u r c u r v e s o f F i g . 99 
w o u l d c o n t r a c t t o t h e p o i n t s i n d i 
c a t e d by t h e s m a l l c i r c l e on e a c h 
c u r v e , i f t h e d e s i g n r e c o m m e n d e d 
by t h e USED o r C a l i f o r n i a D i v i s i o n 
o f H i g h w a y s w e r e f o l l o w e d , s i n c e 
t h e i r d e s i g n s a r e b a s e d u p o n t h e 
a s s u m p t i o n o f c o m p l e t e l y s a t u r a t e d 
s u b g r a d e c o n d i t i o n s . I t i s p r e 
c i s e l y b e c a u s e a l l s u b g r a d e s o f 
f i n e t e x t u r e d c o h e s i v e s o i l s do n o t 
become s a t u r a t e d , t h a t t h e g r e a t e r 
f l e x i b i l i t y o f d i e s i g n i n d i c a t e d by 
t h e f u l l c u r v e s must be c o n s i d e r e d . 

The d i s t a n c e b e t w e e n t h e c i r c l e 
and t h e c r o s s a l o n g e a c h c u r v e o f 
F i g . 9 9 r e p r e s e n t s t h e r a n g e o f 
t h i c k n e s s e s p e r m i t t e d by USED and 
C a l i f o r n i a d e s i g n s f o r s u b g r a d e s 
w i t h soaked CBR r a t i n g s o f 3 t o 4 . 5 . 
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A c t u a l p l a t e b e a r i n g t e s t s on 
C a n a d i a n a i r p o r t s w i t h s u b g r a d e s 
h a v i n g s o a k e d CBR r a t i n g s b e t w e e n 
2 . 2 and 4 . 6 , h a v e w a r r a n t e d t h e 
v e r y much w i d e r r a n g e o f t h i c k 
nesses shown by t h e shaded p o r t i o n . 

f a r o u t o f l i n e w i t h t h e o t h e r s t o 
be i n c l u d e d when e v a l u a t i n g t h e 
s u b g r a d e s u p p o r t f o r t h e a i r p o r t 
a t w h i c h i t was f o u n d . 

F i g u r e 100 p r o v i d e s a c h a r t o f 
t h i c k n e s s d e s i g n c u r v e s f o r t h e 

E I E L D C , 

MOUSEL PENETROMETER-NO^PFPLOW^ R?R 6" PfiNfiTRATipH 
ip Ig 20 23 

^ N E B E A R I N , . , S . 

THICKNESS CURVES APPLT TO COHESIVE 
SU86RA0E SOILS.AND ARE DERIVED FRoy 
THE FOLLOWINO DESBN EQUATION BASED 
UPON LOAD TESTS (AT 10 REPETITIONS OF U A O I 

65 LOO P/S 
WHERE 

REQUIRED THICKNESS OF GRANULAR BASE IN INCHES 
APPLIED LOAD IN KIPS AT 0 3 INCH DEFLECTION 
SUBGRADE SUPPORT IN KIPS AT OS INCH DEFLECTION 

NOTE - IN OENERAL.THE VALUES OFCONE BEARINO.HOUSEL 
PENETROMETER .FIEU> CBR AND A N G U OF INTERNAL 
FRICTION INDICATED, APPLY TQ FINE TEXTURED COHESIVE . 
SOILS,AND REPRESENT THE AVERAGE RATING FDR THE 
TOP IB INCHES OF THE SUBGRADE 

F i g u r e 1 0 0 . D e s i g n Curves f o r Highway Wheel L o a d i n g s on C o h e s i v e 
Subgrade S o i l s ( F u l l Load on S i n g l e T i r e ) - Cone B e a r i n g , E t c . T e s t s 

T h i s much w i d e r r a n g e o f t h i c k 
n e s s e s i s j u s t i f i e d b e c a u s e t h e 
s u b g r a d e s o i l s w e r e s a t u r a t e d a't 
o n l y a s m a l l p e r c e n t a g e o f t h e 
t e s t l o c a t i o n s . 

The s h a d e d a r e a i n d i c a t e s t h a t 
even f o r a soaked CBR r a t i n g o f n o t 
o v e r 4 . 5 t h e s u b g r a d e s o i l i t s e l f 
had s u f f i c i e n t s u p p o r t i n g v a l u e i n 
some c a s e s t o c a r r y h i g h w a y w h e e l 
l o a d s o f e v e n 1 2 , 0 0 0 l b w i t h o u t 
p a v e m e n t , a l t h o u g h i n a c t u a l 
p r a c t i c e a p a v e m e n t i s a l w a y s r e 
q u i r e d t o p r o v i d e t h e n e c e s s a r y 
r e s i s t a n c e t o t h e a b r a s i o n o f 
t r a f f i c and t o p r o t e c t t h e subgrade 
f r o m r a i n a n d o t h e r w e a t h e r i n g 
a g e n c i e s . 

The b r o k e n l i n e on t h e e x t r e m e 
l e f t o f F i g . 99 i n d i c a t e s t h e t h i c k 
n e s s e s t h a t w o u l d be r e q u i r e d f o r 
t h e f o u r h i g h w a y whee l l o a d i n g s on 
t h e b a s i s o f t h e l o w e s t p l a t e 
b e a r i n g v a l u e f o u n d a t a n y t e s t 
l o c a t i o n . T h i s l o w v a l u e was t o o 

f o u r h i g h w a y w h e e l l o a d i n g s , based 
upon cone b e a r i n g , H o u s e l p e n e t r o 
m e t e r , f i e l d CBR, and t r i a x i a l com
p r e s s i o n t e s t s . 

By means o f F i g . 1 0 0 , t h e r e 
q u i r e d t h i c k n e s s e s o f f l e x i b l e base 
and s u r f a c e c a n be d e t e r m i n e d i n 
t h e f i e l d b y t e s t i n g s u b g r a d e s 
w h i c h have b e e n u n d e r a p a v e m e n t 
s u f f i c i e n t l y l o n g f o r e q u i l i b r i u m 
m o i s t u r e a n d o t h e r c o n d i t i o n s t o 
have become e s t a b l i s h e d , o r i n t h e 
l a b o r a t o r y o n t h e b a s i s o f t h e 
r e s u l t s o f t e s t s o n s a m p l e s o f 
c o h e s i v e s u b g r a d e s o i l s . By com~ 
p a c t i n g t h e s e s a m p l e s i n t o t e s t 
m o u l d s i n t h e l a b o r a t o r y a t t h e 
m o i s t u r e c o n s e n t a n d d e n s i t y 
e x p e c t e d f o r t h e m i n t h e f i e l d 
( t h i s can be d e t e r m i n e d f r o m c h a r t s 
s i m i l a r t o t h o s e o f F i g s . 3 t o 7 
b u t p r e p a r e d f o r each r e g i o n ) , and 
d e t e r m i n i n g t h e i r c o n e b e a r i n g , 
f i e l d CBR, H o u s e l p e n e t r o m e t e r , o r 
t r i a x i a l c o m p r e s s i o n t e s t v a l u e s 
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( a t l e a s t two o f t hese t e s t s s h o u l d 
be made as a c h e c k , and more t h a n 
one t r i a l w i t h e a c h t e s t ) t h e r e 
q u i r e d t h i c k n e s s o f g r a n u l a r base 
can be r e a d o f f t he c h a r t o f F i g . 100. 

When d e s i g n i n g t h e t h i c k n e s s o f 
f l e x i b l e p a v e m e n t f o r a h i g h w a y 
p r o j e c t . F i g s . 99 and 100 i n d i c a t e 
t h a t t h e v a l u e o f t h e s u b g r a d e 
s u p p o r t m u s t be k n o w n . I f t h e 
p r o j e c t i s l o n g , t h e b e a r i n g 
c a p a c i t y o f t h e s u b g r a d e may v a r y 
f r o m s e c t i o n t o s e c t i o n d e p e n d i n g 
on t h e n a t u r e o f t he subgrade s o i l , 
and upon t h e t o p o g r a p h y and d r a i n 
age . A p e d o l o g i c a l s o i l s u r v e y w i l l 
b e u s e f u l f o r d e t e r m i n i n g t h e 
l e n g t h s o f t h e var io lous s e c t i o n s 
w h e r e t h e s u b g r a d e b e a r i n g c a p a 
c i t y i s l i k e l y t o be r e a s q n a b l y 
u n i f o r m . The s u b g r a d e s u p p o r t t o 
be u t i l i z e d f o r t h e d e s i g n o f t h e 
t h i c k n e s s o f t h e f l e x i b l e pavement 
o v e r e a c h o f t h e s e s e c t i o n s c o u l d 
be s e l e c t e d o n t h e b a s i s o f t h e 
l o w e r q u a r t i l e p o i n t , as d e s c r i b e d 
a t t h e end o f t h e p r e v i o u s s e c t i o n . 

The t h i c k n e s s r e q u i r e m e n t s a r e 
a g a i n g i v e n i n t e r m s o f g r a n u l a r 
b a s e . T h i s t h i c k n e s s can be some
w h a t d e c r e a s e d on t h e b a s i s o f t h e 
t y p e o f b i t u m i n o u s s u r f a c e employed 
i n t h e manner p r e v i o u s l y d e s c r i b e d 
f o r t a x i w a y s , e t c . 

d e s i g n e q u a t i o n ( 1 4 ) , 

P 
T = K l o g -

S 
does n o t r e s t r i c t i t s use t o 0 . 5 - i n . 
d e f l e c t i o n . I t happens t h a t t h i c k 
ness r e q u i r e m e n t s based upon a p p l i e d 
l o a d P a n d s u b g r a d e s u p p o r t 8 a t 
0 . 5 - i n . d e f l e c t i o n and 10 r e p e t i t i o n s 
o f l o a d seem t o c o n f o r m v e r y c l o s e l y 
w i t h a c t u a l s e r v i c e , p e r f o r m a n c e 
u n d e r t r a f f i c a t C a n a d i a n a i r p o r t s 
s o f a r . I f a t a n y t i m e i n t h e 
f u t u r e , t a l u e s o f p and S-a t O . S - i n . 
d e f l e c t i o n appear t o p r o v i d e e i t h e r 
i n s u f f i c i e n t o r t o o g r e a t t h i c k n e s s 
f o r f l e j ( i b l e p a v e m e n t s f o r r u n w a y 
o f h i g h w a y d e s i g n , v a l u e s o f P and 
S a t a l o w e r o r h i g h e r d e f l e c t i o n 
t h a n 0 .5 i n . w h i c h w o u l d r e s u l t i n 
g r e a t e r o r s m a l l e r t h i c k n e s s e s 
r e s p e c t i v e l y , can be e m p l o y e d . 

2 . T h e . t h i c k n e s s r e q u i r e m e n t s 
f o r a p r o n s , t a x i w a y s , a n d t u r n 
a r o u n d s , g i v e n b y ' F i g p . 96 and 97 
a re based upon v a l u e s o f P and S a t 
0 . 2 2 5 - i n . d e f l e c t i o n . I f e x p e r i e n c e 
i n d i c a t e s t h a t t h e s e t h i c k n e s s e s 
a r e e i t h e r t o o g r e a t o r n o t l a r g e 
e n o u g h , v a l u e s o f P and 8 a t a 
r e s p e c t i v e l y g r e a t e r o r s m a l l e r 
d e f l e c t i o n t h a n 0 . 2 2 5 i n . , c an be 
s e l e c t e d f o r e q u a t i o n ( 1 4 ) . 

GENERAL DISCUSSION OF FLEXIBLE 
PAVEMENT DESIGN EQUATION (14) 

T h e r e a r e a number o f comments 
w i t h r e g a r d t o e q u a t i o n ( 1 4 ) f o r 
r e q u i r e d t h i c k n e s s e s o f f l e x i b l e 
p a v e m e n t s , t h a t was d e v e l o p e d 
e a r l i e r , w h i c h s h o u l d be a d d e d 
a t t h i s p o i n t . 

1 . W h i l e t h e t h i c k n e s s d e s i g n 
r e q u i r e m e n t s o f F i g s . 9 4 , 9 5 , 9 6 , 
9 7 , 9 9 , and LOO a r e a l l based upon 
a d e f l e c t i o n o f 0 . 5 - i n . ( e x c e p t t h e 
c u r v e s f o r t h e d e s i g n o f t a x i w a y s , 
a p r o n s , and t u r n a r o u n d s o f F i g s . 96 
a n d 9 7 ) i t i s t o be n o t e d t h a t 
t h e f u n d a m e n t a l d e v e l o p m e n t o f 

3 . The a v e r a g e y i e l d p o i n t 
f o r t h e f l e x i b l e p a v e m e n t s a t t h e 
10 a i r p o r t s t e s t e d o c c u r r e d f o r t h e 
l o a d g i v i n g 0 . 2 2 5 - i n . d e f l e c t i o n 
a t 10 r e p e t i t i o n s o f l o a d ( F i g . 4 1 ) . 
T h i s means t h a t s t a n d i n g o r s l o w l y 
m o v i n g whee l l o a d s g i v i n g a d e f l e c t 
i o n s m a l l e r t h a n 0 .225 i n . w o u l d be 
s u p p o r t e d i n d e f i n i t e l y , w h i l e t hose 
c a u s i n g a d e f l e c t i o n g r e a t e r t h a n 
0 . 2 2 5 i n . w o u l d c a u s e c o n t i n u o u s 
s e t t l e m e n t a n d e v e n t u a l d e e p 
r u t t i n g and f a i l u r e . T h i s e x p l a n a 
t i o n f o l l o w s f r o m P r o f e s s o r H o u s e l ' s 
s t u d i e s i n c o n n e c t i o n w i t h t h e 
d e s i g n o f f o u n d a t i o n s f o r b u i l d i n g s 
and s i m i l a r e n g i n e e r i n g s t r u c t u r e s 
(19). F i g u r e 4 1 , t h e r e f o r e , i n d i 
c a t e s t h a t a l o a d g i v i n g a d e f l e c t -
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i o n o f 0 . 2 2 5 i n . i s t h e l a r g e s t 
t h a t c o u l d be s u p p o r t e d b y t a x i 
w a y s , a p r o n s , o r t u r n a r o u n d s where 
a i r c r a f t a r e s t a t i o n a r y o r m o v i n g 
s1 o w l y . 

F o r t h e r a p i d l y m o v i n g w h e e l l o a d s 
o f a i r c r a f t on r u n w a y s , e x p e r i e n c e 
a t Canad ian a i r p o r t s i n d i c a t e s t h a t 
an a d e q u a t e d e s i g n may be b a s e d 
upon t h e l o a d s g i v i n g a d e f l e c t i o n 
o f 0 . 5 i n . a t 10 r e p e t i t i o n s o f 
l o a d i n a p l a t e b e a r i n g t e s t . T h i s 
d o e s n o t i m p l y , however* , t h a t a 
d e f l e c t i o n o f 0 . 5 i n . a c t u a l l y 
o c c u r s u n d e r t h e s e r a p i d l y m o v i n g 
w h e e l l o a d s . I t p r o b a b l y means 
r a t h e r , t h a t a m o v i n g w h e e l l o a d 
g r e a t enough t o g i v e a d e f l e c t i o n 
o f 0 . 5 i n . a t 10 r e p e t i t i o n s o f 
l o a d when s t a n d i n g s t i l l causes a d e 
f l e c t i o n n o t g r e a t e r t h a n 0 . 2 2 5 i n . 
( t h e y i e l d p o i n t a t 10 r e p e t i t i o n s 
o f l o a d ) w h e n m o v i n g r a p i d l y 
d u r i n g t a k e - o f f o r l a n d i n g . 

I t i s t o be n o t e d f r o m F i g . 27 t h a t 
t h e s t a t i o n a r y l o a d s u p p o r t e d a t 
0 . 5 - i n . d e f l e c t i o n i s a p p r o x i m a t e l y 
50 t o 60 p e r c e n t g r e a t e r t h a n t h a t 
s u p p o r t e d a t 0 . 2 2 S - i n . d e f l e c t i o n . 
C o n s e q u e n t l y , t h e use o f 0 . 5 - i n . 
d e f l e c t i o n ( a t 10 r e p e t i t i o n s o f 
l o a d ) f o r runway o r h ighway d e s i g n , 
d o e s n o t n e c e s s a r i l y mean t h a t 
t h i s d e f l e c t i o n a c t u a l l y o c c u r s 
u n d e r r a p i d l y m o v i n g w h e e l l o a d s , 
l i t p r o b a b l y i m p l i e s , r a t h e r , t h a t 
t h e r a t i o be tween t h e m a g n i t u d e o f 
r a p i d l y m o v i n g w h e e l l o a d s v e r s u s 
t h e m a g n i t u d e o f s t a t i o n a r y w h e e l 
l o a d s a t 0 . 2 2 5 - i n . d e f l e c t i o n can 
be a p p r o x i m a t e l y 1.5 t o 1.6 w i t h o u t 
e x c e e d i n g t h e y i e l d p o i n t d e f l e c t i o n 
o f 0 .225 i n . i n e i t h e r c a s e . 

4 . T h e r e w i l l p r o b a b l y be 
some c r i t i c i s m o f t he use o f 0 . 2 2 5 -
i n . d e f l e c t i o n as r e p r e s e n t i n g t h e 
y i e l d p o i n t d e f l e c t i o n f o r a l l 
f l e x i b l e p a v e m e n t s , s i n c e t h e t r u e 
y i e l d p o i n t d e f l e c t i o n p r o b a b l y 
v a r i e s f r o m p r o j e c t t o p r o j e c t , 
d e p e n d i n g u p o n t h e n a t u r e o f t h e 
s u b g r a d e s o i l , and o f t h e base and 

w e a r i n g c o u r s e m a t e r i a l , e t c . T h i s 
i s a l s o t r u e o f t h e use o f 0 . 2 6 - i n . 
d e f l e c t i o n as t h e a v e r a g e y i e l d 
p o i n t d e f l e c t i o n f o r s u b g r a d e s . 
The v a l i d i t y o f s u c h c r i t i c i s m i s 
r e c o g n i z e d . 

On t h e o t h e r h a n d , u n l e s s we a r e 
w i l l i n g t o a c c e p t a v e r a g e v a l u e s , 
w h i c h have been c a r e f u l l y o b t a i n e d 
f r o m t h e s t u d y o f d a t a f r o m a l a r g e 
number o f p r o j e c t s , f t f r t h e many 
v a r i a b l e s t h a t e n t e r i n t o f l e x i b l e 
p a v e m e n t d e s i g n f o r a i r p o r t and 
h i g h w a y c o n s t r u c t i o n , o v e r a l l d e s i g n 
c h a r t s s u c h as t h o s e o f F i g s . 9 6 , 
9 7 , 9 9 , a n d 1.00 w o u l d h a v e v e r y 
l i m i t e d a p p l i c a t i o n . 

The a l t e r n a t i v e w o u l d be t o d e 
s i g n each i n d i v i d u a l p r o j e c t on t h e 

. b a s i s o f t e s t s made a t o r f o r t h e 
s i t e . P r o b a b l y t h i s i s wha t s h o u l d 
be d o n e , b u t i t w o u l d a t t h e same 
t i m e se ldom be p r a c t i c a l because o f 
t h e c o s t o f t h e amount o f t e s t i n g 
t h a t w o u l d be i n v o l v e d . Such t e s t i n g 
w o u l d have t o be q u i t e c o m p r e h e n * 
s i v e , f o r t h e r e i s good r e a s o n t o 
b e l i e v e t h a t y i e l d p o i n t and o t h e r 
d a t a d e r i v e d f r o m a l i m i t e d number 
o f t e s t s c o u l d l e a d t o c o n s i d e r a b l y 
g r e a t e r e r r o r t h a n a d e s i g n b a s e d 
upon t h e c h a r t s o f F i g s . 96 , 97 , ,99, 
a n d 1 0 0 , b e c a u s e t h e v a g a r i e s o f 
d a t a t h a t a r e f r e q u e n t l y i n t r o d u c e d 
by t o o f ew t e s t s , w h i c h may l e a d t o 
s e r i o u s e r r o r , a r e i r o n e d o u t when 
a v e r a g e t r e n d s a r e d e v e l o p e d f r o m a 
l a r g e mass o f d a t a f o r many p r o j e c t s . 

I t has been o u r e x p e r i e n c e , f o r 
e x a m p l e , t h a t t h e y i e l d p o i n t 
v a l u e s d e t e r m i n e d b y P r o f e s s o r 
H o u s e l ' s m e t h o d may v a r y o v e r a 
w i d e r a n g e f o r d i f f e r e n t l o c a t i o n s 
a l t a s i n g l e a i r p o r t , even when t h e 
s u b g r a d e s o i l t y p e i s c o n s t a n t 
t h r o u g h o u t as s h o w n b y t h e s o i l 
s u r v e y . T h e s e v a r i a t i o n s a r e 
p r o b a b l y due t o t h e i d i o s y n c r a s i e s 
n o r m a l l y e n c o u n t e r e d when t e s t i n g 
s u c h a d i f f i c u l t m a t e r i a l as s o i l . 
U n l e s s e x h a u s t i v e l o a d t e s t s w i t h 
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d i f f e r e n t p l a t e s i z e s a r e t o be 
made on each runway o r a i r p o r t , the 
i n v e s t i g a t o r i s f a c e d w i t h t h e 
n e c e s s i t y f o r c h o o s i n g a r e p r e s e n t a 
t i v e y i e l d p o i n t f r o m t h e i n f o r m a 
t i o n he has o b t a i n e d . I f h i s l o a d 
t e s t d a t a a r e l i m i t e d , t h e y i e l d 
p o i n t d e f l e c t i o n s e l e c t e d i n t h i s 
m a n n e r may be much ' l e s s a c c u r a t e 
t h a n t h a t d e t e r m i n e d f r o m t h e 
r e a s o n a b l y l a r g e mass o f d a t a w h i c h 
l e d t o the d e v e l o p m e n t o f F i g s . 4 0 & 4 1 . 

T h e , t w o a l t e r n a t i v e s f o r f l e x i 
b l e pavement d e s i g n t h e r e f o r e appear 
t o be : 

( a ) The u s e o f a v e r a g e d e s i g n 
c h a r t s w h i c h have beet i p r e p a r e d 
f r o m s t u d i e s o f d a t a made f o r a 
l a r g e n u m b e r o f p r o j e c t s , b u t 
w h i c h may t h e r e f o r e n o t a l w a y s be 
s t r i c t l y a p p l i c a b l e i n each i n d i 
v i d u a l case . 

( b ) A b a n d o n m e n t o f a v e r a g e d e 
s i g n c h a r t s and t h e s u b s t i t u t i o n 
o f an i n d i v i d u a l d e s i g n p r o c e d u r e 
f o r e a c h p r o j e c t , b a s e d u p o n a 
n u m b e r o f t e s t s made o n o r l i n 
c o n n e c t i o n w i t h t h e s i t e , t o d e 
t e r m i n e t h e i n f l u e n c e o f e a c h 
v a r i a b l e t o be c o n s i d e r e d i n d e 
s i g n . T h i s i n t r o d u c e s t h e p o s s i 
b i l i t y o f i n a c c u r a c y b e c a u s e o f 
t h e i n c o n s i s t e n c i e s ' t h a t a r e f r e 
q u e n t l y o b s e r v e d i n t h e d a t a f r o m 
a l i m i t e d number o f t e s t s . These 
may l e a d t o a g r e a t e r o v e r a l l 
e r r o r i n d e s i g n t h a n w o u l d r e s u l t 
f r o m t h e use o f d e s i g n c h a r t s 
b a s e d u p o n a v e r a g e d a t a f r o m a 
l a r g e number o f p r o j e c t s . 

T h e n a t u r e and number o f t e s t s 
t h a t w o u l d be r e q u i r e d f o r t h e 
d e s i g n o f each i n d i v i d u a l p r o j e c t 
w i t h o u t r e f e r e n c e t o ' t h e i n f o r m a 
t i o n o b t a i n e d a t o t h e r s , a r e so 
c o s t l y and t i m e c o n s u m i n g , t h a t 
any o r g a n i z a t i o n a t t e m p t i n g t h i s 
p r o c e d u r e w o u l d i n a v e r y s h o r t 
t i m e p r o b a b l y f i n d i t s e l f s e e k i n g 
a v e r a g e v a l u e s upon w h i c h o v e r a l l 

d e s i g n c h a r t s s i m i l a r t o t h o s e o f 
F i g s . 9 6 , 9 7 , 9 9 , and 100 c o u l d 
be based . 

A n o u t s t a n d i n g a d v a n t a g e o f t h e 
c h a r t s ( p a r t i c u l a r l y F i g s . 97 and 
100) o r o f c h a r t s s i m i l a r t o t h e s e , 
l i e s i n t h e f a c t t h a t t h e o v e r a l l 
d e s i g n f o r a f l e x i b l e base and s u r 
f a c e f o r any p r o j e c t , can be based 
u p o n v e r y s i m p l e t e s t s w h i c h c a n 
be r a p i d l y p e r f o r m e d i n t h e f i e l d 
o r i n t h e l a b o r a t o r y , a s c i r 
cumstances r e q u i r e . 

( a ) E x a m i n a t i o n o f d e s i g n 
e q u a t i o n ( 1 4 ) 

P 
T = K l o g -

S 
i n d i c a t e s t h a t t h e t h i c k n e s s o f 
f l e x i b l e base and s u r f a c e r e q u i r e d 
t o c a r r y a n y g i v e n w h e e l l o a d P 
o v e r any subgrade s u p p o r t S, m i g h t 
be r e d u c e d by one o r t h e o t h e r 
o r bo^th o f t h e f o l l o w i n g p r o 
c e d u r e s : ( 1 ) i n c r e a s e t h e v a l u e 
o f t h e s u b g r a d e s u p p o r t 8 ; 
( 2 ) l o w e r t he v a l u e o f c o n s t a n t K . 

( b ) A p a r t , f r o m t h e p r o v i s i o n f o r 
adequa te d r a i n a g e , t h e o n l y s i m p l e 
me thod a v a i l a b l e t o e n g i n e e r s a t 
t h e p r e s e n t t i m e f o r i n c r e a s i n g 
t h e subgrade s u p p o r t S i s subgrade 
c o m p a c t i o n . The q u e s t i o n t h a t 
v e r y n a t u r a l l y f o l l o w s i s , how 
m u c h i m p r o v e m e n t i n s u b g r a d e 
s u p p o r t m i g h t be r e a s o n a b l y 
e x p e c t e d as a r e s u l t o f s u b g r a d e 
c o m p a c t i o n ' ' 

The p o s s i b i l i t i e s i n t h i s d i r e c t 
i o n a re i l l u s t r a t e d by t he g r aphs 
o f F i g s . 101 and 1 0 2 , i n w h i c h 
t h e c u r v e o f cone b e a r i n g v a l u e s 
has been p l o t t e d v e r s u s t he m o d i 
f i e d AASHO c o m p a c t i o n c u r v e f o r 
t w o s o i l s . T h e c o n e b e a r i n g 
v a l u e s were o b t a i n e d on t h e com
p a c t e d s a m p l e s e m p l o y e d f o r de.-
t e r m i n i n g t h e c o m p a c t i o n c u r v e 
i n each ca se . 
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F i g u r e 1 0 1 i n d i c a t e s t h a t a t 
o p t i m u m m o i s t u r e and 100 p e r c e n t 
m o d i f i e d AASHO maximum d e n s i t y 
( p e a k o f t h e c o m p a c t i o n c u r v e ) , 
t h e sample o f h e a v y c l a y s o i l t o 
w h i c h i t p e r t a i n s h a s a c o n e 
b e a r i n g v a l u e o f 1400 p s i . The 
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F i g u r e 1 0 1 . I n f l u e n c e o f S o i l 
M o i s t u r e and D e n s i t y on Cone 
B e a r i n g V a l u e s (Heavy C l a y ) 

c o n e b e a r i n g v a l u e m e a s u r e d i n 
t h e f i e l d f o r t h e s u b g r a d e u n d e r 
t h e pavemen t i n t h e v i c i n i t y o f 
t h e s a m p l e t o w h i c h t h e d a t a o f 
F i g . 101 r e f e r , was abou t 210 p s i . 

( c ) The t h i c k n e s s d e s i g n c u r v e 
f o r r u n w a y s l a b e l l e d " 6 0 , 0 0 0 l b " 
i n F i g . 97 shows t h a t f o r a c o 
h e s i v e s o i l s u b g r a d e w i t h a cone 
b e a r i n g v a l u e , o f 2 10 p s i , a 
t h i c k n e s s o f 29 i n . o f g r a n u l a r 
b a s e i s r e q u i r e d . W i t h a cone 
b e a r i n g v a l u e o f 1400 p s i however . 
F i g . 97 i n d i c a t e s t h a t t h e s u b -
g r a d e i t s e l f w o u l d have s u f f i c i e n t 
s u p p o r t i n g v a l u e t o c a r r y a n 
a i r p l a n e w h e e l l o a d o f 6 0 , 0 0 0 l b 
w i t h o u t a n y b a s e o r s u r f a c e . 
E v e n i f t h e s u b g r a d e c o u l d be 
i m p r o v e d by c o m p a c t i o n t o have a 
c o n e b e a r i n g v a l u e o f 6 4 0 p s i , 
o n l y t h e m i n i m u m t h i c k n e s s o f 
9 i n . o f base c o u r s e w o u l d be r e 
q u i r e d . T h i s r e p r e s e n t s a p o s s i b l e 
r e d u c t i o n o f base c o u r s e t h i c k 
ness o f 20 i n . i n t h i s c a se , as a 
r e s u l t o f subgrade c o m p a c t i o n . 

( d ) F i g u r e 102 g i v e s a cone b e a r 
i n g v a l u e o f a b o u t 3 7 0 0 p s i 
c o r r e s p o n d i n g t o t he m o i s t u r e and 
d e n s i t y c o n d i t i o n s f o r t h e peak 
o f t he o o m p a c t i o n c u r v e . No f i e l d 
cone b e a r i n g v a l u e s a re a v a i l a b l e 
f o r c o m p a r i s o n . H o w e v e r , f r o m 
F i g . 7 , a f i e l d m o i s t u r e o f abou t 
50 p e r c e n t g r e a t e r t h a n t he o p t i 
mum, o r a b o u t 14 p e r c e n t , c o u l d 
be e x p e c t e d f o r c o h e s i v e subgrades 
i n t h e a r e a f r o m w h i c h i t came. 
F i g u r e 102 d e m o n s t r a t e s t h a t a t a 
m o i s t u r e c o n t e n t o f 14 p e r c e n t , 
a c o n e b e a r i n g v a l u e o f o n l y 
a b o u t 200 p s i c o u l d be e x p e c t e d 

F i g u r e 102 . I n f l u e n c e o f S o i l 
M o i s t u r e and D e n s i t y on Cone 

B e a r i n g V a l u e s (Sandy CI ay Loam S o i l ) 

f o r t h i s s o i l . F i g u r e 97 shows 
t h a t a s u b g r a d e o f t h i s s o i l , i f 
c o m p a c t e d w i t h i n t h e v i c i n i t y o f 
maximum d e n s i t y , c o u l d s u p p o r t 
wheel l o a d o f 6 0 , 0 0 0 l b o r g r e a t e r 
w i t h o u t any base o r pavement . 

( e ) I n F i g . 1 0 3 , t h e c u r v e o f (6 
v a l u e s f r o m t h e t r i a x i a l c o m 
p r e s s i o n t e s t v e r s u s t h e m o d i 
f i e d AASHO c o m p a c t i o n c u r v e f o r 
a h e a v y c l a y s o i l i s s h o w n . By 
r e f e r e n c e t o F i g s . 97 and 1 0 3 , 
t h e i n f l u e n c e on subgrade s u p p o r t 
o f i n c r e a s e d d e n s i t y on t h e w e t 
s i d e o f t h e c o m p a c t i o n c u r v e i s 
seen t o i n d i c a t e m a r k e d economy 
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i n base c o u r s e t h i c k n e s s r e q u i r e 
ments . 

( f ) The i m p r o v e m e n t i n s u b g r a d e 
b e a r i n g c a p a c i t y , w h i c h F i g s . 1 0 1 , 
1 0 2 , a n d 1 0 3 i n d i c a t e t o be 
p o s s i b l e t h r o u g h a t t a i n m e n t o f 
h i g h e r s u b g r a d e d e n s i t y on t h e 
w e t s i d e o f t he c o m p a c t i o n c u r v e . 

F i g u r e 103. I n f l u e n c e o f S o i l 
M o i s t u r e and D e n s i t y on A n g l e 

o f I n t e r n a l F r i c t i o n " £ ) " V a l u e s 

seems t o be o f much more i m p o r t 
a n c e t o h i g h w a y a n d a i r p o r t 
e n g i n e e r s t h a n c o n c e r n f o r h i g h e r 
d e n s i t y on t h e d r y s i d e o f t h e 
c o m p a c t i o n c u r v e , s i n c e F i g s . 3 
and 7 i n d i c a t e t h a t i n the m a j o r 
i t y o f c a s e s w h e r e t h e f i e l d 
d e n s i t y i s l e s s t h a n 100 p e r c e n t 
m o d i f i e d AASHO maximum, t h e f i e l d 
m o i s t u r e c o n t e n t o f c o h e s i v e s u b -
g r a d e s o i l s w i l l be g r e a t e r t h a n 
100 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 
Optimum m o i s t u r e . 

( g ) The cone ' b e a r i n g t e s t i s i n 
f l u e n c e d by t he n a t u r e o f t h e s o i l 
w i t h i n o n l y an i n c h o r so o f t h e 
c o n e . The p l a t e b e a r i n g t e s t on 
t h e o t h e r h a n d , i n t e g r a t e s and 
r e g i s t e r s t h e . i n f l u e n c e o f a l l 
s u b g r a d e l a y e r s o v e r t h e f u l l 
d e p t h a f f e c t e d by t he a p p l i e d l o a d . 

The p r o b l e m , t h e r e f o r e , i s t o d e 
t e r m i n e by means o f p l a t e b e a r i n g 

t e s t s , t h e d e p t h o f subgrade w h i c h 
mus t be c o m p a c t e d t o 100 p e r c e n t 
t o 95 p e r c e n t , o r t o a s i m i l a r 
p e r c e n t a g e o f m o d i f i e d AASHO d e n 
s i t y , t o o b t a i n t h e m a r k e d i m 
p r o v e m e n t i n s u b g r a d e s u p p o r t 
t h r o u g h c o m p a c t i o n w h i c h i s i n d i 
c a t e d t o be p o s s i b l e by t h e cone 
b e a r i n g o r t r i a x i a l c o m p r e s s i o n 
t e s t s ( F i g s . 1 0 1 . 102, and 1 0 3 ) . 

I t may be o f c o u r s e t h a t i n v -
v e s t i g a t i o n w i l l show t h a t t h e 
a p p a r e n t i m p r o v e m e n t o f s u b g r a d e 
b e a r i n g c a p a c i t y b y means o f 
g r e a t e r c o m p a c t i o n , w h i c h i s i n d i 
c a t e d t o be p o s s i b l e by t h e cone 
b e a r i n g and t r i a x i a l c o m p r e s s i o n 
t e s t d a t a o f F i g s . 1 0 1 , 102 , and 
103 , has been somewhat e x a g g e r a t e d 
because o f c e r t a i n l i m i t a t i o n s o f 
t h e s e t e s t s f o r s o i l s t h a t have 
been h i g h l y c o m p a c t e d i n a m o l d 
i n t h e l a b o r a t o r y . F o r e x a m p l e , 
somewhat d i f f e r e n t r e l a t i o n s h i p s 
may e x i s t b e t w e e n p l a t e b e a r i n g 
t e s t s on a 3 0 - i n . d i a m e t e r p l a t e 
a t 0 . 2 - i n . d e f l e c t i o n v e r s u s c o r e , 
b e a r i n g o r t r i a x i a l c o m p r e s s i o n 
t e s t s f o r s o i l s w h i c h have been 
h i g h l y compacted i n , a l a b o r a t o r y , 
t h a n t h o s e e s t a b l i s h e d i n F i g s . 47 
and 6 0 , r e s p e c t i v e l y . T h i s t o o . 
s h o u l d be c h e c k e d by a d d i t i o n a l 
s t u d y s i n c e one o r more o f t h e 
cone b e a r i n g , House l p e n e t r o m e t e r , 
f i e l d CBR, o r t r i a x i a l c o m p r e s s i o n 
t e s t s , when made on l a b o r a t o r y 
c o m p a c t e d s a m p l e s , may be more 
i n d i c a t i v e o f t h e p o s s i b l e i m 
p r o v e m e n t o f s u b g r a d e b e a r i n g 
c a p a c i t y b y c o m p a c t i o n i n t h e 
f i e l d , t h a n o t h e r s o f t h e s e f o u r 
t e s t s . 

T h e r e i s a c o r o l l a r y p r o b l e m i n 
t h a t t h e s e l a y e r s o f h i g h l y com
p a c t e d s u b g r a d e s o i l s r e q u i r e 
s t u d y o v e r a p e r i o d o f y e a r s t o 
l e a r n w h e t h e r o r n o t t h e y r e m a i n 
i n t h e i r c o n s o l i d a t e d c o n d i t i o n 
a f t e r c o m p a c t i o n , a n d i f n o t , 
w h a t measu res w o u l d be r e q u i r e d 
t o m a i n t a i n them i n t h i s c o n d i -
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t i o n . No s y s t e m a t i c l a r g e s c a l e 
s t u d y a p p e a r s t o have b e e n d e 
v o t e d t o t h i s q u e s t i o n , a l t h o u g h 
some c o n t r o v e r s i a l i s o l a t e d d a t a 
have been r e p o r t e d . 

T h e r e i s a f u r t h e r p r o b l e m o f 
g r e a t p r a c t i c a l i m p o r t a n c e . , T h i s 
c o n s i s t s o f d e v e l o p i n g an e c o n 
o m i c a l me thod f o r d r y i n g s o i l i n 
t h e f i e l d i n t h o s e a r e a s o f f r e 
q u e n t and h e a v y r a i n f a l l w h e r e 
c o h e s i v e s o i l s h a v e m o i s t u r e 
c o n t e n t s c o n s i d e r a b l y above t h e , 
op t imum i n o r d e r t o t a k e advan tage 
o f t h e g r e a t l y i n c r e a s e d subgrade 
b e a r i n g c a p a c i t y t h a t a p p a r e n t l y 
r e s u l t s f r o m c o m p a c t i o n a t o p t i 
mum m o i s t u r e t o 100 p e r c e n t m o d i 
f i e d AASHO d e n s i t y . 

( h ) The i n f o r m a t i o n o f F i g s . 9 7 , 
1 0 0 , 1 0 1 , 1 0 2 , and 103 m i g h t be 
t a k e n t o i n d i c a t e t h a t s i n c e t h e 
s u b g r a d e i t s e l f , i f a d e q u a t e l y 
c o m p a c t e d , may have s u f f i c i e n t 
b e a r i n g c a p a c i t y t o c a r r y a i r p l a n e 
o r h i g h w a y w h e e l l o a d i n g s , much 
o f t h e c o s t o f c o n s t r u c t i o n o f 
base c o u r s e may be t h e p r i c e w h i c h 
a i r p o r t and h i g h w a y e n g i n e e r s a r e 
p a y i n g f o r n o t r e q u i r i n g a h i g h 
deg ree o f subg rade c o m p a c t i o n . 

P r o b a b l y , h o w e v e r , i t w o u l d be 
more c o r r e c t t o p o i n t o u t t h a t 
b y means o f t h e i n f o r m a t i o n i n 
t h e s e o r s i m i l a r g r a p h s , t h e 
e n g i n e e r can w o r k o u t t h e c o m b i 
n a t i o n o f subg rade c o m p a c t i o n and 
base c o u r s e t h i c k n e s s w h i c h w i l l 
c a r r y t h e a n t i c i p a t e d t r a f f i c a t 
t h e l o w e s t o v e r a l l c o s t o f c o n 
s t r u c t i o n a n d m a i n t e n a n c e f o r 
each runway o r h i g h w a y . 

( i ) The v a l u e o f t h e c o n s t a n t K 
i n e q u a t i o n ( 1 4 ) a p p e a r s t o d e 
p e n d e n t i r e l y on t h e n a t u r e o f 
t h e base c o u r s e m a t e r i a l . On t h e 
b a s i s o f a l l l o a d t e s t d a t a o b 
t a i n e d s o f a r , K seems t o have 
an a v e r a g e v a l u e o f 65 f o r t h e 
b a s e c o u r s e m a t e r i a l s and c o n - . 

s t r u c t i o n p r o c e d u r e s e m p l o y e d 
f o r t h e a i r p o r t runways s t u d i e d . 

A c c o r d i n g t o t he d a t a o b t a i n e d i n 
t h i s i n v e s t i g a t i o n , t h e v a l u e o f 

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

The a v e r a g e d e n s i t i e s o f t h e base 
c o u r s e s a t s e v e r a l o f t h e a i r 
p o r t s t e s t e d , t o g e t h e r w i t h t h e 
g e n e r a l c o m p o s i t i o n o f t h e base 
c o u r s e m a t e r i a l s , a r e g i v e n i n 
T a b l e 1 0 . 

I t w i l l be o b s e r v e d t h a t t h e 
a v e r a g e f i e l d d e n s i t i e s ( i n 
p l a c e ) o f t h e base c o u r s e s a t t h e 
a i r p o r t s l i s t e d i n T a b l e 10 a r e 
b e l o w 100 p e r c e n t m o d i f i e d AASHO 
w i t h t h e e x c e p t i o n o f t h a t a t 
R e g i n a , w h i c h i s 103 p e r c e n t . 

From t h e b e s t ave rage l i n e t h r o u g h 
t h e d a t a o f F i g . 84 i t c a n be 
c a l c u l a t e d t h a t t h e base c o u r s e 
f o r R e g i n a A i r p o r t has a K v a l u e 
o f a b o u t 3 5 . T h i s i s c o n s i d e r a b l y 
s m a l l e r t h a n t h e a v e r a g e K v a l u e 
o f 65 f o r t h e base c o u r s e s f o r a 1 1 
a i r p o r t s t e s t e d s o f a r ( F i g s . 
9 0 , 9 1 , a n d 9 2 ) . 

By r e f e r r i n g t o d e s i g n e q u a t i o n 
( 1 4 ) , i t i s a p p a r e n t t h a t a 
l o w e r i n g o f t h e v a l u e o f K f r o m 
65 t o 35 , w o u l d r educe t he t h i c k 
n e s s o f ba se r e q u i r e d t o c a r r y 
a n y g i v e n w h e e l l o a d b y v e r y 
n e a r l y o n e - h a l f . -

I t w o u l d be v e r y much w o r t h w h i l e , 
t h e r e f o r e , t o d e t e r m i n e t h e 
c h a r a c t e r i s t i c s o f t h e base c o u r s e 
w h i c h i n f l u e n c e t h e v a l u e o f K , 
and t o l e a r n w h a t m o d i f i c a t i o n s 
o f p r e s e n t p r o c e d u r e s o f b a s e 
c o u r s e c o n s t r u c t i o n a r e r e q u i r e d 
i n o r d e r t h a t a l o w e r v a l u e o f K 
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COMPOSITION AND DENSITY OF BASE COURSES AT SEVERAL AIRPORTS 

Average Field Density 
Field Density Modified as Percent of 

Composition of in place AASHO Density Modifled 
Airport Base Course Material (dry) (dry) AASHO Density 

lb per cu f t lb per cu f t 
Fort Nelson - p i t run gravel 140.7 145.7 96.7 
Fort St John crusher run gravel 139.8 152.7 91.7 
Grande Prairie mechanical stabilization 133.4 144.9 92.3 
Lethbridge crusher run gravel 129.3 143.9 90.0 
Saskatoon crusher run gravel 133.2 143.2 93.1 
Regina mechanical stabilization 151.8 147.8 102.7 
Winnipeg mechanical stabilization 145.3 148.4 97. 8 
Dorval waterbound macadam not determined 

i n d e s i g n e q u a t i o n ( 1 4 ) c o u l d 
be J us t i f i e d . 

Such an i n v e s t i g a t i o n w o u l d r e 
q u i r e a s t u d y , by means o f b e a r i n g 
p l a t e t e s t s , o f t h e i n f l u e n c e o f 
t h e n a t u r e o f t h e b a s e c o u r s e 
m a t e r i a l , i t s c o m p o s i t i o n , i t s 
m o i s t u r e c o n t e n t , and i t s d e n s i t y , 
on t he v a l u e o f K . 

A GENERAL EQUATION FOR FLEXIBLE 
PAVEMENT DESIGN 

p 
1 . E q u a t i o n ( 1 4 ) , T = K l o g - , 

S 
was d e v e l o p e d upon t h e b a s i s t h a t 
a l a y e r o f g i v e n b a s e c o u r s e 
m a t e r i a l o f s p e c i f i e d t h i c k n e s s 
w i l l d e v e l o p s u c c e s s i v e l y i n c r e a s 
i n g s u p p o r t i n g v a l u e a s i t i s 
p l a c e d u p o n s u c c e s s i v e l y g r e a t e r 
d e p t h s o f t h e same b a s e c o u r s e 
m a t e r i a l o v e r a g i v e n s u b g r a d e , t he 
l o a d c a r r y i n g c a p a c i t y i n each case 
b e i n g e q u i v a l e n t t o t h a t w h i c h 
w o u l d o c c u r i f t h e l a y e r o f base 
c o u r s e were p l a c e d u p o n s u b g r a d e s 
o f c o h e s i v e s o i l s h a v i n g t h e same 
s u p p o r t i n g v a l u e s as t h o s e measured 
a t t h e t o p o f d i f f e r e n t d e p t h s 
o f base c o u r s e ( F i g . 8 9 ) . 

A m o m e n t ' s c o n s i d e r a t i o n i n d i 
c a t e s t h a t t h i s c o n t i n u o u s i n c r e a s e 

i n s u p p o r t i n g v a l u e o f a g i v e n 
l a y e r o f base c o u r s e when p l a c e d 
upon s u c c e s s i v e l y g r e a t e r d e p t h s o f 
base c o u r s e c a n n o t go on i n d e f i n 
i t e l y . F o r e x a m p l e , a l a y e r o f 
g r a v e l 1 f t t h i c k w o u l d p r o b a b l y 
add v e r y l i t t l e t o t h e s u p p o r t i n g 
v a l u e o f a g r a v e l d e p o s i t 100 f t 
deep o v e r c l a y , a s suming t h a t l a y e r 
a n d d e p o s i t w e r e a l i k e i n e v e r y 
r e s p e c t . C o n s e q u e n t l y , t h e g r a p h 
o f F i g . 9 3 , i n s t e a d o f b e i n g a 
s t r a i g h t l i n e , w o u l d p r o b a b l y be 
a c u r v e w h i c h i s g e n e r a l l y concave 
u p w a r d s as d e m o n s t r a t e d b y t h e 
b r o k e n l i n e c u r v e o f F i g . 1 0 4 . 
T h a t i s , t he v a l u e o f K s h o u l d n o t 
be a c o n s t a n t w h i c h i s i n d e p e n d e n t 
o f t h e d e p t h o f a n y g i v e n b a s e 
c o u r s e as i n d i c a t e d i n F i g . 93 , b u t 
s h o u l d v a r y w i t h t h e d e p t h o f base 
c o u r s e r e q u i r e d . 

I t i s n e c e s s a r y , t h e r e f o r e , t o 
r e c o n s i d e r e q u a t i o n ( 1 4 ) t o l e a r n 
wha t m o d i f i c a t i o n s a r e r e q u i r e d i n 
o r d e r t h a t a more g e n e r a l e q u a t i o n 
f o r f l e x i b l e p a v e m e n t d e s i g n may 
be d e v e l o p e d . 

E x a m i n a t i o n o f t h e r i g h t h a n d 
s i d e o f e q u a t i o n ( 1 4 ) i n d i c a t e s 
t h a t i t c o n s i s t s o f p a r t s I and I I : 

I I I 

[ K ] [ l o g § ] 



90 DEPARTWENT OF DESIGN 

« P 
P a r t I I , l o g -, seems to be i n d e -

S 
pendent of the depth of base course 
and i s t h e r e f o r e v a l i d as i t s t a n d s . 
E x p e r i m e n t a l l y , i t f o l l o w s d i r e c t l y 
from the s t r a i g h t l i n e r e l a t i o n s h i p 
between s u r f a c e l o a d v e r s u s sub-
grade support f o r d i f f e r e n t t h i c k 
n e s s e s of base p r e v i o u s l y shown, 
l i t a l s o f o l l o w s from F i g . 39, and 
from the development of e q u a t i o n s 
( 4 ) to ( 1 4 ) , t h a t the e x p r e s s i o n 

P . . 
l.og — i s independent of the t h i c k -

S 
ness of base c o u r s e . For example, 
t h e g e o m e t r i c a l a r r a n g e m e n t o f 
s t e p s i n Fig.- 89 for a base c o u r s e 
l a y e r of t h i c k n e s s t , from w h i c h 

P 
the e x p r e s s i o n l o g — was d e r i v e d , 

S 
h o l d s f o r a b a s e c o u r s e o f any 
g i v e n depth from a f r a c t i o n to a 
m u l t i p l e of t , s i n c e the r e l a t i o n 
s h i p between s u r f a c e load and sub-
grade support for a base course of 
any g i v e n t h i c k n e s s i s e x p r e s s e d 
by a s t r a i g h t l i n e t h r o u g h t h e 
o r i g i n , e.g. F i g s . 90, 91, and 92. 

P 
The e x p r e s s i o n l o g - of equation 

S 
( 1 4 ) t h e r e f o r e r e s u l t s from the 
s t r a i g h t l i n e r e l a t i o n s h i p obtained 
when a p p l i e d l o a d P i s p l o t t e d 
v e r s u s subgrade support S for a base 
c o u r s e o f any g i v e n t h i c k n e s s , 
w h i c h i s one o f t h e f u n d a m e n t a l 
c o n c l u s i o n s i n d i c a t e d by the Depart
ment of T r a n s p o r t ' s i n v e s t i g a t i o n . 
U n l e s s t h i s fundamental c o n c l u s i o n 
i s found to r e q u i r e m o d i f i c a t i o n 
as a r e s u l t of f u r t h e r s t u d y , t h i s 
p o r t i o n of equation (14) i s v a l i d as i t 
s tands. 

p a r t I , or K, of e q u a t i o n ( 1 4 ) 
has been c o n s i d e r e d thus f a r as a 
c o n s t a n t which has an average value 
o f 65, based upon l o a d t e s t d a t a 
from the C a n a d i a n a i r p o r t s s o f a r 
i n v e s t i g a t e d . Item 5 ( i ) of t h e 
p r e c e e d i n g s e c t i o n however, i n d i 

c a t e d t h a t t h e v a l u e o f K f o r 
Regina A i r p o r t was about 35. Con
s e q u e n t l y , i t a p p e a r s t h a t t h e 
v a l u e of K for any p a r t i c u l a r base 
c o u r s e i n p l a c e may depend upon 
the composition, moisture c o n t e n t , 
and d e n s i t y o f t h e b a s e c o u r s e 
m a t e r i a l . 

From equations (13) and ( 1 4 ) , i t 

w i l l be seen t h a t K = . The 
l o g (S) 

S 
r i g h t hand e x p r e s s i o n may very w e l l 
be a v a r i a b l e , s i n c e P̂ ^ i s the load 
s u p p o r t e d by a u n i t depth of base 
course over subgrade support S. I t 
i s c l e a r l y q u i t e probable t h a t the 
v a l u e of P^ may depend on the com
p o s i t i o n , m o i s t u r e c o n t e n t , and 
d e n s i t y of the base course m a t e r i a l . 

DESICN EOJATIOnS 

KLOCIWS) (14) 

WHERE 
RCQUtRCD TraCKHCSS OF OUNULAft BftSC 
I H INCHES 

BASE COURSE COMSIA^T . ( J FOR THS CXUOU 

B I K COURSE VARIABLE 

APPLIED LOAD AT DEFLECTION H 

suscRAOE supponr AT DEFLECTION-N 

FUNCTION or T 

FUNCTION OF T 

F i g u r e 104. I n f l u e n c e of the Nature 
of the Base Course V a r i a b l e 
on Required Thickness for 
F l e x i b l e Pavement Design 

I t has been pointed out t h a t the 
v a l u e o f the r i g h t hand s i d e o f 
e q u a t i o n ( 1 4 ) must v a r y w i t h the 
depth of base course. I t has a l r e a d y 
been i n d i c a t e d t h a t P a r t I I of the 



McLEOD - RUNWAY EVALUATION IN CANADA 91 

e x p r e s s i o n on the r i g h t , i . e . l o g — 
S 

a p p e a r s to be i n d e p e n d e n t o f the 
depth of base c o u r s e . T h e r e f o r e , 
I t must be P a r t I , or the va l u e of 
the e x p r e s s i o n K of e q u a t i o n ( 1 4 ) 
which v a r i e s with the depth of base 
c o u r s e . 

C o n s e q u e n t l y , f o r the g e n e r a l 
case, the value of K o f equation (14) 
[may v a r y not o n l y w i t h d i f f e r e n c e s 
i n the c o m p o s i t i o n , m o i s t u r e con
t e n t , and d e n s i t y of the base course 
m a t e r i a l from p r o j e c t to p r o j e c t , 
but may a l s o vary with the xiepth of 
any g i v e n base c o u r s e , even when 
a l l other f a c t o r s are kept constant. 

From these v a r i o u s c o n s i d e r a t i o n s , 
i t a ppears t h a t f o r the more gen
e r a l c a s e , the r e q u i r e d t h i c k n e s s 
o f b a s e c o u r s e would be g i v e n by 
the f o l l o w i n g e x p r e s s i o n : 

Th. Llue o f t h e b a s e 

^ , 1 , . f ( T ) ^ P 
T = ( ) l o g -

P. S 
.(16) 

l o g 
S 

where T = r e q u i r e d t h i c k n e s s of 
g r a n u l a r base i n i n c h e s . 

P^ = l o a d s u p p o r t e d a t any 
g i v e n d e f l e c t i o n by a u n i t t h i c k 
n e s s o f any g i v e n base c o u r s e on 
subgrade support S. 

P = a p p l i e d l o a d a t g i v e n 
d e f l e c t i o n . 

S = subgrade support at given 
d e f l e c t i o n . 

f ( T ) = f u n c t i o n of t h i c k n e s s T 
I t i s more c o n v e n i e n t to w r i t e 

e q u a t i o n ( 1 6 ) as 
^ f ( T ) ^ P 

T = K- l o g -
S 

i n which 

(1 7 ) 

K = ( 1 8 ) 
P 

l o g -X 

where K = base course constant, and 
f o r any g i v e n base c o u r s e i t has 
the v a l u e g i v e n by the e x p r e s s i o n 

l o g 

c o u r s e c o n s t a n t K depends, t h e r e 
f o r e , upon the composition, moisture 
c o n t e n t , a n d i d e n s i t y o f a u n i t 
t h i c k n e s s o f e a c h b a s e c o u r s e 
m a t e r i a l i n p l a c e . 

The e x p o n e n t i a l term a p p e a r i n g 
i n equation (17) i n d i c a t e s that the 
v a l u e o f K d e t e r m i n e d f o r a u n i t 
t h i c k n e s s of any g i v e n base c o u r s e 
may be d e p e n d e n t a l s o upon t h e 
depth of the base co u r s e . 

Before equation (17) can be used, 
i t i s n e c e s s a r y t o be a b l e t o 
e v a l u a t e the e x p r e s s i o n f ( T ) , the 
f u n c t i o n of the t h i c k n e s s <I, which 
appears as an e x p o n e n t i a l term i n 
t h i s e q u a t i o n . 

I t i s o b v i o u s t h a t f o r r e l a 
t i v e l y small t h i c k n e s s e s , the value 

f ( T ) 
of the e x p r e s s i o n K of equation 
( 1 7 ) w i l l not be g r e a t l y d i f f e r e n t 
from the v a l u e of the e x p r e s s i o n K 
o f e q u a t i o n ( 1 4 ) . C o n s e q u e n t l y , 
the f o l l o w i n g r e l a t i o n s h i p appears 
to be r e a s o n a b l e : 

K'^'^ - K ^ ^ ° ' (19) 
i n which ^ 

f ( T ) = ( l o g T ) (20) 
That i s , f ( T ) , the f u n c t i o n of the 
t h i c k n e s s T r e q u i r e d , i s the l o g a 
r i t h m of the t h i c k n e s s T r a i s e d to 
the r t h power, where r i s a f r a c t i o n 
having a v a lue between zero and one. 

There i s a p o s s i b i l i t y t h a t the 
exponential t6rm r of the equations 
( 1 9 ) and ( 2 0 ) may not be c o n s t a n t , 
but t h a t i t a l s o v a r i e s w i t h the 
t h i c k n e s s T. T h a t i s , r may a l s o 
be a f u n c t i o n o f T, or 

r = jdT ( 2 1 ) 
The general equation for the r e 

q u i r e d t h i c k n e s s of f l e x i b l e pave
ments on the b a s i s of t h i s develop
ment becomes then, 

[ f ( T ) ^ ' ' ] P 
T = K ^ ^ ^ l o g - (22) 

S 
or 
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TABLE 11 

INFLUENCE OF THE MAGNITUDE OF ON THE VALUES 

[ ( l o g T ) ^ ^ ^ ^ ] 
OF B = K FOB THE THICKNESSES 

INDICATED, WHEN THE VALUE OF K IS TAKEN 
AS 6 5 FOR THE PURPOSE OF I L L U S T R A T I O N 

V a i l ) f B = K 
[ ( l o g T ) ^ ^ ' ^ ] 

f o r t he T h i c k n e s s e s I n d i c a t e d 
T h i c k n e s s 

m 
/ ^ ( T ) Values 

i 
i n . 0 0.02 0.04 0.06 0.08 0.1 0.2 0.4 0.6 0.8 1.0 
5 65 63.1 61.2 59. 5 57.8 56.1 47. 1 37.2 29.0 23.0 18.5 

10 65 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 
20 65 66.4 67.9 69.5 ' 71.0 72.6 -81.4 103.3 132.7 172.9 228.4 
30 65 67.2 69.4 71.7 74.2 76.7 91.2 131.5 195.4 299.8 476.3 
40 65 67.6 70.4 73.3 76.3 79.5 98.2 154.5 254.3 439.7 802.4 
SO 65 67.9 71.1 74.4 77.9 81.6 103.7 174.2 310.2 589.2 1203 
60 65 68.2. 71.6 75.3 79.1 83.2 108.2 191.5 363.7 746.6 1674 
70 65 68.4 72.1 76.0 80.2 84.6 112.0 207.1 415.1 910.6 2213 
80 65 68.6 72.5 76.6 81.0 85.8 115.3 221.4 464.7 1080 2819 
90 65 68.7 72.8 77.1 81.8 86.8 118.3 234.5 512.8 1255 3490 
100 65 68.9 73.1 77.6 82.5 87.7 120.9 246^7 559.6 1434 4225 

T = 
S 

For equations (22) and ( 2 3 ) , the 
v a l u e s o f K and l6(.1!) must be de
termined e x p e r i m e n t a l l y before they 
can be employed f or a c t u a l d e s i g n . 

E q u a t i o n s ( 2 2 ) and ( 2 3 ) can be 
w r i t t e n i n the f o l l o w i n g s i m p l e r 
form. 

T = B l o g -. ( 2 4 ) 

B = K f ^ ^ ° « ^ ^ ^ ( 2 5 ) 
where B = the base c o u r s e v a r i a b l e 
f o r a u n i t t h i c k n e s s of any g i v e n 
b a s e c o u r s e m a t e r i a l i n p l a c e . 
E q u a t i o n s ( 1 8 ) and ( 2 5 ) i n d i c a t e 
t h a t the v a l u e o f B depends upon 
the composition, moisture c o n t e n t , 
d e n s i t y , and d e p t h o f t h e b a s e 
c o u r s e m a t e r i a l i n p l a c e on any 
p r o j e c t . 

The i n f l u e n c e of t h i c k n e s s T on 
the v a l u e o f t h e e x p r e s s i o n B = 

[ ( l o g T ) ^ ^ ' ^ ] K i s shown i n Table 11 
for a wide range of values of J Z 5 ( T ) , 
when the va l u e of K i s taken as 65 
by way of example. 

From the data of Table 11, i s 

[ ( l o g 
apparent t h a t v a l u e s of B = K 
o f e q u a t i o n s ( 2 3 ) o r ( 2 5 ) d e p a r t 
v e r y l i t t l e from the value of K i n 
eq u a t i o n ( 1 4 ) , f o r s m a l l v a l u e s of 
/ Z J ( T ) . For v a l u e s of £ { ( T ) g r e a t e r 
than about 0.1 on the o t h e r hand, 

[ ( l o g T ) " ^ ^ ' ^ 
t h e v a l u e o f B = K " 
may d e v i a t e w i d e l y from the c o r r e s 
ponding val-ue of K. 

For each v e r t i c a l column of data 
i n T a b l e 11, i t w i l l be o b s e r v e d 
t h a t I6{T) has a constant v a l u e . I f 
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30nXAMETER PLATE 

A T 10 R E P E T I T I O N S or LDAO 

C O H E S I V E S U B G R A O E S O I L S I 

DESIGN EQUATION 

T . K L O S P / S 
•tT 

L 0 8 P / S ( Z 3 ) 
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F i g u r e 105. I n f l u e n c e of the Nature of F l e x i b l e Pavement Design 
E q u a t i o n s on Applied Load Versus Subgrade Support 

2((T ) should vary w i t h the t h i c k n e s s 
T as i t s symbol p e r m i t s , the i n 
f l u e n c e of t h i c k n e s s T on the value 
o f £$(ir) can be observe d by r e a d i n g 
t h e d a t a of T a b l e 11 from top to 
b o t t o m i n a g e n e r a l l y d i a g o n a l 
d i r e c t i o n . 

I t s h o u l d be noted p a r t i c u l a r l y 
t h a t when ) Z J ( T ) = 0, e q u a t i o n s ( 2 2 ) 
o r ( 2 3 ) become i d e n t i c a l w i t h 
e q u a t i o n ( 1 4 ) . 

An example of the d i f f e r e n c e i n 
t h i c k n e s s of g r a n u l a r base r e q u i r e d 
by the use o f e q u a t i o n s ( 2 3 ) and 
( 1 4 ) i s g i v e n i n F i g . 104. The 
s t r a i g h t l i n e i s a graph of equation 
( 1 4 ) , w h i l e the c u r v e r e p r e s e n t s 

equation (23) for a value of K = 66, 
and a v a l u e o f J 6 ( T ) = 0.1. The 
divergence i n t h i c k n e s s requirements 
g i v e n by the two e q u a t i o n s i s seen 
t o be q u i t e marked, p a r t i c u l a r l y 
f o r the g r e a t e r t h i c k n e s s v a l u e s . 
T h e d i v e r g e n c e i l l u s t r a t e d by 
F i g . 104 would be exaggerated, how
e v e r , i f the v a l u e o f =0.1. 
e m p l o y e d by way o f e x a m p l e i s 
co n s i d e r a b l y higher than experiment
a l data would i n d i c a t e . 

F i g u r e 105 i s s i m i l a r to F i g . 89 
wh i c h was employed to i l l u s t r a t e 
the development o f e q u a t i o n ( 1 4 ) . 
The f u l l l i n e s OQ̂  OR, 08, 01, and 
OUj f o r t h i c k n e s s e s of 5, "10, 20, 
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30, and 40 i n . of base c o u r s e , r e 
s p e c t i v e l y , are drawn on the b a s i s 
of e q u a t i o n ( 1 4 ) u s i n g a v a l u e of 
K = 65. The broken l i n e s OQ', OR', 
O S S OT', ond OU'i f o r base c o u r s e 
t h i c k n e s s e s of 5, 10, 20, 30, and 
4 0 i n . r e s p e c t i v e l y , p e r t a i n to 
e q u a t i o n ( 2 3 ) u s i n g a v a l u e o f 
K = 65, and a v a l u e of I6(T) = 0.1. 

For any given value of t h i c k n e s s 
g r e a t e r than 10 i n . , i t i s obvious 
from F i g . 105 t h a t for any s p e c i f i e d 
s u b g r a d e s u p p o r t S e q u a t i o n ( 1 4 ) 
g i v e s a h i g h e r l o a d c a r r y i n g capa
c i t y P than e q u a t i o n ( 2 3 ) , s i n c e 
the f u l l l i n e s OS, 01, and OU c u t 
the o r d i n a t e r e p r e s e n t i n g any sub-
g r a d e s u p p o r t a t a h i g h e r v a l u e 
of P, than so the broken l i n e s of 
O S S OT', and OU', r e s p e c t i v e l y . 
For a subgrade support of 20,000 lb 
for example, and for a t h i c k n e s s of 
40 i n . , P^ g i v e n by e q u a t i o n ( 1 4 ) 
i s 82,400 l b , whereas P'^ g i v e n by 
equation (23) i s 63,700 l b . 

The h o r i z o n t a l s t r a i g h t l i n e I , 
H", H, a', H", H"i o f F i g . I C S , 
shows t h e c o n s t a n t v a l u e of the 
a p p l i e d l o a d P^, w h i c h would be 
s u p p o r t e d by v a r i o u s t h i c k n e s s e s 
o f base c o u r s e 0, I t , t , 2t, 3 t , 
and 4 t , over d i f f e r e n t d e g r e e s of 
s u b g r a d e s u p p o r t S^, S , S^, 3 , 
S^, and S, r e s p e c t i v e l y , on the 
b a s i s t h a t K i s a constant which i s 
independent of depth, as i n d i c a t e d 
by e q u a t i o n ( 1 4 ) . The curved l i n e 
1. H^o, H ^ , H ^ ' , H ^ " , and H / ' ^ 

on t h e o t h e r hand, d e m o n s t r a t e s 
the v a r i a b l e n a t u r e of the a p p l i e d 
l o a d w h i c h i s s u p p o r t e d by base 
c o a r s e t h i c k n e s s e s of 0, J t , t , 2t,^ 
3 t , and 4t, over the same degr e e s 
o f s u b g r a d e s u p p o r t , S^, S°, S^, 

S^, and S, r e s p e c t i v e l y , when the 
magnitude o f the a p p l i e d l o a d i s 
c a l c u l a t e d by means of equation ( 2 3 ) . 
S i m i l a r d i f f e r e n c e s between equa
t i o n s ( 1 4 ) and ( 2 3 ) a r e i n d i c a t e d 
by t h e h o r i z o n t a l s t r a i g h t l i n e 
Q, P°, P', F", and the curved l i n e 
G, P^o, W^, P^', P^", and by E, DO, 

D, D', v e r s u s E, D^o, D̂ ,̂ D^', e t c . 
The d i f f e r e n c e i n l o a d c a r r y i n g 

v a l u e s g i v e n by e q u a t i o n s ( 1 4 ) and 
(23) for any s p e c i f i e d t h i c k n e s s of 
base c o u r s e when a l l o t h e r c o n d i 
t i o n s are the same, may be somewhat 
e x a g g e r a t e d i n F i g . 105, s i n c e 
f u t u r e e x p e r i m e n t a l data might i n 
d i c a t e t h a t a v a l u e of jd(T) = 0.1 
i s too high to use i n equation ( 2 3 ) . 

A c a r e f u l and comprehensive r e 
s e a r c h program would be r e q u i r e d to 
e v a l u a t e the e x p r e s s i o n 

^ ^ ^ [ ( l o g T ) ] 

o f e q u a t i o n ( 2 5 ) , f o r t h e wide 
r a n g e o f b a s e c o u r s e c o n d i t i o n s , 
composition, moisture content, den
s i t y , and t h i c k n e s s which probably 
i n f l u e n c e i t s v a l u e . 

2. Assuming t h a t v a l u e s of K 
and sUl) have been e s t a b l i s h e d , the 
t h i c k n e s s r e q u i r e m e n t T g i v e n by 
e q u a t i o n s ( 2 3 ) or ( 2 4 ) can be de
termined very e a s i l y by a s e r i e s of 
s u c c e s s i v e a p p r o x i m a t i o n s , a s 
s hown be 1ow: 

(14) 

1 s t approximation 

T, = K l o g § 
1 S 

2nd approximation 

[(I'og T )^^''^] P 
= ^ ^ -"log g..(23) 

3rd approximation 

T 3 = K ^ ^ ' ° « ' = ^ ^ l o g ^ . . . . ( 2 3 ) 

I t w i l l be shown by an a c t u a l 
s e t of c a l c u l a t i o n s , t h a t the 3rd 
approximation c a r r i e d out as i n d i 
c a t e d above, w i l l g i v e the a c t u a l 
t h i c k n e s s r e q u i r e d w i t h i n a f r a c t i o n 
of an i n c h . That i s , 

T„ = T = r e q u i r e d t h i c k n e s s . 
8 
3. Sample c a l c u l a t i o n s for ob

t a i n i n g r e q u i r e d t h i c k n e s s T by 
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means of e q u a t i o n (23) for an a i r 
plane wheel loading on the b a s i s of 
the f o l l o w i n g data; 

A p p l i e d Load P = 100,000 lb 
Subgrade Support S = 20,000 lb 
Base Course Constant K = 65 

)Zi(T) = 0.06 

^ 2nd approximation 

1st approximation 

T P 
K l o g -

100,000 
T = 66 l o g 
1 20,000 

T = 46.43 i n . 1 
2nd approximation 

T = K a 
[ ( l o g i,)"'"hoa -

^ e g E C l o g 46.43)0-06] ( 1 0 0 ^ ) 
20,000 

T = 61.7 i n . 

3rd approximation 

= j f [ ( l o g T j J l o g -
S 

100, 000, 
2 

,0.06, 
T = 66t(l°g h o g ( 
3 

) 20, 000 
Th e r e f o r e for design T = 62.1 i n . 

I n t h i s example, the r e q u i r e d 
t h i c k n e s s was given w i t h i n a f r a c t i o n 
of an i n c h by the 2nd approximation. 

4. Sample c a l c u l a t i o n f or ob
t a i n i n g r e q u i r e d t h i c k n e s s T by 
means of e q u a t i o n (23) f o r a high
way wheel l o a d i n g on the b a s i s of 
the f o l l o w i n g d a t a , 

A p p l i e d Load P = 12,000 l b 
S u b g r a d e S u p p o r t S = 7,000lb 
Base Course Constant K = 66 

= 0.06 

1s t approximation 

= K l o g -
^,12,000, 

= 16.22 i n . 

, =e6[(loS 15.22)°-°'],,g(i£000 
2 " 7,000 

T„ = 16.87 i n . 
2 

3rd approximation 

T 3 = Kt(l°S ^ l o g I 

, ^ , , [ ( l o g 15.87)°-°"] (12?22P) 
3 7,000 

T = 15.93 i n . 3 
T h e r e f o r e for design = T = 16 i n . 

I n t h i s example a l s o , the r e 
qui r e d t h i c k n e s s was given w i t h i n a 
f r a c t i o n o f an i n c h by t h e 2nd 
a p p r o x i m a t i o n . 

5. The sample c a l c u l a t i o n s of 
Items 3 and 4 above i n d i c a t e t h a t 
when design'ing for the t h i c k n e s s of 
f l e x i b l e pavements f o r highways, or 
f o r a i r p l a n e wheel l o a d i n g s f o r 
which moderate t h i c k n e s s e s of base 
course are i n d i c a t e d , the t h i c k n e s s 
requirement w i l l p'-obably be g i v e n 
w i t h s u f f i c i e n t a c c u r a c y by equa
t i o n ( 14 ) : p 

T = K l o g -
S 

I t would seem that only for a i r 
p l a n e w h e e l l o a d i n g s o f a b o u t 
40,000 to 50,000 l b or more, t h a t 
are to be c a r r i e d by runways over 
low s u b g r a d e s u p p o r t , f o r w h i c h 
c o n s i d e r a b l e t h i c k n e s s e s of base 
c o u r s e a r e needed, and where the 
use of e q u a t i o n (14) might l e a d to 
u n d e r d e s i g n , w o u l d t h e u s e o f 
e q u a t i o n s ( 2 3 ) o r ( 2 4 ) become 
n e c e s s a r y . 

T = K ^ U o g T) ] i o g 1 (23) 
S 

T = B l o g - (24) 
S 

The d e v e l o p m e n t o f a g e n e r a l 
method for determining the r e q u i r e d 
t h i c k n e s s o f f l e x i b l e pavements, 
presented i n Item 1 above, which i s 
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Thickness 

TABLE 12 

INFLUENCE OF TOE MAGNITTJDE OF 0 ^ ( T ) ON TOE VALUES OF 
0 (T) 

B = K (log T) 1 FOR THE TOICKNESSES INDICATED, WHEN 
TOE VALUE OF K I S TAKEN AS 65 FOR TOE PURPOSE OF ILLUSTOATION-

£j ( T ) 

Values of B = K (log T ) ̂  'when l6^(.l) v a r i e s from 0 to 6.0 

« $ ^ ( T ) Values 
i n . 
•5 

0 0.2 0.4 0.6 0.8 1.0 2.0 3.0 4.0 5.0 6.0 
i n . 
•5 65 64.5 64.1 63.6 63.2 62.7 60.5 . 58.4 56.3 54.3 52.4 
10 65 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 
20 65 68.5 72.2 76.1 80.2 84.6 110.0 143.1 186.2 242.3 315.2 
30 65 70.3 76.0 82.1 88.8 96.0 141.8 209.5 309.4 457.1 675.2 
40 65 71.4 78.5 86.2 94.8 104.1 166.8 267.3 428.2 686.0 1099 
50 65 72.3 80.3 89.3 99.3 . 110.4 187.6 318.8 541.6 920.1 1563 
60 65 72.9 81.8 91.8 103.0 115.6 205.5 365.4 649.8 1155.5 2055 
70 65 73.5 83.0 93.9 106.1 119.9 221.3 408.3 753.3 1390.0 2565 
80 65 73.9 84.1 95.6 108.8 123.7 235.4 448.0 852.6 1622.6 30 88 
90 65 74.3 85.0 97.2 111.1 127.0 248.2 485.1 948.0 1852 .7 3621 
100 65 74.7 85.8 98.5 113.2 130.0 260.0 520.0 . 1040.0 2080.0 4160 

summarized i n equations ( 2 2 ) , ( 2 3 ) , 
and ( 2 4 ) , might v e r y l o g i c a l l y have 
r e s u l t e d i n the somewhat s i m i l a r 
s e r i e s of equations o u t l i n e d below; 

-T = K [ f ( T ) ^ ^ ^ ' ' ^ ] l o g - (26) 
S 

or i f 

f ( T ) = l o g T 

then (26) becomes 
i6 (a) p 

T = K [ ( l o g T) 1 ] l o g (27) 
s 

or 

T = B l o g -
S 

where 

,(28 ) ( 2 4 ) 

( T ) 
B = K [ ( l o g T)®^^ ' ] (29) 

I t w i l l be obser v e d t h a t equa
t i o n s ( 2 8 ) and ( 2 4 ) a r e i d e n t i c a l 
a l t h o u g h d e r i v e d by d i f f e r e n t 
m e t h o d s . 

I n e q u a t i o n ( 2 6 ) and ( 2 7 ) , the 

e x p r e s s i o n /Z5^(T) w i l l have a d i f f e r 
e n t s e t o f v a l u e s , o t h e r t h i n g s 
being equal, than has the e x p r e s s i o n 
( Z ( ( T ) of equations (22) and ( 2 3 ) . 

The i n f l u e n c e of t h i c k n e s s T on 
t h e v a l i i f o f t h e e x p r e s s i o n B = 

6 ( T ) 

K [ { l o g T ) ^ ] i s shown i n Table 12 
for a wide range of va l u e s of I6^{T) 
when the v a l u e of K i s taken as 65 
for the purpose of i l l u s t r a t i o n . 

I t i s e v i d e n t from the d a t a of 
Table 12 that v a l u e s of 

B = K[.(iog nr^^'^l 

of e q u a t i o n s ( 2 6 ) and (27) d e v i a t e 
l i t t l e f r o m t h e v a l u e o f K i n 
e q u a t i o n ( 1 4 ) f o r s m a l l v a l u e s of 
SiAl)- For va l u e s of fi^il) g r e a t e r 
than about 0.5 on the o t h e r hand. 

the value of B • K [ ( l o g T ) 1 ] may 

depart widely from the corresponding 
value of K from equation ( 1 4 ) . 

I t w i l l be obser v e d t h a t / 5 ^ ( T ) 
.has a c o n s t a n t value f or each v e r -
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t i c a l calumn of data i n T a b l e 1 2 . 
I f 6^(n) s h o u l d v a r y w i t h t h e 
t h i c k n e s s T as i t s symbol p e r m i t s , 
the i n f l u e n c e of t h i c k n e s s T on the 
v a l u e of / Z 5 ^ ( T ) can be i n f e r r e d by 
r e a d i n g the d a t a of T a b l e 12 from 
t o p t o b o t t o m i n a g e n e r a l l y 
diagonal d i r e c t i o n . 

I t should be noted p a r t i c u l a r l y , 
t h a t when l6 ( l ) = 0, equations ( 2 6 ) , 
( 2 7 ) , and ( 2 8 ) become i d e n t i c a l 
w ith equation ( 1 4 ) . 

7. Whether g e n e r a l d e s i g n 
e q u a t i o n ( 2 3 ) or e q u a t i o n ( 2 7 ) i s 
d e s i r e d f o r d e s i g n may depend upon 
p e r s o n a l p r e f e r e n c e . 

I n equation ( 2 3 ) 

T = K L ( - ^ ° 8 T ) J log - .... ( 2 3 ) 
S 

the r i g h t hand s i d e c o n s i s t s of the 
t h r e e terms which might be expected 
t o e n t e r i n t o f l e x i b l e pavement 
d e s i g n , 

( a ) The a p p l i e d l o a d P t o be 
c a r r i e d 
( b ) The subgrade support S t h a t 
can be m o b i l i z e d a t the d e f l e c t 
ion s p e c i f i e d 
( c ) T h e b a s e c o u r s e f a c t o r 

£5(T) 
K [ ( l o g T ) ] which depends upon 
the composition, moisture content, 
d e n s i t y , and t h i c k n e s s o-f t h e 
base course m a t e r i a l 
I n equation ( 2 7 ) 

i6 ( T ) P 

T = K [ ( l o f i T ) 1 ] l o g - ( 2 7 ) 
8 

t h e r i g h t hand s i d e p r o v i d e s t h e 
same i n f o r m a t i o n as the r i g h t -hand 
s i d e of equation ( 2 3 ) , but require|s 
f o u r t e r m s t o do s o i n s t e a d o f 
t h r e e , 

( a ) The a p p l i e d l o a d P t o be-
c a r r i e d 
( b ) The subgrade s u p p o r t S t h a t 
can be m o b i l i z e d at the d e f l e c t i o n 
s p e c i f i e d 
( c ) The base c o u r s e c o n s t a n t K, 
which depends upon the composi
t i o n , m o i s t u r e c o n t e n t , and den
s i t y of the base c o u r s e m a t e r i a l 

(d) The t h i c k n e s s f a c t o r 

( l o g T ) ^ 

w h i c h v a r i e s w i t h the d e p t h of 
base course, and t h e r e f o r e s e r v e s 
to modify the v a l u e of the base 
c o u r s e c o n s t a n t K so as to make 
i t a p p l i c a b l e to any t h i c k n e s s 
of a given base course. 

I t i s t o be o b s e r v e d f r o m 
T a b l e s 11 and 12 t h a t f o r a g i v e n 
range of v a l u e s of B over the range 
of t h i c k n e s s between 10 and 100 i n . , 
the c o r r e s p o n d i n g v a l u e of B for a 
t h i c k n e s s of 5 i n . i s much l e s s i n 
T a b l e 1 1 ( e q u a t i o n 2 3 ) t h a n i n 
Table 12 (equation 2 7 ) . 

8. I t was p o i n t e d o u t i n 
Item 5 above t h a t for highway wheel 
l o a d i n g s , and f o r moderate t h i c k 
n e s s r e q u i r e m e n t s f o r a i r p l a n e 
wheel l o a d i n g s , the r e q u i r e d t h i c k 
n e s s seems to be g i v e n w i t h s u f f i 
c i e n t a c c u r a c y by e q u a t i o n ( 1 4 ) . 
O n l y f o r t h e h e a v i e r a i r p l a n e 
wheel l o a d s , which must be c a r r i e d 
on r u n w a y s w i t h l o w s u b g r a d e 
support, does the use of e q u a t i o n s 
( 2 3 ) or ( 2 7 ) appear to be i n d i c a t e d 
s i n c e for these c a s e s equation ( 1 4 ) 
m i g h t g i v e t h i c k n e s s e s t h a t a r e 
t o o s m a l l and t h e r e f o r e l e a d to 
u n d e r d e s i g n . 

OD the o t h e r hand, as a r e s u l t 
of t h e i r i n v e s t i g a t i o n s , the U.S. 
C o r p s o f E n g i n e e r s has s u g g e s t e d 
t h a t s i n c e the r a d i u s of c u r v a t u r e 
i n c r e a s e s w i t h t h e s i z e o f t h e 
wheel l o a d i n g ( l a r g e r i m p r i n t a r e a ) , 
t h e a l l o w a b l e f l e x i b l e pavement 
d e f l e c t i o n to be c o n s i d e r e d f o r 
runway d e s i g n may be g r e a t e r f o r 
l a r g e a i r p l a n e -wheel l o a d i n g s than 
for s m a l l e r wheel 1oadings(20). < 

I f the a l l o w a b l e d e f l e c t i o n of a 
f l e x i b l e pavement v a r i e s d i r e c t l y 
as some f u n c t i o n of the a n t i c i p a t e d 
wheel l o a d , the c u r v e d l i n e graph 
of e q u a t i o n ( 2 3 ) i n F i g . 104 would 
d i v e r g e much l e s s t h a n i s shown 
from t h e s t r a i g h t l i n e g r a p h o f 
e q u a t i o n ( 1 4 ) , s i n c e the v a l u e o f 
the subgrade support S i n c r e a s e s as 
the p e r m i s s i b l e d e f l e c t i o n i s i n -
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c r e a s e d ( F i g . 2 5 ) . I f the subgrade 
s u p p o r t S i s i n c r e a s e d f o r any 
giverf a p p l i e d load P, the value of 

P 
t h e e x p r e s s i o n l o g — b e c o m e s 

S 
s m a l l e r . I t i s g e n e r a l l y true t h a t 

P 
t h e l a r g e r v a l u e s o f l o g — a p p l y 

S 
t o the wheel l o a d i n g s o f h e a v i e r 
a i r p l a n e s . C o n s e q u e n t l y , i f the 
p e r m i s s i b l e d e f l e c t i o n i n c r e a s e s 
w i t h an i n c r e a s e i n wheel load, the 
t o p p o r t i o n o f t h e c u r v e d l i r e 
graph of e q u a t i o n ( 2 3 ) . i n F i g . 104 
would tend to approach the s t r a i g h t 
l i n e e q u a t i o n ( 1 4 ) , as i n d i c a t e d 
by the dotted arrow. 

T h e r e f o r e , i f i t s h o u l d be t r u e 
t h a t the p e r m i s s i b l e d e f l e c t i o n of 
a f l e x i b l e pavement can be i n c r e a s e d 
as the wheel l o a d i s i n c r e a s e d , 
equation (14) (based upon a constant 
d e f l e c t i o n t h r o u g h o u t ) may have a 
wider range of a p p l i c a t i o n than the 
p r e v i o u s d e v e l o p m e n t i n t h i s 
s e c t i o n would suggest. 

9. F o r g r a p h s o f e q u a t i o n s 
(14)', ( 2 3 ) , (27 ) , e t c . which have 
been shown i n a number of the d i a 
grams f o r t h i s p a p e r , a c o n s t a n t 
d e f l e c t i o n for both P and S i n the 

P 
e x p r e s s i o n l o g — has to be assumed 

S 
o v e r the whole r a n g e employed i n 
each c a s e . I t i s to be emphasized 
however, t h a t t h e s e e q u a t i o n s a r e 
e q u a l l y a p p l i c a b l e i f a v a r i e b l e 
d e f l e c t i o n i s assumed for d i f f e r e n t 
v a l u e s o f P and S ( p r o v i d e d t h a t 
corresponding v a l u e s of P and S are 
always taken at the same d e f l e c t i o n ) , 
a l t h o u g h the g r a p h s would have a 
somewhat d i f f e r e n t s h a p e . Conse
quently, equations ( 1 4 ) , ( 2 3 ) , ( 2 7 ) , 
e t c . w i l l h o l d , even i f i t s h o u l d 
be a d e q u a t e l y d e m o n s t r a t e d t h a t 
t h e p e r m i s s i b l e d e f l e c t i o n f o r 
f l e x i b l e p a v e m e n t d e s i g n i s a 
f u n c t i o n o f the wheel l o a d ( t i r e 
i m p r i n t a r e a ) , as suggested by the 

i n v e s t i g a t i o n o f the USED. 
For the sake of c l a r i t y however, 

i t might be p r e f e r a b l e to c o n s i d e r 
t h a t when p and S of the e x p r e s s i o n 

P 
l o g — appear w i t h o u t s u b s c r i p t s , 

S 
a s i n t h e p r e s e n t n o t a t i o n f o r 
e q u a t i o n s ( 1 4 ) , ( 2 3 ) , ( 2 7 ) , e t c . a 
c o n s t a n t c r i t i c a l d e f l e c t i o n , 
e.g. 0.5 i n . , a p p l i e s throughout. 
On the other hand, i f the d e f l e c t 
ion a t which the v a l u e s of P and S 
are to apply, i s to be a v a r i a b l e , 
e.g. the d e f l e c t i o n i s to v a r y as 
some f u n c t i o n of the wheel load, or 
o f the t i r e i m p r i n t a r e a , e t c . , 
t h e n b o t h P and S would c a r r y a 
s u i t a l > ' e s u b s c r i p t . The l e t t e r 
d i s s u g g e s t e d . Under t h e s e con
d i t i o n s : 
e q u a t i o n ( 1 4 ) would be w r i t t e n as 

p 
T = K l o g (-^) (30) 

equation (23) would be w r i t t e n as 

T = K^(^og T) ] i o g (£5)... (31) 

equation (27) would be w r i t t e n as 

T = K^i^og T ) 1 ] i o g ( ! d ) _ ( 3 2 ) 

I t w o u l d be u n d e r s t o o d t h a t 
w h i l e the v a l u e s of P^ and each 
depend upon the v a r i a b l e p e r m i s s i b l e 
d e f l e c t i o n to be employed, the c o r 
r e s p o n d i n g v a l u e s o f P^i and'S^ 
would always r e f e r to the same de
f l e c t i o n and to the same contact a r e a . 

owausioN 

In probably every i n v e s t i g a t i o n 
o f t h i s c h a r a c t e r , the need i s f e l t 
f o r f u r t h e r data to check the trends 
t h a t seem to have been developed, 
o r to e x p l o r e toward the w i d e r 
h o r i z o n s which have been r e v e a l e d . 
The a c c u r a c y o f the v a r i o u s f i g u r e s , 
and o f the f i n d i n g s t e n t a t i v e or 
otherwise, that have been presented 
i n t h e f o r e g o i n g pages, has been 
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l i m i t e d by the data obtained during 
our i n v e s t i g a t i o n , supplemented by 
p e r t i n e n t i n f o r m a t i o n p u b l i s h e d by 
o t h e r i n v e s t i g a t o r s . I t i s to be 
e x p e c t e d t h e r e f o r e , t h a t f u r t h e r 
i n v e s t i g a t i o n w i l l r e v e a l the neces
s i t y f o r some m o d i f i c a t i o n o f a 
number of the diagrams, and for some 
r e v i s i o n o f the c o n c l u s i o n s which 
have been p o i n t e d out, s i n c e t h i s 
i s a normal occurrence. 

SUMMARY 

1. T h i s paper o u t l i n e s the 
r e s u l t s of an i n v e s t i g a t i o n which 
has been conducted by the D e p a r t 
ment of T r a n s p o r t d u r i n g 1945 and 
1946 a t a number of Canadian a i r p o r t s . 

2. T r a f f i c e x p e r i e n c e a t 
s e v e r a l of Canada's b u s i e r a i r p o r t s 
i n d i c a t e d t h a t the c u r r e n t f l e x i b l e 
pavement t h i c k n e s s requirements of 
s e v e r a l p r i n c i p a l o r g a n i z a t i o n s i n 
the U.S.A. f o r runways, a r e u l t r a 
c o n s e r v a t i v e . 

3. A p e d o l o g i c a l s o i l s u r v e y 
of an a i r p o r t s i t e provides v a l u a b l e 
i n f o r m a t i o n by i n d i c a t i n g the a r e a s 
o f s u b grade w h i c h have d i f f e r e n t 
e n g i n e e r i n g p r o p e r t i e s . 

4. F i e l d moisture and d e n s i t y 
d a t a d e m o n s t r a t e t h a t a t o n l y a 
s m a l l number o f t e s t l o c a t i o n s 
c o u l d the subgrade be c o n s i d e r e d 
to be s a t u r a t e d . 

5. p l a t e b e a r i n g equipment, 
r e p e t i t i v e load t e s t i n g procedure, 
and t h e method o f p l o t t i n g trhe 
load t e s t data are d e s c r i b e d . 

6. T r a f f i c information versus 
load t e s t data a t Canadian a i r p o r t s 
i n d i c a t e s t h a t s a f e runway d e s i g n 
can be based upon a d e f l e c t i o n of 
0.5 i n . a f t e r 10 r e p e t i t i o n s o f 
lo a d . 

7. For any g i v e n d e f l e c t i o n 
f o r p l a t e b e a r i n g t e s t s on cohesive 
s o i l s , 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 
seems to hold for u n i t load support 

P 
v e r s u s the - r a t i o of a s e r i e s of 

A 

s t e e l b e a r i n g p l a t e s over the range 
o f b e a r i n g p l a t e d i a m e t e r s between 
12 and 42 i n . , and probably beyond. 

8. R a t i o s have been developed 
b e t w e e n t h e m a g n i t u d e s o f l o a d 
supported a t 1, 10, and 100 r e p e t i 
t i o n s f o r dny g i v e n d e f l e c t i o n be
tween 0.2 and 0.5 i n . , a l l o t h e r 
f a c t o r s being e q u a l . 

9. A study of the load v e r s u s 
d e f l e c t i o n curves has i h d i c a t e d t h a t 
i f the load supported at 0.2-in. de
f l e c t i o n on a 3 0 - i n . p l a t e has been 
a c c u r a t e l y d e termined f o r a g i v e n 
t e s t l o c a t i o n on a c o h e s i v e sub-
grade s o i l , or on a f l e x i b l e s u r f a c e , 
the a v e r a g e l o a d s u p p o r t e d a t any 
other d e f l e c t i o n between 0 and 0.7 
i n . f o r b e a r i n g p l a t e s between 12 
and 42 i n . i n diameter, and probably 
beyond, may be c a l c u l a t e d . 

10. The average y i e l d p o i n t 
d e f l e c t i o n f o r s u b g r a d e s o f t h e 
a i r p o r t s i n c l u d e d i n the i n v e s t i 
g a t i o n seems to occur a t 0.26 i n . , 
and t h e a v e r a g e y i e l d p o i n t de
f l e c t i o n for the bituminous s u r f a c e s 
appears to be 0.225 i n . 

11. Base c o u r s e s u p p o r t per 
u n i t of t h i c k n e s s may be g e n e r a l l y 
independent of the c o m p o s i t i o n o f 
granu l a r base course m a t e r i a l s , but 
see m s t o be i n f l u e n c e d by b a s e 
c o u r s e d e n s i t y . F u r t h e r study may 
i n d i c a t e t h a t composition, moisture 
content, d e n s i t y , and t h i c k n e s s may 
a l l h a v e t o be c o n s i d e r e d when 
d e t e r m i n i n g b a s e c o u r s e s u p p o r t 
per u n i t t h i c k n e s s . 

12. Bituminous s u r f a c e s appear 
to have a g r e a t e r l o a d c a r r y i n g 
c a p a c i t y per u n i t of t h i c k n e s s than 
do g r a n u l a r b a s e s . T h e r a t i o 
appears to be about 1.5 for bitumi
nous s u r f a c e s c o n t a i n i n g ' l i q u i d 
a s p h a l t and s o f t a s p h a l t cement 
b i n d e r s , and about 2.5 for pr o p e r l y 
d e s i g n e d and c o n s t r u c t e d a s p h a l t i c 
c o n c r e t e , p e n e t r a t i o n macadam, and 
sheet a s p h a l t . 

13. R e l a t i o n s h i p s have been 
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e s t a b l i s h e d between p l a t e b e a r i n g 
t e s t r e s u l t s v e r s u s cone b e a r i n g . 
House! penetrometer, f i e l d CBR, and 
t r i a x i a l compression t e s t data. 

14. A method f o r d e s i g n i n g 
b i t u m i n o u s p a v i n g m i x t u r e s and 
s e l e c t i n g base course m a t e r i a l s by 
means of the t r i a x i a l c o m p r e s s i o n 
t e s t I S o u t l i n e d . 

15. The load t e s t data suggest 
t h a t the s u b g r a d e modulus k f o r 
r i g i d pavement d e s i g n s h o u l d be 
determined under r e p e t i t i o n a l r a t h e r 
t h a n s t a t i c l o a d i n g , and w i t h 
b e a r i n g p l a t e s c o n s i d e r a b l y l a r g e r 
t h a n t h a t of 30 i n . i n d i a m e t e r 
i n common use at the present time. 

16. E v a l u a t i o n o f the l o a d 
t e s t d a t a f o r f l e x i b l e pavement 
d e s i g n i n d i c a t e s t h a t f o r any 
s p e c i f i e d d e f l e c t i o n , the supporting 
v a l u e o f any g i v e n t h i c k n e s s o f 
base and s u r f a c e depends d i r e c t l y 
upon the magnitude of the subgrade 
s u p p o r t . The s u p p o r t i n g v a l u e o f 
the subgrade must be determined for 
the same diameter of bearing p l a t e , 
f o r the same number of r e p e t i t i o n s 
of load, and for the same d e f l e c t i o n 
as the a p p l i e d s u r f a c e load. 

17. A method of design g i v i n g 
the r e q u i r e d t h i c k n e s s of g r a n u l a r 
base for s u p p o r t i n g wheel l o a d s of 
any magnitude has been d e v e l o p e d 
from the load t e s t d a t a on s u r f a c e 
and subgrade. 

18. T h i c k n e s s d e s i g n c u r v e s 
have been prepared to^ i n d i c a t e the 
r e q u i r e d t h i c k n e s s o f g r a n u l a r 
base for runways, and for taxiways, 
aprons, and turnarounds, for a wide 
range of a i r p l a n e wheel l o a d i n g s . 
One s e t of c u r v e s i s b a s e d upon 
p l a t e b e a r i n g t e s t s , and a n o t h e r 
s e t on cone b e a r i n g , Housel pene
tr o m e t e r , f i e l d CBR, and t r i a x i a l 
compression t e s t s . 

19. Load t e s t d a t a were ob
t a i n e d to demonstrate the i n f l u e n c e 
of dual versus s i n g l e t i r e s on run
way design. ^, , , . , 

20. C h a r t s o f t h i c k n e s s 
d e s i g n c u r v e s f o r f l e x i b l e pave
ments f o r highway wheel l o a d i n g s 
have a l s o been prepared, based upon 

p l a t e b e a r i n g t e s t s , and upon cone 
bearing, Housel penetrometer, f i e l d 
CBR, and t r i a x i a l compression t e s t s . 

21. G e n e r a l e q u a t i o n s o f 
d e s i g n f o r r e q u i r e d t h i c k n e s s o f 
f l e x i b l e pavements have been d e v e l 
oped, based upon a p p l i e d load, sub-
g r a d e s u p p o r t , and b a s e c o u r s e 
support per u n i t of t h i c k n e s s . 
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APPENDIX 

SAMPLE CALCUUTICNS 

A number of sample c a l c u l a t i o n s 
are worked out below for the e v a l u 
a t i o n and d e s i g n of f l e x i b l e pave
ments for a i r p o r t runways and t a x i -
w a y s , e t c . , and f o r h i g h w a y s . 
These i l l u s t r a t i o n s a re based upon 
the data assembled i n the p r e v i o u s 
pages which were d e r i v e d from the 
Department of T r a n s p o r t ' s i n v e s t i 
g a t i o n , and i n p a r t i c u l a r upon 
equation ( 1 5 ) , 

T = 65 log - (15) 

I t w i l l be r e c a l l e d t h a t K i n 
equation (14) was found to have the 
a v e r a g e v a l u e o f 65 f o r t h e base 
c o u r s e data o b t a i n e d so f a r . With 
the advent of much h e a v i e r compact
ion equipment, higher d e n s i t i e s may 
be o b t a i n e d f o r base c o u r s e s than 
has been the c a s e i n the p a s t , and 
t h i s i n t u r n may j u s t i f y a lower 
v a l u e than 65 for K. At the present 
time however, a v a l u e of K = 6 5 as 
i n d i c a t e d f o r e q u a t i o n ( I S ) i s 
recommended as b e i n g most r e p r e 
s e n t a t i v e , and i s employed f o r the 
sample c a l c u l a t i o n s which follow. 

The c r i t i c a l d e f l e c t i o n for both 
runway and highway d e s i g n employed 
i n t h e s e i l l u s t r a t i v e examples i s 
0.5 i n . a f t e r 10 r e p e t i t i o n s o f 
l o a d . T h i s p r o v i d e s t h i c k n e s s e s of 
g r a n u l a r base c o u r s e which e x p e r i 
e n ce i n d i c a t e s to be r e a s o n a b l e . 
G r e a t e r or l e s s e r t h i c k n e s s e s of 
g r a n u l a r base a r e o b t a i n e d i f the 
c r i t i c a l d e f l e c t i o n i s assumed to 
be s m a l l e r or l a r g e r r e s p e c t i v e l y 
than 0.5 i n . 

F o r t a x i w a y , apron, and t u r n 
around design, the c r i t i c a l d e f l e c t -
i o n e m p l o y e d i n t h e f o l l o w i n g 
s a m p l e . c a l c u l a t i o n s i s 0.225 i n . 
a f t e r 10 r e p e t i t i o n s o f l o a d . I f 
i n d i c a t e d to be n e c e s s a r y a f t e r 
g r e a t e r e x p e r i e n c e , the t h i c k n e s s 
of g r a n u l a r base r e q u i r e d for t a x i -

ways, aprons, or turnarounds, can be 
i n c r e a s e d or decreased by employing 
a s m a l l e r or l a r g e r c r i t i c a l de
f l e c t i o n , r e s p e c t i v e l y , than 0.225 in. 

C a p a c i t y o p e r a t i o n s for.runway 
and t a x i w a y d e s i g n a r e based upon 
10 r e p e t i t i o n s of load f o r d e f l e c t 
i o n s of 0.5 and 0.225 i n . , r e s p e c t 
i v e l y , for these sample c a l c u l a t i o n s . 
F o r e i t h e r l i m i t e d o p e r a t i o n s or 
intermediate l a n d i n g f i e l d s , runway 
and taxiway d e s i g n s a r e based upon 
one a p p l i c a t i o n o f l o a d f o r t h e s e 
d e f l e c t i o n s - Table 5 i n d i c a t e s that 
f o r t h e same c o n t a c t a r e a , t h e 
load c a r r i e d for one a p p l i c a t i o n i s 
15 p e r c e n t g r e a t e r than t h a t sup
p o r t e d a t 10 r e p e t i t i o n s over the 
d e f l e c t i o n range from 0.2 to 0.5 i n . 
T h i s r a t i o has been found to apply 
t o b o t h c o h e s i v e s u b g r a d e s and 
bituminous s u r f a c e s . 

AIRPORT RUNWAYS, TAXIWAYS, 
APR(»JS, ETC. 

EVALUATING THE LOAD SUPPORTING CAPACITY 
OF A FLEXIBLE PAVEMENT 

Sample Calculation do. 1 

(a) The f o l l o w i n g load t e s t data have 
been obtained a t e i g h t l o c a t i o n s on the 
s u r f a c e o f - a paved runway a t the most 
c r i t i c a l time of year, for a 30-in. p l a t e , 
a t O.S-in. d e f l e c t i o n , a f t e r 10 r e p e t i 
t i o n s of load. What i s the maximum sa f e 
wheel loading for t h i s runway for, 

(1) Capacity operations 
( 2 ) Emergency landings or l i m i t e d 

operations? 
I f the load t e s t data apply to a t a x i 

way, apron, or turnaround, what i s the 
maximum safe wheel load for, 

(1) Capacity operations 
( 2 ) Emergency landings or l i m i t e d 

o p e r a t i o n s ? 
T o t a l Load i n Pound' 

38200 
37600 
35400 
33800 
33100 



McLEOD - RUNWAY EVALUATION IN CANADA 1 0 3 

APPROXIMATE RANOCS OP T I R E P R E S S U R E S IN 
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F i g . A Diagram for E v a l u a t i n g 
with F l e x i b l e Pavements 

Load C a r r y i n g C a p a c i t y of Runways 
(Wheel Load on S i n g l e T i r e ) 

Total Load in Pounds 

32200 
Lower q o a r t i l e point 31800 

31400 
30900 

Step No.1-The lower q u a r t i l e p o i n t 
18 higher than 25 percent of the data, 
but l e s s than 75 percent, and i s taken 
as the r e p r e s e n t a t i v e load t e s t value. 
The lower q u a r t i l e p o i n t for the load 
t e s t data for t h i s runway i s 31,800 l b , 
or a u n i t l o a d of 45 p s i , s i n c e the 
area of a 30-m. p l a t e i s 707 sq i n . 

Step No. 2-The ^ r a t i o f o r a 30-in. 
bearing p l a t e i s 0. 133. 

In general, as a i r p l a n e wheel loads 
i n c r e a s e , t i r e p r e s s u r e s and cont'act 
areas i n c r e a s e , and the ^ r a t i o s of the 
c o n t a c t a r e a s t h e r e f o r e d e c r e a s e . 
Figure A I S a graph of u n i t load i n p s i 
Versus ^ r a t i o . Across the top of the 
g r a p h , the a i r p l a n e t i r e p r e s s u r e s 
which a r e normal f o r each range of ^ 
r a t i o s are g i v e n . 

I t w i l l be observed i n c o n n e c t i o n 

w i t h F i g . 3 9 , t h a t f o r s u r f a c e l o a d 
t e s t s the r a t i o of the u n i t load on a 
1 2 - i n . p l a t e to t h a t s u p p o r t e d by a 
3 0-in. p l a t e over the range of d e f l e c t 
ion from 0 . 2 to 0 . 5 i n . , i s about 2 . 4 5 . 
The oblique l i n e s on F i g . A are drawn 
on the b a s i s t h a t the r a t i o o f the 
u n i t load on a 1 2-in. p l a t e versus that 
on a 3 0-in. p l a t e i s 2 . 4 . 

The data a c r o s s the top of F i g . A 
d e m o n s t r a t e t h a t a u n i t p r e s s u r e of 
4 5 p s i and a ^ r a t i o of 0 . 1 3 3 ( 3 0 - i n . 
p l a t e ) do not correspond. The problem 
therefore i s to f i n d the smaller contact 
a r e a ( l a r g e r ^ r a t i o ) and the c o r r e s 
pondingly higher u n i t p r e s s u r e , which 
are u s u a l l y a s s o c i a t e d with each other. 

Point L i n F i g . A r e p r e s e n t s a u n i t 
l o a d o f 4 5 p s i f o r a 3 0 - i n . p l a t e 
( J = 0 . 1 3 3 ) . The broken l i n e LM i s 
drawn to the r i g h t approximately p a r a l 
l e l to the two n e a r e s t oblique l i n e s . 
I t s a c t u a l slope i s such that the r a t i o 
of the u n i t load on a 1 2-in. p l a t e to 
that on a 3 0-in p l a t e i s 2 . 4 . Line LK 
I S p r o j e c t e d to M, the c o o r d i n a t e s of 
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which i n d i c a t e t h a t the u n i t p r e s s u r e 
on the l e f t hand s i d e of the graph, 
60 p s i , I S equal to the t i r e p r e s s u r e 
w i t h i n one of the ranges shown a c r o s s 
the top of the chart, 60 p s i . 

The v e r t i c a l broken l i n e IfiV through 
Jf c u t s the a b s c i s s a a t the r e q u i r e d 
J r a t i o , 0.181. 

Step No. 3-The t o t a l l o a d c o r r e s 
ponding to a t i r e p r e s s u r e of 60 p s i , 
and a ^ r a t i o of 0.181, can be c a l c u 
l a t e d , but may be more r e a d i l y obtained 
from F i g B 

the same contact area, the load c a r r i e d 
a t O.S-in. d e f l e c t i o n for one loa d i n g 
I S I S p e r c e n t g r e a t e r than the l o a d 
supported a t 0.5 i n . i l e f l e c t i o n for 10 
r e p e t i t i o n s . , 

The lower q u a r t i l e p o i n t f o r the 
l i s t e d data a t one loading i s therefore 
( 1 . 1 S ) ( 3 1 , 8 0 0 ) = 36,600 l b , or a u n i t 
load of 51.8 p s i . 

Step No. 5-By applying the procedure 
of Steps No. 2 and 3, F i g . A i n d i c a t e s 
that a un i t load of 51.8 p s i on a 30-in. 
p l a t e corresponds to a t i r e pressure of 
65 p s i a t a ^ r a t i o of 0. 1694. From 

C I S 0 2 0 0 2 5 
P E R I M E T E R - A R E A R A T I O P / A 

F i g . B Diagram for E v a l u a t i n g Load C a r r y i n g C a p a c i t y of Runways 
with F l e x i b l e Pavements (Wheel Load on S i n g l e T i r e ) 

From Point Wat the ̂  r a t i o of 0.181, 
i n F i g . B, th^ dashed v e r t i c a l l i n e NO 
I S drawn, to i n t e r s e c t the t i r e pressure 
c u r v e l a b e l l e d 60 p s i a t 0. From 0 
the h o r i z o n t a l broken l i n e OP i s drawn 
to cut the o r d i n a t e a x i s a t P, repre
s e n t i n g t h e r e q u i r e d t o t a l l o a d , 
2 3.000 l b . 

Therefore, the maximum wheel load which 
t h i s runway c a n c a r r y f o r c a p a c i t y 
operations i s 23,000 l b . 

Step No. 4-Runway d e s i g n t o r an 
emergency or intermediate landing f i e l d , 
or for l i m i t e d operations, can be based 
upon a d e f l e c t i o n of 0.5 i n . f o r one 
l o a d i n g T a b l e 5 i n d i c a t e d t h a t f o r 

F i g . B, the t o t a l load c o r r e s p o n d i n g 
r a t i o o f 0.1694 and a t i r e t o 

l e e n t o be p r e s s u r e o f 65 p s i i s 
28.400 l b . 

T h e r e f o r e , the maximum s a f e wheel 
load for t h i s runway i f used for emer
gency l a n d i n g s or l i m i t e d o p e r a t i o n s 
i s 28,400 lb. 

S t e p No. 6- T a x i w a y , a p r o n , and 
turnaround design for c a p a c i t y opera
t i o n s I S based upon a d e f l e c t i o n of 
0.225 i n . a f t e r 10 r e p e t i t i o n s of load. 

The r a t i o s of F i g 33 for a 30-in. 
p l a t e i n d i c a t e that a load of 31,800 lb 
at 0.5-in. d e f l e c t i o n corresponds to a 
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(31,800)(l.O75) 
load of = 20,950 lb, or 

( 1.633) 
29 6 p s i at 0.225-in d e f l e c t i o n . 
^ Step No 7 - A c c o r d i n g to the pro
cedure of St e p s No 2 and 3, F i g . A 
demonstrates that a u n i t load of 29 . 6 p s i 
on a 30-in. plate rorresponds to a t i r e 

p 
p r e s s u r e of 50 p s i a t a ^ r a t i o of 0.2365. From F i g B, the t o t a l load p 
c o r r e s p o n d i n g to a ^ r a t i o of 0.2365 
and a t i r e p r e s s u r e of 50 p s i i s seen 
to be lx,000 l b 

Consequently, the maximum safe wheel 
load for t h i s taxiway, apron, or turn
a r o u n d f o r c a p a c i t y o p e r a t i o n s i s 
11.000 l b 

St e p No. 8 - T a x i w a y , a p r o n , and 
turnaround design for emergency landing 
f i e l d s or l i m i t e d o p e r a t i o n s can be 
based upon load supported at 0.22S-in. 
d e f l e c t i o n a f t e r one a p p l i c a t i o n of load. 

Thi' lower q u a r t i l e p o i n t f o r the 
above data for a 30 - i n . p l a t e a t one 
a p p l i c a t i o n of load i s (1.1S)(31,600) 
equals 36,600 lb (Table 5 ) . 

The r a t i o s of F i g . 33 for a 30-in. 
p l a t e i n d i c a t e that a load of 36,600 l b 
at O.S-in. d e f l e c t i o n corresponds to a 

(3 6 , 6 0 0 ( 1 . 0 7 5 ) 
load of = 24,100 lb or 

( 1 633) 
34.1 p s i at 0.225-in d e f l e c t i o n . 

Step No 9-According to the procedure 
of Steps No. 2 and 3, F i g . A i n d i c a t e s 
tha t a u n i t load of 34.1 p s i on a 30-in. 
p l a t e corresponds to a t i r e pressure of 
55 p s i , a t a J r a t i o of 0.221. From 
F i g . B, the t o t a l load corresponding to 
t h i s ^ r a t i o and a t i r e p r e s s u r e of 
55 p s i I S 14,200 l b . T h e r e f o r e , the 
maximum s a f e wheel l o a d i n g f o r t h i s 
taxiway, apron, or turnaround for emer
gency or l i m i t e d operations i s 14,200 lb. 

(b) I f the load t e s t data for a runway 
were as f o l l o w s , w i t h other c o n d i t i o n s 
i d e n t i c a l with those for ( a ) above, what 
I S the maximum s a f e wheel load for t h i s 
runway for, 

(1) Capacity operations 
(2) Emergency landings or l i m i t e d 

o p e r a t i o n s ^ 
I f the load t e s t data apply to a t a x i 

way, apron, or turnaround, what i s the 
maximum safe wheel load for, 

(1) 'Capacity operations 
(2) Emergency landings or l i m i t e d 

o p e r a t i o n s ? 

T o t a l Load m Pounds 

87600 
81900 
78800 
78300 
77200 
75500 

Lower q u a r t i l e point 74300 
73200 
68400 

Step No. 1-The lower q u a r t i l e point 
occurs at a t o t a l load of 74,300 lb, or 
a u n i t load of 105 p s i . 

Step No. 2-For r e a s o n s s i m i l a r to 
those o u t l i n e d i n ( a ) , above, and from 
dashed l i n e s AB and BC of F i g . A, and 
CD and DB of F i g . B, the maximum s a f e 
wheel load on a s i n g l e t i r e f o r capa
c i t y o p e r a t i o n s f o r t h i s runway i s 
93,000 l b . 

Step No. 3-The lower q u a r t i l e point 
for the l i s t e d data for one a p p l i c a t i o n 
of l o a d i s (1.1S)(74,300) = 85,45Q lb, or 
a u n i t load of 121 p s i . 

Step No 4-By applying the procedure 
of Step No 2, F i g . A i n d i c a t e s t h a t a 
u n i t load of 121 p s i on a 30-in. p l a t e 
corresponds to a u n i t pressure of 93 p s i 
at a ̂  r a t i o of 0.1. 

It i s to be noted that the ranges of 
t i r e p r e s s u r e s a c r o s s the top of the 
graph f o r the c o r r e s p o n d i n g ^ r a t i o s 
shown i n F i g . A are approximate only. 
Considerable overlapping of these ranges 
may occur for the wheels of d i f f e r e n t 
a i r c r a f t . I n F i g . A, the range of t i r e 
p r e s s u r e s i n d i c a t e d i n c r e a s e s abruptly 
from 85 to 100 p s i at a J r a t i o of 0.1. 
Consequently, for the range of un i t loads 
between 85 and 100 p s i along the l e f t 
hand s i d e , t h e r e i s no c o r r e s p o n d i n g 
range of t i r e p r essures across the top of 
the graph. I t i s believed that i n t h i s 
case s u f f i c i e n t accuracy w i l l r e s u l t i f 
the required t o t a l load is c a l c u l a t e d on 
the b a s i s of the u n i t pressure i n d i c a t e d 
on the l e f t hand s i d e of the graph, a t 
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the i n t e r s e c t i o n of the oblique l i n e i n 
question (approximately p a r a l l e l to AB) 
with the 0.1 value for the ^ r a t i o . 

From F i g . B, the t o t a l load correspond* 
i n g to a ^ r a t i o of 0.1 and a t i r e p r e s s -
u r e o f 9 3 p s i i s 118,000 lb ( s i n g l e t i r e ) . 

Therefore, the aaximuD safe wheel load 
f o r t h i d runway, i f used f o r emergency 
landings or l i m i t e d operations i s 118,000 
pounds ( s i n g l e t i r e ) . 

Step No. S-TTie r a t i o s of F i g . 33 for 
a 30-in. p l a t e i n d i c a t e t h a t a load of 
74,300 l b at O.S-in. d e f l e c t i o n c o r r e s -

( 7 4 , 3 0 0 ) ( 1 . 0 7 S ) 
ponds to a l o a d o f 

( 1 . 6 3 3 ) 
e q u a l s 48,900 l b , o r 69.1 ps.i a t 
0.22S-ib. d e f l e c t i o n . 

Step No. 6-Following the procedure 
of Step No. 2, F i g . A i n d i c a t e s t h a t a 
u n i t load of 69.1 ptfi on a 30-in. p l a t e 
c o r r e s p o n d s to a t i r e p r e s s u r e o f 
70 p s i a t a ^ r a t i o of 0.13S2. From 
F i g . B, the t o t a l load corresponding to 
a j | r a t i o of 0.1352 and a t i r e pressure 
of 70 p s i i s 48,000 ( s i n g l e t i r e ) " . 

Consequently, the maximum safe wheel 
load for t h i s taxiway, apron, or turn-
a round, f o r c a p a c i t y o p e r a t i o n s i s 
48,000 lb ( s i n g l e t i r e ) . 

Step No. 7-The lower q u s r t i l e point 
f o r the l o a d t e s t d a t a f o r a 30' i n . 
p l a t e f o r one load i s ( 1 . I S ) ( 7 4 , 3 0 0 ) 
equals 85,450 l b . 

The r a t i o s of F i g . 33 f o r a 3 0 - i n . 
p l a t e i n d i c a t e that a load of 85.450 l b 
a t 0.5-1O. d e f l e c t i o n corresponds to a 

(85,450)(1.075) 
load of = 56.200 l b , or 

(1.633) 
79.5 p s i at 0.225-in. d e f l e c t i o n . 

Step No. 8-Following the procedure 
of Step No. 2, F i g . A i n d i c a t e s t h a t a 
u n i t load of 79.5 p s i on a 30-in. p l a t e 
c o r r e s p o n d s to a t i r e p r e s s u r e of 
75 p s i at a J r a t i o of 0.1252. From 
F i g . B the t o t a l l o a d c o r r e s p o n d i n g 
t o a ^ r a t i o o f 0 . I 2 S 2 and a t i r e 
p ressure of 75 p s i i s 60,000 lb ( s i n g l e 
t i r e ) . T h e r e f o r e , the mbximum s a f e 
wheel load f o r t h i s taxiway, apron, or 
turnaround, f o r emergency of l i m i t e d 
operations i s 60,000 l b . 

NOTE: I t w i l l be noted t h a t the wheel 
l o a d s determined i n S t e p s No. 2, 4, 6, 

and 8 above, a r e f o r a s i n g l e t i r e 
, Wheel loads of the magnitude indicated by 

each of these s t e p s would o r d i n a r i l y be 
c a r r i e d on dual t i r e s . With dual t i r e s , 
a wheel load up to 35 percent greater than 
t h a t shown i n each case, depending upon 
the t h i c k n e s s of base and s u r f a c e , could 
be s a f e l y supported. 

Sample Calculation So. 2 

The runway pavement c o n s i s t s of 4 i n . 
o f a s p h a l t i c c o n c r e t e , and 20 i n . of 
g r a n u l a r b a s e c o u r s e . No l o a d t e s t 
equipment was a v a i l a b l e , but the following 
cone b e a r i n g and Housel p e n e t r o m e t e r 
data were obtained a t eight l o c a t i o n s for 
t h e top two f e e t of the c o h e s i v e a o i l 
subgrade under the pavement a t the most 
c r i t i c a l time of the year. The pavement 
i s seven years old, and e q u i l i b r i u m con
d i t i o n s of moisture have had ample time 
to develop i n the subgrade. What i s ' the 
naximom s a f e wheel load for t h i s runway 
f o r . 

(1) Capacity operations 
( 2 ) An emergency or i n t e r m e d i a t e 

f i e l d , or for l i m i t e d operations? 
I f the t e s t data apply to a taxiway, 

apron, or turnaround, what i s the maximum 
safe wheel load for, 

(1) Capacity operations 
( 2 ) An emergency or i n t e r m e d i a t e 

f i e l d , or for l i m i t e d operations^ 

Housel Penetrometer 
Data - Sumber of Blons 

Cone Bearing for a penetration of 

Data 6 in. 
psi 

560 38 
510 33 
485 32 
460 30 
410 28 
400 27 

Lower q u a r t i l e 
point - — • 390 26 

3«0 25 
365 22 

Step No. l - l l t e lower q u a r t i l e values 
are 390 p s i for the cone bearing data, 
and 26 blows f o r the, Housel pentro-
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meter t e s t s 
Step No. 2 - I f base and s u r f a c e a re 

considered equivalent i n load supporting 
•alue to 24 i n . of granular base, F i g s 
95 and 97 i n d i c a t e t h a t f o r a cone 
b e a r i n g v a l u e of 390 p s i , the l o a d 
c a r r y i n g c a p a c i t y of the runway i s 
90,000 l b . They a l s o show t h a t for a 
Housel penetrometer value of 26 blows, 
the load c a r r y i n g c a p a c i t y of the run
way i s 110,000 lb. 

I t has been shown ( t e x t ) t h a t the sub-
gr a d e b e a r i n g c a p a c i t y o b t a i n e d by 
av e r a g i n g the r a t i n g s provided by the 
cone b e a r i n g and Housel penetrometer 
t e s t s , gave a r e s u l t w i t h i n 10 percent 
o f t h a t obtained by load t e s t i n g . On 
t h i s b a s i s , the maziouD s a f e wheel 
l o a d f o r c a p a c i t y o p e r a t i o n s on t h i s 
ranway i s 100,000 lb ( s i n g l e t i r e ) . 

S t e p No. 3 - F o r a w h e e l l o a d o f 
100,000 l b , a n d a t i r e p r e s s u r e o f 
85 p s i , the contact area i 6 1176 sq i n . , 
and the ̂  r a t i o o f the e q u i v a l e n t 
c i r c u l a r contact area i s 0.1034. ^ 

The wheel load c a r r i e d on the same 
contact -area at one a p p l i c a t i o n of load 
i s (1.15)(100,000) = 115,000 l b , or a 

115,000 
u n i t load of = 97.8 p s i . 

1176 
Step No. 4-A t i r e p r e s s u r e of 97.8 

p s i i s greater than that a s s o c i a t e d with 
a ^ r a t i o of 0.1034 i n F i g A. 

F o l l o w i n g the proc e d u r e of S t e p s 
No. 2 and 3 of Sample Calculation No. 1 
( a ) and of Step No. 4 of Sample Cal
culation No. 1 ( b ) , F i g . A i n d i c a t e s 
t h a t a u n i t load of 97.8 p s i on a con
t a c t a r e a of 1176 sq i n . = 0.1034) 
c o r r e s p o n d s to a u n i t p r e s s u r e of 
95.5 at a J r a t i o of 0. 1. 

From F i g . B, the t o t a l load c o r r e s 
ponding to a ̂  r a t i o of 0.1 and a t i r e 
p r e s s u r e o f 95.5 p s i i s 120,000 l b 
( s i n g l e t i r e ) . 

T h e r e f o r e , the maximum s a f e wheel 
load for t h i s runway, i f used for emer
gency landing or l i m i t e d operations i s 
120,000 lb ( s i n g l e t i r e ) . 

Step No. 5 - I f the t h i c k n e s s of base 
and s u r f a c e i s e q u i v a l e n t to 24 i n . of 
g r a n u l a r b a s e . F i g . 97 d e m o n s t r a t e s 
that for a cone bearing value of 390 p s i 

the load c a r r y i n g c a p a c i t y of a t a x i -
way, apron, or turnaround i s 42,000 lb, 
and for a Housel penetrometer r a t i n g of 
26 blows I S 51,000 lb. Averaging these 
two values gives a load c a r r y i n g capa
c i t y of 46,500 lb. 

Consequently, the maximum safe wheel 
losd for t h i s taxiway, apron, or turn
a r o u n d f o r c a p a c i t y o p e r a t i o n s i s 
46,500 lb ( s i n g l e t i r e ) 

Step No. 6-Figure A i n d i c a t e s a t i r e 
p r e ssure of 70 p s i for a wheel load of 
46,500 l b . The corresponding c o n t a c t 

p 
a r e a i s 665 sq i n . , and the ̂  r a t i o 
18 0.137. 

The wheel load c a r r i e d on the same 
contact area a t one a p p l i c a t i o n of load 
i s ( 1 . 1 5 ) ( 4 6 . 5 0 0 ) = 53,480 l b , or a 

53,480 
u n i t load of = 80.5 p s i . 

665 
S t e p No. 7-A t i r e p r e s s u r e o f 

80.5 p s i I S greater than that a s s o c i a t e d 
with a J r a t i o of 0.137 i n F i g . A. 

Following the procedure of Step No. 4 
i m m e d i a t e l y above. F i g . A i n d i c a t e s 
t h a t a u n i t load of 80.5 p s i on a con
t a c t a r e a of 664 sq m. (^ = 0.137) 
c o r r e s p o n d s t o a u n i t p r e s s u r e o f 

. 75 p s i at a j[ r a t i o of 0. 128. 
From F i g B, the t o t a l load c o r r e s 

ponding to a ^ r a t i o of 0.128 and a 
t i r e pressure of 75 p s i i s 58,000 lb 

T h e r e f o r e the maximum s a f e wheel 
load for t h i s taxiway, apron, or turn
around for emergency landings or l i m i t e d 
operations i s 58,000 l b ( s i n g l e t i r e ) . 

NOTE: Wheel loads of the magnitude i n d i 
cated by Steps No. 2, 4, 5, and 7, would 
o r d i n a r i l y be c a r r i e d on d u a l t i r e s 
With dual t i r e s , a wheel load up to 35 
perce n t g r e a t e r than t h a t shown m each 
c a s e , depending upon the t h i c k n e s s of 
base and surface,could be s a f e l y supported. 

I t was found during the i n v e s t i 
g a t i o n t h a t 1 i n . of p r o p e r l y designed 
and c o n s t r u c t e d a s p h a l t i c concrete con
t a i n i n g a s p h a l t i c cement h a r d e r than 
100 p e n e t r a t i o n , has the load supporting 
v a l u e of 2.5 i n . of g r a n u l a r base. I f 
t h i s I S not u t i l i z e d as a s a f e t y f a c t o r , 
the equivalent thickness of granular base 
cours e \n.Sample Calculation No. 2 be
comes 30 i n . , made up as follows. 
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12 

10 

1 . 1 , 
oiS oto 

PEnitETER-AREA RATIO P/A 

C C o n t a c t Area Versus P e r i m e t e r - A r e a R a t i o 
f o r A i r p l a n e Wheel Loadings 

Thickness of'base course 
Equivalent thickness of 4 i n . 

of a s p h a l t i c concrete 

E q u i v a l e n t t o t a l t h i c k n e s s 
of granular base 

20 i n 

30 in. 

U n l e s s the a d d i t i o n a l s t r e n g t h o f the 
a s p h a l t i c c o n c r e t e i s u t i l i x e d a s a 
s a f e t y f a c t o r , therefore. Steps No. 1 to 7 
c o u l d be worked o u t on the b a s i s o f 
30 i n . of g r a n u l a r base c o u r s e r a t h e r 
than 24 i n . 
Fo r runways s u r f a c e d w i t h b i t u m i n o u s 
pavements c o n t a i n i n g l i q u i d a s p h a l t or 
s o f t asphalt cement binders, the i n v e s t i 
gation i n d i c a t e d that 1 i n . of bituminous 
s u r f a c e has the load supporting c a p a c i t y 
of 1.5 i n . of granular base. 

I t s h o u l d be added by way o f a p r e 
c a u t i o n a r y comment, however, t h a t there 
I S some evidence t h a t a new bituminous 
pavement does not have any g r e a t e r sup
p o r t i n g value per u n i t of t h i c k n e s s than 
g r a n u l a r base c o u r s e m a t e r i a l . The 
g r e a t e r s u p p o r t i n g c a p a c i t y of the b i 
tuminous surface does not seem to develop 
u n t i l a f t e r I t has been exposed to t r a f f i c 
for a time. 

I n t r o p i c a l and s e m i - t r o p i c a l c l i m a t e s , 
because of higher average pavement tempera
tures, the supporting value of a bitumin
ous s u r f a c e per u n i t of t h i c k n e s s should 
not be taken to be any grea t e r than t h a t 
of granular base course m a t e r i a l , u n l e s s 
t h i s has been proven by p l a t e b e a r i n g 
t e s t s on a c t u a l p r o j e c t s i n the f i e l d . 

FLEXIBLE PAVEI«ENT DESIGN FOR 
AIRPORT RUNWAYS AND TAXIWAYS, ETC. 

Sample Calculation Ho. 3 

( a ) When p l a t e b e a r i n g t e s t s (30 i n . 
i n diameter, O.S-in. d e f l e c t i o n , 10 repe
t i t i o n s of load) on a cohesive subgrade i n 
I t s most c r i t i c a l c o n d i t i o n g i v e the 
f o l l o w i n g data f o r e i g h t r e p r e s e n t a t i v e 
l o c a t i o n s , what th i c k n e s s of granular base 
i s required to c a r r y an a i r p l a n e wheel load 
of 22,500 l b at a t i r e pressure of 60 p s i 
on a runway for, 

(1) Capacity operations 
(2) Emergency l a n d i n g s or l i m i t e d 

o p e r a t i o n s ? 
With a l l other c o n d i t i o n s as o u t l i n e d 

above, what thickness of granular base i s 
required for a taxiway, apron or turnaround 
for, " 
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A P P R O X W A T E R A N S e S OF T I R E P R E S S U R E S IN 

P S I F O R D I F F E R E N T A E R O P L A N E WHEEL LOADINOS 

6 0 - » 5 S O T O 

THIS CHART APPLIES TO 
A DEFLECTION RANGE OF 

02 TO 05 INCH 

0 2 0 
P E R I M E T E R - A R E A RATIO 

F i g . D Diagram f o r E v a l u a t i n g Load C a r r y i n g C a p a c i t y o f Subgrades 
f o r A i r p o r t Runways (Wheel Load on S i n g l e T i r e - F l e x i b l e Pavements) 

(1) Capacity operations 
(2) Emergency l a n d i n g s or l i m i t e d 

operations^ 

Total Load in Pounds 

21200 
19500 
19000 
18700 
1820 0 
18000 

Lower q u a r t i l e point 17700 
17400 
16900 

Step No. 1-The lower q u a r t i l e point 
occurs at a value of 17,700 l b . For a 
30-in. diameter p l a t e t h i s corresponds to 
a u n i t pressure of 25 p s i . 

S t e p No. 2 - F o r a wheel l o a d o f 
22,500 lb and a t i r e pressure of 60 p s i 
the c o n t a c t a r e a i s 375 sq i n . From p 
F i g . C, the ^ r a t i o c o r r e s p o n d i n g to 
t h i s contact area i s 0.183. 

Step No. 3 - I t i s r e q u i r e d to deter
mine the u n i t load for a c o n t a c t area 

o f 375 s q i n . , ( J r a t i o = 0 . 1 3 3 ) . 
Figure D i s employed for t h i s purpose. 

For c o h e s i v e s u b g r a d e s , F i g . 37 
demonstrates that the u n i t load supported 
on a 12-in. p l a t e i s n e a r l y 2.1 times 
that on a 30-in. p l a t e over a d e f l e c t i o n 
range of 0.2 to 0.S i n . The o b l i q u e 
l i n e s i n F i g . D are drawn on the b a s i s 
t h a t the u n i t subgrade s u p p o r t on a 
12-in. p l a t e i s twice t h a t on a 30-in. 
p l a t e for the seme range of d e f l e c t i o n . 
I n F i g . D, P o i n t S r e p r e s e n t s a sub-
grade s u p p e r t of 25 p s i on a 3 0 - i n , 
p l a t e at 0.5-in d e f l e c t i o n . The v e r t i 
c a l dashed l i n e 7,6 i s drawn through 
the ^ value of 0.183. Broken l i n e 5,6 
IS drawn to the r i g h t from P o i n t 5 
approximately p a r a l l e l to the n e a r e s t 
o b l i q u e l i n e s . The a c t u a l s l o p e of 
l i n e 5,6 i s such t h a t the u n i t load on 
a 1 2 - i n . p l a t e i s t w i c e t h a t f o r a 
3 0 - i n . p l a t e . From P o i n t 6, a t the 
i»tersection of dashed l i n e s 5,6 and 
7,6, the h o r i z o n t a l broken l i n e 6,8 i s 
drawn, which cuts the ordinate a x i s a t 
a u n i t pressure of 31.25 p s i . That i s . 
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a u n i t p r e s s u r e - o f 31.25 p s i for a ^ 
r a t i o of 0 183 (contact area of 375 sq in ) 
I S the required value of subgrade support 
c o r r e s p o n d i n g to 25 p s i on a 3 0 - i n . 
p l a t e . Therefore, the load supporting 
V a l u e of the subgrade for a contact area 
of 375 sq i n . ( 3 7 5 X 3 1 . 2 5 ) = 11,720 l b . 

Step No. 4-To c a r r y a wheel load of 
22,500 lb on a runway for which the sub-
grade support a t . 0 . 5 - i n . d e f l e c t i o n i s 
11,720 l b , a base course t h i c k n e s s of 
18 i n 18 i n d i c a t e d by i n t e r p o l a t i o n 
i n F i g . 96. 

To avoid the p o s s i b l e i n a c c u r a c i e s 
o f i n t e r p o l a t i o n , or as an a d d i t i o n a l 
check, the base c o u r s e t h i c k n e s s r e 
quirement may alao be obtained d i r e c t l y 
by s u b s t i t u t i o n i n equation ( 1 5 ) : 

P 
T= 65 log -

S 
22500 

= 65 logf ) 
li720 

= i «.4 i n . 
Therefore, a runway c o n s t r u c t e d on 

t h i s subgrade w i l l r e q u i r e 18 i n . of 
g r a n u l a r base or i t s e q u i v a l e n t , f o r 
C a p a c i t y o p e r a t i o n s by a i r c r a f t w i t h 
wheel loads of 22.500 lb. 

Step No. 5-The lower q u a r t i l e poi»t 
for the l i s t e d data for one a p p l i c a t i o n 
of l o a d 18 (1.15)(17,700) = 20,350 l b 
or 2 8. 8 p s i 

Step No. 6-Following the procedure 
of Steps No 2, 3, and 4, F i g . D i n d i 
cates t h a t a u n i t pressure of 36 p s i i s 
the r e q u i r e d value of subgrade support 
corresponding to 28.8 p s i on a 3 f - i n . 
p l a t e . Therefore, the load supporting 
V a l u e of the subgrade a t 0 . 5 - i n . de
f l e c t i o n for one a p p l i c a t i o n of load on 
a c o n t a c t a r e a of 375 sq i n . e q u a l s 
(375)(36) = 13,500 lb 

Step No. 7-To c a r r y a wheel load o f 
22,500 l b on a r u n w a y ' f o r which the 
subgrade support a t O.S-nn. d e f l e c t i o n 
i s 13,500 l b . F i g . 96 i n d i c a t e s t h a t 
14 i n . o f g r a n u l a r base a r e required. 

The thickness given by equation (15) i s 
22.500 

T r 6S Jog ( ; 
13.500 

- li.i in. 
Therefore, a runway c o n s t r u c t e d on 

t h i s subgrade w i l l r e q u i r e 14 i n . of 
g r a n u l a r base course or i t s equivalent. 

i t w i l l b = ^-'so i b . 

for emergency landings or l i m i t e d opera
t i o n s by a i r c r a f t w i t h wheel loads of 
22,500 l b . 

Step No 8 - When the subgrade support 
IS 11,720 l b , the base course thickness 
requirement f o r a taxiway, apron, or 
turnaround, to c a r r y a wheel l o a d of 
?2,500 lb, i s i n d i c a t e d by i n t e r p o l a t i o n 
i n F i g . 96 to be 29 i n . 

S i n c e F i g . 27 demonstrates that f o r 
a bearing p l a t e of any given s i z e , there 
i s a d e f i n i t e r a t i o between the l o a d 
c a r r i e d at 0,5-in. to that supported at 
0 . 2 2 S - i n . d e f l e c t i o n , the r e q u i r e d 
t h i c k n e s s of granular base for taxiways, 
aprons, and turnarounds can be d e t e r 
mined by means o f e q u a t i o n ( I S l . I f 
the subgrade support i s 11,720 l b a t 
C.S-in. d e f l e c t i o n , F i g . 27 i n d i c a t e s 

(1.075X11.720) 
" ( l ' 5 8 5 ) 

at a d e f l e c t i o n of 0.22S i n . l l i e r e f o r e 
the t h i c k n e s s o f granular base required 
for a taxiway, apron, or turnaround i s 
given by 

22500 
r = 65 log ( ) 

7950 

= 29.i in. 
Consequently, a taxiway, apron, or 

turnaround on t h i s subgrade w i l l require 
29 i n . of g r a n u l a r base, o r i t s e q u i 
valent, for capa c i t y operations by a i r 
c r a f t with wheel loads of 22,500 lb. 

Step No. 9 - I f the subgrade support 
f o r t h e r e q u i r e d c o n t a c t a r e a i s 
11,720 l b a t 0 . 5 - i n . d e f l e c t i o n f o r 
10 r e p e t i t i o n s , i t i s ( 1. 1 5 ) ( 1 1 7 2 0 ) 
equals 13,480 lb for one loading. 

Step No. 10-When the subgrade support 
IS 13,480 lb,the base course t h i c k n e s s 
requirement f o r a taxiway, apron, or 
turnaround, to c a r r y a wheel load of 
22.500 l b IS i n d i c a t e d by i n t e r p o l a t i o n 
in F i g . 96 to be 25 i n . 

The r e q u i r e d t h i c k n e a s may a l s o be 
derived i n another manner; 

From Step No. 8, the subgrade support 
for the required contact area i s 7,950 l b 
a t 0.225-in d e f l e c t i o n f o r 10 repe
t i t i o n s . Therefore, for one loading a t 
0 . 2 2 5 - i n . d e f l e c t i o n t h e s u b g r a d e 
support w i l l be (1.15)(7950) = 9,140 lb. 
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The t h i c k n e s s of g r a n u l a r base r e 
quired to c a r r y a wheel load of 22,500 l b 
when the subgrade support i s 9,140 l b , 
is given by, 

22500 
T = 65 Ibg ( ) 

91 iO 

- 25.4 i n . 
Therefore, a taxiway, apron, or turn

around constructed on t h i s aobgrade w i l l 
r e q u i r e 25 i n . of granular base, or i t s 
e q u i v a l e n t , for emergency l a n d i n g s or 
l i m i t e d o p e r a t i o n s by a i r c r a f t w i t h 
wheel loads of 22.500 l b . 

(b) When p i a t e bearing t e s t s ( 3 0 - i n . 
d i a m e t e r , 0 . 5 - i n . d e f l e c t i o n , 10 repe
t i t i o n s of load ) on a co h e s i v e subgrade 
i n i t s moalf c r i t i c a l c o n d i t i o n give the 
f o l l o w i n g data for e i g h t r e p r e s e n t a t i v e 
l o c a t i o n s , what t h i c k n e s s o f g r a n u l a r 
base I S r e q u i r e d to c a r r y an a i r p l a n e 
wheel load of 85,000 l b at a t i r e pressure 
of 85 p s i on a runway f o r , 

(1) Capacity operations 
( 2 ) Emergency landings or l i m i t e d 

o p e r a t i o n s ? 
With a l l other c o n d i t i o n s as o u t l i n e d 

above, what t h i c k n e s s of g r a n u l a r base 
I S r e q u i r e d f o r a t a x i w a y , a p r o n , o r 
turnaround for, 

(1) Capacity operations 
( 2 ) Emergency l a n d i n g s or l i m i t e d 

o p e r a t i o n s ? 

T o t a l Load \n Pounds 

54200 
51300 
48700 
47300 
47200 
46300 

Lower q u a r t i l e p o i n t - 45200 
44100 
43600 

Step No. 1-Subgrade support a t tJie 
l o w e r q u a r t i l e p o i n t i s 45,200 l b , 
or 64 p s i . 

S t e p No. 2 - F o r a w h e e l l o a d o f 
85,000 lb, and a t i r e pressure of 85 p s i 
the c o n t a c t a r e a i s 1000 sq i n . From p 
F i g C,'the J r a t i o c o r r e s p o n d i n g to 
t h i s contact area i s 0.112. 

Step No. 3-Point I m F i g . D repre
sents a subgrade support of 64 p s i on a 
3 0 - i n . p l a t e a t O.S-in. d e f l e c t i o n . 
The dashed v e r t i c a l l i n e 3.2 i s drawn 
a t a ̂  r a t i o o f 0.112. When broken 
l i n e s 1,2 and 2,4 are drawn as shown. 
Point 4 on the ord i n a t e a x i s gives the 
u n i t subgrade anpport, 57.3 p s i , - f o r a 
^ r a t i o o f 0.112 ( c o n t a c t a r e a 1000 
sq i n . ) . The subgrade support f o r a 
co n t a c t area of 1000 sq i n . t h e r e f o r e 
18 (57.3)(1000) = 57,300 lb. 

Step No. 4-By i n t e r p o l a t i o n , F i ^ . 96 
i n d i c a t e s t h a t for a subgrade support 
of 57.300 l b , a wheel load of 85,000 l b 
on a runway r e q u i r e s a g r a n u l a r base 
course 11 i n . t h i c k . 

Tlie t h ickness requirement for a run
way a s given d i r e c t l y by equation (15) 
i s , 

«5.000 
T = 65 log ( ) 

57,J00 

= i l . l 
T h e r e f o r e , a runway c o n s t r u c t e d on 

t h i s subgrade w i l l r e q u i r e 11 i n . of 
g r a n u l a r base or i t s e q u i v a l e n t , f o r 
c a p a c i t y o p e r a t i o n s by a i r c r a f t w i t h 
wheel loads of 85,000 lb. 

Step No. 5-The lower q u a r t i l e point 
for the l i s t e d data at one a p p l i c a t i o n 
of load 18 (1.1S)(45,200) = 51,980 l b , 
or 73. 5 p s i 

Step No. 6-Following the procedure 
of Steps No. 2, 3, and 4, immediately 
f b o v e . F i g . D i n d i c a t e s t h a t a u n i t 
p r e s s u r e of 65.8 p s i for a ̂  r a t i o of 
0.112 18 the required value of subgrade 
support corresponding to 73.5 p s i on a 
3 0 - i n . p l a t e . T h e r e f o r e , the l o a d 
s u p p o r t i n g v a l u e o f the subgrade a t 
O.S-m. d e f l e c t i o n for one loading for 
a c o n t a c t a r e a o f 1000 s q i n . i s 
(65.8)(1000) = 65,800 l b . 

Step No. 7-To c a r r y a wheel load of 
85,000 l b on a runway for which the sub-
grade support a t 0.5-in. d e f l e c t i o n i s 
65,800 l b . F i g . 96 i n d i c a t e s that 7 i n . 
of granular base are required. 

The r e q u i r e d t h i c k n e s s may a l s o be 
obtained d i r e c t l y from equation (15) 

85,000 
T = 65 log C ) 

65.S00 
= 7.2 in. 
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T h e r e f o r e a runway c o n s t r u c t e d on 
t h i s subgrade w i l l r e q u i r e 7 i n . of 
g r a A u l a r base or i t s e q u i v a l e n t , f o r 
emergency landings or 1 united operations 
by a i r c r a f t with wheel loads of 85,000 l b . 

Step No. 8-When the subgrade support 
18 57,300 l b , the base c o u r s e thick-> 
ness requirement for taxiways, aprons, 
and turnarounds, provided by i n t e r p o 
l a t i o n in F i g 96, i s 23 i n . 

I f the subgrade support i s 57,300 l b 
a t a d e f l e c t i o n of 0.5 i n . , F i g . 27 

1.080 
i n d i c a t e s that i t w i l ] be ( )(57,300) 

1 650 
e q u a l s 37,500 l b a t a d e f l e c t i o n o f 
0.225 i n The r e q u i r e d t h i c k n e s s of 
gra n u l a r base for a taxiway, apron, or 
turnaround i s given by equation (15) 

S5.000 
T = 65 Jog ( ) 

37,500 

= 23 m. 
Consequently, a taxiway, apron, or 

turnaround on t h i s subgrade w i l l require 
iZ i n . of gr a n u l a r base course or i t s 
e q u i v a l e n t , for c a p a c i t y operations by 
a i r c r a f t with wheel loads of 85,000 lb. 

Step No. 9 - I f the subgrade support 
for the required contact area i s 57,300 
l b a t 0.5-in. d e f l e c t i o n 'for 10 r e p e t i 
t i o n s . I t I S (1.15)(57,300) = 65,800 lb 
for one loading. 

Step No. 10-When the subgrade support 
I S 65,800 lb, the base course thickness 
r e quirement f o r a taxiway, apron, A 
turnaround, to c a r r y a wheel l o a d o f 
85,000 lb, I S i n d i c a t e d by i n t e r p o l a t i o n 
i n F i g . 96 to be 18 i n . 

The r e q u i r e d t h i c k n e s s may be de
r i v e d i n another manner. 

From Step No. 8, the subgrade support 
f o r t h e r e q u i r e d c o n t a c t a r e a i s 
37,500 l b a t 0.225-in. d e f l e c t i o n for 
10 r e p e t i t i o n s . T h e r e f o r e , f o r one 
l o a d i n g a t 0.225-in. d e f l e c t i o n , the 
subgrade support w i l l be (1.15)(37,500) 
equals 43,150 l b . 

The t h i c k n e s s of g r a n u l a r base r e 
quired to c a r r y a wheel load of 85,000 l b 
when the subgrade support i s 43, ISO lb 
I S given by equation (15) 

85.000 
7- = 65 Jog ( ; 

i3,150 

= 18.6 i n . 
T h e r e f o r e , a t a x i w a y , apron, or 

turnaround constructed on t h i s subgrade 
w i l l r e q u i r e 18 i n . of gr a n u l a r base, 
or i t s e q u i v a l e n t , for emergency land
ings or l i m i t e d operations by a i r c r a f t 
with wheel loads of 85,000 l b . 

NOTE: Notes a p p e a r i n g a t the end of 
Sample C a J e u J a t i o n JVo. 2 a r e e q u a l l y 
a p p l i c a b l e to Sample Calculation No. 3. 

Sample Calculation No. i 

I f the f o l l o w i n g cone b e a r i n g and 
Housel penetrometer values have been ob
tai n e d a t e i g h t r e p r e s e n t a t i v e l o c a t i o n s 
for the top 24 i n of a cohesive subgrade 
i n I t s most c r i t i c a 1 condition, under a 
pavement, what thickness of granular base 
I S r e q u i r e d to c a r r y an a i r p l a n e wheel 
load of 60,000 l b on a runway for, 

(1) Capacity operations 
(2 ) Emergency landings or l i m i t e d 

operations'* 
With a l l other c o n d i t i o n s as o u t l i n e d 

above, what thickness of granular base i s 
re q u i r e d f o r a taxiway, apron, or t u r n 
around f o r , 

(1) Capacity operations 
(2 ) Emergency landings or l i m i t e d 

o p e r a t i o n s ? 

Uouael penetrometer data 
Cone bearing Number of b'oas for a 

data penetration of 6 m. 

p s i 
420 26 
390 24 
335 21 
310 18 
280 ' 17 
275 16 

Lower q u a r t i l e 
point 260 ,-- 15 
245 14 
235 1 2 

Step No. 1-The lover q u a r t i l e value 
f o r the cone bearing data i s 260 p s i , 
and for the Housel penetrometer t e s t s 
I S 15 blows. 
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Step No. 2-An ai r p l a n e wheel load of 
60,000 l b would o r d i n a r i l y be c a r r i e d 
on dual t i r e s . T h i s i s about 120 per
cent ( i n t h i s case) of the load c a r r i e d 
on a s i n g l e t i r e . Bunway d e s i g n i n 
t h i s c a s e s h o u l d t h e r e f o r e be based 
upon a wheel load of 50,000 lb supported 
on a s i n g l e t i r e . 

S t e p No. 3-For a s u b g r a d e cone 
b e a r i n g v a l u e of 260 p s i and a wheel 
l o a d of 50,000 l b . F i g . 97 i n d i c a t e s 
t h a t 23 i n . of g r a n u l a r base a r e r e 
quired for runways. For a Housel pene
trometer value of 15 blows, 25 i n . of 
granular base are in d i c a t e d . Averaging 
these two requirements g i v e s a t h i c k 
ness of 24 i n . of granular base, or i t s 
e q u i v a l e n t , for c a p a c i t y operations by 
a i r c r a f t with wheel loads of 60,000 l b . 

Step No. 4 - I f d e s i g n for c a p a c i t y 
o p e r a t i o n s i s based upon a wheel load 
of 50,000 l b ( s i n g l e t i r e ) , the design 
f o r l i m i t e d o p e r a t i o n s or emergency 
landings w i l l i n t h i s case be based upon 

50,000 
a wheel load of ( ) = 43,500 l b . 

1.15 
That i s , for purposes of desi g n a 

w h e e l l o a d o f 43,500 l b a t 0 . 5 - i n . 
d e f l e c t i o n for one l o a d i n g i s equiva
l e n t to a wheel load of 50,000 l b a t 
O.S-in. d e f l e c t i o n for 10 r e p e t i t i o n s , 
when the contact area remains constant. 

S t e p No. 5-For a s u b g r a d e cone 
b e a r i n g v a l u e of 260 p s i and a wheel 
l o a d o f 43,500 l b . F i g . 97 i n d i c a t e s 
t h a t 19 i n , of g r a n u l a r base are r e 
quired for runways. For a Housel pene
trometer r a t i n g of 15 blows, 21 i n . of 
granular base are i n d i c a t e d . Averaging 
these two requirements g i v e s a t h i c k 
ness of 20 i n 

Ther e f o r e , a runway c o n s t r u c t e d on 
t h i s subgrade w i l l r e q u i r e 20 i n . of 
g r a n u l a r base or i t s e q u i v a l e n t , f o r 
emergency landings or l i m i t e d operations 
b y a i r c r a f t with wheel loads of 60,000 l b . 

Step No. 6-The t h i c k n e s s of granu
l a r base required for a taxiway, apron, 
o r turnaround, can a l s o be o b t a i n e d 
from F i g . 97 by i n t e r p o l a t i o n . For a 
wheel load of 50,000 l b , asubgrade cone 
be a r i n g value of 260 p s i and a Housel 
penetrometer r a t i n g of IS blows 34 and 

36 i n . of g r a n u l a r base are i n d i c a t e d 
r e s p e c t i v e l y , g i v i n g 35 i n as the 
average value. 

Consequently, a taxiway, apron, or 
turnaround constructed on t h i s subgrade 
w i l l require 35 i n . of granular base or 
I t s equivalent, for c a p a c i t y operations 
by a i r c r a f t with wheel loads of 60, 000 lb. 

Step No. 7- I t was i n d i c a t e d i n Step 
No. 4 t h a t f o r purposes of d e s i g n , a 
wheel l o a d o f 43,500 l b a t 0 . 5 - i n . 
d e f l e c t i o n for one loading i s equivalent 
to a wheel load of 50,000 l b at 0.5-in 
d e f l e c t i o n for 10 r e p e t i t i o n s , when the 
contact area remains the same 

Step No. 8-The thickness of granular 
base r e q u i r e d for a taxiway, apron, or 
turnaround, can be obtained from F i g 97 
For a wheel load of 43,500 l b , a sub-
grade cone b e a r i n g v a l u e of 260 p s i 
and a Housel penetrometer r a t i n g of 15 
blows, 30 and 32 i n . of granular base 
are i n d i c a t e d r e s p e c t i v e l y , giving 31 i n . 
as the average value. 

Therefore, a taxiway, apron, or t u r n 
around constructed on t h i s subgrade w i l l 
require 31 i n . of granular base, or i t s 
e q u i v a l e n t , for emergency landings or 
l i m i t e d o p e r a t i o n s by a i r c r a f t w i t h 
wheel loads of 60,000 lb. 

NOTE: I f d e s i r e d , the subgrade cone 
bearing and Housel penetrometer r a t i n g s 
can be converted to t h e i r corresponding 
p l a t e bearing values, 30-in. p l a t e , 0.5-in. 
d e f l e c t i o n , 10 r e p e t i t i o n s of load, by 
means of F i g . 48 and 51, r e s p e c t i v e l y 
The r e q u i r e d t h i c k n e s s of gr a n u l a r base 
for a runway, or taxiway, e t c . , can then 
be obtained by means of the steps o u t l i n e d 
under Sample Calculation No. 3. I t i s 
recommended that t h i s be done i n any case 
to provide a check. 

The second part of the note at the end 
of Sample Calculation No. 2 i s e q u a l l y 
a p p l i c a b l e to 5aaple C a l c u l a t i o n No. i. 

HIGHWAYS 

EVALUATING THE BEABING CAPACITY 
OF A FLEXIBLE PAVEMENT 

Saaple C a l c u l a t i o n JVo. 5 
( a ) The fol l o w i n g load t e s t data have 
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A P P R O X W A T C RANGES O F T I R C P R E S S U R E S IN 

P S I F O R D I F F E R E N T VEHICLE W H E E L L 0 A D I R S 8 
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THIS CHART APPLIES TO 
A DEFLECTION RANCE OF 

O J S T O O r INCH 

IT 

OSSi OSS 0 4 0 
PERIMETER—AREA RATIO P/A 

F i g . E Diagram f o r E v a l u a t i n g Load C a r r y i n g C a p a c i t y 
o f Highways w i t h F l e x i b l e Pavements 

been o b t a i n e d a t e i g h t r e p r e s e n t a t i v e 
l o c a t i o n s on the s u r f a c e of a s e c t i o n of 
paved highway at the most c r i t i c a l period 
of the year, for a 12-in. p l a t e , a t 0.5-in. 
d e f l e c t i o n , and 10 r e p e t i t i o n s of load. 

What 18 the maximum wheel l o a d t h a t 
can be c a r r i e d by t h i s s e c t i o n of highway 
for a high d e n s i t y of t r a f f i c ? 

Total Load in Poundt 

6790 
6710 
6680 
6470 
6390 
6340 

Lower q u a r t i l e point 6220 
6100 
5980 

Step No. 1-The lower q u a r t i l e p o i n t 
18 6220 lb. Since the area of a 12-in. 
diameter b e a r i n g p l a t e i s 113 sq i n . , 
t h i s corresponds to a u n i t load of 55 p s i . 

Step No. 2-The ^ r a t i o for a 12-in. 
b e a r i n g p l a t e i s 0.333. 

In g e n e r a l , as highway wheel loads 

i n c r e a s e , t i r e p r e s s u r e and c o n t a c t 
areas i n c r e a s e , and the ^ r a t i o s of the 
c o n t a c t a r e a s t h e r e f o r e d e c r e a s e . 
Figure E i s a graph of u n i t load i n p s i 
versus ^ r a t i o . Across the top of the 
graph, the t i r e p r e s s u r e s which a r e 
normal f o r each range of ̂  r a t i o are 
g iven. 

The data a c r o s s the top of F i g . E 
i n d i c a t e that a u n i t pressure of 55 p s i 
and a ̂  r a t i o of 0.333 ( 1 2 - i n . p l a t e ) 
do not correspond. The problem, there
f o r e , i s to f i n d the s m a l l e r c o n t a c t 
a r e a ( l a r g e r ^ r a t i o ) and the c o r r e s 
pondingly higher u n i t p r e s s u r e , which 
are u a u a l l y a s s o c i a t e d with each other. 

Point Q i n F i g . E r e p r e s e n t s s u n i t 
l o a d of 55 p s i f o r a 1 2 - i n . p l a t e , 
(^ r a t i o 0.333). The dashed l i n e QB 
I S drawn t o the r i g h t a p p r o x i m a t e l y 
p a r a l l e l to the two n e a r e s t o b l i q u e 
l i n e s . I t s a c t u a l s l o p e , as w e l l as 
t h a t o f a l l the o b l i q u e l i n e s on the 
graph, i s such t h a t the r a t i o of the 
u n i t load supported on a 12-in. p l a t e 
V e r s u s that supported on a 30-in. p l a t e 
i s 2.4 (see F i g s . 39 and A). L i n e Qft 
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F i g . F Diagram f o r E v a l u a t i n g Load C a r r y i n g C a p a c i t y 
o f Highways w i t h F l e x i b l e Pavements 

I S p r o j e c t e d to R, the c o o r d i n a t e s of 
which i n d i c a t e ttaat the u n i t l o a d o^ 
the l e f t hand si d e of the graph, 70 p s i , 
I S equal to the t i r e p r e s s u r e w i t h i n 
one of the ranges shown acr o s s the top 
of the graph. 

The v e r t i c a l dashed l i n e AS through 
R c u t s the a b s c i s s a a t the r e q u i r e d 
J r a t i o , 0.424. 

Step No. 3-The t o t a l load c o r r e s 
ponding to a t i r e p r e s s u r e of 70 p s i 
and a ^ r a t i o of 0.424 can be c a l c u 
l a t e d , but may be read d i r e c t l y from 
F i g . F 

From point S at a J r a t i o of 0.424 
in F i g F, the dashed v e r t i c a l l i n e ST 
IS drawn to i n t e r s e c t the t i r e pressure 
curve l a b e l l e d 70 p s i , a t T. From T, 
the h o r i z o n t a l broken l i n e TV i s drawn 
to cut the ordinate a x i s at (/, the r e 
quired, value for the t o t a l load, 4,900 lb. 

T h e r e f o r e , the maximum wheel load 
which t h i s s e c t i o n of paved highway can 
c a r r y a t a high d e n s i t y of t r a f f i c , 
I S 4,900 l b 
(b) The f o l l o w i n g load t e s t data have 

been o b t a i n e d a t e i g h t r e p r e s e n t a t i v e 
l o c a t i o n s on the s u r f a c e of a s e c t i o n of 

paved highway at the most c r i t i c a l period 
of the year, for a 12-in. p l a t e , a t 0 . 5 - i n . 
d e f l e c t i o n and 10 r e p e t i t i o n s of load. 

What I S the maximum wheel load t h a t 
can be c a r r i e d by t h i s s e c t i o n of highway 
for a high density of t r a f f i c ^ 

T o t a l Load in Pounds 

16200 
15600 
15400' 
14300 
14100 
13600 

Lower q u a r t i l e point 13000 
12400 
11000 

Step No. 1-The lower q u a r t i l e point 
occurs at a t o t a l load of 13,000 l b , or 
at a u n i t load of 115 ps i . 

Step No. 2-Point F i n F i g . E repre
s e n t s a u n i t l o a d of 115 p s i f o r a 
12-in. p l a t e ( J r a t i o = 0.333). Draw 
FG to the l e f t approximately p a r a l l e l 
to the two nearest olilique l i n e s , u n t i l 
the coordinates of C i n d i c a t e t h a t the 
value of u n i t p r e s s u r e along the l e f t 
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hand s i d e of the graph, 1 0 0 p s i , i s 
e q u a l t o one o f the t i r e p r e s s u r e 
ranges shown across the top of the graph. 

The v e r t i c a l l i n e GU c u t s the al>-
s c i s s a a t the r e q u i r e d v a l u e of the 
J r a t i o , 0 . 2 8 8 . 

Step No. 3-The t o t a l load c o r r e s 
ponding to a t i r e p r e s s u r e of 100 p s i 
and a ^ r a t i o of 0 . 2 8 8 , can be r e a d 
d i r e c t l y from F i g . F. 

From point H of F i g . F ( J = 0 . 2 8 8 ) , 
the dashed v e r t i c a l l i n e HJ is drawn to 
i n t e r s e c t the t i r e p r e s s u r e c u r v e 
l a b e l l e d 100 ps i . From J, the horixon-
t a l broken l i n e JK i s drawn to cut the 
o r d i n a t e a x i s at K, the r e q u i r e d value 
for the t o t a l load, 1 5 . 1 0 0 lb. 

T h e r e f o r e , the maximum wheel l o a d 
which t h i s s e c t i o n of paved highway can 
c a r r y f o r a high i n t e n s i t y of t r a f f i c 
i s 15,000 l b . 

Sample Calculation Ho. 6 

The pavement on a g i v e n s e c t i o n o f 
highway c o n s i s t s of 2 i n . of a s p h a l t i c 
c o n c r e t e and 8 i n . of g r a n u l a r b a s e 
course. No load t e s t equipment was a v a i l 
a b l e , but the f o l l o w i n g cone b e a r i n g 
and Housel penetrometer data were obtained 
a t eight r e p r e s e n t a t i v e l o c a t i o n s for the 
top 18 i n . of the subgrade a t the most 
c r i t i c a l time of year. 

What I S the maximum wheel load t h a t 
can be c a r r i e d by t h i s s e c t i o n of highway 
for a high density of t r a f f i c ^ 

Cone bearing 
data 
pti 

295 
270 
240 ' 
230 
215 
210' 

Lower q u a r t i l e 
point 
190 
175 

Housel penetrometer data 
Number of blova for a 
penetration of 6 in. 

24 
22 
21 
20 
17 
16 

200 15 
14 
12 

Step No. 1-The lower q u a r t i l e values 
are 200 p s i for the cone bearing data, 
and I S blows f o r the Honsel pe n e t r o 
meter t e s t s . 

Step No. 2 - I f the base cour s e and 
s u r f a c e are c o n s i d e r e d e q u i v a l e n t to 
10 i n . of granular base i n load support
ing value. F i g . 100 i n d i c a t e s that for 
a subgrade cone bearing value of 200 p s i 
the load supporting value of the high
way 18 8,800 l b , and f o r the H o u s e l 
p e n e t r o m e t e r r a t i n g of 15 blows, i s 
9,600 l b . Averaging these two v a l u e s 
gives a load c a r r y i n g capacity of 9.2001b. 

T h e r e f o r e , the maximum wheel load 
which t h i s s e c t i o n of paved highway can 
c a r r y for a high i n t e n s i t y of t r a f f i c 
I S 9,200 l b . 
FLEXIBLE PAVEMENT DESIOV FOR HIQIWAYS 

Sample Calculation No. 7 

( a ) What t h i c k n e s s of g r a n u l a r base 
18 required to c a r r y a highway wheel load 
of 4,500 l b a t a t i r e p r essure of 70 p s i 
for a high density of t r a f f i c , when p l a t e 
b e a r i n g t e s t s ( 1 2 - i n . p l a t e , 0 . 5 - i n . 
d e f l e c t i o n , 10 r e p e t i t i o n s of l o a d ) on 
the cohesive subgrade i n i t s most c r i t i 
c a l c o n d i t i o n , given the f o l l o w i n g data 
f o r e i g h t r e p r e s e n t a t i v e l o c a t i o n s on a 
s e c t i o n of highway? 

Total Load in Poundt 

4870 
4620 
4360 
4230 
4090 
4050 

Lower q u a r t i l e point 3960 
3870 

3620 

Step No. 1-The lower q u a r t i l e value 
o c c u r s a t a t o t a l load of 3960 l b , or 
at a u n i t load of 35 p s i . 

S t e p No. 2 -For a w h e e l l o a d of 
4,500 lb and a t i r e pressure of 70 p s i , 
the c o n t a c t a r e a i s 64.3 sq i n . From 

p 
F i g G, the c o r r e s p o n d i n g r a t i o 
1 8 0.442. 

Step No. 3 - I t 18 r e q u i r e d to deter
mine the u n i t load f o r a c o n t a c t area 
o f 64.3 s q i n . (^ r a ^ t i o s 0 . 3 3 3 ) , 
which c o r r e s p o n d s to a u n i t l o a d of 
35 p s i on a 12-in. p l a t e . 

I n F i g . H, p o i n t 17 r e p r e s e n t s a 
u n i t load of 35 p s i on a 12-in. p l a t e , 
( J = 0.333). The dashed v e r t i c a l l i n e 
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ID I M 

039 0 40 0 4B 
P E R I M E T E R - A R E A R A T I O 

MO 
P / A 

F i g . G C o n t a c t Area Versus P e r i m e t e r - A r e a R a t i o 
f o r Highway Wheel Loadings 

19,18 marks a ̂  r a t i o of 0.442. Broken 
l i n e 17,18 i s drawn t o t h e r i g h t 
approximately p a r a l l e l to the n e a r e s t 
o b l i q u e l i n e s . The a c t u a l s l o p e of 
17,18 I S such that the u n i t load on a 
12-in. p l a t e i s twice that for a 30-in. 
p l a t e ( s e e F i g s . 37 and D ) . From 
point 18, at the i n t e r s e c t i o n of dashed 
l i n e s 17,18 and 19,18, the h o r i z o n t a l 
broken l i n e 18,20 i s drawn, which cuts 
the ordinate a x i s at point 20, at which 
the u n i t pressure i s 44. 5 p s i . That i s , 
t h e u n i t p r e s s u r e of 44.5 p s i f o r a 
^ r a t i o o f 0.442 ( c o n t a c t a r e a of 
64.3 s q i n . ) , i s the re q u i r e d value of 
subgrade s u p p o r t c o r r e s p o n d i n g to a 
u n i t p r e s s u r e of 35 p s i on a 1 2 - i n . 
p l a t e . Therefore, the load supporting 
v a l u e o f the subgrade f o r a c o n t a c t 
a r e a of 64.3 sq i n . i s ( 6 4 . 3 ) ( 4 4 . 5 ) 
e q u a l s 2860 l b . 

Step No. 4-For a subgrade support of 
2860 l b and an a p p l i e d wheel load o f 
4500 l b , i n t e r p o l a t i o n m F i g . 99 i n d i 
c a t e s t h a t the r e q u i r e d t h i c k n e s s of 
granular base i s 13 i n . 

The necessary t h i c k n e s s may a l s o be 
c a l c u l a t e d d i r e c t l y by means of equa
t i o n (15) 

4.500 
T = 65 log 

a l 2 . 7 in. 
T h e r e f o r e , the s e c t i o n of highway 

• c o n s t r u c t e d on t h i s subgrade w i l l r e 
q u i r e 13 i n . of g r a n u l a r base or i t s 
e q u i v a l e n t , to c a r r y a maximum wheel 
l o a d of 4,500 l b f o r a high d e n s i t y 
of t r a f f i c . 

(b) What thickness of granular base i s 
required to ca r r y a highway wheel load of 
13,000 l b a t a t i r e p r e s s u r e of 100 p s i 
for a high density of t r a f f i c , when p l a t e 
bearing t e s t s ( 1 2 - i n . p l a t e , O.S-in. de
f l e c t i o n , 10 r e p e t i t i o n s of load) on the 
c o h e s i v e subgrade i n i t s most c r i t i c a l 
c o n d i t i o n , give the f o l l o w i n g data f o r 
12 r e p r e s e n t a t i v e l o c a t i o n s on a s e c t i o n 
of highway? 
Total Load in Pounds 

9550 
9460 
9240 
9070 
8920 
8830 

8740 
8690 
8620 

Lower q u a r t i l e 
point 8500 

8380 
8240 
8120 
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APfROXIHATE RANGES OF T I R E P R E S S U R E S IN 

P S I F O R D I F F E R E N T VEHICLE WHEEL LOADINGS 

-12 - sa. 

rwiT CHAPr APPLIES T O 
A C E F L E C T I O N RANGE O F 

2 1 0 0 5 INCH 

PERIMETER—AREA RATIO P /A 

F i g . H Diagram f o r E v a l u a t i n g Load C a r r y i n g C a p a c i t y 
o f Subgrades f o r Highways ( F l e x i b l e Pavements) 

Step No. 1-The lower q u a r t i l e value 
of subgrade support o c c u r s a t a t o t a l 
l o a d of 8,500 l b , or a t a u n i t l o a d 
o f 75 p s i . 

S t e p No. 2- F o r a wheel l o a d o f 
13,000 lb and a t i r e pressure of 100 p s i 
the c o n t a c t a r e a i s 130 sq i n . From 
F i g G, t h e c o r r e s p o n d i n g ^ r a t i o 
I S 0.311 

S t e p No. 3 - P o i n t 13 on F i g . H 
r e p r e s e n t s a u n i t load of 75 p s i on a 
12-in. p l a t e . The broken v e r t i c a l l i n e 
15,14 marks a ̂  r a t i o of 0.311. The 
dashed l i n e 13,14 i s drawn approximately 
p a r a l l e l to the n e a r e s t oblique l i n e s . 
The h o r i z o n t a l broken l i n e 14.16 c u t s 
the ordinate a x i s at point 16, at which 
the u n i t pressure i s 70 1 p s i . That i s , 
a u n i t p r e s s u r e of 70.1 p s i f o r a 
r a t i o of 0.311 (contact 'area 130 sq i n . ) 
1 8 the r e q u i r e d v a l u e o f s u b g r a d e 
support corresponding to a u n i t pressure 
of 75 p s i on a 12-in. p l a t e . 

Therefore, the load supporting value 
of the subgrade for a c o n t a c t area of 
130 sq i n . I S (130)(70.1) = 9,120 l b . 

Step No. 4-For a subgrade support of 

9120 l b and an a p p l i e d wheel load of 
13,000 l b . I t can be d e t e r m i n e d by 
e x t r a p o l a t i o n i n F i g . 99 t h a t the r e 
q u i r e d t h i c k n e s s o f g r a n u l a r b a s e 
c o u r s e f o r t h i s s e c t i o n o f highway 
I S 10 i n . 

The r e q u i r e d t h i c k n e s s of g r a n u l a r 
b a s e may be c a l c u l a t e d d i r e c t l y by 
means of equation (15) ggg 

T = 65 log (- — •--) 
9,120 

- 10.0 i n . 
T h e r e f o r e , the s e c t i o n of highway 

c o n s t r u c t e d on t h i s subgrade w i l l r e 
q u i r e 10 i n . of g r a n u l a r base or i t s 
e q u i v a l e n t , to c a r r y a maximum wheel 
load of 13,000 lb when the i n t e n s i t y of 
the t r a f f i c i s to be high. 

Sample Calculation No. 8 

What thickness of granular base course 
I S required to carry a highway wheel load 
of 12,000 l b , when the f o l l o w i n g cone 
b e a r i n g and Housel penetrometer v a l u e s 
have been obtained for the top 18 i n . of 
th e s u b g r a d e ( c o h e s i v e ) i n i t s most 
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c r i t i c a l c o n d i t i o n o f m o i s t u r e and 
dens i t y at eight r e p r e s e n t a t i v e locations'' 

Houstl penetroaeter data 
Cone hearing Sumber of blons for 

data penetration of 6 m. 
psi 

280 21 
260 18 
235 17 
210 14 
190 13 
185 11 

Lower q u a r t i l e 
point 175 10 
165 9 
150 8 

Step No. 1-The lower q u a r t i l e values 
are 175 p s i for the cone bearing t e s t s , 
a-nd 10 blows for the Housel penetro
meter data 

Step No 2-For a subgrade cone bear
ing value of 175 p s i and a highway wheel 
load of 12,000 l b . F i g 100 i n d i c a t e s 
t h a i 1 8 - i n . of g r a n u l a r base a r e r e 
q u i r e d For a H o u s e l p e n e t r o m e t e r 
r a t i n g of 10 blows, 21 i n . of base are 
needed. The a v e r a g e f o r t h e s e two 
thi c k n e s s requirements i s 19.5 i n . 

T h e r e f o r e , the s e c t i o n of highway 
c o n s t r u c t e d on t h i s subgrade w i l l re-' 
quire 19.5 i n . of granular base or i t s 
e q u i v a l e n t to c a r r y a wheel l o a d of 
12,000 lb for a high density of t r a f f i c . 

NOTE- I f p r e f e r r e d , the s o l u t i o n to 
Saaple Calculation No. 8 can be obtained 
by f i r s t c o n v e r t i n g the subgrade cone 
be a r i n g a n d Housel penetrometer r a t i n g s 
t o t h e i r c o r r e s p o n d i n g p l a t e b e a r i n g 
V a l u e s , 12-in. p l a t e , 0.5-in. d e f l e c t i o n , 
and 10 r e p e t i t i o n s of load, by means of 
tig 66, or F i g s 65 and 27. The r e 
qu i r e d t h i c k n e s s of granular base for a 
s e c t i o n of highway can then be obtained 
by means of the s t e p s o u t l i n e d under 
Sample C a l c u l a t i o n A'o, 7. 

The second part of the note f o l l o w i n g 
S a a p l e C a l c u l a t i o n JVo. 2 i s e q u a l l y 
a p p l i c a b l e to Sample CaXculationa No. 6, 
7, and 8. 
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DISCUSSION 

Gregory P. T c h e b o t a r i o f f 
P r i n c e t o n University 

The v e r y c a r e f u l s t u d y r e p o r t e d 
b y Mr. McLeod r a i s e s a number o f 
i m p o r t a n t p r a c t i c a l q u e s t i o n s . Of 
p a r t i c u l a r i n t e r e s t i s the r e p o r t e d 
s a t i s f a c t o r y p e r f o r m a n c e o f t h e 
D o r v a l A i r p o r t under a i r p l a n e wheel 
l o a d s f a r e x c e e d i n g t h e ones w h i c h 
f o l l o w f r o m s t a n d a r d m e t h o d s o f 
d e s i g n based on t h e CBR t e s t . I t 
a p p e a r s j e s s e n t i a l t o a s c e r t a i n t h e 
c a u s e s o f t h e d i s c r e p a n c y b etween 
t h e o r e t i c a l and a c t u a l p e r f o r m a n c e 
a t t h a t a i r p o r t . 

T h e r e i s no d o u b t t h a t t h e CBR 
t e s t has p e r f o r m e d an e x t r e m e l y 
i m p o r t a n t a n d u s e f u l f u n c t i o n 
d u r i n g t h e war p e r i o d . I t p r o v i d e d 
a y a r d s t i c k f o r t h e s a t i s f a c t o r y 
and s a f e d e s i g n o f numerous a i r 
p o r t s . The f r e q u e n t c r i t i c i s m t h a t 
such d e s i g n s were t o o c o n s e r v a t i v e 
c o u l d n o t c a r r y much w e i g h t u n d e r 
w a r t i m e c o n d i t i o n s . A t t h e p r e s e n t 
t i m e , h o w e v e r , a c a r e f u l r e c o n 
s i d e r a t i o n o f p o s s i b l y t o o c o n s e r v a 
t i v e m e t h o d s i s i n d i c a t e d . A t 
l e a s t p o s s i b l e l i m i t a t i o n s o f such 
m e t h o d s s h o u l d be e x a m i n e d . The 
r e p o r t e d p e r f o r m a n c e o f t h e D o r v a l 
a i r p o r t i n Canada s h o u l d n o t be 
l e f t w i t h o u t f u r t h e r s t u d y i n t h i s 
c o u n t r y . 

The w r i t e r ' s f i r s t t h o u g h t on 
t h e m a t t e r was t h a t p o s s i b l y t h e 
c l a y s o i l a t D o r v a l m i g h t be o f a 
t y p e w h i c h i s v e r y s e n s i t i v e t o 
r e m o l d i n g . I t m i g h t t h e n be co n 
c e i v a b l e t h a t t h e CBR t e s t , b e i n g 
a c o n t r o l l e d s t r a i n t y p e o f ' t e s t , 
m i g h t p r o d u c e a b r e a k d o w n o f t h e 
s t r u c t u r e a r o u n d t h e edges o f t h e 
r i g i d p l u n g e r a t an i n d u c e d down
w a r d m o t i o n s m a l l e r t h a n t h e one 
s p e c i f i e d , w i t h a r e s u l t i n g s u b
sequent decrease o f c l a y r e s i s t a n c e 
t o p e n e t r a t i o n . However, t h i s does 
n o t appear t o be a l i k e l y e x p l a n a 
t i o n . The w r i t e r p e r f o r m e d a few 

CBR t y p e t e s t s on u n d i s t u r b e d 
s a m p l e s o f a v a r v e d c l a y w i t h a 
c o m p a r a t i v e l y h i g h a v e r a g e v a l u e 
o f t h e s e n s i t i v i t y r a t i o (S 1 2 ) . 
The r e s u l t s d i d n o t c o n f i r m t h e 
a b o v e s u p p o s i t i o n . 

S i n c e t h e f i e l d CBR v a l u e i n an 
unsoaked and u n d i s t u r b e d c o n d i t i o n 
was a l s o v e r y l o w , a breakdown o f 
a p o s s i b l y b r i t t l e s o i l s t r u c t u r e 
due t o e x c e s s i v e c o m p a c t i o n o f t h e 
t y p e r e p o r t e d b y M r . B e d r i c h 
F r u h a u f i n h i s v e r y i n t e r e s t i n g 
p a p e r , " S t u d y o f L a t e r i t i c S o i l s " 
a l s o does n o t appear p r o b a b l e . 

The w r i t e r t h e r e f o r e can o n l y 
u r g e v e r y s t r o n g l y t h a t t h e causes 
o f t h e above d i s c r e p a n c i e s between 
d e s i g n and p e r f o r m a n c e b e f u r t h e r 
s t u d i e d , t r a c k e d down, a n d t h e 
r e s u l t s made p u b l i c . C o u l d i t be 
t h a t t h e s o - c a l l e d " a c c e l e r a t e d 
t r a f f i c t e s t s , " w h i c h were used t o 
c o r r e l a t e t h e CBR t e s t d a t a w i t h 
p a v e m e n t d e s i g n c u r v e s , d i d n o t 
s u f f i c i e n t l y e m phasize t h e f a c t o r 
o f d i s t r i b u t i o n o f t r a f f i c , t h e 
i m p o r t a n c e o f w h i c h f a c t o r has been 
r e c e n t l y b r o u g h t o u t by Mr. L. A. 
P a l m e r ? ^ 

Thomas B. P r i n g l e 
and Frank B. Hennion 

Runaays Section, Airfields Branch 
Wor Department, Office of the 

Chief of Engineers 

T h i s d i s c u s s i o n w i l l be l i m i t e d t o 
a b r i e f a n a l y s i s o f t h e d a t a ob
t a i n e d f r o m Dr. McLeod's pavement 
i n v e s t i g a t i o n s a t 10 a i r f i e l d s i n 
C a n a d a . T h e p a p e r d e a j s w i t h 
p l a s t i c s ubgrade, t h e r e b y e l i m i n a t 
i n g two f i e l d s w i t h sand subgrades 
f r o m c o n s i d e r a t i o n . The d a t a ob
t a i n e d f r o m t h e r e m a i n i n g e i g h t 
f i e l d s ' a p p a r e n t l y f o r m t h e b a s i s 
f o r D r . M c L e o d ' s c o n c l u s i o n s 
r e l a t i v e t o U.S. d e s i g n m e t h o d s 

^ p r o c e e d i n g s . Highway R e s e a r c h Board, 
Vol. 24, p. 425 (1944) 
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and t h e a s s u m p t i o n s u s e d i n h i s 
p r o p o s e d d e s i g n p r o c e d u r e f o r ' 
f l e x i b l e pavemerTts. 

An i m p o r t a n t c o n s i d e r a t i o n i n 
U.S. d e s i g n i s m a i n t e n a n c e c o s t s . 
C o r p s o f E n g i n e e r s d e s i g n p r o 
cedures a rebased on a 25-yr s e r v i c e 
p e r i o d f o r t h e p a v e m e n t w i t h 
n o m i n a l m a i n t e n a n c e . Dr. McLeod's 
p a p e r f a i l s t o r e v e a l m a i n t e n a n c e 
c o s t s f o r t h e e i g h t a i r f i e l d s i n 
v e s t i g a t e d . The d i s r e g a r d o f 
m a i n t e n a n c e c o s t s c o u l d w e l l l e a d 
t h e r e ader t o e r r o n e o u s c o n c l u s i o n s 
as t o t h e e conomy o f t h i n b a s e 
cours e s i n f l e x i b l e pavement d e s i g n . 
F o r i n s t a n c e , t h e Corps o f E n g i n 
e e r s has p r e p a r e d e v a l u a t i o n r e p o r t s 
f o r t h r e e o f t h e 10 a i r f i e l d s i n 
v e s t i g a t e d by D r . McLeod. These 
f i e l d s a r e F t . N e l s o n , G r a n d e 
P r a i r i e , and F t . S t . John. Comments 
o f t h e e v a l u a t i n g e n g i n e e r r e g a r d 
i n g r e c o n s t r u c t i o n and r e s u r f a c i n g 
a t t h e s e t h r e e a i r f i e l d s t o g e t h e r 
w i t h i n f o r m a t i o n f o r o t h e r a i r f i e l d s 
i n C a n a d a , n o t i n c l u d e d i n D r . 
McLeod's i n v e s t i g a t i o n , a r e p r e 
s e n t e d i n T a b l e A. 

The d a t a i n T a b l e A were c o l l e c t e d 
d u r i n g t h e e v a l u a t i o n o f t h e a i r 
f i e l d s i n 1945. 

O t h e r C a n a d i a n a i r f i e l d s w h i c h 
have f a i l e d under i n c r e a s e d t r a f f i c 
a r e C h u r c h i l l and G a n d e r > L a k e . 
R e p r e s e n t a t i v e s o f t h e U.S. Army 
have r e p o r t e d v i s u a l e v i d e n c e o f 
i m m i n e n t p a v e m e n t f a i l u r e s a t 
U p l a n d s . 

The f o r e g o i n g d a t a are p r e s e n t e d 
n o t f o r t h e purpose o f d i s c r e d i t i n g 
C a n a d i a n d e s i g n p r o c e d u r e s , b u t 
r a t h e r t o a t t e m p t t o show t h a t 
l i g h t p a v e m e n t d e s i g n s , w h i c h 
p r o v e s a t i s f a c t o r y f o r t h e l i m i t e d 
t r a f f i c t h a t had been a n t i c i p a t e d 
f o r most C a n a d i a n f i e l d s f a i l e d 
q u i c k l y u n d e r i n c r e a s e d w a r t i m e 
t r a f f i c . 

I t i s the o p i n i o n o f the w r i t e r s 
t h a t t h e Canadian d e s i g n method o r 
p r o c e d u r e i s s u b s t a n t i a l l y what has 
been known i n t h i s c o u n t r y as s t a g e 
c o n s t r u c t i o n . S t a g e c o n s t r u c t i o n 

has been w i d e l y p r a c t i c e d i n t h e 
p a s t by highway d e p a r t m e n t s p a r t i 
c u l a r l y when funds were l i m i t e d and 
t r a f f i c l i g h t . F l e x i b l e pavements 
a r e w e l l s u i t e d t o t h i s t y p e o f 
c o n s t r u c t i o n because as r e q u i r e m e n t s 
i n c r e a s e , t h i c k e r a n d h i g h e r 
q u a l i t y p a v e m e n t s a r e a d d e d and 
even a c e r t a i n amount o f f a i l u r e 
can be t o l e r a t e d . Such i n f o r m a t i o n 
a s I S a v a i l a b l e t o us m a k e s u s 
b e l i e v e t h a t whether i n t e n t i o n a l o r 
n o t , s t a g e c o n s t r u c t i o n i s b e i n g 
p r a c t i c e d by t h e C a n a d i a n s . E v i 
dence o f t h i s I S shown by the r e c o n 
s t r u c t i o n a n d a d d i t i o n s t o t h e 
pavements l i s t e d i n T a b l e A. 

7 r o / / i c : T h e C o r p s o f E n g i n e e r s 
d e s i g n i s based on a g i v e n l o a d i n g , 
o p e r a t i n g a t a v e r y h i g h d e n s i t y o f 
t r a f f i c f o r a p e r i o d o f a p p r o x i 
m a t e l y 25 y r . For heavy p l a n e s , 
t h i s d e n s i t y o f t r a f f i c i s n o r m a l l y 
assumed t o be 100 o r more o p e r a 
t i o n s per day, and f o r l i g h t p l a n e s 
1,000 t o 1,500 o p e r a t i o n s per day. 
U.S. d e s i g n p r e s u p p o s e d t h a t t h i s 
t y p e o f o p e r a t i o n may be c o n t i n u e d 
f o r a 2 5 - y r p e r i o d w i t h o u t heavy 
m a i n t e n a n c e . Dr. McLeod's p a p e r 
i n d i c a t e s t h a t t r a f f i c d e n s i t i e s 
f o r t h e f i e l d s i n v e s t i g a t e d have 
n o t a p p r o a c h e d t h e f i g u r e s i n d i 
c a t e d above ( o n l y a v e r y l i m i t e d 
number o f heavy p l a n e s a p p a r e n t l y 
used t h e f i e l d s ) and i n a d d i t i o n , 
t h e s e t r a f f i c d e n s i t i e s have been 
m a i n t a i n e d f o r a p e r i o d o f 6 y r 
o r l e s s . 

The 100 o p e r a t i o n s p e r day f o r 
heavy p l a n e s assumed f o r Corps o f 
E n g i n e e r s d e s i g n i s c o n s e r v a t i v e as 
i s shown Ly t h e f o l l o w i n g y e a r l y 
t r a f f i c volumes t a k e n f r o m t r a f f i c 
r e p o r t s o f Army A i r Force o p e r a t i o n : 
F i e l d A - 250',000; F i e l d B - 230,000 
F i e l d C - 183,000; and F i e l d E -
1 8 0 ,000. The f i g u r e s q u o t e d a r e 
t h e n u m b e r o f o p e r a t i o n s f o r a 
1 - y r p e r i o d b y p l a n e s i n t h e 
35,000 t o 75,000 l b c l a s s . These 
f i g u r e s do n o t r e p r e s e n t t r a f f i c o f 
t h e v e r y h e a v y c l a s s p l a n e s , b u t 
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TABLE A 

A i r f i e l d S o i l Type 
Sub , 
Base 
i n . 

Grande P r a i r i e Heavy c l a y 9 to 10 

E x i s t i n g 
Base 

10 

Watson Lake 

Fort Nelson 

F t . St. John 

Edmonton 

Gran, i n 
c l a y f i n e s 

Sand over 
c l a y 

P l a s t i c 
subgrade 

Heavy c l a y 

11 

9 to 10 9 to 9K 

9 to 13 6X to 14 

Asphalt 
Surface 
Course 

i n . 

5 to 6 

5 to GA 

3}i to 4 

Concrete pavement 

Remarks 

Runways, were reconstructed 
in 1944-1945 and s u r f a c i n g 
was increased from 2 i n . 
to 5 i n . minimum. 
U4 i n . a s p h a l t i c s u r f a c i n g 
on rupways was increased 
to 5 in. i n 1943. 
3 i n . a s p h a l t i c s u r f a c i n g 
on runway was increased to 
6 i n . + i n 1944. 
Portions of runwsy, t s z i -
way and apron were recon
s t r u c t e d i n 1944. 
Asphalt surfaced taxiways 
and runways were recon
s t r u c t e d , using Portland 
cement concrete pavement. 

a r e r e p r e s e n t a t i v e o f t h e h e a v i e s t 
c l a s s c o n s i d e r e d by D r . McLeod's 
t r a f f i c d a t a . L i g h t p l a n e o p e r a t i o n 
f o r numerous f i e l d s has l i k e w i s e 
e q u a l l e d o r e x c e e d e d t h e t r a f f i c 
d e n s i t y c r i t e r i a i n d i c a t e d above. 

I n o r d e r t o check d e s i g n assump
t i o n s , t h e Corps o f E n g i n e e r s has 
m a i n t a i n e d a r e c o r d o f f a i l u r e s 
o c c u r r i n g a t Army A i r F o r c e a i r 
f i e l d s . These r e p o r t s i n d i c a t e i n 
g e n e r a l t h a t f a i l u r e s r e s u l t when 
t h e p a v e m e n t s a r e s u b j e c t e d t o 
i n t e n s e t r a f f i c by l o a d i n g s i n 
excess o f t h e f i e l d e v a l u a t i o n s . 

Frost A c t i o n : I t i s r e g r e t a b l e t h a t 
Dr. McLeod's paper does n o t i n c l u d e 
a d i s c u s s i o n o f t h e d e t r i m e n t a l 
e f f e c t s o f f r o s t a c t i o n on f l e x i b l e 
p a v e m e n t s . T h i s has l o n g been a 
p r o b l e m c o n f r o n t i n g h i g h w a y e n g i n 
e e r s i n t h e n o r t h e r n a r e a s o f t h e 
U.S. and i s a c c o u n t a b l e f o r a con
s i d e r a b l e number o f pavement f a i l 
u r e s b o t h on U.S. highways and a i r 
f i e l d s i n areas s u b j e c t e d t o s e v e r e 
w i n t e r s . T h e r e s h o u l d be c o n 

s i d e r a b l e d a t a o f t h i s n a t u r e a v a i l 
a b l e f r o m i n v e s t i g a t i o n s c o n d u c t e d 
on C a n a d i a n a i r f i e l d s and i t i s 
hoped t h a t these d a t a can be i n c l u d e d 
i n some f u t u r e paper by t h e a u t h o r . 

I n T a b l e B t h e r e a r e l i s t e d 
s e v e r a l a i r f i e l d s i n t h e U.S. where 
c o n s t r u c t i o n was s i m i l a r t o t h a t 
e m p l o y e d , b y t h e C a n a d i a n s . These 
a i r f i e l d s a r e r e p r e s e n t a t i v e o f a 
much l a r g e r group a t w h i c h pavement 
f a i l u r e s have o c c u r r e d , and t h e s e 
f a i l u r e s f o r t h e most p a r t c an be 
t r a c e d t o i n a d e q u a t e base c o u r s e 
p l a c e d on f r o s t s u s c e p t i b l e s u b -
g r a d e s . 

• S a t u r a t i o n : I t i s e v i d e n t f r o m D r . 
McLeod's paper t h a t an e x p l a n a t i o n 
o f t h e t e r m s a t u r a t i o n as used by 
t h e Corps o f E n g i n e e r s i s n e c e s s a r y . 
O t h e r s h a v e c o m m e n t e d on t h e 
p r a c t i c e o f t h e Corps o f E n g i n e e r s 
b a s i n g t h e i r d e s i g n on a s a t u r a t e d 
subg^-ade c o n d i t i o n , and i t appears 
from t h e s e comments t h a t t h e d i f f e r 
ence o f o p i n i o n l i e s i n t h e Corps 
o f E n g i n e e r s ' u s e o f t h e w o r d 
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TABLE B 

PAVEMENT FAILURES WHERE FBOST ACTION WAS CDNTOIBUTING CAUSE 

Data Taken from R e p o r t o f F r o s t I n v e s t i g a t i o n 1945-1946 
D r a f t o f Comprehensive R e p o r t 

A i r f i e l d D i s t r e s s e d Subgrade Pavement Base 

B i l l y M i t c h e l l 
Cjdahy, Wis. 

Str o t h e r A i r 
f i e l d , 

W i a f i e l d , Kan. 

Area 

2000 f t of 
runway 
system 

2000ft of 
apron and 
taxiway 

Extensidn 
areas of 
runways 

and taxiways 

S o i l Type Thickness Thickness 
i n . i n . 

Lewiston A i r - Portions of 
port, runways and 

Lewiston, Mont, taxiways 

Glasgow A i r 
f i e l d . 

Glasgow, Mont. 

Large and 
small a r e a s , 
on runways 

CL Oi to A 7 to 12 

CL 
CH 

CL 

IX to 2 6 to 7X 

4X to 6 6 to 12 

CL 

D e s c r i p t i o n of 
D i s t r e s s of F a i l u r e 

1942 - Runways and t a x i 
ways showed some crack i n g 
and r u t t i n g i n the summer. 
1943 - I>iring spring addi
t i o n a l cracks and r u t s 2' 
and 3 i n . deep appeared. 

1944-194S - Excessave r u t 
t i n g and shoving of sur
face course, c r a c k i n g and 
pot holes. Freexing and 
thawing d e t e r i o r a t e d base. 

1943 - Pavement cracked 
and depressions 2 to 6 i n . 
deep appeared. Ruts and 
"break through" by wheels 
when f r o s t l e f t ground. 

1943 - Areas showed no 
si g n s of d i s t r e s s u n t i l 
f r o s t l e f t ground. Depres
s i o n s then formed up to 
6 i n . i n depth i n s u r f a c i n g 
I n s u f f i c i e n t base c o n t r i 
buting f a c t o r . 

s a t u r a t i o n . T h e t e r m i s u s e d 
l o o s e l y by t h e Corps o f E n g i n e e r s 
t o d e s c r i b e a c o n d i t i o n o f m o i s t u r e 
f o u n d i n a s o i l sample p l a c e d i n a 
6 - i n . m o l d and s o a k e d f o r a 4-day 
p e r i o d . A s h o r t e r e m e r s i o n p e r i o d 
i s a l l o w e d f o r p e r v i o u s s o i l s . A 
s u r c h a r g e w e i g h t e q u a l t o w e i g h t o f 
pavement and base c o u r s e i s p l a c e d 
o n t h e t o p o f t h e s a m p l e and t h e 
sa m p l e immersed i n w a t e r a l l o w i n g 
f r e e access o f w a t e r t o the t o p and 
b o t t o m o f t h e sample. A t t h e end o f 
t h e s o a k i n g p e r i o d , f r e e s u r f a c e 
w a t e r i s r e m o v e d , and t h e s a m p l e 

a l l o w e d t o d r a i n downward f o r 15 
m i n . T h e m o i s t u r e c o n t e n t o f 
samples s u b j e c t e d t o t h i s p r o c e d u r e 
f a l l g e n e r a l l y i n a r a n g e o f f r o m 
75 p e r c e n t t o 95 p e r c e n t o f v o i d s 
f i l l e d , d e p e n d i n g on t h e s o i l t y p e . 
T h i s does n o t r e f e r t o remolded con
d i t i o n s under w h i c h s o i l s can l o s e 
a p p r e c i a b l e s t r e n g t h . I t can be 
s t a t e d t h a t t h e c o n d i t i o n o f s a t u r a 
t i o n f o u n d by D r . McLeod i n h i s 
i n v e s t i g a t i o n agree i n g e n e r a l w i t h 
t h e f i n d i n g s o f t h e C o r p s o f 
E n g i n e e r s . 

I t i s d i f f i c u l t t o r e c o n c i l e t h e 
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s t a t e m e n t o f Dr. McLeod w h e r e i n he 
s t . i t e s , " K e r s t e n , i n s u m m a r i z i n g a 
s t u i l y o f m o i s t u r e c o n t e n t s i n 
highway subgrades, r e p o r t s t h a t f o r 
c l a y s o i l s t h e f i e l d m o i s t u r e con
t e n t g e n e r a l l y exceeds t h e p l a s t i c 
l i m i t . I t i s i n t e r e s t i n g t o n o t e 
t h a t t h e r e v e r s e has been t h e case 
f o r t h e e i g h t a i r p o r t s w i t h c l a y 
s u b g r a d e s i n c l u d e d i n t h i s s t u d y . " 
I t would appear t h a t t h i s s t a t e m e n t 
i s n o t i n ag r e e m e n t w i t h t h e p r e 
c e d i n g p a r a g r a p h w h e r e i n m o i s t u r e 
c o n t e n t s as h i g h as 120 p e r c e n t o f 
t h e p l a s t i c l i m i t a r e m e n t i o n e d , 
a n d o t h e r e v i d e n c e i n t h e p a p e r 
buch as F i g s . 3, 4, 5, and 6. I f 
the L e t h b r i d g e a i r p o r t i s e l i m i n a t e d 
f r o m t h e d a t a d i s p l a y e d i n F i g s . 3, 
4, 5, and 6, i t w o u l d be i n a g r e e -

' m e n t ' w i t h K e r s t e n . T h e r e must be 
some r e a s o n f o r t h e low m o i s t u r e 
c o n t e n t found a t L e t h b r i d g e , b u t i t 
i s unknown t o t h e w r i t e r s and was 
n o t b r o u g h t o u t by D r . M c L e o d . 
C o m p l e t e d a t a on c o n d i t i o n s a t 
L e t h b r i d g e w o u l d be p a r t i c u l a r l y 
i n t e r e s t i n g , , e s p e c i a l l y s i n c e i t i s 
no t e d t h a t a g r e a t many more samples 
were t a k e n f r o m t h i s a i r f i e l d t h a n 
f r o m any o t h e r . Complete s o i l d a t a 
f o r t h e e n t i r e e i g h t a i r f i e l d s 
r e p o r t e d w o u l d be o f p a r t i c u l a r 
1 n t e r e s t . 

W i t h r e f e r e n c e t o Dr. McLeod's 
a s s u m p t i o n s c o n c e r n i n g b i t u m i n o u s 
s u r f a c i n g , t h e f o l l o w i n g i s q u o t e d : 

"The t e s t d a t a i n d i c a t e t h a t f o r 
b i t u m i n o u s s u r f a c e s made w i t h l i q u i d 
a s p h a l t s , s o f t a s p h a l t c e m e n t s 
( s o f t e r t h a n about 120 p e n e t r a t i o n ) , 
e t c . , 1 i n . o f t h i c k n e s s has t h e 
same l o a d s u p p o r t i n g c a p a c i t y as 
about 3/4 i n - o f g r a n u l a r base." 

Q u o t i n g f u r t h e r : " F o r w e l l 
d e s i g n e d and c o n s t r u c t e d b i t u m i n o u s 
c o n c r e t e , p e n e t r a t i o n macadam, and 
s h e e t a s p h a l t , 1 i n . o f t h i c k n e s s 
o f t h e s e t y p e s a p p e a r s t o have t h e 
same l o a d c a r r y i n g c a p a c i t y o f 
about 2M i n . o f g r a n u l a r base." 

As a b a s i s f o r t h e above assump
t i o n s . Dr. McLeod r e f e r s t o F i g . 42 
w h i c h p r e s e n t s h i s l o a d d e f l e c t i o n 

c u r v e s . The w r i t e r s f a i l t o see 
how t h e f i g u r e s q u o t e d c a n be 
a r r i v e d a t f r o m an a n a l y s i s o f 
F i g . 42 and were unable t o f i n d any 
o t h e r d a t a i n t h e r e p o r t t o s u b 
s t a n t i a t e the assumptions made. I t 
i s t h e o p i n i o n o f t h e w r i t e r s t h a t 
t h e a s s u m p t i o n s a r e e x t r e m e l y 
o p t i m i s t i c . 

A l s o t h e a s s u m p t i o n t h a t s u b -
grade s o i l s m i g h t w e l l be compacted 
on t h e w e t s i d e o f o p t i m u m m i g h t 
l e a d t o a dangerous p r a c t i c e . Corps 
o f E n g i n e e r s ' e x p e r i e n c e w i t h f i n e 
g r a i n s o i l s i n d i c a t e s t h a t f o r 
h i g h m o i s t u r e c o n t e n t s , m o st o f 
t h e s e s o i l s l o s e t h e i r s t a b i l i t y 
under t h e h e a v i e r compaction e q u i p 
ment w i t h t h e r e s u l t a n t " b o g g i n g 
down" o f equipment and c o n s t r u c t i o n 
d e l a y s . I t has a l s o been demon
s t r a t e d t h a t s ubgrade s o i l s on t h e 
w e t s i d e o f o p t i m u m l o s e t h e i r 
s t a b i l i t y i f s u b j e c t e d t o , w h e e l 
l o a d s g r e a t e n o u g h t o i n c r e a s e 
c o m p a c t i o n . 

AUTHOR'S CLOSURE 
By Norman W. McLeod 

The a u t h o r w i s h e s t o t h a n k P r o 
f e s s o r T c h e b o t a r i o f f and M e s s r s . 
P r i n g l e a nd H e n n i o n f o r t h e i n 
s t r u c t i v e d i s c u s s i o n s t h e y have 
c o n t r i b u t e d . 

P r o f e s s o r T c h e b o t a r i o f f s remarks 
w e r e p r e p a r e d on t h e b a s i s o f t h e 
b r i e f summary o f t h e paper p r e s e n t e d 
a t t h e m e e t i n g i t s e l f . H i s q u e s t i o n 
w i t h r e g a r d t o t a x i w a y v e r s u s r u n 
way d e s i g n has been answered i n t h e 
s e c t i o n on t h e d e s i g n o f t a x i w a y s , 
a p r o n s , and t u r n a r o u n d s , i n the t e x t . 

Messrs. P r i n g l e and Hennion have 
r a i s e d a number o f p o i n t s on w h i c h 
we would l i k e t o comment. 

T h e y have i n q u i r e d a b o u t t h e 
maintenance c o s t s f o r t h e ru n w a y s a t 
t h e 10 a i r p o r t s i n v e s t i g a t e d . 
C o n t r a r y t o t h e i r e x p e c t a t i o n , 
a p p a r e n t l y , the maintenance e x p e n d i 
t u r e s f o r the t h i n pavements on t h e 
runways a t most C a n a d i a n a i r p o r t s 
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have been q u i t e low. G e n e r a l r u n 
way m a i n t e n a n c e s i n c e 1 9 4 1 f o r 
D o r v a l a n d t h e t h r e e a i r p o r t s 
l i s t e d i n T a b l e 1, has been l i m i t e d 
t o one s u r f a c e s e a l . I n a d d i t i o n , 
o c c a s i o n a l more or l e s s minor p a t c h 
r e p a i r s have been made, b u t t h e s e 
have been r e q u i r e d c h i e f l y because 
o f b l o c k e d d r a i n a g e , o r o f t h e 
f a i l u r e t o r e c o g n i z e and remove 
p o c k e t s o f o r g a n i c s o i l , o r o f 
f r o s t - a f f e c t e d s i l t f r o m t h e sub--
grade d u r i n g o r i g i n a l c o n s t r u c t i o n . 
T h e l a t t e r t w o i t e m s d i d n o t 
r e c e i v e t h e c a r e f u l a t t e n t i o n 
s e v e r a l y e a r s ago w h i c h i s g i v e n 
t o p r e s e n t c o n s t r u c t i o n . 

I t was p o i n t e d o u t i n t h e paper 
t h a t t h e t a x i w a y s and a p r o n s a t 
most Canadian a i r p o r t s were o r i g i n 
a l l y c o n s t r u c t e d o f t h e same de
s i g n as the runways. Many o f th e s e 
showed s i g n s o f d i s t r e s s under t h e 
t r a f f i c o f h e a v i e r p l a n e s , and had 
t o be s t r e n g t h e n e d o r r e c o n s t r u c t e d . 
T h i s would p r o b a b l y n o t have o c c u r r e d 
f o r t h e h e a v i e r c o n s t r u c t i o n now 
r e q u i r e d f o r t a x i w a y s , a p r o n s , and 
t u r n a r o u n d s . 

I t i s t o be emphasized t h a t i n s o 
f a r as t h e run w a y s t h e m s e l v e s a t 
C a n a d i a n a i r p o r t s a r e c o n c e r n e d , 
t h e d i s t r i c t a i r w a y e n g i n e e r s o f the 
D e p a r t m e n t o f T r a n s p o r t s t a t e t h a t 
m a i n t e n a n c e c o s t s have been v e r y 
m o d e r a t e . 

For o u r p a r t , we a r e i n c l i n e d 
t o q u e s t i o n t h e wisdom o f endeavor
i n g t o base runway d e s i g n on nom
i n a l maintenance f o r a 25-yr p e r i o d , 
s i n c e i t i s d o u b t f u l t h a t r u n w a y 
r e q u i r e m e n t s can be f o r e c a s t t h a t 
f a r i n t o t h e f u t u r e . 

I t i s q u i t e t r u e , as M e s s r s . 
P r i n g l e and Hennion p o i n t o u t , t h a t 
s t a g e c o n s t r u c t i o n has been f o l l o w e d 
t o some e x t e n t i n t h e b u i l d i n g o f 
a i r p o r t s i n Canada. I n view o f the 
c u r r e n t s t a t e o f u n c e r t a i n t y con
c e r n i n g runway d e s i g n r e q u i r e m e n t s 
f o r f u t u r e a i r c r a f t , t h i s p r o c e d u r e 
w o u l d seem t o have c o n s i d e r a b l e 
m e r i t a t t h e p r e s e n t t i m e , p a r t i 
c u l a r l y i f a s i t e i s o r i g i n a l l y 

l a i d o u t w i t h t h i s i n m i n d . From 
t h e t e c h n i c a l a r t i c l e s w r i t t e n on 
the s t r e n g t h e n i n g o f runways m the 
U.S.A., i t w o u l d seem t h a t t h i s 
p r a c t i c e i s a l s o f o l l o w e d t o some 
d e g r e e by o u r g r e a t n e i g h b o r t o 
t he s o u t h . 

I n T a b l e A, Messrs. P r i n g l e and 
H e n n i o n l i s t . f i v e a i r p o r t s a l o n g 
t h e N o r t h w e s t S t a g i n g R o u t e as 
examples o f C a n a d i a n a i r p o r t c o n 
s t r u c t i o n f o r w h i c h t h e U n i t e d 
S t a t e s C o r p s o f E n g i n e e r s h a v e 
e v a l u a t i o n d a t a , i n an " a t t e m p t t o 
show t h a t l i g h t pavement d e s i g n s , 
w h i c h p r o v e s a t i s f a c t o r y f o r t h e 
l i m i t e d t r a f f i c t h a t had been a n t i 
c i p a t e d f o r most C a n a d i a n f i e l d s 
f a i l e d q u i c k l y under i n c r e a s e d war
t i m e t r a f f i c . " T h e y a l s o l i s t 
C h u r c h i l l and Gander Lake as " o t h e r 
C a n a d i a n a i r f i e l d s w h i c h h a v e 
f a i l e d u n d e r i n c r e a s e d t r a f f i c , " 
and s t a t e t h a t t h e y have r e p o r t e d 
" e v i d e n c e o f imminent pavement f a i l 
u r e s a t Uplands" a i r p o r t a t Ottawa. 

I t i s t o be n o t e d f i r s t o f a l l 
t h a t Canada's D e p a r t m e n t o f T r a n s 
p o r t had n o t h i n g w h a t e v e r t o do 
w i t h a i r p o r t runway c o n s t r u c t i o n a t 
C h u r c h i l l . The e n t i r e runway de
ve l o p m e n t a t t h i s a i r p o r t was con
s t r u c t e d by the Corps o f E n g i n e e r s , 
o r Army A i r F o r c e , o r b o t h , o f t h e 
U n i t e d S t a t e s War D e p a r t m e n t . 
Gander Lake a i r p o r t i s s i t u a t e d i n 
Newfoundland, n o t m Canada, and i s 
t h e r e f o r e n o t a C a n a d i a n a i r p o r t . 

The r e p r e s e n t a t i v e o f t h e U n i t e d 
S t a t e s Army who r e p o r t e d " v i s u a l 
e v i d e n c e o f imminent pavement f a i l 
u r e s a t Uplands" a i r p o r t , must have 
ha d some o t h e r a i r p o r t i n m i n d . 
T h e r e i s no p r e s - e n t e v i d e n c e o f 
even i n c i p i e n t f a i l u r e o f t h e r u n 
ways a t Up l a n d s , and our l o a d t e s t 
d a t a i n d i c a t e t h a t i t c o u l d p r o b a b l y 
c a r r y t h e h e a v i e s t a i r c r a f t t h a t 
can be s a f e l y o p e r a t e d from runways 
o f i t s p r e s e n t l e n g t h . 

Mr. Homer P. K e i t h , D i s t r i c t 
A i r w a y E n g i n e e r f o r t h e D e p a r t m e n t 
o f T r a n s p o r t a t Edmonton, A l b e r t a , 
has been a s s o c i a t e d w i t h a i r p o r t 
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c o n s t r u c t i o n a l o n g t h e N o r t h w e s t 
S t a g i n g Route s i n c e i t s b e g i n n i n g , 
and i s more f a m i l i a r t h a n a n yone 
e l s e w i t h i t s c o n s t r u c t i o n h i s t o r y 
and i t s c o n d i t i o n f r o m t i m e t o t i m e . 
F a c t s s u p p l i e d by Mr. K e i t h a r e a t 
c o n s i d e r a b l e v a r i a n c e w i t h t h e 
i m p r e s s i o n c r e a t e d b y M e s s r s . 
P r i n g l e ' s and Hennion's d i s c u s s i o n 
c o n c e r n i n g t h e f i v e a i r p o r t s l i s t e d 
i n t h e i r T a b l e A. 

They f a i l e d t o m e n t i o n t h a t f r o m 
J u l y 1943 t o March 1944, t h e co n 
s t r u c t i o n o f a l l a i r p o r t s a l o n g t h e 
N o r t h w e s t S t a g i n g R o u t e was t a k e n 
o v e r by the Army A i r Force o r Corps 
o f E n g i n e e r s , o r b o t h , o f t h e 
U n i t e d S t a t e s War D e p a r t m e n t . 
P r i o r t o J u l y 1943, and a f t e r March 
1 9 4 4 , t h e c o n s t r u c t i o n o f t h e s e 
a i r p o r t s was t h e r e s p o n s i b i l i t y o f 
Cana'da's D e p a r t m e n t o f T r a n s p o r t . 
S i n c e e a c h t o o k o v e r t h e w o r k o f 
t h e o t h e r a t v a r i o u s s t a g e s o f com
p l e t i o n , t h e r e i s i n some cases no 
c l e a r demar.cation between C a n a d i a n 
and U n i t e d S t a t e s d e s i g n and c o n 
s t r u c t i o n . 

I t must a l s o be r e a l i z e d t h a t 
c o n s i d e r a b l e u r g e n c y e x i s t e d f o r 
t h e c o n s t r u c t i o n o f t h e c h a i n o f 
a i r p o r t s , a n d t h a t l a t e i n t h e 
season i t was sometimes n e c e s s a r y , 
because o f c o n t i n u o u s r a i n y w e a t h e r , 
t o l a y base c o u r s e a nd p a v e m e n t 
o v e r a wet s e c t i o n o f s u b g r a d e i n 
o r d e r t o com p l e t e t h e runway b e f o r e 
w i n t e r , b u t w i t h t h e i n t e n t i o n o f 
e x c a v a t i n g a nd r e p l a c i n g t h e s e 
d e f e c t i v e areas t h e f o l l o w i n g y e a r , 
i f n e c e s s a r y . I t s h o u l d be empha
s i z e d t h a t where t h e s e a r e a s were 
r e c o n s t r u c t e d by t h e D e p a r t m e n t o f 
T r a n s p o r t , when t h e s o f t s u b g r a d e 
s o i l was removed, s i m i l a r s o i l o f 
a more s a t i s f a c t o r y m o i s t u r e c o n t e n t 
was employed f o r b a c k f i l l i n g , and 
i n g e n e r a l , t h e same t h i c k n e s s o f 
base and pavement was used f o r t h e 
r e c o n s t r u c t e d a r e a s as f o r t h e 
r e m a i n d e r o f t h e runway o r t a x i w a y . 

I t i s a l s o t o be n o t e d t h a t 
t h e r e a r e l o c a t i o n s on t h e N o r t h w e s t 
S t a g i n g Route f o r b o t h runways and 

a p r o n s , where heavy U n i t e d S t a t e s 
c o n s t r u c t i o n and l i g h t e r Department 
o f T r a n s p o r t c o n s t r u c t i o n e x i s t 
i m m e d i a t e l y a d j a c e n t t o each o t h e r , 
a n d b o t h a p p a r e n t l y h a v e b e e n 
ca p a b l e o f h a n d l i n g a l l t h e t r a f f i c 
t o w h i c h t h e y were and are s u b j e c t e d . 

The r e m a r k s o f M e s s r s . P r i n g l e 
and Hennion s u g g e s t t h a t t h e s t r e n g 
t h e n i n g and r e c o n s t r u c t i o n o f t h e 
runways a t t h e a i r p o r t s a l o n g t h e 
N o r t h w e s t S t a g i n g R o u t e i n 1944-
1 9 4 5 was due t o t h e f a i l u r e o f 
e x i s t i n g c o n s t r u c t i o n u n d e r p l a n e 
t r a f f i c . I n f o r m a t i o n f u r n i s h e d by 
Mr. K e i t h i s i n e n t i r e d i s a g r e e m e n t 
w i t h t h i s . B o t h Mr. K e i t h and one 
o f h i s p r i n c i p a l a s s i s t a n t s s t a t e 
t h a t t h e r e i s no k n o w l e d g e o f a 
p l a n e a t any t i m e b r e a k i n g t h r o u g h 
t h e pavement o f a runway p r o p e r a t 
any s t a t i o n on t h e r o u t e . F u r t h e r 
m o r e , t h e y have no k n o w l e d g e o f 
p l a n e t r a f f i c c a u s i n g d e p r e s s i o n s 
i n t h e runways w h i c h c o u l d be i n 
t e r p r e t e d as an i n d i c a t i o n o f i n 
c i p i e n t f a i l u r e . Even a t Edmonton, 
c o n t r a r y t o p o p u l a r r e p o r t , no 
heavy p l a n e e v e r b r o k e t h r o u g h t h e 
pavement on t h e o r i g i n a l r u n w a y s 
p r o p e r . 

Heavy p l a n e s d i d b r e a k t h r o u g h 
th e pavement when s t a n d i n g on t a x i 
ways and a p r o n s a t t h r e e o f t h e s e 
a i r p o r t s , on s e v e r a l o c c a s i o n s , b u t 
i t must be remembered t h a t t h e t e n 
dency a t t h a t t i m e was t o c o n s t r u c t 
t a x i w a y s and a p r o n s o f t h e same 
d e s i g n as t h e runways. Because o f 
more c o n c e n t r a t e d t r a f f i c , s l o w l y 
m o v i n g p l a n e s , and o t h e r f a c t o r s , 
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 a 
t a x i w a y i s c o n s i d e r a b l y l e s s t h a n 
t h a t o f a runway o f t h e same d e s i g n , 
and e x p e r i e n c e has i n d i c a t e d t h e 
need f o r much h e a v i e r c o n s t r u c t i o n 
f o r t h e f o r m e r t h a n f o r t h e l a t t e r . 

I t i s t o be emphasized t h a t t h e 
s t r e n g t h e n i n g o f t h e r u n w a y s a t 
t h e a i r p o r t s a l o n g t h e N o r t h w e s t 
S t a g i n g R o u t e i n 1 9 4 4 - 1 9 4 5 was 
c a r r i e d o u t n o t b e c a u s e o f a n y 
i m m i n e n t o r even i n c i p i e n t f a i l u r e 
o f t h e e x i s t i n g p a v e m e n t s u n d e r 
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t r a f f i c , b u t by way o f p r e p a r a t i o n 
f o r t h e g r e a t e r wheel l o a d s o f t h e 
a n t i c i p a t e d h e a v i e r f o u r - m o t o r e d 
a i r c r a f t w h i c h w e r e t o be f l o w n 
o v e r t h i s r o u t e . 

No c l a i m i s made t h a t t h e t h i n 
p avements f o r runways a t C a n a d i a n 
a i r p o r t s can s u p p o r t wheel l o a d s o f 
i n d e f i n i t e l y i n c r e a s e d m a g n i t u d e . 
E v e r y r u n w a y h a s a l o a d l i m i t 
w h i c h c a n n o t be e x c e e d e d w i t h o u t 
s i g n s o f d i s t r e s s u n l e s s i t i s 
s t r e n g t h e n e d . T h e p r i n c i p a l 
d i f f e r e n c e o f o p i n i o n b e t w e e n t h e 
U n i t e d S t a t e s C o r p s o f E n g i n e e r s 
a n d t h e e n g i n e e r s o f C a n a d a ' s 
D e p a r t m e n t o f T r a n s p o r t c o n c e r n i n g 
runway d e s i g n , l i e s i n t h e f a c t t h a t 
C a n a d i a n e x p e r i e n c e i n d i c a t e s t h a t 
an a i r p l a n e wheel l o a d o f any g i v e n 
magnitude can be c a r r i e d by a pave
m e n t and base c o u r s e w h i c h h a v e 
o n l y a f r a c t i o n o f t h e t h i c k n e s s 
s p e c i f i e d by USED d e s i g n . 

I t i s r e g r e t t e d i f o u r p a p e r 
l e f t t h e i m p r e s s i o n t h a t we w o u l d 
recommend t h e c o m p a c t i o n o f s o i l s 
on t h e wet s i d e o f optimum m o i s t u r e , 
s i n c e t h i s was n o t o u r i n t e n t i o n . 
We a r e i n agreement t h a t i n g e n e r a l 
t h e s e s o i l s s h o u l d p r e f e r a b l y be con
s o l i d a t e d a t a m o i s t u r e c o n t e n t 
e i t h e r a t o r s l i g h t l y on t h e d r y 
s i d e o f o p t i m u m , i f t h i s i s a t 
a l l p o s s i b l e . H o w e v e r , i t ha's 
b e e n a m a t t e r o f o b s e r v a t i o n a t 
most a i r p o r t s t e s t e d so f a r i n the. 
D e p a r t m e n t o f T r a n s p o r t ' s i n v e s t i 
g a t i o n , t h a t i f t h e d e n s i t y i n 
p l a c e o f a c o h e s i v e s u b g r a d e i s 
l e s s t h a n t h e maximum ( m o d i f i e d 
AASHO), t h e m o i s t u r e c o n t e n t o f t h e 
s o i l i s l i k e l y t o be g r e a t e r t h a n 
t h e optimum, F i g . 3. C o n s e q u e n t l y , 
i t a p p e a r s t h a t i n s o f a r as t h e 
e v e n t u a l l o a d s u p p o r t i n g v a l u e s 
o f t h e r u n w a y s a t most a i r p o r t s 
w i t h c o h e s i v e s u b g r a d e s a r e c o n 
c e r n e d , e n g i n e e r s s h o u l d be i n t e r 
e s t e d i n t h e s t r e n g t h o r s t a b i l i t y 
o f t h e s u b g r a d e s o i l a t i t s e x 
p e c t e d u l t i m a t e c o n d i t i o n o f 
m o i s t u r e i n t h e g e n e r a l v i c i n i t y 
o f t h e b r a n c h o f t h e c o m p a c t i o n 

c u r v e on t h e w e t s i d e o f optimum, 
r e g a r d l e s s o f what t h e s o i l m o i s t u r e 
c o n d i t i o n may h a v e b e e n a t t h e 
t i m e t h e s u b g r a d e was c o m p a c t e d 
i n t o p l a c e . The i n f o r m a t i o n p r e 
s e n t e d i n F i g s . 1 0 1 , 102, and 103 
were p r e p a r e d w i t h t h i s i n mind. 

I n v i e w o f t h e absence o f sup
p o r t i n g d a t a , we can a p p r e c i a t e t h e 
s k e p t i c i s m o f Messrs. P r i n g l e and 
H e n n i o n w i t h r e g a r d t o t h e s t a t e 
ments c o n t a i n e d i n t h e pape r c o n 
c e r n i n g t h e g r e a t e r l o a d s u p p o r t i n g 
c a p a c i t i e s o f b i t u m i n o u s s u r f a c i n g s 
v e r s u s t h o s e o f g r a n u l a r b a s e 
c o u r s e s o f t h e same t h i c k n e s s . We 
ag r e e t h a t F i g . 42 i s n o t a s a t i s 
f a c t o r y b a s i s f o r these s t a t e m e n t s , 
b u t b e c a u s e o f t h e l e n g t h o f t h e 
paper t h e y were n o t f u r t h e r a m p l i 
f i e d . However, r e p r e s e n t a t i v e i n 
f o r m a t i o n i s t a b u l a t e d i n T a b l e 13 
f o r some o f t h e t e s t l o c a t i o n s a t 
wh i c h thes e d a t a were o b t a i n e d . 

I n column 9 o f T a b l e 13, r a t i o s 
have been d e t e r m i n e d f o r t h e s u p p o r t 
i n g v a l u e o f the b i t u m i n o u s s u r f a c 
i n g v e r s u s t h e c a - l c u l a t e d s u p p o r t i n g 
c a p a c i t y o f an i d e n t i c a l t h i c k n e s s 
o f base c o u r s e , assuming t h a t b o t h 
a r e p l a c e d on t h e e x i s t i n g b a s e 
c o u r s e a t each t e s t l o c a t i o n . The 
l o a d s u p p o r t i n g c a p a c i t y o f t h e 
a d d i t i o n a l t h i c k n e s s o f g r a n u l a r 
b a s e was c o m p u t e d by means o f 
e q u a t i o n ( I S ) i n each c a s e , w h i c h 
a c c o r d i n g t o t h e graphs o f F i g s . 90, 
9 1 , a n d 9 2 , c a n be e m p l o y e d t o 
c a l c u l a t e t h e b e a r i n g c a p a c i t y o f 
v a r i o u s t h i c k n e s s e s o f base c o u r s e . 

The b i t u m i n o u s s u r f a c e a t D o r v a l 
c o n s i s t e d o f p e n e t r a t i o n macadam 
w i t h a s h e e t a s p h a l t t o p c o u r s e . 
The d a t a o f column 9 i n d i c a t e t h a t 
t h e a v e r a g e s u p p o r t i n g v a l u e o f 
t h i s s u r f a c i n g m a t e r i a l was 3.56 
t i m e s t h e s u p p o r t i n g v a l u e o f t h e 
g r a n u l a r base per u n i t o f t h i c k n e s s . 
The r a t i o o f 2.5 s u g g e s t e d i n t h e 
paper i s t h e r e f o r e c o n s e r v a t i v e . 

S i m i l a r l y , f o r s i x t e s t l o c a t i o n s 
a t S a s k a t o o n and F o r t S t . J o h n , 
w h i c h can be c o n s i d e r e d r e p r e s e n t a 
t i v e o f pavements c o n s t r u c t e d w i t h 
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TABLE 13 

LOAD SUPPORnNG VALUES OF BITUMINOUS SURFACES VERSUS 
THOSE OF GRANULAR BASE COURSES PER UNIT OF IHIOCNESS 

Typfe of 
bituminous 

A i r p o r t s u r f a c e 

Measured 
load a t O.S-in. 
d e f l e c t i o n 

10 r e p e t i t i o n s 
of load 

Surf. B.C. Subg. 
3 4 5 

l b l b lb 

Measured 
thickness 

Surf. B.C. 
6 

i n . 
7 

i n . 

C a l c u l a t e d 
load support 

for equivalent 
thickness of 
base course" 

8 
l b 

R a t i o - Supporting 
value of surface 

versus supporting 
value of base 

course per u n i t 
of t h i c k n e s s ^ 

Dorval Pen. nac. 29100 19000 12500 4.0 10.0 21,900 3.5 
f t and 49600 27400 18700 5,0 13.0 . 32,700 4.2 
• f sheet 39000 25000 18700 4.5 9.0 29,300 3.3 
«i a s p h a l t 43200 35600 20400 5.0 10.0 42,400 1.1 
tt 62500 49800 34200 4.0 10.0 57,500 1.7 
>* 61400 33600 27200 5.0 8.0 40,000 4.4 
f i 48100 24000 23300 4.0 10.5 27,600 6.7 

Average 

Saska
toon S o f t 22600 19800 11600 2.5 5.0 21,700 1.5 
•* asphalt 32400 28900 17 800 2.0 6.5 31,000 1.7 
(• cement 20300 16900 14500 3.0 6.0 18, 800 1.8 

F t . St. 
John Soft 76000 57000 34000 4.0 18.0 65,600 2.2 
** a s p h a l t 32700 20300 13700 4.0 12.5 23,400 4.0 
f t cement 34500 26200 15400 4.5 14.-5 30,700 1.8 

3.56 

Average 2.17 

P 

Obtained by s o l v i n g for P m equation ( I S ) T = 65 log • 
where T - t h i c k n e s s of surf a c e ^ 

S s load support on top of e x i s t i n g base course 
P a load which would have been c a r r i e d by a d d i t i o n a l base coarse 

equal i n thickness to s u r f a c e , i f placed upon e x i s t i n g base course. 
column 3 minus column 4 

Rat i o of ( • - ) . 
column 8 minus column 4 

l i q u i d a s p h a l t s o r s o f t a s p h a l t 
c e m e n t s , t h e d a t a o f c o l u m n 9 
d e m o n s t r a t e t h a t t h e a v e r a g e sup
p o r t i n g v a l u e o f t h e s e s u r f a c e s was 
2.1 t i m e s t h a t o f t h e same t h i c k 
n e s s o f g r a v e l b a s e , a l l o t h e r 
c o n d i t i o n s b e i n g e q u a l . F o r 29 

t e s t l o c a t i o n s where pavements were 
c o n s t r u c t e d w i t h l i q u i d a s p h a l t s o r 
s o f t a s p h a l t cements f o r w h i c h t h e 
r e q u i r e d d a t a a r e a v a i l a b l e , t h e 
a v e r a g e v a l u e o f t h i s r a t i o was 
2,49. C o n s e q u e n t l y , t h e s t a t e m e n t 
t o t h e e f f e c t t h a t 1 m . o f t h i s 
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t y p e o f b i t u m i n o u s s u r f a c e has t h e 
s u p p o r t i n g v a l u e o f 1.5 i n . o f 
g r a n u J a r base i s c o n s e r v a t i v e , and 
i n a c c o r d a n c e ' w i t h t e s t r e s u l t s . 

I n c o lumn 9, two o f t h e r a t i o s 
f o r D o r v a l a r e l o w e r t h a n t h e v a l u e 
2.5 c o n s i d e r e d a c c e p t a b l e . T h i s i s 
b e l i e v e d t o be due t o t h e f a c t t h a t 
t e s t s on s u r f a c e , base c o u r s e , and 
subgrade were made f r o m 12 t o 18 f t 
a p a r t , and t h e subgrade s u p p o r t may 
n o t have been u n i f o r m a t t h e t h r e e 
te'sf l o c a t i o n s . S i m i l a r o b s e r v a 
t i o n s we,re made a t s e v e r a l t e s t 
l o c a t i o n s where t h e pavement con
t a i n e d l i q u i d a s p h a l t o r s o f t 
a s p h a l t cement b i n d e r s . 

T h e r e i s one b a s i s on w h i c h 
t h e s e r a t i o s o f 2.5 and 1.5 m i g h t 
be c r i t i c i z e d . . A i r t e m p e r a t u r e s 
u n d e r t h e l o a d t e s t u n i t s r e a c h e d 
a maximum o f a b o u t 95° F. d u r i n g 
t h e s u m m e r , a n d t h e p a v e m e n t 
t e m p e r a t u r e s d u r i n g t h e t e s t were 
t h e r e f o r e o f t e n l o w e r t h a n when 
e x p o s e d d i r e c t l y t o t h e s u n . On 
t h e o t h e r h a n d , a c o n s i d e r a b l e 
number o f l o a d t e s t s were made on 
t h e s u r f a c e d u r i n g t h e d a y a f t e r 
t h e pavement had been t h o r o u g h l y 
e x p o s e d t o t h e sun's h e a t . I t i s 
p o s s i b l e t h a t a t maximum summer 
pav e m e n t t e m p e r a t u r e s , t h e r a t i o 
o f p a v e m e n t v e r s u s b a s e c o u r s e 
s u p p o r t w o u l d be l o w e r t h a n t h o s e 
s u g g e s t e d , a l t h o u g h a t t h e same 
t i m e , as t h e d a t a o f T a b l e 13 
i n d i c a t e , t h e r a t i o s a c t u a l l y ob
t a i n e d w e r e on t h e a v e r a g e c o n 
s i d e r a b l y h i g h e r t h a n t h e v a l u e s 
o f 2.5 and 1.5 g i v e n i n t h e t e x t . 

s i n c e t h e p r e p a r a t i o n o f t h e 
pa p e r , f u r t h e r s t u d y has been made 
o f t h e s u b j e c t m a t t e r p r e s e n t e d 
under t h e h e a d i n g S E L E C T I O N OF BASE 
COURSE M A T E R I A L S BY THE T R I A X I A L 
T E S T . W h i l e t h e method o f s e l e c t i n g 
b a s e c o u r s e m a t e r i a l s w i t h b o t h 
c o h e s i o n a n d a n g l e o f i n t e r n a l 
f r i c t i o n , w h i c h was o u t l i n e d i n 
t h i s s e c t i o n , appears t o be c o r r e c t 
i n s o f a r as i t g o e s , a d d i t i o n a l 
s t u d y has i n d i c a t e d i t t o be un
n e c e s s a r i l y r e s t r i c t i v e , a n d a 

w i d e r r a n g e o f t h e s e m a t e r i a l s 
c o u l d be employed t o meet a g i v e n 
s t a b i l i t y r e q u i r e m e n t t h a n i t 
w o u l d p e r m i t . T h i s i s t o o compre
h e n s i v e a t o p i c t o d i s c u s s f u r t h e r 
h e r e , and i t i s e x p e c t e d t o be made 
th e s u b j e c t o f a n o t h e r paper i n t h e 
near f u t u r e . 

M e s s r s . P r i n g l e a n d H e n n i o n 
q u e s t i o n t h e s t a t e m e n t t h a t t h e 
f i e l d m o i s t u r e c o n t e n t s f o r t h e 
c o h e s i v e s u b g r a d e s a t e i g h t a i r 
p o r t s were g e n e r a l l y l e s s t h a n t h e 
p l a s t i c l i m i t . They a l s o q u e s t i o n 
t h e o b s e r v a t i o n t h a t t h i s c o n 
c l u s i o n i s n o t i n ag r e e m e n t w i t h 
t h a t o f K e r s t e n , who f o u n d as a 
r e s u l t o f a s t u d y o f a v a i l a b l e 
m o i s t u r e d a t a i n t h e U.S.A., t h a t 
t h e f i e l d m o i s t u r e c o n t e n t s o f c l a y 
s u b g r a d e s u s u a l l y e x c e e d e d t h e 
c o r r e s p o n d i n g p l a s t i c l i m i t s . 

We b e l i e v e t h a t t h e s e q u e s t i o n s 
a r e e a s i l y answered by r e f e r e n c e t o 
F i g . 6, s i n c e s t a t i s t i c a l l y s p e a k i n g 
6 3 . 8 p e r c e n t o f a l l t h e p o i n t s 
p l o t t e d i n F i g . 6 l i e b e l o w t h e 
l i n e l a b e l l e d " 1 0 0 p e r c e n t PL." 
Messrs. P r i n g l e and Hennion sugges t 
t h a t i f t h e p o i n t s f o r L e t h b r i d g e 
a i r p o r t a r e e l i m i n a t e d , K e r s t e n ' s 
c o n c l u s i o n w o u l d a p p l y t o F i g . 6. 
Such, however, i s n o t t h e case, f o r 
e v e n i f a l l t h e L e t h b r i d g e d a t a 
were d e l e t e d , 5 5 .1 p e r c e n t o f t h e 
r e m a i n i n g p o i n t s w o u l d s t i l l l i e 
b e l o w t h e l i n e r e p r e s e n t i n g 100 
p e r c e n t o f t h e p l a s t i c l i m i t . 

I t i s n o t c o r r e c t t o s t a t e t h a t 
"a g r e a t many more s a m p l e s w e r e 
t a k e n f r o m t h i s f i e l d ( L e t h b r i d g e ) 
t h a n f r o m a n y o t h e r , " a l t h o u g h 
because o f an o p t i c a l i l l u s i o n , t h e 
s m a l l c i r c l e s e m p l o y e d as s y m b o l s 
f o r L e t h b r i d g e d a t a may make i t 
a p p e a r t h a t way. I n F i g . 6 t h e r e , 
a r e 77 p o i n t s f o r L e t h b r i d g e , 74 
p o i n t s f o r F o r t S t . J o h n , and 68 
f o r Grande P r a i r i e . S i n c e t h e sub-
g r a d e m o i s t u r e i n f o r m a t i o n f o r 
L e t h b r i d g e i s r e p r e s e n t a t i v e o f a 
c o n s i d e r a b l e a r e a i n w e s t e r n Canada, 
we see no good r e a s o n f o r e l i m i n a t i n g 
d a t a f o r t n i s a i r p o r t f r o m F i g s . 3 
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t o 7. We b e l i e v e t h a t t h e subgrade 
m o i s t u r e c o n t e n t f o r t h e r u n w a y s 
a t L e t h b r i d g e a i r p o r t i s normal f o r 
t h e c l i m a t e , w a t e r t a b l e , and c l a y 
s o i l e n c o u n t e r e d i n t h a t r e g i o n . 

As f u r t h e r e v i d e n c e t h a t f i e l d 
m o i s t u r e c o n t e n t s f o r c o h e s i v e sub-
g r a d e s o i l s i n p l a c e w e r e n o t 
g r e a t e r t h a n t h e i r c o r r e s p o n d i n g 
p l a s t i c l i m i t s a t most o f t h e a i r 
p o r t s i n v e s t i g a t e d , t h e r a t i o o f 
f i e l d m o i s t u r e c o n t e n t t o t h e 
c o r r e s p o n d i n g p l a s t i c l i m i t w e r e 
c a l c u l a t e d f o r each t e s t l o c a t i o n 
a t t h e e i g h t a i r p o r t s w i t h c o h e 
s i v e s ubgrade s o i l s and an a v e r a g e 
r a t i o was t h e n d e t e r m i n e d f o r each 
a i r p o r t . These a v e r a g e r a t i o s a r e 
1 i s t e d i n T a b l e 14. 

# 

TABLE 14 

Average r a t i o of subgrade moisture content 
m p l a c e v e r s u s c o r r e s p o n d i n g p l a s t i c 
l i m i t for a l l t e s t l o c a t i o n s at eight a i r 
p o r t s with cohesive subgrade s o i l s . 

A i r port Average R a t i o of Subgrade F i e l d 
Moisture Content to Sub-

grade P l a s t i c L i m i t 
Percent 

Lethbridge 65.0 
Grande P r a i r i e 85.0 
Regina 85. 1 
Saskatoon 97.0 
F o r t St. John 99.3 
Dorval 100.1 
Winnipeg 108.0 
Mai ton 114.3 

O v e r a l l Average 94.2 

The d a t a o f T a b l e 14 d e m o n s t r a t e 
- t h a t t h e f i e l d m o i s t u r e c o n t e n t may 
e x c e e d t h e p l a s t i c l i m i t f o r some 
a i r p o r t s , d e p e n d i n g upon t h e p r e 
v a i l i n g l o c a l c o n d i t i o n s . I n s o f a r 
as t h e o v e r a l l a v e r a g e f o r t h e s e 
e i g h t a i r p o r t s i s c oncerned,, how
e v e r , t h e f i e l d m o i s t u r e c o n t e n t 
was 94.2 p e r c e n t o f t h e p l a s t i c 
l i m i t , ^ t two a i r p o r t s t he average 

f i e l d m o i s t u r e c o n t e n t exceeded t h e 
p l a s t i c l i m i t , a t t h r e e a i r p o r t s i t 
was a p p r o x i m a t e 1 y < e q u a I t o t h e 
p l a s t i c l i m i t , and a t t h r e e o t h e r 
a i r p o r t s , i t was c o n s i d e r a b l y l e s s 
t h a n t h e p l a s t i c l i m i t . 

The r a t i o s c o n t a i n e d i n T a b l e 14 
a r e a v e r a g e v a l u e s o b t a i n e d f r o m 
t h e a c t u a l d a t a shown g r a p h i c a l l y 
i n F i g . 6. Runway d e s i g n , however, 
s h o u l d p r o b a b l y be based upon some
w h a t h i g h e r r a t i o s , ( t h e u p p e r 
q u a r t i l e p o i n t m i g h t be u s e d ) , and 
f o r t h i s r e a s o n i t was p o i n t e d o u t 
i n t h e p a p e r t h a t i t m i g h t be de
s i r a b l e t o c o n s i d e r s u b g r a d e 
m o i s t u r e c o n t e n t s up t o 120 p e r c e n t 
o f t h e p l a s t i c 1 i m i t , ( d e p e n d i n g 
upon p r e v a i l i n g l o c a l c o n d i t i o n s ) , 
when d e s i g n i n g runways i n a r e a s o f 
w e t t e r c l i m a t e . F o r c o n d i t i o n s 
s i m i l a r t o t h o s e i n t h e L e t h b r i d g e 
a r e a , on t h e o t h e r h a n d , a s s u m i n g 
a n u l t i m a t e s u b g r a d e m o i s t u r e 
c o n t e n t e q u a l t o 80 p e r c e n t o f t h e 
p l a s t i c l i m i t w o u l d p r o b a b l y p r o 
v i d e an a d e q u a t e s a f e t y f a c t o r f o r 
runway subgrade d e s i g n . 

The d a t a o f T a b l e 14 i n d i c a t e 
t h a t t h e a n t i c i p a t e d s u b g r a d e 
m o i s t u r e c o n t e n t f o r any i n d i v i d u a l 
a i r p o r t c o u l d be s e r i o u s l y o v e r 
e s t i m a t e d o r u n d e r e s t i m a t e d , i f i t 
w e r e assumed upon t h e b a s i s o f a 
s t a t i s t i c a l a v e r a g e o f d a t a f o r 
h a l f a c o n t i n e n t , o r f o r any l a r g e 
g e o g r a p h i c a l r e g i o n c o v e r i n g a wide 
r a n g e o f c l i m a t i c , g r o u n d w a t e r 
t a b l e , and s o i l c o n d i t i o n s , t h a t 
t h e e q u i l i b r i u m f i e l d m o i s t u r e con
t e n t o f a c o h e s i v e s u b g r a d e s o i l 
u n d e r pavement was e q u a l t o , l e s s 
t h a n , o r more t h a n t h e c o r r e s p o n d i n g 
p l a s t i c l i m i t . T a b l e 14 emphasizes 
t h e need f o r d e t e r m i n i n g t h e r a t i o 
o f f i e l d m o i s t u r e c o n t e n t v e r s u s 
c o r r e s p o n d i n g p l a s t i c l i m i t f o r co
h e s i v e s u b g r a d e s o i l s u n d e r pave
ment i n t h e i m m e d i a t e g e n e r a l a r e a 
o f each p r o p o s e d a i r p o r t s i t e , a l l 
o t h e r c o n d i t i o n s b e i n g s i m i l a r , i f 
t h e u l t i m a t e i r o i s t u r e c o n t e n t t o be 
e x p e c t e d f o r t h e subgrade under t h e 
new runways i s t o be e s t i m a t e d f r o m 
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TABLE 15 

AVERAGE MOISTURE CONTENT AND SATURATION DATA 

Ai r p o r t 

Undisturbed 
or 

f i e l d 
condition 

After sosking 
according to 
standard CBR 

procedure 
Whole Top 

Sample i n . 
Moist. Sat. Moist Sat Moist 

1 2 3 4 5 6 
% % % % % 

Lethbridge 13.1 44.7 22.7 90. 3 31.7 
Grande P r a i r i e 21.8 73.5 28.5 91.7 38.1 
Regina 26.1 69.0 36.0 89.2 39.3 
F o r t St. John 19.8 84.5 22.6 92.1 29.7 
Mai ton 17.9 83.3 19.7 92.4 26.4 
Winnipeg 30.1 82.7 34.3 92.1 43.0 
Saskatoon 25.0 78.0 29.9 91.6 35.6 

OTj OT 

7 

% 
49. 
80. 
77. 
91.8 
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89. 
85. 

-o e 
91 

o ti 
a 

h E 
tl a 
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8 

% 
57.7 
76.5 
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87.7 
91.0 
87.8 
83.7 

u c 
0) M 

9 
56 

41.3 
57.2 
66.4 
66.7 
67.8 
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70.3 

a o S — 

CQ 01 
H H o o X s 

10 

% 
242 
175 
150 
150 
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142 

o « 

. ol . 
« » ! D 

i 

71 
74 
91 
76 
74 
79 
84 

11 
% 

.5 

.9 

.6 

. 1 

.7 

.7 

.0 

i t s p l a s t i c l i m i t w i t h r<'ssonable 
a c c u r a c y . 

I t i s s u g g e s t e d b y M e s s r s . 
P r i n g l e and Hennion t h a t t h e t r a f f i c 
f o r f o u r Canadian a i r p o r t s i s l e s s 
t h a n t h a t upon w h i c h USED d e s i g n i s 
based. I n t h i s c o n n e c t i o n , may we 
a g a i n r e p e a t a q u o t a t i o n f r o m a 
r e p o r t by the V i c k s b u r g , M i s s i s s i p p i 
E x p e r i m e n t S t a t i o n o f t h e U.S. Corps 
o f E n g i n e e r s on C e r t a i n Requirements 
f o r F l e x i b l e PaVement D e s i g n f o r 
B-29 p l a n e s . "Where f a i l u r e s o c c u r 
i n f l e x i b l e p a v e ments, t h e y o c c u r 
i n a r e l a t i v e l y f e w o p e r a t i o n s 
r a t h e r t h a n o v e r a n e x t e n d e d 
number." As i n d i c a t e d p r e v i o u s l y , 
Canadian runways w h i c h a r e s a f e f o r 
w h e e l l o a d s o f o n l y 2 0 0 0 1 b and 
5000 l b , a c c o r d i n g t o U.S. Corps o f 
E n g i n e e r s ' d e s i g n c h a r t s , h a v e 
h a n d l e d t e n s o f thousands o f ope r a 
t i o n s o f a i r c r a f t w i t h wheel l o a d s 
o f 7000 t o 12,000 l b , and 25,000 t o 
30,000 l b , r e s p e c t i v e l y . We b e l i e v e 
t h e r e f o r e , t h a t t h e t r a f f i c a t t h e 
f o u r a i r p o r t s has been much more 

t h a n ample t o meet t h e r e q u i r e m e n t 
o f * t h e a b o v e q u o t a t i o n , n a m e l y , 
"a r e l a t i v e l y few o p e r a t i o n s . " 

Because o f b e t t e r c o m p a c t i o n , and 
t h e r e o r i e n t a t i o n o f t h e s o i l and 
a g g r e g a t e p a r t i c l e s i n t o a more 
s t a b l e s t r u c t u r e , a h i g h i n t e n s i t y 
o f t r a f f i c i s l i k e l y t o be bene
f i c i a l t o runways r a t h e r t h a n o t h e r 
w i s e , p r o v i d e d a l w a y s t h a t i t i s 
r e a s o n a b l y w e l l d i s t r i b u t e d o v e r 
t h e r u n w a y s u r f a c e , and t h a t t h e 
wheel l o a d s a r e w i t h i n t h e b e a r i n g 
c a p a c i t y o f t h e runway s t r u c t u r e . 

We have o b s e r v e d f r o m P a r t X I I 
C h a p t e r 4 o f the E n g i n e e r i n g Manual, 
J u l y 1946, t h a t t h e U.S. Corps o f 
E n g i n e e r s may r e q u i r e a g r e a t e r 
t h i c k n e s s o f g r a n u l a r base as an 
i n s u l a t i o n c o u r s e a g a i n s t f r o s t 
a c t i o n i n t h e subgrade, tha n i s i n 
d i c a t e d by the CBR r a t i n g o f soaked 
s u b g r a d e s a m p l e . I n t h e e x a m p l e 
worked o u t i n t h i s r e f e r e n c e , f o r a 
wheel l o a d o f 60,000 1b, a t h i c k n e s s 
o f 24 i n . o f g r a n u l a r base i s r e 
q u i r e d a c c o r d i n g t o t h e soaked CBR 
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r a t i n g o f t h e s u b g r a d e . However, 
because t h e subgrade i s s u b j e c t e d t o 
f r o s t p e n e t r a t i o n i n w i n t e r , t h e 
r e f e r e n c e i n d i c a t e s t h a t 46 i n . o f 
base c o u r s e must be e m p l o y e d , and 
t h e example s t a t e s t h a t 46 i n . o f 
base course s h o u l d a c t u a l l y be spe
c i f i e d f o r d e s i g n . I t has b e e n 
p o i n t e d o u t s e v e r a l t i m e s t h a t i n 
t h e e x p e r i e n c e o f Canada's D e p a r t 
ment o f T r a n s p o r t , t h e t h i c k n e s s o f 
base c o u r s e r e q u i r e d f o r a i r p o r t 
r u n w a y s a c c o r d i n g t o USED d e s i g n 
c h a r t s based upon the CBR r a t i n g o f 
s o a k e d s u b g r a d e s a m p l e s , a r e un
n e c e s s a r i l y c o n s e r v a t i v e . When i t 
i s f ound t h a t t h e s e a l r e a d y e x c e s s 
i v e t h i c k n e s s r e q u i r e m e n t s may be 
a p p r o x i m a t e l y d o u b l e d as a m a t t e r 
o f r o u t i n e d e s i g n , m e r e l y b e c a u s e 
th e subgrade e x i s t s i n an area sub
j e c t t o f r o s t p e n e t r a t i o n , i t i s to 
be q u e s t i o n e d whether o r n o t r u n 
way d e s i g n i s any l o n g e r a s s o c i a t e d 
w i t h t h e econoniic r e a l i t i e s v h i c l i 
e n g i n e e r i n g o r g a n i z a t i o n s i n most 
c o u n t r i e s must c o n s i d e r . 

The D e p a r t m e n t o f T r a n s p o r t 
makes no p r o v i s i o n f o r e x t r a t h i c k 
n e s s o f g r a n u l a r base b e c a u s e o f 
f r o s t p e n e t r a t i o n , b u t e n d e a v o r s 
d u r i n g c o n s t r u c t i o n t o r e m o v e 
p o c k e t s o f s i l t o r f i n e s a n d 
o c c u r r i n g i n t h e s u b g r a d e , where 
t h e s e a r e l i k e l y t o d e v e l o p f r o s t 
l e a n i n g o r f r o s t b o i l s . T r a f f i c 
has been h a n d l e d y e a r a f t e r y e a r 
r i g h t t h r o u g h t h e s p r i n g b r e a k - u p 
p e r i o d , w i t l i l i t t l e o r no a p p a r e n t 
d i s t r e s s , as i n d i c a t e d by t h e low 
m a i n t e n a n c e e x p e n d i t u r e s on t h e 
r u n w a y s . 

We a r e v e r y much i n t e r e s t e d i n 
t h e d e f i n i t i o n o f t h e word " s a t u r a 
t i o n " as employed by t h e U.S. Corps 
o f E n g i n e e r s , w h i c h has been g i v e n 
b y M e s s r s . P r i n g l e and H e n n i o n . 
P a r t l y on t h e b a s i s o f t h i s d e f i n i 
t i o n , we have p r e p a r e d t h e i n f o r m a 
t i o n summarized i n T a b l e 15, w h e r e i n 
averaged d a t a f o r a l l t e s t l o c a t i o n s 
a t each o f seven a i r p o r t s w i t h co
h e s i v e subgrades a r e t a b u l a t e d . We 
r e g r e t t h a t s i m i l a r d a t a f o r D o r v a l 

a r e n o t a v a i l a b l e . 
The d a t a f o r columns 2, 3, 4, 5, 

a n d 6, w e r e a v e r a g e d f r o m t h e 
c o n s i d e r a b l e mass o f d a t a o b t a i n e d 
f o r each i t e m f o r each a i r p o r t from 
u n d i s t u r b e d s a m p l e s s e n t t o t h e 
l a b o r a t o r y f o r t h e CBR t e s t . 
P e r c e n t s a t u r a t i o n v a l u e s shown i n 
c o l u m n s 3 and 5 a r e b a s e d u p o n 
c o m p l e t e f i l l i n g o f t h e s o i l v o i d s 
w i t h w a t e r a t 100 p e r c e n t . 

Messrs. P r i n g l e and Hennion s t a t e 
t h a t a f t e r s o a k i n g i n t h e s t a n d a r d 
CBR t e s t , t h e v o i d s i n t h e s o i l a re 
f r o m 75 t o 95 p e r c e n t f i l l e d w i t h 
w a t e r , d e p e n d i n g upon s o i l t y p e . 
The d a t a o f column 5 i n d i c a t e t h a t 
f o r t h e s u b g r a d e s o i l s f o r t h e s e 
s e v e n a i r p o r t s , t h e v o i d s a r e a t 
l e a s t 90 p e r c e n t f i l l e d w i t h w a t e r , 
on t h e b a s i s o f t h e w h o l e s a m p l e . 
C o l u i n r i . l l d e m o n s t r a t e s , h o w e v e r , 
t h a t the m o i s t u r e c o n t e n t o f t h e 
w h o l e sample i s o n l y f r o m 70 t o 90 
p e r c e n t o f t h e m o i s t u r e c o n t e n t o f 
t h e t o p i n c h , and i s more o f t e n 
o n l y f r o m 70 t o 80 p e r c e n t . I t i s 
q u i t e p r o b a b l e , t h e r e f o r e , t h a t t h e 
v o i d s i n t h e t o p i n c h on w h i c h t h e 
CBR t e f s t i s made, a r e c o n s i d e r a b l y 
more t h a n 90 p e r c e n t f i l l e d w i t h 
w a t e r . 

Column 7 c o n t a i n s v a l u e s o f t h e 
r q t i o o f d a t a i n c o l u m n 3 v e r s u s 
t h e c o r r e s p o n d i n g d a t a i n column 5 
expr e s s e d as p e r c e n t a g e s . T h a t i s , 
i n s o f a r as t h e v a l u e s i n column 7 
are concerned, t h e d a t a o f column 5 
a r e c o n s i d e r e d t o r e p r e s e n t 100 
p e r c e n t s a t u r a t i o n , i n k e e p i n g w i t h 
t h e d e f i n i t i o n o f t h i s t e r m em
p l o y e d by t h e Corps o f E n g i n e e r s . 
Even on t h i s b a s i s , t h e i n f o r m a 
t i o n o f column 7 i n d i c a t e s t h a t t h e 
c o h e s i v e s u b g r a d e s o i l s o c c u r r i n g 
u n d e r t h e paved r u n w a y s a t t h e s e 
s e v e n a i r p o r t s v a r i e d f r o m o n l y 
50 t o 90 p e r c e n t s a t u r a t i o n . T h a t 
i s , t h e s u b g r a d e s o i l s a t t h e s e 
a i r p o r t s were q u i t e d e f i n i t e l y n o t 
s a t u r a t e d on t h e a v e r a g e , a l t h o u g h 
t h e y had e x i s t e d under t h e pavement 
f r o m one t o s i x y e a r s , and had i n 
m o s t c a s e s p r o b a b l y a r r i v e d a t 
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t h e i r e q u i l i b r i u m m o i s t u r e c o n t e n t . 
T h e r e f o r e , c o n t r a r y t o t h e s t a t e 
ment o f M e s s r s . P r i n g l e and H e n n i o n , 
t h e d e g r e e o f s a t u r a t i o n f o u n d f o r 
t h e s u b g r a d e i n t h i s i n v e s t i g a t i o n 
d o e s n o t a g r e e w i t h t h e f i n d i n g s o f 
t h e C o r p s o f E n g i n e e r s , i f t h e i r 
f i n d i n g s a r e r e p r e s e n t e d b y t h e 
d e g r e e o f s a t u r a t i o n o b t a i n e d a f t e r 
s o a k i n g t h e s a m p l e s f o r f o u r d a y s . 

P o s s i b l y d e g r e e o f s a t u r a t i o n i s 
n o t t h e most s a t i s f a c t o r y b a s i s o f 
c o m p a r i s o n b e t w e e n f i e l d and s o a k e d 
c o n d i t i o n s . I n column 8, t h e r a t i o 
o f m o i s t u r e c o n t e n t i n t h e f i e l d 
c o n d i t i o n v e r s u s t h e a v e r a g e 
m o i s t u r e c o n t e n t o f t h e w h o l e 
s a m p l e a f t e r s o a k i n g f o r f o u r d a y s 
i s g i v e n f o r e a c h a i r p o r t , t h a t i s , 
t h e r a t i o o f c o r r e s p o n d i n g d a t a i n 
c o l u m n s 2 a n d 4. T h e s e r a t i o s 
p a r a l l e l t h o s e f o r d e g r e e o f s a t u r a 
t i o n c o n t a i n e d i n column 7, a s would 
be e x p e c t e d . T h e d a t a o f c o l u m n 9 
h o w e v e r , t e l l a m o r e i m p o r t a n t 
s t o r y . T h i s column l i s t s t h e r a t i o 
o f m o i s t u r e c o n t e n t i n t h e f i e l d 
c o n d i t i o n v e r s u s t h e m o i s t u r e 
c o n t e n t i n t h e t o p i n c h o f t h e 
s o a k e d s a m p l e on t h e b a s i s o f o v e r 
a l l a v e r a g e s f o r e a c h a i r p o r t . I t 
i s a p p a r e n t t h a t t h e f i e l d m o i s t u r e 
c o n t e n t v a r i e s f r o m o n l y 41 t o 70 
p e r c e n t o f t h a t f o u n d f o r t h e t o p 
i n c h o f t h e s o a k e d s a m p l e s . 

I t w i l l be r e c a l l e d t h a t t h e CBR 
p e n e t r a t i o n t e s t i s made on t h e top 
o f t h e s o a k e d s p e c i m e n , and t h e CBR 
r a t i n g o f t h e s a m p l e i s u s u a l l y 
d e t e r m i n e d f r om t h e l o a d s u p p o r t e d 
a t a p e n e t r a t i o n o f 0.1 i n . I t i s 

e v i d e n t f r om t h e d a t a o f c o l u m n s 9 
and 10 t h e r e f o r e , t h a t t h e s t a n d a r d 
CBR t e s t i s r u n on s o i l w h i c h may 
h a v e a m o i s t u r e c o n t e n t f r om 40 t o 
o v e r 140 p e r c e n t g r e a t e r t h a n t h e 
f i e l d m o i s t u r e a c q u i r e d by t h e s u b -
g r a d e a s an e q u i l i b r i u m c o n d i t i o n 
s e v e r a l y e a r s a f t e r t h e p a v e m e n t 
h a s been c o n s t r u c t e d . The s t r e n g t h 
o f a m o d e r a t e l y m o i s t c l a y s o i l 
w i l l o b v i o u s l y be v e r y s e r i o u s l y 
d e c r e a s e d i f i t s m o i s t u r e c o n t e n t 
i s i n c r e a s e d from 40 t o 140 p e r c e n t . 

T h e d a t a o f c o l u m n 10 make i t 
a p p a r e n t t h a t t h e r e i s no i d e n t i t y 
a nd n o t e v e n a s i m i l a r i t y b e t w e e n 
t h e e q u i l i b r i u m m o i s t u r e c o n t e n t 
a c q u i r e d b y a c o h e s i v e s u b g r a d e 
s o i l a f t e r s e v e r a l y e a r s u n d e r a 
p a v e m e n t , and t h e m o i s t u r e c o n t e n t 
i n t h e t o p i n c h o f a s o a k e d s a m p l e 
o f t h i s s o i l on w h i c h t h e s t a n d a r d 
CBR p e n e t r a t i o n t e s t i s made, i n s o 
f a r a s t h e s e s e v e n a i r p o r t s a r e 
c o n c e r n e d . 

T h i s o b s e r v a t i o n p r o b a b l y a f f o r d s 
a r e a s o n a b l e e x p l a n a t i o n f o r t h e 
w e l 1 - a u t h e n t i c a t e d f a c t t h a t t h e 
t h i n p a v e m e n t s on t h e r u n w a y s a t 
m o s t C a n a d i a n a i r p o r t s h a v e f o r 
y e a r s b e e n c a r r y i n g many t h o u s a n d s 
o f o p e r a t i o n s o f a i r c r a f t w i t h 
w h e e l l o a d s t h a t a r e s e v e r a l t i m e s 
t h e i r s a f e l o a d r a t i n g a c c o r d i n g t o 
USED d e s i g n c u r v e s . I t a l s o p r o 
b a b l y e x p l a i n s why no r e l a t i o n s h i p 
c o u l d be f o u n d b e t w e e n t h e r e s u l t s 
o f CBR t e s t s made on s o a k e d s u b -
g r a d e s a m p l e s , a nd t h e r e s u l t s o f 
s u b g r a d e p l a t e b e a r i n g t e s t s . 
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