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Use of Soil Survey Data in 
Design of Highways 

L . D . mCKS, Chief Soi ls Eng ineer , 
N o r t h C a r o l i n a State Highway and Pub l i c W o r k s C o m m i s s i o n 

SOIL SURVEY METHODS 

• A T the annual mee t ing of the Highway 
Research B o a r d i n December , 1948, t h i s 
w r i t e r p resen ted a paper en t i t l ed "The Use 
of A g r i c u l t u r a l So i l Maps i n M a k i n g So i l 
S u r v e y s , " w h i c h has been publ ished i n 
B u l l e t i n 22. T h i s paper i s a sequel to 
that paper m that i t deals w i t h the use 
made of s o i l - s u r v e y data i n the design of 
h ighways . Other methods of s ecu r ing s o i l -
su rvey data a r e discussed and the advant 
ages of one method ove r another g iven . 
The use made of s o i l - s u r v e y data w i l l be 
g iven m some d e t a i l m (1) the design of 
r i g i d pavements , (2) the des ign of f l e x i b l e 
pavements f o r p r i m a r y and secondary 
roads , (3) the se lec t ion of pavement type , 
and (4) s o i l s t ab i l i z a t i on f o r base courses . 

I n the o r i g i n a l paper presented i n 1948 
the pedologica l sys t em of s o i l c l a s s i f i c a 
t i o n was explamed i n d e t a i l and i t s use as 
a means of i d e n t i f y i n g so i l s i n m a k i n g s o i l 
su rveys was desc r ibed . The use made of 
ava i lab le a g r i c u l t u r a l s o i l maps , wh ich 
were made us ing the pedologica l sys t em of 
c l a s s i f i c a t i o n , i n obta in ing s o i l - s u r v e y data 
was also desc r ibed . I n a reas where a g r i 
c u l t u r a l s o i l maps a re not ava i l ab le , a 
method of i d e n t i f y i n g so i l s pedo log ica l ly 
by the use of a " k e y " was g iven . 

W h i l e data obtained f r o m a g r i c u l t u r a l 
s o i l maps o r i d e n t i f y i n g so i l s pedo log ica l ly 
a r e va luable , the data a r e of a genera l 
na ture at best . Where the data a r e to be 
m o r e p r e c i s e , i t i s necessary to r e s o r t 
to sys temat ic sampl ing . I n many instances 
where the exact amount of the s o i l c o n 
s t i tuen ts , sand, s i l t , and c lay i s de s i r ed , 
as i n mechan ica l s t ab i l i z a t i on of subgrade 
s o i l s , the ana lys i s of i n d i v i d u a l samples 
i s abso lu te ly necessary . P r e c i s e c l a s s i 
f i c a t i o n of so i l s demands that samples be 
taken and tes ted . I n genera l , s o i l s f r o m 
the same h o r i z o n of the same s o i l s e r i e s 
may , but not a lways , f a l l in to the same 
subgrade group; but the value of the group 

index cannot be d e t e r m i n e d , except f r o m 
the r e s u l t s of tes ts on i n d i v i d u a l samples . 
A l s o , a g r i c u l t u r a l s o i l mapp ing i s s u r f i c i a l , 
the depth of the s o i l examined be ing about 
3 f t . , wh ich i s not , i n many ins tances , of 
s u f f i c i e n t depth to g ive r e l i a b l e data. A l 
though p l ac ing a s o i l i n i t s s e r i e s c l a s s i f i 
ca t ion indica tes c e r t a i n s i m i l a r i t i e s as to 
a r r angement and depth of h o r i z o n s , pa ren t 
m a t e r i a l , e t c . , the s i m i l a r i t i e s may be 
too genera l f o r the use to be made of the 
data, ^ o r mstance , so i l s d e r i v e d f r o m 
g ran i t e and g ran i t e -gne i s s may o r may not 
have s u f f i c i e n t amount of m i c a i n t h e i r C 
ho r i zons to produce d e t r i m e n t a l e l a s t i c i t y . 
A l s o , c e r t a i n s o i l s e r i e s o c c u r r i n g i n the 
coas ta l p l a i n m a y indica te a p r o f i l e c o n 
s i s t i n g of sand i n the A h o r i z o n and sand 
c l a y i n the B h o r i z o n , but the C h o r i z o n 
some t imes contains s t r a t i f i c a t i o n s of pu re 
c l a y o r p r a c t i c a l l y pure sand, o r even 
P iedmont m a t e r i a l , i f the a rea i s near the 
Coas ta l -P la in -P iedmont d i v i d i n g l i n e . E x 
ce l l en t sand, g r a v e l , sand c l a y , and sand 
c l a y - g r a v e l m a t e r i a l s have been found b e 
neath so i l s of s e r i e s c l a s s i f i c a t i o n s c o m 
p le t e ly a l i en to the so i l s of those s e r i e s due 
to the f a c t that the su r face so i l s had been 
t r a n s p o r t e d and cove red these m a t e r i a l s 
w h i c h a r e of a d i f f e r e n t geo log ica l age. 

The above i s not g iven i n condemnat ion 
of the use of the pedolog ica l sys t em of 
c l a s s i f y i n g so i l s i n m a k i n g s o i l su rveys , 
bu t , as s ta ted b e f o r e by the w r i t e r i n 
another a r t i c l e the method has i t s 
sho r t comings . The pedologica l sys t em of 
s o i l c l a s s i f i c a t i o n i s a v e r y valuable t o o l to 
use i n m a k i n g s o i l su rveys , but where 
accuracy demands, the method should be 
supplemented w i t h add i t iona l o r suppor t 
i n g data. A p r o p e r knowledge of the s o i l i n 
a s o i l s e r i e s w i l l o f t en ind ica te when i t i s 
necessary to obta in add i t iona l data. 

So i l su rveys a r e made to obta in c e r t a i n 
d e f i n i t e i n f o r m a t i o n concern ing the so i l s 
to be encountered w i t h i n an a rea . The 
amount and type of i n f o r m a t i o n depend 
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upon the use to be made of the s o i l . F o r 
a g r i c u l t u r a l purposes i n f o r m a t i o n r e l a t i n g 
to t i l l i n g the s o i l and p roduc t ion of c rops 
i s sought, but when the s o i l i s to se rve as 
a s t r u c t u r e o r p a r t of a s t r u c t u r e , the 
s t reng th and d u r a b i l i t y of the m a t e r i a l i s 
of p r i m e i m p o r t a n c e . A s o i l s u r v e y made 
to secure i n f o r m a t i o n r e l a t i n g to the b e 
h a v i o r of s o i l as a s t r u c t u r a l m a t e r i a l may 
be ca l l ed an engineer ing s o i l su rvey . 

Eng inee r ing s o i l su rveys m a y b e d i v i d e d 
in to two c lasses , su rveys to d e t e r m i n e the 
c h a r a c t e r i s t i c s of the s o i l as a foundat ion 
beneath such s t r u c t u r e s as b r i d g e s , b u i l d 
ings , dams , and those to de t e rmine i t s 
c h a r a c t e r i s t i c s f o r use i n the c o n s t r u c t i o n 
of h ighways and a i r p o r t s . Surveys o f the 
f o r m e r c lass r e q u i r e subsur face b o r i n g s to 
depths be low apprec iab le in f luence caused 
by the weight of the proposed s t r u c t u r e i n 
o r d e r to locate and sample the v a r i o u s 
s t r a t a of m a t e r i a l . S o i l su rveys o f t h i s 
c lass w i l l not be d iscussed i n t h i s paper . 
So i l su rveys f o r the cons t ruc t ion of h i g h 
ways and a i r p o r t s , i f comple te , r e q u i r e 
m u c h data to g ive adequate i n f o r m a t i o n , 
and necessi ta tes both s u r f i c i a l and sub 
su r f ace exp lo ra t i on and s a m p l i n g . The 
w r i t e r has cove red one phase of t h i s c lass 
of su rvey i n h i s paper p resen ted i n 1948 
and p r i n t e d i n H R B B u l l e t i n 22 and w i l l 
d i scuss o the r phases i n t h i s paper as w e l l 
as the use made of s o i l - s u r v e y data i n 
des igning h ighways . 

The grea tes t one f a c t o r a f f e c t i n g the 
s t a b i l i t y and s t r eng th of s o i l i s wa te r c o n 
ten t . F o r a g iven c l i m a t e the degree o f 
t h i s in f luence i s a f f e c t e d by the const i tuents 
of the s o i l mass (sand, s i l t , and c l a y ) , 
the amount of the v a r i o u s cons t i tuents , 
t h e i r shape and m i n e r a l and c h e m i c a l c o m 
p o s i t i o n , adsorbed ions , and degree o f 
conso l ida t ion . The const i tuents of a s o i l 
and t h e i r amounts a r e d e t e r m i n e d by m e 
chan ica l ana lys i s of a s ample , w h i l e the 
e f f ec t of t h e i r shape, m i n e r a l and c h e m i c a l 
c o m p o s i t i o n , and adsorbed ions i s ind ica ted 
by such tes t s as the l i q u i d l i m i t , p l a s t i c i t y 
index , shr inkage f a c t o r s , and hydrogen- ion 
concent ra t ion (pH). The degree of c o n s o l i 
dat ion i s d e t e r m i n e d by c o m p a r i n g the 
dens i ty o f the s o i l mass as i t ex i s t s w i t h 
the dens i ty of the s o i l when compacted i n 
accordance w i t h a s tandard tes t p rocedure 
such as AASHO Des igna t ion T 99-49 . 

M a k i n g a s o i l su rvey i n accordance w i t h 
the Standard Methods o f Su rvey ing and 
Sampl ing Soi l s f o r Highway Purposes , 

AASHO Designat ion T 86-49 w i l l f u r n i s h 
data that i s qui te comple te as f a r as type 
of s o i l , i t s l oca t ion i n the p r o f i l e , e x i s t i n g 
wate r content , l oca t ion of wa te r b e a r i n g 
s t r a t a , e t c . , i s concerned, and when p laced 
i n the hands of a competent and exper ienced 
s o i l s engineer , w i l l pay d iv idends ; h o w 
ever-, many of the p r o b l e m s ind ica ted b y 
the s u r v e y data m a y be found to be n o n 
exis tent d u r i n g c o n s t r u c t i o n , and qui te 
se r ious p r o b l e m s may be encountered that 
we re not ind ica ted f r o m the data. The 
need f o r e labora te and expensive u n d e r 
ground drainage sys tems may be ind ica t ed , 
but when excavat ion i s comple ted the c o n d i 
t i on m a y be found to have been c o r r e c t e d 
to a g rea t extent b y r e m o v a l of the s u r 
rounding m a t e r i a l . The season of the yea r 
when cons t ruc t i on i s done w i l l a l so have 
cons iderable in f luence on the ser iousness 
and method of s o l v i n g such p r o b l e m s . 
The author has found i t to be a s a f e r p l a n 
to f ace such p r o b l e m s d u r i n g c o n s t r u c t i o n , 
when poss ib le , and decide upon t h e i r s o l u 
t i o n at that t i m e when a l l of the f a c t o r s 
caus ing the condi t ion can be m o r e c o r r e c t l y 
ana lyzed . 

I n N o r t h C a r o l i n a the loca t ion of r o c k 
i s found f r o m soundings made by a loca t ion 
p a r t y o rgan ized f o r that purpose . T h i s 
data i s p lo t t ed on the p r o f i l e sheet as a 
guide to the c o n t r a c t o r i n b idd ing on exca 
v a t i o n . M u c k beds a r e a l so loca ted by a 
spec ia l p a r t y , and the data used i n the 
d i sposa l of t h i s m a t e r i a l . The use of 
v e r t i c a l sand d ra in s to acce le ra te the 
se t t l ement of wet so i l s beneath f i l l s have 
not been used i n th i s state as ye t , but the 
advantage of t h e i r use i s r ecogn ized , and 
should the occasion a r i s e , they w i l l p r o b 
a b l y be used on i m p o r t a n t w o r k . T h e i r 
des ign w i l l r e q u i r e a spec ia l s o i l su rvey . 

I t i s se ldom necessary to make as c o m 
ple te a s o i l s u r v e y as r e q u i r e d i n method 
AASHO T 86-49. M u c h of the data w o u l d 
be r epe t i t i ous i n l o c a l i t i e s i n w h i c h p r e v i o u s 
su rveys had been made, o r i n a reas whose 
s o i l s a r e known b y the so i l s engineer t o 
be long to c e r t a i n pedolog ica l s o i l s e r i e s , 
the c h a r a c t e r i s t i c s of w h i c h a r e f a m i l i a r 
to h i m . Such i s the case i n N o r t h C a r o 
l i n a where pedolog ica l s o i l su rveys have 
been made and a g r i c u l t u r a l s o i l maps a r e 
ava i l ab le f o r about 90 percen t of the coun 
t i e s . Use has been made of these maps i n 
m a k i n g engineer ing s o i l su rveys s ince 1938 
at cons iderab le sav ing i n s u r v e y cos t as w e l l 
as i n t i m e . W h e r e accuracy w a r r a n t s , the 
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use of these maps i s supplemented by a d 
d i t i o n a l data obtained f r o m b o r i n g s and 
samples taken at s u f f i c i e n t i n t e r v a l s to 
f u l f i l l the accuracy r equ i r emen t s f o r the 
p a r t i c u l a r w o r k . 

SOIL SURVEY D A T A USED I N 
T H E DESIGN O F R I G I D 

P A V E M E N T S 

A r i g i d pavement , as the name i m p l i e s , 
i s a s lab of m a t e r i a l r i g i d i n na tu re , c o m 
mon ly supported by a foundat ion composed 
of s o i l , wh ich i s m o r e o r less f l e x i b l e i n 
na ture . The s t rength of the r i g i d s lab i s 
measured i n t e r m s of i t s res i s tance to 
f i b e r s t r e s s , one hal f of w h i c h i s used as 
the design s t r e s s , w h i l e the subgrade sup
p o r t i s measured by a modu lus , designated 
as " k " , d e r i v e d f r o m the be a r i ng va lue of 
the s o i l . ( I t should be noted that the t e r m , 
b e a r i n g va lue , i s used here ins tead of 
b e a r i n g capaci ty . The be a r i ng capac i ty of 
a s o i l i s that p r e s s u r e , g r ea t e r than w h i c h , 
w i l l p roduce p las t i c f l o w , w h i l e i t s be a r i ng 
va lue i s that p r e s s u r e , g rea te r than v ^ i c h , 
w i l l p roduce m o r e than a s t ipu la ted s e t t l e 
ment . The bea r i ng va lue should , of cour se , 
never exceed the bea r i ng c a p a c i t y . ) 

The value of k i s d e t e r m i n e d f r o m tes t 
data obtained by loading the s o i l , i n the 
condi t ion of m o i s t u r e and degree of c o n 
so l ida t ion under wh ich i t i s to s e rve , u s ing 
a round s tee l p l a t e , 30 i n . i n d i a m e t e r . 
The p r e s s u r e p roduc ing 0 . 0 5 - i n . s e t t l e 
ment i s the bea r i ng va lue of the s o i l , and 
the amount of th i s p r e s s u r e i n pounds pe r 
square i nch d iv ided by 0 .05 gives the value 
of k . 

The value of k , a l though de t e rminab l e , 
i s m o r e o f t en selected than de t e rmined . 
I t I S safe to select the value r a t h e r than 
de t e rmine i t , p r o v i d e d a reasonable amount 
of d i s c r e t i o n i s used. The values r e c o m 
mended by good a u t h o r i t y a re based on 
average tes t data, and a reasonable e r r o r 
one way o r the o ther has l i t t l e a f f e c t upon 
the ca lcu la ted th ickness of the s lab . Tab le 
1 g ives values of k used i n N o r t h C a r o l i n a 
f o r the v a r i o u s types of s o i l c o m m o n l y en -
co imte red . The Soi ls L a b o r a t o r y of the 
N o r t h C a r o l i n a State Highway and Pub l i c 
W o r k s C o m m i s s i o n has had occasion to 
check some of these values f o r the m o s t 
common so i l s o c c u r r i n g i n that state by 
means of load tes ts . 

T A B L E 1 

Type of So i l B P R Subgrade Range i n 
Group Value of " k " 

Sandy Soi ls A 2 - A3 150 - 300 
S i l t Soi ls A 4 - A5 50 - 150 
Clay Soi ls A6 - A7 50 - 100 

The values g iven a re based on the a s 
sumpt ion that the type of so i l s ex i s t to 
s u f f i c i e n t depth to r e a l i z e the t r u e s t r eng th 
of the m a t e r i a l . F o r mstance , a subgrade 
composed of a l a y e r of sandy s o i l less 
than about 4 f t . t h i c k unde r l a in w i t h a c l a y 
s o i l should not be g iven a k value between 
150 and 300 but a value between 50 and 
100, the range f o r c l ay s o i l s . 

About 15 y r . ago a type of f a i l u r e of 
r i g i d pavements began to develop i n N o r t l . 
C a r o l i n a that had never been of m u c h c o n 
c e r n to anyone b e f o r e . Wa te r w i t h sub-
grade m a t e r i a l i n suspension was be ing 
ex t ruded at the edges and between the 
j o i n t s and c r a c k s of the s labs of concre te 
pavements by the ac t ion of heavy veh i c l e s . 
T h i s e x t r u s i v e ac t ion was c a l l e d " p u m p i n g " 
because the ac t ion of t r a f f i c on the pave
ment s labs was not un l ike that of a pump . 
A s the pumping ac t ion p rog re s sed , s u f 
f i c i e n t subgrade m a t e r i a l was r e m o v e d to 
cause the s labs to b r e a k s e v e r a l f ee t f r o m 
the j o i n t o r c r a c k . These sho r t s labs be 
gan to r o c k and pumping developed at the 
new c r a c k . I t was no t iced that th i s new 
type of f a i l u r e was t ak ing place on new 
pavements as w e l l as those that had been 
i n s e r v i c e f o r y e a r s , so i t was r e a l i z e d 
that the t r o u b l e was not i n the s lab i t s e l f 
but i n the subgrade. The s o i l s l a b o r a t o r y 
was ca l l ed upon to inves t iga te t h i s new 
type of f a i l u r e and develop some t r e a t m e n t 
of the subgrade, i f poss ib le , to p reven t 
i t s occu r rence on f u t u r e w o r k . 

A f t e r cons iderable inves t iga t ion and 
s tudy, i t was found that pumping of c o n 
c re t e pavement s labs was the r e s u l t of 
heavy loads causing the s labs to d e f l e c t . 
When movement took place and f r e e wate r 
was l y i n g on the subgrade, the wate r was 
e jec ted w i t h some f o r c e , c a r r y i n g w i t h i t 
some of the f i n e - g r a i n e d subgrade m a 
t e r i a l . I f f r e e wa te r was not p resen t on 
the subgrade, movement of the slab took 
p lace , but no h a r m was done as no sub-
grade m a t e r i a l was r e m o v e d . I t was a lso 
no t i ced that concre te pavements hav ing 
sandy s o i l subgrades showed no s igns of 
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pumping to the extent that the subgrade 
s o i l was e jec ted . 

These f a c t s l ed to the conc lus ion that 
pumping of concre te pavements was caused 
by th ree f a c t o r s w h i c h had to ex i s t a t the 
same t i m e : (1) ax le loads s u f f i c i e n t l y l a r g e 
to cause movement o r de f l ec t i on of the 
concre te s lab , (2) water i n s u f f i c i e n t quan
t i t y to be e jec ted when the s lab de f l ec ted , 
and (3) a subgrade composed of s o i l su f 
f i c i e n t l y i m p e r v i o u s to p e r m i t f r e e wa te r 
to l i e on i t . Since these th ree f a c t o r s had 
to ex i s t at the same t i m e , the p r o b l e m 
could be so lved by the e l i m i n a t i o n of one of 
t h e m . Reducing the weight of the ax le 
loads was out of the quest ion, and i t was 
found that p reven t ing the entrance of wa te r 
o r i t s drainage f r o m the subgrade cou ld 
not be e f f ec t ed to a s a t i s f a c t o r y degree . 
The only r e m a i n i n g f a c t o r to be cons ide red 
was the subgrade m a t e r i a l . I t was reasoned 
that a r a t h e r pe rv ious l aye r of m a t e r i a l 
wou ld act as a b l o t t e r and r e a d i l y absorb 
the water en te r ing the pavement c r a c k s , 
j o i n t s , and sides and, as a r e s u l t , the 
wa te r wou ld not be i n a f r e e state to be 
pumped out c a r r y i n g f i n e - g r a i n e d subgrade 
s o i l w i t h i t . 

M a t e r i a l mee t ing the above r e q u i r e m e n t s 
f o r a b l o t t e r course should be g r a n u l a r i n 
t ex tu re and f a i r l y w e l l graded. The g rad ing 
l i m i t s of f o u r classes of m a t e r i a l s s a t i s 
f a c t o r y f o r use i n t h i s type of w o r k a re 
g iven i n Tab le 2. 

T A B L E 2 

Grad ing L i m i t s F o r B l o t t e r Course M a t e r i 
a l s F o r Use Beneath Concre te Pavements 

Sieve 
N o . 

T o t a l Pe rcen t Pass ing 

Class A Class B Class C 

2" 100 100 
1 " 75-90 70-100 
%" 60-75 55-100 
4 40-60 40-80 

10 30-65 100 100 
40 15-30 15-45 40-75 40-100 

200 5-15 5-25 12-35 12-35 

The amount pass ing the No . 200 s ieve 
s h a l l no t be m o r e than two t h i r d s of the 
amount pass ing the N o . 40 s ieve . The 
L i q u i d L i m i t and P l a s t i c i t y Index of the 
m a t e r i a l pass ing a No . 40 s ieve s h a l l not 
exceed 25 and 6, r e s p e c t i v e l y , when tes ted 
i n accordance w i t h the method designated 
as AASHO T 88-49. 

B l o t t e r courses cons t ruc ted of m a 
t e r i a l s mee t ing the r e q u i r e m e n t s g iven 
i n Tab le 2 a re cons t ruc ted i n t r e n c h sec
t ions , extending a f o o t w i d e r than the pave
ment on each s ide . No p r o v i s i o n i s made 
f o r dra inage at the t i m e of cons t ruc t ion ; 
however , i f s a tu ra t ion of the l a y e r i s i n d i 
cated at a l a t e r date, d r a i n t i l e s a r e i n 
s t a l l ed at i n t e r v a l s th rough the shou lders . 
T h i s i s se ldom necessary . A compacted 
l a y e r of 4 i n . has been f o i m d adequate to 
p reven t the d e t r i m e n t a l e f f ec t s of pumping 
ac t i on . 

Should the m a t e r i a l s se lec ted f o r th i s 
w o r k be m o r e open graded than the m a 
t e r i a l s g iven i n Tab le 2, the base i s not 
cons ide red as a b l o t t e r course but a d r a i n 
age m e d i u m and the l a y e r i s extended 
th rough the shoulders . T h i s , of cour se , 
r e q u i r e s m o r e m a t e r i a l and may o r may 
not be m o r e expensive, depending upon the 
r e l a t i v e cost of the m a t e r i a l s . A l s o , these 
more -open -g raded m a t e r i a l s a r e gene ra l l y 
qui te cohesionless and may be qui te d i f f i 
c u l t t o hau l over by the hau l ing equipment 
t r a n s p o r t i n g the concre te m a t e r i a l s to the 
m i x e r . 

M a t e r i a l s f o r the w o r k d iscussed above 
o f t e n occur l o c a l l y ; however , i t i s the 
genera l p o l i c y to r e q u i r e that they be f u r 
n ished by the c o n t r a c t o r i n o r d e r to avo id 
c e r t a i n d i f f i c u l t i e s that m a y b e encountered 
when the state purchases and f u r n i s h e s 
such m a t e r i a l s . A f t e r the a w a r d of the 
con t r ac t , the l a b o r a t o r y samples and tes ts 
the m a t e r i a l s proposed f o r use b e f o r e they 
a r e purchased b y the c o n t r a c t o r and p laced 
on the subgrade. Samples a r e again taken 
and tes ted a f t e r the m a t e r i a l s a r e p laced . 

Subgrade so i l s that do not meet the r e 
qu i r emen t s of the m a t e r i a l s g iven i n Table 
2 a r e cons idered as subgrades conducive to 
pumping of concre te pavements and a re r e 
q u i r e d to be cove red w i t h a 4 - i n . compacted 
b l o t t e r course b e f o r e p l ac ing the concre te 
pavement . T h i s des ign f o r concre te pave
ments has been f o l l o w e d i n N o r t h C a r o l i n a 
f o r the past 10 y r . and, to the best of the 
w r i t e r ' s knowledge, no " p u m p i n g " has 
developed. 

SOIL SURVEY D A T A USED I N T H E 
DESIGN O F F L E X I B L E P A V E M E N T S 

The usual concept of a f l e x i b l e pavement 
has been a pavement cons i s t i ng of a g g r e 
gates cemented together w i t h b i t u m e n . 
W h i l e such a pavement i s s t i l l cons ide red 
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a f l e x i b l e pavement today, the d e f i n i t i o n 
has been broadened to inc lude pavements 
cons i s t ing of subbases o r bases composed 
of se lected s o i l m a t e r i a l s o r so i l - aggrega te 
m i x t u r e s , wh ich a r e cove red w i t h b i t u m i n 
ous w e a r i n g s u r f a c e s . B y m a k i n g use of 
the science of s o i l mechanics , i t has been 
poss ib le to cons t ruc t f l e x i b l e pavements 
at a cost and l o a d - c a r r y i n g capac i ty c o m 
parab le to that of the r i g i d type . 

The mechanics of the design of a f l e x i b l e 
pavement i s d i f f e r e n t f r o m that of the r i g i d 
type i n that the f l e x i b l e type i s a s sumed to 
possess no s lab s t r eng th . The s t r e ng th of 
a f l e x i b l e pavement l i e s i n i t s a b i l i t y to 
wi ths tand the p re s su re s imposed upon i t s 
su r f ace and to d i s t r i b u t e t hem to the under-
lyiag subgrade i n such a manner tha t t h e i r 
i n t ens i ty i s reduced to less than the b e a r i n g 
capac i ty of the subgrade s o i l . Bo th the 
r i g i d and the f l e x i b l e types of pavement 
depend upon the s t r eng th of the subgrade; 
however , the na ture of a f l e x i b l e pavement 
p e r m i t s u t i l i z a t i o n of the f u l l s t r eng th of 
the subgrade, i n mos t cases, ins tead of 
only a p o r t i o n of i t . T h e r e f o r e , the b e a r 
ing capac i ty of the subgrade may be used 
i n the design of a f l e x i b l e pavement ins tead 
of i t s bea r i ng value . The b e a r i n g capac i ty 
of each l a y e r of m a t e r i a l i n the pavement 
s t r u c t u r e , inc lud ing that of the w e a r i n g 
s u r f a c e , can be u t i l i z e d on ly i f the l a y e r 
has adequate suppor t . 

I n o r d e r to des ign a f l e x i b l e pavement 
that w i l l suppor t veh ic les of a d e f i n i t e type 
w i t h axle loads of a s ta ted m a x i m u m , the 
design engineer mus t know the b e a r i n g 
capaci ty of the subgrade and of each l a y e r 
i n the pavement s t r u c t u r e . T h i s r e q u i r e 
ment invo lves the de t e rmina t i on of the 
bea r i n g capac i ty of the subgrade s o i l s to 
be encountered and the se lec t ion and d e t e r 
m i n a t i o n of the b e a r i n g capac i ty of the m a 
t e r i a l s used i n each l a y e r of the pavement 
s t r u c t u r e . These bea r ing -capac i ty de 
t e r m i n a t i o n s of the m a t e r i a l s mus t be made 
at the condi t ion of m o i s t u r e and degree of 
compac t ion under w h i c h they w i l l s e rve . 
T h i s i n f o r m a t i o n mus t be f u r n i s h e d by the 
s o i l engineer , who mus t make a l l of the 
necessary inves t iga t ions and p e r f o r m a l l 
of the necessary tes ts f o r i t s p r o c u r e m e n t . 
Obta in ing th i s i n f o r m a t i o n , a l though not 
s t r i c t l y a s o i l su rvey p r o c e d u r e , i s n e v e r 
theless s o i l data, and w i l l be d iscussed i n 
t h i s paper . 

D e t e r m i n a t i o n of the b e a r i n g capac i ty of 
a s o i l r e q u i r e s that some f o r m of a s t r eng th 

tes t be made and, f r o m the data obta ined, 
a r r i v e at i t s va lue . T h e r e a r e s e v e r a l 
methods of approach to t h i s d e t e r m i n a t i o n 
us ing tes t data f r o m such tes ts as shear 
t es t s , pene t ra t ion tes t s , and load t e s t s , 
bo th m i n i a t u r e and f u l l scale . I n N o r t h 
C a r o l i n a f u l l - s c a l e load tes ts a r e c o n 
ducted i n the l a b o r a t o r y on p r e p a r e d sub-
grades composed of v a r i o u s s o i l m a t e r i a l s . 
The s o i l i s p laced i n a b i n 14 f t . l ong , 3/^ 
f t . w ide , and 2% f t . deep at a m o i s t u r e 
content and degree of conso l ida t ion found 
to ex i s t i n t h i s type of s o i l i n s e r v i c e , and 
tes ted by loading round s t ee l p la tes , 6%, 
8, 10, and ISYa i n . i n d i ame te r . The m o i s 
t u r e content of the s o i l and i t s degree of 
compac t ion i s obtained f r o m the r e s u l t s of 
m o i s t u r e - d e n s i t y s u r v e y s , one of wh ich 
was r e p o r t e d at the T w e n t y - E i g h t h M e e t i n g 
of the Highway Research B o a r d he ld i n 
December 1948 and publ i shed i n the p r o 
ceedings f o r that yea r (2). The load tes t 
technique f o l l o w s that developed by House l 
and r e p o r t e d by h i m i n 1936 (3). The 
w r i t e r has r e p o r t e d the use of t h i s t e s t i n 
some d e t a i l i n two o ther papers (4, 5) and 
w i l l not d iscuss i t he re . 

A l l s o i l s a r e t es ted as subgrades whether 
they a r e used i n subgrades o r base courses . 
The b ea r i n g capaci ty of a m a t e r i a l a t a 
c e r t a i n m o i s t u r e content , i f tes ted as a 
subgrade, i s the m a x i m u m f o r the m a t e r i a l 
when used i n a base course . The th ickness 
of base cou r se , p laced on a g iven subgrade, 
that w i l l p roduce th i s va lue of b e a r i n g 
capac i ty i s the o p t i m u m th ickness of base 
course f o r t h i s m a t e r i a l on th i s subgrade. 
F o r ins tance , i f a base course m a t e r i a l 
has a b e a r i n g capac i ty of 100 p s i . when 
tes ted as a subgrade, and i t i s found that 
12 i n . of i t p laced on a 20 p s i . subgrade 
w i l l s t i l l have a b e a r i n g capac i ty of 100 
p s i . , the o p t i m u m th ickness f o r t h i s base 
course m a t e r i a l p laced on a 20 p s i . sub-
grade I S 12 i n . Grea t e r th icknesses p laced 
on a subgrade of t h i s same s t r eng th w i l l 
show no increase i n b e a r i n g capac i ty . 

SOIL SURVEY D A T A USED I N S E L E C T I O N 
O F P A V E M E N T T Y P E 

U s u a l l y economics govern i n the se
l e c t i o n of pavement type and some t imes i t 
i s pe r sona l p r e f e r ence ; however , c e r t a i n 
f a c t s r evea led by s o i l - s u r v e y data can be 
used to j u s t i f y the choice of one type ove r 
another . H i g h l y micaceous s o i l s possess 
d e t r i m e n t a l e l a s t i c i t y , w h i c h i s the w o r s t 
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enemy a f l e x i b l e pavement can have. E x 
pensive t r ea tmen t s may be necessary to 
ove rcome the e l a s t i c i t y of t h i s type of sub -
grade and, even w i t h such t r e a t m e n t s , the 
r e s u l t s a r e not a lways 100-percent s a t i s 
f a c t o r y . A r i g i d type of pavement f o r 
e las t ic subgrades i s the safes t des ign. 

Subgrades on embankments that a r e 
subjec t to subsidence due to se t t l ement 
of the foundat ion s o i l beneath t h e m , o r 
subgrades on embankments that cou ld not 
be compacted by r o l l i n g due to h igh wate r 
content i n the s o i l , w i l l cause a r i g i d pave
ment to c r a c k and f a u l t excess ive ly due to 
n o n u n i f o r m se t t l ement . A f l e x i b l e pave
ment w i l l s e rve m u c h m o r e s a t i s f a c t o r i l y 
ove r subgrades of t h i s type than one of the 
r i g i d type . 

I t i s now poss ib le to design a f l e x i b l e 
pavement f o r the heaviest t r a f f i c , and i f 
the subgrade i s su i table f o r e i t he r the r i g i d 
o r the f l e x i b l e type , the cheaper of the two 
i s gene ra l ly chosen. The a v a i l a b i l i t y of 
l o c a l s o i l m a t e r i a l s su i table f o r the c o n 
s t r u c t i o n of a base course o f t en makes the 
f l e x i b l e pavement much the cheaper; a lso 
the p r o x i m i t y of stone that may be c rushed 
l o c a l l y , a l though m o r e c o s t l y than l o c a l 
s o i l , i s cheaper than a r i g i d pavement . 
I n areas not too f a r f r o m c o m m e r c i a l m a 
t e r i a l p l an t s , the use of t h e i r m a t e r i a l s 
o f t e n p e r m i t s the cons t ruc t ion of a f l e x i 
b le pavement m o r e economica l ly than a 
r i g i d type . The necess i ty f o r the use of 
b l o t t e r courses between r i g i d type pave
ments and s i l t - c l a y subgrades o f t en t imes 
places the r i g i d pavement at a disadvantage 
f r o m the standpoint of cost ; however , i m 
provement i n pav ing m a c h i n e r y and methods 
f o r concrete has reduced the cost to the 
point where the two types a r e comparab le 
when the pavements mus t be designed f o r 
heavy veh i c l e s . 

SOIL S U R V E Y D A T A USED I N 
S T A B I L I Z A T I O N O F SOIL 

So i l s t a b i l i z a t i o n , as used i n t h i s paper , 
r e f e r s to the method of p roces s ing s o i l to 
r ender i t sui table as abase course beneath 
a b i tuminous pavement . A l l methods of 
s o i l s t ab i l i z a t i on used i n N o r t h C a r o l i n a 
have been appl ied to the cons t ruc t i on of 
f l e x i b l e pavements on secondary roads o r 
roads c a r r y i n g r e l a t i v e l y l i g h t v e h i c l e s , 
those having m a x i m u m axle loads of 13,000 
l b . The f o u r f o l l o w i n g methods have been 
used: 

1 . M e c h a n i c a l s t a b i l i z a t i o n , a p rocess 
i n w h i c h g r anu l a r m a t e r i a l s have been c o m 
b ined w i t h sui table c l a y s o i l subgrades to 
produce a base course m a t e r i a l mee t ing the 
r e q u i r e m e n t s . 

2. P o r t l a n d - cement s t a b i l i z a t i o n , a 
p rocess i n wh ich a s u f f i c i e n t amount of 
Por t l and cement i s m i x e d w i t h the subgrade 
s o i l to cause i t to harden in to a compact 
mass and not sof ten i n the presence of 
wa te r o r d i s in tegra te f r o m f r e e z i n g o r 
thawing o r we t t i ng and d r y i n g . 

3. B i tuminous s t a b i l i z a t i o n , a p rocess 
i n -w^ich b i tuminous m a t e r i a l s a r e m i x e d 
w i t h the s o i l to w a t e r p r o o f the p a r t i c l e s 
and f u r n i s h the necessary cohesion f o r 
s t a b i l i t y . 

4 . V m s o l - r e s i n s t a b i l i z a t i o n , a p r o c e s s 
i n w h i c h a t r e a t ed r e s i n , obtained i n the 
e x t r a c t i o n of o ther substances f r o m pine 
s tumps , i s m i x e d w i t h the s o i l . The r e 
s u l t i n g m i x t u r e , i f the s o i l responds f a v 
o r a b l y to the t r ea tmen t , r e s i s t s w e t t i n g 
by wa t e r . 

Mechan ica l s t a b i l i z a t i o n , as has been 
de f ined above, has been r e s t r i c t e d to c l a y 
s o i l s d e r i v e d f r o m g r a n i t i c r o c k . C lays 
f r o m th i s type of r o c k a re l a r g e l y k a o l i -
n i te and a re m o r e o r less f r i a b l e . They 
a r e not so d i f f i c u l t to m i x w i t h sand and 
se rve as good b i n d e r s . B e f o r e p lann ing to 
cons t ruc t a base course on a r o a d us ing 
t h i s f o r m of s t a b i l i z a t i o n , i t i s f i r s t neces
s a r y to a sce r t a in i f the subgrade so i l s a r e 
su i tab le . T h i s i s done by r e f e r r i n g to the 
a g r i c u l t u r a l s o i l map f o r the a r ea , i f a v a i l 
ab le , o r m a k i n g a s o i l su rvey of the r o a d 
and i d e n t i f y i n g the so i l s pedo log ica l ly . 
T h i s de te rmines whether o r not t h i s type 
of w o r k w i l l be s a t i s f a c t o r y . I f th i s type 
of s t ab i l i z a t i on i s decided upon, samples 
of the subgrade a r e taken at i n t e r v a l s of 
500 f t . , a f t e r g r ad ing i s comple t e , and 
sent to the l a b o r a t o r y f o r ana lys i s and de
t e r m i n a t i o n of a j ob m i x . T h i s type of w o r k 
r e q u i r e s e x t r e m e ca re on the p a r t of the 
cons t ruc t ion f o r c e s , due to the f a c t that 
the subgrade so i l s gene ra l l y v a r y c o n s i d e r 
ab ly i n a shor t dis tance and o f t en i t i s 
necessary to use only a s m a l l p o r t i o n o f 
the subgrade s o i l when i t i s a heavy c l a y . 
However , an exper ienced so i l s inspec tor 
can c o n t r o l t h i s type of w o r k to where the 
number of sect ions that a r e necessary to 
c o r r e c t by the i n c o r p o r a t i o n of an a d d i 
t i o n a l amount of one of the components i s 
reduced to a m i n i m u m . 

I n N o r t h C a r o l i n a mos t of the p o r t l a n d -
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cement s t a b i l i z a t i o n has been con f ined to 
the s i l t - c l a y type of s o i l s ; however , a f e w 
p r o j e c t s have been cons t ruc t ed us ing sandy 
s o i l subgrades. T h e r e a r e two reasons 
f o r t h i s . I n areas where sandy s o i l s p r e 
domina te , base course o r sand-asphal t 
m a t e r i a l s a r e ava i l ab le , p r o v i d i n g a cheap
e r type of pavement . A l s o , sandy s o i l s 
usua l ly conta in o rgan ic m a t t e r w h i c h p r e 
vents p r o p e r hardening of the s o i l . A l 
though t r e a t i n g these k i n d of s o i l s w i t h 
c a l c i u m c h l o r i d e p r i o r to i n c o r p o r a t i n g 
the Por t l and cement has been r e p o r t e d as 
an e f f e c t i v e opera t ion to p reven t the d e t r i 
men ta l e f f e c t s of o rgan ic m a t t e r , t h i s 
t r e a tmen t has not been used i n N o r t h 
C a r o l i n a . 

A s e a r l y as 1938 i t was r ecogn ized that 
some r e l a t i onsh ip ex i s t ed between the r e 
q u i r e d amount of cement necessary f o r 
s t a b i l i z a t i o n and the so i l s found i n the v a r i 
ous ho r i zons of a d e f i n i t e s o i l s e r i e s (6, 
7 ) . A t e s t ing p r o g r a m was inaugura ted i n 
w h i c h d u r a b i l i t y tes ts w e r e made i n ac 
cordance w i t h AASHO Designat ions T 135-
45 and T 136-45 on samples t a k e n f r o m the 
d i f f e r e n t hor i zons of the mos t c o m m o n 
s o i l s e r i e s found i n the s tate. F r o m the 
r e s u l t s of these tes ts the amounts of cement 
r e q u i r e d to s t ab i l i ze the v a r i o u s s o i l s w e r e 
de t e rmined . A s a r e s u l t of t h i s w o r k , the 
p r o b l e m of des ignat ing the amounts of 
cement necessary to s t ab i l i z e the s o i l s on a 
p r o j e c t i s so lved by s i m p l y i d e n t i f y i n g the 
s o i l s as to h o r i z o n and s o i l s e r i e s and r e 
f e r r i n g to the tes t data and cement r e q u i r e 
ment p r e v i o u s l y made f o r these s o i l s . C o n 
t r a c t es t imates a r e o f t e n made, p r i o r to 
g rad ing , by r e f e r r i n g to the a g r i c u l t u r a l 
s o i l map f o r the a r ea i n wh ich a p roposed 
r o a d o c c u r s . I f the map i s not ava i lab le 
the so i l s a r e i d e n t i f i e d by a s o i l s i n v e s t i 
ga tor . T h i s p rocedure has been used qui te 
s u c c e s s f u l l y i n the s t a b i l i z a t i o n of ove r 700 
m i . of secondary roads i n N o r t h C a r o l i n a . 

B i t u m i n o u s s t a b i l i z a t i o n i n N o r t h C a r o 
l i n a may be d iv ided in to two c lasses , the 
s t a b i l i z a t i o n of sands and the s t a b i l i z a t i o n 
of sandy s o i l s . Soi ls hav ing 10 percen t and 
less m a t e r i a l pass ing a N o . 200 s ieve a r e 
cons idered sands, and those conta in ing 
m o r e than 10 percent bu t less than 35 p e r 
cent pass ing th i s s ieve a r e cons ide red as 
-sandy s o i l s . Some a t t empts have been 
made to s t ab i l i z e s i l t - c l a y so i l s w i t h b i 
tuminous m a t e r i a l s , but the r e s u l t s we re 
not so succes s fu l and o f t e n uneconomica l . 
M o s t of t h i s t3^e of s t a b i l i z a t i o n now i n 

t h i s state i s conf ined to sands as they o f f e r 
less cons t ruc t i on d i f f i c u l t i e s , and i t has 
been found that t h i s type of s t a b i l i z a t i o n 
i s qui te succes s fu l and economica l i n c e r 
t a i n l o c a l i t i e s . Samples a r e taken of the 
m a t e r i a l to be s t ab i l i z ed and b rought in to 
the l a b o r a t o r y f o r t e s t s . F r o m the r e s u l t s 
of these tes ts the amount of b i tuminous 
m a t e r i a l necessary f o r s t a b i l i z a t i o n i s 
d e t e r m i n e d . The i n i t i a l p lanning of a 
p r o j e c t of t h i s type i s o f t e n done b y r e 
f e r r i n g to a g r i c u l t u r a l s o i l maps of the 
a r ea , bu t the amount of the b i t uminous 
m a t e r i l r e q u i r e d f o r s t a b i l i z a t i o n i s de 
t e r m i n e d f r o m the r e s u l t s of t es t s made on 
samples of the m a t e r i a l s to be s t a b i l i z e d . 

On ly one p r o j e c t has been cons t ruc t ed 
i n N o r t h C a r o l i n a us ing v i n s o l r e s i n as the 
s t a b i l i z i n g agent. T h i s m a t e r i a l i s qui te 
se lec t ive and the r e s u l t s of tes ts made on 
the f e w so i l s chosen f o r t h i s type of s t a 
b i l i z a t i o n d i d not ind ica te m u c h p r o m i s e . 
I t i s p robable that some of the s o i l s i n t h i s 
state can be s a t i s f a c t o r i l y s t a b i l i z e d w i t h 
t h i s agent, but the s a t i s f a c t o r y use of o ther 
agents, as p o r t l a n d c e m e n t and b i tuminous 
m a t e r i a l s , and the a v a i l a b i l i t y of base-
course m a t e r i a l s i n l o c a l i t i e s where the re 
i s any l i k e l i h o o d that v i n s o l r e s i n can be 
used, has lessened the necess i ty f o r an 
extensive inves t iga t ion of t h i s s t a b i l i z i n g 
agent. 

CONCLUSION 

I n t h i s paper , as i n o t h e r s , the author 
has s ta ted that the use of the pedo log ica l 
sy s t em of s o i l c l a s s i f i c a t i o n f o r i d e n t i f y i n g 
so i l s i s a valuable t o o l i n m a k i n g e n g i 
nee r ing s o i l su rveys f o r a i r p o r t s and h i g h 
ways but has a lso emphasized that the 
method m a y not g ive a l l of the i n f o r m a t i o n 
d e s i r e d and has poin ted out that where 
p r e c i s e data a r e needed, the i n f o r m a t i o n 
mus t be obtained b y other methods . The 
type of s o i l data needed f o r the r a t i o n a l 
design of pavements , both r i g i d and f l e x i 
b l e , has been desc r ibed by s t a t ing the 
p r o b l e m s c o n f r o n t i n g the des ign engineer . 
A l s o , the s o i l data needed i n the se lec t ion 
of the pavement type mos t su i t ed to the l o 
c a l i t y as w e l l as that r e q u i r e d by f o u r f o r m s 
of s o i l s t a b i l i z a t i o n has been d iscussed . 
The se lec t ion and s a m p l i n g of base-course 
m a t e r i a l s has been d iscussed at some 
length i n the f i r s t paper , pub l i shed i n B u l 
l e t i n 22 and r e f e r r e d to at the beginning of 
t h i s paper , and has not been ment ioned . 
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Eng inee r ing s o i l su rveys should be 
superv i sed by an exper ienced s o i l s e n g i 
neer who should be capable of unders tanding 
thoroughly the purpose of e v e r y p a r t i c u l a r 
su rvey , i n o r d e r to secure the i n f o r m a t i o n 
necessary and not waste t i m e and e f f o r t 
s ecu r ing useless data. He should have a 
knowledge of s o i l mechanics and i t s ap 
p l i c a t i ons to pavement des ign , subsur face 
dra inage , subgrades, embankments , and 
a l l o ther phases of highway and a i r p o r t 
des ign that can be benef i t t ed by th i s sc ience . 
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