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Application of Soil Survey Data to 
Highway Engineering in Kansas 

D E L B E R T L . L A C E Y , F i e l d Soi ls Engineer , 
Kansas Highway C o m m i s s i o n 

# SOIL surveys conducted by the Kansas 
Highway Depar tmen t a re d i v i d e d in to th ree 
types. About 200 m i . of p r e l i m i n a r y s o i l 
su rvey a re conducted each yea r i n c o n 
junc t i on w i t h p r e l i m i n a r y p l a n su rveys on 
loca t ions that a r e to be comple te ly r e -
graded. A f t e r g r a d i n g i s comple ted on 
each p r o j e c t a subgrade su rvey i s made on 
loca t ions w h e r e a f l e x i b l e su r f ace i s planned 
to de t e rmine the f i n a l subgrade s t a b i l i t y and 
the base and su r f ace th ickness r e q u i r e 
ments . On one o r two p r o j e c t s each 
y e a r , h igh embankments a re p lanned 
ac ross loca t ions w h e r e the founda t ion so i l s 
appear to be so weak that a subsurface 
inves t iga t ion i s deemed advisable to de
t e r m i n e safe f i l l heights and slopes. 

As shown i n F i g u r e 1, d u r i n g the p r e 
l i m i n a r y s o i l su rveys tes t b o r i n g s extend
i n g below a l l p robab le excavat ion l i m i t s 
a re made at i n t e r v a l s a long the p r o j e c t . 
The s o i l l a y e r s encountered i n each t es t 
hole a re t en ta t ive ly c l a s s i f i e d in to t h e i r 
t e x t u r a l g r ad ing groups and t h e i r p l a s t i c 
index i s es t imated . The e x i s t i n g s o i l den
s i t y i s d e t e r m i n e d at i n t e r v a l s of f r o m y4 to 
% m i . , depending upon the f r equency of 
s o i l changes and the vo lume of excavat ion 
that w i l l be i nvo lved d u r i n g cons t ruc t ion . 

Samples r ep resen t ing each s o i l type on 
the p r o j e c t a re submi t t ed to the l a b o r a t o r y , 
whe re p l a s t i c i t y and t e x t u r a l g r ad ing tes ts 
a re conducted f o r i d e n t i f i c a t i o n purposes . 
Standard compac t ion tes ts a re made f o r 
use i n cut to f i l l shr inkage computa t ions , 
and f o r compac t ion c o n t r o l d u r i n g c o n 
s t r u c t i o n , and t r i a x i a l - c o m p r e s s i o n tes ts 
a re conducted to de t e rmine s t a b i l i t y and 
su r face th ickness r e q u i r e m e n t s . 

Thus , f o r a g r a d i n g p r o j e c t the a v a i l 
able so i l s data inc ludes the type and ex
tent of each s o i l on the j o b , i t s i n -p l ace 
dens i ty , i t s p robable f i n a l densi ty i n the 
grade , and i t s suppor t ing value as a sub-
grade m a t e r i a l . Accompan ied by a w r i t t e n 
r e p o r t t h i s data i s f o r e w a r d e d to the r o a d 
des ign engineer who appl ies i t d u r i n g the 
' p repa ra t ion of g r a d i n g p lans . 

One of the p r i m a r y uses of t h i s data i s 
i n the computa t ion of e a r t h - w o r k quan
t i t i e s . When the e x i s t i n g s o i l densi ty and 
the r e q u i r e d compacted densi ty a re known 
the c u t - t o - f i l l shr inkage can be accura te ly 
computed , w i t h a r educ t ion i n the amount 
of s o i l was ted o r b o r r o w e d d u r i n g f i n a l 
stages of the g r a d i n g opera t ions . I t has 
been f o u n d that the computed shr inkage 
based on compara t i ve s o i l - d e n s i t y va lues 
agree qui te c lose ly w i t h the ac tua l s h r i n k 
age tha t occu r s d u r i n g cons t ruc t i on . 

A second i m p o r t a n t use made of s o i l -
su rvey data d u r i n g p l a n p r e p a r a t i o n i s 
s o i l se lec t ion . The t r i a x i ^ - c o m p r e s s i o n 
tes t r e s u l t s accura te ly indica te the s t a b i l i t y 
o r b e a r i n g power va lue of each s o i l when 
used f o r subgrade cons t ruc t i on . I t i s 
t h e r e f o r e c o m p a r a t i v e l y easy to de t e rmine 
whether o r not i t i s economica l ly f e a s i b l e 
to b u r y the weak s o i l s i n the bo t toms of 
embankments and place the mos t s table 
ones at the top of the r o a d s t r u c t u r e where 
they w i l l e f f e c t i v e l y reduce base-and s u r 
f ace - th i cknes s r e q u i r e m e n t s . Where the 
m a j o r i t y of s o i l s have about equal s t a b i l i t y , 
s o i l se lec t ion i s not economica l ly f e a s i b l e , 
but on loca t ions where h igh ly s table g r a n 
u l a r m a t e r i a l s a r e ava i lab le they have 
been p laced on top of the grade d u r i n g 
e a r t h w o r k cons t ruc t i on w i t h a r e su l t an t 
sav ing i n s u r f a c i n g cos ts due to l o w e r 
base- th ickness r e q u i r e m e n t s . 

L i k e w i s e , w h e r e e:q)ansive be ton i t i c 
c lays and weak p a r t l y wea the red c l ay 
shales a re f o u n d w i t h i n excavat ion l i m i t s , 
the plans r e q u i r e that they be topped w i t h 
m o r e - s t a b l e so i l s th rough both cut and 
f i l l sec t ions . Shoulders and slopes c o n 
s t r u c t e d of c lean sands a re topped w i t h 
the m o r e f e r t i l e A h o r i z o n s o i l s to e n 
courage p lan t g r o w t h and reduce e r o s i o n 
losses . 

A t h i r d app l i ca t ion of s o i l - s u r v e y data 
• to r o a d design i s i n the advance p r e d i c 
t i o n of the approx imate th ickness of base 
course and w e a r i n g su r face tha t w i l l be 
r e q u i r e d to c a r r y expected t r a f f i c loads 
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PRELIMINARY SURVEYS FOR GRADING 
( 1 7 5 - 2 0 0 miles per veor) 
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Figure 1. 

ove r the s o i l s that a r e ava i lab le f o r sub-
grade cons t ruc t i on . 

Since the s u r f a c i i ^ con t rac t i s awarded 
separa te ly f r o m the g r a d i n g con t r ac t , the 
g r a d i n g opera t ions a re c a r r i e d only to the 
bo t tom of the p roposed base course and 
the e a r t h shoulders a r e cons t ruc t ed l a t e r 
by the base c o n t r a c t o r . I t i s t h e r e f o r e 
essen t ia l that the road-des ign engineer 
know the probab le r e q u i r e d base t h i c k 
ness, so he can es tab l i sh the e a r t h w o r k 
grade w i d t h and e leva t ion at the p r o p e r 
dis tance below f i n a l c r o w n grade f o r the 
p r o j e c t . 

The s o i l - s u r v e y data and r e p o r t a lso 
designates unfavorab le b o r r o w areas o r 
channel-change loca t ion w h e r e the p r e s 
ence of r o c k , c lean sand, o r excess ive ly 
w e t s o i l s w i l l i n t e r f e r e w i t h c o n s t r u c t i o n 
p r o g r e s s . 

Occas iona l ly h igh embankments mus t be 
p laced on s o i l s of doub t fu l s t a b i l i t y . The 
gene ra l p rocedure f o l l o w e d d u r i n g the i n 
ves t i ga t i on i s shown i n F i g u r e 2. A t such 

loca t ions , m o r e - d e t a i l e d probe b o r i n g s 
extending to sand, r o c k , o r shale a re made 
and und i s tu rbed samples a re obtained f r o m 
each founda t ion s o i l l a y e r . Values of i n 
t e r n a l f r i c t i o n and cohesion and the p r o b 
able amotmt and ra te of se t t l ement a re 
de t e rmined f o r each l a y e r f r o m t r i a x i a l 
shear and conso l ida t ion t es t r e s u l t s . The 
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Figure 2. 
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safe height of f i l l f o r v a r i o u s embankment 
slopes a re computed and the embankment 
i s then designed i n accordance w i t h these 
f i n d i n g s . 

A s shown i n F i g u r e 3, d u r i n g the sub-
grade survey two o r m o r e und i s tu rbed 
samples of each type of s o i l a re obtained 
f r o m the upper 12 to 18 i n . of the c o m 
p le ted grade on roads that a r e to be i m 
p r o v e d w i t h a f l e x i b l e base a n d w e a r i n g s u r 
face . F r o m th ree to f i v e und i s tu rbed 
samples p e r m i l e a re s u f f i c i e n t f o r t h i s 
type of su rvey , unless s o i l changes a re 

SURVEY FOR BASE AND 
(15,0 miles pgr yeor OP 

f i n a l base- th ickness r e q u i r e m e n t s f o r the 
p r o j e c t . 

The r e s u l t s of these tes ts and computa 
t ions a re r e p o r t e d to the r o a d des ign e n g i 
neer who p repa re s base and s u r f a c i n g 
p lans . The r e p o r t spec i f i e s the base t h i c k 
ness r e q u i r e d f o r each sec t ion of the i m 
p rovemen t . Where tes t s show that weak 
subgrade so i l s occur the base th ickness i s 
inc reased and w h e r e the subgrade i s f o u n d 
to be s table as measured by t r i a x i a l tes ts 
the base th ickness i s reduced. 

The m a t e r i a l s inves t iga t ion and survey 
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Figure 3. 
v e r y f r equen t o r except iona l ly weak so i l s 
a re present . T r i a x i a l - c o m p r e s s i o n tes ts 
a re conducted on these samples and 
the tes t r e s u l t s are used to evaluate the 
s t a b i l i t y of each subgrade s o i l and i t s 
a b i l i t y to suppor t e j ipected t r a f f i c loads. 

D u r i n g the subgrade survey deposi ts 
of aggregate tha t l i e neares t the p r o j e c t 
a re samples and combined i n the l a b o r a 
t o r y w i t h v a r i o u s p r o p o r t i o n s of p o r t l a n d 
cement o r asphal t to produce a s t a b i l i z e d 
base m a t e r i a l that i s r e l a t i v e l y unaf fec ted 
by m o i s t u r e . T r i a x i a l - c o m p r e s s i o n tes ts 
a re conducted on these m i x t u r e s to meas 
u r e t h e i r s t a b i l i t y and the tes t r e s u l t s 
a long w i t h those obtained f r o m t e x t u r a l 
tes ts conducted on the und i s tu rbed sub-
grade samples a re used to compute the 

data a re used to es t imate c o n s t r u c t i o n 
costs and as a guide i n w r i t i i ^ p r o j e c t 
spec i f i ca t ions . The spec i f i ca t ions g o v 
e r n i n g base m a t e r i a l s a re w r i t t e n to p e r 
m i t the c o n t r a c t o r to make bes t use of 
roads ide o r nearby m a t e r i a l s deposi ts , 
w i t h a r e su l t an t sav ing i n c o n s t r u c t i o n 
cos ts . 

D u r i n g e a r t h w o r k cons t ruc t i on the f o r e 
going s o i l - s u r v e y data i s app l i ed to the 
c o n t r o l of s o i l compac t ion and i n the 
p r o p e r se lec t ion and p lacement of s o i l s 
f o r d i f f e r e n t p o r t i o n s of the r o a d s t r u c t u r e . 

M a t e r i a l s data and base- th ickness i n 
f o r m a t i o n i s used by the engineer i n charge 
of base c o n s t r u c t i o n to b u i l d a durab le base 
capable of c a r r y i n g c u r r e n t and p r e d i c t e d 
t r a f f i c loads. 


