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SOIL CEMENT ROADS 
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C. A. HOGENTAGLER, JR. , W. S. HOUSEL, T. A. MIDDLEBROOKS, F. V. 
REAGEL, T. E. STANTON, E. A. WILLIS, HANS F. WINTEfiKORN 

SYNOPSIS 

This report reviews the maintenance costs and condi t ions i n service of 
s o i l - c e m e n t ' r o a d s , as inspec ted and r e p o r t e d t o the committee by the 
several s ta tes . 

The cons t ruc t i on d e t a i l s , age, t r a f f i c and present c o n d i t i o n of the 
soil-cement base of these p ro jec t s provides a complete h i s t o r y . 

Many var iables i n the cons t ruc t ion , c l imate and t r a f f i c i nd i ca t e tha t 
s i x inches of soi l -cement base p rope r ly cons t ructed i s e n t i r e l y adequate 
f o r the purpose. 

The committee desires tha t records of the condi t ion of these and other 
e a r l i e r soi l -cement p r o j e c t s be cont inued by the s ta tes and tha t subse
quent studies be made. 

Other uses o f s^i l -cement mixtures and cement-modified s o i l binders 
f o r s o i l aggregate mixtures were considered by the committee and f u r t h e r 
s tudies recommended. 

I n 1945 the Committee on S o i l -
Cement Roads resumed a c t i v i t i e s . 
At the suggest ion o f the committee, 
t he c h a i r m a n c i r c u l a r i z e d S t a t e 
Highway Departments to ob t a in main
t e n a n c e c o s t d a t a on t h e o l d e r 
so i l - cemen t roads i n s e r v i c e . The 
roads s e l e c t e d were those i n c l u d e d 
i n t h e 1940 c o m m i t t e e r e p o r t ' o n 
C o n d i t i o n Survey o f S o i l - C e m e n t 
Roads, repor ted on pages 812 t o 820 
i n c l u s i v e of the Proceedings of the 
T w e n t i e t h A n n u a l M e e t i n g o f t he 
Highway Research Board. The r epo r t s 
f r o m the v a r i o u s s t a t e s r e p l y i n g 
were r e c e i v e d q u i t e l a t e i n t h e 
year . As a r e s u l t , a v a i l a b l e data 
was d i s c u s s e d a t t he c o m m i t t e e 
m e e t i n g h e l d e a r l y i n 1946 a t 
Oklahoma C i t y and r e p o r t i n g o f the 
d a t a d e f e r r e d u n t i l more o f t he 
s t a t e s c o u l d r e t u r n the q u e s t i o n 
n a i r e s . 

The data requested on maintenance 
c o s t c o n s i s t e d o f a year by year 
t a b u l a t i o n o f maintenance e x p e n d i 

t u r e s f o r the s o i l - c e m e n t base , 
main tenance e x p e n d i t u r e s f o r the 
bi tuminous su r f ace , and t o t a l main
t e n a n c e f o r t h e p r o j e c t . T h i s 
w o u l d p e r m i t c a l c u l a t i o n o f t h e 
maintenance cos t per m i l e per year 
o f tke so i l - cemen t base, the b i t u 
m i n o u s s u r f a c e , and t h e t o t a l . 
D a t a was a l s o r e q u e s t e d on t h e 
average t r a f f i c volume per day o f 
commerc ia l v e h i c l e s and passenger 
ca r s . I n a d d i t i o n , i t was requested 
t h a t a r a t i n g be made o f the present 
o v e r a l l c o n d i t i o n o f t he p r o j e c t . 

A s t u d y o f a l l d a t a r e p o r t e d 
revealed t h a t many v a r i a b l e s entered 
i n t o t he base c o s t . W i t h r e spec t 
t o b i tuminous s u r f a c i n g i t was im
p r a c t i c a l , i f n o t i m p o s s i b l e , t o 
t a b u l a t e t he r e t u r n s f o r s a t i s 
f a c t o r y comparison and t h i s i n f o r 
mat ion was t h e r e f o r e , no t i n c l u d e d 
i n Table No. 1 showing maintenance 
c o s t s . F u r t h e r , f o r the sake o f 
s i m p l i c i t y , the data was reduced to 
show age o f p r o j e c t , d a i l y t r a f f i c , 
t o t a l s o i l - o e m e n t base maintenance 
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cos t d u r i n g i t s l i f e , the c o r r e s 
ponding maintenance c o s t per m i l e 
per year and the repor ted c o n d i t i o n 
or r a t i n g o f the p r o j e c t . 

The m a i n t e n a n c e c o s t o f t h e 
s o i l - c e m e n t base , T a b l e No . 1 , 
shows t h a t the 1940 survey p r o j e c t s 
had an age v a r y i n g f r o m SH t o 9 
y e a r s . E i g h t e e n p r o j e c t s are r e 
p o r t e d and o f these there had been 
no maintenance e x p e n d i t u r e on the 
so i l - cemen t on 15 o f them. On the 
remain ing th ree p r o j e c t s , the base 
maintenance cos t per m i l e per year 
was S IO. , $24 . , and $81 . Twelve of 
t h e p r o j e c t s had a p r e s e n t c o n 
d i t i o n r a t i n g o f E x c e l l e n t , f o u r of 
them had a r a t i n g o f Good, and one 
a r a t i n g o f Average. 

A l s o i n c l u d e d i n the t a b u l a t i o n 
are n ine p r o j e c t s b u i l t s i n c e the 
1940 s u r v e y . The age a t t ime o f 
r e p o r t i n g was f o u r y e a r s , excep t 
f o r a t h r e e year j o b i n G e o r g i a . 
On ly one j o b had any s o i l - c e m e n t 
base maintenance cost r epo r t ed , and 
i t had an average maintenance cos t 
o f $39.00 per a i l e per year . Seven 
o f the j o b s were r a t e d E x c e l l e n t 
and two were ra ted Good. 

T r a f f i c da ta was n o t s u b m i t t e d 
f o r a l l j o b s , but o f those r e p o r t e d , 
the commercial t r a f f i c v a r i e d f rom 
a minimum o f e i g h t t r u c k s per day 
t o a maximum o f 500 t rucks per day, 
and t o t a l t r a f f i c v a r i e d f r o m a 
minimum o f 40 veh ic l e s per day t o a 
maximum o f 2500 veh i c l e s per day. 

Comments w i t h r e t u r n s by many 
s t a t e s i n d i c a t e d maintenance c o s t 
r e c o r d s p r e c l u d e d s e p a r a t i o n o f 
annua l or t o t a l charges f o r o n l y 
the base or su r f ace course , or the 
a c t u a l ' o u t l a y f o r t h e r o a d b e d , 
a l s o , i n many instances two or more 
types o f improvement were i n c l u d e d 
i n the mi leage or s e c t i o n covered 
by t h e ma in t enance c o s t r e c o r d . 
These p r e v a i l i n g methods i n main
t enance a c c o u n t s i n d i c a t e d t h a t 
o t h e r procedure would be r e q u i r e d 
i n these cases t o o b t a i n adequate 
da ta on the c o n d i t i o n s i n s e r v i c e 

o f so i l -cement roads. 
I n o r d e r t o ex tend the r e c o r d 

o f t h e c o n d i t i o n i n s e r v i c e o f 
t h e s e e a r l y s o i l - c e m e n t r o a d 
p r o j e c t s , t h i s commit tee prepared 
another q u e s t i o n n a i r e designed t o 
de t e rmine the a c t u a l square yards 
o f s o i l - c e m e n t base r e q u i r i n g r e 
p a i r , the t i m e , l o c a t i o n and cause 
o f f a i l u r e i f e v i d e n t , the h i s t o r y 
o f c o n s t r u c t i o n o f the base, t o 
gether w i t h s i m i l a r da ta w i t h r e f 
erence t o the b i t u m i n o u s s u r f a c e s 
and the d a i l y and t o t a l t r a f f i c on 
the roads. 
^ The q u e s t i o n n a i r e was fo rwarded 
i n 1946 and 1947 t o the 23 s t a t e s 
i n c l u d e d i n t h e 1940 c o n d i t i o n 
s u r v e y and a l s o t o e i g h t o t h e r • 
s t a t e s t h a t had c o n s t r u c t e d s o i l -
cement r o a d s t o t h i s t i m e , o r a 
t o t a l o f 31 s t a t e s and 128 s o i l -
cement base p r o j e c t s . A g r e a t e r 
number o f s t a t es and p r o j e c t s , were 
t h u s i n c l u d e d i n t h i s c o n d i t i o n 
survey than i n 1940 or the main te 
nance cos t s o f 1946 as r e p o r t e d i n 
Table 1 . A l s o , improved personnel 
i n many Highway Depar tments made 
p o s s i b l e i nc reased d e t a i l s i n r e 
p o r t s f o r t h i s survey. Nineteen o f 
the s t a t e s were able t o o b t a i n , o r 
had a v a i l a b l e , data t o prepare and 
r e t u r n r e p o r t s cover ing 59 p r o j e c t s . 

C o n s i d e r a b l e da ta was s u p p l i e d 
by t h i s ques t i onna i r e which i n c l u d 
ed l e n g t h , w i d t h and depth o f p r o j 
e c t , the type o f s o i l p r o c e s s e d , 
cement c o n t e n t u sed , d a i l y t r u c k 
and t o t a l t r a f f i c , age o f p r o j e c t 
a t t i m e o f s u r v e y , age a t w h i c h 
f i r s t f a i l u r e o c c u r r e d and square 
y a r d s o f t o t a l f a i l e d a r e a s o f 
so i l -cement base. A d d i t i o n a l da ta , 
not p r a c t i c a l t o t a b u l a t e f o r com
p a r i s o n and s t u d y i n t h i s r e p o r t , 
gave the age o f the base a t t ime 
f i r s t s u r f a c i n g was p laced and the 
type o f S u r f a c i n g . Many r e p o r t e d 
the t y p e and t i m e o f s u b s e q u e n t 
s u r f a c e courses and present s e r v i c e 
a b i l i t y or c o n d i t i o n . A very com
p l e t e h i s t o r y o f these p r o j e c t s 
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f r o m t h e i r c o n s t r u c t i o n up t o the 
present , is p rovided by t h i s survey. 

T a b l e 2 i n c l u d e s the d a t a on 
s o i l - c e m e n t base f o r a l l p r o j e c t s 
r epor t ed by the severa l s t a t e s . I t 
was i m p r a c t i c a l t o t a b u l a t e t he 
many v a r i a b l e s i n b i t uminous s u r 
f a c i n g . 

Summarizing the data on s o i l ce
ment base, the w i d t h va r i ed from 10 
t o 35 f e e t , and depth o f t r ea tment 
f rom 5 t o 10.25 inches . F o r t y - e i g h t 
o f the 59 p r o j e c t s r e p o r t e d were 
s i x i n c h e s t h i c k . 

The cement c o n t e n t used v a r i e d 
f rom 6 t o 14 percent by volume w i t h 
t h e m a j o r i t y o f t h e work b e i n g 
b u i l t w i t h 10 p e r c e n t by vo lume . 
The s o i l s p r o c e s s e d had l i q u i d 
l i m i t s v a r y i n g f r o m 2 t o 72 and 
p l a s t i c i t y i n d e x e s v a r y i n g f r o m 
n o n - p l a s t i c t o 35. A cons ide rab l e 
number had p l a s t i c i t y indexes o f 
the o r d e r o f 10 or more. 

The age o f the p r o j e c t s a t the 
time they were surveyed va r i ed f rom 
2 years t o 10 y e a r s , w i t h the ma
j o r i t y b e i n g 5 years o l d or more. 

Data was submit ted on a t o t a l o f 
59 p r o j e c t s r e p r e s e n t i n g 273 mi l e s 
o f r o a d . On 32 o f the p r o j e c t s 
there were no f a i l u r e s o f any nature 
r e p o r t e d f o r the so i l - cemen t base. 
On 27 o f the p r o j e c t s some s o i l -
ceirent base f a i l u r e was r e p o r t e d , 
b u t on 18 o f t he se p r o j e c t s t he 
f a i l u r e s were o f a very minor e x t e n t , 
on th ree p r o j e c t s the breakage was 
l e s s t han 5 p e r c e n t and was n o t 
s i g n i f i c a n t . T h i s leaves on ly s i x 
jobs on which the ex ten t o f breakage 
was s u f f i c i e n t t o warrant a n a l y s i s . 

The K e r n C o u n t y , C a l i f o r n i a 
p r o j e c t on Route 139 had 2500 square 
yards or 20 pe rcen t f a i l u r e , w i t h 
the r e p o r t t h a t cons iderable o f the 
su r face was d r y , dus ty and not k n i t 
t o g e t h e r , i n d i c a t i n g i n a d e q u a t e 
c o n s t r u c t i o n c o n t r o l . 

The Cheboygan County , M i c h i g a n 
j o b on M-16 had 59 percent repor ted 
as r e p l a c e d and t h i s i n c l u d e d an 
u n s p e c i f i e d amount removed d u r i n g 

subsequent changes i n grade on the 
p r o j e c t . P ro f e s so r Housel advised 
i n c o m m i t t e e m e e t i n g t h a t more 
d e t a i l s on the reasons f o r r ep lace 
ment would be obta ined and supp l i ed 
to the committee. 

F i f t e e n p e r c e n t b reakage was 
r e p o r t e d on t h e N u c k o l l s C o u n t y , 
Nebraska p r o j e c t . Breakage was 
r e p o r t e d due t o i n s u f f i c i e n t base 
t h i c k n e s s (5 i nches ) f o r the type 
o f subgrade and t r a f f i c , low cement 
content f o r type o f s o i l processed, 
t o g e t h e r w i t h poor c o n s t r u c t i o n 
p r a c t i c e s . 

Ten p e r c e n t b reakage was r e 
p o r t e d on t h e T h a y e r - F i l l m o r e , 
Nebraska p r o j e c t . Breakage was re
p o r t e d as p r o b a b l y due t o i n s u f 
f i c i e n t base t h i c k n e s s (5 inches ) 
f o r the v e r y poor subgrade s o i l s 
t h a t ex i s t ed on the p r o j e c t . 

On the Lewis C o u n t y , New York 
p r o j e c t , 10 p e r c e n t breakage was 
r e p o r t e d on t h i s s i n g l e lane con
s t r u c t i o n , but da t a was n o t sub
m i t t e d t o i n d i c a t e the n a t u r e o f 
breakage. 

On the E r i e County, Pennsylvania, 
Route 25018. p r o j e c t , 33 percent o f 
the area was broken as a r e s u l t o f 
f r o s t heave induced by a h igh water 
t ab l e i n a s i l t loam subgrade. 

The fo r ego ing record o f breakage 
on a few j o b s i n d i c a t e s t h a t major 
f a c t o r s i n v o l v e d i n c l u d e d f a u l t y 
subgrade and improper c o n s t r u c t i o n . 
The o v e r a l l r e c o r d i s e x c e l l e n t , 
p a r t i c u l a r l y when i t i s compared 
w i t h common e x p e r i e n c e s w i t h low 
cost c o n s t r u c t i o n . 

An i n t t f ' r e s t i n g f a c t i s s u p p l i e d 
by the da ta on the age a t t ime o f 
f i r s t f a i l u r e . I t w i l l be no ted 
t h a t w i t h f i v e excep t i ons the r e 
por ted breakage occurred d u r i n g the 
f i r s t two years o f s e r v i c e , which 
i n d i c a t e s f u r t h e r t h a t the f a i l u r e s 
were due to subgrade c o n d i t i o n s or 
f a u l t y c o n s t r u c t i o n . D e f i n i t e data 
were submit ted showing t h a t breakage 
a t l a t e r ages was due to u n u s u a l l y 
heavy t r u c k i n g a t t ime o f breakage 



I 

i l 

IP 

1 
I I I ! 

I IHJI 

C~<D<0<0 O 

i*3 

i l l . I 

Jill I I 

III I I 

I. 

mm 

I I H I I I 

!?Ro3 

31 

i l l 

3 a 
I I I I I I I I 

111 § 1111 

I I I n I I I I 

I • I 8 I >f I I 

j s | | f | I 

I I I iNi iiiiiiiir 

sa 

%4 hlAsM 
I I I I 1. I I 

^ ^ U> 4 Ift 

bed; 

l l l i i l 

[ § • • • • • • 

i b s i i i i i i ^ y 

Mi's 

• 9it:&} • KSSid 

2"S 

w « ^ « < o l o <o oo «e « ^ o l o 

r t r - H H O c i r t I 

i l i i I 

I 

I } 

I I i 
j j f j jE 

4 J " 8 s 

I 
I 

s 

I 

i l l 



SOIL CEMENT COMMITTEE REPORT 17 

and i n two cases to poor d ra inage 
and bad subgrade c o n d i t i o n s . I n 
the f i f t h case r e l a t i v e t o breakage 
a t l a t e r ages no date was g i v e n , 
b u t the breakage amounted t o o n l y 
one square ya rd and i s o f no s i g 
n i f i c a n c e . 

The t r a f f i c r e p o r t e d on t h e 
p r o j e c t s i n t h i s c o n d i t i o n survey 
v a r i e d f r o m a minimum o f 7 t r u c k s 
per day to a maximum o f 265 t r u c k s 
per day, w i t h t o t a l t r a f f i c v a r y i n g 
f r o m a minimum o f 43 v e h i c l e s to a 
maximum o f 2250 v e h i c l e s . 

There i s no ev iden t c o r r e l a t i o n 
between the type o f s o i l processed, 
t r u c k t r a f f i c and breakage. I t i s , 
t h e r e f o r e , i n d i c a t e d t h a t the 6-
i n c h d'bpth was adequate f o r t he 
' v a r i a b l e s e n c o u n t e r e d on t h e 
p r o j e c t s r e p o r t e d t o da t e w h i c h 
cove r s many t y p i c a l c o n d i t i o n s i n 
the severa l s t a t e s . 

A l l t he d a t a i n c l u d e d i n t h e 
t a b l e s on so i l - cemen t base main te 
nance c o s t and s o i l - c e m e n t base 
c o n d i t i o n i n d i c a t e t h a t these many 
r o a d s are s e r v i n g t h e i r pu rpose 
q u i t e adequa te ly and e c o n o m i c a l l y 
f o r t h e v a r i a b l e c o n d i t i o n s o f 
c l i m a t e , subgrade and t r a f f i c en
c o u n t e r e d . A r e p o r t on t o t a l 
mileage o f so i l - cemen t roads b u i l t 
t o d a t e was r e q u e s t e d f r o m t h e 
P o r t l a n d Cement A s s o c i a t i o n , which 
shows more than 1500 mi les of s o i l -
cement roads have been b u i l t i n 39 
s t a t e s . 

The v e r y v a l u a b l e d e t a i l e d i n 
f o r m a t i o n s u p p l i e d by the s e v e r a l 
s t a t e s and the i n d i v i d u a l s who i n 
spec ted the p r o j e c t s and p repared 

the r e p o r t s , i s very much a p p r e c i 
a t e d by t h i s c o m m i t t e e and p a r 
t i c u l a r l y f r o m the f a c t we are 
f u l l y aware o f the personnel s h o r t 
ages w i t h which they were c o n f r o n t e d . 

The v a l u e o f these h i s t o r i c a l 
da ta on s o i l - c e m e n t roads w i l l be 
g r e a t l y i n c r e a s e d i f c o n t i n u e d 
s tud ies can be evaluated a f t e r f i v e 
years or more of a d d i t i o n a l s e rv i ce . 
I t i s , t h e r e f o r e , the des i re o f the 
committee tha t each s ta te f o l l o w up 
the se rv ice behavior o f a l l e a r l i e r 
p r o j e c t s , both f o r t h e i r own i n f o r 
mat ion and t o make the data a v a i l 
ab l e f o r c o m p a r a t i v e s t u d i e s and 
r e p o r t i n g i n subsequent years . 

The committee discussed the use 
o f s o i l - c e m e n t and s o i l - c e m e n t 
m i x t u r e s f o r bases f o r c o n c r e t e 
pavements t o p r e v e n t pumping and 
d i s t o r t i o n on heavy t ex tu r ed s o i l s , 
f o r use as back f i l l a t b r i d g e 
a b u t m e n t s and t o r e d u c e vo lume 
changes and d i sp l acemen t problems 
.in e a r t h f i l l s . The p r o d u c t i o n o f , 
c e m e n t - m o d i f i e d s o i l b i n d e r s i n 
g r a n u l a r base m a t e r i a l s was d i s 
cussed. The i r poss ib le economy was 
exp lo red f o r areas where use would 
r e s u l t i n lower c o n s t r u c t i o n cos ts 
than would r e s u l t f r o m the use o f 
s o i l - c e m e n t bases i n v o l v i n g f i n e 
g r a m s o i l s , p r e d o m i n a n t e l y c l a y s 
and h i g h cement c o n t e n t s o f the 
o r d e r o f 16 p e r c e n t by volume or 
more. 

I t was the sense o f the Committee 
t h a t these severa l - uses o f s o i l -
cement and s o i l - c e m e n t m i x t u r e s 
war ran t f u r t h e r s tudy and i n v e s t i 
g a t i o n . 




