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a mo u n t  o f  s a n d ,  a f t e r  h a v i n g  b e e n  s c r e e n e d  
t h r o u g h  a  i "  m e s h ,  i s  t h e n  s h o v e l e d  i n t o  t h e  
t a n k .

Vh i l e  t h e  b a t c h i n g  i s  t a k i n g  p l a c e ,  c o n ­
n e c t i o n  f r o m  t h e  gr ou t i - ng t a n k  t o  i n j e c t i o n  
p i p e  s h o u l d  b e  ma de  s o  t h a t  wh e n  t h e  c a p  h a s  
b e e n  p l a c e d  o n  t h e  t a n k  p r e s s u r e  ma y  b e  a p p l i e d  
i m m e d i a t e l y  a n d  t h e  g r o u t  i n j e c t e d .  Su c c e s s i v e  
b a t c h e s  a r e  p l a c e d  i n  t h e  s a me  i n j e c t i o n  p i p e  
u n t i l  i t s  r e f u s a l  t o  t a k e  mo r e  o r  g r o u t  b r e a k s  
o u t  i n  t h e  b a l l a s t  o n  t h e  s h o u l d e r  o r  i n  t h e  
s i d e  d i t c h e s .  Wh e n  s u c h  a  b r e a k - t h r o u g h  o c c u r s ,  
p r e s s u r e  s h o u l d  b e  r e l e a s e d  i m m e d i a t e l y .

I t  i s  i m p o r t a n t  t h a t  t h e  ma n  c o n t r o l l i n g  
t h e  p r e s s u r e  t a n k  b e  a l e r t  t o  s h u t  o f f  t h e  
p r e s s u r e  a s  s o o n  a s  t h e  g r o u t  h a s  c l e a r e d  t h e  
l i n e  a f t e r  e a c h  b a t c h  o r  wh e n  a  b r e a k - t h r o u g h  
o c c u r s .  Th e  F o r e m a n  o f  t h e  c r e w,  who g e n e r a l l y  
s t a t i o n s  h i m s e l f  a t  t h e  p o i n t  o f  i n j e c t i o n ,  
c a n  r e a d i l y  d e t e r m i n e  wh e n  g r o u t  h a s  c l e a r e d  
b y  p u l s a t i o n s  i n  t h e  g r o u t i n g  h o s e .

Wh e n  s u f f i c i e n t  g r o u t  h a s  b e e n  a p p l i e d ,  
g r o u t i n g  h o s e  s h o u l d  b e  c o n n e c t e d  t o  t h e  n e x t  
i n j e c t i o n  p i p e  a n d  t h e  wo r k  c o n t i n u e d .  I t  i s  
a d v i s a b l e  t o  l e a v e  t h e  l a s t  u s e d  i n j e c t i o n  
p i p e  i n ,  a s  g r o u t  v e r y  o f t e n  w i l l  f o r c e  i t s  
wa y  u p  t h r o u g h  o p e n i n g  l e f t  b y  p u l l i n g  p i p e .
I n  s ome  i n s t a n c e s  i t  i s  n e c e s s a r y  t o  c a p  t h i s  
p i p e  t o  p r e v e n t  g r o u t  b e i n g  f o r c e d  u p  t h r o u g h  
t h e  p i p e .  Th e r e  i s  no m e t h o d  o f  d e t e r m i n i n g  
t h e  a mo u n t  o f  g r o u t  t h a t  c a n  b e  i n j e c t e d  i n t o  
a n y  p i p e ,  s o  t h e  g e n e r a l  p r a c t i c e  i s  t o  f o r c e

i n  g r o u t  u n t i l  i t s  r e f u s a l .  Qu a n t i t i e s  i n j e c t ­
e d  h a v e  v a r i e d  u p  t o  1 8 0  o n e - s a c k  b a t c h e s  i n  
o n e  p i p e .

To  d a t e ,  a t  2 0  l o c a t i o n s ,  c r o s s  s e c t i o n s  
h a v e  b e e n  d u g  a c r o s s  t h e  t r a c k  t o  ma k e  d e t a i l ­
e d  o b s e r v a t i o n s  o f  t h e  c o n c r e t e  f o r m a t i o n s  
wh i c h  a r e  p r o d u c e d  b y  i n j e c t i n g  g r o u t  i n t o  t h e  
s u b - b a l l a s t .  Th e  r e s u l t i n g  c o n c r e t e  i s  b e l i e v ­
e d  t o  h a v e  a  c o m p r e s s i o n  s t r e n g t h  o f  a t  l e a s t  
2 5 0 0  p o u n d s  p e r  s q u a r e  i n c h .

Th e  s e c t i o n s  o n  p a g e s  7 a n d  8  a r e  a c c u r ­
a t e  d i a g r a m s  d r a wn  t o  s c a l e  a n d  s h o w b a l l a s t  
m a t e r i a l s  a n d  t h e  r e s u l t i n g  c o n c r e t e  a t  t h e  
v a r i o u s  l o c a t i o n s .  S o l i d  l i n e s  o n  t h e  s e c t i o n s  
i n d i c a t e  a c t u a l  o b s e r v a t i o n s  a n d  m e a s u r e m e n t s  
wh i l e  t h e  d o t t e d  l i n e s  s h o w wh e r e  a p p r o x i m a t e  
m e t h o d s  we r e  u s e d  t o  d e t e r m i n e  t h e  l o we r  l i m ­
i t s  o f  t h e  c o n c r e t e .

CONCLUSI ON

Th e  e f f e c t i v e n e s s  o f  c e me n t  g r o u t i n g  u n ­
d e r  p r e s s u r e  i n  t h e  s t a b i l i z a t i o n  o f  r o a d b e d  
i n  s o f t  s p o t s  wh i c h  f o r m e r l y  r e s i s t e d  a l l  
o t h e r  m e t h o d s  o f  s t a b i l i z a t i o n  h a s  b e e n  p r o v e n  
h i g h l y  s u c c e s s f u l  a n d  a  p r o g r a m  o f  t r e a t m e n t  
o f  t h e  n u me r o u s  s o f t  s p o t s  o n  t h e  Sy s t e m  h a s  
b e e n  u n d e r t a k e n  wh i c h  i t  i s  h o p e d  w i l l  r e d u c e  
m a t e r i a l l y  t h e  c o s t  o f  m a i n t a i n i n g  t h e  r o a d ­
b e d s  a n d  p r o d u c e  a  mu c h  b e t t e r  r i d i n g  s t r u c t ­
u r e .

Th e  t a b l e  b e l o w s u m m a r i z e s  g r o u t i n g  c o s t s  
a n d  t h e  r e s u l t i n g  m a i n t e n a n c e  s a v i n g s :

Ye a r
Tr a c k
F e e t To t a l  Co s t

Co s t  P e r  
L . F  .

MAI NTENANCE PER MONTH 
Be f o r e  Af t e r  

To t a l  P e r  L . F .  To t a l P e r  L . F .

Ma i n t .  
S a v i n g s  
P e r  Mo .

1 9 4 1 1 . 6 4 7 t> 1 , 0 2 9 . 2 7 $ 0 . 6 2 5 $  2 0 1 . 1 5 S O . 1 2 2 e  5 . 9 0 £ 0 . 0 0 4 $  1 9 5 . 2 5

1 9 4 2 4 , 9 0 7 4 , 3 3 4 . 1 1 0 . 8 8 3 1 . 1 8 7 . 1 0 0 . 2 4 2 7 3 . 9 5 0 . 0 1 5 1 . 1 1 3 . 1 5

1 9 4 3 1 1 , 8 8 2 1 6 , 8 9 8 . 6 9 1 . 4 2 2 2 , 3 0 8 . 3 3 0 . 1 9 4 1 5 1 . 1 9 0 . 0 1 3 2 , 1 5 7 . 1 4

1 9 4 4 1 7 , 9 4 3 3 2 , 4 8 1 . 6 1 1 . 8 1 0 4 , 0 1 4 . 4 8 0 . 2 2 4 3 2 3 . 2 9 0 . 0 1 8 3 , 6 9 1 . 1 9

1 945 2 1 , 4 2 9 4 9 . 4 3 2 . 2 7 2 . 3 0 7 3 . 3 7 9 . 4 5 0 . 1 8 1 2 9 0 . 6 4 0 . 0 1 3 3 , 5 8 8 . 8 1

1 9 4 6 1 7 , 5 3 4 4 2 , 4 8 0 . 1 4 2 . 4 2 2 2 , 0 0 9 . 5 4 0 . 1 1 5 1 5 1 . 2 4 0 . 0 0 9 1 , 8 5 8 . 3 0

- 0- 0- 0- 0- 0 - 0-

IX  C 8 STABI LI ZATI ON '.VITH CUTBACK ASPHALT OF 4 2  KI LOMETERS OF THE

NATURAL SURFACE S OI L OF THE P ERI J A HI GHWAY I N VENEZUELA.

EUGENE V.  BARRETT 

Ch i e f  o f  t h e  Ma t e r i a l s  T e s t i n g  La b o r a t o r y  

Mi n i s t r y  o f  P u b l i c  Wo r k s  o f  Ve n e z u e l a  C a r a c a s ,  Ve n e z u e l a

SYNOP SI S .

An  i n v e s t i g a t i o n  wa s  ma d e  o f  t h e  n a t u r a l  s o i l  o f  t h e  P e r i j a  Hi g h wa y  b e t we e n  
La  Vi l l a  d e  Ro s a r i o  a n d  Ma c h i q u e s ,  a n d  s a m p l e s  o f  t h e  s u r f a c e  s o i l  we r e  t a k e n  f r o m  
t h e  s u r f a c e  t o  2 0  c i o  a f t e r  g r a d i n g  h a d  b e e n  c o m p l e t e d .  Th e  p a r t i c l e  s i z e ,  s p e c i f ­
i c  s u r f a c e ,  l i q u i d  l i m i t ,  p i a s t r e  i n d e x ,  a n d  s p e c i f i c  g r a v i t y  we r e  d e t e r m i n e d  f o r  
a l l  s o i l  s a m p l e s ,  a n d  e a c h  s a m p l e  wa s  m i x e d  wi t h  t h r e e  p e r c e n t a g e  o f  c u t b a c k  a s ­
p h a l t .
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Th e  s o i l  a s p h a l t  m i x e s  we r e  c o m p a c t e d  a n d  c u r e d ,  a n d  t h e  d e n s i t y ,  s t a b i l i t y  
a t  6 0 °  C ,  s t a b i l i t y  a f t e r  s e v e n  d a y s '  c a p i l l a r y  a b s o r p t i o n  a n d  t h e  p e r c e n t  a b s o r p ­
t i o n  wa s  d e t e r m i n e d .

Th e  c u t b a c k  a s p h a l t  a n d  s o i l  we r e  m i x e d  i n  t h e  f i e l d  w i t h  r o a d  p a t r o l s  e n d  t h e  
m i x t u r e  wa s  t u r n e d  o v e r  b y  t h e  p a t r o l s  u n t i l  s u f f i c i e n t  v o l a t i l e  h a d  b e e n  e l i m i n a ­
t e d .  Af t e r  c o n s t r u c t i o n  wa s  c o m p l e t e d ,  s a m p l e s  o f  t h e  c o m p a c t e d  s o i l - a s p h a l t  m i x  

we r e  t a k e n  a t  t h e  s a me  s t a t i o n s ,  f r o m  iSifciich t h e  s o i l  s a m p l e s  h a d  b e e n  t a k e n ,  a n d  
t h e  t h i c k n e s s ,  d e n s i t y  a n d  a s p h a l t  c o n t e n t  o f  t h e  c o m p a c t e d  m i x  wa s  d e t e r m i n e d  
f r o m  t h e s e  s a m p l e s .

Th e  P e r i j a  Hi g h wa y  h a s  a  t o t a l  l e n g t h  o f  
1 2 8  k i l o m e t e r s  a n d  c o n n e c t s  Ma r a c a i b o  a n d  
Ma c h i q u e s  i n  t h e  S t a t e  o f  Z u l i a ,  Ve n e z u e l a .
Th e  h i g h wa y  i s  b u i l t  t h r o u g h  l o w r o l l i n g  c o u n ­
t r y ;  t h e  c l i m a t e  i s  h o t  a n d  d u r i n g  t h e  d r y  
s e a s o n  o f  e a c h  y e a r  no  r a i n  f a l l s  f o r  a t  l e a s t  
f o u r  m o n t h s .  Ho we v e r ,  d u r i n g  t h e  r a i n y  s e a s o n  
v e r y  h e a v y  r a i n s  o c c u r ,  a n d  t h e  b o t t o m  l a n d s  
o f  s e v e r a l  o f  t h e  r i v e r s  b e c o me  f l o o d e d .  Th e  
s e c t i o n  o f  h i g h wa y  b e t we e n  Ma r a c a i b o  a n d  La  
Vi l l a  d e  Ro s a r i o  wa s  c o n s t r u c t e d  p r i o r  t o  194 3» 
a n d  i n  1 9 4 3  c o n s t r u c t i o n  wa s  s t a r t e d  o n  t h e  4 2  
k i l o m e t e r  s e c t i o n  b e t we e n  L a  Vi l l a  d e  Ro s a r i o  
a n d  Ma c h i q u e s .

An  i n v e s t i g a t i o n  wa s  ma de  o f  t h e  u n d i s ­
t u r b e d  s o i l  b e t we e n  Vi l l a  d e  Ro s a r i o  a n d  Ma ­
c h i q u e s ,  a n d  s a m p l e s  o f  t h e  s u r f a c e  s o i l  we r e  
t a k e n ,  f r o m  t h e  s u r f a c e  t o  2 0  c m . ,  a f t e r  g r a d ­
i n g  wa s  c o m p l e t e d  a n d  t h e  s u r f a c e  h a d  b e e n  c om­
p a c t e d  b y  t h e  c o n s t r u c t i o n  e q u i p m e n t .  Th e  p a r ­
t i c l e  s i z e ,  s p e c i f i c  s u r f a c e ,  l i q u i d  l i m i t ,  
p l a s t i c  i n d e x  a n d  s p e c i f i c  g r a v i t y  we r e  d e t e r ­
m i n e d  f o r  t h e s e  s a m p l e s ,  a n d  e a c h  s a m p l e  wa s  
m i x e d  wi t h  t h r e e  p e r c e n t a g e s  o f  RC2 c u t b a c k  
a s p h a l t .  Th e  s o i l - a s p h a l t  m i x e s  we r e  c o mp a c t - ., 
e d  a n d  c u r e d  a n d  t h e  d e n s i t y ,  s t a b i l i t y  a t  6 0  
C,  s t a b i l i t y  a f t e r  s e v e n  d a y s  c a p i l l a r y  a b ­
s o r p t i o n  a n d  t h e  p e r c e n t  a b s o r p t i o n  wa s  d e ­
t e r m i n e d .

TEST METHOD.

Th e  p a r t i c l e  s i z e  wa s  d e t e r m i n e d  b y  t h e  
h y d r o m e t e r  me t h o d  u s i n g  a  s p e c i f i c  g r a v i t y  h y ­
d r o m e t e r  a n d  d e t e r m i n i n g  p a r t i c l e  s i z e  t o  1 . 5  
m i c r o n s .

Th e  s p e c i f i c  s u r f a c e  wa s  d e t e r m i n e d  i n  a c ­
c o r d a n c e  wi t h  t h e  m e t h o d  d e s c r i b e d  o n  p a g e s  
1 3 6 3  t o  1 3 6 6  o f  t h e  1 9 4 6  P r o c e e d i n g s  o f  t h e  
Am e r i c a n  So c i e t y  f o r  T e s t i n g  Ma t e r i a l s  ( a  me ­
t h o d  o f  P a r t i c l e  S i z e  De t e r m i n a t i o n  o f  S o i l s ,  
Ce me n t ,  e t c .  b y  Me a n s  o f  a  Ch a i n o m a t i c  S p e c i f ­
i c  Gr a v i t y  Ba l a n c e  -  b y  Eu g e n e  V.  B a r r e t t ) .

Th e  l i q u i d  l i m i t  a n d  t h e  p l a s t i c  l i m i t  
we r e  d e t e r m i n e d  i n  a c c o r d a n c e  wi t h  t h e  s t a n ­
d a r d  me t h o d s  c f  t h e  A . S . T . M .

Th e  s p e c i f i c  g r a v i t y  wa s  d e t e r m i n e d  u s i n g  
r o u n d  b o t t o m  wi n e  b o t t l e s  a n d  5 0  ®n .  s a m p l e s  
o f  s o i l .  Th e  s o i l  wa s  p l a c e d  i n  t h e  b o t t l e  a n d  
wa t e r  wa s  a d d e d  u n t i l  i t  r e a c h e d  a l m o s t  t o  t h e  
b o t t o m  o f  t h e  n e c k .  Th e  b o t t l e  a n d  c o n t e n t s  
we r e  t h e n  i mme r s e d  u p  t o  t h e  n e c k  i n  b o i l i n g  
wa t e r  f o r  t h r e e  h o u r s  a n d  a l l o we d  t o  c o o l  t o  
2 5 °  G.  Th e  b o t t l e  wa s  t h e n  f i l l e d  a n d  s u s p e n d ­
e d  i n  wa t e r  a t  2 5 ° C b y  me a n s  o f  a  w i r e ,  a n d  
t h e  we i g h t  o f  t h e  b o t t l e  p l u s  t h e  s o i l  i n  wa ­
t e r  wa s  d e t e r m i n e d .  S i n c e  t h e  we i g h t  i n  wa t e r  
o f  t h e  b o t t l e  wa s  k n o wn ,  i t  wa s  p o s s i b l e  t o  
c o mp u t e  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 .

Th e  s o i l  -  RC2 c u t b a c k  a s p h a l t  m i x e s  we r e  
ma de  a n d  t e s t e d  i n  a c c o r d a n c e  wi t h  t h e  p r o c e ­
d u r e  d e s c r i b e d  i n  "A P r o p o s e d  Me t h o d  o f  Te s t  
f o r  S t a b i l i z a t i o n  o f  S o i l s  w i t h  E m u l s i f i e d  As ­
p h a l t " o n  p a g e  50 7  o f  t h e  1 9 3 9  P r o c e e d i n g s  o f  
t h e  Am e r i c a n  S o c i e t y  f o r  T e s t i n g  Ma t e r i a l s ;  
wi t h  t h e  f o l l o w i n g  e x c e p t i o n s :
1 .  Sa m p l e s  we r e  m i x e d  wi t h  RC2 c u t b a c k  a s p h a l t  

i n s t e a d  o f  e m u l s i o n .
2 .  Sa m p l e s  we r e  m i x e d  wh i l e  i n  a n  a i r - d r y  c o n ­

d i t i o n ,  a n d  i m m e d i a t e l y  t a m p e d  i n t o  2 "  d i a -

m e t e r  m o l d s .  S u f f i c i e n t  m i x  wa s  u s e d  t o  r e s u l t  
i n  a  c y l i n d e r  4 "  h i g h  wh e n  c o m p a c t e d  u n d e r  a  
3 0 0 0  l b .  l o a d  f o r  o n e  m i n u t e .
3 .  Sp e c i m e n s  o f  c o m p a c t e d  m i x  we r e  r e m o v e d  f r o m 

m p l d s  a n d  i m m e d i a t e l y  p l a c e d  i n  a  m e c h a n i c a l
c o n v e c t i o n  o v e n  a n d  c u r e d  a t  6 0 °  C f o r  4 8  h o a r s .
4 .  Al l  m i x i n g  wa s  d o n e  b y  h a n d  i n  a  b a s i n .  Th e  

h a n d s  we r e  c o v e r e d  wi t h  r u b b e r  g l o v e s  a n d
s u f f i c i e n t  m i x  f o r  t h r e e  c y l i n d e r s  wa s  ma de  a t  
t h e  s a me  t i m e .
5 .  On e  c y l i n d e r  f r o m  e a c h  m i x  wa s  t e s t e d  h o t  

a t  6 0 °  C a n d  t h e  o t h e r  t wo  c y l i n d e r s  we r e
t e s t e d  a f t e r  s e v e n  d a y s '  c a p i l l a r y  a b s o r p t i o n  
a t  r o o m t e m p e r a t u r e .  Th e  v a l u e s  g i v e n  i n  t a ­
b l e s  No s .  1 a n d  2  f o r  s t a b i l i t y  a f t e r  c a p i l l a ­
r y  a b s o r p t i o n  a r e  t h e  a v e r a g e  s t a b i l i t y  f o r  
t h e  t wo  c y l i n d e r s .

CHARACTERI STI CS OF RC2 OUTBACK ASP HALT.

Th e  c h a r a c t e r i s t i c s  o f  t h e  RCg  c u t b a c k  a s ­
p h a l t  u s e d  i n  t h e  c o n s t r u c t i o n  we r e  a s  f o l l o w s :  

S p e c i f i c  g r a v i t y  a s  r e c e i v e d  -  0 . 9 5 4 3  t o
0 . 9 5 4 9  a t  2 5 °  C.  o n
F l a s h  p o i n t  4 6  C t o  4 9  C
Vi s c o s i t y  S a y b o l t ,  F u r o l  ( 6 0 °  C)  -  1 4 5  s e c o n d s  
Di s t i l l a t i o n  ( % o f  t o t a l  d i s t i l l a t e  t o  3 6 0 °C )  
At  2 2 5 °  C -  5 5 . 6  t o  5 6 . 4  
At  2 6 0 °  C -  7 6 . 9  t o  7 8 . 2  
At  3 1 5 *6 °  9 1 *4  t o  9 2 . 6  
At  3 6 0 °  C -  1 0 0

Re s i d u e  f r o m  t h e  d i s t i l l a t i o n  t o  3 6 0 ° C,
% o f  v o l u me  b y  d i f f e r e n c e  -  73- 8 t o  7 4 . 2 .

Te s t s  o n  t h e  r e s i d u e  f r o m  t h e  d i s t i l l a ­
t i o n :

P e n e t r a t i o n  2 5 ^  C , 1 0 0  gm, 5 s e c  - 91 t o  98 
S p e c i f i c  g r a v i t y  -  1 . 0 1 9  t o  1 . 0 2 0  
Du c t i l i t y  ( 2 5 °  C)  -  1 1 0  p l u s  
S o l u b i l i t y  i n  CCL4. -  9 9 *9

TEST RESULTS.

Th e  r e s u l t s  o f  t e s t s  ma d e  o n  t h e  s o i l  s a m­
p l e s  a r e  g i v e n  i n  t a b l e s  No s .  1 a n d  2 .  Th e  
g r a i n  s i z e  o f  e a c h  s o i l  h a s  b e e n  s e p a r a t e d , f o r  
c o n v e n i e n c e ,  i n  a c c o r d a n c e  wi t h  t h e  M . I . T . g r a i n  
s i z e  s c a l e  i n t o  g r a v e l  s i z e s ,  s a n d  s i z e s ,  s i l t  
s i z e s  a n d  c l a y  s i z e s .  Ac c o r d i n g  t o  t h i s  s c a l e ,  
g r a i n s  l a r g e r  t h a n  2  mm. a r e  d e s i g n a t e d  a s  
g r a v e l ,  f r o m  2  mm. t o  0 , 0 6  mm. a s  s a n d ,  f r o m
0 . 0 6  mm. t o  0 . 0 0 2  mm. a s  s i l t  a n d  f i n e r  t h a n
0 . 0 0 2  mm. a s  c l a y .

RTCOOMMBNDATIONS.

A s t u d y  o f  t h e  t e s t  r e s u l t s  i n d i c a t e d  t h a t  
mo s t  o f  t h e  s o i l  r e p r e s e n t e d  b y  t h e  s a m p l e s  
wo u l d  h a v e  s u f f i c i e n t  s t a b i l i t y ,  i n  t h e  p r e s e n c e  
o f  wa t e r ,  i f  t h e  s o i l  we r e  mi xe d , wi t h  f r o m  7% 
t o  9% o f  RC2 o n  t h e  b a s i s  o f  t h e  a i r - d r y  we i g h t  
o f  t h e  s o i l .  P r e v i o u s  wo r k  wi t h  s o i l  s t a b i l i z a ­
t i o n  wi t h  c u t b a c k  a s p h a l t  i n  Ve n e z u e l a  h a d  i n ­
d i c a t e d  t h a t  a  s o i l a s p h a l t  m i x  h a v i n g  a  s t a b ­
i l i t y  l o a d  o f  6 0 0 0  Kg .  o r  m o r e ,  a f t e r  c a p i l l a r y  
a b s o r p t i o n ,  wo u l d  g i v e  s a t i s f a c t o r y  s e r v i c e  i n  
t h e  f i e l d .

I t  wa s ,  t h e r e f o r e ,  r e c o mme n d e d  t h a t  a l l  
s o i l  r e p r e s e n t e d  b y  s a m p l e s  w i t h  s t a b i l i t y  l o a d s  
a f t e r  c a p i l l a r y  a b s o r p t i o n  o f  6 0 0 0  Kg .  o r  mo r e  
s h o u l d  b e  m i x e d  w i t h  f r o m  7 % t o  °f/o o f  RC2 a n d
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Se c t i o n  o v e r  l o w e mba n kme n t

S l i g h t  c r a c k i n g  o b s e r v e d  n e a r  t o p  o f  s ome 
s ma l l  h i l l s

Lo n g  s t r a i g h t  s e c t i o n  o f  r o a d

Vi e w o f  f i r s t  h o u s e s  on  o u t s k i r s t  o f  Ma c h i q u e s

Al l  c u r v e e  we r e  b u i l t  wi t h  p r o p e r  s u p e r  
e l e v a t i o n

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

F I E LD S T AB I L I Z AT I ON .

Th e  s o i l  wa s  l o o s e n e d  t o  t h e . r e q u i r e d  d e p t h  
b y  t wo  m o t o r - d r i v e n  r o a d  p a t r o l s  a n d  a  s e c t i o n  
o n e  k i l o m e t e r  l o n g  wa s  m i x e d  a s  a  c o n t i n u o u s  
o p e r a t i o n .  Th e  RCg  c u t b a c k  wa s  h e a t e d  p r i o r  t o  
a p p l i c a t i o n  a n d  wa s  d i s t r i b u t e d  o v e r  t h e  s o i l  
b y  a  t a n k  t r u c k  w i t h  a  s p r a y  b a r .  S u c c e s s i v e  a p ­
p l i c a t i o n s  o f  RCg  we r e  m a d e  u n t i l  t h e  s o i l  c o n ­
t a i n e d  t h e  r e q u i r e d  p e r c e n t a g e  o f  a s p h a l t ; e a c h  
a p p l i c a t i o n  b e i n g  t h o r o u g h l y  m i x e d  w i t h  t h e  
s o i l  b e f o r e  t h e  n e x t  a p p l i c a t i o n  w a s  m a d e .  A f ­
t e r  t h e  s o i l  c o n t a i n e d  t h e  r e q u i r e d  a m o u n t  o f  
a s p h a l t ,  t h e  m i x  wa s  a e r a t e d  f o r  a b o u t  a  we e k  
b y  t h e  t wo  r o a d  p a t r o l s .  Th e  t i m e  t h e  m i x  h a d  
t o  b e  a e r a t e d  d e p e n d e d  o n  t h e  w e a t h e r  a n d  t h e  
g r a i n  s i z e  o f  t n e  s o i l .  Ot h e r  t h i n g s  b e i n g  e q u a l ,  
t h e  c o a r s e r  s o i l s  r e q u i r e d  l e s s  a e r a t i n g .

Af t e r  s u f f i c i e n t  o f  t h e  v o l a t i l e  m a t e r i a l  
i n  t h e  RC2 h a d  b e e n  e l i m i n a t e d  b y  a e r a t i o n ,  t h e  
m i x  wa s  s p r e a d  i n  a  u n i f o r m  l o o s e  l a y e r  w i t h  a  
t h i c k n e s s  o f  a b o u t  4  c m, a n d  t h e  e x c e s s  m i x  wa s  
b l a d e d  t o  t h e  s i d e  e r f  t h e  r o a d .  Th e  A- c m l a y e r  
wa s  t h e n  c o m p a c t e d  w i t h  t r u c k s ,  s t a r t i n g  w i t h  
e m p t y  t r u c k s  a n d  f i n i s h i n g  c o m p a c t i o n  w i t h  t a n k  
t r u c k s  w i t h  a  3 *5  m e t r i c  t o n  l o a d .  Af t e r  t h e  
f i r s t  l a y e r  wa s  c o m p a c t e d ,  t h e  r o a d  p a t r o l s  c o n ­
t i n u o u s l y  b l a d e d  t h e  r e m a i n i n g  m i x  o v e r  t h e  
s u r f a c e  m  t h i n  l a y e r s  a t  t h e  s a me  t i m e  t h a t  t h e  
m i x  wa s  b e i n g  c o m p a c t e d  b y  t h e  t r u c k s .  T h i s  
o p e r a t i o n  wa s  c o n t i n u e d  u n i t l  a l l  o f  t h e  m i x  
wa s  i n  p l a c e  a n d  c o m p a c t e d .
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TABLE 1
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4 4 0 0 0 0 . 5 7 5 . 5 2 0 . 5 5 . 5 1 6 5 6 1 1 .1 9 . 6 1 . 5 2 . 6 2  ; — 8 1 0 0 9 0 6 0 8 7 5 0 - 7 9 7 5 8 0 2 5 I O775 - 0 . 4 6 0 . 4 6  0 . 0 2 - 1 .9 5 2 .0 0 2 . 0 6 9 . 7 2 . 0 7 7 . 3 5 9 . 1 9

4 4 5 0 0 0 .2 7 7 . 5 1 7 . 5 4 . 8 1 2 9 2 1 6 . 2 1 4 . 2 1 .0 2 . 6 4  ! — 6 1 0 0 5 8 5 0 5 3 0 0 - 8 5 5 0 7 9 5 0 5 8 7 5 - 0 . 5 4 0 . 4 2  0 . 1 7  ! — 1 .7 8 1 .8 6 1 .9 1 9 . 5 1 .9 9 5 . 0 7 6 .3 4

5 4 0 0 0 0 . 5 7 2 . 5 2 0 . 0 7 . 0 1 9 1 3 1 2 . 6 1 1 .6 1 .0 2 . 6 4  — 7 1 0 0 6 4 0 0 6 10 0 8 7 0 0 8 0 3 3 6 42 5 - 0 . 5 6 0 . 2 4  : 0 . 0 2 - 1 .8 9 1 .9 7 2 . 0 3 7 . 0 2 . 0 6 7 .0 4 8 . 8 0
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Co n s t r u c t i o n  wa s  s t a r t e d  a b o u t  J u n e  1 9 4 3  
a n d  f i n i s h e d  i n  No v e mb e r  1 9 4 4 ,  s o t h a t  t h e  t i me  
o f  c o n s t r u c t i o n  i n c l u d e d  t uro r a i n l y  s e a s o n s  
a n d  o n e  d r y  s e a s o n .  Th e  r a i n s  c a u s e d  a  g r e a t  
d e a l  o f  d i f f i c u l t y  w i t h  t h e  s o i l  s t a b i l i z a t i o n ,  
s i n c e  t h e  m i x  h a d  t o  b e  a e r a t e d  t o  e l i m i n a t e  t he  
w a t e r .  I n  a  n u mb e r  o f  c a s e s  t h e  m i x  wa s  r e p e a t ­
e d l y  we t  b y  r a i n  a n d  r e - a e r a t e d ,  wi t h  t h e  r e ­
s u l t  t h a t  t o o  mu c h  o f  t h e  v o l a t i l e  wa s  e l i m i n ­
a t e d .  I t  wa s ,  t h e r e f o r e ,  n e c e s s a r y  t o  r e - t e mp e r  
t h e  m i x  b y  a d d i n g  mo r e  c u t b a c k ,  a n d  a s  a  r e s u l t  
o f  t h i s  r e - t e m p e r i n g ,  t h e  f i n a l  a s p h a l t  c o n t e n t  
wa s  h i g h e r  t h a n  wa s  r e c o mme n d e d ,  l i i e  d i f f i c u l t y  
o f  o b t a i n i n g  m a t e r i a l s ,  e q u i p m e n t  a n d  r e p a i r  
p a r t s  r e s u l t e d  i n  a  c o n s i d e r a b l e  d e l a y  o f  t h e  
wo r k .

F I NI SHED SURFACE.

Th e  c o m p a c t e d  s o i l  a s p n a n :  m i x  wa s  s mo o t h  
a n d  r e s u l t e d  i n  a n  a t t r a c t i v e  n o n - s k i d  s u r f a c e .  
Th e  w r i t e r  h a s  r i d d e n  o v e r  t h i s  r o a d  a t  v a r i o u s  
s p e e d s  up  t o  1 2 0  k i l o m e t e r s  p e r  h o u r ,  a n d  t h e  
s u r f a c e  s m o o t h n e s s  i s  c o m p a r a b l e  t o  t h a t  o f  a  
f i r s t - c a l s s  r o a d  i n  t h e  U . S . A .

Af t e r  c o n s t r u c t i o n  wa s  c o m p l e t e d ,  s a m p l e s  
o f  t h e . c o m p a c t e d  s o i l  a s p h a l t  m i x  we r e  t a k e n  a t  
t h e  s a me  s t a t i o n s  f r o m  wh i c h  t h e  s o i l  s a m p l e s  
h a d  b e e n  t a k e n ,  a n d  t h e  t h i c k n e s s ,  d e n s i t y  a n d  
a s p h a l t  c o n t e n t  o f  t h e  c o m p a c t e d  m i x  wa s  d e ­

t e r m i n e d  b y  m e a n s  o f  c o n t i n u o u s  e x t r a c t i o n  o f  a  
s a mp l e  f o r  e i g h t  h o u r s  i n  a  So x h l e t  a p p a r a t u s ,  
u s i n g  c a r b o n  t e t r a c h l o r i d e  a s  t h e  s o l v e n t .  Th e  
c o r r e s p o n d i n g  o r i g i n a l  c o n t e n t  o f  RC2 wa s  c om­
p u t e d  b y  me a n s  o f  a  f a c t o r  o b t a i n e d  b y  m i x i n g  
t h e  s o i l  w i t h  RC2  a n d  c u r i n g  a t  6 0 °  C t o  d e t e r ­
m i n e  t h e  p e r c e n t  o f  v o l a t i l e  t h a t  wa s  l o s t .
Th e  r e s u l t s  o f  t e s t s  o f  t h e  c o m p a c t e d  m i x  a r e  
g i v e n  i n  t a b l e s  1 a n d  2 .

MAI NTENANCE OF STABI LI ZED S OI L SURFACE AND PRE­

SENT CONDI TI ON.

I n  No v e m b e r ,  1 9 4 7 ,  t h e  s t a b i l i z e d  s u r f a c e  
wa s  t h r e e  y e a r s  o l d ,  a n d  t h e  w r i t e r  ma d e  a  
c a r e f u l  i n s p e c t i o n  o f  t h e  4 2  k i l o m e t e r s  o f  s t a b ­

i l i z e d  s u r f a c e  t o  d e t e r m i n e  i t s  p r e s e n t  c o n d i ­
t i o n .  Th e  s u r f a c e  i n  t h e  i n t e r v e n i n g  t h r e e  y e a r s  
h a s  n o t  b e e n  s u b j e c t e d  t o  a  h e a v y  i n t e n s i t y  o f  
t r a f f i c ,  b u t  i t  h a s  b e e n  s u b j e c t e d  t o  v e r y  h e a v y  
l o a d s ,  c o n s i s t i n g  o f  l o g g i n g  t r u c k s ,  o i l  we l l  
e q u i p m e n t  a n d  t r u c k s  l o a d e d  wi t h  f a r m  p r o d u c e .  
Ho s t  o f  t h e  t r u c k s ,  p a s s e n g e r  c a r s  a n d  b u s e s  
u s i n g  t h e  r o a d  t r a v e l  a t  h i f $i  s p e e d .

Th e  s u r f a c e  wa s  g i v e n  a  RC2 s a n d  s e a l  o n e  
a n d  o n e - h a l f  y e a r s  a f t e r  c o n s t r u c t i o n  wa s  c o m­
p l e t e d  a n d  h a s  n o t  h a d  a n o t h e r  s e a l  s i n c e  t h a t  
t i m e .  Ho we v e r ,  t h r e e  s e c t i o n s  o f  t h e  r o a d  we r e  
r e - s u r f a c e d  i n  1 9 4 7  wi t h  4  c m. o f  s o i l  a s p h a l t
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194500 30 .0 4 7 .0 15.0 7 .5 1937 ! 14.0 12.5 1 .5  , 2.68 ¡ 6100 6500 6250 8975 9450 9325 0 .99  I 0.77 0.56  j 2 .0 0  "j" 2.04 2.O5 J  9.1 1.88 5.99 7.49

20+000 0 .0 70 .0 22.2 7 .8 2096 12.4 - - 2.66 3550 3760 3450 9075 7775 7500 0 .65  T  0.64 0.45 * 1.93 1.98 2 .0 5  : 11.2 1.86 5.95 I 7 .44

804600 0 .1 47.0 32.1 19.9 5267 16.0 11.3 4.7 2.64 7550 9700 ! 10500 6900 7500 7250 1.57 1.33 1.13 t  2.07 2.0S 2.05  T  7 .9 1.94 9 .0 8 j  11.36

214000 0 .0 71.0 21 .0 8 .0 2202 12.8 — 2.62 5100 4500 1 5800 9900 8250 7400 0.88 1.00 0.90  i 1.96 1.37 ¡ 2 .08  ! 7 .0 2 .06 8.41 10.51

214600 0 .0 12.0 54 .0 34 .0 9149 28.2 17.1 11.1 ¡2 .6 0 7550 9150 i 9150 4585 4625 4075 3 .09  T  2.75 2.G3 1 1.89 1.90 1.90  1 0)8 .0 (B) 1.97 (8)8.08 (BJ10.10

294000 0 .1 59 .9 46.5 13.5 4059 21.5 17.0 4 .5 2.62 7750 10200 ! 8600 5925 6050 5950 , 1 .93  • 1.93 1.30 1.86 1.89 j  8 .6 1.89 7.23 9.04

22*500 0 .2 36.8 41.5 21 .5 5499 24 .6 16.0 8 .6 '2 .6 4 7000 7750 Ì 7950 »DRSINTEORATED* ! 3.89 3.44 3.02 1.96 1.99 2.00  J © 9 .2 6 )1 .8 8 (B)5.95 0  7.44

254000 0 .0 22 .0 48.0 30 .0 8168 33.8 18.2 15.» 2.65 9400 8250 8900 «DESIHTEQRATED* ! 4 .99 4.58 3.98 2.00 1.99 : 1.96 j CB)9.1 0 )2 .0 0 (B) 9 .19 (B) 11.49

254500 0 .2 7 .8 58.0 34 .0 9186 36.8 18.3 18.5 2 .66 7700 6700 6100 «DESINTEGRATED» 1 7.34 5.79 4.87 1.95 1.95 1.97 j (B) 10.3 (3  1.74 (E» 9 .37 J (B) 11.71

244000 0 .0 19.5 57.5 2 3 .0 7206 28.4 12.6 15.8 2.67 9? *10 8650 9100 *0SSIHTEORATED» j 4 .00 3.22 3.58 1.99 1.97 1.98 9 .1 ( 3  1.77 {B )6.52 B) 8 .15

244500 1 .0 68*0 25 .0 8 .0 2256 12.5 - 2 .66 7*00 6000 6000 7200 7600 5725 0.70 0.59 0.54 ■ 1.98 2.04 2.05 10.9 1.76 5.54 6.93

264000 1 .2 68.8 22 .2 7 .6 2091 14.0 10.2 3.8 2.62

2.68

7050 9500 6300 9250 7675 9875 : 0.80 0.68 0.42 . 1 .95 1.98 2.02 15.1 1.96 9.19 11.49

264500 6 .0 30 .0 30.0 34 .0 9568 24.0 14.5 9 .5 9150 9900 7050 575 1426 1250 9.52 5.87 3.54 1.91 1.89 1.92 (C) 7 .9 (0 1 .8 6 ■ (0 6 .5 4 (C) 8.18

264000 4 .0 61 .0 25 .0 10 .0 2763 17.0 12.5 4.5 2.63 13350 11150 11500 9125 7650 8775 1.53 0.93 0.97 1.98 2.03 2.02 9.4 1.91 8.00 10.00

26*500 1 .0 77 .0 15.5 6.5 1705 17.0 13*3 3 .7 2.62 6800 7200 5900 7650 7975 8100 0.88 0.91 0.57 1.90 1.94 1.96 10.2 1.87 7.27 9.09

27*000 0 .5 82 .0 7 .5 10 .0 1844 15.0 14.5 0 .5 2 .61 3050 3450 4000 7400 7650 7775 1.99 1.41 1.27 1.81 1.84 1.86 11.7 1.94 6.51 8.14

874600 4 .0 64 .0 20 .0 12.0 2966 16.0 13.3 2 .7 2 .73 9700 7400 8400 7975

9250

7875 7925 2.26 2.05 1.80 : 1.95 1.96 2.00 8 .8 1.37 6.45 8.06

88+000 0 .6 73 .4 20 .0 6 .0 1744 15.0 13.7 1 .3 2.62 3000 4300 5400 9300 8400 1.02 0.99 0.16 : 1.92 1.93 1.95 6 .7 1.89 7.02 8.78

88*500 8 .0 70 .5 21 .5 6 .0 1524 15.0 13.5 1 .5 2.64 3800 3400 3900 8300 9125 8150 1.36 1.37 1.17 ¡ 1.84 1.67 1.90 9 .1 1.90 5.31 6.64

894000 80 .0 62 .0 14 .0 4 .0 1023 17.0 14.0 3 .0 2.67 5050 3150 4550 9550 8850 9475 0.95 1.04 1.05 j 1 .97 1.96 1.98 9 .3 1.93 7.21 9.01

89+500 82 .0 55 .5 14.5 8 .0 2039 20 .0 18 .6 1.4 2.70 8400 8450 8850 6050 6275 7575 2.64 2.46 1.87 2.01 1.98 2.03 11.2 1.75 5.621 7.03

50+000 1 .0 70 .0 25 .5 3 .5 1067 15.0 12.1 2 .9 2.68 5000 5700 5950 7850 8150 7925 2.04 1.45 1.26 1.85 1.90 1.89 11.7 1.76 6.76 8.46

30+500 5.4 68.1 12 .6 14.0 3193 17 .0 13.5 3 .6  j  2 .77 7800 8200 7700 6250 7150 8325 1 . » 1.31 1.38 1.90 1.92 1.95 10.3 1.78 8.13 10.16

51+000 1 14.0 65.S 16 .0 6 .6 1723 15.0 13.4 1 .6 2 .65

2 .67

6450

7060

7800 7950 8600 8225 8750 1.22 1.06 0.82 1.99 2 .0 1 2.05 9 .6 1.87 7.70 9.63

51+500 4 .0 88 .0 12 .0 6.0 1769 15 .0 14.3 0 .7 7750 7500 7500 • 7800 7325 1.18 [ 0 .96 0.92 1.97 1.96 2.02 11.1 1.78 6.65  i 6.94

38+000 9 .5 61 .5 15.0 14.0 3437 18.0 13.1 4 .9  1 2 .69 7400 8650 8500 6075 6975 7125 2.49  "t" 1.89 1 .46  ! 2 .02 2.04 2.09 11.9 1.80 5.37 1 6.71

32+600 8*6 70 .0 19.6 8 .0 2206 15.0 13.7 1 .3  7*2 .72 6360 7050 7000 7175 6900 7625 1.11 1.16 1.05 1.96 2.00 2.01 8 .0 1.06 6 .7 7 j  8 .46

55+000 1 .0 7 8 .0 17 .0 4 .0 1138 16.0 13.4 1 .6 2.63 5650 6850 5700 6925 7026 7225 1.26 1.06 0.96 0.86 1.88 1.91 10.7 1.94 5.51  ̂  6.64

35+500 4 .0 7 8 .0 17 .0 7 .0 1436 14.0 12.6 1.2 2.67 5200 5700 5900 7675 8426 7725 0.89 0.80 0.71 1.87 !;9 4 11.4 1.90 6.83 1 7.79

55+775 1 .0 54 .0 59 .0 26 .0 6566 22.0 12.0 10 .0 2.65 10050 8650 8100 700 950 700 5.97 6.20 5.93 2.00 1.99 1.98 1(d) 6 .7 (<S 2 .06 (d) e .ss "-’  id) 7 .91

34+000 0 .5 3 7 .5 47 .0 15 .0 4184 21.0 17.2 3 .8 2.62 6850 9200 8600 5050 6100 6250 3.51 2.60 2.30 1.91 1.90
l .± 9± ..

(d) 9.2 (4 1.97 (■* 7 .04 ( 4  8 .80

34+860 1*8 24 .8 66 .0 1 9 .0  ; 5622 26 .0 18.5 7 .6 2 .59 6450 9350 8250 3850 3050 3100 3.43 3.84 3.39 1.88 1.87 1.88 [<9 8 .2 (<* 1.97 (4 5.79 (d) 7 .23

544500 5 .0 46 .0 41 .5 1 0 .5  ¡ 3070 18.0 15.4 2 .6 2.68 9750 8650 7350 6025 6325 6725 r  2.47 2.10 2.07 1.96 1.96 1.96 [d) 11.3 (d) 1.94 (d) 9.10 (<H1.S7

34+750 1 .0 39 .4 I 44.O 16 .0  ; 4260 23.0 17.0 6 .0 2.67 10700 9000 8450 5550 5875 5*50 2.53 2.19 2.09 2.00 2.00 1.96 4  7.3 (a) 2.00 (e) 8 .22 (•) 10.87

56+000 8 .0 37 .0 49 .0 1 2 .0  1 37« 20 .0 16.2 3 .8 2 .63 9000 8900 9100 6625 6650 7900 • 2.31 1.71 1.49 1.87 1.87 1.91 [ • )  9 .3 (e )1 .97 (0 )7.09 ( • )  8 .66

35+360 1.6 36.5 46 .0 14.0 4172 31.0 25.4 5 .6 2.57 7600 7150 7100 3300 4650 i 4550 4.64 3.23 2.25 1.80 1.80 1.81 (a) 14.8 (e )1 .8 3 ( e i d ^ 1 ( • )  6 .06

35+780 1.0 89 .0 52 .0 18.0 5377 ■ 30 .0 19.9 10.1 2.68 9250 9200 6850 625 975 825 8.47 5.33 5.72 1.88 1.89 1.87 (* )1 1 .8 (e )1 .6 6 ( • )6.09 ( • )  7 .61

36+830 6 .0 7 6 .0 12 .0 4 .0 1103 14.0 13.7 0 .3 2.64 7900 

3 6¿0

6100 

2 ISO

3900 7750 7962 8550 0.62 0.62 0.47 1.88 1.93 1.97 10.0 1.78 6.71 8.39

3#+500 1 .0 6 1 .0 14 .0 4 .0 1134 16.0 14 .1 1.9 2.63 2400 9375 9275 7800 1.05 0.76 0.73 1.91 1.96 1.95 9.1 2.00 6.44 8.05

37+000 e .o •5 .0 18 .0 11.0 2602 20.0 14.0 6 .0 2 .63 2900 4050 6350 9300 9400 10100 1.24 1.14 0.81 1.88 1.91 ; 1.97 7.4 1.89 7.38 9.83

57+500 8.0 78 .0 20 .0 e .o 1716 18.0 14.4 3 .6 2.63 6900 7100 7100 8250 8300 9225 1.32 0.90 0.90 1.93 1.96 1.97 8 .8 1.89 9.30 11.62

36+000 5 .0 75 .0 20 .0 4 .0 1127 16.0 13.8 2 .2 2.67 3000 4000 6800 8875 9200 9650 i 1.21 0.8» 0.67 1.95 1.99 j 2.04 9.1 1.82 7.02 8.77

36+600 2 .7 58 .0 35 .0 11.0 3522 19.0 15.0 4 .0 2.59 6400 5550 4900 8700 8650 7900 : 1 .56 1.33 1.17 1.93 1.97 ! 2.02 14.3 1.89 5.44 6.80

39+000 1,8 70 .0 84 .0 4 .0 1227 15.0 13.1 1 .9 2.62 7160 7000 6150 i 8775 8450 9225 2.89 2.07 1.75 2.00 2.04 j 2 .06 6.8 2 .0 6  9.42 11.78

59+600 8 .0 60 .0 14 .5 3 .5 946 16 .0 14.1 1 .9 2.64 4900 5400 5500 7975 7725 7275 7 .3 0  j 3 .52 3.38 1.89 1.91 1.96 5 .8 1.92 5.81 7 .8 6

40+000 1 .0 77 .0 18 .0 4 .0 1553 16.0 11.5 4 .5 2 .61 6450 I 6550 8000 8525 8550 9200 0.65 0.52 0.41 1.97 2.02 2.09 8 .3 1.90 ! 7.55 9.44

40+600 8 .0 7 f .5 18 .0 6.5 1661 21 .0 18.0 3 .0 2.58 5700 ! 5000 5750 7400 7900 6925 1.04 0.73 0.59 1.84 T  1 .65  1 1.89 4.87 r  6.09

41+050 0 .0 34 .0 57 .0 8.6 2633 17.0 15.2 3 .8 2.64 6300 1 5800 5600 8125 7975 7575 1.25 0.77 0.72 1 .96  j 1 .99 1.91 5.46 6.82

41+600 3*5 30 .0 42 .0 24 .5 6264 2 0 .0 ^  14.4 5 .6 2.64 7150 1 7400 8100 5150 ; 6275 8375 0.80 0 .53  ; 0 .37 1.92 T  1.94  1.97 8 .9  1.91 6.28

42+000 2 .0 26 .0 47.5 22 .5 5475 22 .0  , 15 .5 6.5 2.66 7000 j 6900 [ 7450 225 ’ 2800 1625 2 .15  ^  1.04 T  0.91 1.84 1 1.91  1.94 [ f ) 7 .7  [ ( f ) 1 .9 6 ( f)6 .8 9 ( f ) 8 .6 1

g BAYEL La r g i r  t h a n  8  n . (S) . Th e s o i l  I n  t h e s e ■ a m i e » ear ns f r « S t a t i o n  1 9 4  00

a*jp . « 2.0  n ,  t o  0 . 0 6  M . (C). The s o i l  I n  t h e e e a a a p l e e c a a c f r e e s t a t i o n  2 6 4  3 0

3 I M  — 0.06 o b .  t o  0.002 a a . (d ). The e o l i  I n  t h o s e s a mp l e s came f r a« ■ cat io n  334-  500

C M Fi n e r  than 0.002 a . (e ) . The s o i l  In  Chrse -■»ampies came r n * ■ t A t lo p  364  250

( f ) . The s o i l  Ln these saap lea c a e r r < a s t a t io n  414-  600

m i x .  Re - s u r f a c i n g  wa s  r e q u i r e d  d u e ,  i n  e a c h , c a s e ,  
t o  a  b a s e  f a i l u r e  t h a t  c a u s e d  t h e  s u r f a c e  t o  b e ­
c ome  b a d l y  c r a c k e d  a n d  u n e v e n .  I n  e a c h  s e c t i o n  
t h a t  wa s  r e - s u r f a c e d ,  o u r  t e s t s  h a d  s h o wn  t h a t  
t h e  s o i l  wa s  o f  b a d  q u a l i t y  a n d  h a d  l i t t l e  o r  no 
s t a b i l i t y  i n  t h e  p r e s e n c e  o f  wa t e r  e v e n  wh e n  
m i x e d  wi t h  RC2 . Th e  s e c t i o n s  t h a t  we r e  r e - s u r ­
f a c e d  we r e :

S t a t i o n  3 3  +  7 5 0  t o  3 3  + 8 5 0  

S t a t i o n  35  - |-  6 5 0  t o  35  + 8 0 0  
I n  a d d i t i o n ,  t h e r e  h a s  b e e n  c o n s i d e r a b l e  

c r a c k i n g  o f  t h e  s u r f a c e  o f  t h e  s e c t i o n  o f  r o a d  
o v e r  t h e  e mb a n k me n t  f r o m S t a t i o n  8  5 0 0  t o  9 +  
1 0 0 .  Th i s  s e c t i o n  i s  i n  t h e  b o t t o m  l a n d s  o f  t h e  
Sa n  J u a n  R i v e r ,  a n d  t h e  f i l l  f o r  t h e  e mb a n k me n t  
wa s  t a k e n  f r o m  t h e  b o t t o m  l a n d s  o n  e a c h  s i d e  o f

t h e  r o a d .  Ou r  t e s t s  s h o we d  t h a t  t h i s  s o i l  wa s  o f  
b a d  q u a l i t y  a n d  c r a c k i n g  o f  t h e  s u r f a c e  i s  d u e  
e n t i r e l y  t o  c r a c k i n g  o f  t h e  e m b a n k m e n t .  Th i s  
s e c t i o n  h a s  h a d  s e v e r a l  s e a l  c o a t s  d u r i n g  t h e  
l a s t  t h r e e  y e a r s .

I n  t h e  o p i n i o n  o f  t h e  wr i t e r ,  t h e  s t a b i l i z ­
e d  s u r f a c e  b e t we e n  La  Vi l l a  d e  Ro s a r i o  a n d  Ma-  
c h i q u e s ,  wi t h  t h e  e x c e p t i o n  o f  t h e  s e c t i o n s  me n ­
t i o n e d  a b o v e ,  i s  i n  e x c e l l e n t  c o n d i t i o n ,  a n d  a s  
s mo o t h  a s  a t  t h e  t i m e  c o n s t r u c t i o n  wa s  c o m p l e t e d .

Th e  s l i g h t  a mo u n t  o f  c r a c k i n g  t h a t  wa s  n o ­
t i c e d  o c c u r s  i n  mo s t  c a s e s  a t  t h e  t o p s  o f  s m a l l  
h i l l s  a n d  t h e  c r a c k s  i n  t h e  s u r f a c e  c o r r e s p o n d  
t o  c r a c k s  i n  t h e  b a s e  s o i l .

I n  a d d i t i o n ,  s o me  ma p  c r a c k i n g  wa s  n o t i c e d  
i n  s e c t i o n s  wh e r e  t h e  RC2 c o n t e n t  wa s  a b o v e  1 0 $,  
b u t  t h i s  c r a c k i n g  d i d  n o t  a p p e a r  t o  a f f e c t  e i ­
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t h e r  t h e  s t a b i l i t y  o r  t h e  s m o o t h n e s s  o f  t h e  
s u r f a c e .

CONCLUSI ONS.

1 .  Mi x e s  o f  s o i l  -  HCg  c u t b a c k  a s p h a l t  t h a t  
h a v e  a  s t a b i l i t y  l o a d  o f  6 0 0 0  Kg .  o r  m o r e ,

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

i z a t i o n  w i t h  c u t b a c k  a s p h a l t  c a n  b e  p r e d i c t ­
e d  o n  t h e  b a s i s  o f  a n  a r e a - p l a s t i c i t y  i n d e x ,  
a n d  a l l  s o i l s  h a v i n g  a n  i n d e x  o f  1 9 . 0  o r  l e s s  
w i l l  h a v e  a  s t a b i l i t y  l o a d  a f t e r  c a p i l l a r y  a b ­
s o r p t i o n  o f  6 0 0 0  Kg  o r  mo r e  wh e n  m i x e d  w i t h  t h e  
p r o p e r  p e r c e n t a g e  o f  RC? .  Th i s  a r e a  p l a s t i c i t y  
i n d e x  i s  c o mp u t e d  b y  m u l t i p l y i n g  t h e  s p e c i f i c  
s u r f a c e  b y  t h e  p l a s t i c  i n d e x  a n d  d i v i n d i n g  b y  
1 0 0 0 .  Th e  a r e a - p l a s t i c i t y  i n d e x e s  o f  t h e  s o i l 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  v a r i e d  f r o m 0 . 0  t o
1 6 9 . 9 .
3 .  S o i l  s h o u l d  n o t  b e  s t a b i l i z e d  w i t h  c u t b a c k  

a s p h a l t  d u r i n g  a  t i m e  o f  t h e  y e a r  wh e n  f r e ­
q u e n t  r a i n s  a r e  l i a b l e  t o  o c c u r .  I n  t h e  t r o p i c s  
a l l  s o i l  s t a b i l i z a t i o n  s h o u l d  b e  d o n e  d u r i n g  
t h e  d r y  s e a s o n .
4 .  Cl o s e  c o n t r o l  o f  t h e  RC2 c o n t e n t  o f  a  m i x  

i s  n o t  p o s s i b l e  wh e n  t h e  s o i l  i s  m i x e d  i n
p l a c e  wi t h  r o a d  p a t r o l s .  I t  a p p e a r s  t h a t  t h e

RC2 c o n t e n t  c a n n o t  b e  s p e c i f i e d  c l o s e r  t h a n  p l u s  
o r  m i n u s  2%.
5 .  Cl o s e  c o n t r o l  o f  t h e  c o m p a c t e d  t h i c k n e s s  o f  

s t a b i l i z e d  s o i l  i s  n o t  p o s s i b l e  wh e n  m i x i n g
a n d  p l a c i n g  i s  d o n e  wi t h  r o a d  p a t r o l s .  I t  a p ­
p e a r s  t h a t  t h e  t h i c k n e s s  c a n n o t  b e  s p e c i f i e d  
c l o s e r  t h a n  p l u s  o r  m i n u s  2  c m.
6 .  S o i l  s t a b i l i z e d  wi t h  c u t b a c k  a s p h a l t  i s  c a ­

p a b l e  o f  s u p p o r t i n g  v e r y  h e a v y  l o a d s ,  a n d
t h e  m a i n t e n a n c e  c o s t  o f  s u c h  a  s u r f a c e  i s  l o w.
7 .  Th e  d e n s i t y  o f  t h e  c o m p a c t e d  La b o r a t o r y  s a m­

p l e s  o f  t h e  s o i l  a s p h a l t  m i x e s  c l o s e l y  a p ­
p r o x i m a t e d  t h e  d e n s i ' b y  o f  t h e  c o r r e s p o n d i n g  
f i e l d  m i x e s .
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P a p e r  p r e s e n t e d  i n  t h e  na me  o f  t h e  

"S o c i é t é  SOLVAT" 

b y  Ma r c e l  THUI LLEAUX 

I n g é n i e u r  d e s  Ar t s  e t  Ma n u f a c t u r e s

I NTRODUCTI ON

As  a  r e s u l t  o f  t h e  wa r ,  ma n y  r o a d s  r e m a i n  
d e v a s t e d  b y  b e l l i g e r e n t  a r m i e s ,  a n d  t h e  r e s o u r ­
c e s  o f  s t a t e  a n d  Co mmune s  a r e  e x h a u s t e d ;  h e n c e  
t h e  s p e c i a l  i n t e r e s t  p r e s e n t l y  c o n f e r r e d  t o  p r o ­
c e s s e s  f o r  r e s t o r i n g  v i a b i l i t y  t o  t h e s e  r o a d s  
a t  a s  l o w a  c o s t  a s  p o s s i b l e .

On e  o f  t h e s e  p r o c e s s e s  wa s  f i r s t  c a l l e d  
"s t a b i l i z e d  g r a v e l  ,  b u t  i s  n o w b e t t e r  k n o wn  
u n d e r  t h e  na me  o f  "c l a y  c o n c r e t e ",  i t  c o n s i s t s  
o f  a  c o a r s e  a g g r e g a t e  ( o r  s k e l e t o n )  wi t h  a  g r a ­
n u l a r  c o m p o s i t i o n  f o l l o w i n g  a  we l l  d e t e r m i n e d  
l a w  a n d  o f  a  b i n d e r  c l a y ,  t h e  p r o p e r t i e s  o f  
wh i c h  a r e  s t a b i l i z e d  b y  a n  h y g r o s c o p i c  s a l t .
I t  wa s  b o m  i n  t h e  Un i t e d  S t a t e s  a n d  i s  u s e d  
o n  a  l a r g e  s c a l e  i n  t h e  No r t h e r n  c o u n t r i e s  o f  
Eu r o p e ,  e s p e c i a l l y  i n  Swe d e n ,  b u t  i t  r e m a i n s  
n e a r l y  u n k n o wn  i n  We s t e r n  Eu r o p e .

F o r  a  f e w y e a r s  h o we v e r ,  Be l g i u m  h a s  a l ­
r e a d y  r e a l i s e d  s o me  a p p l i c a t i o n s  o f  i t ;  t h e  
t o wn  o f  To u r n a y  d e s e r v e s  a  s p e c i a l  m e n t i o n  a s ,  
i n  1942- 4- 3, i t  r e b u i l t  i n  t h i s  wa y  a b o u t  2  Km 
o f  b i c y c l e  t r a c k ;  n e v e r  h a d  t h e  b u i l d e r s  c o n ­
s i d e r e d  i t s  u t i l i z a t i o n  b y  o t h e r s  t h a n  b i c y c l e s ;  
n o w i t  a d m i r a b l y  r e s i s t e d  t h e  s e v e r e ,  u n e x p e c t ­
e d  o r d e a l  t o  wh i c h  i t  wa s  s u b m i t t e d  b y  t h e  L i ­
b e r a t i o n  Ar m i e s ; p a r k i n g s  f o r  v e h i c l e s  o f  a n y  
k i n d  a n d  we i g h t  we r e  e s t a b l i s h e d  t h e r e  wh i c h

l i t e r a l l y  d u g  a n d  d e e p l y  c u t  t h e  a p p r o a c h e s  : 
h o we v e r  n o  r e p a i r  a t  a l l  wa s  n e e d e d  t o  t h e  
t r a c k  i t s e l f ,  e x c e p t  r e m o v i n g  t h e  m a t e r i a l s  o f  
a n y  k i n d ,  u n c o n s i d e r a t e l y  t h r o wn  a b o u t  u p o n  t h e  
s u r f a c e  b y  t h e  u n e x p e c t e d  u s e r s  x )

A h a u l i n g  r o a d  h a d  a l s o  b e e n  e s t a b l i s h e d  
i n  t h e  s a me  r e g i o n  f o l l o w i n g  a  s i m i l a r  f o r m u ­
l a ,  a n d  t h e  s a me  k i n d  o f  o b s e r v a t i o n s  a s  t h o s e  
ma d e  i n  To u r n a y  c o u l d  b e  r e g i s t e r e d  t h e r e .
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EXP ERI MENT.

As  t h e y  h a d  b e e n  i n f o r m e d  o f  t h e s e  r e s u l t s ,  
a  d e l e g a t i o n  o f  t h e  p r o v i n c i a l  a n d  t e c h n i c a l  
a u t h o r i t i e s  o f  t h e  P r o v i n c e  o f  Lu x e m b u r g  c a me  
t h e r e  t o  ma k e  o b s e r v a t i o n s  o n  t h e  s p o t .  T h i s  
d e l e g a t i o n  g a i n e d  s u c h  a  g o o d  i m p r e s s i o n , t h a t  
t h e y  d e c i d e d  t o  s u b s i d i z e  a  wi d e  e x p e r i m e n t  o n  
r o a d s .  I n  o r d e r  t h a t  t e c h n i c i a n s  ma y  f o r m  a  
g o o d  j u d g m e n t  a b o u t  t h e  v a l u e  o f  t h e  p r o c e s s ,  
t h e  mo s t  d i f f i c u l t  p l a c e  i n  t h e  P r o v i n c e  wa s  
i n t e n t i o n a l l y  c h o s e n ; t h e  c i t y  o f  At h u s ,  s i t u -

x )  A b i c y c l e  t r a c k  o f  6  Km l o n g ,  b u i l t  i n
F r a n c e  i r  1 9 3 9  b e t we e n  Do u a i  a n d  Va l e n c i e n n e s  
b e h a v e d  e q u a l l y  we l l  u n d e r  m i l i t a r y  t r a f f i c s  
o f  i n v a s i o n  a n d  l i b e r a t i o n .


