
K r e n k l e r  ( 1U5U) f o u n d  t h a t  p i t c h e s  h a v i n a  l o w  b e n z e n e  s o l u b l e  

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

w e r e  m o s t  c o m p a t i b l e  a n d  T i n g l e  a n d  W r i g h t  ( 1 9 5 9 )  f o u n d  t h a t  i f  

" h a r d "  b i t u m e n s  w e r e  u s e d  b l e n d s  w i t h  v e r t i c a l - r e t o r t  t a r s  c o u l d  b e  

p r e p a r e d  i n  a n y  p r o p o r t i o n s .  R a n g  a n d  D i c k i n s o n  ( 1 9 5 7 )  m e n t i o n e d  

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

o f  a  " h a r d "  ( i n  t h e i r  c a s e  37  P e n . ) b i t u m e n .  T i n g l e  a n d  W r i g h t  

( 1 9 5 9 )  c o n c l u d e d  t h a t  t h e  o i l s  p r e s e n t  i n  b i t u m e n  w e r e  m a i n l y  r e s p o n s i b l e  

f o r  t h e  i n s t a b i l i t y  o f  m i x t u r e s .  (An e x p l a n a t i o n  o f  t h e  e f f e c t s  o f  

a d d i n g  n o n - p o l a r  p e t r e l o u m  o i l s  t o  t a r  w a s  g i v e n  i n  P a r t  2 ,  C h a p t e r  4 . ) .  

T h e s e  a u t h o r s  p r e p a r e d  b l e n d s  c o n t a i n i n g  3 5 ,  4 0 ,  4 5 ,  50  a n d  6 0  p e r  c e n t  

o f  t h e  5 0  -  5 5 ° C  E v t  t a r  a n d , u s i n g  a  1 0 / 2 0  P e n .  b i t u m e n ,  c l a i m e d  t h a t  

m i c r o s c o p i c  e x a m i n a t i o n  s h o w e d  a n  e v e n  d i s p e r s i o n  o f  t h e  t a r  i n  t h e  

b i t u m e n .

3 . 2 . 3  A c o m j>ar i : ; o n  o f  t h e  p r o p e r t i e s  o f  t a r ,  b i t u m e n  a n d  

t a r / b i t u m e n  b l e n d s

I t  h a s  o f t e n  b e e n  s t a t e d  t h a t  t h e  r h e o l o g i c a l  a n d  w e a t h e r i n g  p r o p e r t i e s  

o f  t a r / b i t u m e n  b l e n d s  a r e  i n t e r m e d i a t e  b e t w e e n  t h o s e  o f  t a r  a n d  b i t u m e n  

and th at b l e n d s  h a v e  a d h e s i o n  c h a r a c t e r i s t i c s  s u p e r i o r  t o  t h o s e  o f  

b i t u m e n s  ( Wo od ,  1 9 6 6 ) .

3 . 2 . 3 . 1  R h e o l o g i c a l  p r o p e r t i e s

U n l i k e  t a r s  a n d  m o s t  r o a d  b i t u m e n s  t h e  l o g - v i s c o s i  t y  l o g - t e m p e r a t u r e  

r e l a t i o n s h i p  o f  t a r / b i . t u m o n  b l e n d s  o v e r  t h e  1 5 - 4 5 ° C  r a n g e  i s  n o t  c o m p l e t e l y  

l i n e a r .  T h i s  w a s  p o i n t e d  o u t  b y  R a n g  a n d  D i c k i n s o n ,  ( 1 9 5 7 )  f r o m  r e s u l t s  

o b t a i n e d  u s i n g  t h e  c o n i c y l i n d r i c a l  v i s c o m e t e r  d e s c r i b e d  b y  L e e  e t  a l .

( 1 9 4 0 ) .  T h e y  i n t e r p r e t e d  t h i s  a s  c h a n g e  i n  t h e  v i s c o s i t y  t e m e p r a t u r e  

c o e f f i c i e n t ,  w h i c h  a p p e a r e d  t o  o c c u r  a t  a  p o i n t  b e t w e e n  2 0  a n d  3 5 ° C ,  

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

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

T h e  v i s c o s i t i e s  o f  t a r / b i t u m c n  b l e n d  s a m p l e s  r e c e i v e d  f r o m  o v e r s e a s  
*

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

r a n g e  and t h e  r e s u l t s  a r e  t h e  c o m p l e t e  c o n v e r s e  o f  t h o s e  g i v e n  b y  R a n g  

a n d  D i c k i n s o n .  T h o s e  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  u s i n g  t h e  s l i d i n g  

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

* T h e s e  w e r e  " C i n d u m i x "  r e c e i v e d  f r o m  t h e  C i n d u  C o .  H o l l a n d , i n  w h i c h  a  
c o k e - o v e n  t a r  w a s  u s e d ,  a n d " G r i p t a "  f r o m  M i d l a n d  Y o r k s h i r e  T a r  D i s t i l l e r s  
U n i t e d  K i n g d o m ,  i n  w h i c h  t h e  t a r  w a s  t h o u g h t  t o  b e  a  m e d i u m - t e m p e r a t u r e  
t a r  d e r i v e d  f r o m  t h e  R o x c o  p r o c e s s .
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| i tlf,.; c u r v r d  i n  Lhc  u n > o ! i i L o  d i r e c t i o n  Lo idiown b y  t l i e n e

auLl twrs*.  T h e  x o u u l t ^  o b t a i n e d  u s i m j  t i . e  i m j i o r t a d  a r e  falwvm

i n  F i g u r e  3 -  22  a n d  v a l u e s  g i v e n  b y  l o c a l l y  p r o d u c e d  b l o n d s  a r e  s h o w n

i n  F i g u r e  3 -  2 3 .

V i s c o s i t y  m e a s u r e m e n t s  o v e r  t h e  e n t i r e  t e m p e r a t u r e  r a n g e  o f  u s e  

s u g g e s t  t h a t  t h e  d i s c r e p a n c y  b e t w e e n  t h e  r e s u l t s  o f  R a n g  a i d  D i c k i n s o n  

a n d  t h e  a u t h o r  may  b e  d u e  t o  t h e  f a c t  t h a t  m e a s u r e m e n t s  w e r e  t a k e n  

o v e r  s l i g h t l y  d i f f e r e n t  v i s c o s i t y  r a n g e s .  T h e  v i s c o s i t y  o f  t h e  l o c a l  

b l e n d s  w a s  m e a s u r e d  n e a r  t h e " s p r a y i n g "  v i s c o s i t y  r e g i o n  u s i n g  a  H a a k e ,  

V i s c o w a g e  v i s c o m e t e r  ( H a a k e )  a n d  b y  l i n k i n g  u p  t h e s e  p o i n t s  w i t h  t h o s e  

o b t a i n e d  i n  t h e  1 5  -  4 5 ° C  r e g i o n  ( F i g u r e  3 - 2 4 ) .  I t  i s  c l e a r  t h a t  

a t  so m e  s t a g e  i n  t h e  t e m p e r a t u r e  r a n g e  4 0  -  1 1 0 ° C  t h e  l i n e  may  c u r v e  

s l i g h t l y  i n  t h e  d i r e c t i o n  f o u n d  b y  R a n g  a n d  D i c k i n s o n .

H o w e v e r ,  F i g u r e s  3 -  2 3  a n d  3 -  2 4  s h o w  t h a t  R a n g  a n d  D i c k i n s o n ' s

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

i s  s i m i l a r  t o  t h a t  o f  t a r  i s  i n c o r r e c t  a n d  t h a t  i n  t a c t  t h e  s h a p e  o f  t h e  

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

why t a r / b i t u m e n  b l e n d s  h a v e  l o w e r  b r i t t l e - t e m p e r a t u r e s  t h a n  t a r s  a n d  a  

b i g g e r  E v t - b r i t t l e  p o i n t  t e m p e r a t u r e  r a n g e ,  a s  s h o w n  b y  M c N e i l  s  

r e s u l t s ,  ( T a b l e s  3 -  1 8  a n d  3 -  1 9 )  a n d  b y  r e s u l t s  g i v e n  b y  l o c a l l y

p r e p a r e d  b l e n d s  i n  T a b l e  3 -  2 0 .

TABLE 3 - 2 0

EVT B R IT T L E -P O IN T  TEMPERATURE KANC'.t: FOP. TAR/BITUMEN 

BLENDS AND OTHER BLENDS

B i n d e r  t y p e E v t -
o r i  t t l e - p t .

C o k e - o v e n  t a r  (45 -  50®C )
6 1 , 0 - 6 3 , 0

L u r g i  t a r  (50 -  55®c )
6 0 , 5

6 7 , 0 - 7 4 , 0
P V C / t a r

7 1 , 2C o k e - o v e n  t a r / b i t u m e n  b l e n d ,  c o m m e r c i a l  b l e n d  e x  H o l l a n d

M e d i u m - t e m p e r a t u r e  t a r / b i t u m e n  b l e n d ,  c o m m e r c i a l  b l e n d  e x
7 8 , 6

U . K .
8 2 , 0

1 5 0 / 2 0 0  P e n .  b i t u m e n s

T h i s  t e n d e n c y  f o r  t a r / b i t u m e n  b l e n d s  t o  d i s p l a y  u n u s u a l  t h e o l o g i c a l  

b e h a v i o u r  h a s  b e e n  n o t e d  b y  W a l t h e r  ( 1 9 5 0  a n d  a l s o  b y  T i n g l e  a n d  W r i g h t
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ih,• I inr.'i curved in the o|>i>o!iiLo diroutlun to tiioue tihown by thcne 
uuthoru. The rouultu obluii.ed uainy tha im^rtod samples ark slown 
in i-'iqure 3 - 2 2  and values given by locally produced blends are shown

i n  F i g u r e  3 -  2 3 .

V i s c o s i t y  m e a s u r e m e n t s  o v e r  t h e  e n t i r e  t e m p e r a t u r e  r a n g e  of u s e  

s u g g e s t  t h a t  t h e  d i s c r e p a n c y  b e t w e e n  t h e  r e s u l t s  o f  H an g  a n d  D i c k i n s o n  

a n d  t h e  a u t h o r  m a y  b e  d u e  t o  t h e  f a c t  t h a t  m e a s u r e m e n t s  w e r e  t a k e n  

o v e r  s l i g h t l y  d i f f e r e n t  v i s c o s i t y  r a n g e s .  T h e  v i s c o s i t y  o f  t h e  l o c a l  

b l e n d s  w a s  m e a s u r e d  n e a r  t h e " s p r a y i n g "  v i s c o s i t y  r e g i o n  u s i n g  a  H a a k e ,  

V i s c o w a g e  v i s c o m e c e r  ( H a a k e )  a n d  b y  l i n k i n g  u p  t h e s e  p o i n t s  w i t h  t h o s e  

o b t a i n e d  i n  t h e  15  -  4 5 ° C  r e g i o n  ( F i g u r e  3 - 2 4 ) .  I t  i s  c l e a r  t h a t  

a t  s o m e  s t a g e  i n  t h e  t e m p e r a t u r e  r a n g e  4 0  -  1 1 0 ° C  t h e  l i n e  may  c u r v e  

s l i g h t l y  i n  t h e  d i r e c t i o n  f o u n d  b y  R a n g  a n d  D i c k i n s o n .

H o w e v e r ,  F i g u r e s  3 -  2 3  a n d  3 -  2 4  s h o w  t h a t  R a n g  a n d  D i c k i n s o n ' s  

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

i s  s i m i l a r  t o  t h a t  o f  t a r  i s  i n c o r r e c t  a n d  t h a t  i n  f a c t  t h e  s h a p e  o f  t h e  

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

why  t a r / b i t u m e n  b l e n d s  h a v e  l o w e r  b r i t t l e - t e m p e r a t u r e s  t h a n  t a r s  a n d  a  

b i g g e r  E v t - b r i t t l e  p o i n t  t e m p e r a t u r e  r a n g e ,  a r  s h o w n  b y  M c N e i l  s  

r e s u l t s ,  ( T a b l e s  3 -  1 8  a n d  3 -  1 9 )  a n d  b y  r e s u l t s  g i v e n  b y  l o c a l l y

p r e p a r e d  b l e n d s  i n  T a b l e  3 -  2 0 .

TABLE 3 - 2 0

EVT BKITTT^ - P O I N T  TEMPERATURE RANGF FOR TAR/BITUMEN 

BLENDS AND OTHER BLENDS

B i n d e r  t y p e E v t -  
b r  I t t l e - p t .

C o k e - o v e n  t a r  ( 4 5  -  50®C )

L u r g i  t a r  ( 5 0  -  55* C )

P V C / t a r

C o k e - o v e n  t a r / b i t u m e n  b l e n d ,  c o m m e r c i a l  b l e n d  o x  H o l l a n d  

M e d i u m - t e m p e r a t u r e  t a r / b i t u m e n  b l e n d ,  c o m m e r c i a l  b l e n d  e x

U . K .

1 5 0 / 2 0 0  P e n .  b i t u m e n s

6 1 . 0 - 6 3 , 0  

6 0 , 5

6 7 . 0 - 7 4 , 0  

7 1 , 2

7 8 . 0

8 2 . 0

T h i .  t e n d e n c y  t o r  t . r / b t t - m e n  b l e n d e  t o  d l a p l . y  u n u s u a l  r b e o l o q t c . l  

b e h a v i o u r  h a s  b e e n  n o t e d  b y  n e i t h e r  ( 1 9 5 0  a n d  e l e o  b y  T i n g l e  e n d  W r i g h t
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B c r n i - u i H  a n d  w.,<xl (l«J5t>) f o u n d  t h a t  t h e  s o f t u n i n q  i » o i n t  a n o m a l i e s  w o r n  

c o i n c i d e n t  w i t h  a  s u d d e n  c h a n g e  i n  t h o  t o l u e n e  o r  b o n z o n e - i n s o l u b l e  

c o n t e n t  a t  a l x i u t  4 0  , w r  c e n t  b i t u m e n  c o n t e n t .  A b n o r m a l l y  h i g h  v i n c o M t i v  

w . - . e  r e c o r d e d ,  a t  t h e  soften ing  p o i n t  t e m p e r a t u r e s  w h e r e  t a r  w a s  t h e  

m a j o r  c o m t ^ n e n t ,  a n d  Wood ( l ‘i<>G) s u g g e s t e d  t h a t  t h e s e  a n o m a l i e s  a r e  

d u n  t o  a  t e n d e n c y  f o r  h i c h  m o l e c u l a r  m a s s  com Ix > n e n t s  t o  b e  p r e c i p i t a t e d

b y  o i l s  i n  t h e  b i t u m e n .

T h e  a s s u m p t i o n  t h a t  t h e  t h e o l o g i c a l  p r o p e r t i e s  o f  t a r / b i t u m n n  b l e n d s  

a r e  i n t e r m e d i a t e  b e t w e e n  t h o s e  o f  t a r  a n d  b i t u m e n  i s ,  i n  g e n e r a l , c o r r e c t  

A s  p r e v i o u s l y  d e m o n s t r a t e d  b y  D a i n e s  ( 1 9 7 2 )  i n  P a r t  3 ,  C h a p t e z  1 . 2  

( F i g u r e  3 - 3 ) ,  t h i s  a l s o  a p p l i e s  t o  t h e i r  b e h a v i o u r  u n d e r  r a p i d  a n d

r e p e a t e d  l o a d  a p p l i c a t i o n s .

3 . 2 . 3 . 2  W e a t h e r i n q  p r o p e r t i e s

L i v e r s e d g e  a n d  B u l l o c k  ( 1 9 7 2 )  h a v e  r e p o r t e d  t h e  r e s u l t s  o f  w e a t h e r i n g  

i n v e s t i g a t i o n s  a n d  f o u n d  t h a t , w h i l e  t h e  i n c r e a s e  i n  L v t  o f  t a r / b i t u m e n  

b l e n d s  w a s  s i m i l a r  t o  t h a t  o f  u n m o d i f i e d  t a r ,  t h e  i n c r e a s e  i n  b r i t t l e  

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

i t s  b e h a v i o u r  may b e  e q u a t e d  w i t h  t h a t  o f  a  c u t b a c k  b i t u m e n  a n d  i t  i s  

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

i n  t h e  t a r  c o m p o n e n t  o f  t h e  b l e n d .

T h e  w e a t h e r i n g  p e r f o r m a n c e  o f  c o m m e r c i a l  b l e n d s  u s e d  i n  E u r o p e  u n d e r  

t h e  s e v e r e  " H i g h v e l d "  c o n d i t i o n s  w a s  c o m p a r e d  i n  w e a t h e r i n g  t e s t s  a n d  

s m a l l - s c a l e  r o a d  e x p e r i m e n t s  c a r r i e d  o u t  i n  P r e t o r i a .  I n  t h e  w e a t h e r i n g  

t e s t s  t h e  s a m p l e s  o f  " C i n d u m i x "  a n d  " G r i p t a "  w e r e  e x p o s e d  i n  t h i n  f i l m s  

t o  a i r  a n d  s u n l i g h t  o n  t h e  r o o f  o f  t h e  N a t i o n a l  I n s t i t u t e  f o r  T r a n s p o r t  

a n d  R o a d  R e s e a r c h  b u i l d i n g .  G l a s s  P e t r i  d i s h e s  w e r e  u s e d  t o  h o l d  t h e  

b i n d e r s  a n d  t h e s e  w e r e  f i l l e d  s o  t h a t  t h e  f i l m  t h i c k n e s s  w a s  1 , 4  wn, 
w h i c h  i s  o f  t h e  o r d e r  o f  t h i c k n e s s  o f  b i n d e r  u s e d  i n  s u r f a c e  t r e a t m e n t s  

a n d  i n  s m a l l - s c a l e  r o a d  e x p e r i m e n t s .  T h e  d i s h e s  w e r e  p l a c e d  i n  a 

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

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

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

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

w e r e  r e c o v e r e d  a f t e r  6 ,  12 a n d  IB m o n t h s  e x p o s u r e  t o  t h e  a t m o s p h e r e  a n d  

t h e  F .vt  a n d  b r i t t l e  t e m p e r a t u r e s  d e t e r m i n e d .  T h o  r e s u l t s  a r e  s h o w n  i n  

F i g u r e  3 -  2 b ,  a n d  c o n f i r m  t h a t  u n d e r  l o c a l  c l i m a t i c  c o n d i t i o n s  t h e  

c h a n g e  i n  K v t  o f  c o m m e r c i a l  t a r / b i  t u r n o n  b l e n d s  i s  g r e a t e r  t h a n  t h e  

c h a n g e  i n  b r i t t l e  t e m p e r a t u r e .  T h e  c h a n g e  i n  b r i t t l e  t e m p e r a t u r e  o f
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t h u  u o k f ' - o v c i i  b l e n d  ( " C i n d u m i x " ) d i m i n i s h e d  w i t h  t i m e  b e i n g  g r e a t e s t  

o v e r  t h e  i n i t i a l  n i x  m o n v h s '  e x p o s u r e , b u t  o v e r a l l  t h e  c h a n g e  w a n  l o s s  

t h a n  i n  t h e  b l e n d  c o n t a i n i n g  t h e  m e d i u m - t e m p e r a t u r e  t a r  ( " G r i p t a " ) .  I t  

w a s  e s t a b l i s h e d  t h a t  t h e  t a r  c o n t e n t s  o f  t h e s e  b l e n d s  w e r e  " G r i p t a "

12 p e r  c e n t , " C i n d u m i x "  42  p e r  c e n t .

T h o s e  b l e n d s  w o r e  i n c o r p o r a t e d  i n  t h e  1 9 7 0  s m a l l - s c a l e  r o a d  e x p e r i m e n t  

( h a r t  3 ,  C h a p t e r  1 . 5 . 1 ) .  M o n i t o r i n g  t e s t s , i n  w h i c h  t h e  b i n d e r s  

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

i n  t h e  n o r m a l  m a n n e r ,  c o n f i r m e d  t h e  m i n  c o n c l u s i o n s  f r o m  t h e  r o o f  

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

a s s e s s m e n t s  a r e  g i v e n  i n  T a b l e  3 - 2 1  t o g e t h e r  w i t h  t h e  r e s u l t s  o f  

t e s t s  o n  l o c a l  a n d  i m j o r t e d  u n m o d i f i e d  a n d  P V C -m o d i  f i e d  t a r s .  D e s p i t e  

t h e  e v e n t u a l  l a r g e  i n c r e a s e  i n  K v t  a n d  b r i t t l e  t e m p e r a t u r e  i n  t h e  

i m p o r t e d  t a r / b i t u m e n  b l e n d s  i n  s e r v i c e ,  t h e s e  b l e n d s  a r e  s t i l l  i n  t h e  

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

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

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

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

may b e  l a r g e l y  d e p e n d e n t  u p o n  t h e  b i n d e r  p r o p e r t i e s .  D u r i n g  t h i s  

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

s i g n i f i c a n t  t h a t , a s  s h o w n  i n  T a b l e  3 - 2 1 ,  a f t e r  o n e  y e a r  t h e  i m p o r t e d  

t a r / b i t u r . e n  b l e n d s  ( a n d  l o c a l  u n m o d i f i e d  a n d  P V C / t a r s )  , w h i c h  p e r f o r m e d  

w e l l ,  h a d  lo w  b r i t t l e  t e m p e r a t u r e s  w h e r e a s  t h e  i m p o r t e d  t a r s , w h i c h  

p e r f o r m e d  b a d l y ,  h a d  b r i t t l e n e s s  • l u e s  g r e a t e r  t h a n  + 0 , 5° C a t  t h a t  t i m e .

T h e  r o o f  w e a t h e r i n g  t e s t s  a n d  t h e  1 9 7 0  s m a l l - s c a l e  r o a d  e x p e r i m e n t  

s h o w e d  t h a t  t h e  m e d i u m  t e m p e r a t u r e  t a r / b i t u m e n  b l e n d  w a s  i n h e r e n t l y  

l e s s  d u r a b l e  t h a n  t h e  c o k e - o v e n  t a r / b i  tu rn on  b l e n d  a n d  i t  m a y  b e  t h o u g h t  

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

L u r g i  t a r . H o w e v e r ,  A c c e l e r a t e d  W e a t h e r i n g  T e s t s  l a v e  s h o w n  t h a t  t h e  

h a r d e n i n g  may  b o  c o n t r o l l e d  b y  v a r y i n g  t h e  p r o p o r t i o n  o f  t a r  a n d  t a r  

o i l r .  i n  t h e  b l c n d j  a  n u m b e r  o f  b l e n d s  p r e p a r e d  f o r  a  u m a l  1 - c c u l e  

e x p e r i m e n t  h a r d e n e d  b y  a n  a m o u n t  l o w e r  t h a n  i n  n o r m a l l y  g i v e n  b y  t a r  

s u r f a c e  t r e a t m e n t  b i n d e r s . T h u  A c c e l e r a t e d  W e a t h e r i n g  T e s t  i s  t h a t  

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

A p p e n d i x  L .  T h i s  t e s t  g i v e s  a n  i n d i c a t i o n  o i  t h e  h a r d e n i n g  e x p e c t e d  

a f t e r  o n e  y e a r ' s  e x p o s u r e  i n  a  s i n g l e - s u r f a c e  t r e a t m e n t .  T h e  r e s u l t s  

a r e  g i v e n  i n  F i g u r e  3 -  2 7 .  B l e n d s  c o n t a i n i n g  u p  t o  3 0  p e r  c e n t  o f  

L u r g i  t a r  ( 4 5  -  5 0 °C F v t )  h a d  a  lo w  K v t  i n c r e a s e  ( 7 , 2 ” C) a n d  t h i s  w a s  

l e s s  t h a n  t h e  K v t  i n c r e a s e  g i v e n  b y  a  b l e n d  w h i c h  c o n t a i n e d  2 0  p e r  c e n t  

o f  c o k e - o v e n  t a r .

13 7
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1.2.3.3. Adhesion propertias
The detachment test, described in Part 3, Chapter 1.2 was used 

to evaluate the adhesion properties of locally prepared tar/bitumen blends 
As previously mentioned, the test was developed to compare the efficiency 
of various wetting agents and its use in this instance may be justified 
by regarding the tar component of the blends as an adhesion agent. The 
percentage stones d' tached after immersion in water for 12 days at 20°C 
is shown in Figure 3 - 28. All the tar/bitumen blends had much greater 
stone-retention properties than the cutback bitumen and were also 
superior in various degrees to a 150/200 Pen. bitumen.

3.2.4. Production of tar/bitumen blend;
Possibly because of the competitive nature of the toad binder industry 

little has been written about the production of taf/bitumen blends. In 
some cases manufacturers are only prepared to supply details under a 
licensing agreement.

Rang and Dickinson (1957) prepared blends of coke-oven tar end bitumen 
in 1:1 ratios to which was added 11,5 per cent of aromatic tar-oiIs.
A precipitated sludge was removed from the hot mixtures either by 
centrifuging or sedimenting and decanting. A homogeneous blend 
resulted which showed no sign of further precipitation and the authors 
claimed that microscopic examination showed a fine dispersion of tar and 
b i t u m e n  particles similar to that obtained in a German process, (Franck, 
1955).

In modern plants continuous methods of production are used. At one 
such plant visited by the author (Jamieson, 1973) the bitumen was first 
circulated for several hours to ensure homogeneity and even temperature 
distribution, after which it was fluxed with a heavy anthracene-oi1 (from 
which anthracene paste had been removed by filtration) to the same 
viscosity as the tar component. The "fluxed bitumen" and the tar 
component were then drawn simultaneously through a pump, so producing 
a homogeneous blend. Alternatively, whcre"hard" high-viecosity 
bitumens and low-viscoaity tars arc used as starting products, the tar 
content can depend upon the required viscosity of the blend, i.e. 
low-viscosity blends will contain more tar than high-viscosity blends.
It has also been claimed (International Road Tar Conference, 1961) 
that in France tar/bitumen blends can be prepared in any proportion 
by introducing a stabilising agent such as Buna (synthetic rubber).
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1 . 2 .  •> C u n t r u l  t o u U i.

3.2 . 5 . 1  M i c r o s c o p i c  > x a m l n a t i o n

I t  i s  e s s e n t i a l  t h a t , i f  t h e  f u l l  b e n e f i t  o f  t a r / b i t u m e n  b l e n d s  i s  

t o  b e  o b t a i n e d  w i t h o u t  t h e  d i s a d v a n t a g e s  o f  s l u d g i n g  p r o b l e m s , t h e  b l o n d s  

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

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

i n  t h e  s p e c i f i c a t i o n s  f o r  t a r / b i t u m e n s  i n  a t  l e a s t  o n e  E u r o p e a n  c o u n t r y

( S w i t z e r l a n d ) .
Photomicrographs may b e  u s e d  f o r  r e c o r d  p u r p o s e s .  T y p i c a l  photo­

micrographs o f  L u r g i  t a r ,  b i t u m e n ,  a  n o n - h o m o g c n e o u s  b l e n d  o f  t h e s e  t w o  

b i n d e r s ,  a n d  o f  t h e  h o m o g e n e o u s  m e d i u m - t e m p e r a t u r e  t a r / b i t u m e n  b l e n d  

" G r i p t a "  i m p o r t e d  f r o m  t r i e  U n i t e d  K i n g d o m  a r e  s h o w n  i n  F i g u r e  3 -  2-3. 

Non-homogeneous b l e n d s  c a n  b e  d e t e c t e d  b y  a n  e n l a r g e m e n t  a n d  a g g r e g a t i o n

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

t a r  a n d  b i t u m e n  " C i n d u m i x "  i m p o r t e d  f r o m  H o l l a n d  a r e  s h o w n  i n  F i g u r e  

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

3 - 31.
3 . 2 . 5 . 2  D u c t i l i t y

M c N e i l  ( 1 9 7 0 )  m e n t i o n e d  t h a t  b l e n d s  w h i c h  w e r e  n o n - h o m o g e n e o u s  

h a d  l i t t l e  o r  n o  d u c t i l i t y .  H o w e v e r ,  so m e  a u t h o r i t i e s  ( S p o o n ,  1 9 7 5 )  

c o n s i d e r  t h e  d u c t i l i t y  t e s t  t o  b e  o f  l i t t l e  v a l u e  i n  a s s e s s i n g  t h e

homogeneity o f  t a r / b i t u m e n  b l e n d s .

An a d v a n t a g e  o f  t h e  test, o p a r t  f r o m  f i n d i n g  the a c t u a l  e x t e r  i o n - a t -  

b r e a k  v a l u e ,  i s  th a x .  a n y  i n h o m o g r n e i  ty c a n  b e  d e t e c t e d  b y  t h e  a p p e a r a n c e  

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

3 . 2 . 5 . 3  S t a b i l i t y  o n  s t o r a g e

I n  t h e  B r i t i s h  w o r k  o n  p i t c h / b i t u m e n  L i n d e r s  a  s t a b i l i t y  i n d e x  t e s t  

w a s  d e v e l o p e d  ( T i n g l e , W r i g h t  a n d  S t e w a r t , 1 9 6 2  1 t o  d e t e r m i n e  

t h e r e  w e e  * „ y  t e n d e n c y  f o r  e e d t m e n t . t l o n  o ,  " . l u d , l n , ” t o  o c c u r  d u r i n g  

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

b l e n d e  h a v e  i n d i c a t e d  t l u i t  t h e  m e t h o d  c o u l d  h e  a p p l i e d  t o  t h e . . .  b l e n d e .  

i n  t h l .  t e a t  a  s t o p p e r e d  g l a s s  t u b e  ( 3 0 0  mm » 1 2 , 5  mm I . D . )  

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

thermostatted o v e n  a t  l f . 0 c C f o r  f o u r  d a y s .  A t  t h e  e n d  o f  

t h i s  p e r i o d  t h e  t u b e  i s  s e c t i o n e d  a n d  t h e  d e n s i t y  ( a t  

1 5 , 5 - C )  O f  t h e  m a t e r i a l  i n  t h e  b o t t o m  t h i r d  i s  d e t e r m i n e d ,  

a n d  c o m p a r e d  w i t h  t h e  o r i g i n a l  d e n s i t y  o f  t h e  b i n d e r .
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S t a b i l i t y  i n d e x  = ( d u n a i t y  o f  b o t t o m  t h i r d  -  o r i g i n a l  c ' e n a i t y ) x  1 0 0 .

I t  h a s  b e e n  d e c i d e d  b y  a u t h o r i t i e s  i n  t h e  U n i t e d  K i n g d o m  t h a t  t h e  

s t a b i l i t y  i n d e x  s h o u l d  n o t  e x c e e d  1 , 0 .

As w o u l d  b e  e x p e c t e d  b l e n d s  w h i c h  w e r e  o r i g i n a l l y  n o n - h o m o g e n e o u s  h a d  

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

p r e p a r e d  b l e n d s  a r e  i n d i c a t e d  w i t h  t h e  p h o t o m i c r o g r a p h s  i n  F i g u r e s  

3 -  2 9  t o  3 -  3 1 .  B l e n d s  w h i c h ,  f r o m  m i c r o s c o p i c  e x a m i n a t i o n ,  a p p e a r e d  

t o  b e  n o n - h o m o g e n e o u s  h a d  h i g h  s t a b i l i t y  i n d i c e s .  T h e  r e s u l t s  o f  a  n u m b e r  

o f  s t a b i l i t y  i n d e x  t e s t s  a r e  g i v e n  i n  T a b l e  3 -  2 2 .

TABLE 3 - 2 2  

THE STABILITY INDICES OF VAPlOUL 

TAK/BITUMKN BLENDS

B l e n d
N o .

T a r / b i t u m e n  b l e n d  c o m p o s i t i o n S t a b i l i t y
I n d e x

1 2 0  p e r  c e n t  L u r g i  ( 4 5 - 5 0 e C E v t )  + 9 0  p e r  c e n t  
v a c u u m  d i s t i l l e d  b i t u m e n 0 , 6 6

2 4 4  p e r  c e n t  c o k e - o v e n  *  i>6 p e r  c e n t  b i t u m e n 0 , 2 5

2A 2 0  p e r  c e n t  L u r g i  p i t c h  ( 7 0 ° C  r . t .  b .  S o f t ,  p t . )  
9 0  p e r  c e n t  b i t u m e n  a n d  s l o p  wax

1 , 3 3

3 1 5  p e r  c e n t  L u r g i  h e a v y - o i l  + 85  p e r  c e n t  a i r -  
r e c t i f i e d  b i t u m e n 0 , 8 2

3A 3 0  p e r  c e n t  L u r g i  p i t c h  ( 7 0 e C r . t  b .  S o f t ,  p t . )  
7 0  p e r  r e n t  b i t u m e n  a n d  s l o p  wax

0 , 3 3

4 3 0  p e r  c e n t  L u r g i  ( 4 5 - 5 0 ® C  E v t )  + 7 0  p e r  c e n t  
v a c u u m  d i s t i l l e d  a i r  r e c t i f i e d  b i t u m e n 0 , 5 7

6 2 0  p e r  c e n t  L u r g i  h e a v y - o i l  + 1 0  p e r  c e n t  L u r g i  
p i t c h  + 7 0  p e r  c e n t  a i r - r e c t i f i e d  b i t u m e n 0 , 1 8

1 0 2 0  p e r  c e n t  c o k e - o v e n  ( 4 5 - 5 0 ° C  E v t )  + 8 0  p e r  c e n t  
v a c u u m - d i s t i l l e d  a i r - r e c t i f i e d  b i t u m e n 0 , 2 7

- " C i n d u m i x " 0 , 8 8

- " G r i p t a " 0 , 7 3

I t  w i l l  b e  a p p a r e n t  t h a t  t h e  l e n g t h y  d u r a t i o n  o f  t h e  s t a b i l i t y  i n d e x  

t e s t  i s  a  d i s a d v a n t a g e * .  I f  t h e  s t o r a g e  s t a b i l i t y  i s  r e l a t e d  t o  t h e  

h o m o g e n e i t y  o f  t h e  b l e n d , t h e n  m e a s u r e s  f o r  a s s e s s i n g  t h e  l a t t e r  m i g h t  a l s o  

i n d i c a t e  t h e  s t a b i l i t y  o n  s t o r a g e .

* T h i s  ma y  e x p l a i n  why t h e  t e s t  h a s  n o t  b o o n  i n c l u d e d  I n  a  p r o v i s i o n a l  
s p e c i f i c a t i o n  f o r  t a r / b i t u m o n  b l e n d s  r e c e n t l y  i n t r o d u c e d  i n  B r i t a i n  
( D e p a r t m e n t  o f  t h e  E n v i r o n m e n t ,  1 9 7 2 )  t h o u g h  a  s t o r a g e  s t a b i l i t y  r e q u i r e m e n t  
i s  m e n t i o n e d .
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3 . 2 . 5 . 4  T h e  E v t  a n t t l e - p o i n t  t ean p e r a t u r o  r a n g e  

I t  h a s  p r e v i o u s l y  b e e n  s h o w n  t h a t  t h e  r h e o l o g i c a l  properties of 
t a r / b i t u m e n  b l o n d s  a r e  i n t e r m e d i a t e  b e t w e e n  t h o s e  o f  t a r  a n d  b i t u m e n  

a n d  t h i s  a p p l i e s  t o  t h e  E v t - b r i t t l e  p o i n t  t e m p e r a t u r e  r a n g e .  V a l u e s  

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

t h e s e  a r e  s h o w n  i n  T a b l e  3 -  2 3 .

H o w e v e r ,  t h e  E v t - b r i t t l e  p o i n t  t e m p e r a t u r e  r a n g e  i s  a n  u n r e l i a b l e

g u i d e  t o  t h e  h o m o g e n e i t y  o f  a  b l e n d  a n d  v a l u e s  g i v e n  b y  n o n - h o m o g e n e o u s

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

b y  t h e  v a l u e s  g i v e n  i n  T a b l e  3 - 2 3  a n d  a l s o  f r o m  t h e  r e s u l t s  d e s c r i b e d  

b y  M c N e i l  ( T a b l e  3 -  1 8 ) •

TABLE 3 - 2 3

THE EVT B R IT T L E -P O IN T  TEMPERATURE RANGE FOR VARIOUS LINDEKL

B i n d e r H o m o g e n e i t y E v t - b r i t t l e
p o i n t

L u r g i  t a r - 6 0 , 5

C o k e - o v e n  t a r - 6 1 , 0 - 6 3 , 0

B i t u m e n - 8 4 , 0 - 8 9 , 0

" C i n d u m i x "  ( 4 2  p e r  c e n t  c o k e - o v e n  t a r J H o m o g e n e o u s 7 1 , 2

" G r i p t a "  ( 3 2  p e r  c e n t  m e d i u m  t e m p ,  t a r )  

L o c a l  b l e n d s

H o m o g e n e o u s 7 8 , 6

No.  1 2 0  p e r  c e n t  L u r g i  ( 4 5 - 5 0 ° C  E v t )  + 8 0 N o n - h o m o g e n e o u s
7 8 , 8

No.  2

p e r  c e n t  v a c u u m - d i s t i 1 l e d  b i t u m e n  

44  p e r  c e n t  c o k e - o v e n  t a r  + 5 6  p e r

H i g h . s t a b . i n d e x )

N O . 3

c e n t  b i t u m e n

15  p e r  c e n t  L u r g i  h e a v y - o i l  + 8 5

H o m o g e n e o u s 8 5 , 0

p e r  c e n t  a i r - r e c t i f i e d  b i t u m e n H o m o g e n e o u s 8 1 , 9

N o .  4 30  y e r  c e n t  L u r g i ( 4 5 - 5 0 e C E v t )  h e a v y - N o n - h o m o g e n e o u s
8 2 , 8o i l  + 1 0  p e r  c e n t  v a c u u m - d i s t i l l e d  /  

a i r -  r e c t i f i e d  b i t u m e n

( H i g h . s t a b . I n d e x )

N o . 6 2 0  p e r  c e n t  L u r g i  h e a v y  - o i l  + 10 
p e r  c e n t  L u r g i  p i t c h  + 7 0  p e r  c e n t  
a i r - r e c t i f i e d  b i t u m e n

N o n - h o m o g e n e o u s  
( l o w  d u c t i l i t y )

7 5 , 4

N O . 10 2 0  p e r  c e n t  c o k e - o v e n  ( 4 5 - 5 0 " C  E v t )  + 
8 0  p e r  c e n t  v a c u u m  d i s t i l l e d / a t  r -  
r e c t i f i e d  b i t u m e n

H o m o g e n e o u s 7 7 , 5

N o .  12 2 0  p e r  c e n t  L u r g i  ( 4 5 - r>0°C E v t )  +
8 0  p e r  c e n t  MC 3 0 0 0  c u t b a c k  b i t u m e n

H o m o g e n e o u s 7 0 , 0
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b u t e r m i n a t i o n  o l  t a r  a n d  b i t u m e n  ^ r o p u r t i u n b  

y  t t i o d s  f o r  t h e  d e t e c t i o n  a n d  d e t e r m i n a t i o n  o f  t a r  end b i t u m e n  i n  

m i x t u r e s  h a v e  b e e n  r e v i e w e d  b y  D r a k e  ( 1 9 6 9 )  a n d  m o r e  r e c e n t l y  b y  

M o i r a s  ( 1 9 7 2 ) .  A t  t h e  p r e s e n t  t i m e  n o  m e t h o d  h a s  b e e n  a c c e p t e d  f o r  

a l l  t y p e s  o f  t a r / b i t u m e n  b l e n d s .  P r o c e d u r e s  b a s e d  u p o n  t h e  d e t e r m i n a t i o n  

o f  t h e  b i t u m e n  c o n t e n t  w i l l  b e  c o n s i d e r e d  h e r e .

M e t h o d s  w h i c h  a r e  u s e d  a r e  s p e c i f i c  f o r  c e r t a i n  t y p e s  o f  t a r  a n a  

b i t u m e n .  G e r m a n  a n d  S w i s s  s p e c i f i c a t i o n s  m a k e  u s e  o f  a  s u l p h o n a t i o n  

m e t h o d *  w h i c h  a s s u m e s  t h a t  A l l  t a r  i s  a r o m a t i c  a n d  a l l  b i t u m e n  i s  

a l i p h a t i c  ( R i j k s w a t e r s t a a t  1 9 7 2 ) .  A c o r r e l a t i o n  f a c t o r  m a y  b e  u s e d  a s  

d e t e r m i n e d  f r o m  r e s u l t s  g i v e n  b y  a  m i x t u r e !  ot t h e  s a m e  t a r  a n d  b i t u m e n )  

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

b e e n  a s s e s s e d  u s i n g  m i x t u r e s  ** o f  o n e  t y p e  o f  b i t u m e n  w i t h  b o t h  a  

c o k e - o v e n  a n d  L u r g i  t a r .  I n  e a c h  c a s e  t h e  q u a n t i t i e s  o f  t a r  a n d  

b i t u m e n  u s e d  w e r e  e q u i v a l e n t  t o  a  b l e n d  o f  7 5  p e r  c e n t  b i t u m e n  a n d  

2 5  p e r  c e n t  o f  t a r .  T h e  r e s u l t s  o f  e l e v e n  s e p a r a t e  t e s t s  o n  t h e

s i m u l a t e d  b l e n d s  a r e  s h o w n  i n  T a b l e  3 - 2 4 .

I t  w a s  c o n s i d e r e d  t h a t  a n  a c c u r a c y  o f  5 p e r  c e n t  w o u l d  b e  a d e q u a t e  

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

T a b l e  3 - 2 4  f u r t h e r  t e s t s  w e r e  c a r r i e d  o u t  o n  o n e  o f  t h e  l o c a l l y  

p r e p a r e d  L u r g i - t a r / b i t u m e n  b l e n d s  w h i c h  purported t o  c o n t a i n  8 0  p e r  

c e n t  o f  b i t u m e n  a n d  2 0  p e r  c e n t  o f  L u r g i  t a r .  T w e l v e  r e s u l t s  g a v e  a  

m e a n  r e s u l t  o f  8 1 , 9  p e r  c e n t  b u t  t h e  s c a t t e r  w a s  h i g h ,  7 8  -  87  p e r  c e r t  

( s t a n d a r d  d e v i a t i o n  2 , 4 )  a n d  i t  w a s  u n c e r t a i n  w h e t h e r  t h i s  w a s  c a u s e d  

b y  a  n o n - h o m o g e n e o u s  b l e n d  a l t h o u g h  t e s t s  o n  t h e  " C i n d u m i x "  b l e n d  a l s o  

s h o w e d  a  h i g h  s c a t t e r ,  s t a n d a r d  d e v i a t i o n  o f  4 , 0  f o r  a  m e a n  b i t u m e n

c o n t e n t  o f  6 2 , 7  p e r  c e n t .

H o w e v e r ,  t h e  m e t h o d  a p a r t  f r o m  b e i n g  o f  l i m i t e d  p r e c i s i o n ,  i s  

a r d u o u s  a n d  t h e  l o n g  t i m e  r e q u i r e d  t o  o b t a i n  a  r e s u l t  i s  a  f u r t h e r  

d i s a d v a n t a g e .

i ' S S I f S l i M r
i n  p r e c i s i o n  t e s t s  b e c a u s e  o f  d o u b t s  a b o u t  t h e i r  h o m o g e n e i t y .
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TAUU: 3 - 2 4  

PRECISION TESTS ON MIXTURES Ol RITUMI.tJ

AND COKE -OVEN TAR AND BI T U W N  AfjD LURGI TAR 

USING THE StJEPHPNATTON METMq L) (RT.TKSWATERSTAAT, 1 9 7 2 )

B l e n d
N o .

B i  t u m e n / c o k o - o v e n  t a r  

7 £  p e r  c e n t  2 5  p e r  c e n t

B i t u m e n / L u r g i  t a r  

7 5  p e  c e n t  2 5  p e r  c e n t

1 8 1 , 5 7 1 8 , 4 3 7 6 , 9 8 2 3 , : 2

2 7 9 , 9 8 - 20 ,02 7 8 , 5 3 2 1 , 4 7

3 8 2 , 6 2 - 1 7 , 3 8 7 6 , 6 7 2 3 , 3 3

4 7 9 , 8 0 - 2 0 , 2 0 7 7 , 8 0 2 2 ,2 0

5 7 9 , 7 9 - 20 ,2 1 7 7 , 0 8 2 2 , 9 2

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

7 7 9 , 9 7 - 2 0 , 0 3 7 5 , 9 4 2 4 , 0 6

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

9 7 9 , 6 6 *• 2 0 , 3 4 7 6 , 4 8 2 3 , 5 2

10 8 0 , 7 * - 1 9 , 2 1 7 5 , 7 8 2 4 , 2 2

11 8 0 , 5 1 1 9 , 4 9

Mean 7 9 , 9 7 - 2 0 , 0 3 7 7 , 0 4 2 2 , 9 6

S t d .  d e v . 0 , 4 3 0 , 4 3 0 , 9 6

C o e f f .  o f

v a r i a t i o n 0 , 5 3 2 ,1 2 4 , 1

( p e r  c e n t )
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I i i  I ' a i  t / , C h u p t u r  1. i t  wuti sl iowii  t h a t ,  a p a r t  t r u m  di f f u r u t i c o u  i n  

t h o  t y p e  o f  h y d r o c a r b o n  t h a t  c o m p r i s e  t a r  a n d  b i t u m e n ,  t h e  com po und * ,  

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

m o l e c u l a r  m a s s .  T h i s  m a k e s  p o s s i b l e  t h e  a n a l y s i s  o f  t a r / b i t u m e n  b l e n d s  

b y  g e 1- p e r m e a t i o n  c h r o m a t o g r a p h y  ( G P C ) . T h e  p r i n c i p l e s  o f  t h i s  

t e c h n i q u e  h a v e  b e e n  e x p l a i n e d  i n  A p p e n d i x  A . 2 .

A s u i t a b l e  m e t h o d  f o r  t h e  a n a l y s i s  o f  t a r / b i t u m e n  b l e n d s  w a s  f i r s t

s u g g e s t e d  b y  M e i r a s  ( 1 9 7 3 ) .  I t  h a d  t h e  a d v a n t a g e s  o f  s p e e d ,  s i m p l i c i t y  

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

s t a g e  ( B r i t i s h  C a r b o n i s a t i o n  R e s e a r c h  A s s o c i a t i o n ,  1 9 7 4 )  a n d  t h i s  i s

d e s c r i b e d  i n  A p p e n d i x  A . 2 . 2 .  T h e  b i t u m e n  i s  e l u t e d  f r o m  t h e  GPC

c o l u m n  b e f o r e  t h e  t a r .  T y p i c a l  c h r o m a t o g r a m s  f o r  a  c o k e - o v e n  t a r ,  a  

b i t u m e n  a n d  a  c o k e - o v e n  t a r / b i t u m e n  b l o n d  a r e  s h o w n  i n  I i g u r e  3 3 2 .

T h e  p r e c i s i o n  o f  t h e  m e t h o d  w a s  e s t a b l i s h e d  f r o m  o n u m b e r  o f  t e s t s  

o n  t h e  " C i n d u m i x "  b l e i d .  T h e s e  r e s u l t s  a r e  g i v e n  i n  T a b l e  3 -  2 5 .

TABLE 3 - 2 5

BITUMEN CONTENTS OF THE CINDUMIX COKE-OVEN TAR/BITUMEN 

BLENDh USING THE GPC METHOD (MEIRAS,  1 9 7 3 )

T e s t
N o .

B i t u m e n  c o n t e n t  
p e r  c e n t  b y  m a s s

T e s t
N o .

B i t u m e n  c o n t e n t  
p e r  c e n t  b y  m a s s

1 5 9 , 3 7 5 8 , 5

2 5 9 , 1 88 5 5 , 6

3 5 7 , 5 9 5 6 , 2

4 5 5 , 6 10 5 4 , 4

5 5 7 , 5 11 5 8 , 6

6 ut -4 12 6 1 , 0

Me an 5 7 , 6

S t d .  d e v .  1 , 8 0

C o e f f . 
v a r .

o f
3 , 1 2

T h e  m e t h o d  w a s  u s e d  i n  a n  i n t e r - l a b o r a t o r y  t e s t i n g  p r o g r a m  

o r g a n i s e d  b y  t h e  B r i t i s h  C a r b o n i s a t i o n  R e s e a r c h  A s s o c i a t i o n .  T h e  a u t h o r  s  

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

T a b l e  3 -  2 6 .
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TAJil.K J -  2 (>

1)1 TUMI:N CONTKNT UF TM'/UITUMEi' l  BLKNUU KllCKIVKD FROM BCRA

B l o n d C o m p o n e n t s B i t u m e n  c o n t e n t

No. A c t u a l d e t e r m i n e d ,
( c o r r e c t e d )

E r r o r

P2 R e x c o  p i t c h  a n d  M i d d l e  E a s t  
b i t u m e n 8 0 8 4 , 1 + 4 , 1

P6 C o k e - o v e n  p i t c h  a n d  M i d d l e  E a s t  
b i  t u m e n 8 0 8 2 , 2 +2 ,2

T2 R e x c o  f a r  a n d  M i d d l e  E a s t  
b i t u m e n 67 7 5 , 0 +8 , 0

T 6 C o k e - o v e n  t a r  a n d  M i d d l e  E a s t  
b i t u m e n 6 7 67 ,1 ) + 0 , 8

T 8 R e x c o  p i t c h ,  c o k e - o v e n  o i l  a n d  
M i d d l e  E a s t  b i t u m e n 6 7 6 4 , 4 - 2 , 6

* s e e  A p p e n d i x  A . 2 . 2  f o r  d e t e r m i n a t i o n  o f  " c o r r e c t e d "  b i t u m e n  c o n t e n t .

W i t h  o n e  e x c e p t i o n  t h e  m e t h o d  g a v e  a  r e s u l t  w i t h i n  5 p e r  c e n t  o f  t h e

a c t u a l  b i t u m e n  c o n t e n t .

I t  i s  s u g g e s t e d  t h a t  t h e  GPC m e t h o d  s h o u l d  b e  a d o p t e d  a s  a  c o n t r o l  

t e s t  a n d  i n c o r p o r a t e d  i n  t e n t a t i v e  s p e c i f i c a t i o n s  f o r  t a r / b i t u m e n  b l e n d s • 

N e i t h e r  t h e  s u l p h o n a t i o n  m e t h o d  n o r  t h e  GPC m e t h o d  a r e  e n t i r e l y  

s a t i s f a c t o r y  b v t  t h e y  b o t h  a p p e a r  t o  g i v e  a  r e a s o n a b l e  e s t i m a t e  

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

t h e  GPC m e t h o d  i s  m o r e  r a p i d  a n d  c o n v e n i e n t .

3.2.5.6 Accelerated Weathering Test (AWT)
T h e  d e v e l o p m e n t  o f  t h i s  t e s t  h a s  b e e n  d e s c r i b e d  p r e v i o u s l y  ( J a m i e s o n ,  

1 9 7 4 a )  a n d  i s  m e n t i o n e d  e l s e w h e r e  i n  t h i s  t h e s i s .  T h e  m e t h o d  i s  

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

i n c l u s i o n  i n  S o u t h  A f r i c a n  t a r  s p e c i f i c a t i o n s .

T h e  m e t h o d  i n d i c a t e s  t h e  i n c r e a s e  i n  E v t  t h a t  m a y  b e  e x p e c t e d  a f t e r  

o n e  y e a r ' s  e x p o s u r e  I n  a  s u r f a c e  t r e a t m e n t .  W i l m a n  ,(1974) c o n s i d e r e d  

t h a t  i t  may  b e  a p p l i e d  t o  a l l  s u r f a c e  t r e a t m e n t  b i n d e r s .  T h e  i n c l u s i o n  

o f  t h e  t e s t  i n  s p e c i f i c a t i o n s  f o r  t a r / b i  tu r n on  b l e n d s  may  b e  a p p r o p r i a t e  

a s  a  m e a n s  o f  c o n t r o l l i n g  t h e  q u a l i t y  o f  b l e n d s ,  t h e  o n l y  a l t e r n a t i v e  

f o r  t h i s  p u r p o s e  b e i n g  a d i s t i l l a t i o n  t e s t .  A t  t h i s  s t a g e  1 i m i t  i n g  

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

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

f o r  t a r / b i t u m e n  b l e n d s  may b e  t h e  s u b j e c t  o f  a  f u r t h e r  i n v e s t i g a t i o n .

3 . 2 . 6  De t e r m i n a t i o n  o f  v i s c o s i t y  g r a d e s  s u i t a b l e  f o r  u s e  i n  S o u t h  A f r i c a  

I n  o r d e r  t o  d e t e r m i n e  s u i t a b l e  v i s c o s i t y  g r a d e s  f o r  u s e  o n  S o u t h  

A f r i c a n  r o a d s ,  c o g n i s a n c e  m u s t  o b v i o u s l y  b e  t a k e n  o f  t y p i c a l  a n n u a l  

r o a d  t e m p e r a t u r e  c y c l e s .  As  e x p l a i n e d  i n  P a r t  2 ,  C h a p t e r  4 ,  a t  t h e  ^ i m e  

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

w e t t i n g  o f  t h e  s t o n e  a n d  h i g h  e n o u g h  t o  e n s u r e  s t o n e  r e t e n t i o n .

W i l l i a m s o n  ( 1 9 7 2 )  g a v e  t h e  a n n u a l  v a r i a t i o n  i n  r o a d  s u r f a c e  t e m p e r a t u r e s  

f o r  t h e  v a r i o u s  c l i m a t i c  r e g i o n s  i n  S o u t h  A f r i c a .  D a t a  o b t a i n e d  i n  

t h e  H i g h v e l d  a n d  N a t a l  i s  m o s t  a p p r o p r i a t e  f o r  t h i s  p u r p o s e ,  b e c a u s e  

a s  p r e v i o u s l y  e x p l a i n e d  i t  w o u l d  b e  e x p e c t e d  t h a t  t a r  p r o d u c t s  w o u l d  

b e  u s e d  m a i n l y  i n  t h e s e  r e g i o n s .  I n  t h e s e  a r e a s  t h e  d a i l y  m in i m u m  r o a d  

s u r f a c e  t e m p e r a t u r e s  r a n g e  f r o m - 2 0C t o  + 2 6 ° C  a n d  m e a n  d a i l y  r o a d  

s u r f a c e  t e m p e r a t u r e s  r a n g e  f r o m  5 -  5 3 ° C .  F ro m  t h i s  i n f o r m a t i o n  i t  

i s  p o s s i b l e  t o  c o m p u t e  t h e  r a n g e  o f  E v t  s  a p p l i c a b l e  t h r o u g h o u t  t h e  y e a r  

u s i n g  B r i g g s ' s  m e t h o d  d e s c r i b e d  i n  P a r t  3 ,  C h a p t e r  1 . 6 . 2 ,  a n d  t h i s  

E v t  r a n g e  m a y  b e  a r b i t r a r i l y  d i v i d e d  t o  g i v e  f o u r  d i s t i n c t  g r a d e s .

F r o m  B r i g g s  ( 1 9 7 0 ) ,  a n d  a s  p r e v i o u s l y  d e s c r i b e d ,  t h e  m ax im um  E v t  

f o r  a  s u r f a c e  t r e a t m e n t  b i n d e r  i s  c a l c u l a t e d  f r o m  t h e  m i n i m u m  r o a d  

s u r f a c e  t e m p e r a t u r e  + C ,  w h e r e  C v a r i e s  a c c o r d i n g  t o  t h e  t y p e  o f  b i n d e r .  

B r i g g s  a s s i g n e d  a  v a l u e  o f  4 0 #C t o  C i n  t h e  c a s e  o f  t a r / b i t u m e n  b l e n d s .  

H o w e v e r ,  t h e  a u t h o r ' s  v i s c o s i t y - t e m p e r a t u r e  p l o t s  f o r  l o c a l  a n d  o v e r s e a s  

t a r / b i t u m e n  b l e n d s  ( F i g u r e  3 -  3 3 )  s h o w  t h a t  t h e  t e m p e r a t u r e  a t  w h i c h  

t h e y  i n t e r c e p t  t h e  c r i t i c a l  w e t t i n g  v i s c o s i t y  ( 1 0  N s / m  ) may  l i e  

b e t w e e n  3 2 , 5  a n d  3 7 , 3 ° C  b e l o w  t h e  E v t .  I t  i s  a p p a r e n t  t h a t  t h e  C v a l u e  

d e p e n d s  u p o n  t h e  t y p e  a n d  q u a n t i t y  o f  t a r  a n d  b i t u m e n  i n  t h e  b l e n d ,  a n d  

i t  i s  s u g g e s t e d  t h a t  a  v a l u e  o f  J 3 e C s h o u l d  b e  u s e d  u n t i l  i t  i s  f o u n d  

t h a t  t h e  p r o d u c t s  o f  l o c a l  s u p p l i e r s  h a v e  v a l u e s  c o n s i s t e n t l y  g r e a t s :  

t h a n  t h i s  f i g u r e .  T h u s  t h e  r a n g e  o f  E v t ' s  o f  t a r / b i t u m e n  b l e n d s  t o  b e  

u s e d  i n  s o u t h  A f r i c a  c a n  b e  e s t i m a t e d "  a n d  i t  i s  p r o p o s e d  t h a t  t h e s e  s h o u l d  

b e  3 5 * -  f»u"C a n d  t h a t  t h i s  r a n g e  b e  d i v i d e d  t o  g i v e  t h e  f o l l o w i n g  g r a d e s :

* Maximum E v t  -  m in i m u m  r o a d  t e m p e r a t u r e  + C .

£ £  i t n  :  : £ c  + : n * c  -  5 9 * c
**  a  m i n i m u m  E v t  o f  3 5 ° C  i s  p r o p o s e d  ( a s  i s  t h e  c a s e  t h  u n m o d i f i e d  t a r s )  

a l t h o u g h  a c c o r d i n g  t o  t h e  c a l c u l a t i o n  t h i s  s h o u l d  u e  3 1 ° C .
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35 - 42"C 
42 - 4U*C 
4M -  ' )4°C  

54  -  (>0°C

l lowi . -vor , i t  i s  s u g g e s t e d  t h a t  a s  i n  m o s t  E u r o p e a n  c o u n t r i e s  th< i r 

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

v i s c o m e t e r  (S ' lV)  a t  a  t e m p e r a t u r e  o f  4 0  o r  5 0 ° C .  T h e r e  a r e  d i s t i n c t  

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

t o  t h e  E v t  s c a l e  a n d  W i l t n a n  ( 1 9 7 4 )  m e n t i o n e d  t h a t  r o a d  e n g i n e e r s  h a d  

a s s u m e d  i n c o r r e c t l y  t h a t  r o a d  t a r s  a n d  t a r / b i t u m e n  b l e n d s  o f  t h e  s a m e  

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

r a n g e .  As s h o w n  i n  F i g u r e  3 -  2 1* t h i s  i s  n o t  s o  a n d  o n e  i m p o r t a n t  

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

s p r a y i n g  t e m p e r a t u r e  ( t y p i c a l  t a r  s p r a y i n g  t e m p e r a t u r e s  w o u l d  b e  t o o -  

l o w  f o r  s p r a y i n g  t a r / b i t u m e n  b l e n d s . ) .

A c c o r d i n g l y  t h e  a b o v e  E v t  r a n g e s  may  b e  c o n v e r t e d  t o  STV s e c o n d s  a t  

4 0 ° C  f r o m  a  p l o t  o f  E v t  v e r s u s  STV s e c o n d s ,  a t  4 0 ° C ,  p r e p a r e d  b y  t h e  

a u t h o r  ( F i g u r e  1 •• 34)  i n  a m a n n e r  i d e n t i c a l  t o  t h a t  d e s c r i b e d  b y  W i l m a n  

( 1 0 7 4 ) .  T h e  c o r r e s p o n d i n g  v i s c o s i t i e s  i n  STV s e c o n d s  ( 4 0 * 0  o f  t h e  

f o u r  g r a d e s  o f  t a r / b i t u m e n  b l e n d s  a r e :

25 - 75
75 - 180

180 - 410
#

410 - 1 000 (110 - 260 at 50*C)
T h e s e  g r a d e s  a r e  p r o p o s e d  f o r  t h e  i n i t i a l  d e v e l o p m e n t  o f  t a r / b i t u m e n  

b l e n d s  i n  S o u t h  A f r i c a ,  I t  c o u l d  b e  t h a t  i n  s o m e  c a s e s  t h e  r a n g e  i s  

t o o  g r e a t  t o  g u a r a n t e e  s u c c e s s f u l  a p p l i c a t i o n ,  a n d  f o r  t h i s  a n d  o t h e r  

r e a s o n s , ( e . g .  a  c h a n g e  i n  th< v a l u e  o f  C f o r  c o m m e r c i a l  b l e n d s ) t h e s e  

r a n g e s  ma y  h a v e  t o  b e  r e d e t e r m i n e d  a .  a  l a t e r  s t a g e .

#

* Because of cooling effect n such long el flu;-, t imon may load to 
substantial errors and i1 may be preferable to use a test temperature 
of 50"C for specifying the most viscous grade.

1 4 8



E VT °C
FI GURE 3 - 3 4

RELATIONSHIP BETWEEN E V T  AND S T V  SECONDS ( A T  4 0 °  
AND 5 0 ° C )  FOR TAR/BITUMEN BLENDS



3 . 2 . 7  S p e c i f i c a t i o n s  f o r  t a r / b i l u m c n  b l u n d s

From t h e  accumulated information qivun above, recommended s p e c i f  i t  a t . ionn 
for bitumen-rich blends are <|iveil in Table 3 - 27.

T ABU :  3 - 2 7

T I ' .N T A T lV i :  !-,l’i : r i  F I C A T l D f J  ld:',)U f REMKNT.'; FOH T A K /H IT U M I3 3  B 1,1:111

TH TH TH TH T e s t

P r o p e r t y 2 5 / 7 5 7 5 / 1 8 0 1 8 0 / 4 1 0 4 1 0 / 1  0 0 0  
1 o r  i 6 0  -  
2 6 0 )  +

met  n o d

V i s c o s i t y  (STV, S., 10  
mm c u p )  a t  4 0 ° C

2 5 - 7 5 7 5 - 1 8 0 1 8 0 - 4 1 0 4 1 0 - 1  0 0 0
STPTC KT 2

a t  5 0 ° C - - - 1 1 0 - 2 6 0

B i t u m e n  c o n t e n t  ( p e r  
c e n t  b y  m a s s ) 5 5 - 8 0 5 5 - 8 0 5 5 - 8 0 5 5 - 8 0

GPC m e t h o d  a s  
d e s c . i n  ,  
s p e d  f  i c a t  i o n

D u c t i l  i t y  mm ( m m ) 1 000 1 000 1 000 1 000 I P  32

H o m e g e n e i t y  b y  m i c r o ­
s c o p i c  e x a m ,  a n d  a s  
n o t e d  d u r i n g  
d u c t i l i t y  t e s t

H o m o g e ­
n e o u s

H o m o g e ­
n e o u s

l lo m oqc
n e o u s

H o m o g e ­
n e o u s

-

S t a b i l i t y  I n d e x  ( m ax j 0 , 8 0 , 8 0 , 8 0 , 8 As d e s c .  i n  
s p e c i f i c a t i o n

A c c e l e r a t e d  
W e a t h e r i n g  T e s t  
( I n c .  i n  E v t  °C)

1 5 - 2 7 1 2 - 2 5 10-20 5 - 2 0 As d e s c .  i n  
s p e c i f i c a t i o n

• S e e  A p p e n d i x  A. 1 . 2  + S e e  f o o t n o t e  o n  t h e  p r e v i o u s  p a y e

S u i t a b l e  s p r a y i n q  t e m p e r a t u r e s  a r e  s u g g e s t e d  f r a n  viscosity- t e m p e r a t u r e  

p l o t s ,  i n  t h e  s p r a y i n g  v i s c o s i t y  r e g i o n  g i v e n  b y  t h e  g r a d e s .  P l o t s  f o r  

t h e  1 8 0 / 4 1 0  a n d  4 1 0 / 1 0 0 0  g r a d e s  a r e  g i v e n  i n  F i g u r e  3 -  3 5 .  P l o t s  f o r  

b l e n d s  h e a v i e r  t h a n  t h e  4 1 0 / 1 0 0 0  g r a d e s  a r e  s h o w n  i n  F i g u r e  3 -  3 b .

T h e  r e c o m m e n d e d  t e m p e r a t u r e s  a r e  a s  f o l l o w s :

2 5 / 7 5  1 2 5  -  1 4 5 ° C  ( e s t i m a t e d )

7 5 / 1 8 0  1 3 0  -  1 S 0 * C

1 8 0 / 4 1 0  1 3 5  -  1 55®C

4 1 0 / 1  0 0 0  1 4 5  -  1M) °C

I t  s h o u l d  b e  n o t e d  t h a t  t  h e  s p r a y i n g  t e m p e r a t u r e s  r e c o m m e n d e d  a r e  

f o r  b i t u m e n - r i c h  b l e n d s  a n d  t h a t  t a r - r i c h  b l e n d s  w o u l d  b e  e x p e c t e d  t o  h a v e  

d i f f e r e n t  s p r a y  f r ig  t e m p e r a t u r e s .

l<iy
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1 • 3 TAR.S IN THE LOWKK J.AYKRS OF MULTIPLE SKALS

Rojiujnu'

' f h o  p e r f o r m a n c e  o f  ox  p e r  i m e n t a l  a o c t i o n s  c o n t a i n  i n y  

c o k < —o v o n  l . i r  i n  t l i o  l o w e r  l a y n r u  i n  r e v i e w e d .  T h es »  

e a r l i e r  r o a d  e x p e r i m e n t - ,  i n c l u d e d  m u l t i p l e - s u r f a c e  t r e a t m e n t s  

a n d  b i n g l o - B u r f u c e  t r e a t m e n t s  o n  w i i i c l i  w a s  p l a c e d  e i t h e r  

a  b i t u m e n  m a s t i c  (C ap e—s e a l )  o r  a n  e m u l s i o n  s l u r r y .  T h e  

g e n e r a l  p e r f o r m a n c e  w a s  s a t i s f a c t o r y  a n d ,  i n  a d d i t i o n  ,

L u r g i  t a r  i s  p e r f o r m i n g  w e l l  i n  e x p e r i m e n t a l  d o u b l e - s u r f a c e  

t r e a t m e n t  s e c t i o n s  c o n s t r u c t e d  i n  1 3 7 4 .  V i s c o s i t y  m o n i t o r i n g  

t e s t s  s h o w  t h a t  w h e r e  t h e  t a r  w n s  u s e d  i n  b o t h  l a y e r s  a  

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

s u g g e s t e d  t h a t  v e r t i c a l - r e t o r t  t a r s  m a y  b e  e q u a l l y  s u i t a b l e  

f o r  l o w e r  l a y e r s .

I n  a l l  c a s e s  l o w - v o l a t i l e  t a r  c o m p o s ! t i o n s  a r c  s t i p u l a t e d .

A n u m b e r  o f  t y p e s  o f  m u l t i p l e - s e a l  c o n s t r u c t i o n s  a r e  u s e d  i n  S o u t h  

A f r i c a ,  p a r t i c u l a r l y  f o r  t h e  s u r f a c i n g  o f  n e w l y  c o n s t r u c t e d  m a j o r  t r u n k  

r o a d s .  T h e s e  h a v e  b e e n  e n u m e r a t e d  ( N a t i o n a l  I n s t i t u t e  f o r  H oa d  R e s e a r c h  

1 3 7 1 ) .  I n  s u c h  c a s t s  t h e  b i n d e r  u s e d  i n  t h e  l o w e r  l a y e r s  i s  n o t  e x p o s e d  

t o  c o n d i t i o n s  w h e r e  o x i d a t i o n  ma y  t a k e  p l a c e  n o r  i s  i t  f e a s i b l e  f o r  

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

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

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

3 . 3 . 1  C o k e - o v e n  t a r

T h e  N a t i o n a l  I n s t i t u t e  f o r  T r . i n s p o r t  a n d  R o a d  R e s e a r c h  h a s  c o n s t r u c t e d  

a  n u m b e r  o f  m u l t i p l e - s e a l  s e c t i o n s  i n  f u l l - s c a l e  r o a d  e x p e r i m e n t s  s i n c e  

1 3 3 2 .  I n  s e v e r a l  c a s e s  c o k e - o v e n  t a r  b i n d e r s  h a v e  b e e n  u s e d  a n d  t h e  

a u t h o r  h a s  s t u d i e d  p e r f o r m a n c e  a s s e s s m e n t s  f o r  t h r e e  t y p e s  u f  Heals 
m u l t i p l e - s u r f a c o  t r e a t m e n t s ,  s i n g l e - s u r f a c e  t r e a t m e n t s  t o p p e d  w i t h  e i t h e r  

b i t u m i n o u s  m a s t i c  ( C a p e - s e a l )  o r  a n  e m u l s i o n  s l u r r y ,  a n d  d o u b l e - s a n d  s e a l s .

3 . 3 . 1 . 1  M u l t i p i o - s u r f a c e  t r e a t m e n t s

P e r f o r m a n c e  a s s e s s m e n t s  f r o m  f o u r  e x p e r i m e n t s  i n  w h i c h  t a r  w a s  u s e d  

e i t h e r  a s  a  t a c k  c o a t ,  o r  i n  b o t h  t a c k  a n d  s e a l  l a y e r n  a r e  g i v e n  i n  T a b l e  

3 -  2 8 .
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TABLE 3 - 2 8
THE PERFORMANCE OF COKE-OVEN TARL IN NITRB MULTIPLE SUM'ACE TREATMENT EXPERIMENTS

V o l i t i l i
Type

o f
s e a l

Layer Tar so u rc e Method 1 Method 2 ” S e r v i c e comments

Experim ent
in  which 
t a r  was 
u sed"*

and ty p e p e r  c a n .. 
o i l s  b i g .
300*C

p e r  c e n t  
b i g . 300*0 
-  75*0 
e o f t / p t .  
(r&b) 
( ' i t c h

p e r  c e n t  
o i l s  b i g .  
340°C

s o f t  p t .  
( r i b )  r c )  
o f  d i s t .  
r e s i d u e

p e rfo rm an ce

Marikana

(1954)
Double S e a l  and 

t a c k
S u p p l i e r  A 
(Normal)

- 17,1 6 2 ,0 + 11^ -  y r e v o l a t i l i t y

S u p p l i e r  A 
( P 3 ) • . . - - 1 3 ,8 4 8 ,5 ♦ 111 / r e

c h a r a c t e r i s t i c s  
d i d  n o t  a f f e c t  
p e r fo rm a n ce

Malmesbury
'1961)

Double Tack S u p p l i e r  A 
(Normal) 8 , 3 - 1 0 , 5 1 2 ,8 - 1 4 ,6 - - + 0 y r s

K ro o n s tad  

(1964)
Double S e a l  and 

t a c k S u p p l i e r  A 
(P3) . * . - - 1 5 ,6 6 4 ,5 4 - 6  y r s . P3 p e r fo rm e d  

s l i g h t l y  worse  
th a n  r u b b e r i s e d

S u p p l i e r  A 
(Normal ♦ 8 
p e r  c e n t  c o a l  
♦ 1 p e r  c e n t  
ru b b e r

*• -
4 - 6  y r s . t a r

P l a t r a n d

(1960)
Double

and
T r i p l e

Tack

Tack »

1 s t
s e a l

S u p p l i e r  A 
(Normal)

S u p p l i e r  A 
(Normal)

1 2 .5

12 .5

9 . 6

9 .6 - -

6 - 7  y r s  

♦ 8 y r s .

* T h .  d i t t l l  1 a t  lor, t # » t  u .« d  t o  r U . ,  U ,  - t . r  „ 1 . ,  h , -  h . m . ,  . i n ,  , t h e  - , U . r  wnt .

= ;

**E«ch type of tar wa* tried In  b o th  l a y e r s  
...The P3 type wan an e a r l i e r  f o r . u l . t i o n  f o r  a a u p p o e .d  l o ^ v o l . t i l ,  t a r .  However, a .  t h e  dx.tlll.tlon t e . t  d a t a  a w  

Vow-volatility was n o t  n e c e s s a r i l y  a c h i e v e d .



W h e r e  t h e  t a r  w a s  u s e d  i r  t h o  l o w e r  l a y e r s  o n l y ,  t h e  r e s u l t s  h a v e  b e e n  

e n t i r e l y  s a t i s f a c t o r y .  W h e r e  t a r  w a s  u s e d  i n  s e a l  a n d  t a c k  c o a t  l a y e r s  

t h e  o u t c o m e  w a s  v a r i a b l e ;  i n  t h e  M a r i k a n a  e x p e r i m e n t  e x c e l l e n t  r e s u l t s  

w e r e  o b t a i n e d  b u t  i n  t i n -  K r o o n s t a d  e x p e r i m e n t  t h e  p e r f o r m a n c e  w a s  

u n s a t i s f a c t o r y .

M o r e  d e t a i l s  o l  t h e  c o n s t r u c t i o n s  u s e d  i r .  t h e  K r o o i e . t  , id e x p e r i m e n t  

- i r e  q i v  >n i n  T a b l e  1 -  /'). I n  t h i s  e x p e r i m e n t  t h e  e f f e c t  o f  a  f i n a l  

e m u l s i o n  t o ^ - c o u t  w a s  a l s o  i n v e s t i g a t e d .  W h e r e  b i t u m e n  w a s  p l a c e d  o v e r  

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

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

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

T h e s e  o b s e r v a t i o n s  w e r e  m a d e  a f t e r  s i x  y e a r s  i n  s e r v i c e .

I t  i s  c l e a r  t h a t  t a r  c a n  b e  s u b s t i t u t e d  f o r  b i t u m e n  i n  t h e  l o w e r  

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

" c o a t "  o f  b i t u m e n  i s  a p p l i e d .  T h e  a p p l i c a t i o n  o f  d i f f e r e n t  b i n d e r s  f o r  

d i f f e r e n t  l a y e r s  i s  c o n v e n i e n t  w h e r e  s u r f a c i n g s  a r c  t o  b e  c o n s t r u c t e d  

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

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

t w o  h i n d e r s  o n  s i t e  .11 d  u s e  o n e  d i s t r i b u t o r  f o r  s p r a y i n g  b o t h  b i n d e r s .

I t  i s  t r u e  t h a t  i n d i s c r i m i n a t e  m i x i n g  o f  t a r  a n d  b i t u m e n  l e a d s  t o  a 

p r e c i p i t a t i o n  o f  a  s l u d g e  ( a s  d i s c u s s e d  i n  P a r t  3 ,  C h a p t e r  2)  w h i c h  

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

c a s e s  t a r  i s  s u p p l i e d  t o  t h e  s i t e  a n d  s p r a y e d  b y  t h e  s u p p l i e r s '  own 

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

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

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

i n i t i a l  c o n s t r u c t i o n  c o s t s  w i l l  r e s u l t .

3 .  3 . 1 .  2 S i n g l e - s u r f a c e  t r e a t m e n t s  c o v e r e d  w i t h  m a s t i c  (Ca p e - i s e a l ) 

o i  e m u l s i o n  s l u r r y

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

t r e a t m e n t s  w an  p o p u l a r  a t  o n e  t i m e  b u t  t h e  b i t u m e n  m a s t i c  b a n  now  b e e n  

r e p l a c e d  b y  t h e  s l u r r y  s e a l .  I n  t h o  f o r m e r  c a s e  a  1 9  mm s i n g l e - s i z e d  

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

t h e  s u r f a c e  t r e a t m e n t  i s  c o n s t r u c t e d  w i t h  a  1 3 , 2  mm s t o n e . T h e  p e r f o r m a n c e  

o f  b o t h  t y p e s  o f  c o n s t r u c t i o n ,  i n c o r p o r a t i n g  t a r , i n  N 1TRk e x p e r i m e n t s  

i s  s u m m a r i s e d  i n  T a b l e  3 •* 3 0 .
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TABLE 3 -  2U

I'KKJ'OKMAf'JCi: UK UOULIJ: LEALL IN THE KKOCJNSTAL liXPLl^ IMi.'NT 

AI-l’lMv M X  YLAI'S SERVICE

B i n d e r  u s e d  i n :
Was

L o w e r  l a y e r  
' t a c k  c o a t "

U p p e r  l a y e r  
" s e a l  c o a t "

f o g - c o a t
u s e d ' .

P e r f o r m a n c e  
a f t e r  6 
y e a r s

5 0 - 5 5 ° C  E v t  t a r

1 3 , 2  mm + 6 , 7  mm d o l e r i t e  

1 5 0 / 2 0 0  P e n .  b i t u m e n No G_

4 5 - 5 0 ° C  E v t  t a r No B e s t  s e c t i o n  E

4 5 - 5 0 oC E v t  t a r Y e s G_

C o a l - r u b b e r  m o d i f i e d  t a r No B e s t  s e c t i o n  PC

C o a l - r u b b e r  m o d i f i e d  t a r Y es Fti_ t o  G_

1 ' , 0 / 2 0 0  P u n .  b i t . 1 5 0 / 2 0 0  P e n .  b i t u m e n No G_

1 5 0 / 2 0 0  P e n .  b i t u m e n Y e s G_

E m u l s i o n  b i t . E m u l s i o n  b i t u m e n No FC_

E m u l s i o n  b i t u m e n Y e s FG_ t o  G_

5 0 - 5 5 e C E v t  t a r

1 3 , 2  mm d o l e r i t e  + r i v e r  s a n d  

1 5 0 / 2 0 0  P e n .  b i t u m e n No FG_ t o  G_

MMC5 b i t u m e n No FG_ t o  G_

4 5 - 5 0 ° C  E v t  t a r No "V i o •n 0 1
C o a l - r u b b e r  m o d i f i e d  t a r No F _  t o  G_

1 5 0 / 2 0 0  P e n .  b i t . J ' > 0 / 2 0 0  P e n .  b i t u m e n No G_



TABLE 3 - 3 0

THT PERFORMANCE Of" > < Kl.-i'VlU TAPs )H TACK. COATS OF t'AI'E AND SLURRY ^LAL:.; NITRR LXPERfMZNTS

Type
of

Layur 
in which

T a r  source Volatilitv-Uistillation charj. teristict Service Comments

Experiment and type •Met hod 1 Method 2 performance

used Per cent 
oils big. 
300*C

Per cent 
big. 300 
75*C soft, 
pt.(rab) 
pitch

Per cent
oils-blg.
340*C

Soft. pt. 
(rib) C O  
of dist. 
residue

Baviaanspoort
(19(12)

Cape Seal Supplier A 
(Normal)

Supplier A 
<P3)** - -

16,8-18,6

15,1

63,3-68,0

59,0

5-6 yr».

5-6 yrs.

Sudden drop in 
performance after 
5 years
Sudden drop in 
performance after 
5 years

Supplier A 
(Normal ♦ 8 
per cent coal) - - - - 2-4 yrs. -

Supplier A 
(Normal * 8 
per cent c^al ♦ 
1 per cent 
rubber

- - - - 5-6 yrs.
Sudden drop in 
performance after 
5 years

Kroonstad
(1964)

Double
Sand

Slurry
Cape

Both

T e k
Tack

Supplier A
IP3) ••

supplier D 
Supplier D

- -

15,6

20,0
20,0

64.5

70.5
70.5

4-6 yrs.

♦ 6 yra.
♦ 6 yrs.

P3 petfor-ing 
slightly worse 
than rubberised 
tar at this 
stage
Very volatile tar 
Performing well at 
this stage

P l a t r a r d

(1960)
Cape

slurry

Tack

Tack

Supplier A 
(Normal)

Supplier A 
(Normal 1

1 2 . 5

12.5

9 . 6

9 .6 - -

16 mths.to 
8 yrs.

0 years

P e rfo rm an ce  dependent
upon application 
and performance o f  
bitumen in the 
seal layers

larrilrout*1 lAcTO*dlnq*to the Oilier procedure# for low-volatile tar', the amount of oils boiling below 300*C wa»

“ « X  . . . .  » • = . . . . .  -The

The P3 type was an earlier formulation for a supposed low-volatile t a r .  
that low-volatility was not necessarily achieved.

Howevet a; the distillation test data shews

. ->sy . M W -efP . «k wtwt-' - V « \  2-!



T h e  t a r - b o u n d  m a s t i c  u s e d  i n  t h e  B a v i a a n s p o o r t  e x p e r i m e n t  f a i l e d  

b e t w e e n  f i v e  a n d  s i x  y e a r s  a f t e r  c o n s t r u c t i o n .  I t  i s  n o t a b l e  t h a t  t h e  

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

p r o p o s e d  f o r  t h e  r e v i s e d  s p e c i f i c a t i o n  ( s e e  A p p e n d i x  L ) . H o w e v e r  , 

w h e r e  i t  w a s  u s e d  i n  t h e  t a c k  l a y e r  ( K r o o n s t a d  a n d  P l a t r a n d  e x p e r i m e n t s )  

i . e .  a  .s t h e  s u r f a c e - t r e a t m e n t  h i n d e r *  i t s  p e r f o r m a n c e  w a s  e x c e l  l e n t ,  

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

3. 3« 1 • 3 boul: e-sand-seals
T h e  s e r v i c e  p e r f o r m a n c e  o f  d o u b l e  s a n d - s e a l s  i n  t h e  K r o o n s t a d  

e x p e r i m e n t  i s  i n d i c a t e d  i n  T a b l e  3 ■ 31  f r o m  w h i c h  t h e  p e r f o r m a n c e  

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

A l t h o u g h  t h e  t a r  d i d  n o t  p e r f o r m  a s  w e l l  a s  b i t u m e n  w h e n  u s e d  i n  u p p e r  

a n d  l o w e i  l a y e r s , a  s e r v i c e  l i f e  o f  f o u r  t o  s i x  y e a r s  w a s  o b t a i n e d  a n d  

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

s u r f a c i n g .

As  i n  t h e  c a s e  o f  t h e  m u l t i  p i  e - s u r f  ac t -  t r e a t m e n t s  a n d  s i n g l e - s e a l  

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

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

b i t u m e n  w a s  u s e d  i n  l o t h  l a y e r s .

TABLE 3 - 3 1

THE P E R F O R ^ O :  OF DOUBLE-SAND-SEALS IN THE

KROONSTAD E.d  1'f TU.N1 (AFTER SIX  YEARS' SERVICE)

B i n d e r  u s e d  i n i
P e r f o r m a n c e

L o w e r  l a y e r U p p e r  l a y e r

5 0  -  5 5 0C E v t  t a r  

5 0  -  5 5* C E v t  t a r  

5 0  -  5 5 e C E v t  t a r  

5 0  -  5 5 ° C  E v t  t a r  

1 5 0 / 2 0 0  P e n .  b i t .

1 5 0 / 2 0 0  P e n .  b i t .  

MMC5 c u t b a c k  b i t .  

4 5  -  5 0 " C  E v t  t a r  

R u b b e r  m o d .  t a r  

1 5 0 / 2 0 0  P e n .  b i t .

G_

F t o  G_ 

FG t o  G 

F_

G_

3 . 3 . 2  P e r f o r ma n c e  o f  J a i r g  i f a r  i n  d o u b l  e - s u r f  a c e  t r  e a t m « - n t a

I n  v i e w  o f  t h e  g o o d  r e s u l t s  o b t a i n e d  w h e n  c o k e - o v e n  t a r s  w e r e  u s e d  

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

o f  u s i n g  L u r g i  f u r  f o r  a  s i m i l a r  p u r j o s e .  To  a c h i e v e  t h i s  o b j e c t i v e  

e x p e r i m e n t a l  s e c t i o n s  o f  d o u b l e - s u r f a c e  t r e a t m e n t s  w e r e  p l a c e d  o n  a  

n e w l y  c o n s t r u c t e d  s e c t i o n  o f  r o u t e  P 3 / 4  ( K l o i k e d o r p - W o l m a r v n s a t a d ) .
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T h e  L u e c i f i c a t i o n  f o r  t h e  s u r f a c i n g  i n  t h i s  c a s e  w a s  a  d o u b l e - s u r f a c e  

t r e a t m e n t  u s i n g  s u c c e s s i v e  l a y e r s  o f  b i n d e r  w i t h  1 3 , 2  mm a n d  0 , 7  mm 

s t o n e  s i z e s ,  f o l l o w e d  b y  a  f i n a l  f o g - s p r a y  o f  b i t u m e n  e m u l s i o n .

3.3.2.1 The Klerksdorp-Wolmaransstad experiment
T h e  l a y o u t  o f  t h e  e x p e r i m e n t a l  s e c t i o n  i s  s h o w n  i n  F i g u r e  3 - 2 7 .

T h e  e x p e r i m e n t  m a i n l y  c o m p r i s e d  s e c t i o n s  i n  w h i c h  t a r  w a s  u s e d  i n  t h e  

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

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

t a r  w i t h  t h a t  o f  c o k e - o v e n  t a r  a n d  b i t u m e n  w h e n  u s e d  i n  s e a l s .  A l t h o u g h  

l a b o r a t o r y  d a t a  s u g g e s t s  ( s e e  h u r t  2 ,  C h a p t e r  3)  t h a t  L u r g i  t a r  may 

w e a t h e r  m o r e  r a p i d l y  t h a n  t h o s e  o t h e r  b i n d e r s ,  t h e r e  w a s  a  c o m p l e t e  a b s e n c e  

of  a n y  p r a c t i c a l  e v i d e n c e  o f  t h i s .  T o  e n a b l e  t h i s  q u e s t i o n  t o  b e  s t u d i e d , 

s e c t i o n s  w e r e  i n c l u d e d  i n  w h i c h  L u r g i  t a r  a s  w e l l  a s  c o k e - o v e n  t a r  a n d  

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

f o g - c o a t  w a s  a p p l i e d .  I t  w a s  p r o p o s e d  t o  a s s e s s  t h e  d u r a b i l i t y  b y  

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

T h e  e x p e r i m e n t  w a s  c o n s t r u c t e d  i n  M a r c h  197<1 a n d  a l t h o u g h  t h i s  i s  t o o  

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

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

t h a  v i s c o s i t y  m o n i t o r i n g  t e s t s .

I n  o r d e r  t o  o b t a i n  i n f o r m a t i o n  o n  t h e  e f f e c t  o f  v o l a t i l i t y  o n  t h e i r  

h a r d e n i n g  a n d  p e r f o r m a n c e ,  t w o  t y p e s  o f  L u r g i  t a r  w e r e  i n c o r p o r a t e d .

T h e s e  w e r e  a  h i q h - v o l a t :  i 1 e  a n d  a  l o w - v o l a t i l e  t y p e .  T h e  s t a n d a r d  t e s t  

p r o p e r t i e s  o f  t in -  s t o n e  a n d  b i n d e r s  u s e d  I n  t h e  e x p e r i m e n t  a r e  g i v e n  

i n  A p p e n d i x  L ,  T a b l e s  XlX t o  X X l 1 .

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

( J a m i e s o n  r t  a  1 .  1 U 7 5 ) .  D u r i n g  t h e  c o n s t w e t  i o n , a s  r e c o m m e n d e d  f o r  

d o u b l e - w e a l  c o n s t r u c t i o n s  ( N a t i o n a l  I n s t i t u t e  f o r  R o a d  R e s e a r c h ,  1 9 7 1 ) ,  

a t  l e a s t  2 4  h o u r s  w a s  a l l o w e d  f o r  t h e  b i n d e r  i n  t h e  l o w e r  l a y e r  t o  J o s e  

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

a d h e r e d  t o  i n  e v e r y  c a s e .

On t h e  s e c t i o n s  s e l e c t e d  f o r  t h e  b i n d e r  v i s c o s i t y  m o n i t o r i n g  t e s t s ,  

s a m p l e s  o f  t h e  l o w e r  l a y e r s  w e r e  t a k e n  i m m e d i a t e l y  p r i o r  t o  t h e  

a p |  l i c a t i o n  o f  t h e  u p p e r  l a y e r .  T h e  b i n d e r  w a s  e x t r a c t e d  a n d  t h e  I v t  

d e t e r m i n e d  a c c o r d i n g  t o  t h e  p r o c e d u r e t ,  d e s c r i b e d  p r e v i o u s l y  ( J u n t j o n o n  

1 9 7 4 a ) . T h e  r e s u l t n  a r e  p r e s e n t e d  i n  T a b l e  1 -  1 2 .

1 ')f,
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TABLE 3 - 3 2

THE CHANGE IN EVT DURING THE CURING PERIOD OF TA R^ JJS ED  

IN THE KLERKSDORP -  WOLMARANSSTAD EXPERIMENT

T a r  t y p e

S e c t i o n

No

A p p l i c a t i o n

1/ m 2

C h a n g e  i n  

E v t  d u r i n g  

c u r i n g

C h a n g e  i n  E v t  

E v t  d u r i n g  

AWT*

L u r g i  ( h i g h - v o l a t i l e ) 2 0 , 9 8 1 2 ,0 3 8 , 1

14 0 , 9 8 1 2 ,6

L u r g i  ( l o w - v o l a t i l e ) 11 1 , 1 4 4 , 0 2 1 ,0

20 0 , 8 7 4 , 1

C o k e - o v e n 5 1 , 0 3 9 , 2 to ft 00

17 0 , 9 2 6 , 8

* A ccelerated  Weathering Test
T h e  o r d e r  o f  g r e a t e s t  c h a n g e  i n  E v t  o f  t h e  t h r e e  t y p e s  o f  b i n d e r  i s :  

L u r g i  h i g h - v o l a t i l e  >  c o k e - o v e n > L u r g i  l o w - v o l a t i l e ,  w h i c h  i s  a l s o  t h e  

o r d e r  o f  g r e a t e s t  c h a n g e  i n  E v t  i n  t h e  A c c e l e r a t e d  W e a t h e r i n g  T * s t .

T h e  r e s u l t s  i n d i c a t e  t h a t  a l l  t h e  t a r s  h a r d e n e d  b y  a n  a p p r e c i a b l e  a m o u n t

a f t e r  o n l y  24  h o u r s '  e x p o s u r e  i n  a  s i n g l e  l a y e r .

T h .  a u t h o r  a . s - o l a d  a  t e a r ,  o f  c x p a r i a n c . d  a n g i n a . r a  t o  i n . p a c t  t h e  

c o n d i t i o n  o f  t h .  . a c t i o n ,  a n d  t h . . .  p . r f o m . n c .  . . . . . a m . n t .  « r .  c a r r i e d  

o u t  o n .  m o n t h ,  o n .  y e a r  a n d  t w o  y . a r .  a f t . r  c o n . t r u c t i o n .  T h .  . . . . . a m e n t ,  

w a r e  m a d .  a c c o r d i n g  t o  t h .  t o a d  R e s e a r c h  L a b o r a t o r y  m e t h o d  ( R o a d  R c . a r c h  

L a b o r a t o r y ,  1 9 5 3 )  a n d  n v . r . g .  . . . . . m . n t .  a n d  r e m a r k ,  o n  t h .  p e r f o r m a n c e

a r e  g i v e n  i n  T a b l e  3 - 3 3 .

T h e  m o s t  s t r i k i n g  f e a t u r e  w a s  t h e  s u b s t a n t i a l  l o s s  o f  6 , 7  mm s t o n e  

f r o m  t h e  " u n f o g g e d "  s e c t i o n s  w i t h i n  o n e  m o n t h  o f  t h e  r o a d  b e i n g  o p e n e d  

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

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

b i t u m e n ,  c o k e - o v e n  t a r  a n d  L u r g i  t a r  w e r e  u s e d  i n  t h e  u p p e r  l a y e r ;  t h e  l o s s  

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

D e s p i t e  t h i s  t h e  s u r f a c i n g  r e m a i n e d  e f f e c t i v e  a s  a  s e a l  a n d  a t  t h e  l a t e s t  

i n s p e c t i o n  t h e  s u r f a c e  t e x t u r e  w a s  s u c h  a s  t o  p r o v i d e  g o o d  s k i d - r e s i s t a n c e  

w i t h o u t  n o t i c e a b l y  g r e a t e r  t y r e - n o l s e  t h a n  t h e  " f o g g e d "  s e c t i o n s .

A t  t h e  o n e - y e a r  i n s p e c t i o n  i t  w a s  n o t e d  t h a t  w h e r e  h i g h  b i n d e r  

a p p l i c a t i o n  h a d  b e e n  u s e d ,  t h e  b i n d e r  h a d  f l u s h e d  t o  t h e  s u r f a c e  i n  

l o c a l i s e d  s p o t s  o r  a r e a s ,  m a i n l y  i n  t h e  v J h e e l  p a t h s  o f  t h e  t r a f f i c .
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TAB!K J -  J3 

PERFORMANCE RAT I IIC OF EXPKRIMMTAL SECTION3 At  

KLERKapIRP AFTEI. WE M 'NTH. IJNE YEAR AND TWO '.J AK 

IN SERVICE

sect. 
No.

Binde Performerce assessment
RemarksTsck coat Seal coat

1 e«r 2 yearsType ApplIcation
i , V

Type AppllcetIon 
l / m J

1

2
1

l.urql
(high-vol)
45/50*0
Evt

WB EB
0,76 0,76 
1,03 0,98 
1,20 1,36

Bitumen
150/200
Pen.

WB EB
1,31 1,36

WB El'
VC,
VC
VO

Vb EH

G.
G.
G.

W B  EB
G_

G-v
G-y

Estimated 30 pir cent 
o f 6,7 nsn stone wee 
lost after opening 
r ad to traffic. Seal 
still perf t«however. 
Some "fatty*’(binder- 
rich; areas in w;.»el 
paths of se tion■ : ar.1

4

5
6

coke-oven
45/50V
Evt

0,92 0,76 
1.04 1.03 
1,14 1,20

Bitumen
150/200
Pen. 1,41 1,36

VO
VC
G_

G.
o.

°.V

G.
G.
G_

Loss of 6,7 mr stone 
as abovj, "fatty" 
areas became less
i/ ti table later

7*
» •
9*

Bitumen
150/200
Pan.

0,76 0,82 
0.92 0,92 
1.09 1.09

Bmasen
150/200
Pen.

1,14 1,41 c"/vc g’ 
G > G  G]

VG
VG G[ 
VG G*

Stone lose as in e- tior. 
1 - 6  none on the 
fogged westbound 
r Y«rnageway

10
11
12

Lurgi
(low-vol)
45/5C*C
Evt

0,82 0,87 
1.09 1.14 
1,41 1,23

Bit ueen 
15 200 
Pen. 1,16 1,41

Q m

G_
G.

G

Gm

G m

All sections look 
satisfactory despite 
lose of 6,7 t m  stone 
as above

13
14
V

Lurql 
(hlqh- 
vol j
45/50'C
Evt

0.-.3 0,98 
1.21 1.25

Lurql 
(hlqh-vcrl 
45 50*C 
Evt

1.41 1,41 G

Cv
°v 6-

=4V

C.cl
G-v

Loss of 6,7 mm stone 
was lees than on sections 
1-3. Patty patches 
on sections 14 and 15 
Improved after a 
further period n 
service

17
18

coke-oven
45/5U-C
Evt

0,82 0,76 
0,98 0,92 
1,09 1,14

Coke-ove 
45/5 C 
Evt

l
1,11 1.31 G_

c.

c.
G G

G_

Stone lets as above 
fat Vines % on section 
18 WB was bad after i 
year and "ponding" of 
binder occurred. This 
improved after 2 years

19
20 
21

Lurqt 
yow-voii 
45/50*C 
Evt.

0,76 0,82 
0,98 0,87 
1,23 1,03

Lurql
(low-vol)
46/50*C
EVt,

1,36 1,41
Vu
VG
VC

c.
G.
G.

oe

G_

Stone loss as above 
otherwise satisfactory

2 2*

23*
v

Lurql
[htqh-voi;
46/50*C
EVt.

0,87 0,82 
0,92 0.98 
1,20 1,14

Bitumen
150/200
Pen. 1,14 1,14

VG
VG
VC

VG
VG
VG

VG
VC
VG

These sections achieved 
almost 100 per cent 
retention of 6,7 set 
stone after 2 years

23*
2 6 *

2 7 *

Coke-oven
45/50"
Evt.

0,76 1,03 
0,92 0,71 
1,25 1,01

81tumen 
150/200 
Pen. 1,09 1.20

VC
VG
VC

vc;
VG

VG
VG
VG

As in sections 22-24

29*
1 0 *

Lurqi 
I low-vol,' 
45/50*C 
Evt.

0,76 (,,9/
0.98 0.82
1,*9 0,98

Bit tan en
137/200
Pen. 1,14 1,14 VC

VG

VG
VG

vo at  |
VG

VC G+

fts sections 25-27. on 
section 30 a large fatty 
area occurred near to a 
culvert

♦ B o th  l e n e e  fo q q e d . Apt-1 icetton  0,71- ! / » '  e m u ls io n , (6 0  f e i  » n  e « t  - o . i l c )  

• •  W1 « W estbound

EB •  F.us* b o u n d
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Ilowuvvr, at t h e  a u b t i u f i u c n t  inujK.:ction L I i u u g  fatty aroaa had .ilmo:,t 
disappeared and it is presumed t«vit the excess hinder had boon removed 
by the traffic.

These visual examinations showed that sections constructed with
high-volatile and low-volatile '.urgi tar had performed well. This wa%
true where the tars had been used in both the upper and lower layers as
well as in the lower layer only.

T h e s e  encouraging signs were supported by the initial results of the
v i s c o s i t y  m o n i t o r i n g  t  s t s ,  w h i c h  a r e  s h o w n  i n  F i g u r e  3 -  3 8 .  I n  t h e s e

*

s e c t i o n s  t h e  t o t a l  f i l m  t h i c k n e s s e s  of t h e  b i n d e r  w e r e  s i m i l a r  a n d  

t h e s e  r e s u l t s  m a y  b e  t a k e n  a s  i n d i c a t i n g  t h e  r e l a t i v e  w e a t h e r i n g  r a t e s  

o f  t h e  b i n d e r s .  A f t e r  t w o  y e a r s  t h e  h a r d e n i n g  of t h e  l o w - v o l a t i l e  L u r g i  

t a r  a n d  t h e  c o k e - o v e n  t a r  w a s  s i m i l a r  w h e r e a s  t h e  h i g h - v o l a t i l e  L u r g i

t a r  h a d  h a r d e n e d  b y  a  g r e a t e r  a m o u n t .

T h e  o r d e r  o f  g r e a t e s t  h a r d e n i n g  a f t e r  o n e  y e a r  a n d  t w o  y e a r s  i n

s e r v i c e  w a s  t h e  s a m e  a s  t h a t  g i v e n  i n  t h e  A c c e l e r a t e d  W e a t h e r i n g  T e s t .

T h i s  i s  s h o w n  i n  T a b l e  3 - 3 4 .

TABLE 3 - 3 4 .

THE: HARDENING OF TARS IN THE: KLE PKS DO RP -  WO LMA RAN S S T A. > EXPERIMENT

S e c t .
No .

T a r  t y p e C h a n g e  i n  E v t  ( °C)

I n  s e r v i c e  
1 y e a r

I n  s e r v i c e  
2 y e a r s

r~
AWT

+ , ++
14 L u r g i  h i g h - v o l a t i l e 1 6 , 4 2 2 , 8 3 8 , 1  3 4 , 2

+ ++
20 L u r g i  l o w - v o l a t i l e 7 , 0 1 4 , 1 2 1 , 0  2 2 , 4

17 C o k e - o v e n 9 , 9 1 4 , 6 2 4 , 8 *  2 4 , 9 * '

* A c c e l e r a t e d  W e a t h e r i n g  T o s t ,  » L o w e r  l a y e r ,  ++ U p p e r  l a y e r

F i g u r e  3 - 3 8  h a s  b e e n  u s e d  t o  a s s e s s  t h e  m i n i m u m  s e r v i c e  l i f e  o f

d o u b l e - s e a l s  w h e r e  t h e  t a r  i s  u s e d  i n  t h e  u p p e r  a s  w e l l  a s  t h e  l o w e r

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

a i n g l e - s e n l i i  i n  w h i c h  i t  w a s  n o t e d  t h a t  d i s t r e s s  ( a t o n e - l o s r .  a n d  c r a c k i n g )

s e l d o m  o c c u r s  v . h e r e  t h e  v i s c o s i t y  i s  b e l o w  8'3eC K v t .  E x t r a p o l a t i o n

o f  t h e  c u r v e s  i n  F i g u r e  3 - 3 8  s h o w s  t h a t  e v e n  i f  t h e  p r e s e n t  r a t e

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

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

f i v e  y e a r s  f o r  d o u b l e - s u r f a c e  t r e a t m e n t s  c o n s t r u c t e d  e n t i r e l y  f r o m

* F r o m  T a b l e  3 - 3 3  t h e  t o t a l  b i n d e r  a p p l i c a t i o n  ( i . e .  b i n d e r  a p p l i c a t i o n  
i n  u p p e r  l a y e r  a n d  b i n d e r  a p p l i c a t i o n  i n  t h e  l o w e r  l a y e r  o f  t h e  t h r e e  
s e c t i o n s )  i s *  s e c t i o n  14 ■ 2 , 3 9  1 / n t ^ ,  s e c t i o n  2 0  — 2 , 3 B  1 /m » s e c t i o n  1 7 

2 , 2 6  1/ m 2 .
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Lurgi tar seems likely. It would be expected that double-surface 
treatments incorporating Lurgi tar in the lower layer and a more 
durable binder such as bitumen in the upper layer would have a useful 
service life considerably in excess of five years. These conclusions 
apply to double-seals constructed with 13,2 mm and 6,7 mm stone.

3.3.2.2 The Kempton Park trial
In addition to the above carefully controlled experiment thv 

author observed the construction of a double-surface treatment in 
which the Lurgi tar used in upper and lower layers was covered with a 
bitumen emulsion fog-coat. The binder was of a high-volatile nature 
displaying an AWT result (A Evt • 37°C) similar to those of the high- 
volatile blends used in the Klerksdorp-Wolmaranssvad experiment. In this 
case the hardening in a trial section in which no emulsion fog-coat was 
applied was greater than occurred in the experiment after a similar
period. This is at least partly due to the thinner application of

2 2 binder used in the Kempton Park trial (1,85 l/nT as compared to 2,39 1/m )
in the experiment). It was impossible to correlate these results with
the performance of the surfacing as the road was soon in a poor condition
due to the collapse of the foundation. (The double-seal was laid
directly on top of levelled and compacted in-situ material.).

3.3.3 Gas-works (vertlcal-retort)tar
In recent times by-product tar from South Africa's three gas-works 

has not been used to any great extent in conventional road making or 
maintenance processes though small quantities of crude tars are used 
from time to time as basecourse primes. However, in view of the
constitution of these tars and the promising performance of Lurgi tars
in the lower layers of multiple seals, it seems likely that low-volatile 
grades of vertical-retort tar would be equally satisfactory in these 
layers or in any construction where weathering of the tar can be 
prevented.

This could be the subject of future practical investigations.
3.3.4 Summary of practical recommendations.
The results of the work described in this Chapter have shown that 

unmodified tars are adequate for constructions in which they may be 
used in lower layers and so prevented from weathering.

Coke-oven tars have performed well in the following situationsi
(i) The lower layers of multiple-surface treatments

(ii) Single-surface treatments overlaid by a bitumen mastic (Cape-



a c a  1) ar a  h i  t u m f i i  o m u l : - i o n  o l u r r y .

( i i i )  D o u b l e  H a n d - s e a l s .  Wl ie ru  t a r  w a s  u s e d  i n  b o t h  l a y e r s  

a  s e r v i c e  l i f e  o f  f o u r  t o  s i x  y e a r s  w a s  o b t a i n e d .

L u r g i  g a s i f i c a t i o n  t a r  i s  a l s o  r e c o m m e n d e d  f o r  t h e  l o w e r  l a y e r s  o f  

m u l t r p l e - s e a l s ,  I t  m a y  b e  u s e d  i n  u p p e r  a n d  l o w e r  l a y e r s  w h e r e  a  s e r v i c e  

l i f e  o f  f i v e  y e a r s  i s  a d e q u a t e .

I t  i s  s u g g e s t e d  t h a t  r e f i n e d  v e r t i c a l - r e t o r t  t a r s  f r o m  c o n v e n t i o n a l  

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

s e a l s  c n  a  t r i a l  b a s i s .
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I N T K O U U C T I O N  T O  I ' A K T  4

f h r  y r u . i t  ut=i  p r o p o r t i o n  o l  b i n d e r  u s e d  b y  t i i o  r o a d  i n d u s t r y  yo ur ;  

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

a  n u m b e r  o l  d i f f e r e n t  p a v e m e n t  l a y e r s  m a y  lie d i s t i n g u i s h e d ,  i n  t h i s  s t u d y  

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

a s  b a s e c o u r s e s ,  o r  s u r f a c e  o r  w e a r i n g  c o u r s e  l a y e r s .

I t  i s  c o m m o n l y  b e l i e v e d  t h a t  i n  S o u t h  A f r i c a  t a r - b o u n d  m i x e s  

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

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

r e s e a r c h  b y  t h e  N a t i o n a l  I n s t i t u t e  f o r  T r a n s p o r t  a n d  R o a d  R e s e a r c h  

(NITRR)  w a s  c o n c e n t r a t e d  o n  t h e  u s e  o f  t a r  i n  b a s e c o u r s e  l a y e r s .  I n  

I ' l f i S  t a r  b a s e c o u r s e  s e c t i o n s  w c i , i n c o r p o r a t e d  i n  a n  e x p e r i m e n t  a t  t h e  

I n s t i t u t e ' s  t c u t  t r a c k  ( M a r a i s ,  1'Kj7 ) a n d  i n  1 9 6 6  i n  c o - o p e r a t i o n  

w i t h  t h e  J o h a n n e s b u r g  C i t y  C o u n c i l ,  e x p e r i m e n t a l  t a r  b a s e c o u r s e s  w e r e  

c o n s t r u c t e d  o n  M a i n  R o a d ,  N e w l a n d  . ,  J o h a n n e s b u r g ,  ( K i l l s ,  1 9 6 7 ) .

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

l o c a l l y  p r o d u c e d  t a r s ,  w h o s e  d e v e l o p m e n t  i s  d e s c r i b e d  i n  P a r t  2 ,  

f r e t a  i n t e r e s t  h a s  b e e n  e x p r e s s e d  i n  e v a l u a t i n g  t h e s e  t a r s  i n  m i x e s  

u s e d  i n  s u r f a c e  l a y e r s .  P r e v i o u s l y  a  g u i d e  t o  t h e  u s e  o f  t a r - b o u n d  

m i x e s  h a s  b e e n  p r e p a r e d  b y  F r c e m e  ( 1 9 7 4 a ) .

T h e  p u r p o s e  o f  t h e  i n v e s t i g a t i o n s  d e s c r i b e d  i n  t h i s  s e c t i o n  w a s  t o  

e v a l u a t e  t a r - b o u n d  m i x e s  i n  s u r f a c e  a n d  b a s e c o u r s e  l a y e r s  b y  l a b o r a t o r y  

a n d  f i e l d  e x p e r i m e n t ? ,  a n d  i n  p a r t i c u l a r  t o  d e t e r m i n e  w h e t h e r  t h e  m o r e  

d u r a b l e  t a r s  d e s c r i b e d  i n  P a r t  2 a n d  3 c o u l d  b e  u s e d  t o  r e p l a c e  b i t u m e n  

i n  s u r f a c e  c o u r s e ? ; .
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1 i 'Ko p h k t u :::. o k  t a k - r o u n d  m i x t u k j ::;

Rusum/

M e c h a n i c a l  t e s t s  s h o w  t h a t  t a r - b o u n d  m i x e s  a r e  s t i f f e n  

t h a n  b i t u m e n - b o u n d  m i x e r ,  a n d  a r e  s u i t a b l e  f o r  b a s e c o u r s o  

l a y e r s .  T h e  i n d i r e c t  t e n s i l e  s t r e n g t h  o f  a  semi- g a p - g r a d e d  

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

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

o n  a  h e a v i l y  t r a f f i c k e d  r o a d .

E l a s t i c  m o d u l u s  m e a s u r e m e n t s  s u g g e s t  t h a t  a t  h i g h  s t r a i n  

l e v e l s ,  s u c h  a s  m a y  o c c u r  i n  s u r f a c e  l a y e r s ,  t a r - b o u n d  

m i x e s  may  h a v e  l o w e r  f a t i g u e  r e s i s t a n c e  t h a n  b i t u m e n - b o u n d  

m i x e s .  H o w e v e r ,  i n  s e c t i o n s  o f  e x p e r i m e n t a l  s u r f a c i n g s  i n  

w h i c h  l o w  s t r a i n  l e v e l s  o c c u r ,  d u e  t o  s t i f f  b a s e  l a y e r s , t h e  

f a t i g u e  r e s i s t a n c e  may  b e  a d e q v a t e .  I n  t h e  l a t t e r  s u r f a c i n g s  

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

b e e n  m o n i t o r e d  o v e r  a  t w o - y e a r  p e r i o d .

M i x e s  p r e p a r e d  w i t h  P V C / t a r  s h o u l d  b e  m o r e  d u r a b l e  t h a n  

b i t u m e n  o r  u n m o d i f i e d  t a r - b o u n d  m i x e s  i n  a r e a s  w h e r e  h e a v y  

l o a d ; ,  a n d  s p i l l a g e  o f  p e t r o l e u m  p r o d u c t s  o c c u r .  H o w e v e r , 

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

i n c r e a s e  i n  b i n d e r  v i s c o s i t y  t h e  PVC h a s  n o  e f f e c t  ( w i t h  

u p  t o  5 p e r  c e n t  PVC i n  t h e  t a r )  o n  t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  

o f  m i x e s .  I n  s u c h  c a s e s  t h e  P V C / t a r  b i n d e r  s h o u l d  b e  

p r e - p r o p a r e d  a n d  d e l e t e r i o u s  e f f e c t s  may  r e s u l t  i f  I t  i s  

a t t e m p t e d  t o  a d d  t h e  p o l y m e r  v i a  t h e  f i n e  a g g r e g a t e  f r a c t i o n

I t  jr ;  W e l l  kn ow n t h a t  t h e  o p t i m u m  d e s i g n  o f  a  m i x  d e p e n d s  u p o n  t h e  

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

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

B u r f a c i n g s  m o r e  s t r i n g e n t  r e q u i r e m e n t s  a r e  n e c e s s a r y  t o  g i v e  f l e x i b i l i t y ,  

d u r a b i l i t y ,  s t a b i l i t y #  i m p e r m e a b i l i t y ,  s k i d  r e s i s t a n c e  a n d  s m o o t h n e s s  o l  

r  I d o .

I n  P a r t  J. , C h a p t e r  4 ,  i t  w a s  m e n t i o n e d  t h a t  t h e  b e h a v i o u r  o f  r o a d  

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

b y  t h e  r a t i o  o f  s t r e a n / e t r a i n  f o r  a  p a r t i c u l a r  t e m p e r a t u r e  a n d  t i m e  o f  

l o a d i n g ,  a s  l o n g  a s  s t r e s s  a n d  s t r a i n  a r e  l i n e a r l y  r e l a t e d .  T h i s
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s t i f f n e s s  m o d u lu s  i s  a n a l o g o u s  t o  t h e  m o d u lu s  o f  e l a s t i c i t y .

ST t  = ~ t  (w he re  o = s t r e s s ,  r. = s t r a i n ,

T « t e m p e r a t u r e  an d  t  = t i m e  o f  l o a d i n g ) .

The s t i f f n e s s  m o d u l u s  c a n  a l s o  be  u s e d  t o  e x p r e s s  t h e  m e c h a n i c a l  

p r o p e r t i e s  o f  b i n d e r - s t o n e  m i x t u r e s  (Van d e r  P o e l ,  1954) a n d  t h e  s t i f f n e s s  

m o d u l u s  o f  m i x e s  may b e  r e l a t e d  t o  t h e  s t i f f n e s s  o f  t h e  b i n d e r  co m p o n en t  

(H^ukelom,  1 9 6 6 ) .  O t h e r  f a c t o r s  w i l l  a f f e c t  t h e  mix s t i f f n e s s  s u c h  a s  

s t o n e  g r a d i n g  an d  v o i d s  c o n t e n t .  C u r v e s  r e l a t i n g  b i t u m e n  s t i f f n e s s  an d

mix s t i f f n e s s  a r e  shown i n  F i g u r e  4 - 1  an d  p l o t s  o f  t e n s i l e  s t r e n g t h  o f

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

s h a p e .  I t  h a s  b e e n  s u g g e s t e d  (Heukelom,  1966) t h a t  t h e  i n f l u e n c e  o f  t h e  

n t o n e  i n  a mix i s  c o n s t a n t  f o r  any  p a r t i c u l a r  mix t y p e  i r r e s p e c t i v e  o f  

t e m p e r a t u r e  o r  l o a d i n g  t i m e  and  c o u l d  b e  e x p r e s s e d  i n  t e r m s  o f  a mix 

f a c t o r  A r e l a t i o n s h i p  h a s  b e e n  d e s c r i b e d  by Marek an d  Dempsey ( 1 9 7 2 ) :

mix v

n

Sb i t .

2
w here  Smix * mix s t i f f ,  kg/ cm

3^ . { -  b i t u m e n  s t i f f n e s s  a t  t h e  d e s i r e d  t e m p e r a t u r e  and

t i m e  o f  l o a d i n g  a s  d e t e r m i n e d  f r om  a n o m o g r a p h , kg /cm^

n -  0 , 8 3  l o g
“’b i t

Cv * vo lum e c o n c e n t r a t i o n  o f  s t o n e  i n  t h e  mix 

s t o n e  volume
vo lum e ( s t o n e  + b i t u m e n )

F r a c t u r e  o f  m i x e s  w i l l  o c c u r  i n  t h e  b i n d e r  f i l m s ,  an d  f a t i g u e

m e a s u r e m e n t s  ( t h e  number  o f  r e p e a t e d  l o a d  a p p l i c a t i o n s  t o  i n d u c e  c r a c k i n g )  

show t h a t  t h e  s t r a i n  l e v e l  i n  t h e  b i n d e r  i s  r e l a t e d  t o  t h e  f a t i g u e  l i f e  

(M o n i s m i th ,  1 9 6 6 ) .  B i t u m i n o u s  ( t a r  o r  b i t u m e n )  bou nd  m a t e r i a l s  may f a i l  

s t r u c t u r a l l y  e i t h e r  t h r o u g h  f a t i g u e  o r  d e f o r m a t i o n  an d  b o t h  modes  a r e  

t r a f f i c - l o a d - a s s o c i a t e d .  F a t i g u e  f a i l u r e s  a r e  a s s o c i a t e d  w i t h  r a p i d  r a t e s

o f  l o a f i n g  w h i l e  d e f o r m a t i o n  f a i l u r e s  a r e  a s s o c i a t e d  w i t h  s lo w  r a t e s  o f

l o a d i n g .  I t  s h o u l d  a l s o  be  m e n t i o n e d  t h a t  b o t h  f a i l u r e  modes  may a r i s e  

a s  a  r e s u l t  o f  d e f o r m a t i o n  i n  lower  n o n - b l t u m l n o u s  l a y e r s  o f  t h e  r o a d  

s t r u c t u r e .

4 . 1 . 1  T a r  m i x e s  a s  b a s e c o u r s e s

A f t e r  t h e  s e c o n d  w o r l d  war  t a r - b o u n d  macadams w e re  u s e d  i n  

b a s e c o u r s e s  i n  B r i t a i n  ( A d d i s ,  1969) a s  an  a l t e r n a t i v e  t o  h a n d - p i t c h i n g  

c r u s h e d  ro c k  and g r a v e l . L o w - v i s c o s i t y  t a r s  (34 -  38 °C EVT)
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w i t h  l a r g o - s i z e d  a g g r e g a t e s  p e r f o r m e d  w e l l  h u t  t h e  o p e n  t e x t u r e  o f  t h e  

m i x e s  p e r m i t t e d  i n g r e s s  o f  m o i s t u r e  w h i c h  l e d  t o  s t r i p p i n g  a n d  l o s s  o f  

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

h a v e  b e e n  c r e d i t e d  w i t h  s u p e r i o r  l o a d - s p r e a d i n g  p r o p e r t i e s , ( A d d i s ,  1 9 6 9 ) .

F r e e r n e  ( 1 9 7 4 a )  h a s  p o i n t e d  o u t  t h a t  a l t h o u g h  s t r e n g t h  a n d  

s t i f f n e s s  a r e  t h e  m a i n  r e q u i r e m e n t s  o f  a  b a s e c o u r s e ,  f a t i g u e  r e s i s t a n c e  

may a l s o  b e  c r i t i c a l  d e p e n d i n g  u p o n  t h e  p r o p e r t i e s  o f  t h e  u n d e r l y i n g  

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

t h e  e f f e c t s  o f  r e p e a t e d  l o a d  a p p l i c a t i o n s  o n  t a r - b o u n d  m i x t u r e s  a l t h o u g h  

P e l l  a n d  B r o w n ,  ( 1 9 7 2 )  a n d  B r o w n  a n d  P e l l  ( 1 9 7 4 )  r e p o r t e d  t h a t  a t  

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

a  p a r t i c u l a r  " d e n s e  t a r  m a c a d a m "  w a s  c o n s i d e r a b l y  l e s s  t h a n  t h a t  d e t e r m i n e d  

o n  a  n u m b e r  o f  b i t u m e n - b o u n d  m i x e s ,  a s  s h o w n  i n  F i g u r e  4 - 2 .

L o c a l  e x p e r i e n c e  ( B l i g h t ,  1 9 7 3 )  h a s  b e e n  t h a t  l o a d - a s s o c i a t e d  

p e r m a n e n t  d e f o r m a t i o n  i s  n o t  a  g e n e r a l  p r o b l e m  o n  S o u t h  A f r i c a ' s  m a i n  

r o a d s  b u t  i t  h a s  b e e n  f o u n d  o v e r s e a s  t h a t  t a r - b o u n d  b a s e c o u r s e s  a r e  

s u s c e p t i b l e  t o  d e f o r m a t i o n  i f  l o w - v i s c o s i t y  t a r s  a r e  u s e d .  I n  a n  RRL 

e x p e r i m e n t  i n  E n g l a n d  ( A d d i s , 1 9 6 9 )  g r a v e l  t a r  m a c a d a m  s e c t i o n s  

e m p l o y i n g  a  5 0 ° C  E v t  t a r  u n d e r w e n t  c o n s i d e r a b l e  p e r m a n e n t  d e f o r m a t i o n  

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

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

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

p r o b a b l y  o c c u r r e d  d u r i n g  a  p e r i o d  o f  v e r y  h o t  w e a t h e r  t h a t  f o l l o w e d  

t h e  c o n s t r u c t i o n .  I n  a  s e r i e s  o f  f o l l o w - u p  l a b o r a t o r y  w h e e l  t r a c k i n g  

t e s t s  i t  w a s  c o n f i r m e d  t h a t  t h e  t a r  m a c a d a m  m i x e s  h a d  a  l o w  r e s i s t a n c e  

t o  p l a s t i c  d e f o r m a t i o n * . A l t h o u g h  t a r  m a c a d a m s  m a d e  w i t h  m i x e d  g r i t s t o n e  

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

g r a v e l  i t  w a s  f o u n d  t h a t  t h e  b i n d e r  v i s c o s i t y  m a d e  a  m a j o r  c o n t r i b u t i o n  

t o  t h e  s t a b i l i t y  o f  t h e  c o a t e d  m a c a d a m s .

I n  v i e w  o f  t h e  l o a d  b e a r i n g  r e q u i r e m e n t s  o f  b a s e c o u r s e s  i t  may  b e  

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

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

C o n t i n u o u s l y  g r a d e d  m i x e s  d e r i v e  m u c h  o f  t h e i r  d e n s i t y  a n d  s t a b i l i t y  

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

a  l e s s o r  r o l e  t h a n  i s  t h e  c a s e  i n  g a p - g r a d e d  m i x e s .  l i o w o v e i  , i n  a

• F o r  m i x e s  t o  b e  u s e d  i n  s u r f a c e  l a y e r s  o n  h e a v i l y  t r a f f i c k e d  r o a d s  
i n  B r i t a i n  a  r a t e  o f  " t r a c k i n g "  i n  t h e  w h e e l  t r a c k i n g  t e s t  o f  l e s s  t h a n
4 , 5  mm p e r  h o u r  a t  4 5 ° C  i s  c o n s i d e r e d  n e c e s s a r y  ( P l e a s e  a n d  M o y e r , 1 9 6 8 ) .
F o r  b a s e s  a  m ax im um  t r a c k i n g  r a t e  o f  3 7 , 5  m m / h o u r  i s  c o n s i d e r e d  a d e q u a t e .
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l o c a l  I n v t i H t i a q l o n  d e n c r I b o d  by Mara i n  (1967)  a c o n t i n u o u s l y  g r a d e d  

mix b ound  w i t h  a 50 -  55"C LVt c o k e - o v e n  t a r  d e f o r m e d  b a d l y  a f t e r  

a  s h o r t  p e r i o d  o f  t r a f f i c k i n g .  The a t o n e  g r a d i n g  u s e d  was o f  t h e  

c o n t i n u o u s l y  g r a d e d  t y p e  s p e c i f i e d  i n  c l a u s e  810 o f  t h e  M i n i s t r y  o f  

( B r i t i s h )  T r a n s p o r t  S p e c i f i c a t i o n s  f o r  Road an d  B r i d g e  W o r k s  )< M i n i s t r y  

o f  T r a n s p o r t  , 1369 ) In  1966 t h e  N a t i o n a l  I n s t i t u t e  f o r  Road R e s e a r c h ,

i n  c o n j u n c t i o n  w i t h  t h e  J o h a n n e s b u r g  C i t y  C o u n c i l ,  c o n s t r u c t e d  an 

e x p e r i m e n t a l  p a v e m e n t  on Main Road ,  N e w l a n d s ,  J o h a n n e s b u r g ,  i n  w h ic h  

t h e  o b j e c t  was t o  c o m p a r e  t h e  p e r f o r m a n c e  o f  t a r - b o u n d ,  c e m e n t  t r e a t e d  

a n d  u n b o u n d  c r u s h e r - r u n  b a s e c o u r s e  s e c t i o n s .  ( A s c h e m a t i c  r e p r e s e n t a t i o n  

o f  t h e  s e c t i o n s  i s  shown i n  A p p e n d ix  K an d  f u l l  c o n s t r u c t i o n  d e t a i l s  

a r e  g i v e n  i n  a r e p o r t  by  E l l i s ,  1967 )

In  t h i s  work a h i g h - v i s c o s i t y  ( 60 -  65*C E v t  ) c o k e - o v e n  t a r  was 

u s e d  an d  t h e  d e f o r m a t i o n  o f  t h e  s e c t i o n s  h a s  b e e n  e s t i m a t e d  f rom 

l e v e l s  m e a s u r e m e n t s .  Th e d e f o r m a t i o n  a f t e r  10 y e a r s  i n  s e r v i c e  i s  

shown i n  F i g u r e  4 - 3 .  On a l l  s e c t i o n s  t h e  d e f o r m a t i o n  i s  low;  t h e  

maximum ( 4 , 5  mm) b e i n g  r e c o r d e d  on  t h e  c e m e n t - t r e a t e d  b a s e c o u r s e  

s e c t i o n .  The d e f o r m a t i o n  r e c o r d e d  on t h e  t a r - b o u n d  b a s e c o u r s e  s e c t i o n  

was much l e s s  t h a n  t h a t  r e c o r d e d  i n  theTRPb  e x p e r i m e n t s  ( H i n k l e y , 1 9 7 0 ) .

A c o m p a r i s o n  o f  t h e  g r a d i n g s  u s e d  i n  f i v e  TRRL e x p e r i m e n t s  w i t h  t h e  

g r a d i n g  ( c o n t i n u o u s l y  g r a d e d  MOT t y p e  ) u s e d  i n  t h e  N ew lan d s  e x p e r i m e n t  

i s  g i v e n  i n  F i g u r e  4 - 4 .

D e f l e c t i o n  m e a s u r e m e n t s  fB enke lm an  beam ) h a v e  b e e n  t a k e n  a t  

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

arc.  shown i n  F i g u r e  4 - 5 . ,  and  i n d i c a t e  t h e  sound  c o n d i t i o n  o f  a l l  

t h r e e  t y p e s  o f  b a s e c o u r s e  a f t e r  8 y e a r s .  In t h e  c a s e  o f  t h e  t a r - b o u n d  

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

t o  d e c r e a s e  w i t h  t i m e .

4 . 1 . 2  T a r  mixen a s  s u r f a c e  c o u r s e s

I t  h a s  p r e v i o u s l y  b e e n  m e n t i o n e d  t h a t  t h e  d u r a b i l i t y  o f  t h e  b i n d e r  

i s  o f  o v e r r i d i n g  i m p o r t a n c e  a s  r e g a r d s  t h e  s e r v i c e  p e r f o r m a n c e  o f  

s u r f a c e  m i x e s  ( J a m i e s o n  and  H a t t i n g h ,  1 9 7 0 ) .  Ho we ver ,  i t  h a s  a l s o  b e e n  

shown t h a t  t h e  d u r a b i l i t y  o f  a s p h a l t  m i x e s  c a n  b e  i m p ro v e d  an d  t h e  

h a r d e n i n g  o f  t h e  b i n d e r  r e d u c e d  by r e d u c i n g  t h e  v o i d s  c o n t e n t  i n  t h e  

m i x ,  ( S i s k o  and B r u n s t r u n ,  1 9 6 9 ) .  I t  f o l l o w s  t h a t  t h e  a i r  p e r m e a b i l i t y  

o f  t a r - b o u n d  s u r f a c e  m i x e s  w i l l  b e  o f  p a r t i c u l a r  i m p o r t a n c e  i n  v i ew  

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

uct! 0 f  g a p - g r a d e d  a g g r e g a t e s  w i l l  be  a d v a n t a g e o u s ,  a s  t h e s e  h a v e  good  

c o m p a c t i o n  c h a r a c t e r i s t i c s  ( D e p a r t m e n t  o f  S c i e n t i f i c  a n d  I n d u s t r i a l  

R e s e a r c h ,  1 9 6 2 a ) .  W i t h  t h i s  t y p e  o f  g r a d i n g  t h e r e  i s  some d a n g e r  o f  

i n s t a b i l i t y  w i t h  t h e  l o w - v i s c o s i t y  t a r s  t h a t  a r e  d e s i r a b l e  f o r  

s u r f a c e  l a y e r s  a n d  f o r  t h i s  r e a s o n  Frueme (1 97 4a )  s u g g e s t e d  a c o m p ro m ise  

i n  a  h i g h - d e n s i t y  s e m i - g a p - g r a d e d  t a r - b o u n d  mix w h i c h  h ad  b ee n  u s e d  

p r e v i o u s l y  by t h e  r o a d s  d e p a r t m e n t  o f  t h e  N a t a l  P r o v i n c i a l  A d m i n i s t r a t i o n .

A t y p i c a l  g r a d i n g  e n v e l o p e  i s  g i v e r ,  i n  F i g u r e  4 - 6 .

A d e n s e  t a r  s u r f a c i n g  mix ( D e p a r t m e n t  o f  S c i e n t i f i c  a n d  I n d u s t r i a l  

R e s e a r c h ,  1962b) was d e v e l o p e d  i n  t h e  U n i t e d  Kingdom i n  v o r l a  war two 

a t  a t i m e  when b i t u m e n  was  i n  s h o r t  s u p p l y .  T h i s  t y p e  o f  s u r f a c i n g  is 
s t i l l  i n  u s e  i n  t h a t  c o u n t r y  a n d  h a s  f o u n d  a new o u t l e t  m o r t  r e c e n t l y  

f o r  c a r - p a r k s ,  c o n t a i n e r  t e r m i n a l s  a n d  a i r c r a f t  s t a n d i n g - b a y * .  The mix 

i s  s i m i l a r  i n  p r i n c i p l e  t o  t h e  s e m i - g a p - g r a d e d  mix  i n  t h a t  t h e  a g g r e g a t e  

i s  compo sed  o f  s t o n e ,  s a n d  a n d  f i l l o r  f r a c t i o n s ,  i n  t h e  d e v e l o p m e n t  o f  

t h e  mix a  s t u d y  was  made o f  t h e  s e p a r a t e  p r o p e r t i e s  o f  t h e  f i l l e r / t a r ,  

s a n d / f i l l e r / t a r  a n d  s t o n e / s a n d / f i l l e r / t a r  m i x t u r e s  (Lee  a n d  R i g d e n ,  1 9 4 5 ) .  

I t  was  shown t h a t  t h e  n a t u r e  o f  t h e  f i l l e r  was  c r i t i c a l ,  i t s  p u r p o s e  i n  

t h e  mix b e i n g  t o  i n c r e a s e  t h e  e f f e c t i v e  v i s c o s i t y  o f  t h e  t a r .  The f i l l e r  

c o n t e n t  a l s o  a f f e c t s  t h e  c a l c u l a t e d  a v e r a g e  f i l m  t h i c k n e s s  p a r a m e t e r  and 

w h i l e  D u t h i e  (1975)  h a s  s u g g e s t e d  t h a t  f i l l e r / b i n d e r  r a t i o s  o f  2 / 1 *  may 

b e  b e n e f i c i a l  i n  r e d u c i n g  v o i d s  a n d  op t imum b i n d e r  c o n t e n t  an d  i n c r e a s i n g  

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

f o r  f i l l e r / t a r  r a t i o s  may be much l o w e r  ( e v e n  a l l o w i n g  f o r  t h e  d i f f e r e n c e  

i n  d e n s i t y  b e t w e e n  t a r  an d  b i t u m e n )  an d  minimum f i l m  t h i c k n e s s e s  may h a v e  

t o  be  h i g h e r .  T h i s  may be  n e c e s s a r y  i n  v i e w  o f  t h e  g r e a t e r  s t i f f n e s s  and  

s u s c e p t i b i l i t y  t o  i n c r e a s e  i n  s t i f f n e s s  on w e a t h e r i n g  ( D a i n e s ,  1972) o f

t a r  a s  co m p are d  t o  b i t u m e n .
4 . 1 . 3  Opt i m i s a t i o n  o f  mix v a r i a b l e s  i n  t a r  s u r f a c i n g  m l x e s_

i n  d e s i g n i n g  t a r - b o u n d  m i x e s ,  a s  w i t h  a l l  b i t u m i n o u s  m i x e s ,  an  op t imum 

b a l a n c e  o f  mix c o n s t i t u e n t s  i s  s o u g h t  t o  g e t  t h e  b e s t  f i t  o f  a l l  t h e  mix 

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

i m p o r t a n c e .  I n  a  p a r t i c u l a r  ex a m o l e  a t a r - b o u n d  m ix  o v e r l a y  was

s r  z — s cr r r  -
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d e s i g n e d  f o r  a p a r t i c u l a r  c a s e  w h e r e  i t  was n e c e s s a r y  t o  make an 

a p p r e c i a b l e  s a v i n g  en c o n s t r u c t i o n  c o s t s  co m pared  t o  t h e  a l t e r n a t i v e  

a s p h a l t  m ix .  F o r  t h i s  r e a s o n  i t  was d e c i d e d  t h a t  t h e  t a r  c o n t e n t  m u s t  

n o t  e x c e e d  7 p e r  c e n t  by  m a s s  o f  t h e  m ix .

A s e m i - g a p - g r a d e d  mix was  c o n s i d e r e d  a p p r o p r i a t e  an d  t o  m i n i m i s e  

t h e  a i r  p e r m e a b i l i t y  i t  was  h o ped  t o  o b t a i n  v o i d s  ( M a r s h a l l  t e s t  

s p e c i m e n s  ) i n  t h e  2 - 6  p e r  c e n t  r a n g e  and a l s o  s a t i s f y  t h e  o t h e r  mix 

c r i t e r i a  w h ic h  a r e  b a s e d  o n  t h e  M a r s h a l l  m e t h o d .  C r i t e r i a  f o r  g a p - g r a d e d  

and  s e m i - g a p - g r a d e d  a s p h a l t  m i x e s  a r c  g i v e n  i n  " T e c h n i c a l  R eco m m enda t ions  

f o r  Highways(TRH) N o . 8 " ( N a t i o n a l  I n s t i t u t e  f o r  T r a n s p o r t  and Road 

R e s e a r c h ,  1976 ) a s  shown i n  T a b l e  4 - 1 .

TABLE 4 - 1

MARSHALL DESIGN CRITERIA FOR GAP-GRADED AND SEMI-GAP-GRADED ASPHALT 

(FROM TRH 8 NATIONAL INSTITUTE FOR TRANSPORT AND ROAD RESEARCH, 1 9 7 6 )

No. o f  c o m p a c t i o n  b l o w s  

e a c h  end o f  s p e c im e n

--------  1

75

Min Max
S t a b i l i t y  ( a t  60"C) (kN) 3 . 0 1 2 , 5

F low (mm) 2 , 0 6 , 0

S t a b i l i t y / f l o w  (kN/mn) 1 , 5 -

V o i d s  ( p e r  c e n t ) 2 , 0 1 2 , 0
2

A i r  p e r m e a b i l i t y  (cm ) -

CD1OX•H

F i l m  t h i c k n e s s  (pm) 5 , 0 -

I m m e rs io n  i n d e x  (%) 75 -

F i l l e r / b i t u m e n  r a t i o i . o .............1 , 3 . .................

I n  o r d e r  t o  s a t i s f y  t h e  minimum f i l l e r  c o n t e n t  r e q u i r e m e n t s  t h e  

s a n d  f r a c t i o n  c o n s i s t e d  o f  a l o c a l  r i v e r  s a n d  b l e n d e d  w i t h  c r u s h e r  

f i n e s  i n  p r o p o r t i o n s  o f  40 t o  60 .

A f u l l  M a r s h a l l  d e s i g n  p r o c e d u r e  was c a r r i e d  o u t  on  t h i s  mix 

and v a l u e s  a t  6 and 7 p e r  c e n t  t a r  c o n t e n t  t o g e t h e r  w i t h  c r i t e r i a  

recom mended f o r  t a r  m i x e s  a r e  g i v e n  i n  T a b l e  4 - 2 .



TABUS ' 1 - 2

MARSHALL PHOinSKTIES OK A JiKMI-CAI'-Cl^vDtSD TAR MIX AT THE 6 PER CENT 

AND 7 PER CENT TAR-CONTENT LEVEL

The mix containing six per cent tar fails the requirements of low 
air voids and the film thickness is on the minimum limit. Although the 
seven per cent tar content mix complies better with the design criteria, 
the voids are still high and as in this case the tender document allowed 
in-situ densities to be as low as 92 per cent of the theoretical maximum 
this could mean that the initial pavement voids of this mix could be 
as high as 9,1 per cent. (The stability, density and voids measurements 
are given in full in Appendix M). As a rerult it was considered necessary 
to change the mix slightly to reduce the Marshall voids to below 5 per 
cent.

Two methods of reducing the voids were investigated:
(1) Adding more filler to the 60/40 crusher fines/natural sand 

blend,
(2) Increasing the proportion of crusher sand in the fine 

aggregate fraction.
Method 1 Sufficient cement filler was added to give a total filler/tar
mass ratio of 1,64/1. (This is the approximate volumetric equivalent 
of the 2/1 filler/bitumen ratio recommended by Duthie, 1975).
Method 2 The fine aggregate proportions were changed from 60/40 to 
75/25 (crusher fines/natural sand) without changing the proportion of 
coarse to fine aggregate.

Marshall tests were carried out on these mixes and results of tests 
on specimens ranging in tar content from five to eight per cent are given 
in Figure 4 - 7 .

Mix property 6 per cent 7 per cent
Suggested 
1imits 

min. max.
Stability at 60 °C (kN) 4 , 5 6,0 3,5 8,0
Flow at 60 °C (mm) 1,6 1,4 2,0 5,0
Stability/flow 2,8 4,2 1,5 -

Air voids (per cent) 0,3 6,2 2,0 6,0
Film thickness (nm) 5 , 0 6,0 5,0 -
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At t h e  7 p e r  c e n t  t a r  c o n t e n t  l e v e l  b o t h  m e t h o d s  h a v e  a c h i e v e d  

t h e  o b j e c t  o f  r e d u c i n g  t h e  v o i d s  t o  w e l l  w i t h i n  t h e  op t imum  r a n g e .

However ,  t h e  s e c o n d  m e th o d  i s  p r e f e r a b l e  t o  t h e  f i r s t  i n  v i e w  o f  

t h e  g r e a t e r  f i l m  t h i c k n e s s  an d  t h e  f a c t  t h a t  a t  t h e  s e v e n  p e r  c e n t  

b i n d e r  c o n t e n t  l e v e l  t h e  s t a b i l i t y  v e r s u s  b i n d e r  c o n t e n t  an d  s t a b i l i t y  /  

f l o w  c u r v e s  a r e  s t i l l  r i s i n g  w h e r e a s  w i t h  m e t h o d  1 t h e  c u r v e s  .have 

p a s s e d  t h e  maximum .

A i r  p e r m e a b i l i t y  m e a s u r e m e n t s  w e re  c a r r i e d  o u t  on t h e s e  M a r s h a l l  

s p e c i m e n s  u s i n g  an a p p a r a t u s  ( A s p h a l t  P a v i n g  M e t e r  Model  A P-400A) 

f i r s t  d e v e l o p e d  by K a r i  a n d  S a n t u c c i ,  ( 1 9 6 3 ) .  T h e s e  r e s u l t s  a r e  

g i v e n  i n  F i g u r e  4 - 8  and  show t h a t  a t  t h e  s e v e n  p e r  c e n t  t a r  c o n t e n t  

l e v e l  b o t h  m i x e s  a r e  v e r y  i m p e r m e a b l e .

4 . 1 . 4  T e n s i l e  s t r e n g t h  o f  t a r  m i x e s  

The t e n s i l e  s t r e n g t h  o f  a p a v e m e n t  l a y e r  h a s  a s i g n i f i c a n t  e f f e c t  

upon i t s  p e r f o r m a n c e .  Moore  an d  Kennedy (1972)  d e v e l o p e d  a r e p e a t e d  

l o a d  t e s t  (1 c y c l e  p e r  s e c o n d )  u s i n g  t h e  p r i n c i p l e  o f  t h e  i n d i r e c t  

t e n s i l e  t e s t  by m eans  o f  w h i c h  t h e y  s t u d i e d  c o r r e l a t i o n s  b e t w e e n
*

f a t i g u e  l i f e  a n d  o t h e r  p r o p e r t i e s  s u c h  a s  t h e  s t r e s s - s t r e n g t h  r a t i o  

and t h e  e l a s t i c  m o d u l u s  A c c o r d i n g  t o  t h e i r  d a t a  t h e  f a t i g u e  l i f e  

o f  a mix  u n d e r  c o n d i t i o n s  o f  r e p e a t e d  a p p l i c a t i o n s  o f  a c o n s t a n t  

s t r e s s  i n c r e a s e s  w i t h  i n c r e a s i n g  t e n s i l e  s t r e n g t h ,  a s  d e t e r m i n e d  by 

t h e  s t a t i c  m e th o d .

T h e  i n d i r e c t  t e n s i l e  t e s t  o r  B r a z i l i a n  t e s t  ( H u d s o n  a n d  K e n n e d y ,

1968) i n v o l v e s  l o a d i n g  a  c y l i n d r i c a l  s p e c im e n  w i t h  c o m p r e s s i v e  l o a d s  

w h ic h  a c t  a l o n g  two o p p o s i n g  g e n e r a t o r s .  T h i s  l o a d i n g  c o n f i g u r a t i o n  

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

d i r e c t i o n  o f  t h e  a p p l i e d  l o a d  an d  a l o n g  t h e  v e r t i c a l  d i a m e t r i c a l  

p l a n e .  When t h i s  t e n s i l e  s t r e s s  e x c e e d s  t h e  t e n s i l e  s t r e n g t h  o f  t h e  

m a t e r i a l ,  f a i l u r e  o c c u r s ,  u s u a l l y  by s p l i t t i n g  a l o n g  t h e  l o a d e d  p l a n e ,  

an d  t h e  t e n s i l e  s t r e n g t h  i s  r e l a t e d  t o  t h e  maximum a p p l i e d  l o a d .  The 

t e s t  s p e c i m e n s  u s e d  a r e  c o m p a c t e d  M a r s h a l l  b r i q u e t t e s  an d  t h e  t e s t  1* 

c a r r i e d  o u t  i n  t h e  M a r s h a l l  t e s t  h e a d .  A lum in iu m  b l o c k s  2 5 , 4  mm 

w id e  w i t h  a r a d i u s  o f  c u r v a t u r e  o f  5 0 , 0  mm a r e  u s e d  f o r  t h e  a p p l i c a t i o n  

o f  t h e  l o a d  and r a t e  o f  l o a d i n g  i s  5 0 , 8  mm p e r  m i n u t e .

* A c c o r d i n g  t o  Moore an d  Kennedy  l o g  N -  9 , 7 9 3  -  4 , 6 8  l o g  (R^ ■ 0 , 7 6 )
' S f

w h e r e  N •  number  o f  l o a d  a p p l i c a t i o n s  t o  f a i l u r e  0 ^  -  i n d i r e c t  t e n s i l e  
s t r e s s  F ( p . s . i . )  an d  * i n d i r e c t  t e n s i l e  s t r e n g t h  o b t a i n e d  f rom t h e  
s t a t i c  t e s t .
** Log Np •  1 , 1 8 5  + 0 , 6 1 1 E  ) a t  32 P S I s t r e s s  l e v e l  w h e r e  E -  e l a s t i c  
m o d u l u s .
+ At  2 5 eC a 6 0 / 7 0  P e n .  B i tu m e n  h a s  a s i m i l a r  v i s c o s i t y  t o  a 6 0 -6 5 ° C  E v t  t a r .
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Static indirect tensile t e s t s  h a v e  b e e n  carried out on continuously 
graded mixes (as recommended for baaecourses) and on semi-gap-graded 
mixes (as suggested for surface mixes). Four types of binder were used 
with each aggregate grading. These were:

( i )  6 0 -6 5 ° C  E v t  PVC u n m o d i f i e d  c o k e - o v e n  t a r

( i i )  6 0 - 6 5 ° C  E v t  u n m o d i f i e d  c o k e - o v e n  t a r

( i i i )  4 5 - 5 0 ° C  E v t  u n m o d i f i e d  c o k e - o v e n  t a r

( i v )  6 0 / 7 0  P e n .  b i t u m e n  ( V i s c o s i t y  a t  25°C e q u a l  t o  6 0 -6 5 " C  E v t  t a r )  

I n d i r e c t  t e n s i l e  s t r e n g t h s  w e r e  d e t e r m i n e d  mt 2 0 ,  30 and 4 0 eC and

e a c h  v a l u e  o b t a i n e d  was t h e  mean o f  t h r e e  d e t e r m i n a t i o n s .  The r e s u l t s  

g i v e n  by m i x e s  w i t h  a b o u t  opt imum  b i n d e r  c o n t e n t  w h i c h  c o r r e s p o n d s  t o  

an  e q u i v a l e n t  vo lume o f  e a c h  t y p e  o f  b i n d e r , ( i . e .  6 p e r  c e n t  by mass  

t a r  m i x e s  an d  5 p e r  c e n t  by m ass  b i t u m e n  m i x e s )  a r e  g i v e n  i n  F i g u r e  4 - 9 .  

( F u l l  r e s u l t s  a r e  g i v e n  i n  A p p e n d ix  M, T a b l e s  1 t o  1 1 1 . )

With each type of binder used the semi-gap-grading of the aggregate 
gave higher indirect tensile strengths thaa the continuous aggregate 
grading. Thus, because of the Moorc-Kennedy correlation between fatigue
l i f e  and indirect tensile strength the fatigue life of the semi-gap-graded 
mixes would be expected to be superior to that of the continuously 
graded mixes under constant stress conditions. It is well recognised 
that in basecourses supporting a significant proportion of the applied 
load, or pavement thickness greater than 150 mm, the load application 
c o r r e s p o n d s  approximately to repeated applications of a constant stress 
(Monismith, 1 9 6 6 ) .

The r e s u l t s  o f  t h i s  s t u d y  a l s o  s u g g e s t  t h a t  i f  f a t i g u e  l i f e  i s  t h e  

m o s t  i m p o r t a n t  p a r a m e t e r  f o r  b a s e c o u r s e s  t h e n  t a r  may be  a m o re  s u i t a b l e  

b i n d e r  chan  b i t u m e n  f o r  b a s e c o u r s e  m i x e s .  P l o t s  o f  i n d i r e c t  t e n s i l e  

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

F i g u r e  4 - 1 0  a n d  a s i m i l a r  p l o t  f o r  s e m i - g a p - g r a d e d  m i x e s  i s  shown i n  

F i g u r e  4 - 1 1 .  Th e t a r  m i x e s  e x h i b i t  a  g r e a t e r  c h a n g e  in  i n d i r e c t  

t e n s i l e  s t r e n g t h  w i t h  c h a n g e  in  t e m p e r a t u r e  t h a n  b i t u m e n - b o u n d  m ix e s  

an d  t h i s  may be  r e l a t e d  t o  t h e  g r e a t e r  t e m p e r a t u r e  s u s c e p t i b i l i t y  o f  t h e  

t a r s .  Th e t a r  m i x e s  h a v e  g r e a t e s t  s t r e n g t h  a t  low t e m p e r a t u r e s  and t h i s  

i s  f u r t h e r  i n c r e a s e d  by t h e  u s e  o f  h i g h - v i s c o s i t y  t a r .  Th e r e s u l t s  o f  

t h e  i n d i r e c t  t e n s i l e  t e s t s  i m p ly  t h a t  t a r - b o u n d  m i x e s  w i l l  Ijc s t i f f e r  t h a n  

b i t u m e n - b o u n d  m i x e s  (w h e re  t h e  b i t u m e n  i s  o f  s i m i l a r  v i s c o s i t y  a t  25 C) 

w h i c h  w i l l  lead t o  l o w e r  l e v e l s  o f  s t r a i n  an d  h e n c e  l o n g e r  f a t i g u e  

l i v e s  u n d e r  t h e  c o n s t a n t  s t r e s s  c o n d i t i o n s  o c c u r r i n g  i n  b a s e c o u r s e  

l a y e r s .
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