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4 . 1 . 5  E l a s t i c  m o d u l u s  o f  t a r  m i x e s

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

a  p a v e m e n t  l e s s  t h a n  50 mm t h i c k  u n d e r  t r a f f i c  a p p r o x i m a t e s  t o  s t r a i n -  

c o n t r o l l e d  r e p e a t e d - l o a d  c o n d i t i o n s ,  ( M o n i s m i t h ,  1 9 6 6 ) .  Hence  

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

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

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

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

t h e  f a c t  t h a t ,  a s  d e m o n s t r a t e d  by D a i n e s  ( 1 9 7 2 ) ,  f o r  s i m i l a r  v i s c o s i t i e s ,  

a t  2 5 eC, t a r  h a s  a h i g h e r  s t i f f n e s s  t h a n  b i t u m e n  a t  r a t e s  o f  l o a d i n g  

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

may be  g r e a t l y  i n c r e a s e d  i n  s e r v i c e  b e c a u s e  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 .

M e a s u r e m e n t s  h a v e  b e e n  made o f  t h e  e l a s t i c  m o d u l i  o f  t h e  m i x e s  whose  

s t r e n g t h  p r o p e r t i e s  w e re  d e s c r i b e d  i n  s e c t i o n  4 . 1 . 4 .  T h e s e  may be  

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

( M c n i s m i t h ,  1969)  an d  h e n c e  u s e d  t o  c o m p ar e  t h e  s t i f f n e s s e s  o f  t h e  m i x e s  

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

The m o d u l i  m e a s u r e m e n t s  w e r e  d e t e r m i n e d  on M a r s h a l l  b r i q u e t t e  

s p e c i m e n s  by an u l t r a s o n i c  m e th o d  , d e s c r i b e d  by  Fre eme  ( 1 9 7 4 b ) , a t  a 

f r e q u e n c y  o f  150 k c / S .  Th e m e a s u r e m e n t s  w e r e  t a k e n  i n  t h e  d i r e c t i o n  o f  

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

a n i s o t r o p y  o f  t h e  m a t e r i a l )  an d  t h e  t e m p e r a t u r e s  u s e d  w e r e  1 0 ,  2 0 ,  30 

a n d  40"C a s  shown i n  A p p e n d ix  M ( T a b l e s  IV an d  V j .

M ixes  o f  t h e  s e m i - g a p - g r a d e d  t y p e  g e n e r a l l y  h a d  l o w e r  s t i f f n e s s e s  t h a n  

c o n t i n u o u s l y  g r a d e d  m i x e s . V a l u e s  g i v e n  by m i x e s  c o n t a i n i n g  e q u i v a l e n t  

v o lu m e s  o f  b i n d e r  ( 5 p e r  c e n t , b y  m a s s ,  b i t u m e n  m i x e s  an d  6 p e r  c e n t  t a r  

an d  P V C / t a r  m i x e s  a r e  thown i n  F i g u r e  4 -  1 2 . ) .  T h i s  f i n d i n g  i s  a l s o  

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

The v e l o c i t i e s  o f  s o n i c  w a v es  a r e  r e l a t e d  t o  t h e  e l a s t i c  m o d u l i  o f  t h e  
m e d i a  by :  F -  pCZ (whe ro  E ■ e l a s t i c  m o d u l u s , C  "  wave v e l o c i t y  , and 
p  m  d e n s i t y .

The s p e c i m e n  i s  c o n n e c t e d  t o  a  r e c e i v e r  s i t u a t e d  d i r e c t l y  o p p o s i t e  e a c h  
o t h e r  on  e i t h e r  s i d e  o f  t h e  s p e c im e n .  An u l t r a s o n i c  p u l  no i n  p r o p a g a t e d  
t h r o u g h  t h e  m a t e r i a l  and s i m u l t a n e o u s l y  t h e  t i m e  b a s e  of: an  o s c i l l o s c o p e  
i s  t r i g g e r e d .  Dy o b s e r v i n g ,  on t h e  s c r e e n ,  t h e  t r a n s m i t t e d  a n d  r e c e i v e d  
s i g n a l  i n  r e l a t i o n  t o  t h e  z e r o  o f  t h e  t i m e  b a s e  t h e  t r a v e l  t i m e  o f  t h e  
w aves  i s  d e t e r m i n e d .  The v e l o c i t y  i s  c a l c u l a t e d  f r om  t h e  t r a v e l  t i m e  
a n d  t h i c k n e s s  o f  t h e  s p e c i m e n .
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bo und  m i x e s  w h ic h  showed  t h a t  u n d e r  c o n s t a n t  s t r a i n  c o n d i t i o n s  g e p -  

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

(F re em e,  1 9 7 1 ) .

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

m ix es  way be  a d v a n t a g e o u s  i n  p a r t i a l l y  o f f s e t t i n g  t h e  r e l a t i v e l y  h i g h  

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

by  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  i s  shown i n  F i g u r e  4 -  U  and  on t h e  

r e s u l t s  g i v e n  by t h e  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 -  14 .

The b i t u m e n - b o u n d  m i x e s  h a v e  t h e  l o w e s t  m o d u l i  i n  b o t h  mix t y p e s  w h ich  

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

c o u r s e s .  T h i s  i s  i n  a c c o r d a n c e  w i t h  t h e  r e s u l t s  g i v e n  by F e l l  and Brown

( 1 Q72) ( F i g u r e  4 - 2  ) .

The s t i f f n e s s  o f  t a r  m i x e s  may be r e d u c e d  by c h a n g i n g  t h e  mix c o n s t i t u e n t s .

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

maximum s t o n e  s i z e  ( 1 3 , 2  mm ) had s t i f f n e s s e s  , o v e r  t h e  t e m p e r a t u r e  r a n g e  

- 1 0 eC t o  +40"C w h i c h  w e re  v i r t u a l l y  i n d e p e n d e n t  o f  t h e  t y p e  o f  b i n d e r ,  

a s  shown i n  F i g u r e  4 -  15 . (T h e s e  m i x e s  w e r e  u s e d  i n  an  e x p e r i m e n t  

a t  B o k s b u rg  ( s e e  s e c t i o n  4 . 1 . 6 ) .  ) I t  w o u ld  be e x p e c t e d  t h a t  m i x e s  

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

made w i t h  h i g h - v i s c o s i t y  t a r s ,  t h o u g h  t h i s  i s  n o t  c o n f i r m e d  by t h e  d a t a

i n  F i g u r e s  4 - 1 3  a n d  4 - 1 4 .  The a d d i t i o n  o f  P'vu d o e s  n o t  a p p e a r  t o

h av e  an y  e f f e c t  upon  t h e  m o d u l u s .  F reem e  ( 1 9 7 4 a )  h a s  s u g g e s t e d  

t h a t  f u r t h e r  r e d u c t i o n  i n  s t i f f n e s s  may be g a i n e d  by u s i n g  m i x e s  w h ic h  

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

4 . 1 . 6  W e a t h e r i n g p r o p e r t i e s ;  t h e  B o k s b u r g  e x p e r i m e n t

The c o n c l u s i o n s  drawn f rom  t h e  d e t e r m i n a t i o n s  o f  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  an d  e l a s t i c  m o d u lu s  a p p l y  o n l y  t o  f r e s h l y  p r e p a r e d  m i x e s  a s  

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

b i n d e r  h a s  o c c u r r e d .

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

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

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

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

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

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

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

an d  s u r f a c e  s t r a i n s  a r e  low.

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

* D e t e r m i n e d  on an  a p p a r a t u s  d e s c r i b e d  oy F r e e m e  a n d  M a r a i s ,  ( 1 9 7 4 ) .
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h a v e  p e r f o r m e d  b a d l y .  However ,  i n  1968 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  

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

r o u t e  12 n e a r  Umbmnbulu.  Some s e c t i o n s  w h e re  a  d e n s e  s e m i - g a p - g r a d e d  

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

t h a t  t h e  t a r g e t  " b r e a k - e v e n "  l i f e  o f  a  t a r - b o u n d  s u r f a c e  mix  (12 y e a r s )  

may be  a c h i e v e d  i f  a l l  t h e  c o n d i t i o n s  a r e  o p t i m i s e d .

To i n v e s t i g a t e  t h e  w e a t h e r i n g  o f  t a r  i n  a  s u r f a c e  c o u r s e  f u l l - s c a l e  

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

on  f a ld w y n  Road,  B o k a b u r g ,  i n  M ay - Ju n e  1974 .

4 . 1 . 6 . 1  Co n s t r u c t i o n  o f  t h e  e x p e r i m e n t a l  s u r f a c i n g s

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

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

c o n t i n u o u s l y  g r a d e d  m ix  h a v i n g  a  maximum s t o n e  s i z e  o f  1 3 , 2  mm, and 

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

F i v e  b i n d e r s  w e r e  u s e d :  a 55°C E v t  P V C - m o d i f l e d  c o k e - o v e n  t a r , a 

46*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 ,  a 55°C E v t  L u r g i  t a r ,  a 1 5 0 / 2 0 0  

Pen .  b i t u m e n ,  an d  a 1 5 0 / 2 0 0  Pen .  " c r a c k e d "  b i t u m e n * .  F o r  e a c h  b i n d e r  

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

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

t o  2 4 an d  6 p e r  c e n t  r e s p e c t i v e l y .  Hence f i f t e e n  e x p e r i m e n t a l  s e c t i o n s  

w e re  c o n s t r u c t e d  ( t h e s e  w e r e  100 m ( l e n g t h )  x 8 m ( w i d t h )  a p p r o x i m a t e l y ) . 

and t h e s e  a r e  r e p r e s e n t e d  g r a p h i c a l l y  i n  F i g u r e  4 -  1 6 .  The s u r f a c e  

c o u r s e  h ad  an a v e r a g e  t h i c k n e s s  o f  35 mm. ( F u l l  d e t a i l s  o f  t h e  mix t y p e ,  

b i n d e r  p r o p e r t i e s ,  s a m p l i n g  p r o c e d u r e s  an d  m e a s u r e m e n t s  t a k e n  d u r i n g  and 

s u b s e q u e n t  t o  t h e  c o n s t r u c t i o n  a r e  g i v e n  i n  A p p e n d ix  K . ) .

I t  t u r n e d  o u t  t h a t  t h e  m i x e s  w e r e  g e n e r a l l y  s h o r t  o f  f i l l e r , a s  shown 

i n  F i g u r e  4 -  1 7 ,  and  w e r e  a l s o  low i n  s t a b i l i t y .  D e s p i t e  t h e  f i l l e r  

s h o r t a g e  t e s t s  on  s a m p l e  c o r e s  r e v e a l e d  t h a t  t h e  v o i d s  c o n t e n t s  w e re  low.  

C o r e s  e x t r a c t e d  a f t e r  o n e  y e a r  h ad  l o w e r  v o i d s  c o n t e n t s  t h a n  c o r r e s p o n d i n g  

c o r e s  e x t r a c t e d  a f t e r  o n e  month  w h ic h  s u g g e s t s  t h a t  b e c a u s e  o f  t h e  

low v i s c o s i t y  o f  t h e  b i n d e r s  t h e  v o i d s  had  c l o s e d  up u n d e r  t r a f f i c .  

M e a s u re m e n t s  on c o r e *  r e c o v e r e d  a f t e r  two y e a r s  i n  s e r v i c e  r e v e a l e d  no 

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

* T h ie  t y p e  o f  b i t u m e n  i s  a  r e s i d u e  f rom a p r o c e s s  i n  w h i c h  h e a v y  o i l s  
a r e  t h e r m a l l y  t r e a t e d  an  t h a t  l a r g e  h y d r o c a r b o n  m o l e c u l e s  b r e a k  down 
t o  g i v e  s m a l l  m o l e c u l e s  t h a t  c o n s t i t u t e  g o s o l i n e  f r a c t i o n s .
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These results which are shown in Table 4 - 3  are the means of v a l u e s  

obtained on eight cores per section.
TABLE 4 - 3

VOIDS CONTENTS OF MIXES USED IN THE BOKSBURG EXPERIMENT 
AFTER VARIOUS PERIODS OF SERVICE:

MIXES CONTAINING OPTIMUM BINDER CONTENTS

S e c t i o n
No.

B i n d e r  t y p e Voids c o n t e n t  o f m ix ea*

1 month 1 y e a r 2 y e a r s

2 C o k e - o v e n  t a r 9 , 5 ( 0 , 9 ) 2 , 2 ( 0 , 1 ) 4 , 6 ( 0 , 9 )
5 L u r g i  t a r 4 , 4 ( 0 , 4 ) 4 , 8 ( 0 , 6 ) 4 , 0 ( 1 , 5 )
8 P V C / t a r 5 , 4 ( 0 , 6 ) 3 , 0 ( 0 , 2 ) 4 , 4 ( 1 , 5 )

11 Bi tum en 3 , 3 ( 0 , 1 ) 2 , 4 ( 0 , 0 4 ) 2 , 7 ( 0 , 7 )
14' " C r a c k e d "

Bi tum en 5 , 8 ( 0 , 4 ) 1 , 4 ( 0 , 2 ) 5 , 5 ( 2 , ? )

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

o n  e i g h t  c o r e s .

The c o k e - o v e n  t a r  s e c t i o n s  became v e r y  " f a t t y  " a few m o n t h s  a f t e r  

c o n s t r u c t i o n .  I n  t h e s e  s e c t i o n s ,  w h e re  t h e  b i n d e r  v i s c o s i t y  was  l o w er  

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

t o  t h e  s u r f a c e .  S i x  c o r e s  w e r e  t a k e n  from t h e  s u r f a c e  o f  s e c t i o n  3 an d  

e a c h  was c u t  i n t o  an  u p p e r , m i d d l e  and  l o w e r  l a y e i  w j t n  a  d i a m o n d  saw,  

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

l a y e r ,  T h e s e  r e s u l t s  a r e  shown i n  T a b l e  4 - 4 .

TABLE 4 - 4

RESULTS OF VOIDS AND BINDER CONTENT DETERMINATIONS C"

CORES TAKEN FROM SECTION 3 (UNMODIFIED COKE-OVEN TAR MIX)

BOKSBURG EXPERIMENT

C o re  No. 1 2 3 4 5 6

Upper  l a y e r  V o i d s  p e r  c e n t 2 ,4

9 , 8

3 , 5

8 , 4

2 , 9

1 2 , 3

2 , 6

9 , 8

2 , 8

9 , 9

3 , 8

9 . 8B i n d e r  c o n t e n t  %

M id d le  l a y e r  V o i d s  p e r  c e n t 6 , 4

5 , 5

X5?
Tr*

.

7 , 6

5 , 1

9 ,8

5 ,1

7 , 7

5 , 2

o
ut oB i n d e r  c o n t e n t  %

Lower l a y e r  V o i d s  p e r  c m t 6 , 1

3 , 9

7 , 5

3 , 8

- -  _J

3 , 3

4 , 7

L  -

12 ,1

4 , 3

6 , 3

5 , 1

9 , 8

3 , 7B i n d e r  c o n t e n t  t
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The upper layer of each core contained less voids and more b i n d e r  

than the middle and lower layers. Thus an upward migration of the b i n d e r  

u n d e r  the action of traffic appears to have taken place.

4 . 1 . 6 . 2  H a r d e n i ng o f  t h e  b i n d e r  an d  c h a n g e i n  mix s t i f f n e s s  

i n  s e r v i c e

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

f o u r  m o n t h s ,  o n e  y e a r  and two y e a r s  i n  s e r v i c e  a c c o r d i n g  t o  t h e  RRL 

s y s t e m  d e s c r i b e d  i n  P a r t  3,  C h a p t e r  1 .  In  a d d i t i o n  t h e  " f a t t i n e s s "  

was a s s e s s e d  on a f i v e  p o i n t  s c a l e .  Ae b e f o r e  t h e  a s s e s s m e n t s  w e re  

made by  a p a n e l  o f  e x p e r i e n c e d  r o a d  e n g i n e e r s  a n u  a v e r a g e  a s s e s s m e n t s  

a r e  g iv e r ,  i n  T a b l e  4 - 5 .

The s e c t i o n s  c o n t a i n i n g  t h e  opt imum b i n d e r  c o n t e n t s  ( s e c t i o n s  2 ,  5

8 ,  11 an d  15) w e re  s e l e c t e d  f o r  a c l o s e  s t u d y  o f  c h a n g e  i n  mix

p r o p e r t i e s  an d  b i n d e r  h a r d n e s s  m o n i t o r i n g  t e s t s .  To d a t e  m e a s u r e m e n t s  

h a v e  b e e n  t a k e n  a f t e r  o n e  m o n th ,  o n e  y e a r  an d  two y e a r s  i n  s e r v i c e .

The b i n d e r s  w e r e  r e c o v e r e d  f rom e i g h t  c o r e s  t a k e n  f rom e a c h  s e c t i o n  

u s i n g  t h a  h o t  c e n ^ i f u g e  m e th o d .  The E v t  o f  t h e  e x t r a c t e d  b i n d e r s  

was d e t e r m i n e d  by t h e  t r o u g h  v i s c o m e t e r  and a  c o r r e c t i o n  was  made 

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

A p p e n d ix  N.

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

y e a r  o f  s e r v i c e  was much s m a l l e r  t h a n  w ould  h a v e  b e e n  e x p e c t e d  i f  t h e s e

b i n d e r s  h ad  b e e n  u s e d  i n  s i n g l e - s u r f a c e  t r e a t m e n t s  ( t h e  c h a n g e  i n  E v t  o f

t h e  b i n d e r s  i n  s i n g l e - s u r f a c e  t r e a t m e n t s  was e s t i m a t e d  f r o m  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  r e s u l t s ,  A p p e n d ix  K, T a b l e  X X I) . T h i s  i s  shown i n  

F i g u r e  4 - 1 8 .

A f t e r  two y e a r s  t h e  h a r d e n i n g  o f  t h e  P V C / t a r  was s i m i l a r  t o  t h e  

h a r d e n i n g  o f  t h e  1 5 0 /2 0 0  P en .  b i t u m e n .  Wi th  t h e  e x c e p t i o n  o f  t h e  L u r g i  

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

p e r i o d .  I n  p a r t i c u l a r  t h a  u n m o d i f i e d  an d  P V C -t nod if i ed  c o k e - o v e n  t a r s  

h a v e  shown o n l y  a  v e r y  s m a l l  i n c r e a s e .  A f t e r  two y e a r s  t h e  L u r g i  t a r  

had  h a r d e n e d  c o n s i d e r a b l y  an d  s e p a r a t e d  i n t o  two p h a s e s  w h i c h  made 

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

A f t e r  o n e  month  i n  s e r v i c e  c o r e s  w e r e  t a k e n  f rom e a c h  o f  t h e  f i f t e e n  

s e c t i o n s  an d  E v t  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  o n  t h e  r e c o v e r e d  b i n d e r s .

The r e s u l t s  ( T a b le  4 - 6 )  show t h a t  t h e  E v t  o f  e a c h  b i n d e r  was  u n a f f e c t e d  

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



CH
AN

GE
 

IN 
EV
T 

(°
C)

COKE-OVEN TAR
20

15

10

LURGI TAR

ESTIMATED 
CHANGE IN EVT 

> AFTER ONE YEAR 
IN A SINGLE-SURFACE 
TREATMENT

PVC /  TAR

■ ■ ^ ^ L ^ t u m e n

PVC / TAR

HARDENING 
IN BOKSRURG 
SURFACE 
MIXES

j— I MONTH----------------------
INCLUDING CHANGE 
DURING MIX PREPARATION

■TIME ——  I YEAR 2 YEARSj

FIGURE 4-18  

CHANGE IN EVT Or BINDERS RECOVERED FROM THE ROAD



TABLE 4 - 5

AVERAGE ASSESSMENT OF PERFORMANCE AFTER 4 MONTHS, 

ONE YEAR AND TWO YEARS IN SERVICE

S e c t . B i n d e r B i n d e r A s s e s s m e n t r a t i n g * *
No. t y p e c o n t e n t 4 m o n th s 1 y e a r 2 y e a r s

1 C o k e - o v e n
t a r 5 , 9 G+ F ►

EB

FG+ ( 4 )

WB

G+ (3)
2 C o k e -o v e n

t a r 6 , 6 P+/F+ P
¥ G+ (5) G4 (4)

3 C o k e - o v e n
t a r 6 , 4

Pt
P f G+141 Gt ( 4 )

4 L u r g i  t a r 6 , 1 G_ G-V FV G+v(2) G* ( l )

5 L u r g i  t a r 6 , 4 VG VG Gt  (2) G+ ( l )

6 L u r g i  t a r 5 , 8 VG VG
- EB -

G+ (2) G>(1 )

7 P V C / t a r 5 , 7 VG
G+ ( l>

VG
G* ( l )

VG

8 P V C / t a r 5 , 8 VG FGM2>
VG G+ ( 2 ) VG

9 P V C / t a r 5 , 3 VG G+ ( l ) VG G+ ( l )
VG

10 Bi tu m en 5 , 4 VG G+ ( l ) VG G+ ( l ) VG

11 B i tu m en 6 , 2 VG KC+<2) G+ ( l ) G* ( 2 )
VG

12 B i tu m en 6 , 1 VG ° 4 - U > G+ ( l ) G»(2 ) G+ ( l )

13 " C r a c k e d "

B i tu m en 5 , 2 VG
G+ ( l )

VG Gt  (2) VG

14 " C r a c k e d "

B i tu m en 5 , 9 VG G+ ( l )
VG G+ (2) VG

15 " C r a c k e d "

B i tu m en
L

6 , 4 VG FG+(3) G+ ( l ) G+ (3 ) G+ ( l )

• F o r  an  e x p l a n a t i o n  o f  t h e  s y m b o l s  s e e  P a r t  3 C h a p t e r  1
+ F i g u r e s  In  p a r e n t h e s e s  i n d i c a t e  t h e  d e g r e e  o f  f a t t i n g  on a f i v e  p o i n t  

s c a l e ;  (1) s l i g h t  t o  (5) v e r y  b a d



TABLE 4 - 6

EVT OF BIDDERS RECOVERED FROM EACH SECTION OF THE 
BOKSBURG EXPERIMENT AFTER ONE MONTH'S SERVICE

S e c t i o n
No.

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

mix  h

No. o f  
c o r e s

Mean E v t  o f
r e c o v e r e d
b i n d e r

1 C o k e - o v e n  t a r 5 , 9 2 5 2 , 9

2 II II ** 6 , 6 8 5 0 , 8

3 II II H 6 , 4 2 5 0 , 2

4 L u r g i  t a r 6 , 1 2 6 7 , 0

5 6 , 4 8 6 3 , 6

6 5 , 8 2 6 4 , 5

7 P V C / t a r 5 , 7 2 6 4 . 6

8 5 , 8 8 6 2 , 9

9 5 , 3 2 6 4 , 0

10 B i tu m en 5 , 4 2 7 1 , 0

11 1# 6 , 2 8 6 9 , 4

12 M 6 , 1 .7 6 9 , 0

13 t r a c k e d *  b i t u m e n 5 , 2 2 6 2 , 3

14 *1 M 5 , 9 8 6 2 , 7

15 # *1 6 , 4 2 6 2 , 0

The low i n c r e a s e  i n  E v t  o f  t h e  t a r  b i d d e r s  i n  t h e  f i r e t  year 
o f  s e r v i c e  may b e  a s c r i b e d  p a r t l y  t o  t h e i r  l o w - v o l a t i l e  c h a ra c te r is t ic s .  
However ,  t h e  r e s u l t *  o f  an  i n v e s t i g a t i o n  o n  o t h e r  t a r  surfacing* 
c o n s t r u c t e d  in t h e  same a r e a  ( F i e l d  S t r e e t , B o k s b u rg  ) suggest 
t h a t  t h e  w e a t h e r i n g  o f  t h e  b i n d e r s  may h a v e  b e e n  r e t a r d e d  by the 
i m p e r m e a b le  n a t u r e ( u s  i n d i c a t e d  by  t h e  low v v i d a  c o n t e n t  ) o f  the 
s i x .  Tn c o n t r a s t  t o  t h e  i n i t i a l  p e r f o r m a n c e  o f  t h e  t a r  binders in 
t h e  B o k s b u rg  s u r f a c i n g *  e x p e r i m e n t , t h e  s e c t i o n s  o n  F i e l d  S tree t ,  
in - .h lch  a  L u r g l  t a r - b o u n d  mix was u s e d ,  w e r e  s e v e r e l y  r a v e l l e d  

a n d  c r a c k e d  a f t e r  o n e  y e a r  i n  s e r v i c e  w h i l e  a d j a c e n t  sections
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c o n s t r u c t e d  w i t h  b i t u m e n - i x i a a d  an d  " c r a c k e d  " b i t u m e n - b o u n d  . l i x e s  

a r e  s t i l l  i n  goo d  c o n d i t i o n .  The s t r u c t u r a l  c o n d i t i o n  o f  t h e  p av e m e n t  

o n  F i e l d  S t r e e t  was  a s s e s s e d  by La C r o i x  D e f l e c t o g r a p h  ( Leger^ i 9 6 9 )  

m e a s u r e m e n t s .  F o u r  c o r e s  w e r e  t a k e n  f r om  e a c h  o f  t h e  t a r , b i t u m e n  a.id 

" c r a c k e d  " b i t u m e n  s e c t i o n s  on  F i e l d  S t r e e t .  The v o i d s  c o n t e n t  o f  

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

E v t  d e t e r m i n e d .

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

s e c t i o n s  w e r e  s i m i l a r  b u t  w e r e  h i g h e r  t h a n  t h o s e  on  t h e  B o k sb u rg  

s e c t i o n s  ( 1 , 4  mm a n d  0 , 4  mm r e s p e c t i v e l y  ) .  The v o i d s  c o n t e n t s  o f  

t h e  c o r e s  t a k e n  f rom t h e  t a r  mix on F i e l d  S t r e e t  w e r e  h i g h e r  t h a n  

t h o s e  i n  t h e  a d j a c e n t  b i t u m e n  a n d  " c r a c k e d  " b i t u m e n  m i x e s .  The 

r e s u l t s  i n  T a b l e  4 - 7  show t h a t  t h e  t a r  m i x e s  h ad  v o i d s  r a n g i n g  

f ro m  6 , 5  tin 1 2 , 7  p e r  c e n t  ( w h e r e a s  t h e  v o i d s  i n  t h e  b i t u m e n  a n d  

" c r a c k e d  " b i t u m e n  m i x e s  r a n g e d  f r om  3 , 3  t o  7 , 2  p e r  c e n t .  ( The 

L u r g i  t a r - b o u n d  mix h a d  a h i g h e r  v o i d s  c o n t e n t  t h a n  t h e  mix u s e d  i n  

t h e  B o k eb u rg  e x p e r i m e n t ,  shown i n  T a b l e  4 -  3 .  )

TABLE 4 - 7

VOIDS IN CORES TAKEN FROM FIELD STREET, BOKSBURG

B i n d e r  t y p e C o re  No. P e r c e n t a g e
v o i d s

c o n t e n t

P e r c e n t a g e
b i n d e r

c o n t e n t

B i tu m en A1 5 , 5 4 , 9

Bi tumen A2 5 , 6 5 , 7

B i tu m en A3 5 , 8 5 , 0

B i tu m en A4 4 , 8 5 , 5

l u r g i  T a r Bl 6 , 5 4 , 9

L u r g i  T a r B2 9 , 3 4 , 7

L u r g i  T a r B3 1 1 , 1 4 , 6

L u r g i  T a r B4 1 0 , 4 4 , 6

L u r g i  T a r B5 1 2 , 7 -

" C r a c k e d "  B i tum en Cl 3 , 3 5 , 9

" C r a c k e d "  B i tu m en C2 4 , 7 5 , 9

" C r a c k e d "  B i tu m en C3 5 , 8 5 , 3

" C r a c k e d "  B i tu m en C4 7 , 2 5 , 5

18 B



The E v t  o f  t h e  L u r g i  t a r  r e c o v e r e d  f r om  t h e  c o r e s  t a k e n  f r o m  F i e l d  

s t r e e t  was  much h i g h e r  t h a n  t h a t  o f  t h e  L u r g i  t a r s  r e c o v e r e d  f rom t h e  

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

E v t  was a l s o  g r e a t e r  ( 6 2 , 5 9C a s  c o m p a r e d  t o  5 5 , 6 ° C )  a n d  t h e  E v t  had  

i n c r e a s e d  by a  g r e a t e r  am oun t  a f t e r  a  s i m i l a r  p e r i o d  i n  s e r v i c e  a s  shown 

i n  F i g u r e  4 -  19.

I t  i s  c l e a r  t h a t  t h e  p e r m e a b i l i t y  o f  t h e  m i x ,  a s  a s s e s s e d  h e r e  by 

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

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

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

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

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

S t i f f n e s s  m e a s u r e m e n t s  w e r e  made on  s p e c i m e n s  o f  t h e  m ix  r e c o v e r e d  

f rom t h e  p a v e m e n t  a f t e r  o n e  y e a r  an d  two y e a r s  i n  s e r v i c e .  I n  o r d e r  

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

(40 mm minimum) f o r  s t i f f n e s s  t e s t s ,  t h e  t h i c k n e s s  o f  t h e  b a s e  l a y e r  

was r e d u c e d  i n  c e r t a i n  a r e a s .  T h e s e  s a m p l i n g  a r e a s  w e re  s i t u a t e d  on 

t h e  s e c t i o n s  w h e r e  t h e  mix  w i t h  t h e  opt imum  bi . - .de r  c o n t e n t  was  u s e d  

so  t h a t  c o m p a r i s o n s  c o u l d  b e  made b e t w e e n  c h a n g e s  i n  mix s t i f f n e s s  and  

b i n d e r  v i s c o s i t y .  S t i f f n e s s  m e a s u r e m e n t s  a f t e r  o n e  y e a r  a n d  two y e a r s  

i n  s e r v i c e  w e r e  d e t e r m i n e d  u s i n g  t h e  s t i f f n e s s  t e s t e r  d e v e l o p e d  a t  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  Road R e s e a r c h  (F reeme and M a r a i f , 1 9 7 4 ) .  

T h e s e  r e s u l t s  w e r e  d e t e r m i n e d  a t  2 0 eC an d  a t  a r a t e  o f  l o a d i n g  e q u i v a l e n t  

t o  a v e h i c l e  s p e e d  o f  90 k m /h o u r  an d  a r e  g i v e n  i n  T a b l e  4 - 8 .

TABLE 4 - 8

STIFFNESS (20°c; AND 90 km/h) OF MIXES USED IN THE 

BOKSBURG EXPERIMENT AFTER ONE YEAR AND TWO YEAR'S SERVICE

S e c t i o n
No.

B i n d e r  t y p e S t i f f n e s s  
1 y e a r

(GN/m2 )
2 y e a r ' s

2 C o k e - o v e n  t a r 1 , 3 4 1 , 2 2

5 L u r g i  t a r 3 , 0 9 5 , 0 5

8 P V C / t a r 1 , 0 4 1 , 4 9

11 " C r a c k e d "
B i tu m e n 1 , 5 1 1 , 8 1

14 B i tu m en 1 , 0 6 1 , 7 4
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( The r e s u l t s  o f  i n i t i a l  s t i f f n e s s  m e a s u r e m e n t s  on u n w e a t h e r e d  

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

The s t i f f n e s s  o f  e a c h  mix t y p e  h a s  i n c r e a s e d  o v e r  t h e  o n e  t o  two 

y e a r  p e r i o d .  However ,  a f t e r  two y e a r s  t h e  c o k e - o v e n  t a r  and P V C / t a r  

b o u n d  m i x e s  h a v e  s t i f f n e s s e s  s i m i l a r  t o  t h e  b i t u m e n .  The s t i f f n e s s  

o f  t h e  L u r g i  t a r - b o u n d  mix i s  h i g h e r  t h a n  t h a t  o f  t h e  o t h e r  m i x e s  

an d  t h i s  i n d i c a t e d  t h a t  t h i s  mix  may be l e s s  s a t i s f a c t o r y  i r  f a t i g u e .

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

t h e  h o r i z o n t a l  s t r a i n s  i n  t h e  p a v e m e n t  a r e  low.  Benke lman beam,  

r a d i u s  o f  c u r v a t u r e  and  La C r o i x  d e f l e c t r o g r a p h  m e a s u r e m e n t s  we re  

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

I n i t i a l  Benkelman beam an d  r a d i u s  o f  c u r v a t u r e  m e a s u r e m e n t s  a r e  shown 

i n  F i g u r e  4 -  2 0 .  T h e s e  show t h a t  o n l y  on s e c t i o n s  3 an d  7 w e re  

d e l  l e c t i o n s  g r e a t e r  t h a n  500 Vim r e c o r d e d  and i n  no c a s e  was t h e  

r a d i u s  o f  c u r v a t u r e  l e s s  t h a n  100 m e t r e s .  D e f l e c t o g r a p h  r e s u l t s  

o b t a i n e d  a f t e r  f o u r  m o n th s  and two y e a r s  a r e  shown i n  F i g u r e  4 -  21 .  

a n d  e x c l u d i n g  s e c t i o n s  2 and 3 ,  i n  w h ic h  m e a s u r e m e n t s  may h ave  b e e n  

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

s e c t i o n  13 showed a d e f l e c t i o n  o f  more  t h a n  500 ym.

The m o s t  r e c e n t  s t i f f n e s s  r e s u l t s  show a m o d e r a t e  i n c r e a s e  i n  

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

l e v e l  o f  s t i f f n e s s  i s  low and  t h i s  f a c t , t o g e t h e r  w i t h  t h e  low h o r i z o n t a l  

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

s u g g e s t s  t h a t  t h e  u n m o d i f i e d  c o k e - o v e n  t a r  and PVC m o d i f i e d  c o k e - o v e n  

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

A l t h o u g h  i t  i s  t o o  soon t o  s a y  w h e t h e r  t h e  t a r g e t  l i f e  (12 y e a r s )  

w i l l  be a c h i e v e d ,  t h i s  a p p e a r s  l i k e l y .

The e f f e c t  o f  t h e  w e a t h e r i n g  o f  t h e  b i n d e r  on t h e  s k i d - r e s i s t a n c e  

o f  t h e  s u r f a c i n g s  i s  a f u r t h e r  f a c t o r  t h a t  h a s  b ee n  s t u d i e d .  The 

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  an d Road R e s e a r c h  r e c e n t l y  a c q u i r e d  

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

c o e f f i c i e n t *  o f  s u r f a c i n g * .  T h i s  m a c h i n e , t h e  S id e w a y s  F o r c e  C o e f f i c i e n t  

R o u t i n e  I n v e s t i g a t i o n  Machine  (SCRIM) was d e v e l o p e d  a t  t h e  T r a n s p o r t  

and Road R e s e a r c h  L a b o r a t o r y  i n  t h e  U n i t e d  Kingdom (H os krng  a.id Wood fo rd ,

'*  The s i d e w a y s  f o r c e  c o e f f i c i e n t  i s  t h e  r a t i o  o f  t h e  f o r c e  a t  r i g h t  
a n g l e s  t o  t h e  p l a n e  o f  a w h e e l ,  w h i c h  i s  f r e e  t o  r o t a t e  b u t  w h ich  
h a s  s i d e w a y s  a s  w e l l  a s  f o r w a r d  m o t i o n ,  t o  t h e  l o a d  o n  t h e  w h ee l
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1976 a , b , c , )  a n d  i t s  a p p l i c a t i o n  in  S o u t h  A f r i c a  h a s  p z - w i o u s . y  b e e n  
d e s c r i b e d  by V i s s e r  ( 1 9 7 4 ) .

The s k i d  r e s i s t a n c e  o f  t h e  e x p e r i m e n t a l  s e c t i o n s  was  moat  ir- d 

a t  two spcedi ' . ,  60 km/h an  I Hi) i m / h ,  'h t i r t . l v  ,» .»r ; >n; ruction .m< a g a i n  a l t e r

one y e a r  and  tw o y e a r s  i n  s t  t v l c e .  The  c h t n g , ,  i r  s k i d  r e s i s t a n c e  b e t w e e n  

o n e  m o n th  an d  o n e  y e a r  i ;  shown i n  F i g u r ,  4 -  2 2 ,  e i t h e r  ,i> » r  m p to v e m en t  

o r  d e t e r i o r a t i o n  i n  e k i d . r e s i s t a n c e .  Duo t o  t h e  v e r y " b i n d e r - r i c h "  n a t u r e  

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

s i d e w a y s  f o r c e  c o e f f i c i e n t  i n  t h e  f i r s t  y e a r .  They d r o p p e d  t o  i«»vels  

( 0 , 1 0  -  0 , 2 5 )  w e l l  b e lo w  minimum a c c e p t a b l e  l e v e l  ( 0 , 4 5 ) .  The 

s i d e w a y s  f o r c e  c o e f f i c i e n t  o f  t h e  s u r f a c i n g s  a f t e r  two y e a r s  i s  shown 

i n  f i g u r e  4 -  2 3 .  I n  F i g u r e  4 - 2 2  a nd  4 - 2 3  t h e r e  i s  a d i f f e r e n t i a t i o n  

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

and a x l e  m as s  a n a l y s e r  ( B a s s o n  e t  a l . 1976) m e a s u r e m e n t s ,  w h i c h  a r e  

• j ivan i n  A p p e n d ix  K, showed t h a t  t h e  number  o f  e q u i v a l e n t  80 kN s t a n d a r d  

a x l e s  was g r e a t e r  on t h e  f o r m e r  l a n e  t h a n  on t h e  l a t t e r  by  a f a c t o r  o f  
a b o u t  3.

I n i t i a l  s k i d  r e s i s t a n c e  m e a s u r e m e n t s  ( g i v e n  i n  A p p e n d ix  K) wore  

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

and  " c r a c k e d "  b i t u m e n - b o u n d  mix s e c t i o n s  w h i c h  t e n d e d  t o  b e  low.

F i g u r e  4 -   ̂ shows t h a t  a f t e r  o n e  y e a r  t h e s e  s e c t i o n s  an d  i n d e e d  a l l  

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

t a r  mix  h a d  i m p r o v e d  m o s t  an d  h a d  t h e  h i g h e s t  s k i d  r e s i s t a n c e  o f  a l l .

. h i s  b i n d e r  h ad  h a r d e n e d  m o s t  o f  a l l  a s  d i s c u s s e d  p r e v i o u s l y .
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4 . 1 . 7  Use o f  PVC i r  t a r  m i x e s

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

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

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

a n d ,  p a r t i c u l a r l y  w he re  t h e  p a v e m e n t  i s  r e q u i r e d  t o  t a k e  h e a v y  s t a t i c  

l o a d ,  s e v e r e  damage can o c c u r  a s  shown i n  F i g u r e  4 -  24 .

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

t h o u g h  i n  S o u t h  A f r i c a  t h e y  h a v e  n o t  y e t  b e e n  e m p lo y e d  t o  an y  

s i g n i f i c a n t  e x t e n t .  La rcombe (1 972)  h a s  d e s c r i b e d  t h e  c o n s t r u c t i o n  

o f  a  p a v e m e n t  v a r y i n g  i n  t h i c k n e s s  f rom  50 -  450 mm w i t h  s u c h  a t a r  

mix a t  t h e  W h i t e  Bay c o n t a i n e r  t e r m i n a l  i n  A u s t r a l i a .  M a r s h a l l  

s p e c i m e n s  o f  t h i s  mix  showed no  l o s s  i n  s t a b i l i t y  a f t e r  s o a k i n g  i n  

d i e s e l  o i l  f o r  s e v e n  d a y s .  The d i s t i l l a t i o n  t e s t  r e s u l t s  s u g g e s t  

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

v o l a t i l e  t a r  ( s e e  A p p e n d ix  L ) . The p e r f o r m a n c e  o f  t h i s  p a v e m e n t  w h ic h  

i s  s u b j e c t e d  t o  h e a v y  w h e e l  l o a d s  a t  h i g h  s u r f a c e  t e m p e r a t u r e s  ( 7 0 * 0  

a f t e r  f i v e  y e a r s  h a s  r e c e n t l y  b e e n  d e s c r i b e d  by McGovern ( 1 9 7 6 ) .  T h i s  

a u t h o r  h a s  r e p o r t e d  no " r u t t i n g  , c r a c k i n g ,  s o f t e n i n g ,  o r  s i g n s  o f  

f a i l u r e ?

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

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

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

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

b i n d e r s  we re  i n a d e q u a t e  (R h o d es ,  1 9 6 2 ,  H a l s t e a d  c t  a l . 1962 and 

D r a k e ,  1 9 6 2 ) ,  c o n s i d e r a b l e  s u c c e s s  h a s  b e e n  a c h i e v e d  w i t h  p o l y m e r  

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

i n v o l v i n g  a s t y r e n e - m o d i f i e d  t a r ,  an d  P V C - m o d i f i e d  t a r s  h a v e  been  

u s e d  f o r  a  number  o f  s u c h  s u r f a c i n g s .

A 62 -  64°C E v t  t a r  c o n t a i n i n g  1 , 5  p e r  c e n t  PVC was u s e d  i n  a mix 
2covering  a  2 50 00 0 m a r e a  a t  t h e  c o n t a i n e r  t e r m i n a l  a t  B re m er h av en  

(D eters , 1971) a n d  a 68*C T v t  t a r  c o n t a i n i n g  4 p e r  c e n t  PVC was used  

in  a  s u r f a c i n g  mix l a i d  on a i r c r a f t  s t a n d i n g  b a y s  a t  M a d r id  a i r p o r t , 

("Road T a r " , 1 9 7 2 ) .  I n  B r i t a i n  P V C / t a r - b o u n d  s u r f a c e  m i x e s  h a v e  been 

a p p l i e d  a t  RAF s t a t i o n s  a t  Upper  H o y f o r d  an d  B r i z e  N o r t o n  u n i n g  a 

low -  v i s c c s i t y  t a r  (54*C E v t )  c o n t a i n i n g  1 , 5  p e r  c e n t  PVC. (Ho lden  

and W i l l i a m s ,  1 9 7 5 ) .
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FIGURE 4 - 24

E fleet of oil spillage a n d  point loading on  a bitumen mai idam surfacing at the freight terminal 
at I n  Bourget Airport in Paris The point loading and  oil spillage is show n ,n th e  upper  
ph o to g rap h  The lower pho tograph  is a c lose  up of the pitted area  The pitting occurred  

within a period of three  years after construc t ion



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

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

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

t a r .  A n s a r t ,  (1971)  h a s  r e f e r r e d  t o  t h e  " g r e a t e r  s t a b i l i t y  and 

r e s i s t a n c e  t o  f a t i g u e  o f  t h e s e  m i x t u r e s " .  In  s e c t i o n  4 . 1 . 4  i t  was 

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

a t  m o d e r a t e  (20°C)  t e m p e r a t u r e s  t h a n  b i t u m e n - b o u n d  m i x e s  and t h i s  may 

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

l o a d  r e p e t i t i o n s ,  a c c o r d i n g  t o  t h e  M oore -K enne dy  c o r r e l a t i o n .  T h ese  

m e a s u r e m e n t s  a l s o  showed t h a t  t h e  c h a n g e  in  s t r e n g t h  w i t h  t e m p e r a t u . e  

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

c a s e  o f  m i x e s  made w i t h  P V C / t a r  t h i n  w i t h  m i x e s  made w i t h  u n m o d i f i e d  

t a r ,  F i g u r e s  4 - 1 0  a nd  4 - 1 1 ,  a n d  t h i s  i s  c o n s i s t e n t  w i t h  t h e  

l o w 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  v i s c o s i t y  o f  t h e  P V C / t t r s .

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

t h e  m i x e s  i n c o r p o r a t i n g  P V C / t a r  b i n d e r s  i s  a f f e c t e d  by t h e  PVC c o n t e n t ,  

t h e  E v t  o f  a l l  t h e  b i n d e r s  b e i n g  t h e  sam e ,  and  w h e t h e r  t h e  c h a n g e  i n  

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

c o n t e n t s  r a n g e d  f r om  0 - 5  p e r  c e n t  an d  t h r e e  t y p e s  o f  mix  w e re  u s e d .

( i )  A c o n t i n u o u s l y  g r a d e d  mix  recom mended f o r  b a s e c o u r s e n  

an d  c o n f o r m i n g  t o  c l a u s e  810 o f  t h e  

M i n i s t r y  ( B r i t i s h )  o f  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  r o a d s  an d  b r i d g e s .  b 0 - 6 5 ° C  E v t  t a r s  we re  

u s e d  w i t h  t h i s  mix a n d  an 8 0 / 1 0 0  P e n .  b i t u m e n  

was  u s e d  f o r  c o m p a r i s o n  p u r p o s e s .

( i i )  A c o n t i n u o u s l y  g r a d e d  s u r f a c e  c o u r s e  mix  t y p e  

w i t h  a maximum s t o n e  s i z e  o f  1 3 , 2  mm. T h i s  i s  

s i m i l a r  t o  t h e  mix u s e d  i n  the  B o k s b u r g  e x p e r i m e n t  

a n d  i s  known l o c a l l y  a s  a TPA* medium m i x .  S0-55*C  

E v t  t a r s  w e r e  u s e d  w i t h  t h i s  mix a n d  an  8 0 / 1 0 0  P e n . 

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

( I l l )  A s e m i - g a p - g r a d e d  s u r f a c e  m ix  o f  t h e  t y p e  

recommended by  F reem e  (1 9 74a )  and  shown i n  

F i g u r e  4 - 6 .  5 0 - 5 5 eC E v t  t a r s  an d  an 8 0 / 1 0 0

P e n .  b i t u m e n  w ere  t h e  b i n d e r s  u s e d  w i t h  t h i s  

m i x .

I n  a p r e l i m i n a r y  i n v e s t i g a t i o n  t h e  op t imum  b i t u m e n  c o n t e n t  o f  
■ ' i r a n s v s 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  — — — —
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e a c h  mix uype was d e t e r m i n e d  u s i n g  t h e  j M p r s h a l l  m e t h o d .  From t h i s  

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

b e  made b e t w e e n  m i x e s  w i t h  s i m i l a r  v o i d s  c o n t e n t s .  The b i n d e r  c o n t e n t s

f o r  e a c h  mix t y p e  w e r e  a s  f o l l o w s  $

B i n d e r  c o n t e n t  % 

B i tu m en  T a r

C o n t i n u o u s l y  g r a d e d  mix 4 , 8 5 , 8

TPA medium mix 5 , 5 6 , 6

S a m i - g a p - g r a d e d  mix 5 , 7 6 , 7 5 ;

The M a r s h a l l  s p e c i m e n s  w e re  p r e p a r e d  i n  t h e  n o r m a l  m a n n e r ,  t h e  

t a r - b o u n d  m i x e s  ( w i t h  b o t h  50-55° C  E v t  a n d  6 0 - 6 5 ° C  E v t  t a r s  ) b e i n g  

P r e p a r e d  a t  1 20oC and  co m p a c te d  a t  105°C and t h e  b i t u m e n  m ix es  

b e i n g  p r e p a r e d  a t  140°C a n d  c o m p ac ted  a t  124°C.  The v o i d s  c o n t e n t s  

o f  t h e  M a r s h a l l  s p e c i m e n s  a r e  shown i n  T a b l e  4 - 9 .

TABLE 4 - 9

VOIDS CONTENTS OF THE MARSHALL SPECIMENS USED 

IN THE STABILITY VERSUS PVC CONTENT INVESTIGATION

B i n d e r  t y p e T e s t t e m p e r a t u r e  (°C)

35 40 45 50 60

Ccm t i n u o u s l y g r a d e d  ba s e c o u r s e  mJ X

8 0 / 1 0 0  Pen .  B i t . 2 , 3 2 , 3 2 , 3 2 ,3 3 , 1

T a r  + 0% PVC 2 , 6 2 , 7 2 , 3 1 , 7 3 , 4
T a r  + 0,75% PVC - - - - 2 , 2
T a r  + 1 , 5 %  PVC 3 , 5 3 , 8 3 , 1 3 , 2 3 , 3
T a r  + 2,25% PVC - - - - 2 , 7
T a r  + 3 , 0 %  PVC 3 , 9 4 , 2 4 , 1 4 , 1 3 , 2
T a r  + 4,0% PVC 2 , 5 2 , 9 2 , 8 3 , 0 3 , 3
T a r  + 5,0% PVC 2 , 3 2 , 6 2 , 4 3 , 0 3 , 0

C o n t i n u o u s l y  g r a d e d  TPA medium s u r f a c e c o u r s e  mix
8 0 / 1 0 0  P e n . B i t . - - - - —
T a r  + 0% PVC - 3 , 5 3 , 8 3 , 8 3 , 7
T a r  + 1 , 5 %  PVC - 3 , 7 4 ,1 4,4 4,8
T a r  + 3,0% PVC - 3 , 7 4 , 1 4 , 7 3 , 9
T e r  + 4 , 0 %  PVC - 2 , 9 3 , 0 2 , 8 2 , 9
T a r  + 5,0% PVC - 2 ,3 2 , 5 2 ,5 2 , 9

S a m i - g a p - g r a d e d  s u r f a c e  c o u r s e mix

8 0 / 1 0 0  P e n .  B i t . 2 , 3 2 , 4 3 , 5 3,3
T a r  + 0% PVC - 3 , 8 4 , 3 4 , 6 4,4
T a r  + 0,75% PVC - - • - 4,1
T a r  + 1 , 5 %  PVC - 4 , 1 4,4 4 8 4,0
T a r  + 2,25% PVC - - - 3 . 6
T a r  + 3,0% PVC • 4 , 0 4 , 3 4 , 5 3,8
T a r  + 4 , 0 %  PVC - 2 ,4 2 , 5 2 , 6 3 , 1
T a r  + 5,0% PVC - 2 , 7 2 , 7 2 , 9 2 , 7
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The s t a b i l i t y  o f  e a c h  mix  was  m e a s u r e d  a t  3 5 ,  4 0 ,  4 5 ,  50 and 

60°C an d  t h o s e  r e s u l t s  a r e  g i v e n  i n  f u l l  i n  A p p e n d ix  M. The e f f e c t  o f  

FVC c o n t e n t  on t h e  s t a b i l i t y  o f  e a c h  t y p o  o f  mix i s  shown i n  F i g u r e  

4 -  2 5 .  P r o v i d e d  t h e  v i s c o s i t y  o f  t h e  b i n d e r  i s  u n a l t e r e d  t h e  PVC 

h a s  no  i n f l u e n c e  on t h e  s t a b i l i t y  o f  t h e  m i x e s  . T h i s  was a l s o  t r u e  when 

t h e  s t a b i l i t i e s  o f  t h e  v a r i o u s  m i x e s  w e r e  co m p a red  a t  35 ,  4 0 ,  45 and 

5 0 #C.

From t h e  r e s u l t s  i t  was p o s s i b l e  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  

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

r e g r e s s i o n  a n a l y s e s  o f  t h e  l o g  s t a b i l i t y / l o g  t e m p e r a t u r e  ( eC) d a t a  

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

s l o p e  i n t e r c e p t  and  r e g r e s s i o n  c o e f f i c i e n t  a r e  g i v e n  i n  T a b l e  4 -  10 .

TABLE 4 - 1 0

LOG STABILITY -  LOG TEMPERATURE (°C) REGRESSION DATA

Bi tumen T a r

0% PVC 1,5% PVC 3,0% BVC 4,0% PVC 5,0% PVC

S l o p e

I n t e r c e p t .

R e g r e s s i o n c o e f f .

- 1 , 4 7

3 , 5 1

0 , 9 6

C on t inv  

- 1 , 9 2  

4 , 3 8  

0 , 9 6  

C o n t i n u o u

j o u s l y  g r a c  

- 2 , 1 0  

4 , 7 0  

0 , 9 7  

s l y  g r a d e d

led b a s e c o u r s  

- 2 , 2 8  

4 , 9 3  

0 , 9 4  

TPA medium

se mix 

- 1 , 8 6  

4 , 3 2  

0 , 9 8  

s u r f a c e  cou

- 1 , 5 9  

3 , 7 7  

0 , 9 7  

r s e  mix

S l o p e

I n t e r c e p t

R e g r e s s i o n c o e f f .

- 1 , 1 0

2 . 8 5

0 , 9 6

- 1 , 3 7  

3 , 2 8  

0 , 9 9  

S e m i - g

- 1 , 7 2  

3 , 9 2  

0 , 0 0  

a p - g r a d e d  i

- 1 , 3 8  

3 , 3 7  

0 , 9 2  

s u r f a c e  c o u r

- 1 , 6 5  

3 , 7 9  

0 , 0 0  

se mix

- 1 , 4 1

3 , 3 7

0 , 9 9

S l o p e

I n t e r c e p t

R e g r e s s i o n c o e f f .

- 1 , 5 8

3 , 6 9

0 , 9 6

- 1 , 8 0

3 , 9 8

0 , 9 1

- 2 , 4 2

5 , 0 9

0 , 9 9

- 1 , 5 7

3 , 6 6

0 , 9 7

- 2 , 7 2

5 , 6 4

0 , 9 9

- 2 , 0 0

4 , 4 2

0 , 9 9

The a d d i t i o n  o f  PVC t o  t h e  t a r  d i d  n o t  a p p e a r  t o  h a v e  any  

e f f e c t  up o n  t h e  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  s t a b i l i t y  o f  t h e  m i x e s  

d e s p i t e  afae f a c t  t h a t  t h e  p o l y m e r  i m p r o v e d  t h e  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  v i s c o s i t y  o f  t h e  t a r  ( P a r t  3 ,  T a b l e  3 - 3  an d  J a m i e s o n ,  1973a)

A l t h o u g h  t h e  u s e  o f  h i g h  ( up  t o  5 p e r  c e n t  ) PVC c o n t e n t s  h a s  n o t
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i m p r o v e d  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 t s  i n c l u s i o n  d o e s  make 

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

o f  t h e s e  b l e n d s  a  v e r y  h e a v y  o i l , d e s c r i b e d  a s  h a v i n g  m ore  t h a n  90 

p e r  c e n t  o f  c o n s t i t u e n t s  b o i l i n g  a b o v e  340°C was u s e d .  The more  

PVC c o n t a i n e d  i n  t h e  b i n d e r  t h e  more  o f  t h i s  o i l  was r e q u i r e d  and  a s  

d e s c r i b e d  i n  P a r t  3 ,  ( C h a p t e r  1 . 4 . 3 )  t h i s  w o u ld  i n c r e a s e  t h e  p r o p o r t i o n  

o f  p l a s t i c i s i n g - o i l  t o  v o l a t i l e - o i l  i n  t h e  b l e n d  an d  w ou ld  e n h a n c e  t h e  

d u r a b i l i t y  o f  t h e  b i n d e r .  M ix es  w i t h  t a i s  c o n t a i n i n g  5 p e r  c e n t  PVC 

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

a s  t h e  b i n d e r  w o u ld  t e n d  t o  be  b r i t t l e  a t  r a p i d  r a t e s  o f  l o a d i n g  ( s e e  

d u c t i l i t y - t e n a c i t y  r e s u l t s  P a r t  3 ,  F i g u r e  3 - 8 ) .  The c o m p o s i t i o n  o f  

t h e s e  b l e n d s  i s  shown i n  A p p e n d ix  M, T a b l e  IX.

I t  h a s  b e e n  s u g g e s t e d  by w o r k e r s  i n  E u r o p e  ( J a m i e s o n , 1973b) 

t h a t  i t  may be  p o s s i b l e  t o  p r e p a r e  P V C / t a r - b o u n d  m i x e s  by i n c o r p o r a t i n g  

t h e  PVC p ow der  i n  t h e  f i n e  a g g r e g a t e  p r o p o r t i o n  i n s t e a d  o f  f i r s t ,  

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

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

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

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

p r e p a r e d  i n  t h i s  m a n n e r .

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

v a r y i n g  f rom  4 , 5  t o  fc ,5 p e r  c e n t )  w e re  p r e p a r e d ,  o n e  i n  w h i c h  t h e  

6 0 "65°C  E v t  t a r  c o n t a i n e d  1 , 5  p e r  c e n t  PVC an d  o n e  i n  w h i c h  t h e  c a l c u l a t e d  

am oun t  o f  PVC powder  was a d d e d  t o  t h e  f i n e  a g g r e g a t e  f r a c t i o n  an d  a 

l o w e r  E v t  ( 5 5 6C) u n m o d i f i e d  t a r  was  u s e d  t o  a l l o w  f o r  t h e  n o rm a l  i n c r e a s e  

i n  E v t  w h ic h  r e s u l t s  f rom a d d i t i o n  o f  t h e  p o l y m e r  t o  t h e  t a r .  I t  was 

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

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

f i l l e r  c o n t e n t  w i t h  p o s s i b l e  e f f e c t  on mix  p r o p e r t i e s . Hence a t h i r d  

s e r i e s  o f  m i x e s  was p r e p a r e d  i n  w h ic h  t h e  am oun t  o f  f i n e  a g g r e g a t e  was 

r e d u c e d  by t h e  q u a n t i t y  o f  PVC powde r  a d d e d ,  a s s u m i n g  t h a t  n o n e  o f  t h e  

PVC pow d er  was  f u l l y  d i g e s t e d .

M a r s h a l l  t e s t  s p e c i n t e n t s  w e re  p r e p a r e d  f rom  e a c h  mix and  t h e  n o rm a l  

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

shown i n  F i g u r e  4 -  2 6 .  A l t h o u g h  t h e  s t a b i l i t y  o f  a l l  t h e  m ix e s  was 

a d e q u a t e  a number  o f  f a c t o r s  i n d i c a t e  t h a t  i n  t h e  m i x e s  w h e r e  t h e  PVC 

po wder  was i n c o r p o r a t e d  i n  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  had n o t  been  

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

t h e  PVC was a d d e d  v i a  t h e  f i n e  a g g r e g a t e  was s l i g h t l y  b e l o w  t h a t  o f  t h e  m i x e s
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BINDER CONTENTS
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INFLUENCE OF BINDER 
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i n  w h i c h  t h e  P V C / t a r  was ^ r e - p r e p a r e d  and  t h e  f o r m e r  mixes;  h ad  h i g h  

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

The b i n d e r s  w e r e  e x t r a c t e d  f rom  t h e  m i x e s  an d  s u b j e c t e d  t o  

e l a s t i c  r e c o v e r y  and  PVC c o n t e n t  d e t e r m i n a t i o n s .  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  4 - 1 1 .  Th e e l a s t i c  r e c o v e r y  and PVC c o n t e n t  d a t a  

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

o f  t h e  pVC i n  t h e  t a r .  I t  h a s  b e e n  shown ( P a r t  3 ,  c h a p t e r  1 . 1 .

T a b l e  3 -  5 ) t h a t  a  c c k e - o v e n  t a r  c o n t a i n i n g  1 , 5  p e r  c e n t  PVC would  

h a v e  an  e l a s t i c  r e c o v e r y  v a l u e  i n  t h e  r a n g e  1 7 0 to  240 p e r  c e n t ,  t h o u g h  

u s u a l l y  t h e y  a r e  a b o v e  200  p e r  c e n t  ( P a r t  3 T a b l e s  3 - 9  and 3 -  11 ) 

The r e s u l t s  g i v e n  i n  T a b l e  4 - 1 1  a r e  a t  t h e  low end  o f  t h i s  r a n g e .

TABLE 4 - 1 1

EVT, ELASTIC RECOVERY AND PVC CONTENT OF PVC/TARS RECOVERED 

FROM MIXES IN WHICH THE PVC WAS ADDED VIA THE 

FINE AuGREGATE FRACTION

Sample  
R e f .  No. Mix t y p e

E v t
C O

E l a s t i c  R e c o v e r y  
% o f  f i l m  t h i c k n e s s

PVC 
» by
m a s s  o f  b i n d e r

92 PVC Powder  ' 7 7 , 2 122 1 , 1

93 r e p l a c i n g 7 6 , 0 158 1 , 1

94 p a r t  o f  t h e 7 6 , 2 172 1 , 4

95 f i n e  a g g r e g ­ 7 7 , 6 173 1 , 5

96 a t e 7 5 , 6 148 1 , 4

97 7 6 , 5 136 1 , 3
__-_____________  , .. . -4

98 PVC Powder 7 7 , 9 179 1 , 5

99 a d d i t i o n a l 7 5 , 2 155 1 ,4

100 t o  t h e  f i n e 7 6 , 8 171 1 , 3

101 a g g r e g a t e 7 8 , 1 175 1 , 6

102 8 1 , 1 158 1 , 5

103 7 8 , 2 175 1 , 2



W hi le  low e l a s t i c  r e c o v e r y  t i y u r o a  c o u l d  a l s o  b e  e x p l a i n e d  by 

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

t o  h a v e  o c c u r r e d .  The h i g h e s t  t e m p e r a t u r e  t o  w h i c h  t h e  b i n d e r  was 

s u b j e c t e d  was 120°C f o r  t h r e e  m i n u t e s  an d  r e s u l t s  ( P a r t  3 F i g u r e  3 -  13) 

showed t h a t  no  d e c r e a s e  i n  e l a s t i c  r e c o v e r y  o c c u r r e d  a f t e r  s t o r a g e  

o r  P V C / t a r  a t  110°C f o r  e i g h t  d a y s .

The m i x e s  i n  w h ic h  t h e  PVC p o w d e r  was i n a d e q u a t e l y  d i s p e r s e d  i n  

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

c h a r a c t e r i s t i c s .  T h e s e  p r o p e r t i e s  w e re  m e a s u r e d  ( a t  dO°C) a c c o r d i n g  t o  

p r o c e d u r e s  m e n t i o n e d  i n  P a r t  4 ,  C h a p t e r s  1 , 4  and  1 . 5  r e s p e c t i v e l y ,  and 

t h e  r e s u l t s  a r e  shown i n  F i g u r e  4 -  27 .  Th e mix i n  w h i c h  t h e  P V C / t a r  

was p r e - p r e p a r e d  h ad  a maximum i n f l e x i o n  on 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  v e r s u s  c i n d e r  c o n t e n t  c u r v e  a t  a b i n d e r  c o n t e n t  o f  5 . 0  p e r  

c e n t ,  w h e r e a s  t h e  m i x e s  i n  w h i c h  t h e  PVC was  ad d e d  v i a  t h e  a g g r e g a t e  

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

c o n t e n t  i n c r e a s e d .  The m i x e s  i n  w h i c h  t h e  PVC was  t h o u g h t  t o  be 

i n a d e q u a t e l y  d i g e s t e d  a l s o  showed an  i n c r e a s e  i n  e l a s t i c  m o d u l u s  w i t h  

i n c r e a s i n g  b i n d e r  c o n t e n t  i n  c o n t r a s t  t o  t h e  mix i n  w h i c h  t h e  PVC was 

f u l l y  d i g e s t e d  i n  t h e  t a r .

T h i s  i n v e s t i g a t i o n  h a s  shown t h a t  i n  p r e p a r i n g  P V C / t a r - b o u n d  

m i x e s  t h e  P V C / t a r  b i n d e r  m u s t  be  p r e - p r e p a r e d .  The a l t e r n a t i v e  

o f  a d d i n g  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  d o e s  n o t  p e r m i t  

t h o r o u g h  d i g e s t i o n  o f  t h e  PVC i n  t h e  t a r .  T h i s  i n  t u n  means  t h a t  

n o t  o n l y  a r e  t h e  f u l l  b e n e f i t s  o f  t h e  PVC up on  t h e  mix p r o p e r t i e s  n o t  

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

an d  low t e n s i l e  s t r e n g t h .  T h e s e  p r o b l e m s  w o u l d  be  p a r t i c u l a r l y  d i s ­

a d v a n t a g e o u s  ' ' h e r e  t h e  mix  i s  r e q u i r e d  t o  h a v e  h i g h  d e f o r m a t i o n  r e s i s t a n c e ,  

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

s t a t i c  l o a d s .
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4 . 2 KFFIXT UF MIX PKî PAKATXuN AND HANDLING ON THE VISCOSITY

OF TARS 

Resume'

Care must be taken to  prevent overh eatin g  o f  tar  m ixes.

The e f f e c t  o f f i l m  th ic k n e s s , tem perature and s t o r a g e  time 

a t  h i g h  t e m p e r a t u r e  on the c h a n g e  in  Evt o f  cokt»-oven t a r s  

h a s  b e e n  s t u d i e d .  These i n v e s t i g a t i o n s  s u g g e s t  c h a t  t a r  

may b e  more  s u s c e p t i b l e  to  c h a n g e  i n  v i s c o s i t y  when u s e d  

i n  s e m i - g a p - g r a d e d  m i x e s  than i n  c o n t i n u o u s l y  g r a d e d  m i x e s .

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

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

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

p e r m i t t e d  mix  t e m p e r a t u r e ,  an d  o t h e r  ways  o f  i m p r o v i n g  

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

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

A s t u d y  o f  t h e  h a r d e n i n g  a t  v a r i o u s  s t a g e s  d u r i n g  t h e  

mix  p r e p a r a t i o n  a n d  p a v i n g  h a s  shown t h a t  u n d e r  n o rm a l  

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

d u r i n g  m i x i n g  an d  c h a n g e s  a t  s u b s e q u e n t  s t a g e s  a r e  m i n i m a l .

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

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

t e m p e r a t u r e s  e m p lo y e d  w i t h  t h e  l a t t e r .

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

e x c e e d e d  t h a t  o f  c o k e - o v e n  *n<3 b i t u m e n  b i n d e r s .

B e c a u s e  o f  t h e  n a t u r e  o f  c o a l  t a r e  g r e a t  c a r e  m u s t  be  t a k e n  t o  a v o i d  

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

a g g r e g a t e  s u r f a c e s  d u r i n g  mix p r e p a r a t i o n  - B e c a u s e  o f  t h e  i n f r e q u e n t  

u s e  o f  t a r  m i x e s  i n  S o u t h  A f r i c a ,  damage t o  t h e  mix  f rom  o v e r h e a t i n g  

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

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

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

may a f f e c t  t h e  c o m p a c t i o n  o f  t h e  mix a n d  c a u s e  i n c r e a s e d  mix  s t i f f n e s s  i n  

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

p l a c e  i n  s e v e r e  c a s e s  an d  t h e  t a r  may l o s e  i t s  b i n d i n g  p r o p e r t i e s  and 

t h e  mix may be  w i t h o u t  a d e q u a t e  c o h e s i v e  s t r e n g t h .
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C o a l  t a r  h y d r o c a r b o n s  are 1 jhtur than t h o s e  c o m p r i s i n g  b i t u m e n  

( P a r t  2 ,  C h a p t e r  2) and t h e y  a r e  more  s u s c e p t i b l e  t o  t h e r m a l  

d e g r a d a t i o n .

I t  may be  c o n s i d e r e d  that a p a r t  f r om  t h e  c o m p o s i t i o n  o i  t h e  t a r  

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

p r e p a r a t i o n  a r e :  b i n d e r  f i l m  thickness, t e m p e r a t u r e  a n d  t h e  t i m e  

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

s t a t e .  A number  o f  e x p e r i m e n t s  h a v e  been  c a r r i e d  o u t  i n  t h e  

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

f a c t o r s .

4 . 2 . 1  E f f e c t  o f  f i l m  t h i c k n e s s

The e f f e c t  o f  f i l m  t h i c k n e s s  upon t h e  c h a n g e  i n  v i s c o s i t y  d u r i n g  

m i x i n g  was  i n v e s t i g a t e d  by p r e p a r i n g  a  s e r i e s  o f  m i x e s  o f  c n e  a g g r e g a t e  

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

b i n d e r s  w e r e  r e c o v e r e d  an d  c h a n g e s  i n  E v t  w e r e  d e t e r m i n e d .  The 

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

i n v e s t i g a t i o n s  a n d  t h e  b i n d e r  c o n t e n t s  ( 6 0 - 6 5 ' C  E v t  c o k e - o v e n  t a r )  

w e r e :  4 , 5 ,  5 , 0 ,  5 , 5 ,  6 , 0  a n d  6 , 5  p e r  c e n t  w h ic h  was e q u i v a l e n t  t o

f i l m  t h i c k n e s s e s s  o f  8 ,  9 10 11 an d  12 urn r e s p e c t i v e l y .  Eac h  mix 

was  p r e p a r e d  a t  120°C an d  m i x i n g  l a s t e d  f o r  e x a c t l y  3 m i n u t e s  a f t e r  

w h ic h  b r i q u e t t e s  w e r e  p r e p a r e d  i n  t h e  M a r s h a l l  mould  i n  t h e  u s u a l  

m a n n e r .  A f t e r  b e i n g  s t o r e d  f o r  24 h o u r s  a t  room t e m p e r a t u r e  t h e  

s p e c i m e n s  w e re  b r o k e n  up an d  t h e  t a r  e x t r a c t e d  u s i n g  t h e  h o t  c e n t r i f u g e .  

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

t h e  t a r  a s  d e s c r i b e d  i n  A p p e n d ix  N. The e f f e c t  o f  f i l m  t h i c k n e s s  on 

c h a n g e  o f  E v t  u n d e r  t h e s e  c o n d i t i o n s  i s  q u i t e  m a r k e d  a s  shown by t h e  

r e s u l t s  g i v e n  i n  F i g u r e  4 -  2 8 .

4 . 2 . 2  E f f e c t  o f  m i x i n g  t e m p e r a t u r e

The e f f e c t  o f  v a r y i n g  t h e  mix t e m p e r a t u r e s  on t h e  c h a n g e  i n  E v t  o f  

t h e  60 -  65*C E v t  c o k e - o v e n  t a r  was m e a s u r e d  i n  f u l l - s c a l e  t r i a l s  a t  

t h e  m i x i n g  p l a n t  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  and Road 

R e s e a r c h  an d  a l s o  a t  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  p l a n t  a t  O p h i r t o n

J o h a n n e s b u r g .
I n  a p r e l i m i n a r y  I n v e s t i g a t i o n  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  

t e m p e r a t u r e  o f  t h e  v a r i o u s  mix c o m p o n e n t s  an d  t h e  f i n a l  m4.. t e m p e r a t u r e  

was d e t e r m i n e d  f e e  b o t h  t h e  c o n t i n u o u s l y  g r a d e d  b a se co u rse*  mix and  

t h e  s e m i - g a p - g r a d e d  mix  d e s c r i b e d  p r e v i o u s l y  . The t e m p e r a t u r e s  

o f  t h e  f i n e ,  medium v i d  c o a r s e  a g g r e g a t e  f r a c t i o n s  a n d  t h e  b i n d e r
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a n d  r e s u l t a n t  n i x  t cmj  e r a t u r e s  w e r e  t a k e n  d u r i n q  t h e  p r e p a r a t i o n  o f  a 

number  o f  mix b a t c h e s .  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 s  4 - 2 9  an d  

4 -  3 0 .

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

t o  t h e  t e m p e r a t u r e  o f  t h e  f i n e  a g g r e g a t e  t h a n  t h e  t e m p e r a t u r e  o f  any 

o t h e r  com po nen t  o f  t h e  m i x ;  t h i s  see m s  l o g i c a l  a s  t h i s  p a r t i u  i l a r  f r a c t i o n  

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

The i n v e s t i g a t i o n  t f  c h a n g e  i n  v i s c o s i t y  a s  a f u n c t i o n  o f  m i x i n g  

t e m p e r a t u r e  shows t h a t  t h e  E v t  c h a n g e  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 m p e r a t u r e  

a n d  t h a t  t h i s  i s  a f f e c t e d  by t h e  mix t y p e .  D u r i n g  t h e  f u l l - s c a l e  

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

t h e  f i n a l  mix t e m p e r a t u r e  was  v a r i e d  b e t w e e n  1 0 0  an d  1 6 0 ° C .  The

b i n d e r  c o n t e n t  o f  e a c h  n i x  i n  t h i s  i n v e s t i g a t i o n  was 5 , 5  p e r  c e n t  w h i c h

g a v e  a  s i m i l a r  v o i d s  ( M a r s h a l l )  c o n t e n t  and  f rom p r e v i o u s  d a t a  o£V 

l a b o r a t o r y  p r e p a r e d  m i x e s  t h e  f i l m  t h i c k n e s s  o f  e a c h  mix t y p e  w ou ld  be

e x p e c t e d  t o  b e  a b o u t  5 Mi.  In  p r a c t i c e  t h e r e  was some u n c e r t a i n t y  a s  t o

t h e  c o n s t a n c y  o f  a l l  t h e  o t h e r  mix v a r i a b l e s .  The E v t  o '  t h e  b i n d e r  

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

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

4 - 3 1 .  I n  t h e  p r e p a r a t i o n  o f  t h e  s e m i - g a p - g r a d e d  mix  t y p e  t h e  Evt  

o f  t h e  t a r  i n c r e a s e d  t o  i g r e a t e r  e x t e n t  t h a n  when t h i s  t a r  was  u s e d  

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

t h a t  t a r  may b e  more  s u s c e p t i b l e  t o  o v e r h e a t i n g  d u r i n g  t h e  p r e p a r a t i o n  

o f  s e m i - g a p - g r a d e d  m i x e s  t h a n  i n  t h e  p r e p a r a t i o n  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 .

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

i n c r e a s i n g  t h e  m i x i n g  t e m p e r a t u r e  by a l a r g e  amou nt  was t o  c a u s e  o n l y  

a m o d e r a t e  i n c r e a s e  i n  ' .he E v t .  A d i f f e r e n c e  o f  5 0 ° C  i n  m i x i n g  t e m p e r a t u r e  

( 11 0 -  160*C ) c a u s e d  a  i E v t  i n c r e a s e  o f  o n l y  8 " C  ( t h i s  i s  e q u i v a l e n t  

t o  a  c h a n g e  o f  40  -  50 in  t h e  p e n e t r a t i o n  s c a l e  ) .

The u s e  o f  h i g h  mix t e m p e r a t u r e s  i n  p r e p a r i n g  s e m i - g a p - g r a d e d  m i x e s  

im p ro v ed  t h e  c o a t i n g  o f  t h e  l a r g e r  s t o n e  s i z e s .  The d e g r e e  o f  c o a t i n g  

i n  t h e  m i x e s  was a s s e s s e d  by t h e  R oss  c o u n t  m e th o d  ( Ward and  W a r d e n ,

1 9 5 9 ) .  In t h i s  p r o c e d i  r e  t h e  + 9 , 7 5  mm m a t e r i a l  i s  s e p a r a t e d  f rom a 

s a m p l e  o f  t h e  a r x  and e x a m in e d  t o  d e t e r m i n e  t h e  number  o f  p a r t i c l e s  h a v i n g  

some p o r t i o n  u n c o a t e d  by  t h e  b i n d e r . Such  p a r t i c l e s  a r e  c l a s s i f i e d  a s  

u n c o a t e d  and  t h e  num ber  o f  u n c o a t o d  “ p a r t i c l e s  p e r  100 p a r t i c l e s  

o f  9 , 7 5  mn s t o n e  i s  u s e d  t o  e x p r e s s  ( n u m e r i c a l l y )  t h e  d e g r e e
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o f  c o a t i n g .  I n  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 l l  t h e  l a r g e  p a r t i c l e s  

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

w e r e  some " u n c o a t e d  " p a r t i c l e s .  Some r e s u l t s  a r e  g i v e n  i n  T a b l e  4 - 1 2 .

TABLE 4 - 1 2

EFFECT OF MIX VARIABLES ON THl: COATING,
(ROSS COUNT), OF SEMI-GAP-GRADED TAR MIXES

Mi x
No.

B i n d e r  
c o n t e n t  (t.)

Mix ing  
t i m e  (min)

F i n a l  Mix 
t e m p .  (°C)

% S t o n e s  
u n c o a t e d

1 6 , 0 3 120 6 , 3

2 5 , 0 3 l i m 2 , 0

5 6 , 0 5 100 8 , 0

6 6 , 0 3 105 4 , 3

9 6 , 0 3 160 0 , 3

10 6 , 0 1 125 9 , 0

11 6 , 0 1 124 2 2 , 0

T h e s e  r e s u l t s  im p ly  t h a t , a s  m i g h t  b e  e x p e c t e d ,  g o o d  c o a t i n g  i s  

a s s o c i a t e d  w i t h  h i g h  mix t e m p e r a t u r e s  an d  l o n g  m i x i n g  t i m e s .

H o w e v e r , t h e  r e s u l t s  t a k e  on  a p a r t i c u l a r  s i g n i f i c a n c e  when i t  i s  

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

m i x i n g  p l a n t s .  ( I n  f a c t  t h e  m i x i n g  t i m e  i s  a v e r y  i m p o r t a n t  f a c t o r  

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

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

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

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

t o  m i n i m i s e  t h e  c h a n g e  i n  v i s c o s i t y  i n  m i x i n g  ( and  t h e  u l t i m a t e  

s t i f f n e s s  o f  t h e  mix ) ,  an d  t h e  n e e d  t o  u s e  h i g h  t e m p e r a t u r e s  t o  

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

t o  a v o i d  t h e  u s e  o f  h i g h  t e m p e r a t u r e s  t h e  em ploym en t  o f  l o w e r  v i s c o s i t y  t a r  

g r a d e s  may be  a d v a n t a g e o u s  i n  c e r t a i n  c a s e s  b u t  t h i s  w o u ld  b e  

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

I n  F i g u r e s  4 - 2 9  a n d  4 -  30 i t  was shown t h a t  t h e  b i n d e r  t e m p e r a t u r e  

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

t h e  t e m p e r a t u r e  o f  t h e  f i n e  a n d  medium a g g r e g a t e  f r a c t i o n s .  Ho wever ,  an

202



i n c r e a s e  i n  b i n d e r  L om pcraLuro  f o r  a  s h o r t  p e r i o d  may r e d u c e  t h e  

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

r e a s o n  i t  h a s  b e e n  s u g g e s t e d  (A ppend ix  L) t h a t  i n  s p e c i f i c a t i o n s  t h e  

maximum b i n d e r  t e m p e r a t u r e  d u r i n g  m i x i n g  may b e  p e r m i t t e d  t o  e x c e e d  

t h e  reco m m en ded  maximum mix t e m p e r a t u r e  by a s m a l l  a m o u n t ,  e . g .  i n  

p r e p a r i n g  m i x e s  w i t h  6 0 - 6 'j°C Kvt t a r s  a maximum b i n d e r  t e m p e r a t u r e  o f  

135*C i s  s u g g e s t e d  p r o v i d e d  t h a t  t h e  mix  t e m p e r a t u r e  on  d i s c h a r g e  

d o e s  n o t  e x c e e d  125°C.  T h i s  m e a s u r e  may a l s o  h e l p  t o  a l l e v i a t e  

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

4 • 2 • 3 E f f e c t  o f  t h e  t i m e  f a c t o r  i n  s t o r age and h a n d l i n g

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

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

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

o f  t h e  S e c k t o n  t r a y  t e s t ,  (The B e c k t o n  t r a y  t e s t ,  w h i c h  s i m u l a t e s  t h e  

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

A p p e n d ix  0  and  i t s  u a e  i n  t a r  s p e c i f i c a t i o n s  i s  d i s c u s s e d  i n  A p p e n d ix  L) .

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

s p e c i f i e d  t h i c k n e s s  i n  an o v en  m a i n t a i n e d  a t  a p r e s c r i b e d  t e m p e r a t u r e ,  

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

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

I n  t h i s  s t u d y  0 , 2  mm an d  1 , 2 5  mm t h i c k  f i l m s  o f  60 -  6E.r C Evt  

c o k e - o v e n  t a r  w e r e  e x p o s e d  f o r  p e r i o d s  v a r y i n g  u p  t o  84 m i n u t e s  a t  120*C.

In  e a c h  c a s e  t h e  c h a n g e  i n  E v t  was d e t e r m i n e d  a n d  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  4 - 3 2 .

Th e r e s u l t s  i n d i c a t e  t h a t ,  t h e  E v t  i s  l i k e l y  t o  i n c r e a s e  on s t o r  ige  

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

a s s o c i a t e d  w i t h  m i x e s  (5 pm) . I t  may b e  i n f e r r e d  f rom t h e s e  r e s u l t s

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

and  t h a t  t h e y  s h o u l d  n o t  be  s t o r e d  f o r  l e n g t h y  p e r i o d s .

H o w e v e r , i n  a s e p a r a t e  s t u d y  o f  t h e  c h a n g e  i n  E v t  o f  c o k e - o v e n  t a r s  

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

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

m a i n l y  o c c u r s  d u r i n g  t h e  a c t u a l  m i x i n g  w i t h  t h e  a g g r e g a t e  and no  

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

I n v e s t i g a t i o n s  w e re  c a r r i e d  o u t  on two t a r  m i x e s :  a  c o n t i n u o u s l y  g r a d e d  

b a s e c o u r s e  mix i n c o r p o r a t i n g  a  0 0 ° C E v t  t a r  an d  a  s e m i - g a p - g r a d e d  s u r f a c e  

mix w i t h  a  5 4 #C Evt. t a r . T a r  s a m p l e s  w e r e  t a k e n  p r i o r  t o  m i x i n g  a n d  mix 

s a m p l e s  w e r e  t a k e n  f rom  t h e  m i x e r ,  f rom t h e  mix l o a d e d  i n t o  t h e  l o r r y , t h e  mix
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charged to the paving machine and the mix from the road immediately 
after paving. The tar was recovered from the mix samples and 
the Evt determined in the manner previously described. In order that, 
if necessary, the significance of Evt changes at each successive 
stage of the production could be established by the null hypothesis 
procedure, eight samples of the materials were taken at each stage. 
S a m p l e s  were taker at five points and their purpose was as follows:

(1) E i g h t  s a m p l e s  o f  t a r  d r a w n  f rom 

t h e  t a n k  d u r i n g  t h e  p r e p a r a t i o n  

o f  o n e  l o r r y  l o a d  o f  m ix .

(2) E i g h t  s a m p l e s  o f  mix f rom 

o n e  s k i p  i . e .  o n e  mix b a t c h

(3) E i g h t  s a m p l e s  o f  mix f rom 

o n e  l o r r y

(4) E i g h t  s a m p l e s  o f  mix f rom 

t h e  p a v e r

(5) E i g h t  s a m p l e s  o f  mix f r om  

t h e  r o a d

- To e s t a b l i s h  t h e  v a r i a n c e  

o f  e r r o r  i n  d e t e r m i n i n g  t h e  

E v t  o f  t h e  t a r .

-  To e s t i m a t e  t h e  v a r i a n c e  

i n  r e c o v e r i n g  t h e  t a r  and  

d e t e r m i n i n g  t h e  E v t ,  and 

by c o m p a r i s o n  w i t h  1 t o  

d e t e r m i n e  w h e t h e r  a s i g n i f i c a n t  

c h a n g e  i n  E v t  o c c u r r e d

d u r i n g  m i x i n g .

To e s t i m a t e  t h e  v a r i a n c e  

i n  t h e  E v t  o f  t h e  t a r  i n  

t h e  l o r r y  l o a d  o f  t a r  mix

-  To e s t i m a t e  by  c o m p a r i s o n  

w i t h  (3) w h e t h e r  a s i g n i t i c e n t  

c h a n g e  i n  E v t  o c c u r r e d  i n  

t r a n s p o r t a t i o n  an d  i n  l o a d i n g  

t h e  mix i n t o  t h e  p a v e r

-  To e s t i m a t e  by c o m p a r i s o n  

w i t h  (4) w h e t h e r  a  s i g n i f i c a n t  

c h a n g e  i n  E v t  o c c u r r e d  

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

mix

Th e E v t  o f  t h e  t a r  a t  d i f f e r e n t  s t a g e s  i n  t h e  p r e p a r a t i o n  and 

p a v i n g  o f  t h e  m i x e s  i s  shown in  F i g u r e  4 -  33 .  The g r e a t e s t  c h a n g e  in  

E v t ,  In  b o t h  c a s e s ,  o c c u r r e d  d u r i n g  t h e  m i x i n g  s t a g e  and no s i g n i f i c a n t  

f u r t h e r  E v t  i n c r e a s e  o c c u r r e d  o n c e  t h e  mix was i n  t h e  l o r r y .  I n  t h e  

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

E v t  a l s o  o c c u r r e d  d u r i n g  t h e  p e r i o d  when t h e  mix b a t c h e s  w e r e  b e i n g  

a c c u m u l a t e d  in  t h e  s t o r a g e  h o p p e r  p r i o r  t o  f i l l i n g  u p  t h e  l o r r y .
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D u r i n g  mix p r e p a r a t i o n  an d  p a v i n g  i n  t h e  c o n s t r u c t i o n  o f  t h e  

BokeLurg e x p e r i m e n t a l  s e c t i o n s  s a m p l e s  w e r e  t a k e n  t o  e n a b l e  t h e  

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

m e a s u r e d .  (The 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 h e  b i n d e r s  a r e  g i v e n  i n  

A p p e n d ix  K, T a b l e s  XXIV end  X X V ) •  E x a c t l y  t h e  same p r o c e d u r e  was 

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

o f  p r e p a r a t i o n  a n d  p a v i n g  o f  t h e  mix (TPA medium t y p e ) . The c h a n g e  

i n  E v t  c f  t h e  f i v e  b i n d e r s  a t  e a c h  s t a g e  i s  shown i n  F i g u r e  4 - 3 4 .

The c h a n g e  i n  v i s c o s i t y  o f  t h e  u n m o d i f i e d  c o k e - o v e n  t a r  and PVC- 

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

1 5 0 / 2 0 0  P e n .  n o r m a l  an d  " c r a c k e d "  b i t u m e n s .  T h i s  r e s u l t ,  w h ic h  may 

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

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

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

h a n d l i n g  o f  t h e s e  m i x e s  a r e  g i v e n  i n  T a b l e  4 - 1 3 .

TABLE 4 - 1 3  

AVERAGE MIX TEMPERATURES DURING CONSTRUCTION

S e c . B i n d e r T e m p e r a t u r e s  ( eC) Time f rom
No. t y p e S t o n e B i n d e r Mix on 

d i s c h .
Mix a t  
s i t e

Mix i n  
p a v e r

Mix on 
r o a d

m i x i n g  t o  
p a v i n g  
( m i n s . )

2 C.O.  t a r 115 85 105 102 - 94 65

5 L u r g i  t a r 115 102 120 104 - 94 60

8 P V C / t a r 115 92 105 104 96 94 55

11 B i tu m en 135 111 130 146 - 92 55

14 " C r a c k e d "
b i t u m e n 147 135 149 - 128 106 55

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

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

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

bou nd  m i x e s  ( p r o v i d e d  t h e s e  a r e  a l s o  p r e p a r e d  a t  recommended t e m p e r a t u r e s ) . 

T h i s  f i n d i n g  may b e  a f f e c t e d  t o  some e x t e n t  by t h e  t y p e  o f  mix i n  w h ic h  

t h e  b i n d e r  i s  u s e d .

The L u r g i  t a r  was m o s t  s u s c e p t i b l e  t o  c h a n g e  d u r i n g  t h e  mix p r e p a r a t i o n  

p h a s e  and  i n  v i e w  o f  t h e  more  r a p i d  w e a t h e r i n g  o f  t h i s  b i n d e r  i t  i s  

u n l i k e l y  t o  p e r f o r m  a s  w e l l  in .  s u r f a c e  m i x t u r e s  c o k e - o v e n  t a r  o r  

b i t u m e n  b i n d e r s .
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TOXIC HAZARDS IN USING ROAD TARS

Resume'

The h i s t o r y  o f  t h e  a s s o c i a t i o n  o f  c o a l - t a r  c o n s t i t u e n t ^  

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

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

a r o m a t i c  h y d r o c a r b o n s  a r e  m o s t  p o t e n t .  The b e n z ( a )  p y r e n e  

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

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

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

d o s a g e s  o f  b e n z ( a ) p y r e n e  a r e  n e c e s s a r y  t o  p r o d u c e  s k i n  

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

e m i t t e d  d u r i n g  p a v i n g  o p e r a t i o n s .  The m a in  c a u s e s  o f  

i r r i t a t i o n  t o  t h e  e y e s  and  r e s p i r a t o r y  o r g a n s  o f  p a v i n g  

w o r k e r s  a r e  p h e n o l  an d  c r e s o l s  w h i c h  h av e  low c a r c i n o g e n i c  

p o t e n c y ,  and m e a s u r e m e n t s  t a k e n  d u r i n g  a p a v i n g  o p e r a t i o n  

show t h a t  t h e s e  e m i s s i o n s  a r e  much g r e a t e r  t h a n  b e n z ( a )  

p y r e n e  c o n c e n t r a t i o n s  r e p o r t e d  by  o t h e r  w o r k e r s .  T h r e s h o l d  

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

low and a v a l u e  o f  25 mg/m i s  s u g g e s t e d  f o r  t h e  v o l a t i l e  

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

a r o m a t i c  h y d r o c a r b o n s  (200 pg/m"*) .

I t  i s  t r u e  t h a t  i n  r o a d  c o n s t r u c t i o n  and  m a i n t e n a n c e  o p e r a t i o n s ,  

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

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

h y d r o c a r b o n s , and a s  t h e s e  h a v e  b e e n  fo u n d  t o  be  c a r c i n o g e n i c , i t  h a s  

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

c o n d i t i o n s  i n  w h ich  t h e r e  i s  a  h i g h  r i s k  o f  c a n c o r  o c c u r r i n g .  Such 

a r g u m e n t s  h ave  b e e n  u s e d  i n  d i s c u s s i o n s  on t h e  m e r i t s  o f  t a r  and  b i t u m e n  

a s  r o a d  b i n d e r s  ( C r a w f o r d , 1 9 7 4 ) .  H o w e v e r , a c l o s e  e x a m i n a t i o n  o f  t h e  

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

h e a l t h  r i s k s  a r e  n o t  a s  g r e a t  a s  may b e  t h o u g h t .

5 . 1  COAL-TAR CONSTITUENTS AND CANCER

A d e t a i l e d  r e v i e w  t r a c i n g  t h e  o c c u r r e n c e  o f  c a n c e r  among w ork e r ; ,  

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

h a s  b e e n  g i v e n  i n  a m o n o g rap h  s p o n s o r e d  by t h e  World  H e a l t h  O r g a n i s a t i o n
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(Hi t  n r n . i t  i o n a  I f f>« Kutiouruti on  C u n u u r ,  I ' i ' / l ) .

At I Im l>i‘i | l n n l n < |  <>t t In i w u n t i v l l i  rxmt u r y  i t  w r ,  r o i l  l e n d  t h a t  

t.'idI v i d u a l n  i;nya<i<id in  lifinci I i < o o c u | i a t i o r i i i  i n  t i n  r . » r b o n i f i i n y  a n d  

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

o f  s k i n  c a n c e r .  I n  B r i t a i n  t h e  W o r k m a n ' s  C o m p e n s a t i o n  A c t  o f  1907 

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

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

s e v e r a l  y e a r s  a f t e r  t h e  commencement  o f  t h e  p e r i o d  o f  e x p o s u r e  and t h e  

f i r s t  r e c o r d e d  d e s c r i p t i o n  o f  t h em  a p p e a r s  t o  h a v e  b e e n  made by 

B u t l i n ,  ( 1 8 9 2 ) .

Yamegiwa an d  I c h i k a w a  (1915)  p r o v e d  t h a t  s k i n  c a n c e r  c a n  bo c a u s e d  

by c o n t a c t  w i t h  t a r  when t h e y  p r o d u c e d  t u m o u r s  on  t h e  e a r s  o f  r a o b i t s  

upon p r o l o n g e d  a p p l i c a t i o n  o f  a  t a r - o i l  f r a c t i o n .  Kennuway (1925)  

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

p r o d u c e d  f rom t a r ,  p i t c h  an d  o i I s f d e s c r i b e d  a s  c r e o s o t e  o i l  and 

a n t h r a c e n e  o i l )  w e re  r e c o r d e d  d u r i n g  t h e  p e r i o d  1920 -  1 945 .  L a t e r  

Henry  (194 6  a n d  1947)  f o u n d  t h a t  t h e  c o m p o s i t i o n  an d  t y p e  o f  t a r  

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

among w o r k e r s  a n d  p r e v i o u s l y  P a s s e y  (1922)  had  f o u n d  t h a t  t h e  m o s t  

p o t e n t  e x t r a c t s  o f  s o o t  w e re  t h o s e  t h a t  w e r e  f r e e  o f  " a c i d i c  and  

p h e n o l i c  c o m p o u n d s" .

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

r e s p o n s i b l e  f o r  t h e  o c c u r r e n c e  o f  c a n c e r  was made by H i e g e r  (1910)  who 

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

b a n d s  a t  400,  418 a n d  440 mum. A h y d r o c a r b o n  w i t h  s p e c t r a  s i m i l a r  

t o  t h a t  o f  c a r c i n o g e n i c  t a r s  i s  ben z (  a ) a n t h r a c e n e  and  a d e r i v a t i v e ,  

d i b e n z ( a h ) a n t h r a c e n e ,  p r o d u c e d  s k i n  t u m o u r s  an d  became  t h e  f i r s t  

c h e m i c a l  r e c o g n i s e d  a s  h a v i n g  c a r c i n o g e n i c  p o t e n c y  (Haddow,  1 9 5 9 ) .

Be n z  f a )  a n t h r a c e n e

b i b e n r ( a h ) a n t h r a c e n e  
F o l l o w i n g  t h i s  work Cook an d  H e w e t t  (1933)  i s o l a t e d  t h e  c o n s t i t u e n t  

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

t h e  h i t h e r t o  unknown compound w h i c h  p r o v e d  t o  be  b e n z < a ) p y r e n e .
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B e n z ( a ) p y r en e

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

i d e n t i f i e d  ( M i l n e r ,  1954) o f  w h i c h  t h e  p o l y n u c l e a r  a r o m a t i c  h y d r o c a r b o n s  

a r e  o n l y  o n e  c l a s s .  B e n z ( a ) p y r e n e  i s  e m i t t e d  f ro m  a  num ber  o f  i n d u s t r i a l  

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

t y p e .  H a n g e b r a n c k  e t  a l . (1964)  h a v e  l i s t e d  t y p i c a l  c o n c e n t r a t i o n s  i n  

v a r i o u s  e m i s s i o n s :

G a s - f i r e d  pow er  s t a t i o n  

C o a l - f i r e d  power  s t a t i o n  

D i e s e l  e x h a u s t  

R e f u s e  b u r n i n g

0 , 1  pg/m 

0 , 3  pg/m" 

5 pg/m" 

11 pg/m"

E m i s s i o n s  f r o m  c o k e - o v e n  p l a n t s  35 pg/m

H o u s e h o l d  c o a l - f i r e d  f u r n a c e  100 p g / » 3

As a  r e s u l t  , i n  e x a m i n a t i o n s  o f  c i t y  a t m o s p h e r e s  a n d  e m i s s i o n s  f r om  

v a r i o u s  p r o c e s s e s  t h e  b e n z ( a ) p y r e n e  c o n t e n t  h a s  b e e n  m e a s u r e d  more  o f t e n  

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

s u c h  i s  r e g a r d e d  a s  an  i n d e x  o f  t h e  c a r c i n o g e n i c  r i s k  on  e x p o s u r e  t o  t h e s e  

e m i s s i o n s .

A l t h o u g h  t h e  I n t e r n a t i o n a l  Agency f o r  R e s e a r c h  on C a n c e r  (1973)  h a s  

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

i t  m u s t  b e  e m p h a s i s e d  t h a t  t h e y  a r e  by no means  a l l  c a r c i n o g e n i c .  I n

f a c t  n o t  a l l  i s o m e r s  o f  a s i n g l e  a r o m a t i c  g r o u p  a r e  c a r c i n o g e n i c  (Haddow,

1959) and f o r  e x a m p le  w h e r e a s  b e n z ( a ) p y r e n e  i s  a p o t e n t  c a r c i n o g e n ,  b e n z -  

( e ) p y r e n e  h a s  o n l y  weak c a r c i n o g e n i c  p r o p e r t i e s .

B e n z ( e ) p y r e n e

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

n a p h t h a !  i , 2 , 3 ,4 - q r a ) c h r y e e n e  h a s  o n l y  m i l d  c a r c i n o g e n i c  p r o p e r t i e s  

( P i e r c e ,  a n d  K a t z ,  1975)
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Nuphthu i, 'i-qr aj_-
u h r y n f i i u

pentaphene

The relationship between the chemical constitution and carcinogenic
activity of hydrocarbons has been reviewed by Haddow, (1959). Earlier
work showed that highly carcinogenic hydrocarbons tended to have fiat
planar molecules, and phenanthrene types substituted in the 1,2,3, or 4

positions were potent provided there was no deactivating substituent
in the 9 or 10 positions. Thus substances and 1_1 are strongly

*

carcinogenic whereas types 111 and 1_V are not.

3

Dibenz(ac)Phenanthrene2 10

CH
Carcinogenic

CH3

9,10-d imcthyldibenz(aj)anthracene

11

111

CH

IV

9 ,10-dimethyldibenz(ac)anthracene

CH

s

.

Non-
Carcinogenic

'l-methyldibrtu: (,u ) r I'.enanthrene

This led to the concept of a minimal electron doncity required for 
carcinogenic activity (Cciimidt, 193B and 1939) and a threshold activity

* The fact that benz(a)pyrcne has strong carcinogenic properties and 
benz(e) pyrene has low potency, i c o n :  i ntent witli tiiis rule.
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o f  ff o i e e t r o n a  (P u l l m a n  an d  P u l l m a n ,  1 ^ 5 5 ) .  i t  w i l l  be  a p p a r e n t  

t h a t  on  t h i n  b a a i a  few o f  t h e  l o w - b o i l i n g  h y d r o c a r b o n s  among c o a l - t a r  

constituents c o u l d  be  e x p e c t e d  t o  bo c a r c i n o g e n i c .

I n  view of the concern about the carcinogenic potency of benz(a) 
pyrene the American Conference of Government an d  Industrial llygienists 
(ACGIH) have assigned a Threshold Limit Value of 200 pg/m to the 
hydrocarbon and the same concentration has been accepted by the 
Occupational Safety and Health Association (OSHA) a s  a maximum air- 
contaminant standard.

5 •2 TUP OCCURRKNCL OF LUNG CANCER AMONG WGRXEPS KXPO.SEL TO POLYNUCLKAP 
AROMATIC HYDROCARBONS

From results of experiments in which relatively large amounts of coal- 
tar hydrocarbons have been painted on the skin or injected subcutaneously 
it has been implied that exposure to tar fumes involves a high risk of 
cancer of the internal organs. However, the criterion of industrial 
toxicology should be not whether a substance is capable of harming 
workmen, but whether "bearing in mind protective measures that are 
used" actual harm occurs. This view has been given by Gadian (197 5) 
who points out that many highly toxic chemicals such as cyanide are 
uaed extensively in industry and ways of protecting workers have been 
devised.

Benz ( 6 ) pyrcne concentrations in a number of "tarring" processes have 
been measured. Values of 0,2 - 1,4 per cent were recorded during the 
treatment of walls with a tar/pulvcrised-cork mixture (Bonnet, 1962).
In British gas-retort houses average values of 1,4 - 4,8 pg/m3 have
been reported with peak values of up to 2,3 mg/m ’ by Lawther et al.(1966) and
in South Africa Brandt and Nicholls (1968) recorded 23,1 pg/m3. These levels

* To provide guidance in choosing concentration levels above which a 
danger to health may exist, bodies such as the ACGIH have defined 
Threshold Limit Values (TLV's) for the concentration in air of many 
substances encountered in industry. The basis on which values are 
established may differ from substance to substance/protection against 
the impairment of health may be the guiding factor for some, whereas 
reasonable freedom from irritation, narcosis, nuisance or other forms 
of stress may be the basis for others.
In selecting the values, it is assumed that air is inhaled at a normal 

rate tor eight hours and no del infte nt utcinont is made regarding the 
extent to which transient concentrations above the TLV may be allowed.
Where it is necessary to work for periods in excess of eight hours the 
dosage would increase and hence a lower TLV would bo advisable. A 
similar principle would apply to increase in working temperature and 
increase in the amount of heavy work as these result in a greater depth 
of respiration and the absorption of the toxic substances would 
correspondingly inv^aase.
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drc hi f jh t i r  tban t.liu muun unnuul v u i u o u  t u c o r d u d  in city cit x n o s p h c r s s#
(Louw, 1 0 0 0 ) .

L p i d e m i u l o y i c u l  s t u d i e s  on w o r k e r s  e x p o s o d  t o  r e l a t i v e l y  h i g h  

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

r e s u l t s *  A h i g h  i n c i d e n c e  o f  l u n g  c a n c e r  among w o r k e r s  e x p o s e d  t o  

c o a l - g a s  a n d  t a r  was r e p o r t e d  by Konnaway an d  Kennaway,  ( 1 9 4 7 ) .  D o l l  (1952) 

f o u n d  t h a t  o f  2 071 m a l e  p e n s i o n e r s  o f  a  London g a s  company 25 d e a t h s  

o c c u r r e d  d u e  t o  l u n g  c a n c e r  a s  co m p a r e d  w i t h 0 , 6 7 1  f o r  t h e  m a ] r ; 

i n h a b i t a n t s  o t  London o f  t h e  same a g e . In  a f u r t h e r  s t u d y  b o l l  e t  a l*  

(1972)  f o u n d  a  s i g n i f i c a n t  e x c e s s  o f  d e a t h s  f rom  l u n g  c a n c e r  among g a s  

w o r k e r s .  S i m i l a r  f i n d i n g s  h a v e  b e e n  r e p o r t e d  i n  J a p a n  (Kurr  la and 

K a w a h a t a , l ')36» Kawai e t  a l  1967) , an d  i n  A m e r ic a  a s t u d y  by L lo y d  (1971)  

o f  a l m o s t  60 000 s t e e l  w o rk s  e m p l o y e e s  showed t h a t  t h e  d e a t h  r a t e  f rom 

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

w o r k e r s  a s  a  w h o l e .

However ,  a s t u d y  by Hammond e t  a l .  (1969)  showed t h a t  o f  6 000 w o r k e r s  

i n  p i t c h  r o o f i n g  o c c u p a t i o n s  43 d e a t h s  w e r e  due  t o  l u n g  c a n c e r  a s  

co m p ar ed  w i t h  t h e  3 6 , 4  d e a t h s  e x p e c t e d  ( u s i n g  t h e  t o t a l  m a l e  p o p u l a t i o n  

o f  t h e  USA a s  a  c o n t r o l ) ,  and  t h i s  was  f o u n d  t o  be  n o t  s t a t i s t i c a l l y  

d i f f e r e n t  by t h e  n u l l  h y p o t h e s i s  t h a t  em ploym en t  i n  t n e  p i t c h  r o o f i n g  

t r a d e  h a s  no i n f l u e n c e  o n  d e a t h  r a t e s .  T h i s  s t u d y  a l s o  showed t h a t  t h e  

nu mber  o f  d e a t h s  d u e  t o  c o r o n a r y  h e a r t  d i s e a s e  was s i x  t i m e s  t h e  number  

o f  d e a t h s  d u e  t o  l u n g  c a n c e r .  H u ep er  e t  a l  (1962)  fo u n d  no c o r r e l a t i o n  

b e t w e e n  t h e  b e n z ( a ) p y r e n e  c o n t e n t  i n  t h e  u r b a n  an d  r u r a l  e n v i r o n m e n t s  

o f  e i g h t  A m e r i c a n  c i t i e s  a n d  t h e  r e s u l t s  o f  an  e x p e r i m e n t a 1 b i o - a s s a y  

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

c a n c e r  b e c a u s e  o f  h i g h e r  b e n z ( a ) p y r e n e  c o n c e n t r a t i o n s .

From t h e  r e s u l t s  o f  t h e i r  i n v e s t i g a t i o n s ,  Hammond e t  a l .  c o n c l u d e d  

t h a t  t h e  e f f e c t  o f  b e n z ( a ) p y r e n e  on l u n g  c a n c e r  i s  t r i v i a l  co m p ar ed  w i t h  

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

s m o k in g ,  an d  p o i n t e d  o u t  t h a t  t h e  am ou nt  o f  b e n z ( a ) p y r e n e  i n h a l e d  by t h e  

c i g a r e t t e  sm oker  an d  a l s o  t h e  a v e r a g e  c i t y  d w e l l e r  i s  low i n  c o m p a r i s o n  

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

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

d e s c r i b e d  a s  d r a s t i c  ( J a c k s o n  o t  a l . , 1 9 7 4 ,  i l i a f f  i o t t i  e t  a l ;  1964 and  

P y b u s ,  1964 ) .  F u r t h e r m o r e ,  w h e r e  e p i d e m i o l o g i c a l  u v i d o n .  o h a s  shown 

a  s i g n i f i c a n t l y  h i g h e r  i n c i d e n c e  o f  l u n g  c a n c e r  among w o r k e r s  nx|>osud 

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

v e r y  s m a l l  p e r c e n t a g e  ( a b o u t  1 p e r  c e n t )  o f  t h e  t o t a l  ( D o l l ,  1 9 5 2 ) .
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I t  w ou ld  seum t h a t  a l t h o u g h  t h e r e  h a s  b e e n  a  w o r l d - w i d e  i n c r e a s e  

i n  m o r t a l i t y  f r om  lu n g  c a n c e r ,  t h e  t o x i c o l o g i c a l  m ech a n ism s  o f  

p o l  m u c l e a r  a r o m a t i c  h y d r o c a r b o n s , (an d  p a r t i c u l a r l y  bonz  (a)  p y r e n e )  

a r e  m a i n l y  u n d e t e r m i n e d .

5 . 3  HYDROCARBON POLLUTION DURING TUT. PAVING OF TAR MIXES

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

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

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

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

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

m ix i i . g  p l a n t s  h a v e  b e e n  d e t e r m i n e d  r e c e n t l y  by  The A s p h a l t  I n s t i t u t e ,  (1975)

i n  » c o m p r e h e n s i v e  s t u d y .  The c o n c e n t r a t i o n s  o f  c a r b o n  m o n o x id e ,

s u l p h u r  d i o x i d e ,  p h e n o l i c  s u b s t a n c e s  a n d  C \ - C ^ .  g a s e o u s  s u b s t a n c e s

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

no s e r i o u s  p u b l i c  o r  e m p lo y e e  h e a l t h  h a z a r d  e x i s t e d  and  t h e  e m i s s i o n s

f e l l  »elow t h e  T h r e s h o l d  L i m i t  V a l u e  f o r  a s p h a l t  f u m e s (5 m g /m ' ) (A C G I H ,1 9 7 4 ) .

Rc ad c o n s t r u c t i o n  w o r k e r s  a r e  more  l i k e l y  t o  be e x p o s e d  t o  h i g h

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

w o r k e i s  em p lo y ed  i n  m i x i n g  p l a n t s , b e c a u s e  t h e  m i x i n g  p r o c e s s  i s  u s u a l l y

c o n t r o l l e d  by r e m o t e  m e t h o d s .  A number  o f  w o r k e r s  a r e  r e q u i r e d  i n

c l o s e  p r o x i m i t y  t o  t h e  p a v i n g  m a c h i n e  an d  b i t u m e n  and t a r  fu mes may

w e l l  :>e a h e a l t h  h a z a r d  a t  t h i s  s t a g e .  In  t h e  a u t h o r ' s  k n o w led g e  no

c o m p r s h e n s i v e  s t u d y  h a s  b e e n  made o f  e m i s s i o n s  d u r i n g  p a v i n g .  B e n z ( a i -

p y r e n e  c o n c e n t r a t i o n s  h a v e  b e e n  d e t e r m i n e d  by S a w i c k i  e t  a l .  (19o2)  i n

A m e r ic a  a n d  by Louw (1965)  who f o u n d  a c o n c e n t r a t i o n  o f  1 , 1  pg/m i n

t h e  t i r  s u r r o u n d i n g  t h e  d r i v e r  o p e r a t o r  i n  a ' t a r r i n g "  o p e r a t i o n  i n

S o u t )  A f r i c a .  T h i s  i s  l o w e r  t h a n  c o n c e n t r a t i o n s  (14 p g / m 3 ) e n d u r e d  by

p i t c )  w o r k e r s  i n  t h e  s t u d y  by Hammond e t  a l .  (1969)  d e s c r i b e d  p r e v i o u s l y .

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

c o n c e n t r a t i o n s  o f  o r g a n i c  p o l l u t a n t * ;  d u r i n g  p a v i n g  o p e r a t i o n s ,  and i t

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

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

t h e  e y e s , mucous membrane an d  r e s p i r a t o r y  s y s t e m  c a u s e d  by v o l a t i l e  
*

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

* McNei l  (1966)  h a s  d e s c r i b e d  t h e  c h a r a c t e r i s t i c  o d o u r  o f  t a r  a s  a 
c o m b i n a t i o n  o f  t h e  s m e l l  o f  n a p h t h a l e n e  an d  p h e n o l  m o d i f i e d  by t h e  
adm x t u r e  o f  s m a l l  a m o u n t s  o f  p y r i d i n e  an d  t h i o p h e n o l .



" P i t c h  b u r n s "  h a v e  b e e n  d e s c r i b e d  by M i l n e r  ( 1 9 5 4 )  an d  P i e r r e  e t  a l . ( 1 9 6 5 )  

a n d  c a n  b e  p r e v e n t e d  b y  t h e  u s e  o f  b a r r i e r  c r e a m s  ( C e n t r e  b ' E t u d e  e t  

u ' A p p l i c a t i o n s  D c r m a t o l o y I q u o a ,  1 9 7 5 )  b u t  o p e r a t o r s  u s u a l l y  c o m p l a i n  

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

n o s e  a n d  m o u t h .

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

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

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

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

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

5 . 3 . 1  M e t h o d  f o r  t r u p p i n g  v o l a t i l e  h y d r o c a r b o n s  i n  t a r  f u m e s  

T h e  p r o c e d u r e  u s e d  w a s  f i r s t  d e s c r i b e d  b y  G r o b  a n d  G r o b  ( 1 9 7 1 )  

and a n  a d a p t a t i o n  u s e d  b y  t h e  A i r  P o l l u t i o n  G r o u p  o f  t h e  C S I R  w a s  

f o l i o  /ed. G r o b  a n d  G r o b  t r a p p e d  t h e  h y d r o c a r b o n  r a n g e  a n d

i d e n t i f i e d  1 0 8  d i f f . n t  c o m p o u n d s .

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

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

a ir  stream o n  a  f i l t e r  a n d  t h e  v o l a t i l e  h y d r o c a r b o n s  a d s o r b e d  on a  bed 

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

s u c h  a  p o s i t i o n  t h a t  t h e  a i r  d r a w n  t h r o u g h  t h e  a p p a r a t u s  w a s  re p r e se n ta t iv e

o f  t h e  a i r  s u r r o u n d i n g  th< d r i v e r - o p e r a t o r .

S a m p l e s  were taken d u r i n g  the c o n s t r u c t i o n  o f  t h e  Boksburg surfacing  

experiment and on o c c a s i o n s  d u r i n g  t h e  p a v i n g  o f  a  t a r  mix o ver lay  near

Ladysmith in  N at.il.
5 . 3 . 2  A n a l y s e ,  o f  h y d r o c a r b o n s  

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

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

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

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

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

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

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

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

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

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

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

L u r g i  t a r  o i l s  ( P a r t  2 ,  C h a p t e r  2 . 2 - 4 ) .

p r e p a r a t i v e  c h r o m a t o g r a m s  o f  a  t e s t  m i x t u r e  and o f  hydrocarbons 

trapped during p a v i n g  o p e r a t i o n s  w i t h  c o k e - o v e n  ta r  and w ith PVC/tar
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a r e  s h o w n  i n  F i g u r e  5 - 1 .  T h i u  f i g u r e  g i v e s  a n  i n d i c a t i o n  o f  t h e  

r e s o l u t i o n  o b t a i n e d  w i t h  a  1 , 1  m x  9  mm I , D .  c o l u m n  p a c k e d  w i t h  1 0  

p e r  c e n t  E 3 0  o n  1 0 0 - 1 2 0  m e s h  d i a t o m i t e  C .  A s t a n d a r d  P y o  m a n u a l  

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

t h e  c o l u m n  a n d  t h e  d e t e c t o r  w a s  u s e d .  T i e  s p l i t  r a t i o  w a s  1 0 0 / 1 ,  T h e  

k i t  h a s  a  " c o l l e c t o r  o v e n "  t o  p r e v e n t  c o n d e n s a t i o n  o f  t h e  v o l a t i l e  

c o n s t i t u e n t s  p r i o r  t o  e n t r y  i n t o  t h e  g l a s s  t r a p .  A f t e r  so m e  e x p e i i m e n r a t i o n  

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

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

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

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

r e c o r d e r .

T h e  i n f r a - r e d  t  e c t r a  w e r e  o b t a i n e d  a s  d e s c r i b e d  i n  A p p e n d i x  B.

5 . 3 . 3  T h e  c o m p o s i t i o n  o f  t a r  v o l a t i l e !- e m i t t e d  d u r i n g  t h e  p a v i n g 

o f  t a r  m i x e s

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

p a v i n g  o f  t a r  m i x e s  ( c o k e - o v e n  t a r  -  u n m o d i f i e d  a n d  PVC m o d i f i e d )  

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

a r e  g i v e n  i n  T a b l e  5 - 1 .  T h e s e  w e r e  e s t i m a t e d  a c c o r d i n g  t o  p r o c e d u r e s  

d e s c r i b e d  i n  A p p e n d i x  A 1 . 5 ,  T a b l e s  V l l  t o  X I X .  ( T h r e s h o l d  L i m i t  V a l u e s  

(ACGIH) h a v e  b e e n  i n c l u d e d  i n  T a b l e  5 - 1 . )

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

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

a p p r o x i m a t e l y  0 , 5  m e t r e s  i n  f r o n t  o f  t h e  d r i v e r .  T h e  a i r  w a s  d r a w n  

t h r o u g h  e a c h  t r a p  a t  2 l i t r e s / m i n u t e  w h i c h  i s  s l i g h t l y  b e l o w  t h e  

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

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

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

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

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

o n  t h e  b a s i s  o f  t h e  v o l a t i l e  c o n t e n t  o f  t h e  r e s p e c t i v e  b i n d e r s  ( s e e  

A p p e n d i x  K , T a b l e  'la*/) a n d  t h e  m i x  t e m p e r a t u r e  ( P a r t  4 ,  T a b l e  4 -  1 3 )  

a n d  m u s t  b e  d u e  t o  v a r i a t i o n s ;  i n  e m i s s i o n  c o n c e n t r a t i o n s  a t  t h e  

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

a n d  s p e e d .

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

b e n z ( a ) p y r e n e  c o n c e n t r a t i o n s  p r e v i o u s l y  r e c o r d e d  b y  S a w i c k i  e t  a l .

( 1 9 6 2 ) ( 1 0 0  t i m e s  g r e a t e r )  a n d  Louw ( 1 9 6 5 )  (1 0 0 0  t i m e s  g r e a t e r ) .
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T h e  m a i n  p o l l u t a n t  i s  n a p h t h a l e n e  b u t  t h e  c o n c e n t r a t i o n  o f  p h e n o l  a n d  

c r e s o l s  i n  a l s o  h i g h  ( t h o u g h  b o t h  a r e  w e l l  b e l o w  t h e  T L V ' s  f o r  t h e s e  

s u b s t a n c e s ) . P h e n o l - c r e s o l s  m i x t u r e s  a r e  d e s c r i b e d  a s  c a r b o l i c  a c i d  

a n d  t h e s e  a r e  a l s o  t o x i c  s u b s t a n c e s  ( A e r o s p a c e  M e d i c a l  R e s e a r c h  L a b o r a t o r y  

1 9 7 2 , )  a n d  i t  i s  t h o u g h t  a  t o x i c  d o s e  r a n g e s  f r o m  3 0 0  -  5 0 0  m g / k g  ( b o d y  m a s s )

5 . 3 . 4  T h r e s h o l d  L i m i t  V a l u e s  f o r  t a r  f u m e s  

T h e  d a t a  i n  T a b l e  5 - 1  s h o w  t h a t  t h e  t o t a l  v o l a t i l e  e m i s s i o n ,  w h i c h  

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

" c o a l - t a r - p i t c h " v o l a t i l e s V  H o w e v e r ,  i n  d e f i n i n g  " c o a l - t a r - p i t c h  v o l a t i l e s "  

t h e  ACGIH r e p o r t  m a k e s  p a r t i c u l a r  m e n t i o n  o f  b e n z ( a ) p y r e n e  ( a s  w e l l  a s  

s o m e  n o n - c a r c i n o g e n i c  h y d r o c a r b o n s ) ,  w h e r e a s  i t  h a s  b e e n  s h o w n  b y  Louw ,

( 1 9 6 5 )  a n d  p r e v i o u s l y  b y  S a w i c k i  e t  a l .  ( 1 9 6 2 )  t h a t  t h e  c o n c e n t r a t i o n  

l e v e l  o f  t h e s e  p a r t i c u l a t e s  i s  w e l l  b e l o w  t h e  TLV o f  t h e  c o a l - t a r - p i t c h  

v o l a t i l e s ,  2 0 0  p g / m  . I t  w o u l d  a p p e a r  t h a t  c r i t e r i a  s h o u l d  b e  

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

p a r t i c u l a t e  m a t t e r ,  ( t h e  TLV f o r  t h e  l a t t e r  m i g h t  r e m a i n  a t  2 0 0  p g / m  ) .  

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

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

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

c o n c e n t r a t i o n ,  a  v a l u e  o f  2 5  mg/m"* m i g h t  b e  u s e d .  T h i s  i s  s u g g e s t e d  

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

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

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