
TABLE 3 - 1

EFFECT OF f’VC: SUBTRACTION IAOP ON CHROMATOGRAMS OF C^-C^ HYDROCARBONS

M i x t u r e Type o r  c l a s a  
o f  c o m p o n e n t s

A c t u a l  c o m p o n e n t s  
o f  m i x t u r e

R e s u l t

A n i - p a r a f  f i n e P e n t a n e ,  h e x a n e ,  h e p t a n e  
o c t a n e

No p e a k s  removed

B B r a n c h e d  p a r a f f i n s 2 . 2 - d i m e t h y l  b u t a n e
2 . 3 - d i m e t h y l  b u t a n e  + 
h e x a n e

No p e a k s  re move d

C O l e f i n s 1 - h e x a n e ,  1 - o c t e n e  + 
n - o c t a n e

No p e a k s  removed

D C y c l o o l e f i r . s C y c l o h e x ^ n e ,  c y c l o p e n t e n e  
1 , 3 - c y c . l o h e x a d i e n e ,  c y c l o -  
h e p t e n e ,  c y c l o o c t a t e t r a e n e

C y c l o o c t a t e t r a e n e  
( o n l y )  s u b s t a n t i a l l y  
re moved

E A r o m a t i c s B e n z e n e ,  t o l u e n e ,  x y l e n e  
+ m e t h y l c y c l o h e x a n e

A l l  a r o m a t i c s  r emov ed

TABLE 3 - 2

THE CHEMICAL NATURE OF BITUMINOUS BINDERS 
AND THEIR COMPATABILXTY WITH PVC

B i n d e r
t y p e

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

C o m p a t i b i l i t y  
w i t h  PVC

P e t r o l e u m
b i t u m e n

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

L o w e s t N o t  c o m p a t i b l e

V e r t i c a l *  
r e t o r t  
and  L u r g i  
t a r e

Some p a r a f f i n s ,  b u t  m a i n l y  
a r o m a t i c  w i t h  c o n s i d e r a b l e  
r i n g  s u b s t i t u t i o n  by  a l k y l  
g r o u p s  a n d  c h a i n s , e s p e c i a l l y  
i n  t h e  h i g h e r  m o l e c u l a r  
m ass  compounds  (W ilm an ,1966)

More a r o m a t i c  
t h a n  b i t u m e n ,  
b u t  l e s s  
a r o m a t i c  t h a n  
c o k e - o v e n  t a r

More c o m p a t i b l e  
t h a n  b i t u m e n  
b u t  l e s s  c o m p a t i b l e  
t h a n  coke*otsen 
t a r

C o t e -
o v e n
t a r

P o l y n u c l e a r  a r o m a t i c  r i n g s  
w i t h  l e s s  a l k y 1 s u b s t i t ­
u t i o n  t h a n  i n  v e r t i c a l *  
r e t o r t  t a r s

H i g h e s t C o m p a t i b l e .



The a f f i n i t y  o f  a r o m a t i c  h y d r o c a r b o n s  f o r  t h e  PVC p o l y m e r  would  

a p p e a r  t o  b e  i n  e f f e c t  an  a l k y l a t i o n  o f  t h e  m o l e c u l e  by t h e  p o l y m e r .  

However ,  on c o n s i d e r a t i o n  o f  t h e  p r i n c i p l e s  i t  i n v o l v e d  i t  i s  u n l i k e l y  

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

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

c o n f e r  a  p o s i t i v e  c h a r g e  t o  t h e  a l k y l  g r o u p  i n  t h e  fo rm  o f  an 

a d d i t i o n  c o m p l e x .  The c a t a l y s t  m u s t  b e  a Lew is  a r i d  an d  i s  g e n e r a l l y  

A l C l _. The r e a c t i o n  h a s  b e e n  f o r m u l a t e d
X , *

C H .Cl  + A l C l .  -* C_H_ C l ,  A1 C l ,2 C 3 2 5 3
an d  i t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  a l k y l a t i o n  p r o c e e d s

o
.  c2S ; - c h  Alcl3’ ^  6+

.CH
2 : C l . . . . A1 C l .

CH.

T r a n s i t i o n  s t a t e

- O '
+ HCl + AlCl

■)
T u c k e r , (1959)

The a b s e n c e  o f  an  e l e c t r o n - a c c e p t i n g  co m p lex  i n  t h e  PVC r e n d e r s  

i t  u n l i k e l y  t h a t  a s i m i l a r  a l k y l a t i o n  r a c t i o n  o c c u r s  i n  P V C / t a r s .

However ,  t h e  p r e s e n c e  o f  s t r o n g  d i p o l e s  i n  t h e  PVC an d t h e  

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

d i p o l e  b o n d s  a r e  fo r m e d .  The s t r u c t u r e  o f  PVC i s * :
Cl

C o n s i d e r a b l e  p o l a r i s a t i o n  o f  t h e  C-Cl  bo nd  w i l l  o c c u r ,  t h u s  - £ +-  c5

so  t h a t  t h e  a c t i v e  c e n t r e  o f  t h e  c h a i n  i s  p o s i t i v e l y  p o l a r i s e d .  Hence

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

d i p o l e s  i n  t h e  t a r  m o l e c u l e s  w i t h  t h e  p e r m a n e n t  C-Cl  d i p o l e  i n  t h e  PVC.

* Where t h e  c a r b o n  a t o m s  l i e  i n  t h e  p l a n e  o f  t h e  p a p e r  and b o n d s  d e s i g n a t e d  
- —  l i e  b e l o w  t h e  p l a n e  o f  t h e  p a p e r  an d  b o n d s  d e s i g n a t e d  — — l i e  

a b o v e  t h e  p l a n  •  o f  t h e  p a p e r  , ( N a t t a  & C o r r a d i n i , 1 9 5 6 ) .
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Column chromatography experiments with s i l i c a  g e l  ( C a s s i d y ,  1957) 

h a v e  shown t h a t  t h r e e  r i n g  a r o m a t i c s  a r e  more  s t r o n g l y  held t h a n  o n e  

r i n g  a r o m a t i c s ,  t h e  i n t e r p r e t a t i o n  b e i n g  t h a t  t h e  g r e a t e r  num ber  o f  

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

t h e  s t r o n g  d i p o l e s  i n  t h e  PVC h a v e  a  s i m i l a r  e f f e c t ,  i '  woul  b e  e x p e c t o d i  

t h a t  t h e  h i g h e r  r i n g  sys tem !,  w o u l d  be  a b s o r b e d  p r e l e r e n t i a l l y  an d  i n  

t a r s  t h e  PVC may be a s s o c i a t e d  more s t r o n g l y  w i t h  t h e  h i g h e r  m o l e c u l a r  

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

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

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

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

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

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

3 . 1 . 2  E f f e c t  o f  PVC a d d i t i o n  on t h e  p r o p e r t i e s  o f  t a r

The s p t c i a l  p r o p e r t i e s  o f  P V C / t a r s  w e re  i n v e s t i g a t e d  u s i n g  b l e n d e  

p r e p a r e d  f r o m  50 -  5 5 eC E v t  r o a d  t a r s  and  f l u x i n g  o i l s  r e c e i v e d  f rom 

t h r e e  l o c a l  s u p p l i e r s i  The P r e t o r i a  w o r k s  o f  t h e  S o u t h  A f r i c a n  I r o n  and 

S t e e l  C o r p o r a t i o n ,  Dundee toad T a r  P r o d u c t s  ( P t y )  L t d . ,  an d  Wankie  

C o ? l i e r y  L t d .  B l e n d s  c o n t a i n i n g  0 ; 1 |  1 , 5 ;  2 , 0  an d  2 , 5  p e r  c e n t  PVC w ere  

p r e p a r e d .

V i s c o s i t y

The i n c r e a s e  i n  v i s c o s i t y  b r o u g h t  a b o u t  by  a d d i n g  PVC t o  t a r  i s  

v i r t u a l l y  p r o p o r t i o n a l  t o  t h e  am oun t  o f  PVC a d d e d ,  a s  shown i n  F i g u r e  

3 -  2 .  The f a c t  t h a t  o n e  p e r  c e n t  o f  PVC c a u s e s  an  i n c r e a s e  o f  

a p p r o x i m a t e l y  6 eC E v t ,  a f f o r d s  a  m eans  o f  e s t i m a t i n g  t h e  e f f e c t i v e  PVC 

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

T e m p e r a t u r e  s u s c e p t i b l l l t y  o f  v i s c o s i t y

The v i s c o s i t y  o f  t h e  b i n d e r s  was m e a s u r e d  o v e r  t h e  r a n g e  o f  15 -  45 C

u s i n g  t h e  s l i d i n g  p l a t e  m i c r o v i s c o m e t e r  ( L a b o u t  an d  Van O o r t ,  1 9 5 6 ) .

The 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  I n d e x  was  c a l c u l a t e d  (Deadman,  l ‘>56) w h ich

makes  a l l o w a n c e  f o r  d i f f e r e n c e s  i n  E v t  and  i n c o r p o r a t e s  t h e  l o g a r i t h m i c

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

nlofc 1 109  n l  109  n2 (n * v i s c o s i t y ^ p o i s e s ) a n d
n "  lo t ,  ?  '  l o g  T. T •  t e m p e r a t u r e  °F)

2 1 n + 3 x 100
Th 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  I n d e x  ( T . S . I . )  "  E v t

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

i n  T a b l e  3 - 3 .
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TAJ-ILK J - J 
TIU-; TLMl^RATUKt: .SUSCTPTIIULITY INDEX OF 

PVC MODIFIED TARS AND TYPICAL VALUES FOR BITUNO-NS

B i n d e r PVC c o n t e n t , p e r c e n t a g e  by  mask

0 1 1 , 5 2 , 0

T a r  A 1 3 ,9 1 3 ,4 1 3 ,2 1 1 ,6

T a r  B 1 5 ,5 1 5 , 0 1 3 , 9 1 3 , 3

T a r  C 1 5 ,3 1 4 , 9 1 3 , 6 1 2 , 9

1 5 0 /2 0 0  P e n .b i t u m e n 11 -  13 ( t y p i c a l  r a n g e )

B r i t t l e n e s s

A f u r t h e r  e f f e c t  o f  t h i s  c h a n g e  i n  t h e  r h e o l o g i c a l  n a t u r e  o f  t a r  

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

an d  t h e  E v t .  T h i s  w as a s c e r t a i n e d  from  i n v e s t i g a t i o n s  i n  w h ic h  1 ,5  

p e r  c e n t  o f  PVC was a d d e d  t o  e a c h  b i n d e r  an d  t h e  E v t  a n d  b r i t t l e  

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

r e s u l t s  a r e  g i v e n  i n  T a b l e  3 - 4  a n d  show t h a t  a l t h o u g h  a d d i t i o n  o f  

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

a l t e r  a p p r e c i a b l y  (on a d d i t i o n  o f  1 ,5  p e r  c e n t  o f  PVC)

TABLE 3 - 4

THE EFFECT OF PVC ADDITION ON THE BRITTLE TEMPERATURE OF TAK

B i n d e r E v t
• c

F r a a s s  b r i t t l e  
t e m p e r a t u r e

• c

E v t  -  b r i t t l e
t e m p e r a t u r e
•C

T a r  A 52 , 3

0r*1

L ■

59,3

T a r  A ♦ 1 , 5  p e r  
c e n t  PVC 60 , 4 - 5 , 0 65 , 4

T a r  B 55,2 - 5 , 0 60 , 2

T a r  B + 1 , 5  p e r  
c e n t  PVC 64 , 1 - 4 , 5 6 8 , 6

T a r  C 50 , 9

0f—4 
f—41 6 1 , 9

T a r  C ♦ 1 , 5  p e r  
c e n t  PVC 6 0 , 1 - 8 , 0

CDsO

* The a u to m a te d  v e r s i o n  o f  t h e  F ram es  t e s t  a s  d e s c r i b e d  i n  P a r t  2 , C h a p t e r  4 

a n d  A p p e n d ix  G was u - e d  i n  t h e s e  i n v e s t i g a t i o n s .



Stiffness
Stiffness functions of various surface treatment binders including 

PVC/tar have been determined by Daines (1972) at 10,0 and -10°C 
using a microelastometer described by Labout (1958). These values 
are shown in Figure 3-3. Of these unweathered binders, which all had 
similar equiviscous temperatures (45-47,5eC ) , the bitumen had a 
lower stiffness than any of the other binders. However, the PVC/tars 
had a lower stiffness than the unmodified tar and this was most pronounced 
in the case of the tar containing the highest PVC content.

A d h e s i o n / c o h e s i o n

I t  was n o t e d  t h a t  when a  s t o n e  c h i p p i n g  was th ro w n  f o r c e f u l l y  

o n t o  a  f r e s h l y  s p r a y e d  f i l m  o f  t h e  b i n d e r ,  d u r i n g  a  P V C / ta r  s u r f a c e  

t r e a t m e n t  o p e r a t i o n ,  i t  was g r i p p e d  i m m e d ia t e l y  w h e r e a s  u n d e r  

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

b o u n c e d  b e f o r e  b e i n g  h e l d  by  t h e  b i n d e r  f i l m .  I t  was n o t i c a b l e ,  when 

d r i v i n g  o v e r  a n e w ly  c o n s t r u c t e d  P V C / ta r  s u r f a c e  t r e a t m e n t  , t h a t  t h e  

drum m ing o f  l o o s e  c h i p p i n g s  on  t h e  u n d e r s i d e  o f  t h e  v e h i c l e  was 

a lm o s t  e l i m i n a t e d .

The r e s u l t s  o f  l a b o r a t o r y  a d h e s i o n  t e s t s  show t h a t  t h e s e  phenom ena 

a r e  n o t  b r o u g h t  a b o u t  by  e n h a n c e d  i n t e r f a c i a l  b o n d in g  b e tw e e n  t h e  t a r  

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

t e s t ,  t h e  d e t a c h m e n t  m e th o d  d e v e l o p e d  by K a r i u s  an d  D a l to n  (1964) was 

u s e d  t o  com pare  t h e  w e t t i n g  p r o p e r t i e s  o f  u n m o d i f i e d  an d  PVC m o d i f i e d  

t a r s .  ( I t  s h o u l d  be  n o t e d  t h a t  t h i s  t e s t  w as d e v e l o p e d  t o  com pare  t h e  

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

and  n o t  a s  a g e n e r a l  a d h e s i o n  t e s t . )  The u n m o d i f i e d  50 -  55°C E v t  t a r s  

an d  u n m o d i f i e d  an d  PVC m o d i f i e d  t a r s  f rom  l o c a l  s u p p l i e r s  w e re  

s u b j e c t e d  t o  t h e  t e s t *  an d  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  F i g u r e  3 - 4 .

No s i g n i f i c a n t  r e d u c t i o n  i n  " d e t a c h m e n t " r e s u i t e d  t h r o u g h  t h e  a d d i t i o n  

o f  1 , 5  p e r  c e n t  o f  PVC t o  an y  o f  t h e  b i n d e r s .  T h i s  c o n t r a s t e d  w i t h  

r e s u l t s  g i v e n  by  a  b l e n d  o f  t a r  A c o n t a i n i n g  8 p e r  c e n t  o f  a f i n e

f i l m  o f  b i n d e r ,  0,9 mm t h i c k  i s  p l a c e d  i n  a P e t r i  d i s h  an d  p r e ­
w a sh e d  d r y - s t o n e  c h i p p i n g s  (.7,9 - 6,7 mm) a r e  l i g h t l y  p r e s s e d  i n t o  
t h e  f i l m .  A f t e r  e q u i l i b r a t i n g  at 20UC f o r  16 h o u r s  e x c e s s  c h i p s  
a r e  re m o v e d  a n d  t h e  d i s h e s  p l a c e d  i n  w a t e r .  T he s t o n e s  d e t a c h e d  a r e  
d e t e r m i n e d  d a i l y  by  t u r n i n g  t h e  d i s h e s  u p s i d e  down an d  a p p l y i n g  l i g h t  
f i n g e r  p r e s s u r e  t o  e a c h  s t o n e .  E ach  b i n d e r - s t o n e  c o m b i n a t i o n  i s  
t e s t e d  i n  d u p l i c a t e  an d  t h e  m ass  o f  s t o n e  d e t a c h e d  i s  e x p r e s s e d  a s  
a  p e r c e n t a g e .
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coal dispersion and 1 per cent acrylonitrile butadiene rubber used by 
NITRR in an earlier road experiment.

It has been established that the improved "grip" of the binder 
demonstrated in practice is due to its outstanding elastic and 
cohesive properties.

E l a s t i c i t y

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

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

p r o c e d u r e  s u g g e s t e d  by  S z a to w s k i  (1967) i n  w h ic h  r e c o v e r y ,  on  re m o v a l  

o f  t h e  a p p l i e d  l o a d ,  i s  e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  f i l m  t h i c k n e s s * . 

V a lu e s  g i v e n  by  P V C / t a r s  c o n t a i n i n g  v a r i o u s  a m o u n ts  o f  PVC a r e  g i v e n  i n  

T a b l e  3 - 5 .
TABLE 3 - 5

ELASTIC RECOVERY (PERCENTAGE OF FILM THICKNESS) OF 

PVC/TAR BLENDS PREPARED FROM TAR MATERIALS SUPPLIED BY 

SO U TH  AFRICAN MANUFACTURERS

PVC c o n t e n t  p e r  
c e n t  by  m ass  
(n o m in a l )

T a r  A T a r  B T a r  C

0 0 9 11

0 , 7 5 81 106 102

1 ,5 168 246 163

2 , 5 225 287 235

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

o f  s t o n e  l o s s  w h ich  i s  a  f e a t u r e  o f  t h e  i n i t i a l  b e h a v i o u r  o f  P V C /ta r  

s u r f a c e  t r e a t m e n t s .  I t  h a d  b e e n  c l a i m e d  (K uhne l  an d  W ilm an , 1969) t h a t  

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

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

r e c o v e r y  o f  t h e  b i n d e r .  H ow ever,  a m ore  u s e f u l  way o f  s t u d y i n g  t h e s e  

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

i n  t h e  r a n g e  i  x 1 0 5 , -  2 x lO^ Ns/m2, n i n e t y  f i v e  p e r  c e n t  o f  t h e  
r e s u l t s  f e l l  w i t h i n  -  17 o f  t h e  mean v a l u e .
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3.1.3 uuctility-tenacity ol PVC/tar
T he p r o p e r t y  o f  P V C / t a r s  w h ic h  c l e a r l y  d i s t i n g u i s h e s  i t  f ro m  

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

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

t r e a t m e n t .  T h e s e  " t h r e a d s "  a r e  c o n s i d e r a b l y  l o n g e r  t h a n  i n  c o m p a r a b le  

s i t u a t i o n s  w h e re  u n m o d i f i e d  t a r s  o r  b i t u m e n s  h av e  b e e n  u s e d .  F u r t h e r m o r e ,  

t h e  P V C / t a r  t h r e a d s  a r e  r e l a t i v e l y  t h i c k  an d  t h e  t h r e a d  d i a m e t e r  d e c r e a s e s  

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

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

s t o n e  f ro m  t h e  s u r f a c e .

I n  E u ro p e  w o r k e r s  h a v e  quantified t h e s e  f o r c e s  a n d  d i s p l a c e m e n t s  j y  |

a d a p t i n g  a  d u c t i l i t y - t e n a c i t y  t e s t  ( D i s t i g o u d r o n , 1967) p r e v i o u s l y  u s e d  

by t h e  G o o d y e a r  T y re  a n d  R u b b e r  Com pany, l a t e r  d e v e l o p e d  by t h e  C e n t r e  

de  R e c h e rc h e  R o u t i e r s ,  a n d  f i n a l l y  by t h e  I n s t i t u t e  du G d h le  C i v i l  de 

1 ' U n i v e r s i t y  de  L i ^ g e .  I n  t h i s  t e s t  a  s t e e l  b a l l ,  h a l f  im m ersed  i n  t h e  

b i n d e r ,  i s  w i th d ra w n  a t  a  c o n s t a n t  r a t e .  The l o a d  d e v e l o p e d  d u r i n g  t h e  

w i t h d r a w a l  i s  measured a n d  t h e  results are expressed a s  the r a t i o  o f  W, t h e  

w ork  d o n e  i n  e x t e n d i n g  t h e  t h r e a d  o v e r  1 m e t r e ,  t o  L , t h e  i n i t i a l  f o r c e  

r e q u i r e d  t o  o v e rc o m e  v i s c o u s  r e s i s t a n c e .

An a p p a r a t u s  was d e v e l o p e d  ( E d l e r  a n d  J a m i e s o n ,  1973) by m o d i f y i n g  

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

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

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

3 . 1 . 3 . 1  D e s ig n  o f  t h e  m o d i f i e d  d u c t i l o m e t e r  a p p a r a t u s

The m a jo r  m o d i f i c a t i o n s  t o  t h e  a p p a r a t u s  w e re  a s  f o l l o w s .

F i r s t l y ,  t h e  g e a r b o x  was a l t e r e d  t o  g i v e  s t r a i n  r a t e s  o f  50 and 

500 nun /m inu te  i n s t e a d  o f  10 an d  50 m m /m inu te  i n  t h e  e x i s t i n g  s y s t a m .

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

S e c o n d l y ,  t h e  s t u d s  t o  w h ic h  t h e  " s t a t i o n a r y "  h a l f  o f  t h e  m ou ld  i s  

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

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

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

on s t r e t c h i n g  w e r e :



1 A s e n s i t i v e  p r o v i n g  r i n g  ( f i t t e d  w i t h  f o u r  600  onm s t r a i n  g a u g e s )  

c o n n e c t e d  by a  n y l o n  c o a t e d  s t e e l  w i r e  t o  t h e  t r o l l e y  v i a  a 

f r e e - r u n n i n g  p u l l e y .  T h i s  s y s t e m  i s  i l l u s t r a t e d  i n  F i g u r e  3 - 5 .

2 An e l e c t r o n i c  r e c o r d e r  t o  r e c o r d  t h e  f o r c e s  m e a s u r e d  by t h e  

p r o v i n g  r i n g .  The r e c o r d e r  w as f i t t e d  t o  a  c o n s o l e  f ro m  w h ic h  

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

c o u l d  be c o n t r o l l e d  ( A t k i n s ,  1 9 6 9 ) .  T h i s  i s  i l l u s t r a t e d  i n  t h e

g e n e r a l  v ie w  F i g u r e  3 - 6 .
T h e s e  a d d i t i o n s  an d  m o d i f i c a t i o n s  w e re  s u c h  t h a t  t h e y  d i d  n o t  

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

3 . 1 . 3 . 2 .  T h e o r y  o f  o p e r a t i o n

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

i s  shown i n  F i g u r e  3 -  7 (a )  an d  a t y p i c a l  c u r v e  f o r  a  P V C /ta r  

( c o n t a i n i n g  1 , 5  p e r  c e n t  PVC) i s  shown i n  F i g u r e  3 - 7  ( b ) .

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

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

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

d i a m e t e r  d i m i n i s h e s .  T he i n i t i a l  p e a k  v a l u e  L , i s  p r o p o r t i o n a l  t o  t h e

v i s c o s i t y  o f  t h e  b i n d e r .
If PVC/tar is tested in the same manner, after the initial peak

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

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

a s e c o n d  p e a k  o r  hump i s  g i v e n  on t h e  r e c o r d e r .
The s h a d e d  a r e a s  i n  F i g u r e s  3 -  7 (a )  a n d  3 -  7 (b) c o r r e s p o n d  t o  

W, t h e  w ork  d o n e  i n  s t r e t c h i n g  t h e  s a m p le s  t h r o u g h  1000 mm. W i s  a l s o  

d e p e n d e n t  on t h e  v i s c o s i t y  o f  t h e  b i n d e r  b u t  t h e  r a t i o  o f  W t o  L h a s  

b e e n  fo u n d  t o  be c o n s t a n t  (W ilm an, 1970) o v e r  a l i m i t e d  t e m p e r a t u r e  

r a n g e .  The W/L r a t i o  c a n  b e  u s e d  a s  a  m e a s u r e  o f  t h e  c o h e s i v e  

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

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

3 . 1 . 3 . 3  T e s t  p r o c e d u r e
i n  accordant?®  w i t h  m e t h o d ,  d e v e l o p e d  i n  E u ro p e  an  e l o n g . t i o n  r a t .  

o f  500  m / m i n  1 .  m o . t  . c i t a b l e .  T he t . e t  t e m p e r a t u r e  m u a t  b e  e u c h  t h a t  

t h e  i n i t i a l  p e a k  l o a d  d e v e l o p e d  by  tw o  b r i q u e t t e .  1 . ^ 1 0  E *  ^  " V " "  

1 .  e q u i v a l e n t  t o  a  v i . c o . l M  o f  1 , 0  -  1 , 5  x  1 0 ’ N . /m  . )

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

d u c t i l i t y  „ . . . u r « « t . ,  ( I n s t i t u t e  o f  P e t r o l e u m ,  1 0 6 0 ) .  T h e  i n . t r u m . n t
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utied  h a d  f o u r  Hots of s t u d s , i.e. each set c o n s i s t i n g  of one s t u d  on  t h e  

d r a w - p l a t e 1, w h ic h  i s  d r i v e n  by t h e  t h r e a d e d  d r i v e  b a r .  an d  a c o r r e s p o n d i n g  

s t u d  on  t h e  p e r s p e x  t r o l l e y .  Two b r i q u e t t e s  p e r  t e s t  a r e  p l a c e d  i n  t h e  

two c e n t r a l  p o s i t i o n s .  When i n s e r t i n g  t h e  b r i q u e t t e  moulds, t h e  d r a w - p l a t e  is 
p l a c e d  s o  t h a t  n o  s t r e s s  i s  e x e r t e d  oi> t h e  b r i q u e t t e s .  The d raw  p l a t e  i s

i
t h e n  l o c k e d  o n t o  t h e  d r i v e - b a r  a n d  t h e  s i d e  p i e c e s  a r e  rem oved  f ro m  t h e  

m o u ld .  T he  r e c o r d e r  i s  t h e n  z e r o e d ,  t h e  d r i v e  a c t i v a t e d ,  t h e  m o to r  

s t a r t e d  a n d  t h e  s a m p le s  s t r e t c h e d  t o  t h e  l i m i t  o f  t h e  a p p a r a t u s  ( 1 ,2  m)

o r  u n t i l  z e r o  f o r c e  i s  i n d i c a t e d  on  t h e  r e c o r d e r .
W/ *The L" r a t i o  w as d e t e r m i n e d  b y  f e e d i n g  t h e  c o o r d i n a t e s  o f  t h e  c u r v e

o n t o  p u n c h  c a r d s  v i a  a  p e n  p l o t t e r ,  an d  t h e  i n i t i a l  p e a k  l o a d ,  w ork  d o n e  
w/

a n d  L r a t i o  w e re  d e t e r m i n e d  v i a  a c o m p u te r  p r o g r a m .  ( The l o a d  s c a l e  was 

c a l i b r a t e d  by h a n g i n g  known m a s s e s  from  t h e  w i r e  a t t a c h e d  t o  t h e  p r o v i n g  

r i n g . )

M e a s u re m e n ts  o f  e l a s t i c  r e c o v e r y  a n d  d u c t i l i t y - t e n a c i t y  show t h a t  t h e r e  

i s  n o t  n e c e s s a r i l y  a n y  c o r r e l a t i o n  b e tw e e n  t h e s e  p r o p e r t i e s .  V a lu e s  

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

e  P V C / t a r  a r e  g i v e n  i n  T a b le  3 - 6 .

TABLE 3 - 6
W/

ELASTICITY AND DUCTIL1TY-TENACITY, L RATIO, OF 

POLYMER MODIFIED TARS

B in d e r * E l a s t i c  r e c o v e r y  
P e r c e n t a g e  o f  
f i l m  t h i c k n e s s

D u c t i l i t y -
t e n a c i t y
W/L (mm)

C o k e -o v e n t a r + 1 , 5 p e r c e n t PVC 210 741

C o k e -o v e n t a r ♦ 1 , 5 p e r c e n t R e v e r t e x
A260 107 163

C o k e -o v e n t a r ♦ 1 , 5 p e r c e n t Revi ncx- 
1640 263 213

C o k e -o v e n t a r ♦ 1 , 5 p e r c e n t S a v i n e x
37H40 113 195

L u r g i  t a r + 1 ,5 p e r c e n t  S e v in e x
i7H 40 150 190

* A l th o u g h  t h e  same c o k e - o v e n  t a r  (60®C E v t )  was u s e d  i n  t h e  p r e p a r a t i o n  

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

p o l y m e r s  t h e  f i n a l  E y t  o '  t h e  b l e n d s  w as n o t  t h e  sam e,  v i z i

P V C / t a r  -  6 9 ,0 ° C  E v t ,  R e v i n e x / t a r  -  6 4 ,6 ° C  E v t ,  R e v e r t e x / t a r  -  6 3 ,0 ° C  E v t
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The d u c t i l i t y - t e n a r - J  t y  t e s t  may b e  c o n s i d e r e d  t o  b e  m ore  a p p r o p r i a t e

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

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

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

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

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

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

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

(T a r  b i n d e r s  a r e  o f t e n  u s e d  f o r  s u c h  m ix e s  (M cGovern, 1976) b e c a u s e

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

f r e q u e n t l y  s p i l l e d  i n  t h e s e  a r e a s . ) .  P V C / t a r s  h a v e  a l s o  b e e n  u s e d  f o r

t h e s e  m ix e s  (H o ld en  an d  W i l l i a m s ,  1 9 7 5 ) .  The a c r y l o n i t r i l e - b u t a d i e n e

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

t r e a t m e n t s  and  a  -sam ple  o f  a c o m m e r c i a l l y  p r e p a r e d  b l e n d  h ad  a l e s s
w

s a t i s f a c t o r y  d u c t i l i t y - t e n a c i t y  / L  r a t i o  t h a n  P V C / t a r s  w h ic h  c o n t a i n e d  

a l o w e r  n e t t  p o ly m e r  c o n t e n t .  R e s u l t s  d e t e r m i n e d  from  t h e  t a r o  c o n t a i n i n g  

3 p e r  c e n t  a c r y l o n i t r i l e  b u t a d i e n e  and  1 , 5 ,  2 , 0  an d  2 , 5  p e r  c e n t  PVC 

a r e  g i v e n  i n  T a b le  3 - 7 .

TABLE 3 - 7

ELASTIC RECOVERY AND DUCTILITY-TENACITY VALUES 

GIVEN BY TAR CONTAINING 3 PER CENT OF ACRYLONITRILE 

BUTADIENE AND LOCAL CUKE-C7EN TARS CONTAINING VARIOUS 

AMOUNTS OF PVC

B in d e r E l a s t i c  r e c o v e r y  
P e r c e n t a g e  o f  
f i l m  t h i c k n e s s

D u c t i l i t y - t e n a c i t y  

W/^L (mm)

T a r  ♦ 3 p e r  c e n t  a c r y l o n i t r i l e

b u t a d i e n e  r u b b e r 398 953

T a r  + 1 , 5  p e r  c e n t  PVC 210 741

T a r  ♦ 2 , 0  p e r  c e n t  PVC 273 1 048

T ar  + 2 , 5  p e r  c e n t  WC 304 1 512



A l th o u g h  t h e  c o m m e r ic a l  r u b b e r / t u r  b l e n d  h ad  an  e q u i v a l e n t  e l a a t i c  

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

c o n t a i n i n g  2 p e r  c e n t  PVC.

H ow ever ,  d u c t i l i t y - t e n a r i t y  t e s t s  on  v e r y  h i g h  P V C - c c n te n t  P V C / ta r s  

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

Two s e r i e s  o f  P V C /ta r  b len d - j  w e re  p r e p a r e d  e a c h  h a v i n g  P V C -c o n te n t s  

r a n g i n g  from  1 - 5  p e r  c e n t ;  i n  o n e  c a s e  a l l  t h e  b l e n d s  had  E v t ' s  i n  

t h e  50 -  55°C E v t  r a n g e  an d  i n  t h e  o t h e r  t h e  E v t ' s  w e re  in  t h e  60 -  6 5 eC 

E v t  r a n g e .  As shown i n  F i g u r e  3 - 8  ( a ) ,  w i t h  b l e n d s  c o n t a i n i n g  a b o v e  

3 p e r  c e n t  o f  PVC t h e  t h r e a d  b r o k e  d u r i n g  t h e  e x t e n s i o n  in  t h e  o u c t i l o m e t e r  

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

m a t e r i a l  ( s e e  B r i g g s '  work d e s c r i b e d  i n  P a r t  2 ,  C h a p t e r  4 ) .  The 

r e s u l t s  o f  e l a s t i c  r e c o v e r y  t e s t s  a r e  shown i n  F i g u r e  3 -  8 (b) and  

h e n c e  f o r  t a r s  c o n t a i n i n g  s u c h  h i g h  P V C - c o n t e n t s ,  t h e  s t a t i c  m ethod  

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

The test was useful i n  showing that large differences i n  t h e  

elastic-cohesive properties of commercial PVC/tars exist even though 
t h e  actual PVC-contents are similar.

The W/ L  v a l u e s  a r e  p r o p o r t i o n a l  t o  t h e  PVC - c o n t e n t  i n  l a b o r a t o r y  

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

t e n a c i t y  t e s t  r e s u l t s  c o u l d  n o t  b e  e x a c t l y  r e l a t e d  t o  t h e  a c t u a l  PVC- 

c o n t e n t .  A p a r t  f rom  some d i f f i c u l t y  i n  e v a l u a t i n g  w h e th e r  t h e  PVC i s  

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

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

c o k e - o v e n  t a r  may a f f e c t  t h e  c o m p a t i b i l i t y  b e tw e e n  t h e  PVC and  t h e  

t a r .  V a lu e s  g i v e n  by v a r i o u s  b l e n d s  u s e d  i n  r o a d  t r i a l s  a r e  g i v e n  i n  

T a b l e  3 - 8  w h ich  a l s o  i n d i c a t e s  t h a t  t h i s  f a c t o r  i s  l i k e l y  t o  be  

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



2 0001—

I 8 00
>
t : 1 6 o o
u  c  
<2 c
z  t  1400 
LU O

I20(
' L.

>  _ j  1 0 0 0

—  ^
-  — '  000

u 
3n 6 0 0

4 0 0

200

5 0 0 1—

V> 4 5 0  
(Z)

I I
W 2
tr -i 
u ̂
« o

ai
H
Z
Uiu
(TLU

6 0 - 6 5 ° C  EVT ^

ABOVE 3 HER CENT PVC 
CONTENT THE THREAD 

, OF BINDER BROKE 
> BEFORE t h e  e x te n s io n  

WAS 50 PER CENT 
COMPLETE

5 0 - 5 5 ° C  EVT.

(a) DUCTILITY -TENACITY

(b) ELASTIC RECOVERY

2.0 3.0 4.0 3.0 60
d v r  CONTENT (PER CENT BY MASS)

FIGURE 3 - 8

DUCTILITY  - TENACITY AND ELASTIC -REC O VERY OF 
5 0 -  5 5 °C  AND C 0 - 6 5 ° C  E V T  BLENDS CONTAINING 

VARIOUS AMOUNTS OF P V C .



TABLE 3 - 8

wyL RATIOS AND PERFORMANCE OF PVC/TAKS USED IN FIELD TRIALS 
AND ROAD EXPERIMENTS IN SOUTHERN AFRICA

L o c a t i o n

PVC c o n t e n t  
p e r  c e n t  
b y  m ass

Ŵ L (mm)
P e r f o r m a n c e

J o h a n n e s b u r g  c o n t r a c t 1 , 5 5 0 0 -1 0 0 0 S a t i s f a c t o r y  a f t e r  
6 y e a r s

O r k n e y - B o t h a v i l l e :

( S u p p l i e r  B) 1 , 5 5 5 0 -  700 S a t i s f a c t o r y  a f t e r  
5 y e a r s

1968 Lynnwood Road:

( S u p p l i e r  B) 1 , 5 380 S a t i s f a c t o r y  a f t e r  
5 y e a r s

1970 Lynnwood Road:

( S u p p l i e r  A) 1 , 5 380 S a t i s f a c t o r y  a f t e r  
7 y e a r s

O r k n e y - B o t h a v i l l e :  

( S u p p l i e r  C)

( S u p p l i e r  A)

1 , 5  

1 , 0 - 1 , 3

380 

3 0 0 -  410

S a t i s f a c t o r y  a f t e r  
5 y e a r s
S a t i s f a c t o r y  a f t e r  
5 y e a r s

S i n o i a 1 ,1 310 S a t i s f a c t o r y  a f t e r  
4 y e a r s

E l d o r a i g n e 1 , 0 2 80 U n s a t i s f a c t o r y

1968 Lynnwood Road:

( S u p p l i e r  A) 1 ,5 280 U n s a t i s f a c t o r y

( S u p p l i e r  C) 1 ,5 280 U n s a t i s f a c t o r y

D elm as 1 , 0 215 U n s a t i s f a c t o r y

G rey to w n 1 , 0 205 U n s a t i s f a c t o r y

De A ar 1 ,4 160 U n s a t i s f a c t o r y

* L a t e s t  a v a i l a b l e  r e s u l t s .
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3 . 1 . 4  M a n u f a c t u r e  a n d  s t c r a g e- o f  P V C /ta r

3.1.4 . 1  M a n u f a c t u r i n g  methods
It h a s  b e e n  mentioned ( A n s a r t ,  1967) that t h e  most suitable method 

of i n c o r p o r a t i n g  PVC i n t o  t a r  depends upon t h e  c h a r a c t e r i s t i c s  of t h e  

m a t e r i a l s  b e i n g  u s e d  an d  t h a t  no p a r t i c u l a r  procedure h a s  b e e n  

u n i v e r s a l l y  a c c e p t e d .  B a s i c a l l y  two methods a p p e a r  p o s s i b l e  ; direct 
a d d i t i o n  o f  t h e  PVC t o  t h e  t a r  i n  a  m an n er  s i m i l a r  t o  t h a t  s u g g e s t e d  

by  R o f i d a l ,  ( 1 9 6 7 ) ,  i n  w h ic h  t h e  v i s c o s i t y  of t h e  t a r  i s  f i r s t  a d j u s t e d  

s o  t h a  s u b s e q u e n t  a d d i t i o n s  o f  t h e  d e s i r e d  q u a n t i t y  o f  PVC b r i n g s  t h e  

E v t  t o  t h e  r e q u i r e d  l e v e l ,  o r  i n d i r e c t l y  by  p r e l i m i n a r y  p r e p a r a t i o n  o f  

a  P V C / t a r - f l u x - o i l  b l e n d  w h ic h  i s  t h e n  ad d e d  t o  a  c a l c u l a t e d  q u a i t i t y

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

The b u l k  o f  P V C / ta r  u s e d  i n  S o u th  A f r i c a  i s  p r e p a r e d  by  t h e  d i r e c t  

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

t h e  i n c r e a s e  i n  E v t  on  a d d i t i o n  o f  a  g i v e n  m ass  o f  PVC i s  known so t h a t  

t h e  E v t  o f  t h e  b a s e  t a r  may be s e l e c t e d  b e a r i n g  i n  m in d  t h e  e x p e c t e d

i n c r e a s e  a n d  t h e  r e q u i r e d  E v t  o f  t h e  P V C / t a r .

H ow ever,  i t  may be t h a t  t h e  i n d i r e c t  p r o c e d u r e  r e s u l t s  i n  an e a s i e r  

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

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

o i l .  I n  a  l a b o r a t o r y  i n v e s t i g a t i o n  i t  was fo u n d  t h a t  t a r s  f ro m  t h r e e  

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

P V C / ta r  b l e n d s  w e re  p r e p a r e d  i n  t h e  l a b o r a t o r y  by t h e  i n d i r e c t  a s  o p p o s e d  

t o  t h e  d i r e c t  m e th o d .  T h e s e  r e s u l t s  a r e  g i v e n  i n  T a b le  3 - 9 .

TABLE 3 - 9

EFFECT OF MIXING PROCEDURE ON THE ELASTIC RECOVERY

OF PVC/TAR

1 PVC T a r A T a r  B T a r C

p e r D i r e c t I n d i r e c t D i r e c t I n d i r e c t D i r e c t I n d i r e c t
c e n t

0 ,7 5 175 193 153 231 132 136

1 ,5 249 

---- ------------

281 219 326 197 234
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W ith  t h e  a s s i s t a n c e  o f  l o c a l  t a r  m a n u f a c t u r e r s  a  p i l o t  p l a n t  was 

s e t - u p  t o  digest t h e  PVC p o w d e r  i n  t h e  f l u x - o i l .  A f lo w  d i a g r a m  o f  t h e  

s y s t e m  i s  g i v e n  i n  F i g u r e  3 -  9 .  The o i l  was c i r c u l a t e d  and  t h e  

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

o f  t h e  l a t t e r  a s s i s t e d  i n  t h e  d i s p e r s i o n  o f  t h e  PVC. C a re  was n e c e s s a r y  

i n  a d d i n g  t h e  PVC t o  p r e v e n t  t h a  f o r m a t i o n  o f  l a r g e  lum ps  w h ic h  t e n d e d  

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

t a n k  was h e a t e d  b y  m eans  o f  a  s t e a m  c o i l  an d  i t  w as fo u n d  t h a t  a 

t e m p e r a t u r e  o f  a b o u t  100°C was t h e  m o s t  s u i t a b l e .  T h i s  s y s t e m  h a s  

b e e n  u s e d  t o  p r e p a r e  P V C / t a r s  f o r  f i e l d  t r i a l s  an d  r o a d  e x p e r i m e n t s .  One

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

s c a l e  p r o d u c t i o n  o f  P V C / t a r .
i n  F r a n c e ,  g r e a t  e m p h a s i s  i s  p l a c e d  on t h e  t y p e  o f  f l u x - o i l  u s e d .

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

m a t e r i a l  s h o u l d  p r e c i p i t a t e  f ro m  t h e  o i l  a t  2 0 ‘ C. ( J a m i e s o n ,  1 9 7 3 ) .

3 . 1 . 4 . 2  D e t e r m i n a t i o n  o f  t h e  PVC c o n t e n t

L a b o r a t o r y  m e th o d s  f o r  e s t a b l i s h i n g  t h e  P V C - c o n te n t  o f  P V C /ta r  

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

m ean s .  F o r  p r a c t i c a l  p u r p o s e s  a r a p i d  m e th o d  i s  e s s e n t i a l .

K u h n e l  and  W ilm an , (1969) h a v e  d e s c r i b e d  an  o x y g e n  f l a s k  m e th o d .

The m e th o d  d e v e lo p e d  f o r  t h i s  w ork  i s  b a s e d  on a  BS s t a n d a r d  m e th o d  f o r  

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

i n  a  h o r i z o n t a l  t u b e  f u r n a c e . D e t a i l s  a r e  g i v e n  i n  A p p e n d ix  H.

3 . 1 . 4 . 3  E f f e c t  o f  PVC a d d i t i o n  o n t h e  p r o d u c t i o n . o f  l o w - v o l a t i l e  f i e n d s  

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

i n c r e a s e  i n  t h e  E v t .  Thus a  P V C /ta r  made u p  from  a  g i v e n  p i t c h  an d  

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

p r e p a r e d  t o  t h e  same E v t  u s i n g  t h e  same s t a r t i n g  m a t e r i a l s .  To 

d e m o n s t r a t e  t h i s  p o i n t  t h e  f l u x i n g  i n v e s t i g a t i o n  d e s c r i b e d  i n  P a r t  2 

C h a p t e r  3 was r e p e a t e d  a n d  f i v e  PVC-modifl e d  t a r s  w e re  p r e p a r e d  from  t h e  

same f i v e  p i t c h e s  (4 0 ,  5 0 ,  6 0 ,  70 a n d  8 0 ‘ C n o m in a l  s o f t e n i n g  p o i n t ;

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

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

o f  1 , 5  p e r  c e n t  an d  t h e  E v t  o f  t h e s e  b l e n d s  w as n o m i n a l l y  t h e  same a s  

t h a t  o f  t h e  u n m o d i f i e d  t a r s .  ( I n  f a c t  t h e  u n m o d i f i e d  t a r s  h ad  E v t  .  

r a n g i n g  from  5 2 ,5  -  54 ,5  "C a n d  t h e  P V C / t a r s  r a n g e d  i n  E v t  f ro m  51,

The e f f e c t  o f  t h e  PVC a d d i t i o n  upon  t h e  am o u n t  o f  f l u x - o i l  r e q u i r e d  i n  t h e  

p r e p a r a t i o n  o f  e a c h  b l e n d  a n d  t h e  r e s u l t a n t  v o l . t i l . - o i l  c o n t e n t  i s  s  own
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i n  F i g u r e  3 - 10. S i m i l a r l y  t h e  effect o f  t h e  c h a n g e  i n  c o m p o s i t i o n  

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

F i g u r e  3 -  11  •

I t  h a s  b e e n  s h o w n  (Figure 2 -  26) that the heavy-tar-flux-otl 
mainly consisted of plasticising oils and h o n e ,  t h e  u s e  o f  the 
a d d i t i o n a l  a m o u n t s  of HTFO in preparing FVC/tar b l e n d s  r e s u l t s  in a 
l o w e r i n g  o f  t h e  v o l . t i l . - o i l  c o n t e n t  of t h e  b l e n d  a n d  a  d e c r e a s e  i n  t h e  

s o f t e n i n g  p o i n t  o f  t h e  d i s t i l l a t i o n  t e s t  r e s i d u e .  F ro m  F i g u r e s  3 -  1 0  e n d  

3 -  1 1  i t  c a n  b e  s e e n  t h a t  t h e  a d d i t i o n  o f  1 , 5  p e r  c e n t  PVC h a d  t h e  

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

b y  1 0 - C .  N e v e r t h e l e s s ,  w h e r e a s  t h e s e  d i s t i l l a t i o n  c r i t e r i a  a r e  m e a s u r e ,  

o f  t h e  d u r a b i l i t y  o f  t a r s ,  b y  i n c l u s i o n  o f  FVC i t  1 .  p o s s i b l e  t o  i m p r o v e  

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

3 . 1 . 4 . 4  H ot s t o r a ge o f  P V C /ta r
B e c a u s e  r o a d  m a i n t e n a n c e  p r o c e d u r e s  a r e  p r o n e  t o  d e l a y s ,  d u e  t o  

w e a t h e r  a n d  b r e a k d o w n s .  P V C / t a r s  s h o u l d  b e  a b l e  t o  w i t h s t a n d  s t o r a g e  

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

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

( J a m i e s o n .  1 9 6 6 ,  s h o w e d  t h a t  t h e  p o l y m e r s  t e n d e d  t o  d e g r a d e  w h e n  t h e s e  

b i n d e r ,  w e r e  s t o r e d  a t  1 1 0 ' C  f o r  p e r i o d s  l o n g e r  t h a n  e i g h t  h o u r s .  T h e

e f f e c t  o f  s t o r a g e  f o r  p e r i o d s  o f  u p  t o  9 6  h o u r s  o n  t h e  d u c t i l i t y ,  

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

r u b b e r s  i s  shown i n  T a b l e  3 -  10.
T h e  p r o c e d u r e s  u s e d  i n  t h e  l a b o r a t o r y  i n v e s t i g a t i o n ,  o f  t h e  h o t

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

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

A p p e n d i x  I .  T h e  i n v e . t l g . t i o n .  s h o w e d  t h a t  so m e o f  t h e  p r o p e r t i e s  o f  

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

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

o b t a i n e d  f r o m  l o c a l  s u p p l i e r s ,  a s  d e s c r i b e d  i n  F a r t  3 .  c h a p t e r  1 . 2  .

B l e n d ,  c o n t a i n i n g  0 . 7 5  a n d  1 . 5  p e r  c e n t  FVC w e r e  s t o r e d  f o r  p e r i o d s  

o f  u p  t o  9 6  h o u r ,  e n d  t h e  c o n d i t i o n  o f  t h e  p o l y m e r  w a s  m o n i t o r e d  b y  

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

o f  t h e s e  b i n d e r s  a f t e r  2 d  h o u r s  a n d  9 6  h o u r s  s t o r a g e  a r e  g i v e n  i n

T a b le  3 -  11 .
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EFFECT OF STOWAGE AT 110°C ON THE ELASTICITY 

(ELASTIC RF,CO VERY ) OF PVC/TARS

P V C /ta r  
e x  S u p p l i e r

P e r  c e n t  
PVC

E l a s t i c  r e c o v e r y  
( p e r c e n t a g e  o f  f i l m  t h i c k n e s s )

O r i g i n a l A f t e r  2 4 h  
s t o r a g e

A f t e r  9 6 h  
s t o r a g e

A 0 0 - 6

0 , 7 5 1 3 8 1 5 5 1 3 5

1 , 5 1 9 6 2 1 6 2 1 4

B 0 9 - 4

0 , 7 5 1 5 3 1 5 6 1 5 4

1.-5 2 1 9 2 0 0 2 3 8

C 0 . 0 - 4

0 , 7 5 1 3 8 1 2 5 1 3 3

1 , 5 1 9 6 1 9 2

:

1 5 6

T h e s e  r e s u l t s  i n d i c a t e  t h a t  P V C / t a r s .  h a v e  a d e q u a t e  s t c r a g e  s t a b i l i t y .  

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

t a r s  u s e d  i n  t h e  e a r l i e r  i n v e s t i g a t i o n s .

I t  h a s  p r e v i o u s l y  b e e n  shown t h a t  t h e  e l a s t i c  r e c o v e r y  and  d u c t i l i t y -  

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

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

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

t a r s  a n d  t h e  e f f e c t  o f  s t o r a g e  c o n d i t i o n s  on  t h i s  r a t i o  w o u ld  b e  a 

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

w h ic h  make P V C / ta r  so  a t t r a c t i v e  a s  a  s u r f a c e  t r e a t m e n t  b i n d e r  , h av e  

b e e n  i m p a i r e d .
A l a b o r a t o r y  i n v e s t i g a t i o n  was c o n d u c t e d  i n  w h ic h  P V C /h ar  w as s t o r e d  

f o r  196 h o u r s  a t  130°C , an d  a s  d e s c r i b e d  I n  A p p e n d ix  I ,  s a m p le s  w e re  

r e c o v e r e d  a t  v a r i o u s  t i m e s  o v e r  t h i s  p e r i o d .  The P V C - c o n t e n t ,  u s i n g  

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



the W/L r a t i o  of e a c h  sample w ere  determined. The results are shown in
F i g u r e  3 - 1 2 .  The PVC ( c h l o r i n e )  c o n t e n t  r e m a in e d  c o n s t a n t  b u t  t h e  
w / L r a t i o  f e l l  d u r i n g  t h e  2 4 -4 8  h o u r  p e r i o d , i n d i c a t i n g  d e g r a d a t i o n  o f  t h e

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

a s s e s s e d  f ro m  c h e m i c a l  d e t e r m i n a t i o n s  o f  t h e  c h l o r i n e  c o n t e n t .  I t  was

fo u n d  t h a t  e v o l u t i o n  o f  c h l o r i n e  from  P V C / t a r s  c o u l d  n o t  b e  d e t e c t e d  b e lo w

1 8 0 eC a l t h o u g h  p o ly m e r  d e g r a d a t i o n  o c c u r r e d  b e lo w  t h i s  t e m p e r a t u r e .

S t o r a g e  s t a b i l i t y  t e s t s  w e re  r e p e a t e d  a t  v a r i o u s  t e m p e r a t u r e s  i n  o r d e r

t o  d e t e r m i n e  a  s a f e  maximum s t o r a g e  t e m p e r a t u r e .  T he i n v e s t i g a t i o n  show ed

t h a t  t h e  t a r  c o m p o s i t i o n  , i n  p a r t i c u l a r  t h e  v o l a t i l i t y ,  i n f l u e n c e s  ♦•he

t h e r m a l  s t a b i l i t y .  A l o w - v o l a t i l e  S o u th  A f r i c a n  P V C / t a r  an d  an im p o r t e d

h i g h - v o l a t i l e  b l e n d  w e re  s t o r e d  a t  H O eC f o r  e ^ g h t  d a y s  u s i n g  t h e  p r o c e d u r e
w /

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

e i g h t - d a y  p e r i o d  a r e  g i v e n  i n  F i g u r e  3 - 1 3 .  W h e rea s  t h e  h i g h - v o l a t i l e  

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

t e n a c i t y  o v e r  t h i s  p e r i o d .  ( D i s t i l l a t i o n  t e s t  r e s u l t s  on  t h e  o r i g i n a l  b i n d e r s  

a r e  g i v e n  i n  T a b le  3 -  1 2 . J I t  may b e  c o n c lu d e d  t h a t  1 1 0 eC i s  a s a f e  
t e m p e r a t u r e  f o r  s t o r a g e  o f  l o w - v o l a t i l e  P V C /ta r  b l e n d s .

TAPLF 3 - 1 2
DISTILLATION TEST DATA DETERMINED ON A SOUTH AFRICAN 

LOW-VOLATILE P ^ / T A R  AND A HIGH-VOLATILE BRITISH PVC/TAR BLEND

P r o p e r t y S o u th  A f r i c a n  
L ow -vo] A t i l s  
P V C / t a r .

B r i t i s h
H i g h - v o l a t i l e
P V C / t a r .

E v t 4 6 , 0 4 7 ,0

D i s t i l l a t i o n  % m/m

0 -  200"C 0 , 0 0 , 0

200 -  270*C 1 , 6 3 , 4

270 -  300"C 3 , 0 4 , 5

300 -  340°C 8 , 6 7 , 9

T o t a l  t o
340«C 1 3 ,2 1 5 , 8

S o f t e n i n g  p o i n t  o f  
d i s t i l l a t i o n " r e s i d u e  
( r e b )  "C 5 2 ,3 6 0 ,2
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3 . 1 . 5  The p e r f o r m a n c e  o f  P V C / t a r  i n  a i n q l e - s u r f a c e  t r e a t m e n t s  

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

r o a d  b i t u m e n s  c a n  m e rn ly  b e  j u s t i f i e d  on  t h e  b a s i s  o f  c o s t s , an d  i n  

P a r t  1 ,  C h a p t e r  2 i t  was e s t i m a t e d  t h a t  f o r  t a r  s u r f a c e  t r e a t m e n t s  

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

As P V C / t a r s  a r e  a b o u t  1 c e n t / l i t r e  m ore  e x p e n s i v e  t h a n  u n m o d i f i e d  

t a r s ,  t h i s  i s  c e r t a i n l y  a  minimum v a l u e .

R e s e a r c h  on P V C / t a r  i n  S o u th  A f r i c a  s t a r t 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  Road R e s e a r c h ,  i n  1968 a n d  i n  v ie w  o f  i n i t i a l  r e s u l t s  

t h e  b i n d e r  becam e c o m m e r c i a l l y  a v a i l a b l e  i n  1 9 6 9 .  I n  1975 o v e r  2 500 

t o n n e s  o f  t h e  b i n d e r  w e re  u s e d  b y  r o a d  a u t h o r i t i e s .  The a v e r a g e  

minimum s e r v i c e  l i f e  o f  P V C / ta r  s u r f a c e  t r e a t m e n t s  w i l l  b e  o f  

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

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

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

u n d e r  n o rm a l  r e s u r f a c i n g s  c o n d i t i o n s .

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

t o  t h e  commencement o f  t h e  w ork  d e s c r i b e d  i n  t h i s  t h e s i s .  The 

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

a u t h o r  a n d  t h e s e  a s s e s s m e n t s  h a v e  b e e n  u s e d  xn t h i s  s u r v e y .  T h e s e  

r o a d  e x p e r i m e n t s  w e r e «

( i )  The 1968 s m a l l - s c a l e  e x p e r i m e n t ,  Lynnwood R oad , P r e t o r i a .

( J a m i e s o n ,  I . L .  a n d  E d l e r , A .C . 1 9 6 9 ) .

( i i )  The 1969 f u l l - s c a l e  e x p e r i m e n t ,  S i n o i a ,  R h o d e s i a .

( A l e x a n d e r ,  C .D . e t  a l .  1 9 7 4 ) .

( i i i )  The 1970 s m a l l - s c a l e  e x p e r i m e n t ,  Lynnwood R o ad ,  P r e t o r i a .

( J a m i e s o n ,  I . L .  a n d  E d l e r ,  A .C . 1971)

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

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

( i v )  The 1972 f u l l - s c a l e  e x p e r i m e n t ,  O r k n e y - B o t h a v i l l e .

(v) The 1972 s m a l l - s c a l e  w i n t e r  e x p e r i m e n t ,  Lynnwood Road P r e t o r i a ,

( v i j  T he 1974 s m a l l - s c a l e  e x p e r i m e n t ,  Lynnvood R oad , P r e t o r i a .

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

R oad  R e s e a r c h  L a b o r a t o r y  M ethod (1953) i n  w h ic h  t h e  f o l l o w i n g  s y m b o ls  

a r e  u s e d .

1 0 4



S a t i s f a c t o r y c o n d i t i o n  U n s a t i s f a c t o r y c o n d i t io n

w i t h  no  d i s c e r n i b l e  F ( f a i r ) -  s e r i o u s l y  f a u l t e d  b u t  

f a u l t  s t i l l  s e r v i c a b l e

w i t h  no s i g n i f i c a n t  P ( p o o r ) =  r e q u i r e s  r e m e d i a l  

f a u l t  t r e a t m e n t

o n l y  j u s t  B (b ad )  ■ r e q u i r e s  Im m e d ia te

a c c e p t a b l e  r e m e d i a l  t r e a t m e n t

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

(VG) b e h a v i o u r .

M in u s  s i g n  -  l o s s  o f  s t o n e .  P l u s  s i g n  -  e x c e s s  b i n d e r  

•<v» * g e n e r a l  v a r i a b l i t y ,  " c "  -  c r a c k i n g  ( d e g r e e  o f

s e v e r i t y  d e n o t e d  o n  a  n u m e r i c a l  s c a l e  ( 1 , 3 , o r  5 ) ,

"d "  ■ d e f o r m a t i o n  ( s e v e r i t y  d e n o t e d  on a n u m e r i c a l  s c a l e  1 , 3

o r  5 ) .
R e c e n t l y  a m e th o d  f o r  t h e  r a t i n g  o f  p a v e m e n t  c o n d i t i o n s  h a s  b e e n  

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

o f  a  s u r f a c i n g  ( C u r t a y n e ,  1974) an d  t h i s  i s  i n t e n d e d  t o  a s s i s t  t h e  

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

m a i n t e n a n c e  p r o c e d u r e s .  H ow ever ,  t h e  RRL m e th o d  was p r e f e r r e d  i n  t h i s  

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

l a r g e  num ber o f  s e c t i o n s  t o  b e  made a t  a  g l a n c e .

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

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

o f  a t  l e a s t  s i x  a s s e s s m e n t s .

3 . 1 . 5 . 1  S m a l l - s c a l e  e x p e r i m e n t s

I n  i n i t i a l  e x p e r i m e n t s  i t  was n e c e s s a r y  t o  i n c o r p o r a t e  a l a r g e  

num ber o f  v a r i a b l e s  and  f o r  c o n v e n i e n c e  i t  wac d e c i d e d  t o  u s e  a 

s m a l l - s c a l e  t e c h n i q u e .  The d i m e n s i o n s  o f  e a c h  s e c t i o n  a r e  3 ,7  m 

(o r  t h e  w i d t h  o f  o n e  t r a f f i c  l a n e )  x 0 , 9  m ( l o n g i t u d i n a l l y ) .  I n  t h e  

o r i g i n a l  w ork  ( N a t i o n a l  I n s t i t u t e  f o r  Road R e s e a r c h ,  1959) t h e  b i n d e r  

was a p p l i e d  by  h a n d ,  i . e .  u s i n g  c a l i b r a t e d  s c o o p s  t h e  t a r  was p o u r e d  

o n t o  a  g i v e n  a r e a  \nd c a r e f u l l y  b r u s h e d  i n t o  an  ev e n  f i l m  u s i n g  a 

p a i n t  b r u s h .  H ow ever ,  f o r  t h i s  p r o j e c t  a s m a l l - s c a l e  (m in i )  d i s t r i b u t o r  

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

t h e  f u l l - s c a l e  c o n s t r u c t i o n  m e th o d . The m in i  d i s t r i b u t o r  i s  i l l u s t r a t e d

i n  F i g u r e  3 - 1 4  an d  d e s c r i b e d  i n  A p p e n d ix  J .

The a g g r e g a t e  w as a p p l i e d  by  h a n d - s h o v e l  an d  was w e l l  r o l l e d - i n  by 

means o f  a h e a v y  p n e u m a t i c - t y r e d  v e h i c l e .  A Land Rover o r  L i g h t  D e l i v e r y

1 0 5

VG ( v e r y  good) ■ 

G (good)

F G ( f a i r l y  good) -
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Figure 3 - 14: The mini binder distr ibutor in operat ion



V an  w a s  u s e d  f o r  t h i s  p u r p o s e .

T h e  1 9 6 8  e x p e r i m e n t

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

u s e d .  E a c h  s u p p l i e d  tw o  E v t  g r a d e s  ( 4 5  -  5 0 ° C ,  a n d  5 0  -  5 5 * 0  a n d  

t h e s e  w e r e  m o d i f i e d  t o  c o n t a i n  0 , 7 5  p e r  c e n t ,  1 , 0  p e r  c e n t ,  2 , 0  p e r  c e n t  

a n d  2 , 5  p e r  c e n t  o f  t h e  PVC a t  t h e  o r i g i n a l  E v t .  C u t b a c k  b i t u m e n ,

1 5 0 / 2 0 0  P e n .  b i t u m e n  a n d  t a r s  m o d i f i e d  w i t h  0 , 7 5  p e r  c e n t  a n d  1 , 5  p e r  

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

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

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

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

b e n e f i c i a l  e f f e c t s  o f  PVC a d d i t i o n .  T h e  m o s t  r e c e n t  a s s e s s m e n t s  ( a f t e r  s i x  

y e a r s '  s e r v i c e )  o f  a l l  t h e  s e c t i o n s  i s  g i v e n  i n  A p p e n d i x  K ( s e c t i o n  1 . 1 ) .

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

c a r r i a g e w a y  e x t e n s i o n  s c h e m e  o f  t h e  P r e t o r i a  C i t y  C o u n c i l .

T h i s  i n i t i a l  e x p e r i m e n t  s h o w e d  t h a t  t h e  p e r f o r m a n c e  o f  t h e  P V C / t a r s  

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

PVC-c o n t e n t  o f  t h r e e  l o c a l  t a r s  i s  s h o w n  i n  F i g u r e  3 - 1 5  a n d  t h e  

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

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

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

K ( S e c t i o n  1 1 )  a n d  F i g u r e  3 -  1 5 .

( i )  T h e  p e v f o r m n . c e  o f  P V C / t a r s  f r o m  s o u r c e  B w a s  s u p e r i o r  a n d  

th is  w a s  a s s o c i a t e d  w i t h  t h e  lo w  v o l a t i l i t y  o f  t h e s e  b l e n d s .

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

o r .  t h e  d u r a b i l i t y  o f  l o w - v o l a t i l e  t a r s  f r o m  s o u r c e  B .

( H i )  A ddition  o f  PVC r e s u lte d  in  a s ig n i f ic a n t  inprovriu i t  in  e 

d u r a b ility  o f  the lo w -v o la t i le  ta r  a n d  th e  performance o f  

th e  su r fs  in gs improved w ith  in cr ea sin g  PVC con ten t o f th e  

ta r  u p  to  t h e  2 , 5  per cenu l e v e l .
( iv )  Surfacing* in  which tar  B contained  2 , 5  per cen t PVC were i

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

w e r e  s a t i s f a c t o r y  a f t e r  s i x  y e a r s '  s e r v i c e .

I t  w a s  a l s o  n o t e d  t h a t  t h e  s e c t i o n s  i n  w h i c h  4 5  -  5 0*C  E v t  v i s c o s i t y  

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

w i t h  5 0  -  5 5 * C  E v t  b l e n d e .  T h e  i n f e r e n c e  t h a t  l o w - l v t  t a r s  s h o u l d  b e  

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

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

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

3 4 0 eC i n  t h e  s t a n d a r d  d i s t i l l a t i o n  t e s t  an d  t h e  s o f t e n i n g  p o i n t  o f  t h e  

d i s t i l l a t i o n  t e s t  r e s i d u e .

The 1970 e x p e r i m e n t

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

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

d i s t i l l a t i o n  t e s t  c r i t e r i a .  I t  was h o p e d  t h a t  t h e  r e s u l t s  c o u l d  b e  

u s e d  t o  d e t e r m i n e  new l i m i t i n g  c r i t e r i a  f o r  S o u th  A f r i c a n  B u re a u  o f  

S t a n d a r d s  (SABS) an d  C e n t r a l  A f r i c a n  S t a n d a r d s  (CAS) t a r  s p e c i f i c a t i o n s .

Two t y p e s  o f  o i l  w e re  u s e d ,  d i f f e r i n g  s l i g h t l y  i n  v o l a t i l i t y :  a 

h e a v y  t a r - f l u x - o i l  (HTFO) an d  a l i g h t  t a r - f l u x - o i l  (LTFO)* . A n o th e r  

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

t h i s  v a r i e d  f ro m  40 -  80°C . E ach  s e r i e s  o f  b l e n d e  w as p r e p a r e d  w i t h  

an d  w i t h o u t  PVC. Where PVC was u s e d  t h e  c o n c e n t r a t i o n  was a p p r o x i m a t e l y

1 , 5  p e r  c e n t .  The l a y o u t  o f  t h e  e x p e r i m e n t  i s  d e s c r i b e d  i n  A p p e n d ix  K.

The p r o p o r t i o n s  o f  o i l s  an d  p i t c h  o f  some o f  t h e s e  b l e n d s ,  t h e i r  

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

3 - 1 3 .  On c o m p a r in g  t h e  p e r f o r m a n c e  o f  t h e s e  s u r f a c i n g s  w i t h  t h e  

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

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

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

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

g r e a t e r ,  a s  p r e v i o u s l y  m e n t i o n e d ,  ( s e e  F i g u r e  3 -  10) a n d  t h i s  r e s u l t e d  

i n  an  im p ro v em en t  i n  p e r f o r m a n c e  ( t h e  s e r i e s  o f  b l e n d s  1 - 5  i s  e q u i v a l e n t  

t o  t h e  s c r i e s  35 39 s a v e  f o r  t h e  p r e s e n c e  o f  PVC, and  h e n c e  t h e  g r e a t e r  

p r o p o r t i o n  o f  HITO, i n  t h e  l e t t e r ) .  More r e c e n t  a s s e s s m e n t s ,  a f t e r  

s i x  y e a r s '  s e r v i c e ,  show t h a t  t h e  c o n d i t i o n  h a s  n o t  d e t e r i o r a t e d  s i n c e  

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

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

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

t h e  p r e p a r a t i o n  o f  50 -  55*C E v t  b l e n d s  c o n f o r m in g  t o  t h e  11 i t i n g  

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

b o i l i n g  b e lo w  340*C ■ 12 p e r  c e n t  an d  maximum s o f t e n i n g  p o i n t  o f  d i s t i l l a t i o n  

r e s i d u e  •  56eC .

* T he HTFO h ad  l e e s  t h a n  10 p e r  c e n t  o i l s  b o i l i n g  b e lo w  340*C a n d  t h e  
LTFO 4 0 -6 0  p e r  c e n t  o i l s  b o i l i n g  b e lo w  340*C. T h e s e  d a t a  w e re  o b t a i n e d  
u s i n g  t h e  c r e o s o t e - o i l  d i s t i l l a t i o n  m e th o d ,  STPTC CO 3 -6 7
** A c t u a l  s p e c i f i c a t i o n s  s u g g e s t e d  f o r  t h e  c o k e - o v e n  a n d  L u r g i  t a r s  a r e  
g i v e n  i n  A p p e n d ix  L.
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TABLE 3 - 1 3

COMPOSITION OF SOME BLENDS USED IN THE 19/0  EXPERIMENT 

AND THEIR PERFORMANCE AFTER VARIOUS PERIODS OF .,ERVICE

Performance* (Years)D i s t i l l a t i o n  d a t aL o m i 'o s l t lo n  o f  B lend  p e r  c e n t  Py mar.f.
S o f t ,  p o i n t  
o f  r e s i d u e

T o t a l  o i l s  
b o i l i n g  
be low  :i40*C

PVC
p er
c e n t

P i t c h  (*C r i n g  6 b a l l )O i lS e c t
No.

40*C 50*C 60*CHTPO LTFO

5 8 ,816 .1

FGFGFG5 2 ,81 2 , 6
FGVG5 1 ,01 1 .977
FG /GVG4 6 ,969

VG4 4 ,5

54 .2

45 .2  

4 4 ,7

FGVG1 5 ,3

1 2 , 0

9 ,9

8 2 ,5 G /V G  

G /VG
VGG /VGVG

2 3 ,7

2 9 .2

38 .3  

4 5 ,0

36 VGG-/VGVG69
VGVCVG3 9 ,96 0 ,338 VGVG3 7 ,15 3 ,639

FG15,39 5 .05 ,0

1 2, 0
FG57 ,416,48 8 , 0

FGG /VG5 1 ,5

4 8 ,9
1 3 ,08 2 ,01 8 ,0

2 6 ,0
FGVGVG1 0 ,9

13,3

18.1

7 4 ,020 VGVGVG5 0 ,8

5 7 ,5

50 ,7

5 0 .0  

42 ,3

4 8 .0

7 0 ,03 0 .0

1 2 . 0
FGVG

8 6 ,5
VG

7 9 ,9 FGFGVGVG1 4 .6

10.7  

1 2 ,9

7 3 ,52 5 ,1 FGVGVG6 7 ,73 1 ,054 VGVG6 2 ,63 6 ,0

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

s a t i s f a c t o r y

condition
' v g  (very good) “ w i th  nn d i s c e r n i b l e  f a u l t

G (good ) ■ w i th  no s i g n i f i c a n t  f a u l t

FG (fairly good) o n ly  j u s t  a c c e p t a b l e

Subscript signs indicate the n a t u r e  o f  t h e  main f a u l t s )

+ .  t o o  r i c h  i n  b i n d e r .  -  -  1°*» o f  s t o n e ,  v -  g e n e r a l  v a r i a b i l i t y

Unsatisfactory
condition

F ( f a i r ) •  s e r i o u s l y  f a u l t e d h u t
s t i l l  s e r v i c e a b l e

P (poor) •  r e q u i r e s  re m e d ia l t r e a t m e n t

B (bad) r e q u i r e s  immediate  
t r e a tm e n t

r e m e d ia l



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

by t h e  u s e  o f  h i g h - s o f t e n i n g  p o i n t  p i t c h e s .  A r e l a t i o n s h i p  b e tw e e n  

p i t c h  s o f t e n i n g  p o i n t  an d  t h e  p e r f o r m a n c e  i s  g i v e n  i n  F i g u r e  3 -  16.

B le n d s  c o n t a i n i n g  p i t c h e s  h a v i n g  s o f t e n i n g  p o i n t s  o f  70°C and  a b o v e  

g a v e  t h e  m o s t  s a t i s f a c t o r y  r e s u l t s .  A n a ly s e s  o f  W i l t o n  p i t c h e s  show 

t h a t  t h o s e  h a v i n g  s o f t e n i n g  p o i n t s  o f  40°C* 50°C an d  60°C c o n t a i n  

s i g n i f i c a n t  q u a n t i t i e s  o f  l i g h t  o i l s  ( s e e  P a r t  2 ,  F i g u r e  2  -  2 6 ) .

C e r t a i n  o f  t h e  s e c t i o n s ,  i n c l u d i n g  t h o s e  m e n t i o n e d  i n  T a b l e  3 - 1 3 ,  

w e re  s e l e c t e d  f o r  s u b s e q u e n t  m o n i t o r i n g  o f  t h e  v i s c o s i t y  an d  b r i t t l e n e s s  

p r o p e r t i e s .  Theme p r o p e r t i e s  w e re  d e t e r m in e d  by  way o f  t h e  s a m p l in g  

and  t e s t i n g  p r o c e d u r e s  d e s c r i b e d  i n  P a r t  2 ,  C h a p t e r  5 . The r e s u l t s  

o f  E v t  an d  b r i t t l e  p o i n t  d e t e r m i n a t i o n s  on  h e  o r i g i n a l  b i n d e r s  and  on 

t h e  same b i n d e r s  a f t e r  f o u r  y e a r s  i n  s e r v i c e  a r e  g i v e n  i n  T a b l e  3 - 1 4 .

The c h a n g e  i n  E v t  o f  t h e  " V C / t a r s  was i n d e p e n d e n t  o f  t h e  p i t c h  t y p e  

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

t h a n  b l e n d s  p r e p a r e d  u s i n g  HTFO.

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

p r e p a r e d  w i t h  t h e  l o w - v o l a t i l e  o i l  (HTFO), t h e  u n m o d i f i e d  and  P X C -m o d if ied  

t a r s  p r e p a r e d  from  t h e  h a r d  p i t c h e s  h ad  t h e  l o w e s t  b r i t t l e  p o i n t  

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

p l a s t i c i s i n g - o i 1 c o n t e n t  o f  w h ic h  a  s u b s t a n t i a l  p r o p o r t i o n  w as due 

t o  t h e  p r e s e n c e  o f  t h e  PVC. T h i s  c o n f i r m s  t h a t  t h e  a d d i t i o n  o f  PVC 

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

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

I n  C h a p t e r  3 . 1 . 3  t h e  d u c t i l i t y - t u n a c i t y  t e s t  was d e s c r i b e d  and  i t  

was shown t h a t  P V C / t a r s  hav e  s u p e r i o r  i n i t i a l  c o h e s i v e  p r o p e r t i e s  t o  

u n m o d i f i e d  b i n d e r s  and  t h s c  m ore  e n e r g y  i s  r e q u i r e d  t o  d i s l o d g e  

c h i p p i n g s  f ro m  a P V C / ta r  s u r f a c e  t r e a t m e n t  t h a n  w o u ld  be t h e  c a s e  w h e re  

u n m o d i f i e d  t a r s  w e re  u s e d .  H o w ev er , t h e  r e s u l t s  o f  t h e  1968 and  1970 

e x p e r i m e n t s  show t h a t  t h e  w e a t h e r i n g  r e s i s t a n c e  o f  t h e  t a r s  i s  o f  

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

b l e n d s  i s  i n a d e q u a t e .
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AfiT so-c 6U*.CHTFO LTFC

TABLE 3 - 1 4

ATTEB 4 y ea rs ' s e r v ic e

17 5 ,0

18 1 2 ,0

19 1 8 ,0

20 2 6 ,0

21 3 0 ,0

51 1 2 ,0

52 18.7

53 2 5 ,1

54 3 1 ,0

55 3 6 ,0

35 16 .0

36 23 ,7

37 29 ,2

38 38.3

39 4 5 ,0

9=1,0
8 8 , 0

8 2 , 0
7 4 ,0

8 6  .5

7 9 ,9

7 3 .5
6 7 ,7

8 2 ,5

7 4 ,9

6 9 ,5

7 0 .0

6 2 .6

6 0 ,3
5 3 ,6

Composition o f  Blend p e r  cent by mess 

P i t c h  (*C r i n g  '• b a l l )

Distillation data

I PVC
T o ta l  o i l s  

b o i l i n g  
I below 340*C

b o f t . p o i n t  
o f  r e s i d u e

( r  6 b)*C)

Evt C O

A f t e r  
4 y e a r s

0 1 15,3* - 5 2 ,4

0 I 1 5 ,4 5 7 ,4 5 2 ,5

0 I 1 3 ,0 5 1 ,5 53 ,2

0 1 1 0 ,9 4 8 ,9 52 ,7

0 I 13 ,3 5 0 ,8 52 ,1

1 ,5  1 18 ,1 5 7 .5 54 ,1

1 ,4  1 1 3 ,6 50 ,7 5 3 ,7

1 .4 14 ,6 5 0 ,0 5 3 ,9

1 .3  1 1 0 ,7 4 2 ,3 54 ,3

I X 1 2 ,9 4 8 ,0 5 6 ,6

1 ,5 1 5 ,3 54,2 54,7

1 ,4 1 2 ,0 45 ,2 5 4 ,6

l l , 3 9 , 9 4 4 ,7 5 4 ,0

1,4 6 , 6 3 9 ,9 5 4 ,6

I 1,4 5 ,1 37 ,1 5 1 ,5

F r a a s  b r i t t l e  

t e m p e r a t u r e
C O

A f t e r
anginal I 4 y e a r s

* calculated



The 1972 w i n t e r  e x p e r i m e n t

An initial winter application of low-viscosity low-volatile grades 
u n d e r  n o rm a l  r e s u r f a c i n g  c o n d i t i o n s  r e s u l t e d  in a  t e n d e n c y  f o r  t h e  

s u r f a c i n g s  t o  " b l e e d "  i n  s u b s e q u e n t  h o t  summer weather. This 
phenom enon may be attributed to the low-volatile characteristics of 
t h e  b i n d e r  r e s u l t i n g  i n  a low  e v a p o r a t i o n  rate a n d  h e n c e  an i n s u f f i c i e n t  

E v t  i n c r e a s e  t o  o b v i a t e  f lo w  and r u n - o f f  at l i g h e r  r o a d  t e m p e r a t u r e s .  

O b v i o u s l y  a w i n t e r  g r a d e  P V C / ta r  r e q u i r e s

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

2 V o l a t i l i t y  c h a r a c t e r i s t i c s  w h ic h  w i l l  a l l o w  t h e  E v t  t o  i n c r e a s e  

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

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

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

t r a f f i c .

The p u r p o s e  o f  t h e  1972 e x p e r i m e n t  was t o  f i n d  t h e  b l e n d  c o m p o s i t i o n  

w h ic h  b e s t  s a t i s f i e d  t h e s e  r e q u i r e m e n t s .  I t  was d e c i d e d  t h a t  t h e  b e s t  

a p p r o a c h  w o u ld  b e  t o  s e l e c t  a d u r a b l e  summer g r a d e  an d  c u t  t h i s  b a c k  

t o  an E v t  l e v e l  s u i t a b l e  f o r  u s e  i n  w i n t e r  m o n th s .  I t  w as h o ped  t o  

v a r y  t h e  h a r d e n i n g  r a t e  ( r a t e  o f  i n c r e a s e  i n  E v t)  by  u s i n g  o i l s  com posed  

o f  v a r i o u s  b o i l i n g  p o i n t  r a n g e s .  B le n d  39, a s  u s e d  i n  t h e  1970 e x p e r i m e n t  

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

v o l a t i l i t y  and  f l u x i n g  pow er w e re  o b t a i n e d  from  a  W i l to n  d i s t i l l a t i o n  

p l a n t : (1) N a p h t h a - c i l ,  (NO), (2) w a s h - o i l  (WO), (3) t a r  c u t b a c k - o i l  (TCBO), 

(4) l i g h t  t a r - f l u x - o i l , (5) h e a v y  t a r - f l u x - o i l .

U s in g  t h e  a b o v e  m a t e r i a l s ,  P V C / ta r  b l e n d s  o f  36°C E v t  an d  4 2 eC E v t  

w e re  p r e p a r e d .  The E v t  was s e l e c t e d  on  t h e  b a s i s  o f  t h e  e x p e c t e d  

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

i s  d e s c r i b e d  i n  d e t a i l  i n  P a r t  3 ,  C h a p t e r  1 . 6 . )  The l a y o u t  o f  t h e  

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

a r e  g i v e n  i n  A p p e n d ix  K, % c t i o n  1 . 3 ,  T a b l e s  1 t o  V l l .

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

i n i t i a l  E v t  o f  t h e  b i n d e r .  I n  c o n t r o l  s e c t i o n s  t h e  u n f l u x e d  b l e n d  3 9 ,  

i . e .  E v t  5 2 eC, l o s t  m ore t h a n  50 p e r  c e n t  o f  t h e  s t o n e  d u r i n g  t h e  f i r s t  

n i g h t  a f t e r  t h e  a p p l i c a t i o n  a s  shown i n  F i g u r e  3 -  17 .

The E v t  o f  t h e  b i n d e r s  u s e d  i n  t h i s  e x p e r i m e n t  w as m o n i t o r e d  and  t h e  

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

b l e n d s  i n  t h e  f i r s t  12 m o n th s  i s  g i v e n  in  F i g u r e  3 -  18 .

I l l



Flgur* 3 - 1 7 :  View of the  1972 Winter' experiment on  the  day after co n s tru c t io n  Severe  loss  o '  
s to n e  o c cu r re d  overnight from sec t ions  on  wmch a tar was u sed  having to o  high an  EVT (50- 
55° C) for th e  prevailing tem p era tu re  condit ions (the air tem pera tu re  d ro p p e d  to —V C )

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

r a p i d l y ;  i n  t h e  i n i t i a l  s t a g e s  t h e  h a r d e n i n g  was a b o u t  50 p e r  c e n t  

more t h a n  i n  t h e  o t h e r  b l e n d s ,  an d  t h i s  p r o b a b l y  e x p l a i n s  t h e  s l i g h t l y  

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

In  an y  e v e n t  t h e  u s e  o f  t h i s  o i l  f o r  t h i s  p u r p o s e  c a n n o t  b e  recom m ended  

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

t h e s e  o i l s  a s  d e s c r i b e d  i n  P a r t  2 ,  C h a p t e r  5 ( s e e  F i g u r e  2 - 3 7 ) .

I t  was a l s o  a p p a r e n t  t h a t  b l e n d s  i n  w h ic h  o n l y  t h e  HIFQ and  LTFO 

c u t t i n g —b a c k  o i l s  w e re  u s e d  g a v e  r i s e  t o  d i s t i n c t  f a t t y  a r e a s  an d  

some '• r u n - o f f "  a t  t h e  r o a d  e d g e .

From t h e  p e r f o r m a n c e  t o  d a t e  i t  w o u ld  a p p e a r  t h a t  t h e  TCBO an d  

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

g r a d e s  from  d u r a b l e  summer g r a d e s .

T he f o l l o w i n g  r e c i p e  f o r  a 36°C E v t  t a r  w o u ld  b e  a p p r o p r i a t e  f o r  

w i n t e r  c o n d i t i o n s  on t h e  S o u th  A f r i c a n  H i g h v e l d .

H eavy t a r - f l u x - o i l  (9 0  p e r  c e n t  o i l s  b o i l i n g  a b o v e  340°C

STPTC M ethod CO 3 -6 7 )  “  4 1 >0  Pe r  c e n t

T a r - c u t b a c k - o i l  ( 9 0 - 9 5  p e r  c e n t  o i l s  b o i l i n g  b e tw e e n

2 0 0 - 3 0 0 eC. STPTC M ethod CO 3 -6 7 )  * 9 5  P e r  c e n t

P i t c h  ( S o f t e n i n g  p o i n t  80°C ( r i n g  an d  b a l l )  ) - 4 8 , 0  p e r  c e n t

PVC: -  ( " C o r v i c "  D 60 /11)  e  1 *5 Pe r  c e n t

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

w e re :

0 -  200°C  * 0 , 0  p e r  c e n t  by  m ass

2 00  -  270*C ■ 8 , 3  p e r  c e n t  by  m ass

27 0  -  300°C ■ 2 ,2  p e r  c e n t  by  m ass

3 00  -  340°C •  7 , 7  p e r  c e n t  b y  m ass

T o t a l  o i l s  t o  3 40eC •  1 8 ,2  p e r  c e n t  by  m ass

S o f t e n i n g  p o i n t  ( r i n g  a n d  b a l l )  

o f  r e s i d u e  a t  340°C * 4 0 ,6 * C

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

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

lo w ,  ( i n d i c a t i v e  o f  a  h i g h  p l a s t i c i a i n g - o i l  c o n t e n t )  w h ic h  a u g u r s  w e l l

f o r  t h e  d u r a b i l i t y  o f  t h e  b l e n d  .

T h i s  e x p e r i m e n t  a l s o  show ed  t h a t  t h e  u s e  o f  s m a l l e r  s t o n e  s i z e s ,  and  

h . n = .  t h i n n e r  b i n d e r  t i l l . . .  g i v e ,  .  m ore  r a p i d  i n i t i a l . h a r d e n i n g  r . t .  w h ic h  

may b e  a p p r o p r i a t e  f o r  w i n t e r  m o n th s .  A 1 3 ,2  mm R eef  Q u a r t z i t e  r e q u i r e d  

an  a p p l i c a t i o n  o f  1 ,2 0  1/m 2 w h e re a s  a  s l i g h t l y  s m a l l e r  P r e t o r i a  N o r i t e

112



2
n e e d e d  a  0 , n 2 1/m a p p l i c a t i o n  w h ic h  c a u a n d  a  s i g n i f i c a n t l y  g r e a t e r  

i n c r e a s e  i n  v i s c o s i t y  o v e r  t h e  p e r i o d  J u l y  -  O c t o b e r ,  a s  shown i n  

T a b l e  3 -  l b .

TABLE 3 - 1 5  

WINTER PVC/TAR BLENDS 

EFFECT OF BINDER FILM THICKNESS ON THE INCREASE IN 

VISCOSITY OF THE BLENDS OF NOMINAL EVT 3 6 0C AFTER 

3 MONTHS' SERVICE

I n c r e a s e  i n  E v t  (°C)
f o r  a p p l i c a t i o n  o f ;

B le n d 2
0 ,8 2  l i t r e / m

7
1 , 2 0  l i t r e / m

B le n d  39 + LTFO 1 5 .1 7 , 6

B le n d  39 ♦ HTFO 1 6 ,6 1 4 .2

B le n d  39 + TCBO 2 5 , 5 1 8 ,7

B le n d  39 + NO 2 9 ,8 2 3 , 5

B len d  39 + WO 2 2 ,4 1 5 , 6

The 1974 e x p e r i m e n t

I t  w as m e n t i o n e d  p r e v i o u s l y  t h a t  i n  t h e  1968 e x p e r i m e n t  t h e  lo w e r  

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

E v t  g r a d e .

The r e s u l t s  o f  m o n i t o r i n g  t e s t s  on  P V C / ta r  b i n d e r s  l a i d  on  

c e r t a i n  J o h a n n e s b u r g  s t r e e t s  show ed t h a t  t h e  4 0 -4 5 ° C  E v t  b l e n d s  a p p l i e d  

i n  w i n t e r  w e re  c o n s i d e r a b l y  s o f t e r  t h a n  t h e  50 -  5 5 eC E v t  b l e n d s  a f t e r  an 

e q u a l  p e r i o d  i n  s e r v i c e .  T h e s e  r e s u l t s  a r e  g i v e n  i n  T a b l e  3 -  16 .

As ' ^ i e t r e s s  o f  s u r f a c i n g s  in  t h e  fo rm  o f  c r a c k i n g  an d  l o s s  o f  s t o n e  

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

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

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

The p u r p o s e  o f  t h e  1974 e x p e r i m e n t  was t o  d e t e r m i n e  t h e  l o w e s t  E v t  g r a d e  

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

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

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

d u r i n g  t h i s  p e r i o d  was 6 2 eC a n d  f o u r  E v t  g r a d e s  o f  P V C / ta r  w e re  u s e d ;

35 -  40*C , 40  -  4 5 °C ,  45 -  50*C a n d  50 -  5 5 e C E v t .  The l a y o u t  o f  t h e  

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

g i v e n  i n  A p p e n d ix  K, s e c t i o n  1 . 4 ,  T a b l e s  V l l l  t o  * ,

113



<0
r-4

i
r>
W

3
k
<u>

I
a

in

H  4) Ifl H

S i
•H P.

S ' r l

u
o

3ou
M w 
Cm

U
o

i ?
#4
Cm

<2 ^  <A u

2 -6

V) ^
9 °#g o  <d w
Hfc

&

s
I/)

M
4)

O
tN
+

CO

I
f '
in
v£>

- y y

m
m
i0

in
O'
I

10

<0

0  
O'f—4
1

V) fc1

51 TJ 0)
•H Cm

s

3
S
5in

in
vD
I

m

0  
m
1

m

CM

5
o
o 7

4 3 r -
vX>

r-m

o o o
CA

U) in u 1 vO r~ vO
X «fl 0 rH
•P ifl 1 i 1
c N
Q Cm

G r-4 o 00
P u

i n > o 1 CM T ro
H W iX> 1 0 m

V) o
Ifl uM Ifl e CO

<g M 135 Cm
O

r-4 P U H
> o r>W w

U) m m i n m
V)(A Ifl U M ) m «y
Ifl o r 4 rH r-4

P M I 1 1 1
r Cm
j in O CM
E

P u xf 0 0 0 0 CO
sO > o 5 m m m

W
(A ry
CA

TH--- [T!--- DT
Tf \D vDr-4 rH *H
I I I
00 vX) (N
in oo (Nin in in
0  o  o

r-r4 r4 f"4
1 I I

oo o r~
r4 Min m

r * i n i n m

o m a >
m *T CO m

4)
y
.5
»

.3  _
-o ^

1

I
flj
>

t i

1

114



In  t h e  s m a 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 , i n  w h ic h  t h e  c h i p p i - i y s  a r e  

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

t h e  s t o n e .  T h e r e  was some i n i t i a l " r u n - o f f " b u t  i n  s u b s e q u e n t  h o t  

w e a t h e r  no  b l e e d i n g  o c c u r r e d , a n d  a t  t h i s  s t a g e  a l l  t h e s e  s e c t i o n s  

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

F o r  f u l l - s c a l e  work i t  c a n n o t  b e  recom m ended t h a t  P V C / t a r s  h a v in g  

E v t ' s  a s  low  a s  35°C s h o u l d  be  a p p l i e d  a t  r o a d  s u r f a c e  t e m p e r a t u r e s  

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

'wl.i i - G i f "  may oe  more s e v e r e  on  a f u l l - s c a l e  s e c t i o n  t h a n  t h e y  a r e  

on t h e  s m a l l - s c a l e  s e c t i o n .  H ow ever ,  t h e  r e s u l t s  o f  t h e  s m a l l - s c a l e  

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

t h o s e  u s e d  cu  r e n t l y  s h o u l d  b e  c o n s i d e r e d  f o r  summer w ork  an d  t h a t  

e n g i n e e r s  may b e  a d v i s e d  t o  e r r  on  t h e  low v i s c o s i t y  (E v t)  s i d e .

3 . 1 . 5 . 2  F u l l - s c a l e  e x p e r i m e n t s

I n  a d d i t i o n  t o  f i e i d  t r i a l s  two f u l l - s c a l e  e x p e r i m e n t s  w ore  l a i d .

The S i n o i a  (R h o d e s i a )  e x p e r i m e n t ,  O c t o b e r ,  1969

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

e x p e r i m e n t  i n  S o u t h e r n  A f r i c a  an d  was l a i d  a t  t h e  r e q u e s t  o f  t h e  

R h o d e s i a n  M i n i s t r y  o f  R o ad s .  T he a u t h o r  a s s i s t e d  i n  t h e  f o r m u l a t i o n  

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

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

e f f e c t  o f  p r e c o a t i n g  t h e  s t o n e .  U n m o d if ie d  c o k e - o v e n  t a r  an d  c u t b a c k  

bitumen w ere  u s e d  a s  c o n t r o l s .  The l a y o u t  o f  t h e  e x p e r i m e n t  an d  performance 
assessments a r e  g i v e n  i n  A p p e n d ix  K, T a b l e  X l.

A t t h e  m o s t  r e c e n t  a s s e s s m e n t  , f i v e  y e a r s  a f t e r  l a y i n g , t h e  P V C /ta r  

s e c t i o n s  w e re  r a t e d  i n  t h e  same m ain  c a t e g o r y  a s  t h e  b i t u m e n  c o n t r o l  

s e c t i o n s .  T h e s e  r e s u l t s  h a v e  b e e n  r e p o r t e d  i n  d e t a i l  by  A le x a n d e r  e t  

e l .  ( 1 9 7 4 ) .

The Or k n e y - B o t h a v l l l e  e x pe r i m e n t ,  March 197.2
The e x p e r i m e n t  was c o n s t r u c t e d  w i t h  t h e  a s s i s t a n c e  o f  a m a i n t e n a n c e  

c rew  su p  - l i e d  by t h e  O ra n g e  F r e e  S t a t e  P r o v i n c i a l  RQads D e p a r tm e n t .

E ach  s e c t i o n  c o m p r i s e d  t h e  f u l l  w i d t h  o f  t h e  r o a d  e n d  m e a s u r e d  100 m 

in  l e n g t h .  T h e r e  w e re  119 s e c t i o n s  i n  a l l ,  i . e .  t h e  e x p e r i m e n t  c o v e r e d  

& d i s t a n c e  o f  a p p r o x i m a t e l y  12 km, a n d  t h e  s  , ; t i o n  o f  r o u t e  l '4 ) / 2  

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

o n e  " t i g h t "  b e n d  i n  t h e  e n t i r e  l e n g t h .

A l th o u g h  t h e  m a in  p u r p o s e  o f  t h e  e x p e r i m e n t  was t o  e v a l u a t e  P V C /ta r



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

w e re  i n c l u d e d  an d  a  number o f  s m a l l - s c a l e  s e c t i o n s  w e re  a l s o  c o n s t r u c t e d  

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

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

The l a y o u t  o f  t h e  e x p e r i m e n t a l  s e c t i o n s  i s  g i v e n  i n  F i g u r e  3 - 1 9 .

T he p r o p e r t i e s  o f  t h e  b i n d e r s  an d  p e r f o r m a n c e  a s s e s s m e n t s  a r e  g iv e r ,  

i n  A p p e n d ix  K, T a b l e s  X l l  an d  X l l l  an d  a f u l l  d e s c r i p t i o n  o f  t h e  

c o 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  h a s  b e e n  g i v e n  by  J a m ie s o n  an d  V ie w e r ,  

( 1 9 7 3 ) .

A f t e r  f o u r  y e a r ' s  s e r v i c e  t h e  P V C / ta r  s i n g l e - s u r f a c e  t r e a t m e n t s  

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

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

T h e s e  c r a c k s  a r e  m ore  v i s i b l e  i n  s e c t i o n s  on  w h ic h  s m a l l e r  s t o n e  s i z e s  

h a v e  b e e n  u s e d .  The p e r f o r m a n c e  o f  t h e  P V C / t a r s  ar.d b i tu m e n  I n  t h e  

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

a s  f o l l o w s :

E f f e c t  o f  b i n d e r  s o u r c e  

D undee P V C / ta r  ( 0 ,9 2  t o  1 ,8 5  1/m )

I s c o r  P V C / ta r  ( 0 ,9 8  t o  1 ,6 9  1/m 2 )

B itu m en  ( 0 , 9 8  t o  1 ,5 2  1/m )

1 3 ,2  mm s t o n e  9 , 5  mm s t o n e

G_

G.

t o  G+ 

t»3 VG
+v

G+ t o  VG

E f f e c t  o f  g r a d e d  v e r s u s  s i n g l e s i z e d  1 3 ,2  mm s t o n e

G ra d e d

I s c o r  P V C / t a r  G+

B i turner. VG

E f f e c t  o f  r o l l !n q  t e c h n lquern

° . C 3  t 0  
G t o  VG

v i n g l e - s l z e d

G.

3
4

t o  G

I s c o r  P V C / t a r  

B i tu m en

4 P a s s e s

h e a v y  pneum.

G^ t o  FG 
+v

G+ t o  VG

4 P a s s e s  

h e a v y  pneum

1 3 ,2  mm s t o n e

4 P a s s e s  

h e a v y  pneum

4 P a s s e s  2 P a t

h e a v y  pneum. f l a t

+ 1 p a s s  f l a t  + 1 p a s s  f l a t

C-Vt ° (S4V G- c ?  toG+ c l

9 , 5  mr _« l - m a

I s c o r  P V C / t a r  FG_e 5 toF G _ c3  

B itu m en  G ^ ^ ^ to  G+

FC - c 5 ' * r C - c 3  

3 t o  G.

FG- c 5 t o F G - c 3

G- c l t ° G+ c l

G

FG

toG ♦v

- c 5  

° - = i t o a . = 1

u - v t o ° .

- c l

G- c l t o G -

1 1 6
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4 e f f e c t  o f  s t o n e  s i z e  a n d  t y p e

. q u a r t z i t e ( c o a t e d ) 13 ,2  mm 9 , 5  nun 6 , 7 nun

I s c o r  P V C / ta r G+v t o VG FO
-c 5 t 0  rG - c 3

F
- c 5 t o FG- c 5

B i tu m e n G+ t o VG G* c l t 0  = . FG* c 5 t o FG+

i . q u a r t z i t e  ( u n c o a te d )

I s c o r  P V C / ta r G- c 3 t o G- c l
FG -c 5  t 0  r c - c 3 FG- c 5

B itu m en G_ t o G+ G-c 3  ^  G- Cl FG- c 5 t o FG- c 3

c . d o l e r i t e  fun c o a t  a d L

I s c o r  P V C / ta r  G_ t o  VG

B itu m en  G+ t o  VG

T h e r e  was no  d i f f e r e n c e  i n  p e r f o r m a n c e  b e tw e e n  P V C / t a r s  p r e p a r e d  by 

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

T he s t o n e  r e t e n t i o n  on t h e  b i tu m e n  s e c t i o n s  a p p e a r e d  t o  b e  s l i g h t l y  

b e t t e r  t h a n  on  t h e  P V C / t a r  s e c t i o n s  and  i t  i s  c l e a r  t h a t  t h e  P V C /ta r  

p e r f o r m e d  l e s s  s a t i s f a c t o r i l y  t h a n  b i tu m e n  when l e s s  t h i n  t h e  op tim um  

a p p l i c a t i o n  was u s e d .  H ow ever,  t h e  b e s t  P V C /to r  s e c t i o n s  w e re  e q u a l  i n  

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

P V C / ta r  seem ed  t o  p e r f o r m  l e s s  s a t i s f a c t o r i l y  when s m a l l e r  s t o n e  s i z e s  

w e re  u s e d  an d  t h i s  may b e  b e c a u s e  o f  t h e  m ore r a p i d  h a r d e n i n g  e x h i b i t e d  
when a  l i g h t  a p p l i c a t i o n  o f  b i n d e r  was u s e d , a s  shown i n  T a b l e  ' -  15 .

The m ore  c r i t i c a l  n a t u r e  o f  b i n d e r  a p p l i c a t i o n  when u s i n g  t a r  b i n d e r s  

was shown a f c e r  t h e  f i r s t  t w e l v e  m o n th s  when t h e  s e c t i o n s  on w h ic h  t h i c k  

t a r  a p p l i c a t i o n s  w e re  u s e d  e x h i b i t e d  a  s l i g h t  " f a t t i n e s s  . T h i s  was 

m ore p r o n o u n c e d  c.» t h e  s o u th b o u n d  l a n e  t h a n  on  t h e  n o r t h b o u n d ,  w h ic h  was 

c o n s i s t e n t  w i t h  t h e  h e a v i e r  a x l e  l o a d s  on  t h i s  l a n e ,  s e e  A p p e n d ix  K,

T a b l e s  XIV an d  XV.
The v a r i a t i o n s  i n  t h e  s t o n e  g r a d i n g  o r  r o l l i n g  t e c h n i q u e s  h a v e  had  

no s i g n i f i c a n t  e f f e c t  on  p e r f o r m a n c e  a t  t h i s  s t a g e .  T he p t e c o a t i n g  o f  

t h e  a g g r e g a t e  d i d  n o t  im p ro v e  s t o n e  r e t e n t i o n .

3 . 1 . 5 . 3  Norm al m a i n t e n a n c e  r e s e a l l n q  o p e r a t i o n s

T he r e s u l t s  o f  t h e  r o a d  e x p e r i m e n t s  show ed t h a t  l o w - v a l  t i l e  t a r  

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

o f  P V C / t a r s .  To t h i s  p r e r e q u i s i t e  i t  may be  a d d e d  t h a t  l a y i n g  c o n d i t i o n s  

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

117



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

t r e a t m e n t s  i r r e s p e c t i v e  o f  t h e  t y p e  o f  b i n d e r  em p lo y ed .

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

e x p e r i m e n t s  c a n  b e  m i s l e a d i n g  b cz fu & e  o f  t h e  p ^ t i c u l a r  c a r e  t a k e n  

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

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

t o  s a f e g u a r d i n g  a  m a t e r i a l .  B e c a u s e  o f  t h i s  a s t u d y  was made o f  t h e  

b e h a v i o u r  o f  P V C / t a r s  c o n s t r u c t e d  u n d e r  n o r m a l ,  a s  d i s t i n c t  from  

e x p e r i m e n t a l ,  w o rk in g  c o n d i t i o n s .  C e r t a i n  s u r f a c i n g s  w e re  s e l e c t e d  f o r  

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

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

N e w c a s t l e - V o l k s r u s t  ( f o r m e r  N3 s e c t i o n  7)

T h i s  r o a d  was r e s e a l e d  i n  r* i b r u a r y  1969 an d  t h e s e  s u . - f a c i n g s  a r e  t h e  

l o n g e s t  s u r v i v i n g  ( e i g h t  y e a r s )  f u l l - s c a l e  P V C /ta r  s e c t i o n s  i n  t h ^  

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

a r e a ,  a l a r g e  p o r t i o n  o f  t h e  o r i g i n a l  16 km h a s  b e e n  w id e n e d  an d  o v e r l a i d  

by a  w e a r i n g  c o u r s e .  The c o n d i t i o n  o f  m o s t  o f  t h e  r e m a i n in g  s u r f a c e  

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

N a w c a s t l e - L a d y s m i t h

A p p r o x i m a t e ly  50 km o f  s i n g l e - s u r f a c e  t r e a t m e n t  m a i n t e n a n c e  was 

c a r r i e d  o u t  on  t h i s  r o u t e ,  u s i n g  P V C / t a r ,  b e tw e e n  1970 and 1 9 7 2 .  Though 

t h i s  was l a t e r  o v e r l a i d  (1975) a s  p a r t  o f  a  r o a d  w id e n in g  and  

im p ro v em en t  s ch e m e ,  t h e  p e r f o r m a n c e  o f  t h e  s e c t i o n s  was e x c e l l e n t  a t  

t h a t  s t a g e .

N ew cas t  i e - U t r e c h t

The P V C / ta r  s u r f a c e  t r e a t m e n t  was c o n s t r u c t e d  i n  1972 an d  t h i s

r o u t e  h a s  a l s o  r e c e n t l y  b e e n  r e c o n s t r u c t e d .  The s u r f a c e  t r e a t m e n t  was

l a s t  i n s p e c t e d  i n  J u l y  1975 , a t  w h ic h  t i m e  t h e  s u r f a c i n g  was i n  e x c e l l e n t

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

P r e t o r l a - W a r m b a t h s  (TPA ex p e r i m e n t )

S e c t i o n s  o f  P V C /ta r  w e re  c o n s t r u c t e d  on t h i s  r o u t e  i n  D ecem ber 1 9 7 4 ,  

by t h e  R oads D e p a r tm e n t  o f  t h e  T r a n s v a 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 .

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

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

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

B o th  t h e  t a r  an d  b i tu m e n  s e a l s  show ed s i g n s  o f  im p e n d in g  f a i l u r e  

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

p a r t ,  t o  t o o  t h i n  an  a p p l i c a t i o n  o f  b i n d e r .  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  P V C / t a r ,  g i v e n  i n  A p p e n d ix  K, show ed up  c e r t a i n  f a u l t s  i n  t h e  

b i n d e r .  The PVC c o n t e n t  was o n l y  1 p e r  c e n t ,  t h e  d i s t i l l a t i o n  

c h a r a c t e r i s t i c s  w e re  b o r d e r l i n e  and  t h e  a n t h r a c e n e  c o n t e n t  w as h i g h  

( 3 ,4  p e r  c e n t  a s  a g a i n s t  t h e  s t i p u l a t e d  maximum o f  3 , 0  p e r  c e n t ) .

C o n d i t i o n  a s s e s s m e n t s  w e re  made by t h e  TPA i n  M arch 197 5 ,  and  

s u b s e q u e n t l y  by t h e  a u t h o r  a t  t h e  e n d  o f  t h e  f o l l o w i n g  w i n t e r ,  (A u g u s t  

1 9 7 S ) . I t  was a p p a r e n t  a f t e r  t h e  l a t t e r  i n s p e c t i o n  t h a t  t n e  s e c t i o n s  

show ed p a r t i c u l a r l y  h e a v y  s t o n e  l o s s  i n  c o l d  s p o t s  s u c h  a s  d i p s  in  

t h e  r o a d  an d  n e a r  c u l v e r t s .  T h a t  t h i s  o c c u r r e d  w i t h  t h e  B itu m en  a s  

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

a p p l i c a t i o n  may h a v e  b e e n  t o o  low i n  t h i s  c a s e .

R e s u l t s  o f  E v t  m o n i t o r i n g  t e s t s  a r e  g i v e n  i n  A p p e n d ix  K, F i g u r e  3 .

Suburban streets in Johannesburg
A bout 365 000 m2 o f  s u b u r b a n  s t r e e t s  w e re  r e s u r f a c e d  u s i n g  P V C /ta r  

i n  1970 and 1971 . R e s u l t s  o f  i n i t i a l  a n d  r e c e n t  p e r f o r m a n c e  a s s e s s m e n t s  

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

3 -  ),7 . The r e s u l t s  o f  s t a n d a r d  t e s t s  c o n d u c t e d  o n  t h e  t a r s  a r e  

g i v e n  i n  A p p e n d ix  K, T a b le  X V II .  A l l  t h e  t a r s  c o m p l i e d  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  g o v e r n i n g  t h e  v o l a t i l e - o i l  c o n t e n t  an d  t h e  

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

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

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

P V C / t a r  work d o n e  i n  J o h a n n e s b u r g  a t  t h i f l  t i m e  was m o n i t o r e d  a n d ,  w i t n  

t h e  e x c e p t i o n  o f  some s t r e e t s  w h ic h  w e re  r e s u r f a c e d  i n  w i n t e r ,  t h e y  a r e  

m a i n l y  s a t i s f a c t o r y  ( a f t e r  5 -  6  y e a r s '  s e r v i c e ) .  The P V C / ta r  u s e d  on  t h e s e  

s t r e e t s  was n o t  e x a m in e d  f o r  c o m p l i a n c e  w i t h  l o w - v o l a t i l e  t e s t  c r i t e r i a ) .

T he r e s u l t s  g i v e n  by  s t r e e t s  r e s u r f a c e d  d u r i n g  t h e  p e r i o d  Decem bei 

1970 -  A p r i l  1971 a r e  shown i n  A p p e n d ix  K, T a b l e  X 'V lllA . T h e s e  i n d i c a t e  t h a t  

t h e  s u c c e s s  r a t e  i s  a p p r o x i m a t e l y  85 p e r  c e n t  a t  t h i s  s t a g e .  One s t r e e t ,  

F o r t e s q u e  S t r e e t ,  Y o o v i l i e ,  h ad  t o  b e  r e s e a l e d  o n e  y e a r  a f t e r  t h e  i n i t i a l  

a p p l i c a t i o n  due  t o  s e v e r e  a t o n e  l o s s .  I t  i s  s i g n i f i c a n t  t h a t  t h i s  

s t r e e t  was t h e  f i r s t  t o  b e  r e s c a l e d  i n  t h e  summer p e r i o d  ( 1 s t  A p r i l ,

1971) a t  w h ic h  t i m e  t h e r e  was a s u d d e n  o n s e t  o f  c o i J  w e a t h e r  a s  i s  

shown by  a i r  t e m p e r a t u r e  r e c o r d s  g i v e n  i n  A p p e n d ix  K, F i g u r e s  4 a n d  5 .
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TABLE 3 - 1 7  
RiSEALING Of SUBURBAN STREETS IN JOHANNESBURG 

PEBFOB-M/tNCE OF PVC/TAR SMHfACt: TREATMENTS IN WHICH 
THE PVC/TAHS ARE KNOWN TO_j ViMPLY WITH THE AirTHGK'S SPECIFICATION FOH I^W-VOLATILL TARS

S t r e e t Dieti'ct Construction
date

Spray
application

I / . 2

Binder
sample

Aaeiawnent** Kanrark#

t'ec
1971

July
1973

Oct,
1976

P o r t l a n d  A ve. C r a i q h a l l  P k . 15/1/51 1,14 TJ1 m - v
B e d fo rd  A ve. 1,14 * G+/VG

^ - v / G - v

C am b rid g e  A ve. 

B e a u f o r t  A ve.

1,09
1.25 .

=♦
G_/VG

^ V G - v
c y v c

Wychwood R d . . Foreit to w n 26/1/71 1,09 TJ2 - G_ G_

K pp lng  Rd. 1,09 VG G_ Some s p r a y  o v e r l a p p i n g  a t  
t h e  c e n t r e  l i n e

Walth.«m Rd. 1,09 - G_ Some f a t t y  p a t c h e s

R ea to n w o ld  Dr. S a a o rw o ld 27/1/71 1,09 TJ3 °-vcl -

A lb e r t  S t . N ew landa 5/2/71 1,09 TJ4 • Cv Qm

Van Z y l S t . 1,09 * G. A b n r e  s t r i p  i n  c e n t r e  
o f  r o a d

G ard en  S t . 1.09 - G_ G

Meyer St. 1,16 C_
Gv

Ge O ld  s u r f a c e  b a d ly  
d e fo rm e d

K ei Rd. e t w a t a n t l a 12/2/71 1,09 TJ5 G_ Gm -

V ie a e r  Rd. M ontgom ery  Pk. 1,09 VG -

5th Road G re y * . 11/2/71 1,09 T J6 (. ,/VG Cv Gv V ery  s t e e p  h i l l -  o l d  
s u r f a c e  d e fo rm e d

1 2 th  S t r e e t 1,09 c y v o VG G» O ld s u r f a c e  b a d l y  
d e fo rm e d

1 3 th  S t r e e t 1,09 C ./V G ° e G_ O ld  s u r f a c e  b a d l y  

d e fo rm e d

W in tl 'V Rd. Parkw ooi 1 7 /1 /7 1 TJ7 G_

W e tttm ld  Way 1.09 - VG c a -

M o .e le y  A ve. A u c k la n d  Pk. 19/2/71 1.01 TJ8 l i g h t l y  f a t t y  a t  c e n t r e  
l i n e  d u e  t o  s p r a y  o v e r l a p

D o r d r e c h t  S t . C ro ab y 26/2/71 1,03 T J9 VG VG 0. -
Be H o y l e  Ave. 1.14 VG 'G-v -

R o a in e  Rd. T u r f  .‘o n » e in 19/3/71 1,09 T J1 0 G-y -

C o rn e r  S t . F o r . a t  H i l l 1.09 6v Gy

• For »t«ndArd tent properties Bee Api-ehdi* K
•• F ir an explanation of the aywbole eeo Chapter 3.1.5



On t h i s  r o a d  t h e  s t o n e  l o s s  was p a r t i c u l a r l y  b ad  a t  l o c a l i s e d  ( c o l d )  

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

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

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

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

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

w i n t e r  m o n th s  ( J u n e  -  A u g u s t ,  1 9 7 1 ) .  Where a t t e m p t s  w e re  made t o  

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

d u r i n g  t h e  s u b s e q u e n t  summer s e a s o n  an d  t h i s  p r o b l e m  was i n c r e a s e d  

on r o a d s  h a v in g  a  p o o r  p r o f i l e  w h e re  t h e  b i n d e r  t e n d e d  t o  g a t h e r  in  

d e p r e s s i o n s  fo r m in g  " p u d d l e s " . (The d e v e lo p m e n t  o f  s u i t a b l e  g r a d e s  

o f  t a r  f o r  w i n t e r  a p p l i c a t i o n s  h a s  b e e n  d e s c r i b e d  . )  H ow ever ,  t h o s e  

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

c o n d i t i o n ,  a s  shown i n  A p p e n d ix  K, T a b l e  XV111B an d  t h e  r e s u l t s  o f  E v t  

m o n i t o r i n g  t e s t s  w h ic h  w e re  d e s c r i b e d  e a r l i e r ,  T a b le  3 -  1 6 ,  i n d i c a t e  

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

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

t r e a t m e n t  w ork  t h e  E v t  o f  t h e  t a r  s h o u l d  be a s  low a s  p o s s i b l e  and  

t h a t  P V C / t a r  may p r o v e  t o  h a v e  a f u r t h e r  a d v a n t a g e  o v e r  u n m o d i f i e d  

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

The p e r f o r m a n c e  o f  s u r f a c e  t r e a t m e n t s  c o n s t r u c t e d  ' n  J o h a n n e s b u r g  

a t  a b o u t  t h e  same t i m e  u s i n g  KMC5 c u t b a c k  b i t u m e n  h a s  a l s o  b e e n  m o n i t o r e d .  

T h e s e  p e r f o r m a n c e  a s s e s s m e n t s  a r e  g i v e n  i n  A p p e n d ix  K,T a b l e  X VlHc. B o th  

t y p e s  a r e  s a t i s f a c t o r y  a n d  t h e  b e s t  P V C /ta r  s u r f a c e  t r e a t m e n t s  h av e  

b ee n  a s s e s s e d  a s  VG ( a f t e r  f i v e  y e a r s ) , w h ic h  i s  a  s u p e r i o r  c a t e g o r y  o f  

p e r f o r m a n c e  t o  t h e  b e s t  a s s e s s m e n t  o f  t h e  c u t b a c k  b i tu m e n  s u r f a c e  

t r e a t m e n t s .
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3 . 1 . 6  P r a c t i c a l  a s p e c t s  o f  t h e  c o n s t r u c t i o n  o f  P V C /ta r  

s i n g l e - s u r f a c e  t r e a t m e n t s  

T he r e s u l t s  o f  r o a d  e x p e r i m e n t s  i n  S o u th  A f r i c a  sh o w ,  t h a t  t h e  

p e r f o r m a n c e  o f  l o w - v o l a t i l e  P V C / t a r  i s  e x c e l l e n t .  From t h e  w ork  

w h ic h  h a s  b e e n  d e s c r i b e d  an d  f ro m  e x p e r i e n c e  in  c o n s t r u c t i n g  P V C /ta r  

s u r f a c e  t r e a t m e n t s ,  t h e  b e n e f i t s  i n  t h e  u s e  o f  P V C / ta r  may b e  su m m a r ise d  

a s  f o l l o w s .
( 1 ) I t  m ore  d u r a b l e  t h a n  u n m o d i f i e d  t a r  an d  may ever, g i v e  a 

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

a d v a n t a g e  w h ic h  P V C / ta r  h a s  o v e r  b i tu m e n  ca n  l e a d  t o  s a v i n g s  

ev e n  i f  t h e  s e r v i c e  l i f e  o f  t h e  P V C / t a r  i s  s l i g h t l y  s h o r t e r .

( i i )  Due t o  t h e  s t r o n g  i n i t i a l  a d h e s i v e - c o h e s i v e  p r o p e r t i e s  o f  P V C /ta r  

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

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

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

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

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

dam age a l m o s t  c o m p l e t e l y  e l i m i n a t e d .  On d r i v i n g  o v e r  a s t r e t c h  

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

P V C /ta r  a n d  p a r t l y  w i t h  b i tu m e n  o r  u n m o d i f i e d  t a r ,  t h e  g r e a t e r  

a b i l i t y  o f  t h e  P V C / ta r  t o  r e t a i n  t h e  c h i p p i n g s  i s  c l e a r l y  

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

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

d u r i n g  summer r a i n  s h o w e r s .  H o w ev er , t h i s  o n l y  a p p l i e s  when 

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

r a p i d l y .
I n  a d d i t i o n  t o  t h e  a b o v e ,  F r e n c h  w o r k e r s  ( R o f i d a l ,  1967) h a v e  

c l a i m e d  t h a t  P V C / ta r  i s  l e s s  s u s c e p t i b l e  t o  b l e e d i n g  t h a n  o t h e r  b i n d e r s .

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

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

l i g h t e r  a p p l i c a t i o n s ,  h a v e  b e e n  fo u n d  t o  b e  i l l - f o u n d e d  i n  S o u th  A f r i c a n  

c o n d i t i o n s .  D e s p i t e  t h e  g o o d  p e r f o r m a n c e  o f  P V C / t a r .  i n  s e a l s  an d  t h e  

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

s u c c e s s f u l  i n  a l l  c a s e s .  To some d e g r e e  t h i s  h a s  b e e n  d u e  t o  a l a c k  

o f  u n d e r s t a n d i n g  o f  t h e  a d v a n t a g e s  o f  P V C / ta r  a n d  o f  t h e  p r e c a u t i o n s  

w h ic h  s h o u l d  b e  t a k e n  t o  e n s u r e  t h a t  i t  i s  u s e d  s u c c e s s f u l l y .  M cNeil 

(1 9 7 0 a )  e m p h a s i s e d  t h i s  p o i n t  a n d  m e n t i o n e d  t h a t  d i f f i c u l t i e s  h a d  a r i s e n
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through th e  over-enthusiasm  o f  observers  on v iew ing the i n i t i a l  toughness 

and e l a s t i c i t y  o f  the binder for the f i r s t  time.
I n  the fo llow in g  s e c t io n s  g u id e l in e s  arc g iven  for the s u c c e s s fu l  

a p p lic a t io n  of PVC/tar s in g le - s u r fa c e  treatm ents .

3.1.6.1 Selection and identification of roads suitable for the 
application of PVC/tar surface treatments 

( i )  In  g e n e r a l  t h e  u s e  o f  PVC/tar i s  most a p p r o p r i a t e  i n  a r e a s  of
o f  t h e  c o u n t r y  w h e re  i t  i s  c h e a p e r  t h a n  p e t r o l e u m  b i tu m e n s

or b i tu m e n  e m u l s i o n s .

( i i )  As i t  h a s  b e e n  shown t h a t  t h e  a d d i t i o n  o f  PVC b r i n g s  a b o u t  a 

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

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

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

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

( i i i )  R eco m m en d a tio n s  ( i )  an d  ( i i )  a p p l y  i r r e s p e c t i v e  o f  the t r a f f i c  v o lu m e ,

( i v )  I n  E u ro p e ,  P V C / t a r  h a s  b e e n  a d v o c a t e d  f o r  w ork  rn which i t s

o u t s t a n d i n g  i n i t i a l  e l a s t i c i t y  and  t e n a c i t y  c a n  b e  u s e d  t o  

go o d  e f f e c t . I n  South A f r i c a  no o t h e r  c o m m e rc ia l  b i n d e r  h a s  

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

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

w h e re  t h e s e  p r o p e r t i e s  ca n  b e  user* t o  a d v a n t a g e .

T h e s e  a r e  :
#

(a )  S t e e p  i n c l i n e s  t

(b) S h a r p  b e n d s  >

(c )  A p p ro a c h e s  t o  s t o p  o r  y i e l d  s i g n s ;

(d) A p p ro a c h e s  t o  r o b o t s  a n d  r o u n d a b o u t s ;  an d

(e ) On t h e  o f f - r a m p s  o f  f r e e w a y s .

(v) B e c a u s e  o f  i t s  s u p e r i o r  i n i t i a l  c o h e s i v e  p r o p e r t i e s ,  P V C /ta r  

ca n  b e  u s e d  i n  a r e a s  w h e re  i n t e r r u p t i o n  o f  t h e  n o rm al  f lo w  o f  

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

.  On a  s t e e p  i n c l i n e  o f  r o u t e  P l / 2 ,  t h e  o l d  Johannesburg-Prctorta r o a d ,  
P V C / t a r  a c h i e v e d  c o m p l e t e  s t o n e  r e t e n t i o n  a f t e r  o t n o r  b i n d e r s  had  
proved u n s u c c e s s f u l .  On this s t e e p  i n c l i n o ,  n e a r  S i x - M i l e  S p r u i t ,  a 

s u r f a c e  a l m o s t  b a r e  o f  c h i p p i n g ,  h a d  r e s u l t e d  and  t h i s  w as v e r y  s l i p p e r y  
i n  w e t  w e a t h e r .  S e a l e d  w i t h  P V C /ta r  i n  1972 t h i s  i s  a t  p r e s e n t  i n  
e x c e l l e n t  c o n d i t i o n



( v i )  I t  may a l u o  be  recom m ended f o r  r o a d u  on w h ic h  t h e  p r e s e n c e

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

bo  c o n s i d e r e d  f o r  i m p o r t a n t  t r u n k  r o a d s  an d  ev o n  f o r  m o to rw ay s .  

S in c e  1 0 6 3 ,  s i n g l e - s u r f a c e  t r e a t m e n t s  h a v e  b e e n  u s e d  t o  r e s t o r e  

t h e  n o n - s k i d  p r o p e r t i e s  o f  some B r i t i s h  m o to r w a y s ,  (R o b in s o n ,

1 9 6 9 ' .  P V C / ta r  w as u s e d  i n  1968  f o r  r e s e a l i n g  t h e  

e l e v a t e d  s e c t i o n s  o f  t h e  M4 i n  L ondon . T h i s  r e d u c e d  t h e  

num ber o f  s k i d d i n g  a c c i d e n t s  i n  w e t  a n d  d r y  c o n d i t i o n s  (bv 

75  an d  50 p e r  c e n t  r e s p e c t i v e l y .

( v i i )  T he v i s c o s i t y  o f  t c r s  i s  m ore  s u s c e p t i b l e  t o  c h a n g e s  i n

t e m p e r a t u r e  t h a n  i s  t h e  c a s e  w i t h  b i t u m e n .  The e f f e c t  i s  

r e d u c e d  i n  t h e  c a s e  o f  P V C / t a r s .  B e c a u s e  o f  t h i s  f a c t o r  

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

t e m p e r a t u r e  v a r i a t i o n s  a r e  l e a s t ;  s u c h  a s  i n  t h e  c o a s t a l

a n d  lo w v e ld  a r e a s .
( v i i i )  I t  i s  w e l l  known t h a t  s u r f a c i n g s  i n  w h ic h  t a r  b i n d e r s  a r  

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

d i e s e l  f u e l .  P V C / t a r s  h a v e  b e e n  r e p o r t e d  t o  b e  ev e n  m ore 

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

P V C / ta r  c o n c r e t 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  in  

E u r o p e ,  (H o ld en  an d  W i l l i a m s ,  1 9 7 5 ) .  P V C / ta r  s u r f a c e  

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

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

f u e l  s p i l l a g e .
( i x )  The p e r f o r m a n c e  o f  r e c e n t l y  l a i d  P V C / ta r  s u r f a c i n g s  i s  

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

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

t h e  H i g h v e l d .  H ow ever ,  t h i s  u s u a l l y  o n l y  a p p l i e s  when 

gome c o m p a c t io n  h a s  t a k e n  p l a c e  a n d  when t h e  t e m p e r a t u r e  

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

3 . 1 . 6 . 2  Selection of t h e v l s c o s l t y _ g r a d [ c  

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

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

t h l ,  o c c u r ,  when t h e  a m b i e n t  t e m p e r a t u r e  1 .  t o o  lo w  f o r  t h e  v l . o o . l t y  

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

p e r i o d ,  t h e  v l . o o . l t y  . h o u l d  n o t  r l . e  a b o v e  10 H . /m  ( B r i g g s .  1970 , 

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

f i r s t  week a f t e r  c o n s t r u c t i o n  a s  t h e  p a s s a g e  o f  t r a f f i c  w i l l  c a u s e
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a t o n e  t o  b e  w h ip p ed  o f f  w h e re  i t  i s  n o t  p r o p e r l y  w e t t e d  o r  g r i p p e d  

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

low E v t  was shown i n  t h e  1972 w i n t e r  s m a l l - s c a l e  e x p e r i m e n t  w h e re ,  

b e c a u s e  o f  low r o a d  t e m p e r a t u r e s ,  m o s t  o f  t h e  s t o n e  was l o n t  f rom  

s e c t i o n s  c o n s t r u c t e d  u s i n g  t h e  50 -  5 5 'C  P V C / t a r ,  w h e r e a s  t h o s e  

c o n s t r u c t e d  u s i n g  3f>°C a n d  42°C E v t  t a r s  w e re  a b l e  t o  r e t a i n  a l l  t h e  s t o n e .

On the other hand, the Evt s h o u l d  n o t  b e  t o o  low as t h i s  may cause 
the tar to drain away from t h e  stone where t h e r e  are steep inclines or 
cambers or where the existing pavement is badly deformed. Low viscosities 
may also render the surfacing more susceptible to bleeding should there
be an over-application of the binder.

One method, for computing the appropriate Evt suggested by the author 
is based on that developed by workers at the Coal Tar Research Association 
(now the British Carbonisation Research Association). By this method the
maximum Evt is derived from:

Maximum Evt - minimum road surface temperature + c
in period subsequent to laying 
(where C -  4 0 UC for PVC/tar and bitumen,

■ 32°C for unmodified coke-oven 
and Lurgi tar.

The minimum Evt is derived from:
Minimum Evt - mean daily road surface temperature +
This method results in an Evt range and, in view of the relatively

high increase in viscosity exhibited by tars, it is suggested that the
chosen Evt should be at the lower end of this range. It may be that 
this method of determining the minimum Evt is not altogether suitable 
for South African conditions and certain anomalies seem possible.
However, the method for the selection of the maximum permitted Evt
grade is satisfactory. Suggested maximum Evt grades for Pretoria throughout
the year have been computed from typical temperature data as shown
i n  F i g u r e  3 -  2 0 .

T . r  b i n d e r s  may h a r d e n  on  s t o r a g e  e s p e c i a l l y  when prolonged d e l a y ,  

o c c u r .  Where h a r d e n i n g  i s  s u s p e c t e d ,  t h e  u s e  o." t h e  t r o u g h  v i s c o m e t e r  

( J a m ie s o n ,  1976) t o  c h e c k  t h e  E v t  i s  reco m m en d ed .  T h i s  i n s t r u m e n t  i s  

s im p ly  c o n s t r u c t e d  an d  t h e  o n l y  a d d i t i o n a l  e q u ip m e n t  r e q u i r e d  i s  a  

. t o p  w a tc h  a n d  a m eans  (g a s  b u r n e r  o r  p r t o u s  s t o v . l o f  r a i s i n g  t h e

water-jacket temperature.
In areas where excessive turning movements occur, a higher viscosity
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qradu than normal may be appropriate. However, for yurface treatment* 
t h i s  s h o u l d  not exceed 55eC Hvt.

3 . 1 . 6 . 3  S t o r a g e an d  s p r a y i n g

A l th o u g h  P V C /ta r  h a s  b e e n  a p p l i e d  s u c c e s s f u l l y  by c o n t r a c t o r s ,  i t  

i s  recom m ended t h a t  i t  b e  s u p p l i e d  t o  t h e  s i t e  an d  s p r a y e d  by  t h e  

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

k e p t  b e lo w  110°C i f  s t o r a g e  f o r  p e r i o d s  o f  up t o  96 h o u r s  i s  n e c e s s a r y ,  

an d  b e lo w  1C0*C w h e re  s t o r a g e  f o r  l o n g e r  p e r i o d s  i s  r e q u i r e d  . The 

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

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

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

m i n im i s e d  d u r i n g  t h e  w arm -up  o f  P V C / ta r  i n  t h e  t a n k e r ,  an d  i n  p a r t i c u l a r  

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

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

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

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

t h a t  o f  u n m o d i f i e d  t a r s  ( K u h n e l ,  1 9 7 0 ) .  I n  H i g h v e l d  w i n t e r  c o n d i t i o n s  

t h e  s p r a y i n g  p e r i o d  s h o u l d  b e  r e s t r i c t e d  t o  b e tw e e n  10 h 00 a n d  15 h 0 0 ,  

e v e n  f o r  lo w -E v t  t a r s .

3 . 1 . 6 . 4  D e t e r m i n a t i o n  o f  t h e  o p timum b i n d e r  a p p l i c a t i o n

O v er  t h e  y e a r s  n u m ero u s  m e th o d s  h a v e  b e e n  s u g g e s t e d  f o r  t h e  d e s i g n  

o f  s u r f a c e  t r e a t m e n t s .  M ost o f  t h e s e  a r e  b a s e d  on  t h e  w ork  o f  Hanson 

(1934  -  1935) and  t h e  m e a s u r e m e n t  o f  t h e  A v e ra g e  L e a s t  D im e n s io n  (ALD) 

o f  t h e  s t o n e .

The s i m p le  p r o c e d u r e  p r o p o s e d  h e r e  i s  b a s e d  on  t h e  d e s i g n  m e th o d  

f o r  « j n g l e - s e a l o  i n  new c o n s t r u c t i o n s  d e s c r i b e d  i n  T e c h n i c a l  R eco m m en d a tio n s  

f o r  H ighw ays (TFH) N o .J  ( N a t i o n a l  I n s t i t u t e  f o r  Road R e s e a r c h ,  1 9 7 1 ) .

T h i s  was d e v e l o p e d  in  t h e  b e l i e f  t h a t  i n  S o u th  A f r i c a  m any, i f  n o t  

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

s t o n e  embedm ent o r  p u r p o s e f u l  m e a s u r e m e n ts  o f  t h e  s u r f a c e  t e x t u r e  d e p t h  

o f  t h e  t y p e  d e s c r i b e d  by  M a r a i s  (1969) an d  o t h e r  w o r k e r s  ( G r a y l i n g ,  1 9 7 4 ) .

In  t h e  p r o p o s e d  p r o c e d u r e  t h e  more d e t a i l e d  m e th o d s  o f  t h e s e  a u t h o r i t i e s  

h a v e  b e e n  r a t i o n a l i s e d  s o  an t o  t a k e  t h e s e  e f f e c t s  i n t o  a c c o u n t  w i t i io u t  

m ak in g  any  a c t u a l  m e a s u r e m e n t s .  A l l  t h a t  i s  r e q u i r e d  i s  a k n o w le d g e  

o f  t h e  t r a f f i c  p o p u l a t i o n  and  p a t t e r n ,  t h e  ALD o f  t h e  a t o n e  and  o 

c l a s s i f i c a t i o n  o f  t h e  e x i s t i n g  s u r f a c e  f ro m  v i s u a l  a s s e s s m e n t s .



As p r e v i o u s l y  mentioned, when u s i n g  tar and P V C / ta r  i n  s i n g l e  r e s e a l s  

o n l y  o n e  s t o n e  s i z e ,  1 3 ,2  mm, i s  recom m ended and  t h e  f i r s t  s t e p  i s  t o  

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

d e t e r m i n e d  from  t h e  ALD,as shown i n  F i g u r e  3 -  2 U .  The c o l d  r e s i d u a l  

b i n d e r  a p p l i c a t i o n  can  t h e n  b e  o b t a i n e d  u s i n g  F i g u r e  3 -  2 1 b .  In  t h i s  

c a s e  t h e  t r a f f i c  vo lum e c o u n t  s h o u l d  be corrected by a d d in g  2 0  v e h i c l e s  f o r  

e v e r y  h e a v y  v e h i c l e  a n d  a p p l y i n g  an e i g h t  per c e n t  p e r  annum g ro w th  f a c t o r  

from  t h e  d a t e  o f  t h e  l a s t  c o u n t  ( a s  recom m ended by  G r e y l i n g ,  1 9 7 4 ) .

T he c o l d  r e s i d u a l  b i n d e r  a p p l i c a t i o n  i s  c o n v e r t e d  t o  h o t  by  m ak in g  

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

made h e r e  f o r  t h e  e x p e c t e d  d e c r e a s e  i n  vo lum e w h ic h  r e s u l t s  from  

t h e  l o s s  o f  v o l a t i l e *  i n  t h e  f i r s t  y e a r  or, t h e  r o a d .  T h i s  r e d u c t i o n  

in  v o lu m e  may p a r t i a l l y  o f f s e t  t h e  b e n e f i c i a l  e f f e c t  o f  s t o n e  embedment 

and s t o n e  i n t e r l o c k .  The m e a s u r e m e n ts  d e s c r i b e d  i n  P a r t  2 ,  C h a p te r  5 

h a v e  shown t h a t  i n  t h e  f i r s t  t w e l v e  m o n th s  v o l a t i l e  l o s s e s  r a n g e  from  

10 p e r  c e n t  f o r  t h e  low F v t  g r a d e s  t o  5 p e r  c e n t  f o r  t h e  h i g h  E v t  g r a d e s .

T he c o m b in e d  f a c t o r s  ( J a m i e s o n ,  i 3 7 4 b  ) recom m ended f o r  t h e  

v a r i o u s  g r a d e s  a r e :

35 -  4 0 #C E v t  - 1 , 1 7  

40 -  45°C E v t  - 1 , 1 6  

45 -  50°C E v t  -  1 ,1 3  

"0  -  55°C E v t  -  1 ,1 1  

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

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

f o l l o w i n g  c a t e g o r i e s :

I D

(2 )

V e ry  sm o o th ,  b i n d e r - r i c h  s u r f a c i n g  

O ld  s l u r r y  o r  l e a n  s e a l  o r  c a r p e t  w i t h

f a c t o r 0 ,9 5

(3)

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

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

f a c t o r 1 , 0 0

(4)

s u r f a c e  t e x t u r e  d e p t h

Lean s u r f a c e  t r e a t m e n t , 1 3 ,2  mm a t o n e  s i z e .

f a c t o r 1 ,0 5

w i t h  h i g h  s u r f a c e  t e x t u r e  d e p t h f a c t o r 1 , 1 0

As d e s c r i b e d  i n  TRH 3 an  a l l o w a n c e  s h o u l d  b e  made f o r  t h e  f o l l o w i n g  

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

v e r y  a b s o r p t i v e  ( e . g .  b i n d e r  a b s o r p t i o n  o f  a b o v e  ) , 0  p e r  c e n t ) ,  t h e  

b i n d e r  a p p l i c a t i o n  s h o u l d  be  i n c r e a s e d  by  10  p e r  c e n t .

C l im a t i c  a r e a  The p r o c e d u r e  i s  suitable f o r  t h e  H ig h v e l d  a r e a  and  t h e  

Cape P r o v i n c e  c o a a t a l  b e l t .  F o r  t h e  T r a n s v a a l  L ow veld  an d  N a t a l  

c o a s t a l  r e g i o n s ,  w i t h  v e r y  h o t  sum m ers a n d  m i ld  w i n t e r s ,  r e d u c e  t h e
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i c a t i o t  <jf b i n d e r  b y  5 p e r  c e n t  m a x im u m .

.'it p e p  i in.  l i n e s  T h e  a p p l i c a t i o n  o n  t h e  u p g r a d e  s h o u l d  be  r e d u c e d  b y  

I d  p e r  c e n t .

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

1 0  p e r  c e n t

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

i s  g r e a t e r  t h a n  2 0 ,  t h e  r a t e  o f  a p p i  i c a t i  a n  s h o u l d  b e  d e c r e a s e d  b y  up  t o  

10  p e r  c e n t .

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

should the t o t a l  r e d u c t i o n  e x c e e d  2 0  p e r  c e n t .

3 . 1 . 6 . 5  S t o n e  a p p l i c a t i o n

The amou.it o f  s t o n e  u s e d  i s  c r i t i c a l .  W h i l e  a d e q u a t e  ( s h o u l d e r  t o  

shoulder) c o ' e r  i s  e s s e n t i a l , t h e  u s e  o f  e x c e s s  s t o n e  w i l l  n e g a t e  t h e  

advantage o f  P V C / t a r  a s  f a r  a s  r e d u c i n g  t h e  p o t e n t i a l  d a m a g e  t o  

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

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

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

3 . 1 . 6 . 6  O p e n i n g  t o  t r a f f i c

I t  h a s  be i n  m e n t i o n e d  t h a t  P V C / t a r  h a s  a n  i n i t i a l  g r i p  o n  t h e  s t o n e , 

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

optimum w e t t i ig  a n d  a d h e s i o n  t a k e s  some  t i m e  t o  d e v e l o p ,  i t  i s  

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

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

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

by s to p /g o  c o n t r o l s  a t  e i t h e r  e n d  o f  t h e  c o n s t r u c t i o n .  A f t e r  a  p e r i o d  

o f one hour l x > th  l a n e s  m a y  b e  o p e n e d  t o  n o r m a l  t r a f f i c  c o n d i t i o n s .  I f  

the work has been c a r r i e d  o u t  c o r r e c t l y  t h e r e  i s  l i t t l e  d a n g e r  o f  

windscreen d i m a g e .
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3 . 2  MODIFICATION WITH BITUMEN

N . D .  I t .  I s  e m p h a s i s e d  t h a ;  t h e  l o c a l l y  p r o d u c e d  t a r / b l t u m e n  b l e n d s  

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

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

R e su m e

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

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

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

a r e  e x a m i n e d .

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

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

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

a r e  s t i l l  s a t i s f a c t o r y  a f t e r  s i x  y e a r s  i n  s e r v i c e . M o n i t o r i n g  t e s t s  

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

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

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

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

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

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

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

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

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

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

s u p e r i o r  w e t t i n g  a n d  a n t i - s t r i p p i n g  c h a r a c t e r ! r . t i c s  o f  t a r .  A s t u d y  o f  t h e  

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

a t t e m p t e d  f o r  m a n y  y e a r s  ( R o a d  R e s e a r c h  L a b o r a t o r y , 1 9 4 8 ) ,  b u t  i t  i s  o n l y  i n  t h e  

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

a n d  b i t u m e n  h a v e  b e e n  d e t e r m l  e d  (W ood ,  1 9 6 f  a n d  M c N e i l ,  1 9 7 0 b ) .  A l t h o u g h  m o s t  

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

l o n g  a g o  a s  1 9 3 6  t h e  f e a s i b i l i t y  o f  b l e n d i n g  l o c a l  g a s - w o r k s  t a r  f r o m  t h e  

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

c o n s i d e r e d  ( S e l v e y ,  1 9 3 6 ) .

I n  B r i t a i n  t h e  a v a i l a b i l i t y  o f  t a r s  h a s  d e c l i n e d  s i n c e  n a t u r a l  ( N o r t h  S e a )  

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

b l e n d s  h a s  i n c r e a s e d  t o  t h e  e x t e n t ,  t h a t  no w  t h e y  c o m p r i s e  t h i r t y  p e r  

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

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



l o  l i . ivu a d e q u a t e  a d h e s i o n  c h a r a c t e r i s t i c s .

In general, in South Africa 's warm dry climate, adhesion problems 
are less serious than in Europe, although such difficulties are 
sometimes severe in coastal regions. The economic benefits in 
reducing this country's usage of road bitumen have been explained 
and the main purpose of the development of tar/bi turner, blends in this 
country is to improve the durability and theological properties of the 
local tars. Such binders would be expected to have a slight price
advantage over petroleum bitumen in areas close to source, of tar but this 
would depend upon the proportion of tar in the blends.

While they may ultimately b<- used in hot-mix surface courses 
the first objective in South Africa has been to develop tar-bitumen blends 
for surface treatments. Blends of Lurgi tar and bitumen are particularly 
important for, as has been shown, Lurgi tar is slightly less durable 
than coke-oven tar and it is not compatible with PVC

3.2.1 Development of tar/bitumen blends
One important distinction that may be made between the blends of 

former times and those that are produced today is the proportion of tar 
and bitumen used. Formerly there were limitations to the proportions 
m  which tar and bitumen could be combined, and when one or other component 
exceeded about 2r’ per cent a resinous precipitate or sludge was formed.
In recent years this technical problem has been overcome and it is 
asserted thut the manufacture of blends comprising virtually equal 
proportions of tar and bitumen is straightforward and that storage 
conditions are less critical than is the case with PVC/tars. The 
performance of tar/bitumen blends in a variety of applications appears to 
give satisfaction (International Road Tar Conference. 1974). These
blends are used in Holland, France, West Germany, Belgium, Switzerland 
and the United Kingdom.

In Britain blends may be on the tar-rich side and proposed specifications 
stipulate that tar contents may vary from 30 - 55 per cent and bitumen 
contents may range from 45 - 70 per cent (Department of the Environment, 
l'J72). In France and Switzerland blends arc known either as bitumen/tare, 
in which the major constituent is bitumen, or as fluxed bitumens, in 
which the bitumen is fluxed with tar-oils (tar/biturnon blends, which are 
tar-rich). In Germany blends art* bitumen-rich (70 - 75 per cent).
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At this point the authoi 'wishes to meku u clear distinction between 
"pitch/bitumen" and "tar/bitumen" blends. Pitch/bitumen blends have 
no light or medium tar-oils added and w e r e  developed in Britain for 
use in dense surtacing mixtures carrying heavy traffic loads, in which 
the pitch was usually obtained from a vertical- retort source. Pitches 
of either 50 or tiO°C softening point (ring and ball) were used.
The ideal was that the more rapid weathering of the pitch would promote 
a continuous erosion of the binder at the road surface, and so 
counter the tendency for the binder to form a film over the stone 
on the surface, thus maintaining adequate skid resistance properties. 
Tar/bitumen blends contain significant amounts of tar oils and are of 
a lower viscosity than pitch/bitumens. Although they are used in wearing 
courses and basecourses (Liversedgc and Bullock, 1972) their primary 
u s e  is in surface treatments (Wood, 1966).

3.2.2 Compatibility of tar and bitumen
In Part 2, Chapter 2.2. it was determined that coal tars are

variable in composition depending on their origin and, in particular
some have a high paraffinic content whereas others are predominantly
aromatic. These factors have a strong bearing on the ease with which
tars can be blended with bitumens.

McNeil, (1970b) showed that mixtures of coke-oven tar (42®C Kvt) and
200 Pen. petroleum bitumen were incompatible within blend proportions

*
of 25 - 75 per cent . These results are reproduced in Table 1 - 1 8

When identical viscosity grades were used low-temparature tar and 
bitumen were compatible in all proportions as ashown in Table 1 - 19.

In the earlier South African work, S e ’.vey (1936) found that 
Vertical-retort tar could be mixed in any proportion with natural lake 
asphalts from Trinidad, Traq and Cuba. Some separation, "demixtion" 
at high viscosities w a s  noted and though the author claimed that the 
blend could be re-homogenised by raising the temperature until the 
viscosity was less than 50 seconds (STV), no mention was made of the 
consequences of "demixtion" occurring in service at low road temperatures.

* This would appear to put bitumens from Middle Bast crudes (which are 
used by South African refineries) at a disadvantage for this purpose 
as these are typically paraffinic in character and moderate in 
asphaltenc content.



TABLE 3 - 1 8
THE COMPATIBILITY AND RJtKOLOGIC'AL PROPERTIES OF BLENDS OF 4 2 °C EVT 

COKE-OVEN ROAD TAR AND 2 0 0  PEN.  BITUMEN (FROM McNELL,  1 9 7 0 b )

C o m p o s i t i o n

T a r

w t .  p e r  c e n t  

B i t u m e n

E v t
( ° C )

B r i t t l e  P t
°C

E v t - b r i t t l e
p t .  °C

C o n d i t i o n

1 0 0 0 4 2 , 9 - 2 1 6 3 , 9 Homog i n t o u s

9 1 , 6 8 , 4 4 5 , 0 - 2 1 , 6 6 6 , 6 H o m o g e n e o u s

8 3 , 2 1 6 , 8 4 4 , 8 - 1 7 , 9 6 2 , 7 H o m o g e n e o u s

7 4 , 8 2 5 , 2 4 2 , 8 - 1 3 , 1 5 5 , 9 B o r d e r  l i n e

6 6 , 4 3 3 , 6 4 0 , 5 - 3 0 , 7 7 1 , 2 Two p h a s e s

5 8 , 0 4 2 , 0 - - - Two p h a s e s

4 9 , 6 5 0 . 4 3 6 , 0 - 3 5 , 5 7 1 , 6 B o r d e r  l i n e

4 1 , 2 5 8 , 8 4 0 , 8 <  - 3 5 , 0 >  7 5 , 8 B o r d e r  l i n e

3 2 , 8 6 7 , 2 4 1 , 1 - 3 0 , 7 7 1 , 8 H o m o g e n e o u s

2 4 , 4 7 5 , 6 4 2 , 5 - 3 1 , 2 7 3 , 7 H o m o g e n e o u s

1 6 , 0 8 4 , 0 4 2 , 6 <  35 >  7 7 , 6 H o m o g e n e o u s

TABLE 3 - 1 9

THE COMPATIBILITY AND RHEOLOGICAL PROPERTIED OF BLENDS PRFPAPFD FPON 

LOW TEMPERATURE CRUDES AND 2 0 0  PEfl . BITUMEN (FROM Mc NEIL ,  l g 7 C b )

C o m p o s i t i o n  w t .  p e r  c e n t  

T a r  B i t u m e n

E v t
C O

B r i t t l e  p t .
• c

E v t - b r i t t l e  
p t .  °C

C o n d i t i o n

1 0 0 0 4 2 , 4 - 1 5 , 7 5 8 , 1 H o m o g e n e o u s

9 2 , 5 7 , 5 4 4 , 8 - 1 4 , 3 5 9 , 1 H o m o g e n e o u s

8 4 , 6 1 5 , 4 4 2 , 1 - 1 2 , 1 5 4 , 2 H o m o g e n e o u s

7 6 , 9 2 3 , 1 4 1 , 9 -  7 , 7 4 9 , 6 H o m o g e n e o u s

6 9 , 2 3 0 , 8 4 3 , 4 - 2 0 , 2 6 3 , 6 H o m o g e n e o u s

6 1 , 5 3 0 , 5 4 2 , 6 - 3 0 , 3 7 2 , 9 H o m o g e n e o u s

5 3 , 8 4 6 , 2 4 0 , 9 - 3 0 , 2 7 1 , 1 H o m o g e n e o u s

4 6 , 1 5 3 , 9 4 2 , 4 - 3 0 , 9 7 3 , 3 H o m o g e n e o u s

3 8 , 4 6 1 , 6 4 1 , 9 - 3 2 , 0 7 3 , 9 H o m o g e n e o u s

3 0 , 7 6 9 , 3 4 2 , 0 - 3 0 , 5 7 2 , 5 H o m o g e n e o u s

2 5 , 0 7 7 , 0 4 1 , 7 - 3 2 , 0 7 3 , 7 H o m o g e n e o u s
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