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I n  t h i s  s e s s i o n  d e a l i n g  w i t h  G e o t e c h n i c a l  m a t t e r s  the 
f o l l o w i n g  R & D t o p i c s  w i l l  b e  discussed: 

1 .  S l o p e  S t a b i l i s a t i o n  U s i n g  S o i l  Nailing 
2 .  R o c k  Rippability 
3 .  S a t e l l i t e  I m a g e r y  (ESIPP) 
4 .  G e o t e c h n i c a l l y  U s e f u l  C o m p u t e r  Programs 
5 .  T h e  I m p r o v e d  G r o u n d  A n c h o r  Specification. 

1 .  SLOPE STABILISATION USING S O I L  NAILING 

INTRODUCTION: 

T h e  A u t h o r i t y  h a s  s u c c e s s f u l l y  c o m p l e t e d  a m a j o r  soil 
n a i l i n g  p r o j e c t  o n  t h e  F 3 :  S y d n e y  t o  N e w c a s t l e  Freeway 
a t  M t  W h i t e  a p p r o x i m a t e l y  7 0  km n o r t h  o f  S y d n e y .  A t  this 
l o c a t i o n  t h e  F r e e w a y  e m b a n k m e n t  i s  a b o u t  3 0  m e t r e s  high. 
T h e  e m b a n k m e n t  w a s  c o n s t r u c t e d  a b o u t  2 5  y e a r s  a g o  a t  a 
s l o p e  o f  1 . 5  ( H )  1 ( V ) .  M a t e r i a l s  c o n s i s t  o f  compacted 
c l a y e y  s i l t y  s a n d s  & r i p p e d  s a n d s t o n e  w i t h  t h e  slope 
p r o t e c t e d  b y  a l a y e r  o f  s a n d s t o n e  r o c k  a r m o u r i n g .  Heavy 
r a i n s  i n  J u n e  1 9 8 9  c a u s e d  p a r t  o f  t h e  e m b a n k m e n t  to 
b e c o m e  u n s t a b l e  w i t h  t h e  h e a d  o f  t h e  s l i p  failure 
e n c r o a c h i n g  o n  t o  t h e  r o a d w a y  shoulder. 

DETAILS OF THE S O I L  NAILING WORKS: 

I t  w a s  c o n s i d e r e d  e s s e n t i a l  t h a t  t h e  s l i p  n o t  b e  allowed 
t o  i n t r u d e  i n t o  t h e  s o u t h b o u n d  r u n n i n g  l a n e s  o f  the 
F r e e w a y .  T w o  o p t i o n s  w e r e  c o n s i d e r e d  t o  maintain 
s t a b i l t y  o f  t h e  e m b a n k m e n t  a t  t h e  roadway: 

a )  M i c r o p i l i n g  C o s t  e s t i m a t e  @ $ 1  million 
b )  S o i l  N a i l i n g  C o s t  e s t i m a t e  @ $ 0 . 7  million. 

I n  v i e w  o f  t h e  c o s t  s a v i n g s  t h e  s o i l  n a i l i n g  o p t i o n  was 
a d o p t e d .  C o n s t r u c t i o n  c o m m e n c e d  d u r i n g  J u n e  1 9 9 0  and 
f i n i s h e d  i n  e a r l y  D e c e m b e r  1990. 

F o r  t h e  s t a b i l i s a t i o n  4 5 0  s o i l  n a i l s  w e r e  i n s t a l l e d  in 
f o u r  b e n c h e s  w i t h  i n s t a l l a t i o n  i n  t w o  r o w s  p e r  bench. 
B e n c h  h e i g h t s  a r e  t w o  m e t r e s  a n d  s p a c i n g  o f  t h e  soil 
n a i l s  i s  s t a g g e r e d  a t  t h r e e  m e t r e  c e n t r e s .  T h e  soil 
n a i l s  w e r e  m a n u f a c t u r e d  f r o m  Y 2 0  d e f o r m e d  b a r  with 
c e n t r a l i s e r s ,  t h r e a d e d  a t  o n e  e n d  t o  t a k e  a f a c e r  plate 
a n d  n u t .  S o i l  n a i l s  w e r e  1 2  m e t r e s  l o n g  a n d  h o t  dipped 
g a l v a n i s e d  f o r  c o r r o s i o n  protection. 

SEQUENCE OF THE WORK: 

F o r  t h e  t o p  t w o  b e n c h e s  t h e  n a i l s  w e r e  i n s t a l l e d  p r i o r  to 
t h e  f i r s t  l a y e r  o f  s h o t c r e t e ,  e a c h  b e n c h  b e i n g  excavated 
i n  o n e  m e t r e  h e i g h t  increments. 
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T h e  c o m p a c t e d  s a n d s t o n e  f i l l  m a i n t a i n e d  a v e r t i c a l  cut 
f a c e  w i t h o u t  c o l l a p s e .  H o l e s  7 5  mm d i a m .  w e r e  then 
d r i l l e d  u s i n g  a n  a i r  t r a c k  w o r k i n g  a l o n g  t h e  excavated 
b e n c h  a n d  s o i l  n a i l s  g r o u t e d  i n  w i t h  a s a n d  c e m e n t  mix 
( 2 0  M p a )  u s i n g  a g r o u t  t u b e  e x t e n d i n g  t o  t h e  l e n g t h  of 
t h e  hole. 

G r o u t  p r e s s u r e s  w e r e  a r o u n d  7 0 0  K p a .  A f t e r  a s e c t i o n  of 
t h e  b e n c h  w a s  s o i l  n a i l e d  r e i n f o r c i n g  m e s h  w a s  p l a c e d  on 
t h e  e x c a v a t e d  f a c e  a n d  s h o t c r e t e  a p p l i e d .  Subsequently 
t h e  f a c e  p l a t e / n u t  a r r a n g e m e n t  w a s  i n s t a l l e d  with 
t e n s i o n i n g  n o m i n a l l y  t o  10KN b y  h a n d  w r e n c h .  A second 
l a y e r  o f  r e i n f o r c e d  m e s h  s h o t c r e t e  w a s  t h e n  applied. 
W e e p h o l e s  a t  r e g u l a r  s p a c i n g s  t h r o u g h  t h e  s h o t c r e t e  were 
p r o v i d e d  f o r  drainage. 

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

T h r o u g h o u t  t h e  r e m e d i a l  w o r k s  t r a f f i c  c o n t i n u e d  t o  run 
a l o n g  t h e  r o a d w a y .  A j e r s e y  k e r b  w a s  u s e d  t o  c l o s e  the 
s l o w  l a n e  f o r  c o n s t r u c t i o n  a c c e s s .  T h e  c l e a r a n c e  between 
t h e  e x c a v a t e d  e d g e  a n d  t h e  r u n n i n g  l a n e  w a s  a r o u n d  five 
m e t r e s .  T r a f f i c  v i b r a t i o n s  d i d  n o t  a f f e c t  t h e  work. 

T h e  s o i l  n a i l i n g  w o r k  w a s  c o m p l e t e d  i n  e a r l y  December 
l a s t  y e a r .  T h e  s e c o n d  p a r t  o f  s l o p e  r e s t o r a t i o n  works 
i n v o l v e s  c o n s t r u c t i o n  o f  a g a b i o n  w a l l  a t  t h e  t o e  a r e a  of 
t h e  s l i d e .  T h e  e m b a n k m e n t  w i l l  t h e n  b e  r e g r a d e d  t o  24 
d e g r e e s  u p  t o  t h e  b a s e  o f  t h e  s o i l  n a i l i n g  work. 

MONITORING: 

I n  v i e w  o f  t h e  i m p o r t a n c e  o f  t h e  w o r k  a n d  the 
m a i n t a i n e n c e  o f  t r a f f i c  s a f e t y  a c o m p r e h e n s i v e  monitoring 
p r o g r a m m e  w a s  s e t  u p  involving: 

a )  V e r t i c a l  i n c l i n o m e t e r s  t o  m e a s u r e  a n y  lateral 
m o v e m e n t  i n  t h e  embankment. 

b )  M e a s u r e m e n t  o f  s t r a i n s  d e v e l o p e d  i n  s i x  fully 
i n s t r u m e n t e d  s o i l  n a i l s  w i t h  c o n t i n u o u s  d a t a  logging 
systems. 

c l  R e g u l a r  m o n i t o r i n g  o f  w a t e r  l e v e l s  i n  the 
embankment. 

d )  P r o o f  l o a d  t e s t s  o n  s e l e c t e d  s o i l  n a i l s  t o  check 
g r o u t  adhesion. 

e )  L o n g  t e r m  c o r r o s i o n  m o n i t o r i n g  o f  s e l e c t e d  soil 
nails. 
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PERFORMANCE OF S O I L  NAILING WORK: 

N o  m e a s u r a b l e  m o v e m e n t  h a s  o c c u r r e d  i n  t h e  s o i l  nailed 
e m b a n k m e n t  t o  d a t e .  D a t a  l o g g i n g  o f  s t r a i n s  i n  t h e  soil 
n a i l s  i n d i c a t e  t h a t  t h e r e  i s  s o m e  t e n s i o n  d e v e l o p e d  in 
f i r s t  3 t o  5 m e t r e s  o f  t h e  b e n c h  f a c e  b u t  t h e s e  a r e  well 
w i t h i n  t h e  c a p a c i t y  o f  t h e  b a r  w h i c h  i s  1 5 0  KN ultimate 
load. 
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2 .  ROCK RIPPABILITY STUDY 

AIMS: 

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

T o  d e v e l o p  a m o d e l ( s )  o f  t h e  r i p p i n g  process. 

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

AREAS OF RESEARCH: 

i )  R e v i e w  o f  e x i s t i n g  literature. 

i i )  C o l l e c t i o n  o f  g e o l o g i c a l ,  s e i s m i c  a n d  r i p p i n g  data 
f r o m  c o n s t r u c t i o n  sites. 

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

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

v )  I n s t r u m e n t a t i o n  o f  a b u l l d o z e r  t o  d e t e r m i n e  forces 
i n  t h e  r i p p e r  tyne. 

v i )  A n a l y s i s  o f  data. 

PROGRESS: 

i )  R e v i e w  o f  e x i s t i n g  l i t e r a t u r e  h a s  b e e n  c o m p l e t e d  and 
a c o p y  c i r c u l a t e d  t o  a l l  R e g i o n s  ( S e p t e m b e r  1990). 

i i )  C o l l e c t i o n  o f  f i e l d  d a t a  includes: 

G e o l o g i c a l  D a t a  ( r o c k  t y p e ,  strength, 
w e a t h e r i n g ,  f a b r i c ,  s t r u c t u r e ,  jointing 
p a t t e r n ,  d i r e c t i o n  a n d  s p a c i n g  o f  joints, 
c o n t i n u i t y  o f  j o i n t s ,  s e i s m i c  velocity). 

R i p p i n g  D a t a  ( b u l l d o z e r  s i z e ,  t y p e  and 
c o n d i t i o n  o f  r i p p e r  b o o t ,  d e s c r i p t i o n  of 
r i p p i n g  a r e a ,  d i r e c t i o n  o f  r i p p i n g ,  e a s e  of 
r i p p i n g ,  m e c h a n i s m s  o f  r o c k  b r e a k i n g ,  d e p t h  of 
t y n e  p e n e t r a t i o n ,  l e n g t h  o f  r i p p i n g  runs, 
p e n e t r a t i o n  a n g l e  o f  boot. 
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L a b o r a t o r y  T e s t s  ( t e s t s  c o n d u c t e d  o n  rock 
s a m p l e s  f r o m  r i p p i n g  a r e a s  i n c l u d e  p o i n t  load 
t e s t s ,  u n c o n f i n e d  c o m p r e s s i v e  s t r e n g t h  tests 
i n c l u d i n g  Y o u n g ' s  m o d u l u s  a n d  P o i s s o n ' s  ratio, 
B r a z i l i a n  ( i n d i r e c t  t e n s i l e )  t e s t s ,  m o d u l u s  of 
r u p t u r e  ( f l e x u r a l )  t e s t s ,  t r i a x i a l  t e s t s ,  sonic 
v e l o c i t y  t e s t s ,  p o r o s i t y ,  d e n s i t y  a n d  moisture 
content. 

i i i )  P r e l i m i n a r y  n u m e r i c a l  m o d e l l i n g  u s i n g  two 
d i m e n s i o n a l  a n a l y s e s  h a v e  b e e n  c a r r i e d  o u t  b u t  it 
h a s  b e c o m e  o b v i o u s  t h a t  s i g n i f i c a n t  three 
d i m e n s i o n a l  e f f e c t s  a r e  i n v o l v e d .  T h e r e  are 
c u r r e n t l y  t w o  t y p e s  o f  m o d e l s  a v a i l a b l e  f o r  3D 
a n a l y s i s  - f i n i t e  e l e m e n t s  a n d  d i s c r e t e  element 
a n a l y s i s .  D i s c r e t e  e l e m e n t s  a r e  b e t t e r  a b l e  to 
m o d e l  t h e  m o v e m e n t  o f  b l o c k s  o f  r o c k  a l o n g  defined 
j o i n t  p l a n e s  h o w e v e r  t h e y  d o  n o t  a l l o w  f o r  t h e  rock 
t o  b r e a k  a n y w h e r e  t h a n  a l o n g  t h e  p r e d e f i n e d  joints. 
A s u i t a b l e  3D a n a l y s i s  p r o g r a m  h a s  y e t  t o  be 
implemented. 

i v )  L a b o r a t o r y  s c a l e  m o d e l l i n g  i s  b e i n g  u s e d  s i n c e  to 
t e s t  t h e  e f f e c t  o f  d i f f e r e n t  v a r i a b l e s  o n  r i p p i n g  it 
i s  n e c e s s a r y  t o  h a v e  a c o n t r o l l e d  testing 
e n v i r o n m e n t .  D u r i n g  t e s t i n g  o f  a n  artificial 
" H a w k e s b u r y  S a n d s t o n e " ,  u s i n g  a n  i n s t r u m e n t e d  scale 

m o d e l  t y n e ,  f o r c e s  o n  t h e  t y n e  a r e  m e a s u r e d  using 
s t r a i n  g a u g e s .  T h e s e  f o r c e s  w i l l  b e  c o m p a r e d  to 
t h o s e  m e a s u r e d  o n  a f u l l  s i z e  d o z e r  d u r i n g  the 
i n s t r u m e n t e d  f i e l d  t r i a l s  a n d  c a n  b e  u s e d  t o  check 
t h e  s u i t a b i l i t y  o f  t h e  n u m e r i c a l  model. 

v )  P r e l i m i n a r y  a n a l y s i s  o f  d a t a  h a s  clearly 
d e m o n s t r a t e d  t h e  u n r e l i a b i l i t y  o f  a l l  existing 
m e t h o d s  o f  r i p p a b i l i t y  prediction. 
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3 .  SATELLITE IMAGERY BASED REMOTE SENSING I N  R.T.A. 

( E S I P P  - EARTH SCIENCES INFORMATION PROCESSING PACKAGE). 

R e m o t e  s e n s i n g  i m a g e r y  u s i n g  TM i m a g e s  p r o d u c e d  b y  ESIPP 
h a s  b e e n  s u c c e s s f u l  i n  d e t e c t i n g  a n d  m a p p i n g  i n  great 
d e t a i l  s o i l s  a n d  r o c k s  a t  F o w l e r s  G a p  i n  s e m i  a r i d  far 
w e s t e r n  NSW. T h e  c r o p p i n g  o f  s o i l s  a n d  other 
a g r i c u l t u r a l  p r a c t i c e s  f u r t h e r  e a s t  g i v e s  i m a g e s  that 
r e q u i r e  m o r e  e x p e r t  i n t e r p r e t a t i o n  b u t  c o m p a r e d  t o  older 
t e c h n i q u e s  t h i s  i m a g e r y  i s  a v a s t  i m p r o v e m e n t  i n  both 
a c c u r a c y  a n d  t i m e  f o r  m a p p i n g  a n d  d e t e c t i n g  s o i l s  and 
rocks. 

A l l  t h a t  i s  r e q u i r e d  i s  a PC (NEC 3 8 6  o r  e q u i v a l e n t )  and 
a s u i t a b l y  q u a l i f i e d  p e r s o n  ( e g  S c i e n t i f i c  O f f i c e r )  to 
w o r k  t h e  E S I P P  package. 

T h e r e  a r e  o p t i o n a l  e x t r a  c o m p o n e n t s  s u c h  a s  maths 
c o p r o c e s s o r  a n d  s c r e e n  t h a t  g i v e  b e t t e r  i m a g e r y  b u t  an 
o u t l a y  o f  $ 5 0 0 0 . 0 0  w i l l  c o v e r  s u p p l y  o f  t h e  software 
p a c k a g e  p l u s  t h e s e  e x t r a s  f o r  u s e  w i t h  a n  existing 
NEC 386. 

P l a n n i n g  a n d  d e s i g n  o f  n e w  a n d  m a i n t e n a n c e  o f  existing 
r o a d  r o u t e s  r e q u i r e s  i n p u t  o f  a s  m u c h  d a t a  a s  c a n  be 
r e a s o n a b l y  o b t a i n e d  o n  s o i l s ,  g e o l o g y  ( r o c k  types), 
n a t i v e  a n i m a l  h a b i t a t s ,  a r c h a e o l o g y  a n d  v e g e t a t i o n  groups 
( p a r t i c u l a r l y  r a r e  a n d  u n u s u a l  p l a n t s )  a s  a preliminary 
t o  m o r e  e x p e n s i v e  E I S  a n d  REF p r e p a r a t i o n  a n d  planning 
a n d  t o  d i s c o v e r  i f  t h e r e  a r e  c e r t a i n  a r e a s  t h a t  a r e  best 
e x c l u d e d  f o r  r o u t e  c o n s i d e r a t i o n  a t  a e a r l y  stage. 
R e m o t e  S e n s i n g  u s i n g  E S I P P  e n a b l e s  r a p i d  m a p p i n g  of 
p r e s e n t  n a t i v e  a n d  c u l t i v a t e d  v e g e t a t i o n  a n d  c a n  b e  used 
a s  a v a l u a b l e  a i d  i n  i n t e r p r e t i n g  d e s i r a b l e  and 
u n d e s i r a b l e  g e o l o g y  a n d  s o i l s  ( s u b g r a d e s ) .  I t  c a n  also 
b e  u s e d  t o  i n d i c a t e  p o t e n t i a l  a r c h a e o l o g i c a l  problem 
areas. 

P r a c t i c a l  B e n e f i t s  C o m p a r e d  t o  A i r  Photos: 

• L a r g e  a r e a  o f  c o v e r a g e .  ( e g  4 0  km b y  4 0  km) 

• a r e a  c o v e r a g e  c a n  b e  o b t a i n e d  a t  r e g u l a r  intervals 
f o r  c o m p a r i s o n  purposes. 

• v a r i a b l e  s c a l e  t o  s u i t  t h e  needs. 

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

6 



a l l  i m a g e s  a r e  s e e n  f r o m  n e a r  v e r t i c a l  allowing 
d i r e c t  c o m p a r i s o n  t o  e x i s t i n g  maps. 

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

C h e a p n e s s  f o r  A r e a  Covered: 

A n  E S I P P  i m a g e  i s  a n  u p  t o  d a t e  " p i c t u r e "  ( w i t h i n  a few 
w e e k s  o f  t h e  s a t e l i t e  p a s s  i f  r e q u i r e d )  o f  a relatively 
l a r g e  s e c t i o n  o f  t h e  l a n d s c a p e  w i t h  c o s t  b e n e f i t  p e r  area 
c o v e r e d .  I m a g e s  c a n  b e  p r o d u c e d  a t  v a r i o u s  scales 
( c o v e r i n g  s e v e r a l  h u n d r e d  s q u a r e  Km) a t  a f r a c t i o n  o f  the 
c o s t  o f  a i r  p h o t o s  ( a l t h o u g h  t h e  i m a g e s  a r e  n o t  a s  clear 
a s  photos). 

FUTURE DEVELOPMENTS: 

R a d a r  Imagery: 

O v e r  t h e  n e x t  f e w  y e a r s  a n e w  f o r m  o f  r a d a r  i m a g e r y  will 
b e  f l o w n  s i m i l a r  t o  a i r  p h o t o s  u s i n g  conventional 
a i r c r a f t  a n d  f r o m  e a r t h  o r b i t i n g  satellites. 

T h i s  r a d a r  w i l l  g i v e  a n  "X r a y "  t y p e  v i e w  o f  t h e  earths 
s u r f a c e  b e i n g  a b l e  t o  p e n e t r a t e  t h e  t o p  m e t r e  o r  s o  of 
t h e  s o i l  s u r f a c e  t o  r e v e a l  t h e  u n d e r l y i n g  d e p o s i t s  of 
i m p o r t a n c e  t o  r o a d  b u i l d i n g  a n d  m a i n t e n a n c e  s u c h  as 
s a n d s ,  g r a v e l s  o r  s h a l l o w  b e d r o c k .  T h i s  i m a g e r y  w i l l  be 
p r o d u c e d  i n  a s i m i l a r  w a y  t o  L a n d s a t  i m a g e r y  a s  a picture 
l i k e  i m a g e  a n d  c a n  b e  e a s i l y  v i e w e d  a n d  e n h a n c e d  using 
ESIPP. 

T h e  UNSW i s  p l a n n i n g  a p r o j e c t  w i t h  NASA u s i n g  t h i s  radar 
o v e r  a p o r t i o n  o f  Australia. 
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4 .  COMPUTER PROGRAMS OBTAINED UNDER THE R & D PROGRAM 
AND TRIALLED FOR USE I N  THE GEOTECHNICAL AREA. 

T h e s e  p r o g r a m m e s  w i l l  b e  d i s c u s s e d  u n d e r  f i v e  headings: 

1 .  FLAC AND AFENA 
2 .  UDEC 
3 .  BESOL 
4 .  PC SLOPE 
5 .  OTHER PROGRAMS. 

i )  FLAC AND AFENA 

PROGRAM DESCRIPTION: 

T h e s e  F i n i t e  E l e m e n t  p r o g r a m s  a r e  a b l e  t o  m o d e l  the 
b e h a v i o u r  o f  s t r u c t u r e s  b u i l t  o n  r o c k  a n d  s o i l .  T h e y  can 
h a n d l e  e l a s t i c  a n d  n o n l i n e a r  m a t e r i a l  b e h a v i o u r  a n d  the 
r e i n f o r c i n g  e f f e c t  o f  s t r u c t u r a l  e l e m e n t s  s u c h  a s  ground 
a n c h o r s  c a n  b e  analysed. 

APPLICATION: 

P r e d i c t i o n  o f  m o v e m e n t s / s t r e s s e s  a r o u n d  e x c a v a t i o n s  such 
a s  r o a d  c u t t i n g s ,  t u n n e l i n g ,  s l o p e  s t a b i l i t y ,  e f f e c t  of 
s o i l  r e i n f o r c e m e n t  m e t h o d s  e . g .  s o i l  n a i l i n g ,  e f f e c t s  of 
m i n i n g  s u b s i d e n c e ,  g r o u n d  w a t e r  f l o w  a n d  pavement 
analysis. 

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

i i )  UDEC 

PROGRAM DESCRIPTION: 

A 2 d i m e n s i o n a l  n u m e r i c a l  m o d e l l i n g  c o d e  s i m u l a t i n g  the 
b e h a v i o u r  o f  r o c k s  w h e r e  j o i n t i n g  a n d  b l o c k  movements 
c o n t r o l  t h e  d e f o r m a t i o n .  T h e  f o l l o w i n g  f e a t u r e s  of 
f r a c t u r e d  r o c k  m a s s e s  c a n  b e  simulated: 

a )  v a r i a b l e  r o c k  deformability 
b )  c o m p l e x  j o i n t  structures 
c )  n o n  l i n e a r ,  i n e l a s t i c  j o i n t  behaviour 
d )  seepage 
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APPLICATION: 

A s s e s s i n g  t h e  s t a b i l i t y  o f  j o i n t e d  r o c k  m a s s e s  i n  road 
c u t t i n g s  l e a d i n g  t o  s a f e  d e s i g n s ,  o p t i m i s a t i o n  o f  batters 
f o r  r o a d  d e s i g n ,  e f f e c t s  o f  m i n i n g  s u b s i d e n c e  o n  roads 
a n d  bridges. 

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

i i i )  BESOL 

PROGRAM DESCRIPTION AND APPLICATION: 

A 2 d i m e n s i o n a l  b o u n d a r y  e l e m e n t  p r o g r a m  t o  a n a l y s e  for 
t h e  e f f e c t s  o f  e x c a v a t i o n s  e . g .  r o a d  c u t t i n g  stability 
a n d  m i n i n g  s u b s i d e n c e  p r o b l e m s .  T h e  m e t h o d  c a n  take 
a c c o u n t  o f  s t r e n g t h  d i f f e r e n c e s  i n  l a y e r e d  r o c k  strata. 

i v )  PCSLOPE 

PROGRAM DESCRIPTION: 

P r o g r a m  g i v e s  F a c t o r  o f  S a f e t y  c a l c u l a t i o n  f o r  s o i l  slope 
s t a b i l l i t y  b y  l i m i t  e q u i l i b r i u m  m e t h o d s .  B o t h  circular 
a n d  n o n  c i r c u l a r  ( s l i d i n g  t y p e )  f a i l u r e s  c a n  b e  analysed. 
C o m p l e x  s u b s u r f a c e  s o i l  p r o f i l e s  c a n  b e  handled. 

PROGRAM APPLICATION: 

L a n d s l i d e  r e p a i r  w o r k s ,  d e s i g n  o f  r o a d  c u t t i n g s  and 
e m b a n k m e n t s ,  e f f e c t  o f  l o a d i n g s  o n  s l o p e s ,  e . g .  railway 
l i n e  a d j a c e n t  t o  t h e  c r e s t  o f  a s t e e p  slope. 

v )  OTHER PROGRAMS 

T h e  G e o t e c h n i c a l  g r o u p  h a s  a v a i l a b l e  o t h e r  p r o g r a m s  for 
t h e  following: 

• R e t a i n i n g  w a l l  a n a l y s i s  e . g .  c r i b  a n d  g a b i o n  walls 

• S e t t l e m e n t  p r e d i c t i o n s  e . g .  r o a d s  o v e r  swamps 

• P i l e  d e s i g n  e . g .  f o r  bridges. 
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5 .  IMPROVED GROUND ANCHOR SPECIFICATION 

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

• B r i t i s h  S t a n d a r d  C o d e  o f  P r a c t i c e  f o r  Ground 
A n c h o r a g e s  - BS 8 0 8 1  : 1 9 8 9 ,  and 

• H o n g  K o n g ,  C i v i l  E n g i n e e r i n g  S e r v i c e s  Department, 
M o d e l  S p e c i f i c a t i o n  f o r  P r e s t r e s s e d  G r o u n d  A n c h o r s  - 
G e o s p e c  1 1989. 

M a j o r  c h a n g e s  t o  t h e  A u t h o r i t i e s  o l d  s p e c i f i c a t i o n  have 
b e e n  m a d e  i n  t h e  a r e a s  of: 

• materials 
• t e s t i n g  procedures 
• i n s t a l l a t i o n  procedures 
• m o n i t o r i n g  provisions. 

Materials 

U n d e r  t h i s  h e a d i n g  r e q u i r e m e n t s  h a v e  b e e n  a d d e d  f o r  grout 
c o n s i s t e n c e  ( v i s c o s i t y ) ,  l i m i t a t i o n s  h a v e  b e e n  p l a c e d  on 
c e r t a i n  c a t i o n  c o n c e n t r a t i o n s  i n  t h e  g r o u t  a n d  l i m i t s  on 
w a t e r  c e m e n t  r a t i o  h a v e  b e e n  stated. 

T o  e n s u r e  c o r r o s i o n  p r o t e c t i o n  ( a n d  n o t  a t t a c k )  o f  the 
c a b l e s  i s  a c h i e v e d  g r e a s e  p r o p e r t i e s  a r e  s p e c i f i e d  for 
t h e  f i r s t  time. 

S h e a t h i n g  p r o p e r t i e s  h a v e  b e e n  t i g h t e n e d  (minimum 
t h i c k n e s s  s p e c i f i e d ,  s p i r a l  s h a p e  s p e c i f i e d  t o  ensure 
b e t t e r  b o n d i n g ,  i m p e r m e a b l e  s h e a t h  specified). 

T h e r e  a r e  n o  c h a n g e s  t o  s t r a n d  requirements. 

T e s t i n g  P r o c e d u r e s  

T h e r e  a r e  m a j o r  d i f f e r e n c e s  b e t w e e n  t h e  n e w  a n d  old 
s p e c i f i c a t i o n  w i t h  r e s p e c t  t o  a n c h o r  testing. 

T h e  o l d  s p e c i f i c a t i o n  a l l o w e d  f o r  d e t e r m i n a t i o n  o f  load 
b y  m e a s u r e m e n t  o f  c a b l e  e x t e n s i o n  w h i c h  i s  n o t  applicable 
t o  g r o u n d  a n c h o r s  s i n c e ,  b y  t h e  n a t u r e  o f  their 
i n s t a l l a t i o n ,  c a b l e s  c a n  b e  " c a u g h t  u p "  w i t h  resultant 
d i s s i p a t i o n  o f  forces. 
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I n  t h e  o l d  s p e c i f i c a t i o n  a s i n g l e  t e s t  c o n s i s t i n g  o f  five 
( 5 )  l o a d  i n c r e m e n t s  a n d  f i v e  ( 5 )  u n l o a d s  w a s  allowed 
w h e r e a s  t h e  n e w  s p e c i f i c a t i o n  r e q u i r e s  comprehensive 
t e s t i n g  o n  a f e w  s e l e c t  a n c h o r s .  T h i s  a l l o w s  f o r  more 
c o r r e c t  i n t e r p r e t a t i o n  o f  a n c h o r  performance. 

I n s t a l l a t i o n  P r o c e d u r e s  

T h e  n e w  s p e c i f i c a t i o n  t i g h t e n s  t h e  r e q u i r e m e n t s  f o r  water 
t e s t i n g  o f  t h e  h o l e ,  p r o v i d e s  t o l e r a n c e s  o n  hole 
a l i g n m e n t  a n d  d e v i a t i o n  a n d  c o v e r s  t h e  p o s s i b i l i t y  of 
h o l e  c a s i n g  b e i n g  required. 

T h e  n e w  s p e c i f i c a t i o n  o n l y  a l l o w s  o n e  s t a g e  grouting 
c o m p a r e d  w i t h  t w o  s t a g e s  i n  t h e  o l d  s p e c i f i c a t i o n .  This 
h a d  g i v e n  p r o b l e m s  w i t h  l a i t a n c e  f o r m i n g  a t  t h e  interface 
o f  t h e  t w o  g r o u t  s t a g e s .  I n  t h e  n e w  s p e c i f i c a t i o n  the 
f r e e  l e n g t h  i s  c o m p l e t e l y  e n c l o s e d  i n  g r e a s e  and 
sheathing. 

M o n i t o r i n g  P r o v i s i o n s  

T h e r e  w e r e  n o  m o n i t o r i n g  p r o v i s i o n s  i n  t h e  old 
s p e c i f i c a t i o n  w h e r e a s  t h e  n e w  o n e  p r o v i d e s  f o r  10% of 
a n c h o r s  t o  b e  m o n i t o r e d  a t  s p e c i f i e d  intervals. 
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1 .  INTRODUCTION 

H e a v y  v e h i c l e  s a f e t y  b e c a m e  a n  i m p o r t a n t  i s s u e  i n  the 
l a t e  1 9 8 0 s .  C h a n g e s  i n  t h e  h e a v y  v e h i c l e  s p e e d  limit, 
m e d i a  t r e a t m e n t  a n d  s e v e r a l  s e r i o u s  c r a s h e s  involving 
h e a v y  v e h i c l e s  c o m b i n e d  t o  r a i s e  c o m m u n i t y  awareness. 
T h e r e  w a s  a l s o  i n c r e a s i n g  e v i d e n c e  t h a t  t h e  road 
t r a n s p o r t  i n d u s t r y  w a s  o p e r a t i n g  u n d e r  h i g h  pressure, 
l e a d i n g  t o  r e p o r t e d  a b u s e s  o f  s u c h  r e g u l a t i o n s  a s  speed 
l i m i t s  a n d  d r i v i n g  hours. 

D u r i n g  l a t e  1 9 8 8  a n d  e a r l y  1 9 8 9 ,  t h e  R o a d  S a f e t y  Bureau 
o f  t h e  R o a d s  a n d  T r a f f i c  A u t h o r i t y  b e c a m e  a w a r e  o f  a 
g r o w i n g  p r o b l e m  w i t h  f a t a l  h e a v y  v e h i c l e  c r a s h e s  i n  NSW. 
F a t a l  c r a s h e s  i n v o l v i n g  a r t i c u l a t e d  t r u c k s  i n c r e a s e d  from 
5 9  i n  1 9 8 7  t o  1 2 0  i n  1 9 8 8 .  T h i s  r e p r e s e n t e d  a n  increase 
f r o m  30% o f  A u s t r a l i a - w i d e  f a t a l s  t o  4 8 % .  B y  comparison 
NSW r e p r e s e n t s  31% o f  A u s t r a l i a ' s  v e h i c l e  o w n e r s h i p ,  34% 
o f  A u s t r a l i a ' s  t r u c k  km o f  t r a v e l  a n d  35% o f  t h e  road 
f r e i g h t  t a s k  ( t o n n e  km) (SMVU data). 

F i g  1 . 1  s h o w s  t h e  t r e n d  o f  a r t i c u l a t e d  t r u c k  fatal 
c r a s h e s  o v e r  t h e  p e r i o d  1 9 8 1 - 8 9  a n d  a l l o w s  c o m p a r i s o n  of 
A u s t r a l i a - w i d e  a n d  NSW d a t a .  I t  i s  a p p a r e n t  t h a t  t h e  NSW 
r e d u c i n g  t r e n d  o v e r  t h e  p e r i o d  1 9 8 4 - 8 7  i s  t h e  most 
o u t s t a n d i n g  f e a t u r e ,  a n d  t h i s  w a s  c l e a r l y  r e v e r s e d  in 
1 9 8 8 .  T h e  d o u b l i n g  o f  f a t a l  c r a s h e s  i n  NSW, a n d  a 
c o r r e s p o n d i n g  25% i n c r e a s e  n a t i o n a l l y ,  p r o m p t e d  t h e  Road 
S a f e t y  B u r e a u  a n d  t h e  F e d e r a l  O f f i c e  o f  R o a d  S a f e t y  to 
j o i n t l y  l a u n c h  a d e t a i l e d  a n a l y s i s  o f  f a t a l  a n d  serious 
i n j u r y  c r a s h e s  i n v o l v i n g  h e a v y  vehicles. 

A c o n s o r t i u m  o f  c o n s u l t a n t s  f r o m  R o a d  U s e r  R e s e a r c h  Pty 
L t d ,  t h e  M o n a s h  U n i v e r s i t y  A c c i d e n t  R e s e a r c h  Centre, 
M o n a s h  U n i v e r s i t y  D e p a r t m e n t  o f  C i v i l  E n g i n e e r i n g  and 
R . A .  P e a r s o n  a n d  A s s o c i a t e s  w a s  c o m m i s s i o n e d  o n  September 
2 7  1 9 8 9  t o  u n d e r t a k e  a d e t a i l e d  s t u d y  o f  h e a v y  vehicle 
c r a s h e s  i n  NSW . T h e  b r i e f  i s  r e p r o d u c e d  i n  A p p e n d i x  A. 

T h e  s t u d y  a i m e d  t o  ( i )  a s c e r t a i n  t h e  c i r c u m s t a n c e s  of, 
a n d  f a c t o r s  c o n t r i b u t i n g  t o ,  f a t a l  a n d  s e r i o u s  injury 
c r a s h e s  i n v o l v i n g  h e a v y  v e h i c l e s  a n d  o c c u r r i n g  i n  1988 
a n d  1 9 8 9  a n d  ( i i )  p r o v i d e  a b a s i s  f o r  developing 
c o u n t e r m e a s u r e s  t o  i m p r o v e  h e a v y  v e h i c l e  safety. 

T h e  s t u d y  c o n s i s t e d  o f  t h r e e  strands: 

( i )  D e t a i l e d  e x a m i n a t i o n  o f  a l l  a v a i l a b l e  d a t a  o n  fatal 
a n d  s e r i o u s  i n j u r y  c r a s h e s  i n v o l v i n g  h e a v y  r i g i d  trucks, 
a r t i c u l a t e d  t r u c k s  a n d  l o n g  d i s t a n c e  c o a c h e s  i n  NSW, 
c o n c e n t r a t i n g  o n  t h e  Hume a n d  P a c i f i c  H i g h w a y s ,  and 
c o v e r i n g  1 9 8 8  a n d  1989 
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( i i )  D e t a i l e d  a n a l y s i s  o f  t h e  NSW m a s s  c r a s h  data, 
c o v e r i n g  1 9 8 2  t h r o u g h  1 9 8 8 ,  a n d  d e t e r m i n i n g  h o w  1988 
h e a v y  v e h i c l e  c r a s h e s  m a y  h a v e  d i f f e r e d  f r o m  previous 
years 

( i i i )  D e t a i l e d  a n a l y s i s  o f  e x p o s u r e  a n d  economic 
d a t a ,  c o v e r i n g  t r a v e l ,  t o n n e - k m  a n d  w e a t h e r  d a t a  f o r  the 
p e r i o d  1 9 8 2  t h r o u g h  1988. 

T h i s  m u l t i - l e v e l  a p p r o a c h  w a s  s t r u c t u r e d  t o  g a i n  a 
s p e c i f i c  u n d e r s t a n d i n g  o f  t h e  NSW t r u c k  c r a s h  p r o b l e m  and 
t o  p r o v i d e  t h e  b a s i s  f o r  t h e  d e v e l o p m e n t  of 
c o u n t e r m e a s u r e s  w h i c h  c o u l d  b e  i m p l e m e n t e d  v i a  NSW 
G o v e r n m e n t  p o l i c y  o r  F e d e r a l  G o v e r n m e n t  policy. 

A n u m b e r  o f  s p e c i f i c  r e s e a r c h  q u e s t i o n s  w e r e  formulated 
b y  RSB: 

( i )  G i v e n  t h a t  NSW i n  1 9 8 8  h a d  a l a r g e  p r o b l e m  with 
f a t a l  a r t i c u l a t e d  t r u c k  c r a s h e s ,  w a s  t h e  problem 
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  o t h e r  years? 

( i i )  W h y  a r e  t h e  P a c i f i c  a n d  H u m e  H i g h w a y s  a p p a r e n t l y  a 
problem? 

( i i i )  G i v e n  t h a t  f a t a l  a r t i c u l a t e d  t r u c k  c r a s h e s  were 
h i g h e r  i n  1 9 8 8  t h a n  1 9 8 7 ,  w h y  w a s  t h e  t o t a l  n u m b e r  of 
a r t i c u l a t e d  t r u c k  c r a s h e s  l o w e r  i n  1 9 8 8  t h a n  1987? 

( i v )  How d o e s  t h e  h e a v y  v e h i c l e  c r a s h  s i t u a t i o n  i n  1989 
c o m p a r e  t o  p r e v i o u s  years? 

( v )  W h a t  w e r e  t h e  c a u s e s  a n d  c i r c u m s t a n c e s  o f  heavy 
v e h i c l e  f a t a l  c r a s h e s  o c c u r r i n g  i n  1 9 8 8  a n d  1989? 

( v i )  W e r e  h e a v y  v e h i c l e s  m o r e  i n v o l v e d  a s  c a u s e  o r  "key 
v e h i c l e "  i n  c r a s h e s  i n  1 9 8 8  t h a n  i n  1 9 8 7  o r  1989? 

( v i i )  D i d  e c o n o m i c  a n d  t r a v e l  a c t i v i t y  i n  1 9 8 8  differ 
f r o m  t h a t  i n  1 9 8 7 ?  I f  s o ,  how? 

( v i i i )  W h a t  s p e c i f i c  c o u n t e r m e a s u r e s  a r e  i n d i c a t e d  b y  the 
o u t c o m e s  o f  t h e  study? 

Q u e s t i o n  ( i )  i s  a d d r e s s e d  i n  S t r a n d  2 ( S e c t i o n  3) 
a n d  i n  S t r a n d  1 ( S e c t i o n  2). 

Q u e s t i o n  ( i i )  i s  a d d r e s s e d  i n  a l l  Strands. 

Q u e s t i o n  ( i i i )  i s  a d d r e s s e d  i n  S t r a n d  2 ( S e c t i o n  3) 
a n d  i n  S t r a n d  1 ( S e c t i o n  2). 

Q u e s t i o n  ( i v )  i s  a d d r e s s e d  i n  S t r a n d  2 ( S e c t i o n  3). 

Q u e s t i o n  ( v )  i s  a d d r e s s e d  i n  S t r a n d  1 ( S e c t i o n  2). 



Q u e s t i o n  ( v i )  i s  a d d r e s s e d  i n  S t r a n d  2 ( S e c t i o n  3) 
a n d  i n  S t r a n d  1 ( S e c t i o n  2). 

Q u e s t i o n  ( v i i )  i s  a d d r e s s e d  i n  S t r a n d  3 ( S e c t i o n  4). 

Q u e s t i o n  ( v i i i )  i s  a d d r e s s e d  i n  S t r a n d  1 (Section 
2). 

I n  a d d i t i o n ,  S t r a n d  3 c o n s i d e r e d  e c o n o m i c  a n d  travel 
a c t i v i t y  1 9 8 2 - 8 7  a n d  w e a t h e r  1982-88. 

C o n s o l i d a t e d  a n s w e r s  t o  t h e  r e s e a r c h  q u e s t i o n s  are 
g i v e n  i n  S e c t i o n  5.1. 

A l t h o u g h  t i g h t l y  s t r u c t u r e d  b y  t h e  RSH b r i e f ,  t h e  study 
d i d  c h a n g e  e m p h a s i s  a s  i t  d e v e l o p e d .  V i s i t s  t o  crash 
s i t e s  a n d  d i s c u s s i o n  w i t h  l o c a l  p e r s o n n e l  p r o v e d  a very 
v a l u a b l e  d a t a  s o u r c e .  I t  w a s  f o u n d  t h a t  s e r i o u s  injury 
c r a s h  d a t a  c o m m e n s u r a t e  w i t h  d a t a  o n  f a t a l  a n d  serious 
i n j u r y  c r a s h e s  c o u l d  n o t  b e  o b t a i n e d ,  s o  i t  w a s  decided 
t o  p r o c e e d  w i t h  t h e  g r e a t e r  d e t a i l  o f  f a t a l  crashes 
r a t h e r  t h a n  a c c e p t  t h e  l o w e s t  c o m m o n  d e n o m i n a t o r  o f  the 
s e r i o u s  i n j u r y  c r a s h  d a t a .  T h e r e f o r e  S t r a n d  1 only 
c o v e r e d  f a t a l ,  a n d  n o t  s e r i o u s  i n j u r y ,  c r a s h e s .  The 
d e t e r m i n a t i o n  o f  s p e c i f i c  c f p u n t e r m e a s u r e s  p r o v e d  to 
r e q u i r e  i n t e r a c t i v e  a n a l y s i s  a n d  c o n s i d e r a b l e  attention 
w a s  d e v o t e d  t o  t h i s  a s p e c t  o f  t h e  study. 

T h i s  r e p o r t  d o c u m e n t s  t h e  i n v e s t i g a t i o n s  c a r r i e d  out 
u n d e r  t h e  t h r e e  s t r a n d s  ( S e c t i o n s  2 ,  3 a n d  4 ) ,  presents 
t h e  c o u n t e r m e a s u r e  i n v e s t i g a t i o n  ( S e c t i o n  5 ) ,  and 
p r e s e n t s  t h e  c o n s o l i d a t e d  s t u d y  f i n d i n g s  ( S e c t i o n  6 )  and 
c o n c l u s i o n s  ( S e c t i o n  7 ) .  S u p p o r t i n g  m a t e r i a l  i s  included 
i n  Appendices. 
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FINDINGS A N D  CONCLUSIONS 

( i )  NSW Highways provide a significant part  of the nation's interstate road freight 
routes. The Hume  and Pacific Highways are estimated to perform 50% and 18% 
respectively of the nation's total interstate road freight task. 

( i i )  Traffic flow on the Hume Highway is some 60% higher than the Pacific and is 
believed to involve a higher percentage of trucks on the H u m e  Highway. Traffic flow 
is considerably more variable along the Hume than along the Pacific. 

( i i i )  Both traffic and freight flows o n  NSW highways have  grown significantly 
d u r i n g  t h e  'eighties, wi th  freight f lows showing  considerable  fluctuations 
superimposed o n  the upward trend. 

( iv )  The H u m e  and Pacific Highways are each the scene of 8-12% of the State's fatal 
truck crashes, and a somewhat lower percentage of the State's hospital admission truck 
crashes. 

(v)  The rate of fatal truck crashes per  uni t  freight flow is approximately 3 times 
higher o n  the Pacific than the Hume. The crash rate on the H u m e  is reasonably typical 
of the crash rate on other N.S.W. highways. 

(v i )  Trends of fatal truck crash rates (either in  terms of traffic flow or  freight flow) 
tended to reduce during the 'eighties until 1988, when a significant increase occurred. 
These t rends were similar on all NSW highways, b u t  different from the Australia- 
wide situation which was more constant. 

( v i i )  The number of NSW fatal truck crash is occuring in 1988 was  above the predicted 
value based on the 1982-1987 downward trend. 

(v i i i )  In 1988, the major increase in  truck crash types occurred in high speed zones, on 
undivided roads (involving head-on crashes wi th  cars), involved unprotected road- 
users, o r  involved ran-off-road crashes o n  curves. These problems were acute on the 
Pacific Highway because 

(a )  it is a predominantly undivided road of  poor  standard (including narrow 
shoulders, presence of roadside objects, and  a high incidence of poor  horizontal 
a n d  vertical road alignment), 
(b) there is a high incidence of night-time crashes, often in wet conditions, 
(c) car  drivers o n  the wrong  side of the road crash head-on into trucks 
(presumably due  to inattention, fatigue and  poor  visibility) and 
(d)  trucks throughout NSW tend to travel a t  relatively high speeds (i.e. a 
significant proportion in excess of 120km/h). 

(ix) Trucks were found to be responsible in  about 45% of multi-vehicle fatal crashes 
involving trucks and in about 32% of truck-car crashes. 

(x) In 1988, there was a large increase in interstate road freight flows originating or 
t e rmina t ing  in  Sydney, a n d  traffic flows increased significantly. However, 
conventional notions of the effect of these exposure indices on crash occurrence would not 
adequately explain the increase in fatal truck crashes throughout NSW in 1988. Other 
factors which were found to contribute to truck crashes in 1988, and  which could 
potentially have  changed from previous years, are: night-time travel (and poor 
lighting conditions), the behaviour patterns of road users in cars (involving inattention, 
fatigue and  alcohol use), the behaviour of unprotected road users in a road freight 
environment (involving alcohol use and inattention), and  the behaviour of truck drivers 
(involving excessive speeds and inattention). 
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(xi) Unless NSW adopts a long-range commitment to implementing a range of 
countermeasures to truck crashes, the NSW fatal truck crash problem is expected to be 
perceived to increase from time to time, and probably to show a general upward trend. 

(xii) Major factors contributing to severe truck crashes in NSW were found to be: 
undivided roads, poor road alignment, light conditions (night-time), roadside objects, 
excess truck speed, poor road shoulders, slow car speed, truck instability,car driver 
alcohol use, truck driver alcohol use, car drivers falling asleep and  excess car speed. Up 
to 60% of crashes could involve some element of driver fatigue, a n d  u p  to 40% could 
involve excessive speed by truck or car drivers. 

(xii i)  Road alignment was found to be a particular problem o n  the H u m e  and Pacific 
Highways. Tight radius curves, especially in combination with abrupt  grade changes, 
and  compound o r  extended curves were found to threaten the controllability of both 
trucks and cars, contributing to severe crashes. 

(xiv) Countermeasures having a high level of relevance plus  specific mechanisms for 
reducing the fatal consequences of truck crashes were identified and  relate to roads, 
vehicles, heavy vehicle drivers, car drivers and the road system environment. While 
the roads countermeasures should be particularly targeted a t  the  high-risk Pacific 
Highway, all other categories of countermeasures can b e  expected to have significant 
benefits throughout NSW (and extending to other States). 

(xv) While  a large number  of  countermeasures  de se rve  cons idera t ion  for 
implementation, the most significant countermeasures are considered to be: 

• Divided highways o n  major freight routes (this eliminates exposure to head- 
on crashes and poor road alignment). 
• N e w  technology in truck (structural) frontal redesign to deflect cars and absorb 
energy. 
• Fitment of speed limiters in trucks to prevent excessive speeds (i.e. greater 
than 120km/h). 
• Road improvements at known blackspots (including realignment). 
• Use of the latest electronic technology for enforcement of  alcohol limits (for 
both cars and  truck drivers) and for enforcement of speed limits (for both trucks 
and cars). 
• Improved road shoulders (with respect to width  and  condition). 
• Police enforcement of speed limits and non-hazardous dr iver  behaviour at 
known black spots. 
• Improved road delineation wi th  appropr ia te  use  a n d  maintenance of 
refactorised devices, edge markers and adequate delineation dur ing roadworks. 
• Use of current and new technology to provide truck cab strength during rollover 
and frontal impact. 
• Removal of impediments to truck drivers wearing of seat belts. 
• New technology to alert sleepy truck and car drivers. 
• N e w  technology in car crashworthiness to maximize survival possibilities in 
offset frontal impacts with trucks. 
• Reduction of truck aggressivity through removal of  bullbars, lower front 
bumpers, energy absorbing bumpers and under-run protection. 
• Elimination of insecure loading practices on trucks 
• Marking and protection of culverts. 
• Programs to educate other road users with respect to appropriate driving 
behaviour in a road freight environment, including speed and distance perception. 
• Adopt ion b y  road freight operators of appropr ia te  tools to eliminate 
hazardous  truck operational practices and  the  introduction of  a n  operator 
licensing and demerit system to enforce the use of such management tools. 
• Heavy vehicle driver defensive driving training. 
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(xvi) The provision of divided highways is a n  outstanding countermeasure to the 
heavy vehicle crash problem. Plans to reconstruct the Pacific and  H u m e  Highways 
need to b e  accelerated. Priorities for reconstruction should take into account the current 
incidence of poor alignment (involving tight radius curves combined with abrupt grade 
changes, a n d  compound and extended curves), traffic volumes and the percentages of 
trucks in the traffic stream, particularly a t  night. 

(x vii ) It is important that truck crash issues continue to be monitored, evaluated and 
researched. It is recommended new initiatives relating to crash analysis and data 
sources, are taken into account in evaluating the effectiveness of countermeasures and 
finding new countermeasures. 

OUTLOOK 

While the s tudy did  not provide any predictive capability, some insights may be offered into 
the outlook for truck fatal crashes in NSW. 

The crash numbers o n  specific highways can be expected to fluctuate considerably from year to 
year and  trends, b y  definition, can only be identified with considerable hindsight. 

However, there is some evidence that very significant truck safety problems will persist, and 
perhaps intensify. The Pacific Highway is experiencing an  unacceptably high truck crash 
rate a n d  major steps are now in hand to render the highway a n  effective road freight 
environment. Traffic and freight flows on the Pacific are still quite low, but  can be  expected to 
increase with intensified economic development in Southern Queensland. 

O n  all NSW highways, the realities of long-distance travel for all types of road users will 
continue, a n d  this will perpetuate the syndrome of the hours-of-darkness crash problem. 
There is evidence that, despite the downward trend of crashes in  the mid-'eighties, road 
projects have  no t  kept  pace with the increased demands  of traffic (both recreational and 
commercial), freight (both in terms of volume and  just-in-time distortion), faster vehicles 
with drivers more isolated from the road environment, and inexperienced, overworked truck 
drivers. 

There are already some other positive elements a t  work, including the speed limiting of 
trucks and  moves for more realistic enforcement pratices. However, unless there is a long term 
commitment to implementing a much wider range of countermeasures the NSW heavy vehicle 
crash problem m a y  deteriorate. 
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BRIDGE MANAGEMENT SYSTEM REQUIREMENTS 

A needs assessment for a Bridge Management System within the RTA has determined that a 
comprehensive BMS needs to contain/provide the following modules/functions: 

STRUCTURAL CONDITION RATING METHODOLOGY 

An objective method by which the asset is inspected and its condition assessed. (It is 
necessary to know both the current network condition as well as its trends.) 

DATABASE 

A collection o f  all data relevant to the asset. This database would cover items such as: 

(i) Inventory - generally the physical characteristics o f  the asset, eg, items such as 
length, width, maintaining Authority, superstructure type. 

(ii) Condition - the condition of  the elements that make up the asset, eg, condition of 
girders, piers, bearings. 

(iii) Upkeep expenditure - details are required by location (ie, specific bridge) and 
activity (eg, concrete repairs). 

E F F E C T I V E  DATA HANDLING 

A means to query and display information from the database. In particular, the asset manager 
must be able to quickly identify those assets which are in poor condition and to statistically 
compare any changes in condition from one year to the next. 

PLANNING AND CONTROLLING O F  ANNUAL W O R K S  PROGRAMMES 

Preparation o f  a needs based budget, as well as works scheduling, and the tracking of  work 
output. 

P R E D I C T I O N  O F  MAINTENANCE EXPENDITURE AND T H E  E F F E C T  OF 
D I F F E R E N T  FUNDING SCENARIOS O N  ASSET CONDITION 

The maintenance budget calculated for the coming years should be the optimum budget that is 
required to satisfy management defined performance objectives (ie, asset condition standards). 

EARLY PILOTS AND DIRECTION 

These requirements were subsequently used for the assessment o f  two BMS's being piloted by 
the Authority. At  the same time, the functionality o f  the Authority's existing PMS was being 
investigated for its possible adaptation to bridges. 

As a result o f  these investigations and the failure o f  the trialled BMS's to meet a majority of  the 
abovementioned requirements, it became more practical for the Authority to concentrate on 
adapting its own PMS methodology to bridges rather than to continue the trialling/adapting of 
externally available systems. 
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PROPOSED BMS 

A comprehensive BMS, with the abovementioned elements/features, is now being 
developed/implemented within this Authority. 

The modular structure o f  this proposed BMS is shown in Figure 1 below. 

LCondition Rating 
Methodology and 

Inventory Collection 

yir 
Network 
Register 

Corporate 
database 

MMS 

d e n o t e s  secondary 
l ink only 

171771 denotes 
software 
available 

Fig 1 - Proposed BMS Modules 

All modules, except for the Corporate Database, are PC based and perform the following 
functions. A more detailed description of  each module is provided in the following Section. 

Module Function 

Network Register A PC database which stores bridge condition and inventory data 

Corporate Database RTA's mainframe database containing all bridge, road and traffic 
data 

CMIS Provides information about the condition/inventory o f  each 
(Condition Management bridge 
Information System) 

CMIS Utilities 

MMS 
(Maintenance 
Management System) 

A system that converts condition rating data into a file format that 
can be read by CMIS, FNOS and MMS 

A Project Management tool for bridge maintenance activities 

FNOS A predictive budgeting tool that enables Asset Managers to 
(Financial Network predict (for a specified number o f  years into the future) 
(Optimising System) the upkeep budget required to satisfy management defined 

performance objectives (ie, condition standards) 
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BMS MODULES 

CMIS 

The Condition Management Information System (CMIS) was released in February 1991. A 
much enhanced version is due for release in December 1991. 

CMIS is a desk top information system that allows Bridge Managers to quickly and easily access 
their bridge network data. This data could be related to "condition" or "inventory" (including 
stored images) or  a combination o f  both. 

CMIS can be used as a stand alone module in organisations where the functionality of  a FNOS or 
MMS is not required, eg, where the bridge network is small. 

CMIS allows Managers to: 

Work with bridge data from their own (user defined) data base (December 1991 version). 

Store and view bridge photographs - (VGA monitors only) (February 1991). 

Produce graphical statistical analysis o f  different areas o f  the network (February 1991). 

Compare historical information (December 1991). 

Produce reports on condition characteristics (December 1991). 

Identify problem areas by displaying their location on a network map (December 1991). 

Calculate routine maintenance costs (December 1991). 

With CMIS, Managers can quickly answer questions such as, 

How many timber bridges are there on a particular route or within a particular (Local 
Government) Area? 

CMIS allows you to look at them in detail on screen or  in a printed report. 

What is the age distribution o f  the network? 

CMIS allows you to produce a graph o f  the age distribution on your screen or as a printed 
report. 

MMS 

The Maintenance Management System (MMS) was released in September 1991. An enhanced 
version will be released late 1992. 

MMS is essentially a Project Management tool that provides bridge managers with a tool for the 
planning, organising, directing and controlling o f  bridge maintenance activities. 

An important aspect o f  MMS is how it uses the knowledge o f  local work crews to develop 
procedures and outputs for a range of  maintenance activities. 
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With MMS, bridge managers are able to 

• log maintenance work identified on inspection reports 

• develop an annual work program 

• distribute the planned work load throughout the year 

• collect and process data about work accomplishments (output) and costs 

produce evaluation reports comparing work planned to work accomplished 

• track expenditure details for individual bridges 

FNOS 

The Financial Network Optimisation System (FNOS) for bridges is under development. A pilot 
version, to test possible bridge deterioration models, will be completed by December 1991. The 
deterioration models to be used are based on the Markovian principle. 

FNOS enables bridge managers to predict (for a specified number o f  years into the future) the 
budgets required to satisfy management defined performance objectives (ie, bridge condition). 
FNOS achieves this by using, amongst other things, accurate historical costing o f  the 
maintenance work performed on different types o f  structures. This information is held by the 
MMS module. As  such, use o f  the FNOS module would also require the use o f  the MMS. 

With FNOS bridge managers are able to: 

• assess effects o f  different funding scenarios on network condition 

assess effect o f  different performance objectives on required budget 

predict the optimum (ie, minimum long term) budget required to satisfy the specified 
performance objectives. 

NETWORK REGISTER AND CMIS UTILITIES 

This software is at the concept stage only. 

Network Register will be a PC database that enables entry and storage o f  bridge condition and 
inventory data. This data will then be transferred to the Corporate database or  converted (via 
CMIS Utilities) into a file format that can be used by CMIS, MMS and FNOS. Data loggers and 
bar code readers may be used to input condition and inventory data to the Network Register. 

Network Register will eventually become the preferred link for the transfer o f  field data to the 
Corporate database 
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CONDITION RATING METHODOLOGY 

Under development (not software) - By Bridge Branch 

While this Authority does have an existing methodology, the data is not collected/presented in a 
format that can be handled by computer. For this reason, inspection systems used by other 
Authorities, are being reviewed for their suitability to Bridge Managers as well as for other BMS 
software, particularly FNOS. These reviews will benefit from the release o f  the pilot FNOS for 
bridges software in December 1991. 

NETWORK INVENTORY 

Under development/enhancement - by Bridge Branch with ISB 

As with Condition Rating, this Authority does have an existing database o f  Bridge Inventory (eg, 
items such as length, width, etc). 

Data modelling sessions are being held to assess the demand for additional items to be 
entered/held by the enhanced system. 

CONCLUSION 

The development stage o f  each BMS module is summarised below: 

CMIS (Bridges) released February 1991 
second release due December 1991 

MMS (Bridges) released in September 1991 
second release due in August 1992 

FNOS (Bridges) pilot version available (for model testing) in December 1991 

Network Register at concept stage only. Test version available 
and CMIS Utilities December 1992. 

Subject to the development/selection of  a suitable condition rating methodology, by December 
1992, the BMS will be complete. 

Bridge Managers will then have the "tools" to readily assess: 

- 

- 

- 

current network condition and trends 

maintenance expenditures (by bridge location and activity) 

effects o f  different funding scenarios on network condition 

the optimum maintenance budget required to satisfy management defined 
(structural) condition standards. 
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57.5 Fast Pavement 
Patching 
The RTA 'nas een mailing automated 
pavement patch.ing ecuipment. 
These machines use air to blow out 
aeons or water from pot holes or 
areas of ciamagea pavement. Men 
soray emuision to coat the repair. and 
finally ace aggregate with the 
emulsion so mac the mix is aoplied at 
hign veloc:ty arta coes not require 
corneae:ion. 

The three rypes of ecuioment used 
are the AMZ Patcnmaster. the 
Asonalite Patcn Mobile and the 
Jercatcner. 

Favouracte comments have been 
mace about the ecuioment: 

• Patcnmobile. wnicn is a truck 
mountec unit. procuces a cote 
mix. This macnine is 
manutaczurec in Brookvale, NSW 
under license to Asonalite in USA. 
Asotlatite ctairn it can otace up to 
10m- of material per cay. 

Moree. Ballina and Glen trines 
Works Offices have used the 
Patcnmobile aria the machine has 
been founa goo° for crack 
seating. The macntne is quite fast, 
allowing enormous procuctvity 
increases. 

• Jetoatcner is also a truck mounted 
unit oroducing a cold mix. This 
macnine is manufactured in 
Clueenslana. it has been usec by 

Casino and Lismore Councils. on 
North Straebroke Is lam aria in 
New Zealand. The Councils found 
it useful for repairing pot holes 
Curing rain, for crack seating, and 
it is ciaimee to be good for their 
oatcnesirepairs. iThe nooper has 
a caoacIty of 2m- so with 3 fills 
can place up to 6m0 of material 
per cay. 

• Patcnmaster, whicn is a trailer 
mountec unit. procuces a warm 
mix (Pig. 5). This macnine is 
manufactured by AMZ in USA, 
aria has eeen triailed by Orange 
anc Port Maccuarie RTA Works 
Offices. Port Maccuarie carriee 
out recars of pot holes Mat were 
actual,/ filled with water. and the 
repairs were still souna after some 
months. Tracitionat metnoas 
cannot do recairs in wet weather. 
Recaws are fast and cause 
minimaj oetays even in neavy 

The RTA evaluated the performance 
of the atove 3 machines, as well as 
an imocrtec one from Rocco 
Asonalite in USA. All the macnines 
performea well. 

The major aavantage of this type of 
machine is Mat there is no need for 
compaction of ;he aoptiee mix as it is 
&pollee at hign vetocity. 

The unit cnosen for purcnase by the 
RTA is a trailer mountec version of the 
Patonmociie. This unit will have an 
emutsion tank of at least 900Itr 
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cacacity, aria a comoressor. The 
aggregate wiil be carriec by me truck 
that tows this trailer mountec unit, and 
a hyaraulic feecer connects to me 
patcnmociie machine. The 
Patcnmociie is being succiiec by 
Seaboarc Western Corporation Pty 
Lta, Brockvaie NSW. 
The Patcnmootie will initially oe on 
hire to Port Maccuarie Works Office. 
For further information contact Max 
Bonner. Reet Management Secoon 
(02)897 3233. 
A video has been comoilec on me 3 
macnines Malec anc is avatiacte 
from George Kriflik (02) 218 6942. 

CCNTACTIs produced In the 
Research and Develooment 
Strategy Branch of the NSW 
Roads and Traffic Authority, 
Level 7, 260 Elizabeth Street, 
Surry Hills, NSW, 2010. 

4 C O N T A C T  January 1991 



TRIAL OF AMZ PATCHMASTER - MARCH 1990. 

A t t a c h e d  a r e  p h o t o g r a p h s  r e l a t i n g  t o  o n e  f a i l u r e  repaired 
d u r i n g  a t r i a l  o f  t h e  AMZ P a t c h m a s t e r .  T h e  significant 
p o i n t s  t o  n o t e  w e r e  that: 

- T h e  p a v e m e n t  w a s  w e t  a n d  t h e  f a i l u r e  f u l l  o f  water; 

- L i g h t  r a i n  w a s  falling; 

- T r a f f i c  v o l u m e  w a s  med ium t o  heavy; 

- T h e  r e p a i r  t o o k  o n l y  t e n  m i n u t e s  t o  complete. 

U n d e r  t h e s e  c o n d i t i o n s  r e p a i r  o f  s u c h  f a i l u r e s  utilising 
t r a d i t i o n a l  m e t h o d s  i s  i n e f f e c t i v e  a n d  o f  a temporary 
n a t u r e .  T h e  r e p a i r  c a r r i e d  o u t  u s i n g  t h e  Patchmaster 
f u n c t i o n e d  e f f e c t i v e l y  t h r o u g h o u t  t h e  w e t  p e r i o d  until 
p e r m a n e n t  p a v e m e n t  r e p a i r s  w e r e  c o m p l e t e d  i n  J u n e  1990. 

P a v e m e n t  d e t e r i o r a t i o n  t h r o u g h  t h e  i n a b i l i t y  of 
t r a d i t i o n a l  m e t h o d s  t o  r e p a i r  f a i l u r e s  s u c h  a s  t h i s  one 
d u r i n g  w e t  p e r i o d s  i s  a m a j o r  c o n t r i b u t i n g  f a c t o r  t o  the 
g r o w t h  i n  p a v e m e n t  m a i n t e n a n c e  c o s t s .  M i n o r  problems 
q u i c k l y  g r o w  i n t o  m a j o r  f a i l u r e s  n e e d i n g  l a r g e  scale. 
r e p a i r s  a t  s i g n i f i c a n t  c o s t .  T h e  s e c o n d a r y  c o s t  involved 
i n  t h i s  i s  t h e  c o s t  t o  m o t o r i s t s  t h r o u g h  d a m a g e  sustained 
i n  t r a v e l l i n g  o v e r  t r a d i t i o n a l l y  u n r e p a i r a b l e  pavements. 
C l a i m s  f o r  s u c h  d a m a g e  h a v e  g r o w n  s u b s t a n t i a l l y  o v e r  the 
p a s t  t h r e e  y e a r s  o f  a b o v e  a v e r a g e  rainfall. 

B e n e f i t s  e x p e c t e d  t o  a c c r u e  f r o m  t h e  p u r c h a s e  o f  a n  AMZ 
P a t c h m a s t e r  are: 

- A b i l i t y  t o  c o m p l e t e  i m m e d i a t e ,  e f f e c t i v e  r e p a i r s  to 
r o a d  f a i l u r e s  u n d e r  a l l  w e a t h e r  conditions; 

- R e d u c t i o n  i n  t h e  p a v e m e n t  m a i n t e n a n c e  c o s t  d u e  t o  the 
s e m i - p e r m a n e n c y  o f  t h e  repair; 

- M a j o r  p r o d u c t i v i t y  i n c r e a s e s  w i t h  t h e  e x p e c t e d  speed 
o f  c o m p l e t i o n  o f  t h e  repair; 

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

A t  t h e  c o s t  o f  $ 1 0 0 , 0 0 0 . 0 0  p e r  u n i t ,  i t  i s  anticipated 
t h a t  t h e  c a p i t a l  c o s t  w i l l  b e  r e c o u p e d  w i t h i n  t w o  years. 

P R Mor 
W o r k s  Engineer 

Encl 
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ROAD MAINTENANCE BY CONTRACT 

Introduction 

O n  1 July 1991 work commenced on the first Quality Assurance term road 
maintenance contract in the world, and the  first term road maintenance contract 
in New South Wales. This took place on certain state roads in the Sydney 
Western Region. 

This p a p e r  outlines the process leading up  to 1 July and the contract now in place. 

T h e  p a p e r  is presented in two parts. 

▪ Par t  1, a summary o f  the conference presentation outlining the 
background, procedure and future o f  contract maintenance in a strategic 
asset management  framework, and 

▪ Pa r t  2, an  overview of  the road maintenance contract implemented in the 
Sydney Western Region. 

PART 1 PRESENTATION SYNOPSIS 

In the t ime available for formal presentation it is not  possible to  address both the 
strategic a n d  operat ion issues aspects of maintenance contracting. I have chosen 
the  strategic aspect  as the  subject of  the presentation. 

This pa r t  is divided into the  following topics: 

▪ Asset  management  in Sydney Western Region 

▪ T h e  Booz Allen Hamilton review 

▪ Contract  development 

▪ Performance evaluation 

▪ Potential 

▪ Future  directions 



1.1 Asset Management in Sydney Western Region 

The structure o f  the Sydney Western Region, now reflected in the 
corporate structure, focuses individual management  units o n  key result 
areas. 

Central to the structure is the separation o f  the  strategic planning 
functions from the operational functions. T h e  regional units maintain full 
accountability for all planning, programming, policy a n d  strategy. The 
operational units a re  accountable for programme delivery on  time, to cost 
and  quality. 

O n e  o f  the  key elements of the regional structure is the  recognition of 
asset management  as a high-profile entity. This was the  first formal 
recognition in the  Authority that asset management  is more  than road 
maintenance. 

• Asset management  comprises many elements, t he  most  significant being 
maintenance. Also included are  asset design, asset usage, material 
standards, record management, life cycle economics a n d  heavy vehicle 
enforcement. 

• By separating strategic from operational aspects o f  maintenance the  ability 
was created to more  critically examine work practice a n d  policy. 

• In the current economic and management environment it is critical that 
maximum value b e  derived from every maintenance dollar expended. 
Pavement  and maintenance management systems should provide some 
improvement in day labour performance, but  d o  no t  necessarily minimise 
ou r  maintenance costs. 

1.2 The Booz Allen Hamil ton Review 

• A major  impact o f  the  1989 Booz Allen Hamilton review was the  raising in 
emphasis o f  maintenance, and its management. 

• T h e  maintenance section o f  the review concentrated o n  Pavement 
Management  Systems, under development a t  t he  time, Maintenance 
Management  Systems, planned for future development,  a n d  Contract 
Maintenance, under  consideration in Sydney Western  Region a t  the  time. 



T h e  Booz Allen Hamilton team recommended that  the MMS and contract 
maintenance pilots be  undertaken by the Sydney Western Region due to 
the prominence placed on asset management in the regional structure. 

1.3 Contract  Development 

* I could see no  value in attempting to develop a contract from first 
principles. With little o r  no maintenance contracting done in Australia it 
was decided to invite international Expressions o f  Interest, and proposals, 
for  the  development task. 

* 53 expressions of  interest were received from Australia, the United States 
and  the  United Kingdom. Proposals were invited from 46, and interviews 
conducted with the majority. 20 proposals were received, incorporating a 
number  o f  joint ventures between the original interested consultants. 

* Assessment was undertaken by a panel o f  engineers from regional 
operations, Strategy Directorate and Vicroads. T h e  assessment criteria 
were  experience, methodology, understanding o f  needs and cost. The 
panel  recommended that further negotiations proceed with two 
consultants. 

Frank  Graham International (UK) 
Crooks Michell Peacock and Stewart in association with Sweroad, 
Scott Wilson Kirkpatrick (UK) and George  Corderoy (UK) 

* Interviews and  final assessment were undertaken by myself and Garrie 
Vidler in London. Crooks Michell Peacock and Stewart were  selected, as 
their team provided the best balance between proven experience and 
knowledge o f  Australian conditions and contract procedures. 

* T h e  United Kingdom contract system has private sector project managers 
acting as superintendent o f  the major maintenance contracts. These 
project managers are  paid on a percentage fee basis, equivalent to the fee 
basis existing between the U K  Depar tment  o f  Transpor t  and Local 
Government  agencies. 

* T h e  use o f  project managers allows for the separation o f  the  planning 
functions and  operational functions. T h e  project managers deliver 
programmes determined by the Depar tment  o f  Transport ,  free from 
outside influence. Similarities between this approach a n d  the Sydney 
Western  Region structure were readily apparent. 



It was considered that optimum performance for the  pilot project could be 
obtained in Australia by adopting similar practice. 

• T h e  contract that is now in progress is the first Quality Assurance term 
road maintenance contract in the world. T h e  documentat ion is an 
adaptation o f  U K  documents, the Authority's model  Q A  road  construction 
specifications and NPWC3. 

• T h e  documentation for the  project management  contract  involved the 
development of  new General  Conditions and o f  a "Code o f  Practice" type 
specification. 

1.4 Performance Evaluation 

As the project is a pilot o f  the technique in Australia it is essential that  its 
performance b e  properly evaluated. Interest in the  evaluation has been 
expressed by senior management o f  the Authority, the  Labor  Council, 
contracting associations and other State R o a d  Authorities. 

A n  evaluation plan has been  prepared in consultation with the  Authority's 
Performance Evaluation Branch and the Labor  Council. T h e  plan focuses 
on  appropriateness, efficiency, effectiveness and  economy. Repor t s  will be 
produced periodically. A n  initial report  is due  in December  1991. 

• T o  facilitate the  evaluation the project managers  will manage the 
contractors on  one  network, and use identical procedures  t o  manage  the 
RTA on  a similar network. Both "contracts" will b e  compared  to 
traditional day labour performance. 

1.5 Potential 

• Overseas experience is that  productivity has improved between 10 and 47 
percent as a result o f  competitive tendering for  road  maintenance. 
Experience also shows that this saving has b e e n  maintained o r  further 
improved in subsequent contract terms. 

• Other  potential benefits a r e  the  increased flexibility resulting f rom "as and 
when required" type contracts. Planning a n d  programming a re  not 
constrained by organisation effects. 



Apar t  from the potential for productivity improvements, the pilot will 
address o ther  factors which may improve day labour productivity. 

- production of  maintenance quality systems 
- specifications for maintenance activities 
- improved work practices 
- project management skills for maintenance managers 
- maintenance policy and guidelines 
- award conditions 
- complaint processing. 

1.6 Future Directions 

• It is too early to assess the performance o f  the pilot project, however, the 
tendered rates are  most competitive. Should the pilot prove successful it 
does not  necessarily follow that contract maintenance is the best approach 
for New South Wales, or  Australia. 

It may b e  that  the pilot will show that there  is an  optimum split o f  works 
between contract and day labour. This split might b e  based on  geographic 
areas, activities, o r  types o f  road. 

• Once  committed to contract maintenance, wide scope is opened  for new 
styles o f  contract, appropriate for different situations. Two such 
possibilities a re  the integration of state roads with regional and local roads, 
and  performance style contracts. 

• It is my view that  the contract procedures now in place in Sydney Western 
Region will prove to be  the appropriate approach, for urban areas, and be 
capable o f  being readily adapted for rural areas. 

• I believe we must accept that it is a mat ter  o f  "when" and not  "if' we 
introduce large scale competitive maintenance contracting into the public 
sector, on  the  basis o f  operational cost savings delivering greater  benefits 
to  the  N S W  taxpayer, If this proves to  b e  correct the  future type and 
application o f  contracts is only restricted by our  imagination. 



PART 2 T H E  ROAD MAINTENANCE CONTRACT 

This par t  of  the paper  outlines the road maintenance contract project now 
implemented in the Sydney Western Region. 

The  par t  is divided into the following sections: 

- Nature  o f  the Contract 
- General  and Special Conditions 
- Schedule o f  Rates 
- Specification 
- Ordering o f  Work 
- Project Management  Contract 
- Code o f  Practice 

2.1 Nature  o f  the Contract 

A Te rm maintenance contract for a period o f  two years on  a network of 
Freeways, State Highways and Main Roads. 

* A Schedule o f  Rates  type o f  contract, with no  total t ende r  price. 

Quality Assurance in accordance with AS2990, Category B. 

* Includes all maintenance activities on the networks with the exception of 
traffic signals and  bridge structure maintenance. 

Work only undertaken by the Contractor unde r  instruction from 
Superintendent. 

* Allows for undertaking works of  a non maintenance nature. 

* Allows for separate  tenders to  be  called for items valued a t  greater  than 
$250,000. 

2.2 General and  Special Conditions 

* General  Conditions of  Contract is NPWC3 1981). 

* Special Conditions o f  Contract were drafted specifically for the term 
maintenance contract and  are  a major variation to  those used on 
construction contracts. Many of  the clauses of  t he  Genera l  Conditions are 
deleted, replaced, qualified or amended by the Special Conditions. 

* A copy o f  the Table  o f  Contents from the Special Conditions is a t tached as 
Attachment  1. 



2.3 Schedule o f  Rates 

T h e  Schedule of  Rates contains over 1000 pay items, representing all 
works likely to be  required in the term o f  the Contract. 

* Provisional quantities have been provided for all pay items, on  the clear 
understanding that there is no  commitment for any work to be  undertaken. 

* T h e  contract specifies various working hour restrictions, grouped and 
coded. T h e  contract allows for the contractor to tender  a percentage 
surcharge to  b e  applied to any pay item ordered under  a working hour 
restriction. 

* Copies o f  Table of  Contents, and an extract from the  Schedule are 
at tached as Attachments 2 and 3 respectively. 

2.4 Specification 

* T h e  specifications are adapted, where possible, from the Quality 
Assurance R o a d  Construction Model Specification. 

* Where  Q A  specifications were not available a t  the time o f  tender  Quality 
Control model  specifications were used. T h e  Contractor has tentatively 
agreed to replace the Q C  specifications with Q A  specifications when they 
a re  available, without adjustment to tendered rates. 

* T h e  model  specifications have been modified in accordance with 
directions for road construction contracts by strikethrough o f  deleted text 
and  insertion o f  new text in a different type font. This gave the  tenderers a 
clear indication of  the differences between a road maintenance contract 
and  a road  construction contract. 

* A new model  road maintenance specification is being developed by 
formalising the  amendments to the current specification. 

* A copy o f  t he  Table of Contents for the Specification is at tached as 
At tachment  4. 



2.5 Order ing o f  Work 

T h e  contractor only undertakes work under the contract when in receipt of 
a site instruction from the Superintendent, authorising the  work. 

• T h e  site instruction provides the contractor with the  following information: 

- Location of  the Work 
- Description of  the Work required 
- Applicable pay items and quantities 
- Amount  payable for the Work 
- Working hour restrictions 
- Date/Time for completion (Response Time) 

• Several pay items will be  applicable to any site instruction, increasing the 
flexibility o f  the  contract. Fo r  example, a site instruction for a pavement 
patch will contain pay items for establishment a n d  removal o f  traffic 
control, maintenance of  traffic control, sawcut, excavation, pavement 
patch, wearing surface, linemarking and possibly establishment o f  plant. 

• T h e  contractor is paid on the basis of  progress o n  site instructions. 

2.6 Project Management Contract 

• With minor exceptions, the  power and duty o f  the  Superintendent  o f  the 
T e r m  Maintenance Contract has been delegated t o  Project Managers. 

• A separate  contract exists between the Authority and the Project 
Manager.  It is essential for the Superintendent o f  the  project management 
contract to also be  Superintendent for the term maintenance contract. 

• Establishment items in the project management  contract a re  L u m p  Sum, 
the  remainder  being Schedule of  Rates. 

* T h e  project manager  effectively acts as an Authority works centre. The 
project manager  is accountable for managing maintenance o f  the  network 
within an  assigned budget. Duties include: 

- Inspections of  the  Network 
- Programming and Ordering of  Work 
- Contract  Supervision 
- Report ing on Complaints and Accidents 
- Emergency response 
- Maintenance treatment design 
- Certification o f  Progress Certificates 
- Management  Reporting and Financial Control 
- Quality System management 



• F o r  specific o r  restoration projects the project manager  and the Authority 
agree on programmes prior to ordering o f  work. 

• T h e  project manager holds $20M public liability insurance and $10M 
professional indemnity insurance. 

Quality assurance in accordance with AS2990 Category B. 

• T h e  Conditions of  Contract were written specifically for this work. A copy 
o f  the  Contents is attached as Attachment 5. 

2.7 Code o f  Practice 

• T h e  Code  o f  Practice is essentially the technical specification for network 
maintenance management by the project manager. 

• T h e  code is based on similar documents used in the  United Kingdom and 
Europe,  a n d  was prepared initially as par t  o f  the maintenance contract 
documentat ion by a U K  consultant to  Crooks Michell Peacock and 
Stewart. 

• T h e  C o d e  o f  Practice is a dynamic document, under  constant 
improvement  and revision. It establishes: 

▪ Inspection strategy 
▪ Maintenance objectives 
▪ Maintenance limits and policy 
▪ Intervention Standards 
▪ Defect  Assessment 

• A copy o f  the  Table o f  Contents from the Code o f  Practice is attached as 
At tachment  6. 
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1. 

I N S T R U M E N T A T I O N  F O R  ROAD A N D  T R A F F I C  D A T A  COLLECTION 

1 .  INTRODUCTION 

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

d a t a  c o l l e c t i o n  u n d e r t a k e n  b y  t h e  A u s t r a l i a n  R o a d  R e s e a r c h  Board 

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

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

characteristics. 

2 .  TRAFFIC COUNTING AND CLASSIFYING 

2 . 1  R o a d w a y  Sensors 

I m p r o v e m e n t  i n  t h e  p e r f o r m a n c e  o f  t r a f f i c  d e t e c t i o n  s e n s o r s  used 

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

E v a l u a t i o n  o f  a n u m b e r  o f  r o a d w a y  s e n s o r s  a n d  f i x i n g  s y s t e m s  has 

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

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

t r i a l  a n d  d e v e l o p  s e n s o r s  b a s e d  o n  n e w e r  technologies. 

T e s t  s t r i p s  w e r e  i n s t a l l e d  o n  m a j o r  r o a d s  a n d  regularly 

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

i n c o r p o r a t e d  i n t o  a n e w  r e p o r t  e n t i t l e d  ' V e h i c l e  A x l e  D e t e c t o r s  - 
R e c o m m e n d a t i o n s  & D e v e l o p m e n t s  f o r  R e l i a b l e  T r a f f i c  S u r v e y s '  by 

R o l a n d  Leschinski. 

2 . 2  VDAS C o u n t e r  & Classifier 

T h e  V e h i c l e  D a t a  A c q u i s i t i o n  S y s t e m  (VDAS) c o u n t s  a n d  classifies 

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

p l a s t i c  f i l m  p i e z o  detectors. 

O n g o i n g  i m p r o v e m e n t s  t o  t h e  s y s t e m  include: 

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

w a t e r  i n g r e s s  a n d  vandalism. 

* t h e  i n c o r p o r a t i o n  o f  a n e w l y  d e s i g n e d  e l e c t r o n i c  sub-system 

t o  i n t e r f a c e  t o  p i e z o - e l e c t r i c  d e t e c t o r s .  T h e  a d v a n t a g e  of 

t h i s  s y s t e m  i s  t h a t  i t  c a n  a u t o m a t i c a l l y  c o m p e n s a t e  for 

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

i m p r o v i n g  t h e  l o n g  t e r m  reliability. 



2. 

C u r r e n t  r e s e a r c h  i s  a i m e d  a t  e v a l u a t i n g  n e w e r  m e t h o d s  of 

d e t e c t i n g  a n d  c o u n t i n g  v e h i c l e s .  U l t r a s o n i c ,  infra-red, 

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

2 . 3  V i d e o  V e h i c l e  Detector 

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

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

v e h i c l e  detector. 

U n l i k e  t h e  VDAS c o u n t e r ,  t h i s  s y s t e m  d o e s  n o t  u s e  a n y  f o r m  of 

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

t r a f f i c  c o u n t s  ( a n d  s p e e d )  e i t h e r  d i r e c t l y  f r o m  a v i d e o  camera 
p l a c e d  a b o v e  t h e  r o a d w a y ,  o r  f r o m  a s t a n d a r d  VHS videotaped 

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

T h e  k e y  a d v a n t a g e  o f  t h e  s y s t e m  i s  t h a t  t h e  a n a l y s i s  i s  very 
f l e x i b l e .  O n c e  a v i d e o  t a p e  h a s  b e e n  m a d e ,  t h e  t a p e  c a n  be 

s i m p l y  l o a d e d  i n t o  t h e  V i d e o  V e h i c l e  D e t e c t o r  r e c o r d e r  and 

p l a y e d .  T h e  i n t e r s e c t i o n  s c e n e  i s  i n i t i a l l y  f r o z e n ,  a n d  t h e n  by 

u s i n g  a m o u s e ,  t h e  u s e r  m a y  p l a c e  u p  t o  3 2  i m a g i n a r y  d e t e c t o r s  on 
t h e  r o a d w a y  s c e n e  a t  l o c a t i o n s  o f  h i s / h e r  c h o o s i n g .  T h e  t a p e  is 

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

t h e  c o m p u t e r  automatically. 

3 .  WEIGH I N  MOTION 

3 . 1  L o w  S p e e d  EMU 

T h e  l o w  s p e e d  E l e c t r o n i c  M a s s  U n i t  (EMU) f o r  w e i g h i n g  a x l e s  was 
d e v e l o p e d  b y  ARRB s o m e  y e a r s  a g o .  I t  u s e s  a n  i n - r o a d  plate 

s y s t e m  s u p p o r t e d  o n  l o a d  c e l l s .  E n f o r c e m e n t  a c c u r a c y  i s  obtained 

b y  r o l l i n g  t h e  v e h i c l e  t o  b e  w e i g h e d  o v e r  t h e  p l a t e  a t  5 k m / h  or 
l e s s ,  a n d  t h e n  a c c u m u l a t i n g  t h e  i n d i v i d u a l  a x l e  l o a d s ,  f o r  a 
t o t a l  v e h i c l e  weight. 

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

w e r e  o u t p u t  o n  a s m a l l  printer. 
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R e c e n t l y ,  a n  u p g r a d e  f o r  EMU h a s  b e e n  d e v e l o p e d ,  a n d  t h e  system 

i s  n o w  k n o w n  a s  P C  EMU. T h e  m i c r o p r o c e s s o r / p r i n t e r  u n i t  h a s  been 

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

a n  IBM c o m p a t i b l e  P C .  T h i s ,  c o u p l e d  t o  a n e w  m o v i n g  character 

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

s y s t e m .  P C  EMU c a n  b e  s u p p l i e d  b y  ARRB a s  a c o m p l e t e  s y s t e m ,  or 

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

3 . 2  H i g h  S p e e d  EMU 

A h i g h  s p e e d  E l e c t r o n i c  M a s s  U n i t  (HSEMU) h a s  b e e n  commissioned 

r e c e n t l y  b y  RTA a t  M t .  W h i t e .  T r u c k s  p a s s  o v e r  t h e  HSEMU plate 

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

T h e  s y s t e m  c o n t r o l s  a t r a f f i c  s i g n a l ,  w h i c h  d i r e c t s  non- 
c o n f o r m i n g  v e h i c l e s  i n  f o r  s t a t i c  w e i g h i n g ,  o r  d i r e c t s  conforming 

v e h i c l e s  b a c k  o n t o  t h e  expressway. 

T h e  s t a t i o n  w a s  o p e n e d  d u r i n g  J u n e  t h i s  y e a r .  S o m e  teething 

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

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

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

p i e z o - e l e c t r i c  s e n s o r  i n t e r f a c e .  T h e  s i t e  i s  currently 

o p e r a t i o n a l  w i t h  f e w  p r o b l e m s  r e m a i n i n g .  W e i g h t  m e a s u r e m e n t  has 

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

3 . 3  M u l t i - l a n e  CULWAY 

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

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

c u r r e n t l y  u n d e r g o i n g  f i e l d  t r i a l s  o n  t h e  P r i n c e s  H i g h w a y  at 

P a k e n h a m ,  V i c t o r i a .  M u l t i - l a n e  CULWAY c a n  r e c o r d  d a t a  f r o m  u p  to 

4 l a n e s  s i m u l t a n e o u s l y .  I t  i s  b a s e d  o n  c o m p l e t e l y  different 

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

CULWAY. S p e c i a l  s o f t w a r e  h a s  b e e n  d e v e l o p e d  t o  r e s o l v e  vehicle 

w e i g h t s  i n  a d j a c e n t  lanes. 

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

CULWAY s y s t e m s .  I t  i s  e x p e c t e d  t h a t  t h i s  i n t e r f a c e  will 

s i g n i f i c a n t l y  i m p r o v e  t h e  r e l i a b i l i t y  o f  p i e z o  s e n s o r  detections. 
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3 . 4  F i b r e  O p t i c  Weighing 

W o r k  b y  M o n a s h  U n i v e r s i t y  o n  a f i b r e  o p t i c  w e i g h  i n  m o t i o n  sensor 

i s  b e i n g  s u p p o r t e d  b y  ARRB. M i c r o b e n d i n g  o f  a n  o p t i c a l  fibre 

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

i t .  T h e  s e n s o r  i s  s t i l l  i n  t h e  l a b o r a t o r y  p r o t o t y p e  stage, 

h o w e v e r  i t  h a s  t h e  p o t e n t i a l  t o  p r o v i d e  s t a t i c  a n d  dynamic 

d e t e c t i o n s ,  a s  w e l l  a s  w e i g h t  information. 

4 .  MEASUREMENT OF ROAD CHARACTERISTICS 

4 . 1  V e h i c l e  M o u n t e d  R o u g h n e s s ,  R u t t i n g  a n d  P r o f i l e  Systems 

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

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

m e a s u r e m e n t  h a s  b e e n  t h e  NAASRA (AUSTROADS) m e t e r ,  which 

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

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

c o u n t  = 1 5 . 2  mm p o s i t i v e  displacement). 

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

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

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

l a t e  1 9 8 0 ' s ,  ARRB d e v e l o p e d  a v e h i c l e  k n o w n  a s  t h e  laser 

p r o f i l o m e t e r .  T h i s  e m p l o y s  3 l a s e r  m e a s u r e m e n t  u n i t s  m o u n t e d  on 

a b e a m  b o l t e d  t o  t h e  f r o n t  o f  t h e  vehicle. 

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

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

t h a t  i t  a n  b e  u s e d  t o  e s t a b l i s h  t h e  I n t e r n a t i o n a l  R o u g h n e s s  Index 

( I R I  - d e f i n e d  b y  t h e  W o r l d  B a n k ,  a n d  n o t  b e i n g  d e p e n d e n t  on 
s u s p e n s i o n  c h a r a c t e r i s t i c s ) .  A m a t h e m a t i c a l  r e l a t i o n s h i p  was 
t h e n  e s t a b l i s h e d  b e t w e e n  t h e  I R I  ( a s  m e a s u r e d  b y  t h e  laser 

p r o f i l o m e t e r ) ,  a n d  A u s t r a l i a n  NAASRA r o u g h n e s s .  T h i s  a l l o w e d  the 

e x i s t i n g  NAASRA m e t e r s  t o  b e  c a l i b r a t e d  u s i n g  t h e  profilometer, 

r a t h e r  t h a n  r e q u i r i n g  a s t a n d a r d  NAASRA v e h i c l e  t o  b e  maintained 

f o r  reference. 

T o  f a c i l i t a t e  t h e  g a t h e r i n g  o f  i n f o r m a t i o n  o n  t r u c k  p a t h  rutting, 

a n e w  5 l a s e r  s y s t e m  h a s  r e c e n t l y  b e e n  p r e p a r e d  b y  ARRB f o r  RTA. 
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S o m e  r e - w o r k i n g  o f  t h e  m e c h a n i c a l  a r r a n g e m e n t  w a s  f o u n d  t o  be 

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

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

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

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

4 . 2  T h e  ARRB W a l k i n g  Profilometer 

R e s e a r c h  e f f o r t  i s  n o w  b e i n g  d i r e c t e d  a t  t h e  d e v e l o p m e n t  o f  a 
' w a l k i n g  s p e e d '  p r o f i l o m e t e r .  A p o r t a b l e  ' p u s h  a l o n g '  instrument 

h a s  b e e n  d e v e l o p e d ,  w h i c h  i s  u n d e r g o i n g  trials. 

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

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

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

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

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

e i g h t  0 . 2 5  m e t r e  m e a s u r e d  segments. 

I t  i s  a n t i c i p a t e d  t h a t  t h i s  l o w  c o s t  d e v i c e ,  w h i c h  w i l l  calculate 

I R I ,  NAASRA r o u g h n e s s  a n d  s o m e  o t h e r  i n d i c e s ,  w i l l  f i n d  wide 

a p p l i c a t i o n  f o r  c o n t r a c t  a s s e s s m e n t ,  p a r t i c u l a r l y  f o r  curing 

c o n c r e t e  p a v e m e n t s ,  b r i d g e  d e c k s  a n d  s h o r t  t e s t  sections. 

4 . 3  U p g r a d e  t o  R o a d  G e o m e t r y  Vehicle 

A n  u p g r a d e d  P C  b a s e d  l o g g i n g  s y s t e m  h a s  b e e n  d e v e l o p e d  f o r  the 

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

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

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

u p g r a d e  i n c l u d e  i n c r e a s e d  r e l i a b i l i t y  o v e r  t h e  e a r l i e r  cassette 
r e c o r d i n g  s y s t e m ,  g r e a t e r  s t o r a g e  c a p a c i t y ,  i m p r o v e d  user 
i n t e r f a c e ,  a n d  e n h a n c e d  d e a d - r e c k o n i n g  accuracy. 
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4 . 4  R o a d  C o n d i t i o n  M e a s u r e m e n t  Technology 

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

' R o a d  C o n d i t i o n  M e a s u r e m e n t  T e c h n o l o g y ' .  T h e  s c o p e  o f  t h i s  work 

covers: 

1 .  t h e  i n v e s t i g a t i o n  o f  t e c h n o l o g i e s  f o r  m e a s u r e m e n t  o f  road 
c o n d i t i o n ,  i n c l u d i n g  l a y e r  t h i c k n e s s  a n d  moisture 
m o v e m e n t s ,  and 

2 .  p r e l i m i n a r y  f i e l d  t r i a l s  o f  c a n d i d a t e  technologies. 

5 .  OTHER INSTRUMENTATION RESEARCH I N  PROGRESS 

5 . 1  T r a v e l  T i m e  Logger 

I n  a d d i t i o n  t o  t h e  w o r k  m e n t i o n e d  e a r l i e r ,  r e s e a r c h  i s  also 

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

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

o t h e r  v e h i c l e  d a t a  m a y  b e  r e a d i l y  r e c o r d e d .  T h i s  w o r k  i s  coupled 

t o  a n o t h e r  p r o j e c t  i n  w h i c h  d e v e l o p m e n t s  i n  V e h i c l e  Roadside 

C o m m u n i c a t i o n s  a r e  b e i n g  monitored. 

5 . 2  T i m b e r  B r i d g e  Deflection 

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

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

RTA B r i d g e  S e c t i o n .  T h e r e  i s  a r e q u i r e m e n t  f o r  a r a p i d  and 

r e l i a b l e  m e t h o d  o f  c h e c k i n g  t i m b e r  b r i d g e  d e f l e c t i o n  a t  several 

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

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

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

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

person. 

6 .  CONCLUSION 

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

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

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

i t  m e e t s  t h e  n e e d s  o f  i t s  m e m b e r s  a n d  o t h e r  clients. 
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Sprayed Sealing Guide 

In 1988 a steering committee was Due to the wide diversity of types of 
commissioned to carry out an extensive sealing work, it is essential that all 
review of bitumen sealing with the practitioners use a common terminology 
objective of improving the performance of in order to allow for meaningful discussion 
sprayed seals. The results and findings and comparison and sharing of 
from this work form the basis of the experiences. This matter is addressed by 
Sprayed Sealing Guide which has been the Guide in which an attempt has been 
written to assist personnel involved in made to standardize terminology in terms 
maintenance, and in the selection and of work and material descriptions together 
design of sprayed sealing treatments by with binder and aggregate application 
providing a sound fundamental approach rates. 
to good sealing practice and design. 

One important aspect of sealing work 
The Guide stresses the need for attention which is always present but is sometimes 
to detail, good practice and constant overlooked by practitioners is the 
monitoring of sprayed seals. The environment and its effect on the 
intention is to supply both experienced selection, design and operational practice 
and inexperienced practitioners with a used for sealing. Mention is made of the 
useful, working document. environmental factors and their effect on 

sealing. 
The importance of regular follow up 
inspections of all sealing works is also The Guide is structured to require an 
stressed. This is essential to ensure that evaluation of the existing pavement 
the work is performing according to the surface to be made in the first instance. 
design requirements and conditions and Where applicable the various 
that the intended effective life of the seal is pretreatment options, that can be carried 
achieved, out prior to a further assessment, are 

presented for consideration and 
The information provided represents the implementation by the user prior to the 
most current state-of-the-art and has been selection of a sealing treatment. In the 
drawn from the experience of our own majority of cases, several sealing 
staff, other State Road Authorities and treatment options are possible but the 
overseas countries, final selection should be based on a life 

cycle costing. 
The Guide contains the Authority's revised 
sprayed sealing procedure which The following general areas are covered 
incorporates the recently updated in the Guide: 
AUSTROADS seal design method for 
seals and reseals, the VICROADS method administration 
for primes and primerseals, a revision of 
the Authority's design procedure for SAM terminology 
and SAMI seals, a design procedure for 
geotextile reinforced seals, bitumen environmental factors 
emulsion sealing and information on the 
use of related materials, assessment of the pavement 

The Guide covers all of the administration, available pretreatments and repairs 
recording and monitoring procedures 
which will be necessary to verify the work selection of appropriate materials 
at any point in time. The Guide may also 
be used in conjunction with both quality selection of a sprayed sealing 
control and quality assurance treatment 
specifications. 

. design of the sealing treatment 
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application of the sealing treatment 

recording procedures 

monitoring 

remedial treatments 

While the Guide covers sprayed sealing, 
mention of the use of asphalt and slurry 
sealing has been made for the sake of 
completeness. 

The structure and interaction of the 
various sections in this Guide are shown 
in Figure 1.1. 

An expert system, for use on a personal 
computer, has been developed for the 
seal design procedure described in this 
Guide and is available from the Materials 
Services Branch. 
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Figure 1.1 Interaction of Sections 
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TECHNOLOGY T R A N S F E R  WORKSHOP. NEWCASTLE. 3 0  OCTOBER 1991 

NOISE AND S K I D  RESISTANCE OF CONCRETE PAVEMENTS 

T h e  i s s u e  o f  t r a f f i c  g e n e r a t e d  n o i s e  h a s  b e c o m e  a t o p i c  of 
s i g n i f i c a n t  p u b l i c  i n t e r e s t  i n  NSW o v e r  t h e  p a s t  3 y e a r s  and 
c o n s e q u e n t l y ,  p a v e m e n t  s u r f a c i n g s  a r e  b e i n g  m o r e  critically 
a s s e s s e d  t h a n  e v e r  before. 

T h i s  i s s u e  c r e a t e s  a s u b s t a n t i a l  c h a l l e n g e  f o r  h i g h w a y  designers 
i n  t h e i r  s e a r c h  f o r  a s u r f a c i n g  w h i c h  i s  q u i e t  a n d  d u r a b l e ,  with 
h i g h  f r i c t i o n  c h a r a c t e r i s t i c s .  U n f o r t u n a t e l y ,  t h e r e  d o e s  not 
a p p e a r  t o  b e  a s i n g l e  s o l u t i o n  t o  t h e  p r o b l e m  b e c a u s e  the 
o p t i m a l  s u r f a c i n g  w i l l  c h a n g e  a c c o r d i n g  t o  f a c t o r s  s u c h  as: 

• t h e  p r e d o m i n a n t  t r a f f i c  speed 
• t h e  c o m m e r c i a l  v e h i c l e  content 
• t h e  c o n t i n u i t y  o f  t r a f f i c  flow 

T h e r e  i s  l i t t l e  d o u b t  t h a t  t h e  q u i e t e s t  s u r f a c i n g  u s e d  in 
A u s t r a l i a  i s  o p e n  g r a d e  a s p h a l t  (OGA) a n d  f o r  t h a t  r e a s o n  it 
m u s t  s u r e l y  r a t e  a s  t h e  m o s t  p o p u l a r  w i t h  t h e  g e n e r a l  public. 
U n f o r t u n a t e l y ,  h o w e v e r ,  i t  w i l l  n o t  b e  s u i t a b l e  f o r  all 
s i t u a t i o n s  ( u r b a n  i n t e r s e c t i o n s  b e i n g  o n e  e x a m p l e )  a n d  therefore 
o t h e r  a l t e r n a t i v e s  w i l l  p r o v i d e  t h e  o p t i m a l  s o l u t i o n  i n  many 
cases. 

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

* friction 
* n o i s e  generation 
* r i d e  quality 
* s p r a y  generation 
* m a i n t e n a n c e  demand 
* l i f e - c y c l e  costs 

A s u b j e c t i v e  r a n k i n g  o f  t h e  m o s t  c o m m o n  s u r f a c i n g s  i s  g i v e n  in 
T a b l e  1 .  T h e  r a t i n g s  w i l l  o b v i o u s l y  b e  i n f l u e n c e d  b y  the 
o p e r a t i n g  p a r a m e t e r s  ( e g  u r b a n  v s  r u r a l ,  t r a f f i c  p r o f i l e s  and 
s p e e d )  a n d  i t  i s  t h e r e f o r e  i n t e n d e d  p u r e l y  t o  promote 
c o n s i d e r a t i o n  o f  f a c t o r s  o t h e r  t h a n  j u s t  n o i s e  generation. 
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T a b l e  1 :  R e l a t i v e  m e r i t s  o f  s u r f a c i n g  options 

Surfae 
type 

Friction Noise** R i d e  *** 
quality 

Spray Cost/ 
durability 

(1)[2] (2)[4] (4)[3] (5)[5] (3)[1] 

PCC-T 1 4 4 3 2 

PCC-HD 3 2 3 5 1 

0G-10 2 1 1 1 5 

DGAC 5 3 2 4 3 

SS-10 4 5 5 2 4 

* * 

Key 

PCC-T: 
PCC -HD: 
0G-10: 
DGAC: 
SS-10: 

P o r t l a n d  c e m e n t  c o n c r e t e ,  tyned 
P o r t l a n d  c e m e n t  c o n c r e t e ,  h e s s i a n  dragged 
O p e n  g r a d e  a s p h a l t ,  1 0  mm 
D e n s e  g r a d e  asphalt 
S p r a y e d  s e a l ,  1 0  mm 

" N o i s e "  i n  t h i s  c o n t e x t  r e f e r s  o n l y  t o  t h e  tyre-generated 
component. 

*** " R i d e  q u a l i t y "  a s  u s e d  i n  t h i s  c o n t e x t  i s  i n t e n d e d  to 
d e n o t e  " h a r s h n e s s "  a s  p e r c e i v e d  b y  t h e  m o t o r i s t ,  but 
i n d e p e n d e n t  o f  noise. 

( )  R a n k i n g  o f  p a r a m e t e r s  f o r  a n  u r b a n  f r e e w a y ,  s p e e d s  8 0  km/h 
( + )  w i t h i n  a n o i s e - s e n s i t i v e  a r e a  ( a u t h o r ' s  ranking). 

[ ]  R a n k i n g  o f  p a r a m e t e r s  f o r  a t y p i c a l  6 0  k m / h  u r b a n  arterial 
r o u t e  ( a u t h o r ' s  ranking). 

O b v i o u s l y ,  t h i s  e x e r c i s e  i s  a v e r y  s u b j e c t i v e  o n e ,  a n d  residents 
i n  W a h r o o n g a  m i g h t  c h a l l e n g e  m y  r a n k i n g  o f  t h e  u r b a n  freeway 
p a r a m e t e r s .  I n s u r a n c e  c o m p a n i e s  w o u l d  p o s s i b l y  b e  more 
amenable. 

T h i s  i s  n o t  t h e  a p p r o p r i a t e  f o r u m  t o  d i s c u s s  t h e  r e l a t i v e  merits 
o f  c o n c r e t e  a n d  a s p h a l t  s u r f a c e s ,  a n d  m y  m o t i v e  h e r e  i s  purely 
t o  p o i n t  o u t  t h a t  t h e r e  i s  n o  s i n g l e  s o l u t i o n  t o  t h e  surfacing 
problem. 
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B y  w a y  o f  d e m o n s t r a t i o n ,  I w o u l d  p o i n t  o u t  t h a t  a g r e a t e r  part 
o f  o u r  NSW n e t w o r k  i s  s u r f a c e d  w i t h  s p r a y e d  s e a l s .  T h e y  are 
b o t h  h a r s h  a n d  n o i s y ,  a n d  i n  s o m e  a r e a s  e x h i b i t  questionable 
f r i c t i o n .  H o w e v e r ,  t o  s u g g e s t  t h a t  w e  s h o u l d  r e p l a c e  t h e m  with 
c o n c r e t e  o r  o p e n  g r a d e  a s p h a l t  w o u l d  b e  u n r e a l i s t i c .  (Indeed, 
t h e  c u r r e n t  d e b a t e  r e g a r d i n g  t h e i r  r e l a t i v e  m e r i t s  w o u l d  seem 
h i g h l y  a c a d e m i c  t o  t h e  r u r a l  u s e r  a t  a t i m e  w h e n  m a n y  r u r a l  main 
r o a d s  a r e  b e i n g  r e t u r n e d  t o  a n  u n s e a l e d  condition.) 

N o t w i t h s t a n d i n g ,  I t h i n k  o n e  c o m m e n t  i s  w a r r a n t e d  h e r e .  I have 
h e a r d  s u g g e s t i o n s ,  c o n s e q u e n t  t o  t h e  p u b l i c  d e b a t e  a t  Wahroonga, 
t h a t  w e  s h o u l d  c o v e r  m a n y  o f  o u r  e x i s t i n g  c o n c r e t e  pavements 
w i t h  a s p h a l t .  A n y o n e  c o n s i d e r i n g  c o v e r i n g  h e s s i a n - d r a g  concrete 
w i t h  d e n s e  g r a d e  a s p h a l t i c  c o n c r e t e  t o  r e d u c e  n o i s e  nuisance 
s h o u l d  e x a m i n e  t h e  f o l l o w i n g  f i g u r e s  a n d  s a v e  t h e  RTA a huge 
o n g o i n g  f i n a n c i a l  committment. 

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

T a b l e  2 :  C o m p a r i s o n  o f  s u r f a c i n g s  f o r  n o i s e  a n d  friction 

G e n e r a t e d  n o i s e  l e v e l s  f o r  f r e e - f l o w i n g * ,  c o n s t a n t  speed 
m o t o r w a y  t r a f f i c  a r e  t y p i c a l l y  a s  f o l l o w s ,  a l l  v a l u e s  reported 
r e l a t i v e  t o  c o n v e n t i o n a l  d e n s e  g r a d e  a s p h a l t :  (4) 

O p e n  g r a d e  a s p h a l t  ( 1 9 8 7 ) :  - 6  dB(A) 
O p e n  g r a d e  a s p h a l t  ( 1 9 7 5 ) :  -4 
H e s s i a n  d r a g g e d  c o n c r e t e :  - 2 . 7  " 
D e n s e  g r a d e  a s p h a l t :  0 
T y n e d  c o n c r e t e  + 0 . 3  " 
S p r a y e d  s e a l ,  14mm +2 

F r i c t i o n a l  c h a r a c t e r i s t i c s  o f  o p e n  g r a d e  a s p h a l t  a n d  tyned 
c o n c r e t e  a r e  s i m i l a r  a t  b o t h  8 0  a n d  1 1 0  km/h. 

H e s s i a n  d r a g g e d  c o n c r e t e  i s  i n f e r i o r  t o  b o t h  o f  t h e  a b o v e  at 
h i g h  s p e e d s ,  b u t  i s  s i m i l a r  a t  s p e e d s  b e l o w  a b o u t  8 0  km/hr. 
D e n s e  g r a d e  a s p h a l t ,  f o r  a l l  s p e e d s ,  p r o v i d e s  l o w e r  friction 
t h a n  e a c h  o f  t h e  a b o v e  t h r e e .  T h e  f r i c t i o n  o n  s p r a y e d  s e a l s  is 
h i g h l y  v a r i a b l e  d e p e n d i n g  o n  a g g r e g a t e  c h a r a c t e r i s t i c s  and 
p o l i s h i n g  rates. 

NAASRA R o u g h n e s s  f i g u r e s  ( c o u n t s / k m )  a r e  t y p i c a l l y  w i t h i n  the 
r a n g e  3 0 - 6 0  o n  a s p h a l t  a n d  4 0 - 7 0  f o r  c o n c r e t e ,  e a c h  d e p e n d i n g  on 
t h e  c o m p e t e n c e  o f  t h e  c o n s t r u c t i o n  c r e w s .  V a l u e s  o f  2 5  - 3 0  can 
b e  a c h i e v e d  f o r  both. 

T h e s e  f i g u r e s  a r e  n o t  r e l e v a n t  t o  s i t u a t i o n s  w h e r e  engine 
a n d  b r a k i n g  n o i s e  m a y  d o m i n a t e  t h e  t o t a l  n o i s e  spectrum. 
T h i s  i s  l i k e l y  t o  b e  t h e  c a s e  a t  s p e e d s  b e l o w  a b o u t  70 
k m / h ,  i n  z o n e s  o f  a c c e l e r a t i o n  o r  d e c c e l e r a t i o n ,  a n d  on 
g r a d e s  e x c e e d i n g  a b o u t  5%. 
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RECENT DEVELOPMENTS I N  CONCRETE SURFACINGS 

P r e s s u r e  f r o m  d e v e l o p m e n t s  o n  t h e  F 3  F r e e w a y  a t  W a h r o o n g a  has 
a c c e l e r a t e d  t h e  R T A ' s  e f f o r t s  t o  r e f i n e  i t s  c o n c r e t e  surfacing 
t e c h n i q u e s .  O v e r s e a s  d e v e l o p m e n t s  w i t h i n  t h e  p a s t  3 y e a r s  have 
b e e n  c l o s e l y  m o n i t o r e d  a n d  t r i a l s  h a v e  r e c e n t l y  b e e n  conducted 
o n  t h e  F 3  F r e e w a y  a t  W a k e f i e l d ,  t h a n k s  t o  t h e  i n i t i a t i v e  o f  the 
N o r t h e r n  R e g i o n ' s  M a j o r  P r o j e c t s  Division. 

T h e s e  t r i a l s  w i l l  b e  t r e a t e d  l a t e r  i n  t h i s  p a p e r ,  b u t  b y  w a y  of 
i n t r o d u c t i o n ,  I w i l l  s u m m a r i s e  o v e r s e a s  d e v e l o p m e n t s  which 
p r o m p t e d  t h e  l o c a l  trials. 

I n t e r n a t i o n a l  Developments 

S u r f a c i n g s  h a v e  r e c e i v e d  s u b s t a n t i a l  r e s e a r c h  a t t e n t i o n  i n  the 
p a s t  5 y e a r s ,  p a r t i c u l a r l y  i n  E u r o p e ,  a n d  t h e r e  h a v e  been 
s e v e r a l  d e v e l o p m e n t s  w h i c h  a r e  o f  i n t e r e s t  t o  t h e  RTA's 
operations. 

S u r f a c e  profile 

T h e  B e l g i a n  R o a d  R e s e a r c h  C e n t r e  (BRRC) h a s  i s o l a t e d  a profile 
c h a r a c t e r i s t i c  o f  r o a d  s u r f a c e s  w h i c h  c o n t r i b u t e s  significantly 
t o  m a n y  a s p e c t s  o f  r i d e  q u a l i t y  a n d  v e h i c l e  response. 

T h e  t r a d i t i o n a l  m e a s u r e s  o f  s u r f a c e  i r r e g u l a r i t i e s  h a v e  been 
m i c r o t e x t u r e ,  m a c r o t e x t u r e  a n d  r o u g h n e s s .  H o w e v e r ,  r e c e n t  work 
h a s  s h o w n  t h a t  i r r e g u l a r i t i e s  i n  t h e  h i t h e r t o  unmeasured 
w a v e l e n g t h s  o f  5 0 - 1 0 0  mm h a v e  a s i g n i f i c a n t  impact. 

T h i s  n e w l y  m o n i t o r e d  r o u g h n e s s  t y p e  h a s  b e e n  termed 
" m e g a t e x t u r e "  a n d  i t s  d e f i n i t i o n  h a s  b e e n  e x t e n d e d  t o  encompass 
a l l  i r r e g u l a r i t i e s  w i t h i n  t h e  w a v e l e n g t h  o f  5 0  t o  5 0 0  mm, 
t h e r e b y  f i l l i n g  t h e  g a p  b e t w e e n  m a c r o t e x t u r e  a n d  roughness. 
T h i s  d e v e l o p m e n t  h a s  a p p l i c a t i o n  f o r  a l l  r o a d  s u r f a c e s  b u t  is 
p a r t i c u l a r l y  r e l e v a n t  t o  c o n c r e t e  pavements. 

T h e  i n f l u e n c e  o f  t h e  f o u r  c h a r a c t e r i s t i c s  i s  s h o w n  i n  F i g  1 and 
c a n  b e  s u m m a r i s e d  a s  follows: 

- M i c r o t e x t u r e  a n d  m a c r o t e x t u r e  c a u s e  o n l y  d e f o r m a t i o n s  in 
t h e  t r e a d  o f  t h e  tyre. 

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

- M e g a t e x t u r e  l i e s  i n  t h e  w a v e l e n g t h  w h i c h  m a x i m i s e s  tyre 
d e f o r m a t i o n  b e y o n d  t h e  c o n t a c t  p r o f i l e  w h i c h  i t  would 
a s s u m e  o n  a f l a t  s u r f a c e .  T h e  c r i t i c a l  w a v e l e n g t h  is 
a c t u a l l y  o n e  h a l f  o f  t h e  f o o t p r i n t  l e n g t h  o f  t h e  tyre, 
w h i c h  i s  g e n e r a l l y  b e t w e e n  5 0  a n d  1 0 0  mm f o r  b o t h  c a r s  and 
t r u c k s .  T h e s e  w a v e l e n g t h s  a r e  n o t  d e t e c t e d  b y  t h e  various 
r o u g h n e s s  m e a s u r i n g  d e v i c e s  a n d  w i l l  n o t  g e n e r a l l y  be 
d e t e c t e d  b y  t h e  s a n d  p a t c h  test. 
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F I G U R E  1 :  E F F E C T  O F  S U R F A C E  P R O F I L E  ON T Y R E  DEFORMATION. 

( T h e  h o r i z o n t a l  b r o k e n  l i n e  r e p r e s e n t s  t h e  p r o f i l e  which 
t h e  t y r e  w o u l d  a s s u m e  o n  a s m o o t h  f l a t  surface.) 

( B e l g i a n  R o a d  R e s e a r c h  C e n t r e ,  B r u s s e l s .  U n p u b l i s h e d  work 
b y  M r  G u y  Descornet.) 
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T h e  P I A R C  T e c h n i c a l  C o m m i t t e e  o n  S u r f a c e  C h a r a c t e r i s t i c s  now 
d e f i n e s  t h e  v a r i o u s  f o r m s  o f  i r r e g u l a r i t i e s  a s  follows: 

microtexture: T < 0.5 mm 
macrotexture: 0.5 mm < T < 50 mm 
megatexture: 50 mm < T < 500 mm 
roughness: 0.5 m < T < 50 m 

w h e r e  T i s  t h e  wavelength 

M e g a t e x t u r e  i s  c o m m o n l y  s e e n  i n  t h e  f o l l o w i n g  surfaces: 

* S p r a y e d  s e a l s  w i t h  v a r i a b l e  s i z e  a g g r e g a t e s ,  and 
p a r t i c u l a r l y  i n  2 s i z e  a g g r e g a t e s  w h e r e  t h e  l a r g e r  s t o n e  is 
t o o  l i g h t l y  spread. 

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

* C o n c r e t e ,  w i t h  e v e n  m i n o r  t r a n s v e r s e  i r r e g u l a r i t i e s  caused 
b y  e f f e c t s  s u c h  a s  v i b r a t i n g  o r  s u r g i n g  i n  t h e  p a v e r ,  o r  by 
t h e  a c t i o n  o f  t h e  c o r r e c t i n g  b e a m .  T h e  " s u p e r - s m o o t h e r f i n i s h i n g  

f l o a t  w a s  d e s i g n e d  t o  r e m o v e  these 
irregularities. 

M e g a t e x t u r e  i s  n o w  k n o w n  t o  h a v e  a s i g n i f i c a n t  a n d  deleterious 
e f f e c t  o n  t r a f f i c  n o i s e ,  v e h i c l e  v i b r a t i o n  a n d  rolling 
r e s i s t a n c e .  E a c h  o f  t h e s e  n u i s a n c e s  c a n  b e  n o t i c e a b l y  reduced 
w i t h  e v e n  v e r y  s m a l l  r e d u c t i o n s  i n  m e g a t e x t u r e .  T h e s e  a n d  other 
e f f e c t s  a r e  s h o w n  i n  F i g  2 .  S i g n i f i c a n t  a s p e c t s  o f  these 
r e s u l t s  a r e  t r e a t e d  under. 

I n  t e r m s  o f  r o l l i n g  r e s i s t a n c e ,  t h e  w o r s t  w a v e l e n g t h  a p p e a r s  to 
b e  a p p r o x  8 0  mm f o r  s p e e d s  o f  a b o u t  5 0  km/h. 

W i t h  r e g a r d  t o  p a v e m e n t  l o a d i n g ,  i r r e g u l a r i t i e s  o f  e v e n  a minor 
a m p l i t u d e  c a n  r e s u l t  i n  i n c r e a s e s  o f  3 0 - 4 0 %  i n  computed 
e q u i v a l e n t  s t a n d a r d  a x l e  l o a d s  b e c a u s e  o f  t h e  i m p a c t  component. 
C r i t i c a l  f r e q u e n c i e s  l i e  i n  t h e  r a n g e  1-30m. 

O f  t h e  t o t a l  n o i s e  e m i t t e d  b y  a v e h i c l e ,  t h e  tyre/road 
i n t e r a c t i o n  r e p r e s e n t s  a m a j o r  a n d  s o m e t i m e s  d o m i n a n t  s o u r c e  at 
h i g h e r  v e h i c l e  s p e e d s .  C o n t a c t  n o i s e  c a n  v a r y  b y  m o r e  t h a n  10 
d B ( A )  w i t h  d i f f e r e n t  s u r f a c e  characteristics. 

- W h e n  i r r e g u l a r i t i e s  w i t h  w a v e l e n g t h s  n e a r  80mm (ie 
m e g a t e x t u r e )  i n c r e a s e  i n  a m p l i t u d e ,  t y r e  n o i s e  increases, 
m a i n l y  i n  t h e  l o w  f r e q u e n c y  p a r t  ( <  1 kHz). 

- W h e n  i r r e g u l a r i t i e s  w i t h  w a v e l e n g t h s  c l o s e  t o  3mm increase, 
t h e  l e v e l  o f  t y r e  n o i s e  d e c r e a s e s ,  m a i n l y  i n  t h e  high 
f r e q u e n c y  r a n g e  ( >  1 k H z ) .  T h i s  i s  t h o u g h t  t o  be 
a s s o c i a t e d  w i t h  s u c t i o n  n o i s e  ( " a i r  p u m p i n g " )  a n d  is 
c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  t h a t  v e r y  s m o o t h  surfaces 
a r e  n o i s i e r  t h a n  t h o s e  w i t h  a f i n e  m a c r o t e x t u r e  o r  with 
o p e n - t e x t u r e d  surfaces. 
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FIGURE Z :  INFLUENCE OF SURFACE PROFILE 
ON MEASURABLE D R I V I N G  CONDITIONS. 

( B e l g i a n  R o a d  R e s e a r c h  C e n t r e ,  B r u s s e l s .  U n p u b l i s h e d  work 
b y  M r  G u y  Descornet.) 
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N o i s e  l e v e l s  i n s i d e  v e h i c l e s  c a n  v a r y  b y  a s  m u c h  a s  1 5  dB(A) 
w i t h  d i f f e r e n t  p a v e m e n t  s u r f a c e s .  V i b r a t i o n s  ( a s  t h e y  influence 
c o m f o r t )  i n  v e h i c l e s  h a v e  b e e n  s h o w n  t o  b e  c r i t i c a l  i n  t h e  range 
5 0  mm - 3 m. 

T h e  s e n s i t i v i t y  o f  r i d e  q u a l i t y  t o  v a r y i n g  s u r f a c e  p r o f i l e  is 
v e r y  a p p a r e n t  f r o m  o b s e r v i n g  t h e  s i g n i f i c a n t  v a r i a t i o n s  i n  noise 
g e n e r a t i o n  a n d  " h a r s h n e s s "  o f  r i d e  o n  d i s c r e t e  s e c t i o n s  o f  the 
F 3  F r e e w a y  b e t w e e n  M t  C o l a h  a n d  P a l m e r ' s  R d .  A n  intensive 
s u r v e y  o f  t h i s  a n d  o t h e r  c o n c r e t e  p a v e m e n t s  i s  n o w  p l a n n e d  in 
o r d e r  t o  i s o l a t e  t h e  c h a r a c t e r i s t i c s  w h i c h  m o s t  c o n t r i b u t e  to 
t h e s e  properties. 

S u r f a c e  texture 

T h e r e  h a v e  b e e n  f e w  d e v e l o p m e n t s  i n  t h i s  f i e l d  s i n c e  t h e  early 
1 9 8 0 ' s  w h e n  s i g n i f i c a n t  r e s e a r c h  w o r k  w a s  p u b l i s h e d  b y  the 
T r a n s p o r t  a n d  R o a d  R e s e a r c h  L a b o r a t o r y  ( T R R L )  i n  E n g l a n d .  It 
w a s  t h i s  w o r k  w h i c h  f o r m e d  t h e  b a s i s  f o r  t h e  R T A ' s  current 
s p e c i f i c a t i o n s  f o r  texturing. 

H o w e v e r ,  t h e  f o l l o w i n g  i s s u e s  a r e  r e l e v a n t  t o  future 
c o n s i d e r a t i o n  o f  a m e n d m e n t s  t o  o u r  standards: 

* TRRL r e s e a r c h  h a s  c o n f i r m e d  t h a t  m i c r o t e x t u r e  i s  the 
c r i t i c a l  c o m p o n e n t  f o r  s k i d  r e s i s t a n c e ,  e v e n  a t  h i g h  speed. 
T h e  e f f e c t i v e n e s s  o f  t h e  m i c r o t e x t u r e  i s  l a r g e l y  dependent 
o n  t h e  q u a r t z  c o n t e n t  o f  t h e  s a n d .  T h e  R T A ' s  aggregate 
s p e c i f i c a t i o n  h a s  l o n g  a c k n o w l e d g e d  t h i s  fact. 
M a c r o t e x t u r e  i s  v i e w e d  p r i m a r i l y  a s  a m e d i u m  f o r  quickly 
r e m o v i n g  s u r f a c e  w a t e r  s o  t h a t  t y r e  c o n t a c t  i s  maintained, 
t h u s  e n s u r i n g  o p t i m u m  b e n e f i t  f r o m  t h e  microtexture. 

* TRRL w o r k  h a s  a l s o  s h o w n  t h a t  t h e  m o r t a r  i s  t h e  critical 
c o m p o n e n t  i n  d u r a b i l i t y  o f  f r i c t i o n .  (TRRL R e p o r t  RR144 
r e f e r s )  T h i s  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  aggregates 
s u s c e p t i b l e  t o  p o l i s h i n g  c a n  s a f e l y  b e  u s e d  a s  l o n g  as 
d u r a b i l i t y  o f  t h e  m o r t a r  i s  e n s u r e d .  D u r a b i l i t y  depends 
s u b s t a n t i a l l y  o n  c e m e n t  c o n t e n t ,  w a t e r / c e m e n t  r a t i o ,  and 
e f f e c t i v e n e s s  o f  c u r i n g ;  a l l  i s s u e s  o n  w h i c h  RTA 
s p e c i f i c a t i o n s  a r e  j u s t i f i a b l y  strict. 

* S u r f a c e  t e x t u r e  i n  E u r o p e  i s  g e n e r a l l y  l e s s  h a r s h  than 
o u r s .  T h i s  r e f l e c t s  f i r s t l y  a g r e a t e r  c o n f i d e n c e  i n  its 
d u r a b i l i t y ,  a n d  s e c o n d l y  a c o n f i d e n c e  t h a t  m o d e r n  tyre 
t e c h n o l o g y  p r o v i d e s  a s i g n i f i c a n t  s a f e t y  m a r g i n  i n  wet 
c o n d i t i o n s  o v e r  t h a t  w h i c h  w o u l d  b e  e x p e c t e d  from 
c o n v e n t i o n a l  s k i d  r e s i s t a n c e  t e s t i n g  w i t h  s m o o t h  tyres. 

W i t h  r e g a r d  t o  s k i d  r e s i s t a n c e ,  m a x i m u m  e f f e c t i v e n e s s  of 
d r a i n a g e  a t  t y r e / p a v e m e n t  c o n t a c t  i s  a c h i e v e d  where 
i r r e g u l a r i t i e s  h a v e  w a v e l e n g t h s  o f  8 - 1 6  mm. F o r  m a x i m u m  tyre 
g r i p  ( w e t  o r  d r y )  t h e  v e r t i c a l  a c t i o n  o f  t h e  w h e e l  m u s t  b e  as 
s t e a d y  a s  p o s s i b l e  a n d  c r i t i c a l  ( u n d e s i r a b l e )  w a v e l e n g t h s  in 
t h i s  r e g a r d  l i e  i n  t h e  r a n g e  0 . 5  - 8m. 
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RTA SPECIFICATIONS 

F o r  r u r a l  c o n c r e t e  s u r f a c e s  t h e  RTA h a s  t y p i c a l l y  s p e c i f i e d  a 
t r a n s v e r s e l y  t y n e d  f i n i s h  w i t h  a n  a v e r a g e  t e x t u r e  d e p t h  o f  0.3 
t o  0 . 6 5  mm a s  m e a s u r e d  b y  t h e  s a n d  p a t c h  m e t h o d .  This 
c o r r e s p o n d s  t o  a n  a c t u a l  g r o o v e  d e p t h  o f  1 . 5  t o  3mm. A pattern 
o f  v a r i a b l e  t y n e  s p a c i n g s  i s  s p e c i f i e d  t o  p r e v e n t  tyre 
" h u m m i n g " .  T h i s  s u r f a c e  p r o v i d e s  v e r y  g o o d  s k i d  r e s i s t a n c e  but 
n o i s e  g e n e r a t i o n  i s  e q u a l  t o  t h a t  f r o m  d e n s e  g r a d e  a s p h a l t ,  a t  a 
l e v e l  a b o u t  4 . 5  - 6 d B ( A )  h i g h e r  t h a n  o p e n  g r a d e  a s p h a l t  (OGA). 

W i t h i n  8 0  k m / h  z o n e s  t h e  RTA w i l l  n o r m a l l y  s p e c i f y  a 
l o n g i t u d i n a l  h e s s i a n  d r a g  f i n i s h  w i t h  n o  t r a n s v e r s e  texturing. 
N o i s e  g e n e r a t i o n  i s  3 d B ( A )  l o w e r  t h a n  t y n e d  c o n c r e t e  but 
1 . 5  - 3 d B ( A )  h i g h e r  t h a n  O G A . .  A t  u r b a n  s p e e d s ,  microtexture 
a l o n e  e n s u r e s  a d e q u a t e  friction. 

H i g h e s t  p r i o r i t y  f o r  r e s e a r c h  e f f o r t  i s  b e i n g  d e v o t e d  t o  the 
r e f i n e m e n t  o f  t h e  r u r a l  t e x t u r i n g  p a t t e r n .  T h e  R T A ' s  current 
s t a n d a r d  w a s  d e r i v e d  l a r g e l y  f r o m  w o r k  i n  B r i t a i n  a n d  t h e  United 
States. 

O v e r s e a s  d e v e l o p m e n t s  i n  t h e  p a s t  2 y e a r s  h a v e  e n c o u r a g e d  the 
RTA t o  m o d i f y  i t s  p r a c t i c e s  i n  t h e  f o l l o w i n g  regards: 

• T o  r e d u c e  t h e  t e x t u r e  d e p t h  i n  a n  a t t e m p t  t o  r e d u c e  noise 
_ l e v e l s .  T h i s  a c c o r d s  w i t h  E u r o p e a n  t r e n d s  o v e r  t h e  past 
d e c a d e  a n d  s t e m s  f r o m  i n c r e a s e d  c o n f i d e n c e  i n  b o t h  the 
d u r a b i l i t y  o f  g o o d  q u a l i t y  c o n c r e t e  s u r f a c e s  a n d  i n  the 
p e r f o r m a n c e  o f  m o d e r n  tyres. 

• T o  p r o v i d e  a h e s s i a n  d r a g -  f i n i s h  i n  a d v a n c e  o f  the 
t r a n s v e r s e  t y n i n g ,  t o  e n h a n c e  m a c r o t e x t u r e  ( c o n s i s t e n t  with 
t h e  a b o v e - m e n t i o n e d  r e s e a r c h  f i n d i n g s )  i n  o r d e r  t o  reduce 
n o i s e ,  r o l l i n g  r e s i s t a n c e  a n d  w e t  s p r a y  w h i l s t  enhancing 
s k i d  resistance. 

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

V a r i o u s  c o m b i n a t i o n s  o f  t h e  a b o v e  v a r i a b l e s  h a v e  b e e n  trialled 
o n  r e c e n t  w o r k  o n  t h e  F 3  F r e e w a y  n o r t h  o f  P a l m e r ' s  R d  at 
Wakefield. 

I n i t i a l  s u b j e c t i v e  a s s e s s m e n t  j u s t i f i e s  o p t i m i s m  t h a t  s u b t l e  but 
s i g n i f i c a n t  i m p r o v e m e n t s  w i l l  b e  m e a s u r a b l e  i n  t e r m s  o f  reduced 
n o i s e  a n d  " h a r s h n e s s "  o f  ride. 

R o u g h n e s s  r e a d i n g s  o n  t h i s  p r o j e c t  h a v e  c o n s i s t e n t l y  r a n g e d  from 
2 7  t o  3 2  c o u n t s / k m  w i t h  m a x i m u m  v a l u e s  i n  t h e  l o w  4 0 ' s .  T h i s  is 
t h e  b e s t  r e s u l t  m e a s u r e d  i n  s u b s t a n t i a l  l e n g t h s  s i n c e  t h e  early 
8 0 ' s  a n d  r e s t o r e s  m u c h  o f  t h e  c o n f i d e n c e  o f  t h a t  p e r i o d  that 
h i g h  s t a n d a r d  f i n i s h e s  a r e  a c h i e v a b l e  f r o m  competent 
contractors. 
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1. INTRODUCTION 

D e l i n e a t i o n  t r e a t m e n t s  a r e  m a i n l y  v i s u a l  a i d s  t h a t  provide 
g u i d a n c e ,  r e g u l a t o r y  o r  w a r n i n g  i n f o r m a t i o n  t o  t h e  d r i v e r s  in 
t h e i r  d r i v i n g  t a s k .  H o w e v e r ,  t h e  a d v e n t  o f  Profile 
l i n e m a r k i n g  h a s  c h a n g e d ,  t o  s o m e  e x t e n t ,  t h e  b a s i c  c o n c e p t  of 
d e l i n e a t i o n .  P r o f i l e  l i n e m a r k i n g  n o t  o n l y  c o n s t i t u t e s  a 
v i s u a l  a i d  b u t  m o r e  i m p o r t a n t l y  p r o v i d e s  a n  a l l - w e a t h e r  audio- 
t a c t i l e  w a r n i n g  t o  t h e  drivers. 

L i m i t e d  f i e l d  e x p e r i e n c e  i n d i c a t e s  t h a t  P r o f i l e  linemarking 
h o l d s  p r o m i s e  a s  a n  i m p r o v e d  s h o r t  r a n g e  delineation 
t r e a t m e n t .  B e t t e r  v i s i b i l i t y  a n d  a u d i o - t a c t i l e  w a r n i n g  may 
p r o v i d e  i m p r o v e d  l a n e  t r a c k i n g  g u i d a n c e  t o  d r i v e r s .  Raised 
P a v e m e n t  M a r k e r s  ( r e f l e c t i v e  a n d  n o n  r e f l e c t i v e )  a l s o  provide 
l i m i t e d  a u d i o - t a c t i l e  w a r n i n g  b u t  t h e i r  p o o r  r e t e n t i o n  a n d  far 
s p a c i n g  d o  n o t  r e n d e r  t h e m  t o  b e  a r e l i a b l e  audio-tactile 
system. 

2. BACKGROUND 

S t a t i s t i c s  i n d i c a t e  t h a t  a l a r g e  n u m b e r  o f  r o a d  accidents 
o c c u r  w h e r e  d r i v e r  l o s e s  v e h i c l e  c o n t r o l .  I n c l u d e d  i n  the 
w i d e  r a n g e  o f  p o s s i b l e  c a u s e s  a r e  t h e  d r i v e r ' s  l o s s  of 
c o n c e n t r a t i o n ,  f a t i g u e  o r  f a i l u r e  o f  d e l i n e a t i o n  s y s t e m  to 
p r o v i d e  a d e q u a t e  i n f o r m a t i o n  a b o u t  t h e  l a t e r a l  b o u n d a r i e s  of 
t h e  carriageway. 

P a v e m e n t  M a r k i n g s  p r o v i d e  v i t a l  i n f o r m a t i o n  t o  drivers 
r e g a r d i n g  l a t e r a l  b o u n d a r i e s  o f  t h e  r o a d  t o  a l l o w  f o r  proper 
v e h i c l e  p l a c e m e n t  a n d  m a n o e u v r e .  F i e l d  p r a c t i t i o n e r s  are 
c o n t i n u a l l y  o n  t h e  l o o k - o u t  f o r  m a t e r i a l s  o r  s y s t e m s  t h a t  will 
p r o v i d e  i m p r o v e d  g u i d a n c e ,  e s p e c i a l l y  u n d e r  a d v e r s e  weather 
c o n d i t i o n s .  P r o f i l e  l i n e m a r k i n g  i s  o n e  o v e r s e a s  development 
w h i c h  RTA h a s  r e c e n t l y  investigated. 

3. CHARACTERISTICS 

3.1 GENERAL 

P r o f i l e  L i n e m a r k i n g  i s  made  u p  o f  r i b s  o f  thermoplastic 
m a t e r i a l  w i t h  a maximum h e i g h t  o f  a b o u t  1 0  mm, m e a s u r e d  from 
t h e  t o p  o f  t h e  r o a d  s u r f a c e .  D e p e n d i n g  u p o n  t h e  t y p e  of 
m e t h o d  e m p l o y e d  t o  l a y  t h e s e  l i n e s ,  t h e  r i b s  m a y  b e  p l a c e d ,  at 
a d e s i r e d  i n t e r v a l ,  d i r e c t l y  o n  t o  t h e  p a v e m e n t  s u r f a c e  or 
o v e r  t h e  c o n v e n t i o n a l  t h e r m o p l a s t i c  line. 

T h e  m a j o r  a d v a n t a g e s  o f  t h i s  t y p e  o f  l i n e m a r k i n g  are: 

( I )  B E T T E R  W E T - N I G H T  VISIBILITY 

D e p e n d i n g  u p o n  t h e  t h i c k n e s s  o f  w a t e r - f i l m ,  t h e  r i b s  o f  the 
P r o f i l e  L i n e m a r k i n g  s t a n d  o u t  t o  a g r e a t e r  o r  l e s s e r  extent 
a n d  a l l o w  w a t e r  t o  d r a i n  o f f  f r o m  t h e  r e f l e c t i v e  face. 

T h e  g l a s s  b e a d s  o n  t h e  r e f l e c t i v e  f a c e  t h e n  r e f l e c t  t h e  light 
d i r e c t e d  t o w a r d s  t h e m ,  b a c k  t o  t h e  d r i v e r  ( F i g u r e  1 ) .  When 
v i e w e d  f r o m  a d i s t a n c e ,  t h e  p e a k s  o f  t h e  r i b s  a r e  s e e n  a s  a 
c o n t i n u o u s  line. 
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( I I )  A U D I O - T A C T I L E  WARNING 

P r o f i l e  L i n e m a r k i n g  a l s o  p r o v i d e s  a n  a u d i o - t a c t i l e  w a r n i n g  to 
t h e  d r i v e r  i f  t h e  v e h i c l e  i s  r u n n i n g  o v e r  t h e  l i n e .  This 
v i b r a t i o n a r y  f e e d b a c k  s h o u l d  p r e v e n t  t h e  d r i v e r  f r o m  straying 
f r o m  t h e  l a n e  o r  t h e  carriageway. 

3.2 TYPES 

P r o f i l e  L i n e m a r k i n g  i s  a p p l i e d  e i t h e r  b y  s c r e e d i n g  or 
e x t r u d i n g  t h e r m o p l a s t i c  materials. 

I n  t h e  s c r e e d  t e c h n i q u e ,  h o t  t h e r m o p l a s t i c  m a t e r i a l  reaches 
t h e  a p p l i c a t o r  s h o e  b y  g r a v i t y .  T h e  g a t e  o f  t h e  s h o e  is 
o p e n e d  t o  a p r e s e t  g a p  t o  f o r m  t h e  w i d t h  a n d  t h i c k n e s s  o f  the 
l i n e .  T h e  a p p l i c a t o r  s h o e  i s  d r a g g e d  f o r w a r d  t o  l a y  t h e  line. 

E x t r u s i o n  i s  a p r o c e s s ,  w h e r e  t h e r m o p l a s t i c  m a t e r i a l  is 
e x t r u d e d ,  u n d e r  p r e s s u r e ,  t h r o u g h  a s l i t  o f  predetermined 
size. 

A l t h o u g h  t h e  s c r e e d  a n d  t h e  e x t r u s i o n  t e c h n i q u e s  a r e  slower 
t h a n  s p r a y i n g ,  t h e y  u r o v i d e  l i n e s  w i t h  s h a r p e r  a n d  clearer 
edaes. 

C u r r e n t l y  t h e  P r o f i l e  L i n e m a r k i n g  c a n  b e  l a i d  i n  b y  three 
c o m m e r c i a l  methods: 

( A )  VIBRALINE 
V i b r a l i n e  (A B r i t i s h  m e t h o d )  u s e s  a s p e c i a l  g r a d e  of 
t h e r m o p l a s t i c  m a t e r i a l .  I t  i s  f o r m e d  b y  mechanically 
s c r e e d i n g  a c o n v e n t i o n a l  t h e r m o p l a s t i c  l i n e  a n d  simultaneously 
a p p l y i n g  t r a n s v e r s e  r i b s  o f  s a m e  t h e r m o p l a s t i c  m a t e r i a l  a t  a 
r e g u l a r  interval. 

T h e  s c r e e d e d  l i n e  i s  a b o u t  2 mm t h i c k  a n d  t h e  r i b s  a r e  a b o u t  8 
mm h i g h  ( 1 0  mm f r o m  t h e  r o a d  s u r f a c e ) .  T h e  f r e q u e n c y  and 
c o n f i g u r a t i o n  o f  r i b s  c a n  b e  v a r i e d  t o  s u i t  a n y  requirements, 
h o w e v e r ,  2 5 0  mm i s  c o n s i d e r e d  t o  b e  t h e  m o s t  o p t i m u m  spacing. 

T h e  g l a s s  b e a d s  a r e  p r e m i x e d ,  h o w e v e r ,  t h e  m a r k i n g  is 
c o m p l e t e d  b y  p r e s s u r i s e d  s u r f a c e  a p p l i c a t i o n  o f  g l a s s  b e a d s  to 
p r o v i d e  i m m e d i a t e  retroreflectivity. 

V i b r a l i n e  i s  a p p l i e d  b y  e q u i p m e n t ,  e s p e c i a l l y  d e s i g n e d  and 
b u i l t  b y  PRISMO L t d . ,  U .K .  T h e  a p p l i c a t i o n  s p e e d  o f  the 
m a c h i n e  i s  a b o u t  8 k m / h  a n d  t h e  c u r i n g  t i m e  o f  t h e  l i n e s  is 
a b o u t  2 0  minutes, 

T h e  l i n e s  c a n  b e  l a i d  i n  100 mm, 150  mm, 2 0 0  mm widths. 

( B )  FRENCHLINE 
F r e n c h l i n e  (A F r e n c h  m e t h o d )  a l s o  u s e s  a s p e c i a l  g r a d e  of 
t h e r m o p l a s t i c  m a t e r i a l .  F r e n c h l i n e  i s  a l s o  f o r m e d  by 
m e c h a n i c a l l y  s c r e e d i n g  a c o n v e n t i o n a l  t h e r m o p l a s t i c  l i n e  and 
s i m u l t a n e o u s l y  p l a c i n g  t r a n s v e r s e  r i b s  o f  s a m e  m a t e r i a l  a t  a 
r e g u l a r  interval. 
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T h e  s c r e e d e d  l i n e  i s  a b o u t  2 - 3  mm t h i c k  a n d  t h e  r i b s  a r e  about 
8 mm h i g h  ( 1 0  mm f r o m  t h e  r o a d  surface). 

T h e  g l a s s  b e a d s  a r e  p r e m i x e d ,  h o w e v e r ,  t h e  m a r k i n g  is 
c o m p l e t e d  b y  t h e  p r e s s u r i s e d  a p p l i c a t i o n  o f  g l a s s  b e a d s  to 
p r o v i d e  i m m e d i a t e  reflectivity. 

T h e  m a i n  d i f f e r e n c e  b e t w e e n  V i b r a l i n e  a n d  F r e n c h l i n e  is 
i n  t h e  s h a p e  o f  t h e  r i b s .  V i b r a l i n e  p l a c e s  twin 
t r a n s v e r s e  r i b s  a t  a t i m e  w i t h  a g a p  in-between. 
F r e n c h l i n e  p l a c e s  s i n g l e  r i b  a t  a t i m e  a c r o s s  t h e  entire 
w i d t h  o f  t h e  l i n e  ( f i g u r e  2 a n d  3). 

F r e n c h l i n e  i s  a p p l i e d  b y  e q u i p m e n t ,  e s p e c i a l l y  d e s i g n e d  by 
E u r o l i n e r s ,  F r a n c e .  T h e  a p p l i c a t i o n  s p e e d  o f  t h e  m a c h i n e  is 
a b o u t  12  t o  1 5  k m / h  a n d  t h e  c u r i n g  t i m e  o f  t h e  l i n e s  before 
t h e y  c o u l d  b e  o p e n e d  t o  t r a f f i c  i s  a b o u t  2 0  m i n u t e s .  The 
F r e n c h l i n e  c a n  b e  l a i d  i n  100  mm, 1 5 0  mm, 2 0 0  mm widths. 

(C) ZAGANITE LINE 
Z a g a n i t e  l i n e  (A D a n i s h  m e t h o d )  i s  f o r m e d  b y  mechanically 
e x t r u d i n g  r i p p l e s  o f  t h e r m o p l a s t i c  m a t e r i a l  w i t h  premixed 
g l a s s  b e a d s .  T h e  m a t e r i a l  i s  n o t  p l a c e d  a s  a c o n t i n u o u s  line 
b u t  a p p l i e d  i n  t h e  f o r m  o f  e i t h e r  i n t e r m i t t e n t  b a r  o r  checker 
p l a t e  p a t t e r n s  o f  a b o u t  2 - 3  mm t h i c k n e s s  ( F i g u r e  4). 

T h e  p a t t e r n s  a r e  c o m p u t e r  c o n t r o l l e d  a n d  c a n  b e  v a r i e d .  A 
t y p i c a l  b a r  p a t t e r n  i s  a 50 mm p r o f i l e d  b a r  a n d  a 50  mm gap. 
A t y p i c a l  c h e c k e r  p l a t e  p a t t e r n  i s  a n  a l t e r n a t i v e  s e q u e n c e  of 
2 5  mm s q u a r e s  w i t h  a p r o f i l e  a n d  a gap. 

T h e  l i n e  c a n  b e  l a i d  i n  100  mm, 1 5 0  mm, 2 0 0  mm a n d  500  mm 
widths. 

T h e  Z a g a n i t e  l i n e  i s  a p p l i e d  b y  a D a n i s h  m a c h i n e  and 
a p p l i c a t i o n  s p e e d  i s  a b o u t  1 2 - 1 5  k m / h .  T h e  c u r i n g  t i m e  o f  the 
l i n e s  i s  a b o u t  2 0  minutes. 

4. PROFILE LINEMARKIN1G TRIALS 

4 . /  OBJECTIVE 

( a )  T o  a s s e s s  i t s  EFFECTIVENESS AS A DELINEATION TREATMENT 
u n d e r  f o l l o w i n g  conditions: 

F i n e  a n d  a d v e r s e  w e a t h e r  conditions, 
V a r y i n g  v i s i b i l i t y  c o n d i t i o n s ,  v i z . ,  d a y ,  n i g h t ,  and 
g l a r e  f r o m  headlights. 
D i f f e r e n t  t r a f f i c  s i t u a t i o n s  a n d  r o a d  geometry, 
v i z . ,  e d g e l i n e ,  c e n t r e l i n e ,  l a n e  l i n e  a n d  continuity 
l i n e  ( w i t h  v a r i o u s  l i n e  w i d t h s )  a n d  i n  curve 
s e c t i o n s ,  t a n g e n t  s e c t i o n s  a n d  t u r n i n g  b a y s  (S 
lanes). 

( b )  T o  COMPARE ITS PERFORMANCE WITH CONVENTIONAL PAVEMENT 
MARKINGS, v i z . ,  a s  a d e l i n e a t i o n  t r e a t m e n t ,  material, 
c o s t ,  m a i n t e n a n c e ,  e a s e  o f  a p p l i c a t i o n  a n d  the 
a p p l i c a b i l i t y  o v e r  d i f f e r e n t  p a v e m e n t  surfaces. 
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( c )  T o  COMPARE THE PERFORMANCE OF THE THREE COMMERCIAL 
METHODS OF PROFILE LINEMARKINGS. 

( d )  I t  w a s  a l s o  i n t e n d e d  t o  s t u d y  t h e  EFFECTIVENESS OF THE 
'AUDIO-TACTILE'  EFFECT o f  t h e  P r o f i l e  l i n e m a r k i n g  as 

m e a s u r e  o f  c r e a t i n g  b e t t e r  l a n e  d i s c i p l i n e  a n d  a l s o  to 
e x a m i n e  w h e t h e r  t h e  n o i s e  c r e a t e d  b y  t h e  t y r e s ,  running 
o v e r  t h e  r i b s  i s  e n v i r o n m e n t a l l y  safe. 

( e )  T o  s t u d y  t h e  e f f e c t  o f  P r o f i l e  l i n e m a r k i n g  o n  the 
ACCIDENT TRENDS a t  t h e  t r i a l  sites. 

4 . 2  T R I A L  SITES 

LOCATION WIDTH LENGTH TREATMENT 

A ) F 3  FREEWAY, 
M t .  White- 

1 5 0  mm 1 . 5  Km 
e a c h  side 

Edgeline 
(VIBRALINE) 

Hawkesbury 
R i v e r  Bridge 
(A/C) 

J u l y  1990 1 5 0  mm 5 Km 
e a c h  side 

Edgeline 
(ZAGANITE) 

B)GREAT WESTERN 1 5 0  mm 1 Km Edgeline 
HIGHWAY, e a c h  side (VIBRALINE) 
L i n d e n  (A/C) 
J u n e  1990 1 0 0  mm 1 Km Centreline 

BB line (VIBRALINE) 

C)PACIFIC 1 5 0  mm 3 . 8  Km Lanelines(VIBRA) 
HIGHWAY ( S  lane) 
N o r t h  Sydney- 2 0 0  mm 2 . 6  Km O u t l i n e  o f  the 
Wahroonga E 4  line p a i n t e d  median 
(A/C&C.C) ( S  l a n e )  (VIBRA) 

J u l y - A u g  1990 

D)SOUTHERN CROSS 1 5 0  mm 1 Km Edgeline(FRENCH) 
DRIVE 
Mascot 
(A/C) 

J u l y  1990 

E)PENNANT HILLS 1 5 0  mm 1 Km Edgeline(VIBRA) 
ROAD 1 0 0  mm 2 . 2  Km Centreline(VIBRA) 
N Parramatta- 1 0 0  mm 2 . 2  Km L a n e  line(VIBRA) 
Carlingford 2 0 0  mm 1 . 7  km T u r n i n g  bays(VIBR) 
(A/C) ( S  l a n e  section) 

N o v - F e b  90-91 

T h e r e  a r e  s e v e r a l  o t h e r  s e c t i o n s  o f  t h e  r o a d  i n  NSW t h a t  have 
b e e n  t r e a t e d  w i t h  P r o f i l e  l i n e m a r k i n g s  s u c h  a s  s e c t i o n s  o f  the 
G r e a t  W e s t e r n  H i g h w a y ,  K a t o o m b a ;  V i c t o r i a  R o a d ,  Parramatta; 
C u m b e r l a n d  H i g h w a y  d e v i a t i o n ,  G u i l d f o r d ;  J a m e s  R u s e  Drive, 
N P a r r a m a t t a ;  F 5  f r e e w a y ,  G l e n f i e l d ;  M i t c h e l l  Highway, 
O r a n g e  a n d  D u b b o ;  Hume  H i g h w a y ,  G o u l b u r n ;  D a n d a l o o  Road, 
N a r r o m i n e  e t c .  H o w e v e r ,  t h i s  r e p o r t  d o e s  n o t  i n c l u d e  the 
p e r f o r m a n c e  o f  P r o f i l e  l i n e m a r k i n g  o n  t h e s e  locations. 
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5. OBSERVATIONS 

( a )  E f f e c t i v e n e s s  a s  a d e l i n e a t i o n  t r e a t m e n t  

P r o f i l e  l i n e m a r k i n g  f u l f i l s  t h e  b a s i c  ' d r i v e r  information 
n e e d s '  o f  m a i n t a i n i n g  t h e  l a t e r a l  p l a c e m e n t  o f  the 
v e h i c l e  w i t h i n  t h e  t r a f f i c  l a n e  ( s h o r t  range 
information). 

P r o f i l e  l i n e m a r k i n g  i s  f a i r l y  c o n s p i c u o u s  u n d e r  d a y  and 
n i g h t  c o n d i t i o n s .  H o w e v e r ,  d i s c o l o u r a t i o n  d u e  t o  tyre 
m a r k s  i s  n o t i c e d  t o  h a v e  o c c u r r e d  w h e r e  profile 
l i n e m a r k i n g s  a r e  s u b j e c t e d  t o  h i g h  t u r n i n g  m o v e m e n t s  and 
w h e r e  n a r r o w  l a n e  w i d t h s  o c c u r  i n  h e a v y  b r a k i n g  areas. 
T h i s ,  t o  some  e x t e n t ,  h a s  a f f e c t e d  t h e  v i s i b i l i t y  o f  the 
markings. 

P r o f i l e  l i n e m a r k i n g s  a r e  v i s i b l e  u n d e r  l i g h t  t o  moderate 
r a i n .  T h e y  t o o  c a n  b e  o b s c u r e d  u n d e r  h e a v y  rain. 
H o w e v e r ,  t h e  a u d i o - t a c t i l e  w a r n i n g  u n d e r  s u c h  conditions 
c o m p e n s a t e s  f o r  t h i s  t o  s o m e  extent. 

P r o f i l e  l i n e m a r k i n g s  a r e  n o t  a c o m p l e t l y  effective 
s u b s t i t u t e  f o r  RRPMs i n  w e t - n i g h t s .  T h e y ,  d e s p i t e  the 
r i b s ,  n e e d  t o  b e  s u p p l e m e n t e d  w i t h  r e f l e c t i v e  RPMs in 
s o m e  applications. 

P r o f i l e  l i n e m a r k i n g s  d o  n o t  s h o w  s i g n i f i c a n t  improvement 
i n  t h e i r  n o t i c e a b i l i t y  u n d e r  h e a d l i g h t  g l a r e  o r  a c u t e  sun 
angles. 

P r o f i l e  l i n e m a r k i n g s  f r o m  t h e  l i m i t e d  f i e l d  t r i a l s  have 
p r o v e d  t o  b e  u s e f u l  a s  a n  a u d i o - t a c t i l e  d e v i c e  to 
s l e e p i n g  m o t o r i s t s .  Some o f  t h e  d r i v e r s  h a v e  reportedly 
c o r r e c t e d  t h e i r  s t r a y i n g  m o v e m e n t s  a f t e r  d r i v i n g  o v e r  the 
line. 

P r o f i l e  l i n e m a r k i n g  may b e  u s e f u l  a s  a d e t e r r e n t  to 
e r r a t i c  m o v e m e n t s  i n  s e c t i o n s  w i t h  s h a r p  c u r v e s ,  high 
i n c i d e n c e  o f  f o g  a n d  a d v e r s e  w e a t h e r  a n d  sections 
c o n t a i n i n g  f a t i g u e  zone. 

M o r e  t h a n  t h e  much  a d v o c a t e d  i m p r o v e d  v i s i b i l i t y ,  the 
a u d i o - t a c t i l e  w a r n i n g  i s  t h e  s i n g l e  m o s t  significant 
f a c t o r  o f  t h e  p r o f i l e  l i n e m a r k i n g  b y  v i r t u e  o f  which 
p r o f i l e  l i n e m a r k i n g  i s  g e n e r a l l y  n o t i c e d  b y  the 
m o t o r i s t s .  I t  i s  n o t  s u r p r i s i n g  t h a t  t h e  m a j o r i t y  of 
d r i v e r s  d o  n o t  n o t i c e  t h e s e  l i n e s  o n  w i d e  carriageways 
s u c h  a s  o n  F3 f r e e w a y  u n l e s s  t h e y  c r o s s  t h e m  and 
e x p e r i e n c e  t h e  a u d i o - t a c t i l e  effect. 

P e r f o r m a n c e  o f  p r o f i l e  l i n e m a r k i n g  o n  f r e e w a y s  is 
c u r r e n t l y  m o n i t o r e d  a s  a s u b s t i t u t e  t o  s i m u l a t e d  lane 
l i n e s .  B e s i d e s  p r o v i d i n g  s i m i l a r  a u d i o - t a c t i l e  warning, 
p r o f i l e  l i n e m a r k i n g  may p r o v i d e  s u p e r i o r  night-time 
v i s i b i l i t y  o f  l a n e  l i n e s  c o m p a r e d  t o  c e r a m i c  markers. 
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P r o f i l e  l i n e m a r k i n g  o n  t u r n i n g  l a n e s  (S l a n e s )  d o e s  not 
g r e a t l y  i m p r o v e  t h e  c o n s p i c u i t y  o f  t h e  l a n e s .  However, 
t h e  a u d i o - t a c t i l e  w a r n i n g  d o e s  m a k e  m o t o r i s t s  a w a r e  of 
t h e  t u r n i n g  l a n e  u n d e r  a d v e r s e  w e a t h e r  conditions. 
W e a r i n g  ( f l a t t e n i n g )  o f  t h e  r i b s  i n  s u c h  l o c a t i o n s  is 
significant. 

( b )  P e r f o r m a n c e  c o m p a r e d  w i t h  c o n v e n t i o n a l  p a v e m e n t  m a r k i n g s  

V i s i b i l i t y  o f  c o n v e n t i o n a l  p a i n t e d  l i n e s  u n d e r  f i n e  day 
a n d  n i g h t  c o n d i t i o n s  i s  s i m i l a r ,  i f  n o t  b e t t e r  t h a n  the 
p r o f i l e  l i n e m a r k i n g s .  I t  i s  i n  t h e  w e t ,  w h e n  specular 
r e f l e c t i o n  i s  h i g h ,  t h a t  p r o f i l e  l i n e m a r k i n g s  a r e  more 
c o n s p i c u o u s .  A d d i t i o n a l l y  t h e y  e n a b l e  t h e  m o t o r i s t  to 
s e n s e  t h e  c a r r i a g e w a y  b o u n d a r i e s  w i t h  t h e  audio-tactile 
warning. 

P r o f i l e  l i n e m a r k i n g s  h a v e  b e e n  c l a i m e d  t o  h a v e  l i f e  u p  to 
s i x  y e a r s  u n d e r  i d e a l  c o n d i t i o n s .  H o w e v e r  o n  t h e  turning 
b a y s  a n d  n a r r o w  s e c t i o n s ,  o n e  y e a r  a f t e r  t h e  application 
p r o f i l e  l i n e m a r k i n g s  h a v e  n o t i c e a b l y  w o r n  o u t  a n d  ribs 
c o n s i d e r a b l y  f l a t t e n e d  e s p e c i a l l y  o n  n a r r o w  single 
c a r r i a g e w a y s - t w o  w a y  roads. 

R e l a t i v e  c h a r a c t e r i s t i c s  o f  c o n v e n t i o n a l  p a i n t  and 
p r o f i l e  l i n e m a r k i n g s  a r e  g i v e n  below. 

Conventional 
P a i n t e d  Line 

P r o f i l e  Line 

Dry 
t h i c k n e s s  (mm) 

S o l i d s  content 
(% b y  volume) 

A v e r a g e  application 
rate 

A v e r a g e  glass 
b e a d  application 

A v e r a g e  cost 

. 2  t o  . 3  2 t o  3 w i t h  8 mm ribs 
( V i b r a l i n e  a n d  Frenchline) 

5 0  1 0 0  i n  thermoplastic 

. 3  l i t r e s / s q  m 4 t o  8 kg/sqm 

7 5 0  gm/m 3 0 0  gm/kg 

$ 3 / s q  in Zaganite 
( i )  $ 1 0 / s q  m 
Vibraline 
( i i )  $ 2 3 . 5 / s q  m 

E q u i p m e n t  t r a v e l  s p e e d  2 0 - 3 0  km/h 

V o l a t i l e  organic 
compound 

T y p i c a l  comparative 
life 

3 7 7  gm/litre 

6 months 

8 - 1 5  km/h 

0 

4 years(Zaganite) 
6 y e a r s  (Vibraline) 
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( c )  P r o f i l e  l i n e m a r k i n a  m e t h o d s  compared 

V i b r a l i n e  a n d  F r e n c h l i n e  a r e  s i m i l a r  i n  t h e  p a t t e r n  and 
a p p l i c a t i o n  m e t h o d .  B o t h  l i n e s  a r e  f i r m  t h e r m o p l a s t i c  lines 
a n d  r i b s  ( 8  mm h i g h )  a c r o s s  t h e  w i d t h .  Z a g a n i t e  l i n e  i s  a 
b r o k e n  l i n e  w i t h  t h e  r i b s  ( 2 - 3  mm h i g h )  o r  p r o f i l e s  directly 
p l a c e d  o n  t h e  p a v e m e n t  surface. 

S i n c e  t h e  r i b s  i n  t h e  Z a g a n i t e  l i n e  a r e  o n l y  2 t o  3 mm 
h i g h ,  t h e y  a r e  n o t  a s  e f f e c t i v e  a s  t h e  o t h e r  profile 
l i n e s  a s  f a r  a s  v i s i b i l i t y  a n d  a u d i o - t a c t i l e  performance 
a r e  c o n c e r n e d .  H o w e v e r ,  Z a g a n i t e  l i n e s  a r e  l e s s  costly 
a n d  h a v e  l o w e r  c u r i n g  time. 

Z a g a n i t e l i n e ' s  s u i t a b i l i t y ,  f r o m  t h e  l e g a l  p o i n t  o f  view 
a s  a b r o k e n  e d g e l i n e  ( M o t o r  T r a f f i c  A c t  r e q u i r e s  edgeline 
t o  b e  u n b r o k e n  l i n e )  i s  q u e s t i o n a b l e .  Moreover, 
Z a g a n i t e l i n e ' s  b a r  p a t t e r n  n e e d s  t o  b e  investigated 
f u r t h e r  a s  i t  m a y ,  i n  s o m e  c a s e s ,  c o n f u s e  t h e  motorist 
w i t h  t h e  c o n t i n u i t y  line. 

L i m i t e d  a p p l i c a t i o n  o f  F r e n c h l i n e ,  a p p l i e d  a s  a n  edge 
l i n e  o n  a f r e e w a y  s e c t i o n  h a s  s h o w n  c o n s i d e r a b l e  promise. 
T h e  l i n e  a f t e r  o n e  y e a r  o f  a p p l i c a t i o n  h a s  n o t  shown 
s i g n i f i c a n t  s i g n  o f  w e a r .  H o w e v e r ,  a s  m e n t i o n e d  earlier, 
t h e  l i n e s  i n  f r e e w a y  c o n d i t i o n s  a r e  s u b j e c t e d  t o  less 
t r a f f i c  wear. 

R e l a t i v e  e f f e c t i v e n e s s  o f  P r o f i l e  l i n e m a r k i n g  comparing 
t h e  p a r a m e t e r s  o f  v i s i b i l i t y ,  a u d i o  t a c t i l e  e f f e c t  and 
v e r s a t i l i t y  o f  a p p l i c a t i o n  i n  d i f f e r e n t  t r a f f i c  situation 
( l a n e  l i n e ,  e d g e  l i n e ,  c e n t r e  l i n e  a n d  c o n t i n u i t y  line) 
i n d i c a t e  t h a t  V i b r a l i n e  h o l d s  a c l e a r  edge. 

( d )  A u d i o - t a c t i l e  e f f e c t  

A s  m e n t i o n e d  e a r l i e r ,  t h e  a l l  w e a t h e r  audio-tactile 
w a r n i n g  o f  t h e  P r o f i l e  l i n e m a r k i n g s  i s  t h e  s i n g l e  most 
o u t s t a n d i n g  feature. 

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

O f  i n c r e a s i n g  i n t e r e s t  t o  a l l  h i g h w a y  u s e r s  a n d  traffic 
e n g i n e e r s  i s  t h e  e f f e c t  o f  a u d i o - t a c t i l e  n o i s e  o n  the 
e n v i r o n m e n t .  S e v e r a l  a p p l i c a t i o n s  o f  P r o f i l e  linemarking 
h a v e  b e e n  i n  u r b a n  a r e a s  a n d  s o  f a r  n o  a d v e r s e  reports 
f r o m  t h e  r e s i d e n t s  h a v e  b e e n  received. 

T r i a l s  t o  e v a l u a t e  t h e  n o i s e  e m i t t e d  f r o m  Vibraline 
p r o f i l e d  r o a d  m a r k i n g  w a s  c a r r i e d  o u t  u s i n g  t h r e e  types 
o f  v e h i c l e s  o n  M o t o r w a y  a n d  H i g h w a y  s i t e s  i n  E n g l a n d  on 
2 5  J u n e  1990. 

V i b r a l i n e  d i m e n s i o n s  w i t h  r i b  c e n t r e  s p a c i n g  o f  2 5 0  mm 
a n d  5 0 0  mm w e r e  m o n i t o r e d  u s i n g  n o i s e  d e t e c t i o n  meters 
w h i c h  r e c o r d e d  n o i s e  i n  decibels. 
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N o i s e  l e v e l s  w e r e  r e c o r d e d  a t  t h r e e  points: 

(1 )  W i t h i n  t h e  vehicle 
(2 )  C l o s e  t o  t h e  l e f t  h a n d  e d g e  line 
(3 )  1 5  m e t r e s  a w a y  f r o m  t h e  h a r d  s h o u l d e r  a n d  2 metres 

a b o v e  t h e  road 

V e h i c l e  s p e e d s  r a n g e d  f r o m  5 0 - 8 0  m i l e s  p e r  h o u r  (80-128 
km/hour). 

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  r e a c h e d  f r o m  recorded 
n o i s e  levels: 

N o i s e  d e t e c t e d  i n s i d e  t h e  vehicles 

N o i s e  l e v e l s  d e t e c t e d  i n s i d e  t h e  passenger 
c o m p a r t m e n t  f r o m  V i b r a l i n e  w i t h  r i b  c e n t r e  spacing 
o f  2 5 0  mm a n d  500 mm w e r e  f o u n d  t o  b e  significant 
e n o u g h  t o  b e  h e a r d  b y  d r i v e r s  w i t h  a v e r a g e  hearing. 

I n c r e a s e s  i n  n o i s e  l e v e l s  r e c o r d e d  i n s i d e  t h e  pick- 
u p  a n d  t r u c k  w h e n  d r i v i n g  o n  V i b r a l i n e ,  w h i l s t  lower 
t h a n  i n c r e a s e s  f o r  c a r s ,  w a s  s t i l l  considered 
s u f f i c i e n t  t o  b e  r e c o g n i s e d  b y  t h e  driver. 

N o i s e  d e t e c t e d  o u t s i d e  t h e  vehicles 

N o i s e  l e v e l s  r e c o r d e d  a t  t h e  r o a d s i d e  w e r e  f o u n d  to 
b e  s i g n i f i c a n t  e n o u g h  t o  w a r n  a p e r s o n  w i t h  normal 
h e a r i n g  o f  t h e  c l o s e  p r o x i m i t y  o f  a v e h i c l e .  Noise 
l e v e l  i n c r e a s e s  r e c o r d e d  15  m e t r e s  a w a y  f r o m  the 
h a r d  s h o u l d e r  a n d  2 m e t r e s  a b o v e  t h e  r o a d  surface 
w e r e  n o t  c o n s i d e r e d  s i g n i f i c a n t  e n o u g h  t o  be 
d e t e c t e d  b y  a p e r s o n  w i t h  n o r m a l  h e a r i n g  a b o v e  the 
g e n e r a l  t r a f f i c  b a c k g r o u n d  noise. 

( e )  A c c i d e n t  Analysis 
I t  i s  t o o  e a r l y  f o r  t h e  a c c i d e n t  r e c o r d  o n  t h e  trial 
s i t e s  t o  e x h i b i t  a n y  d e f i n i t e  t r e n d .  H o w e v e r ,  a before 
a n d  a f t e r  s t u d y  o f  r a i s e d  r i b  m a r k i n g s  i n s t a l l e d  o n  nine 
l e n g t h s  o f  t h e  M4 i n  B e r k s h i r e ,  UK, 6 km i n  a l l ,  all 
s i t e s  c o i n c i d i n g  w i t h  t h e  t e r m i n a t i o n  o f  l o n g  left-hand 
b e n d s  - f o u n d  t h a t  a l l  a c c i d e n t s  a t  t h e  t r e a t e d  sites 
w e r e  r e d u c e d  b y  3 8  p e r  c e n t ,  f r o m  4 5  i n  t h r e e  y e a r s  t o  28 
i n  t h r e e  y e a r s  ( s i g n i f i c a n t  a t  t h e  2 . 5  p e r  c e n t  level). 
A c c i d e n t s  i n v o l v i n g  v e h i c l e s  l e a v i n g  t h e  n e a r s i d e  o f  the 
c a r r i a g e w a y  r e d u c e d  b y  7 6  p e r  c e n t ,  f r o m  2 9  i n  three 
y e a r s  t o  s e v e n  i n  t h r e e  y e a r s  ( s i g n i f i c a n t  a t  t h e  0 . 5  per 
c e n t  l e v e l ) .  T h e  p e r c e n t a g e  o f  a c c i d e n t s  involving 
v e h i c l e  l e a v i n g  t h e  n e a r s i d e  c a r r i a g e w a y  a t  t r e a t e d  sites 
r e d u c e d  f r o m  66  p e r  c e n t  i n  t h e  t h r e e  y e a r s  after 
t r e a t m e n t ,  1 9 8 5 - 8 7 .  A t  u n t r e a t e d  s i t e s  t h e  percentage 
r e m a i n e d  r e a s o n a b l y  c o n s t a n t ,  a t  4 6  t o  4 8  p e r  cent. 
P r o f i l e  m a r k i n g s  h a v e  t h e  p o t e n t i a l  t o  b e  a very 
e f f e c t i v e  a c c i d e n t  r e m e d i a l  m e a s u r e  i f  t h e  savings 
r e p o r t e d  b y  B e r k s h i r e  a r e  r e p e a t e d  i n  NSW. 
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6 .  EVALUATION 

E f f e c t i v e n e s s  e v a l u a t i o n  w a s  c a r r i e d  o u t  t o  c o m p a r e  four 
a l t e r n a t i v e  l i n e m a r k i n g  t r e a t m e n t s  o f  1 0 0  mm e d g e  l i n e  o n  a 
t w o  l a n e  t w o - w a y  r u r a l  r o a d .  T h e  m e t h o d o l o g y  u s e d  h e r e  is 
d i s c u s s e d  i n  d e t a i l  i n  t h e  f o r t h c o m i n g  d e l i n e a t i o n  g u i d e .  It 
r e l i e s  h e a v i l y  o n  s u b j e c t i v e  j u d g e m e n t s  d u e  w i d e  v a r i e t y  of 
v a r i a b l e s  i n v o l v e d .  T h e  v a l u e s  a r e  o n l y  h e l p f u l  i n  relative 
c o m p a r i s i o n  o f  t h e  t r e a t m e n t s .  T h e  a c t u a l  m e r i t  i . e .  the 
a c c i d e n t  r e d u c t i o n  m u s t  b e  c o n s i d e r e d  a s  t h e  f i n a l  p r o o f .  The 
s u m m a r i s e d  v a l u e s  a r e  p r e s e n t e d  i n  T a b l e  1. 

7. CONCLUSIONS 

T r a f f i c  a n d  r o a d  u s e r  s a f e t y  h a s  b e c o m e  a v e r y  i m p o r t a n t  issue 
i n  h i g h w a y  e n g i n e e r i n g .  P r o f i l e  l i n e m a r k i n g  p r o m i s e s  t o  b e  a 
c o s t - e f f e c t i v e  m e a n s  o f  p r o v i d i n g  f o r  t r a f f i c  a n d  r o a d  user 
safety. 

A p a r t  f r o m  i m p r o v e d  v i s i b i l i t y  u n d e r  a d v e r s e  weather 
c o n d i t i o n s ,  o n e  o f  t h e  s i g n i f i c a n t  a d v a n t a g e s  o f  Profile 
l i n e m a r k i n g  r e l a t e s  t o  i t s  a u d i o - t a c t i l e  s t i m u l u s .  Sound 
e m i t t e d  b y  t h e  v e h i c l e  m o v i n g  o v e r  t h e  r a i s e d  r i b s  is 
p e r c e p t i b l e  t o  p e r s o n s  b o t h  i n s i d e  a n d  o u t s i d e  t h e  vehicle. 

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

S t u d i e s  c o n d u c t e d  i n  t h e  UK i n d i c a t e  t h a t  a c c i d e n t s  a t  the 
t r e a t m e n t  s i t e s  w e r e  r e d u c e d  b y  38% f r o m  4 5  i n  t h r e e  y e a r s  to 
2 8  i n  t h r e e  years. 

E n v i r o n m e n t a l  s t u d i e s  a l s o  i n d i c a t e  t h a t  t h e  l e v e l  o f  sound 
g e n e r a t e d  b y  t h e  a u d i o - t a c t i l e  a f f e c t i n g  t h e  l i n e s  i s  n o t  so 
h i g h  a s  t o  d i s t u r b  r e s i d e n t s  l i v i n g  n e a r  t h e  r o a d  marking. 
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TABLE 1 

SITUATION 

1 0 0  MM EDGE 
LINE 

2 L A N E  RURAL 
ROAD 

M E R I T  MEASURES 

MERIT 

RATING 

EQUIVA- 
LENT 

ANNUAL 

COST 

P E R  KM 

MERIT 

COST 

RATIO 

EFFEC- 
TIVE- 
NESS 

RATING 
A S  A 
DELIN. 
TREAT- 
MENT 

APPLI- 
CABIL- 
ITY 

OVER 
VARY- 
ING 
CONDI- 
TIONS 

ADVER- 
SE 
WEATH- 
ER 

EFFEC- 
TIVEN- 
ESS 

INDIR- 
ECT 

BENE- 
FITS 

FREE- 
DOM 

FROM 

MAINT- 
ENANCE 

EASE 

OF 

IMPLE- 
MENT- 
ATION 

CON- 
SIS- 
TEN- 
CY 
WITH 
STA- 
NDA- 
RDS 

TREATMENT 
WEIGHTS 

35 10 15 15 10 10 5 

P A I N T E D  LINE 3 10 3 5 3 10 10 1890 590 3.2 

VIBRALINE 10 8 10 10 8 6 8 3490 461 7.5 

FRENCHLINE 8 6 8 8 10 6 8 2990 461 6.5 

ZAGANITELINE 4 1 4 6 6 7 1 1630 276 5.9 



Light source 

Surface water film 

Sun ace applied bailotini 

Thermoplastic material 

Road surface 

Light direction 

/ 

•-) 
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