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RUBBILIZATION OF CONCRETE PAVEMENTS 

ABSTRACT 

The  F lo r ida  Depa r tmen t  o f  T ranspor t a t ion  (FDOT)  i s  i n  t he  p rocess  o f  

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

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

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

p e r f o r me d  t o  g a t h e r  i n f o r ma t i o n  a b o u t  t h e  p r a c t i c e s  o f  o t h e r  D O T s  w i t h  

r e g a r d  t o  r u b b l i z a t i o n  a n d  t o  d e t e r mi n e  t h e  o v e r a l l  p e r f o r ma n c e  o f  

r u b b l i z e d  s e c t i o n s  i n  v a r i o u s  s t a t e s .  T h e  s u r v e y  i n d i c a t e d  t h a t  mos t  s t a t e s  

h a v e  a  r e l a t i v e l y  s ma l l  n u mb e r  o f  r u b b l i z e d  s e c t i o n s  w i t h  t h e  e x c e p t i ons  o f  

t h r e e  s t a t e s  t h a t  h a v e  o v e r  t e n  s e c t i o n s  e a c h .  T h e  c o n s t r u c t i o n  t e c h n i q u e s ,  

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

However ,  i t  was  c l ea r  t ha t  mos t  s t a t e s  a r e  h igh ly  sa t i s f i ed  wi th  rubb l i za t ion  

a s  a  good  mean  fo r  e l imina t ing  r e f l ec t ed  c racks .  On ly  a  f ew  s t a t e s  i nd ica t ed  

p r o b l e ms  w i t h  r u b b l i z a t i o n  d u e  t o  ma i n l y  w e a k  s u b g r a d e .  
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INTRODUCTION 

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

P o r t l a n d  c e me n t  c o n c r e t e  p a v e me n t s  i s  a n  i mp o r t a n t  t a s k  f a c i n g  p a v e me n t  

e n g i n e e r s .  O v e r  t h e  y e a r s ,  S t a t e  D O T s  a p p l i e d  a s p h a l t i c  o v e r l a y s  t o  

c o n c r e t e  p a v e me n t s  t o  i mp r o v e  r i d e  q u a l i t y .  T h i s  o v e r l a y  t e c h n i q u e  p r o v e d  

t o  b e  e f f e c t i v e  i n i t i a l l y  i n  i mp r o v i n g  r i d e  q u a l i t y .  H o w e v e r ,  r e f l e c t i v e  

c r a c k i ng  de ve l ope d  qu ick ly  i n  t he  a spha l t  l aye r s  wh ich  r e su l t ed  in  r educ ing  

t h e  e f f e c t i v e  s e r v i c e  l i v e s  o f  a s p h a l t  o v e r l ays .  The  so lu t i on  t o  t h i s  p rob l em 

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

a p p l y i n g  t h e  a s p h a l t  o v e r l a y s .  I n  t h e  l a s t  d e c a d e ,  c r a c k i n g  a n d  s e a t i n g  a s  

w e l l  a s  b r e a k i n g  a n d  s e a t i n g  g a i n e d  w i d e  a c c e p t a n c e  a mo n g  s t a t e  D O T s  [ 1 ,  

2 ,  a n d  3 ] .  T h e s e  t e c h n i q u e s  w e r e  d e s i g n e d  t o  i n i t i a t e  c r a c k s  i n  c o n c r e t e  

s l a b s  a t  3 0 5  t o  1 2 1 9  mm ( 1 2  t o  4 8  i n c h e s )  i n t e r v a l s  [ 1 ] .  C r a c k i n g  t h e  s l a b s  

i n  s ma l l  p a n e l s  r e s u l t e d  i n  l e s s  t h e rma l  i n d u c e d  mo v e me n t  w h i c h  r e s u l t e d  

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

S o me  s t a t e s  i n c l u d i n g  F l o r i d a  h a v e  t r i e d  t h e  c r a c k i n g  a n d  s e a t i n g  

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

r e f l e c t e d  c r a c k s .  T h e r e f o r e ,  t h e  F l o r i d a  D e p a r t me n t  o f  T r a n s p o r t a t i o n  

( F D O T )  i s  c u r r e n t l y  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  o f  r u b b l i z i n g  c o n c r e t e  

p a v e me n t s .  T h e r e  a r e  s e v e r a l  c o n c r e t e  p a v e me n t  s e c t i o n s  s c h e d u l e d  f o r  
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r e h a b i l i t a t i o n  o n  I - 1 0  i n  We s t  F l o r i d a .   S e l e c t i n g  t h e  mos t  c o s t  e f f e c t i v e  

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

p r i o r i t y  fo r  F D O T .  

R u b b l i z i n g  c o n c r e t e  p a v e me n t s  i s  a  r e h a b i l i t a t i o n  t e c h n i q u e  u t i l i z e d  

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

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

a g g r e g a t e  b a s e s  f o r  n e w  h o t  mi x  a s p h a l t  p a v e me n t s .  R u b b l i z i n g  c o n c r e t e  

can  be  accompl i shed  by  u t i l i z ing  r e sona n t  pavemen t  b reake r s  wh ich  app ly  a  

2 0 0 0  f o o t - p o u n d  b l o w  a t  a  r a t e  o f  4 4  c yc l e s  p e r  s e c o n d .  S e a t i n g  t h e  b r o k e n  

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

r o l l e r s .  

F D O T  p e r f o r me d  a  n a t i o n w i d e  s u r v e y  o n  r u b b l i z i n g  t o  o b t a i n  t i me l y  

i n f o r ma t i o n  o n  t h e  e x p e r i e n c e  o f  o t h e r  D O T s  w i t h  r e g a r d  t o  r u b b l i z i n g .  

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

F D O T  w i l l  b e  c o n d u c t i n g  f i e l d  s t u d i e s  o n  t h e  f i r s t  r u b b l i z i n g  s e c t i o n  o n  I -

1 0 .  T h e s e  s t u d i e s  w i l l  b e  h e l p f u l  i n  r e f i n i n g  t h e  s p e c i f i c a t i o n ,  d e s i g n ,  a n d  

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

s t a t e  o f  F l o r i d a .  S i n c e  a l l  r e s p o n d i n g  s t a t e s  i n d i c a t e d  i n t e r e s t  i n  l e a r n i n g  

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

i n f o r ma t i o n  w i t h  o t h e r  D O T s  a n d  t h e  p a v i n g  i n d u s t r y .  
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OBJECTIVES OF THE STUDY 

Copies  o f  t he  conc re t e  pavemen t  Rubb l i z ing  su rvey  were  ma i l ed  to  a l l  

5 0  S t a t e  H i g h w a y  A g e n c i e s  ( S H A s )  i n  J a n u a r y ,  1 9 9 8 .  T h e  ma i n  o b j e c t i v e s  

o f  t h e  s u r v e y  w e r e  t o :  

a .  Iden t i fy  s t a t e s  t ha t  have  rubb l i zed  conc re t e  pavemen t s  and  e s t ima t ing  

t h e  n u mb e r  o f  r u b b l i z e d  c o n c r e t e  p a v e me n t s  n a t i o n w i d e .  

b .  E v a l u a t e  t h e  v a r i o u s  s p e c i f i c a t i o n s  u s e d  t o  r u b b l i z e  a n d  c o mpa c t  

c o n c r e t e  p a v e me n t s .  

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

v a r i o u s  s t a t e s  a n d  o b t a i n  t h e  l a y e r  coe f f i c i en t  va lue s  a s s igned  fo r  t he  

r u b b l i z e d  p a v e me n t s .  

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

t h e  r u b b l i z e d  c o n c r e t e  p a v e me n t s .  

e .  O b t a i n  e d g e  d r a i n  r e q u i r e me n t s  b y  d i f f e r e n t  s t a t e s .  

f .  O b t a i n  i n fo r ma t i o n  o n  t h e  f i e l d  p e r f o r ma n c e  o f  r u b b l i z e d  p a v e me n t s  

i n  va r i ous  s t a t e s .  DOTs  w i th  expe r i ence  wi th  c r ack  and  sea t  were  a l so  

a s k e d  t o  c o mpa r e  b e t w e e n  R u b b l i z i n g  a n d  c r a c k i n g  a n d  s e a t i n g .  

RESULTS FROM THE SURVEY 

T h e  p a v e me n t  r u b b l i z a t i o n  s u r v e y  i n c l u d e d  e i g h t e e n  s h o r t  a n s w e r  

q u e s t i o n s  a i me d  a t  s a t i s f y i n g  t h e  o b j e c t i v e s  s t a t e d  a b o v e  a b o v e .  T h i r t y  

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

States with Rubblizing Experience 

O u t  o f  t h e  t h i r t y  e i g h t  r e s p o n s e s  t o  t h e  s u r v e y ,  t w e n t y  o n e  s t a t e s  

i n d i c a t e d  h a v i n g  e x p e r i e n c e  i n  r u b b l i z i n g  p a v e me n t s .  T h e s e  s t a t e s  a r e  

l i s t e d  b a s e d  o n  t h e i r  t w o - l e t t e r  c o d e s  i n  t a b l e  1 .  I n  o r d e r  t o  d e t e r mi n e  t h e  

ex t en t  o f  r ubb l i z i ng  expe r i ence s  o f  va r i o u s  s t a t e s ,  t h e y  w e r e  a s k e d  t o  l i s t  

t h e  n u mb e r  o f  r u b b l i z i n g  s e c t i o n s  i n  t h e i r  s t a t e s .  T a b l e  2  s u mma r i z e s  t h e  

a n s w e r s  t o  t h i s  q u e s t i o n .  I t  i s  c l e a r  f r o m T a b l e  2  t h a t  M i c h i g a n ,  N e w  Y o r k ,  

a n d  P e n n s y l v a n i a  h a v e  t h e  mos t  e x t e n s i v e  e x p e r i e n c e  w i t h  r u b b l i z i n g .  I t  

s h o u l d  b e  me n t i o n e d  h e r e  t h a t  u n l i k e  mos t  o f  t he  o the r  s t a t e s ,  Pennsy lvan ia  

a p p l i e s  c o n c r e t e  p a v e me n t s  o n  t o p  o f  mos t  o f  t h e  r u b b l i z e d  c o n c r e t e .  T a b l e  

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

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

r e h a b i l i t a t i o n  t e c h n i q u e .  

Designing Rubblized Pavements 

A l l  r e s p o n d i n g  s t a t e s  wer e  a sked  to  spec i fy  the  des ign  p rocedure  they  

n o r ma l l y  f o l l o w  f o r  d e s i g n i n g  r u b b l i z e d  p a v e me n t s .  T a b l e  3  s h o w s  t h e  

s u mma r y  f o r  t h i s  q u e s t i o n .  A s  i n d i c a t e d  i n  T a b l e  3 ,  t h e  ma j o r i t y  o f  t h e  

s t a t e s  r e l y  o n  t h e  A A S H T O  d e s i g n  p r o c e d u r e  [ 4 ] .   O n l y  t h r e e  s t a t e s  

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

e x c l u s i v e l y  f o r  r u b b l i z e d  p a v e me n t s  [ 5 ] .  
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T h e  A A S H T O  d e s i g n  g u i d e  r e q u i r e s  t h e  d e t e r mi n a t i o n  o f  a  l a y e r  

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

b e t w e e n  0 . 1  a n d  0 . 3 .  T a b l e  4  s u mma r i z e s  t h e  v a l u e s  u s e d  b y  d i f f e r e n t  

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

r u b b l i z e d  c o n c r e t e .  T h e  0 . 1  i s  l e s s  t h a n  t h e  0 . 1 4  n o r ma l l y  u s e d  b y  s e v e r a l  

a g e n c i e s  f o r  u n t r e a t e d  b a s e  ma t e r i a l s .  O n  t h e  o t h e r  h a n d ,  t h e  0 . 3 0  i s  t h e  

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

S t a t e s  w e r e  a l s o  a s k e d  a b o u t  t h e  me t h o d s  t h e y  f o l l o w  t o  d e t e r mi n e  

t h e s e  l a y e r  c o e f f i c i e n t s .  A s  s h o w n  i n  T a b l e  5 ,  a g g r e g a t e  t y p e ,  s h a p e ,  a n d  

s i z e  w a s  o n e  o f  t h e  mos t  w i d e l y  u s e d  f a c t o r s  i n  d e t e r mi n i n g  t h e  l a y e r  

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

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

ind ica ted  tha t  de f l ec t ion  measurements  a re  normal ly  u t i l i zed  in  es tab l i sh ing  

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

f o l l o w e d  t o  e s t a b l i s h  t h e s e  v a l u e s .  T a b l e s  4  a n d  5  i n d i c a t e  t h a t  mor e  

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

r u b b l i z e d  p a v e me n t s .  

T a b l e  6  s u mma r i z e s  t h e  t h i c k n e s s e s  o f  a s p h a l t  l a y e r s  o n  t o p  o f  t h e  

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

r a n g e  b e t w e e n  7 6  a n d  3 3 0  mm ( 3 ”  a n d  1 3 ” ) .   T h e  v a r i a t i o n s  i n  l a y e r  

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

a s p h a l t  t h i c k n e s s e s .  H o w e v e r ,  s o me o n e  mi g h t  q u e s t i o n  t h e  c o s t  
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e f f e c t i v e n e s s  a n d  a s s u mpt i o n s  ma d e  t o  r e su l t  i n  13”  o f  a spha l t  on  top  o f  t he  

r u b b l i z e d  p a v e me n t .  

Construction Techniques 

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

p a r t i c l e  s i z e s  a f t e r  r u b b l i z a t i o n .  M os t  s t a t e s  i n d i c a t e d  r e q u i r i n g  t h e  

ma j o r i t y  o f  p a r t i c l e s  b e t w e e n  2 5 . 4  a n d  7 6 . 2  mm ( 1 ”  a n d  3 ” ) .  I n  a d d i t i o n ,  

s t a t e s  i n d i c a t i n g  a c c e p t i n g  s o me  p a r t i c l e s  t o  b e  l a r g e r  t h a n  7 6 . 2  mm ( 3 ” )  

u n d e r n e a t h  t h e  s t e e l  r e i n f o r c e me n t  o r  n e a r  t he  edges  o f  conc re t e  whe re  i t  i s  

h a r d  t o  b r e a k  t h e  c o n c r e t e .  T h e  ma x i mum a c c e p t a b l e  p a r t i c l e  s i z e s  a r e  

s u mma r i z e d  i n  T a b l e  7 .  

A f t e r  r u b b l i z i n g  t h e  c o n c r e t e ,  c o mpa c t i o n  i s  i mp o r t a n t  i n  i n s u r i n g  a  

s t a b l e  b a s e  u n d e r n e a t h  t h e  o v e r l a y .  T a b l e  8  s u mma r i z e s  t h e  c o mpa c t i o n  

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

us ing  the  combina t ion  o f  pneumat i c  and  v ib ra to ry  s t ee l  ro l l e r s .  These  s t a tes  

w o u l d  a p p l y  o n e  o r  t w o  p a s s e s  w i t h  t he  v i b r a t o r y  r o l l e r ,  f o l l owed  by  one  o r  

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

t h e  v i b r a t o r y  r o l l e r .  T w o  s t a t e s  i n d i c a t e d  u s i n g  v e r y  h e a v y  ( 3 5 - 5 0  t o n s )  

p n e u ma t i c  r o l l e r s  o n l y  f o r  c o mpa c t i n g  r u b b l i z e d  c o n c r e t e .  O n  t h e  o t h e r  

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

T a b l e  9  s h o w s  h o w  t h e  ma j o r i t y  o f  s t a t e s  a d d e d  e d g e  d r a i n  t o  t h e  

r u b b l i z e d  p a v e me n t  p r i o r  t o  r u b b l i z a t i on .  Some  s t a t e s  i nd i ca t ed  the  need  to  
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a d d  t h e  e d g e  d r a i n  a  f e w  w e e k s  p r i o r  t o  r u b b l i z a t i o n  t o  i n s u r e  t h e  d r y n e s s  

o f  t h e  ma t e r i a l s .  O n l y  t w o  s t a t e s  ad d  t h e  e d g e  d r a i n  a f t e r  f i n i s h i n g  t h e  

r u b b l i z a t i o n .  F i v e  s t a t e s  i n d i c a t e d  t ha t  e d g e  d r a i n  w a s  n o t  i n s t a l l e d  o n  

r u b b l i z e d  p a v e me n t s .  

Performance of Rubblized Pavements 

A s  s h o w n  i n  T a b l e  1 0 ,  mos t  s t a t e s  d i d  n o t  h a v e  a n y  d i s t r e s s e s  o r  

ma j o r  p r ob l e ms  in  rubb l i zed  pavemen t s .  A  f ew s t a t e s  had  some  long i tud ina l  

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

s u b g r a d e  a n d  t w o  mor e  h a d  s e v e r e  r u t t i n g  a l s o  d u e  t o  w e a k  s u b g r a d e  

s u p p o r t .  

T a b l e  1 1  s h o w s  h o w  a l mos t  a l l  s t a t e s  i n d i c a t e d  t h e y  b e l i e v e  t h a t  

r u b b l i z i n g  i s  mor e  e f f e c t i v e  i n  r e d u c i n g  r e f l e c t e d  c r a c k i n g  t h a n  c r a c k i n g  

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

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

r u b b l i z i n g  s e c t i o n s  a r e  r e l a t i v e l y  n e w .  

Whe n  s t a t e s  w e r e  a s k e d  a b o u t  t he  o v e r a l l  p e r f o r ma n c e  o f  r u b b l i z e d  

p a v e me n t s ,  mos t  o f  t h e m i n d i c a t e d  e x c e l l e n t  t o  g o o d  p e r f o r ma n c e .  O n l y  

f o u r  s t a t e s  i n d i c a t e d  mi x e d  s u c c e s s  d u e  t o  e i t h e r  w e a k  s u b g r a d e  o r  u n d e r  

d e s i g n i n g  t h e  a s p h a l t  t h i c k n e s s .  

A t  t h e  e n d  o f  t h e  s u r v e y ,  t h e  r e s p o n d en t s  t o  t he  su rvey  were  g iven  the  

c h a n c e  t o  a d d  a n y  g e n e r a l  c o mme n t s .  S o me  o f  t h o s e  c o mme n t s  a r e  
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s u mma r i z e d  i n  T a b l e  1 3 .  T h e  c o mme n t  t ha t  a p p e a r e d  t h e  mos t  w a s  r e l a t e d  

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

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

s ma l l  s i z e  p i e c e s .  I n  a d d i t i o n ,  p o o r  s u b g r a d e  r e s u l t e d  i n  a n  u n s t a b l e  

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

b r o k e n  p i e c e s  t o  mo v e  r e s u l t i n g  i n  s u r f a c e  f a i l u r e .  

CONCLUSIONS 

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

D O T s  w i t h  r e g a r d  t o  r u b b l i z a t i o n .  A  s u r v e y  w a s  p r e p a r e d  a n d  ma i l e d  t o  a l l  

f i f t y  s t a t e s .  T h i s  p a p e r  s u mma r i z e s  t h e  t h i r t y  n i n e  r e p l i e s  r e c e i v e d  fo r  t h e  

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

1 .  M o s t  D O T s  r e s p o n d i n g  t o  t h e  s u r v e y  r e q u e s t e d  a  c o p y  o f  t h e  

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

r u b b l i z i n g .  

2 .  M a j o r i t y  o f  s t a t e s  w i t h  r u b b l i z i n g  p r o j e c t s  h a v e  o n l y  a  s ma l l  

n u mb e r  o f  p r o j e c t s .  O n l y  t h r e e  s t a t e s  i n d i c a t e d  h a v i n g  mor e  t h a n  

t e n  r u b b l i z i n g  p r o j e c t s .  

3 .  AASHTO i s  t he  mos t  w ide ly  used  des ign  p rocedure  by  s t a t e  DOTs .  

O n l y  t h r e e  s t a t e s  i n d i c a t e d  u s i n g  t h e  N A P A  d e s i g n  p r o c e d u r e  

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

4 .  T h e  l a y e r  c o e f f i c i e n t  o f  t h e  ru b b l i z e d  l a y e r  v a r i e d  b e t w e e n  0 . 1  

a n d  0 . 3 .  T h i s  w i d e  r a n g e  w a s  o n e  o f  t h e  f a c t o r s  b e h i n d  t h e  
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va r i ab i l i t y  o f  a spha l t  t h i cknesses  be tween  76 .2  and  330  mm (3  and  

1 3  i n c h e s ) .  

5 .  M o s t  s t a t e s  i n d i c a t e d  t h e  n e e d  t o  a d d  e d g e  d r a i n  t o  t h e  r u b b l i z e d  

p a v e me n t s  p r i o r  t o  r u b b l i z a t i o n .  

6 .  M o s t  s t a t e s  r e q u i r e  t h e  ma j o r i t y  o f  rubb l i zed  conc re t e  pa r t i c l e s  t o  

b e  2 5 . 4  -  7 6 . 2  mm ( l ” - 3 ” )  i n  s i z e .  T he  ma x i mum p a r t i c l e  s i z e  n e a r  

t he  edges  and  unde rnea th  the  s t ee l  r e in fo rcemen t  cou ld  be  a s  l a rge  

a s  3 8 1  mm ( 1 5 ” ) .  

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

mos t  w ide ly  used  fo r  compac t ing  the  rubb l i zed  conc re t e .  On ly  two  

s t a t e s  i n d i c a t e d  u s i n g  p n e u ma t i c  r o l l e r s  e x c l u s i v e l y  o n  r u b b l i z e d  

c o n c r e t e .  

8 .  A l l  r e s p o n d i n g  s t a t e s  i n d i c a t e d  t h a t  t h e  r u b b l i z e d  p a v e me n t s  a r e  

mor e  e f f e c t i v e  i n  r e d u c i n g  r e f l e c t e d  c r a c k s  t h a n  c r a c k  a n d  s e a t  

p a v e me n t s .  I n  a d d i t i o n ,  mos t  s t a t e s  i n d i c a t e d  t h a t  t h e i r  r u b b l i z e d  

p a v e me n t s  h a v e  g o o d  t o  e x c e l l e n t  p e r f o r ma n c e .  

9 .  S e v e r a l  s t a t e s  w a r n e d  a g a i n s t  r u b b l i z i n g  c o n c r e t e  p a v e me n t s  o n  

t o p  o f  w e a k  s u b g r a d e .  We a k  s u b g r a d e  w i l l  c r e a t e  p r o b l e ms  dur i ng  

r u b b l i z a t i o n  d u e  t o  t h e  l a c k  o f  s u p p o r t .  I n  a d d i t i o n ,  w e a k  

s u b g r a d e s  ma y  r e s u l t  i n  p r e ma t u r e  p a v e me n t  f a i l u r e .  
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I n  s u mma r y ,  a l mos t  a l l  D O T s  r e s p o n d i n g  t o  t h e  s u r v e y  w e r e  s a t i s f i e d  

w i t h  t h e  p e r fo r ma n c e  o f  t h e i r  r u b b l i z e d  p a v e me n t s .  T h e  h i g h  v a r i a b i l i t y  i n  

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

e s t a b l i s h  c l e a r e r  g u i d e l i n e s  f o r  d e t e r mi n i n g  a d e q u a t e  d e s i g n  t h i c k n e s s e s .  
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Table 1.  States with Rubblizing Experiences 

STATES WITH 

RUBBLIZING 

EXPERIENCE 

STATES WITH NO 

RUBBLIZING 

EXPERIENCE 

STATES WITH 

NO 

RESPONSE 

A L ,  A R ,  I L ,  I N ,  K S ,  

L A ,  M A  M D ,  M I ,  M N ,  

M O ,  M S ,  N C ,  N D ,  N V ,  

N Y ,  O H ,  O K ,  P A ,  V A ,  

W I  

A K ,  A Z ,  C A ,  C T ,  F L ,  

I D ,  G A ,  H I ,  M E ,  N E ,  

N J ,  N M ,  R I ,  S D ,  U T ,  

V T ,  W A  

TOTAL: 12 

TOTAL: 21 TOTAL: 17 
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Table 2.  Number of Rubblizing Sections in Various States. 

TOTAL NUMBER OF 

RUBBLIZING JOBS 

STATES # OF STATES 

1  L A ,  M A ,  M D ,  M O ,  N V  5  

2-5  A R ,  M N ,  M S ,  N D ,  N C ,  

O K ,  V A ,  W I  

8 

6-10  A L ,  I L ,  I N ,  K S ,  O H  5  

MORE THAN 10 M I ,  N Y , P A * 3 

* Most rubblized pavements in Pennsylvania have concrete overlays. 
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Table 3.  Pavement Design Procedures for Rubblized Sections As Used 

By Various States. 

DESIGN PROCEDURE STATES # OF STATES 

AASHTO  A L ,  A R ,  I L ,  I N ,  K S ,  

L A ,  M A ,  M D ,  M I ,  M S ,  

N D ,  O H ,  O K ,  P A ,  W I  

15 

NAPA M N ,  M O ,  N V 3 

OTHERS  N C ,  N Y ,  V A  3  



Ksaibati, Miley, and Armaghani 15 

Table 4.  Layer Coefficients Used for the Rubblized Concrete Layer. 

LAYER COEFFICIENT STATES # OF STATES* 

0.1 -  0.15 M I ,  M D ,  M S ,  M O ,  O H , 

V A  

6 

0.16 -  0.20 I N ,  M I ,  M N ,  N D ,  P A 5 

0.21 -  0.25 A L ,  I L ,  K S ,  M A ,  M I ,  

W I  

6 

0.26 -  0.30 A R ,  L A ,  N C ,  N V ,  O K 5 

NO RESPONSE N Y 1 

* Note: Michigan had responses in three categories.  
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Table 5.  Methods Used by Various States to Determine Layer Coefficients.  

METHOD STATES # OF STATES* 

AGGREGATE TYPE, 

SIZE, & SHAPE 

I L ,  M D ,  M I ,  N D ,  V A ,  

W I  

6 

OTHER AGENCIES I N ,  K S ,  L A ,  M A 4 

AGE AND CONDITION M I 1 

PCS LAW A R 1 

AASHTO I L ,  N V ,  O K 3 

ENGINEERING 

JUDGEMENT 

M D  1  

DEFLECTION A L ,  M I ,  M O ,  N C ,  O H , 

P A  

6 

NO REPLY MN, NY 2 

* Note: Several states had more than one answer. 
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Table 6.  Asphalt Overlay Thicknesses On Rubblized Concrete. 

THICKNESS OF ASPHALT 

OVERLAY 

STATES # OF STATES* 

76.2 -  152.4 mm 

(3" -  6”) 

A R ,  L A ,  N D ,  N V ,  M I ,  

N C ,  N Y ,  O K ,  W I ,  I L  

10 

177.8 -  254 mm 

(7” -  10”) 

A L ,  I L ,  I N ,  K S ,  M A ,  

M D ,  M I ,  M N ,  M O ,  M S ,  

N C ,  O H ,  O K ,  V A  

14 

279.4 -  762 mm 

(11” -  13”) 

A L ,  I N ,  M I ,  M O ,  O H ,  

P A  

6 

* Note: Several states had responses in more than one category. 
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Table 7.  Maximum Acceptable Particle Sizes for Rubblized Concrete. 

MAXIMUM PARTICLE 

SIZE 

STATES # OF STATES 

127 -  203.2 mm 

(5” -  8”) 

A L ,  I N ,  M I ,  M A ,  M O ,  

M S ,  N C ,  N D ,  O H ,  O K ,  

V A ,  

11 

228.6 -  381 mm 

(9” -  15”) 

A R ,  I L ,  K S ,  L A ,  M D ,  

M N ,  N V ,  N Y ,  P A ,  W I  

10 
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Table 8.  Compaction Rollers Used on Rubblized Concrete. 

COMPACTION STATES # OF STATES 

VIBRATORY AND 

PNEUMATIC ROLLERS 

A L ,  I L ,  I N ,  K S ,  L A ,  

M I ,  M N ,  M S ,  N C ,  N V ,  

V A ,  W I  

12 

ONLY STEEL VIBRATORY 

ROLLERS 

A R ,  M A ,  M O ,  N D ,  O H ,  

O K  

6 

ONLY HEAVY 
PNEUMATIC 

ROLLERS 

M D ,  P A  2  

NO INFORMATION N Y 1 
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Table 9.  Edge Drain Treatments.  

EDGE DRAIN 
TREATMENT 

STATES # OF STATES 

NONE M A ,  M D ,  N V ,  V A ,  W I 5 

ADD BEFORE 

RUBBLIZATION 

A L ,  A R ,  I L ,  I N ,  L A ,  

M I ,  M N ,  M O ,  M S ,  N C ,  

N D ,  N Y ,  O H ,  P A  

14 

ADD AFTER 

RUBBLIZATION  

K S ,  O K  2  



Ksaibati, Miley, and Armaghani 21 

Table 10.  Main Distresses in Rubblized Sections. 

DISTRESSES IN 

RUBBLIZED PAVEMENTS 

STATES # OF STATES* 

NONE A R ,  I N ,  M A ,  M D ,  M I ,  

M S ,  N V ,  N Y ,  P A ,  V A ,  

W I  

11 

CRACKING  A L ,  M I ,  M N ,  M O  4  

RUTTING   K S ,  N D  2  

FAILURE DUE TO 

SUBGBADE 

O K ,  N C  2  

OTHERS  I L ,  L A ,  O H ,  P A  4  

* Pennsylvania had two answers. 
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Table 11.  Rubblization Verses Cracking and Seating. 

RUBBLIZING VS. 

CRACKING & SEATING 

STATES # OF STATES 

MORE EFFECTIVE THAN 

CRACKING & SEATING 

A L ,  A R ,  I L ,  I N ,  K S ,  

L A ,  M A ,  M D ,  M I ,  M N ,  

M S ,  N C ,  N D ,  N Y ,  P A ,  

V A ,  W I  

17 

LESS EFFECTIVE THAN 

CRACKING & SEATING 

NONE 0 

NO REPLY M O ,  O H ,  O K ,  N V 4 
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Table 12.  Overall  Performance of Rubblized Pavements. 

PERFORMANCE OF 

SECTIONS 

STATES # OF STATES 

EXCELLENT I L ,  I N ,  M A ,  M D ,  M S , 

N C ,  N V ,  N Y ,  P A  

9 

GOOD A L ,  A R ,  K S ,  M O ,  V A , 

W I  

6 

POOR NONE 0 

MIXED SUCCESS M I ,  M N ,  N D ,  O K 4 

NO ANSWER L A , O H 2 
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Table 13.  General Comments from Different States Related to Rubblization. 

OTHER COMMENTS 

Difficult  to determine the size of broken concrete part icles 

Failure due to inadequate thickness 

Poor subgrade caused problems 

Watch for underground uti l i t ies  

If  new lanes added,  use permeable base materials  

Do not  do i t  on poor subgrades 

Do not operate traff ic prior  to applying adequate thickness 

More projects  are scheduled in the near future 



Ksaibati, Miley, and Armaghani 25 

LIST OF REFERENCES 

1. Witczak, M. W. and Rada, G. R.; “Nationwide Evaluation Study of 
Asphalt Concrete Overlays Placed on Fractured Portland Cement 
Concretes Pavements”, Transportation Research Board, Record # 1374, 
1993. 

2. Witczak, M. W. and Rada, G. R.; “Asphalt Concrete Overlay Design 
Methodology for Fractured Portland Cement Concrete Pavements”, 
Transportation Research Board, Record # 1374,1993. 

3. Hall,  K. T.;  Darter,  M. I. ;  and Elliott ,  R. P.;  “Revision of AASHTO 
Pavement Overlay Design Procedures”, Transportation Research Board, 
Record # 1374, 1993. 

4. The American Association of State Highway and Transportation 
Officials (AASHTO); “AASHTO Guide for Design of Pavement 
Structures”, 1993. 

5. The National Asphalt Pavement Association (NAPA); “Guidelines for 
use of HMA Overlays to Rehabilitate PCC Pavements”; Information 
Series 117; 1995. 


