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BACKGROUND 

The development and u s e  of open-graded o r  porous  a s p h a l t  f r i c -  

t i o n  c o u r s e s  i n  t h e  l a s t  15 t o  20 y e a r s  h a s  s e r v e d  t o  g r e a t l y  a l l e v i a t e  

t h e  problem of  v e h i c u l a r  hydrop lan ing  on wet highway and a i r f i e l d  pave- 

ments .  Var ious  methods of improving s k i d  r e s i s t a n c e  and r e d u c i n g  hydro- 

p l a n i n g  on r i g i d  pavements have been examined, r e s u l t i n g  i n  t h e  accep- 

t a n c e  of g roov ing  a s  t h e  most f e a s i b l e  s o l u t i o n  t o  h y d r o p l a n i n g  problems. 

L i t t l e  c o n s i d e r a t i o n  t o  d a t e  h a s  been g iven  t o  t h e  p o s s i b i l i t y  of con- 

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

cements a s  t h e  b i n d e r ,  p robab ly  because  of concerns  w i t h  d u r a b i l i t y .  

The r i s i n g  c o s t s  f o r  petroleum-based p r o d u c t s  w i l l  make p o r t l a n d  cements 

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

i n g  porous  f r i c t i o n  c o u r s e s  u s i n g  p o r t l a n d  cement i s  be ing  examined. 



POROUS CONCRETES 

Porous  p o r t l a n d  cement c o n c r e t e s  can b e  produced by a t  l e a s t  

t h r e e  d i s t i n c t  methods.  C e l l u l a r  c o n c r e t e s  a r e  made by e i t h e r  i n t r o -  

duc ing  a  preformed foam i n t o  t h e  f r e s h  m o r t a r  o r  c a u s i n g  t h e  c r e a t i o n  

of g a s  bubb les  i n  t h e  mor ta r  due t o  a  chemica l  r e a c t i o n .  L igh twe igh t  

a g g r e g a t e  c o n c r e t e  i s  made w i t h  e i t h e r  n a t u r a l  o r  s y n t h e t i c  a g g r e g a t e s ,  

which a r e  o f t e n  ex t remely  porous .  The u s e  of gap-graded a g g r e g a t e s  o r  

t h e  t o t a l  e l i m i n a t i o n  of t h e  f i n e  a g g r e g a t e  f r a c t i o n  i n  t h e  propor-  

t i o n i n g  of c o n c r e t e  (no- f ines  c o n c r e t e )  can  a l s o  r e s u l t  i n  a  porous  

s t r u c t u r e .  

While a l l  of t h e s e  c o n c r e t e s  a r e  by d e f i n i t i o n  porous ,  t h e y  

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

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

r e l a t i v e l y  noncommunicating. Porous  c o n c r e t e s  produced by i n t e n t i o n a l  

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

p e r c e n t a g e s  of  i n t e r c o n n e c t e d  v o i d s .  

Those porous  c o n c r e t e s  w i t h  noncommunicating v o i d s  may a b s o r b  

s m a l l  amounts of m o i s t u r e ,  bu t  they  would n o t  a l l o w  r a p i d  p a s s a g e  of 

w a t e r  th rough  t h e  c o n c r e t e .  For  t h i s  r e a s o n ,  c e l l u l a r  and l i g h t w e i g h t  

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

The remainder  of t h i s  r e p o r t  w i l l  examine t h e  s t a t e  of t h e  a r t  r e l a t i n g  

t o  t h e  p r o d u c t i o n  and u s e  of porous  c o n c r e t e s  t h a t  may be  a p p l i c a b l e  

t o  t h e  c o n s t r u c t i o n  of porous  p o r t l a n d  cement f r i c t i o n  c o u r s e s .  



GAP-GRADED CONCRETES 

Gap-graded c o n c r e t e s  a r e  produced by o m i t t i n g  p a r t i c l e s  of cer-  

t a i n  s i z e s  from t h e  a g g r e g a t e s  when t h e  c o n c r e t e s  a r e  p r o p o r t i o n e d .  

Proponents  of gap g r a d i n g  c l a i m  t h a t  s i g n i f i c a n t  advan tages  r e s u l t  from 

i t s  use  i n c l u d i n g :  more e f f i c i e n t  packing,  which produces  g r e a t e r  com- 

p r e s s i v e  s t r e n g t h s  by t r a n s f e r r i n g  s t r e s s e s  from p a r t i c l e  t o  p a r t i c l e ;  

lower p o s s i b l e  water-cement r a t i o s ;  lower r e q u i r e d  cement c o n t e n t s  due 

t o  l e s s  s p e c i f i c  s u r f a c e ;  and lower c r e e p  and d r y i n g  shr inkage . '  Others  

s u g g e s t  t h a t  ev idence  on t h e  advan tages  of u s i n g  gap g r a d i n g  i s  n o t  

s u b s t a n t i a l  and p o i n t  o u t  t h a t  gap-graded c o n c r e t e s  have a  tendency t o  

s e g r e g a t e  a t  h i g h  slumps.  Thus gap-graded c o n c r e t e s  w i l l  o f t e n  r e q u i r e  

a d d i t i o n a l  i n t e r n a l  v i b r a t i o n  a t  t h e  lower slumps used t o  p r e v e n t  segre -  
2 

g a t i o n .  The most common p r a c t i c e  i n  p r o p o r t i o n i n g  c o n c r e t e s  is t o  

u s e  t h e  b e s t  a v a i l a b l e  combinat ion of a g g r e g a t e s  t o  a c h i e v e  a  workable 

m i x t u r e  w i t h  t h e  d e s i r e d  compress ive  s t r e n g t h s .  Economics o f t e n  d i c t a t e  

d e g r e e s  of gap g r a d i n g  t o  reduce  t h e  number of s t o c k p i l e s  r e q u i r e d .  

Concre tes  made w i t h  gap-graded a g g r e g a t e s  a r e  n o t  n e c e s s a r i l y  

porous.  I n  f a c t ,  t h e  m a j o r i t y  of gap-graded c o n c r e t e s  a r e  p r o p o r t i o n e d  

t o  produce dense  c o n c r e t e s  w i t h  a  minimum of v o i d s .  However, porous 

c o n c r e t e  can b e  produced u s i n g  gap-graded a g g r e g a t e s .  No-fines c o n c r e t e  

i s  an extreme c a s e  of gap g r a d i n g  t h a t  r e s u l t s  i n  a  porous  s t r u c t u r e .  

Other  porous  c o n c r e t e s  made us ing  gap-graded a g g r e g a t e s  a r e  n o t  cor-  

r e c t l y  i d e n t i f i e d  a s  no- f ines  c o n c r e t e s  because  t h e y  c o n t a i n  s m a l l  

amounts of f i n e  a g g r e g a t e .  The advan tages  claimed f o r  gap g r a d i n g  do 

n o t  n e c e s s a r i l y  app ly  t o  porous gap-graded c o n c r e t e s  s i n c e  some of t h e  

advan tages  c i t e d  a r e  based on t h e  p roduc t ion  of dense  c o n c r e t e s .  



NO-FINES CONCRETE 

No-fines c o n c r e t e  made w i t h  h y d r a u l i c  cement ( p o r t l a n d  o r  
3  

b l e n d e d ) ,  c o a r s e  a g g r e g a t e ,  and w a t e r  h a s  been used i n  b u i l d i n g  con- 
4 

s t r u c t i o n  s i n c e  a t  l e a s t  t h e  middle  of t h e  n i n e t e e n t h  c e n t u r y .  European 

c o u n t r i e s  have used n o - f i n e s  c o n c r e t e  i n  d i f f e r e n t  modes: c a s t  i n  p l a c e  

load-bear ing  w a l l s ,  p r e f a b r i c a t e d  p a n e l s ,  s team-cured b l o c k s ,  and l i m i t e d  

pavement a p p l i c a t i o n s .  Exper ience  w i t h  n o - f i n e s  c o n c r e t e  i n  North 
3 

America seems t o  have been l i m i t e d  t o  l a b o r a t o r y  e x p e r i m e n t a t i o n  and 

s m a l l  t e s t  p r o j e c t s  such  a s  t h e  c o n s t r u c t i o n  of a  no- f ines  c o n c r e t e  

b u i l d i n g  i n  1939 a t  Coulee Cen te r  n e a r  Grand Coulee Dam. 
5  

Aggregate  g r a d i n g s  used i n  n o - f i n e s  c o n c r e t e  a r e  t y p i c a l l y  

e i t h e r  s i n g l e - s i z e d  c o a r s e  a g g r e g a t e  o r  g r a d i n g s  between 314 and 318 i n .  

With t h e  f i n e  f r a c t i o n  o m i t t e d ,  no- f ines  c o n c r e t e  p roduces  a  l i g h t w e i g h t  

porous  c o n c r e t e .  Rounded and c rushed  a g g r e g a t e s ,  bo th  normal and l i g h t -  

w e i g h t ,  have been used t o  make no- f ines  c o n c r e t e .  
6 

Mix tu re  p r o p o r t i o n s  a r e  determined on t h e  b a s i s  of t h e  optimum 

water-cement and aggregate-cement  r a t i o s  n e c e s s a r y  t o  a c h i e v e  a  d e s i r e d  

compress ive  s t r e n g t h .  Lean m i x t u r e s  w i t h  water-cement r a t i o s  of 0 .35 

t o  0 .50 a r e  n e c e s s a r y  t o  e n s u r e  t h a t  s u f f i c i e n t  m o r t a r  i s  p r e s e n t  t o  

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

a g g r e g a t e s .  Aggregate  a b s o r p t i o n  can s i g n i f i c a n t l y  i n f l u e n c e  t h e  de- 

s i r e d  w a t e r  c o n t e n t .  Optimum aggregate-cement r a t i o s  v a r y  w i t h  t y p e s  of 

a g g r e g a t e s ,  b u t  h i g h e r  r a t i o s  t end  t o  produce lower  compress ive  
7 

s t r e n g t h s .  Compressive s t r e n g t h s  a r e  much l e s s  t h a n  t h o s e  of  dense  con- 

c r e t e s  w i t h  t h e  maximum r e p o r t e d  s t r e n g t h s  s l i g h t l y  exceeding 2000 p s i .  

A s  i n  c e l l u l a r  c o n c r e t e s ,  compress ive  s t r e n g t h s  a r e  c l o s e l y  r e l a t e d  t o  

u n i t  w e i g h t s .  When p r o p o r t i o n e d  w i t h  normal-weight a g g r e g a t e s ,  no- f ines  

c o n c r e t e  w i l l  b e  approx imate ly  70 p e r c e n t  t h e  we igh t  of  dense  c o n c r e t e .  

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

c a p i l l a r y  a c t i o n  and i n c r e a s e s  t h e  t h e r m a l  i n s u l a t i o n  p r o p e r t i e s .  Rapid 

d r y i n g  due t o  t h e  open s u r f a c e  t e x t u r e  and v o i d  s t r u c t u r e  a l s o  can  re -  

s u l t  i n  t h e  development of s h r i n k a g e  c r a c k s  i f  p r o p e r  c u r i n g  t e c h n i q u e s  

a r e  n o t  f o l l o w e d .  For  t h i s  r e a s o n ,  mois t  c u r i n g  f o r  p e r i o d s  up t o  seven  



d a y s  i s  recommended when u s i n g  normal p o r t l a n d  cements. 

The absence  of t h e  f i n e  a g g r e g a t e  f r a c t i o n  r e s u l t s  i n  a  d i scon-  

t i n u o u s  (noncohesive)  m i x t u r e  t h a t  r e q u i r e s  l i t t l e  compaction and is  

o f t e n  termed se l f -compac t ing .  I n  f a c t ,  e x c e s s i v e  compaction o r  v i b r a -  

t i o n  may r e s u l t  i n  removal of t h e  mor ta r  c o a t i n g  from t h e  a g g r e g a t e .  

Drying s h r i n k a g e  i s  much l e s s  of a  problem w i t h  n o - f i n e s  con- 

c r e t e  when normal-weight a g g r e g a t e s  a r e  used.  Thus t h e  r e s u l t  i s  a  

reduced requ i rement  f o r  c o n t r a c t i o n  j o i n t s  i n  c e r t a i n  t y p e s  of b u i l d -  

i n g  c o n s t r u c t i o n .  
8 

T e s t s  conducted by I2alhotra3 have shown t h a t  t h e  e n t r a i n m e n t  of 

a i r  i n  no- f ines  c o n c r e t e  can r e s u l t  i n  s i g n i f i c a n t  improvements i n  

r e s i s t a n c e  t o  f r e e z i n g  and thawing.  No-fines c o n c r e t e  w i t h  a  wa te r -  

cement r a t i o  of 0 . 4 1  and 3  p e r c e n t  e n t r a i n e d  a i r  was a b l e  t o  w i t h s t a n d  
9 

266 c y c l e s  of f r e e z i n g  and thawing (ASTM Standard  Method C 666-73) a s  

compared w i t h  73 c y c l e s  f o r  a  s i m i l a r  c o n c r e t e  w i t h o u t  e n t r a i n e d  a i r .  

Data on t h e  r e d u c t i o n s  i n  s t r e n g t h  t h a t  cou ld  be caused by a i r  e n t r a i n -  

ment were n o t  a v a i l a b l e .  

Al though v a r i o u s  a u t h o r s  r e f e r  t o  t h e  f a c t  t h a t  n o - f i n e s  con- 

c r e t e  i s  v e r y  permeable and t h a t  w a t e r  w i l l  v e r y  r a p i d l y  p a s s  th rough  

specimens ,  few d a t a  a r e  a v a i l a b l e  on t h e  m i x t u r e  p r o p o r t i o n s  o r  con- 

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



NONPAVEMENT APPLICATIONS OF POROUS CONCRETES 

I n  reviewing t h e  a v a i l a b l e  l i t e r a t u r e  and d i s c u s s i n g  t h e  sub- 

j e c t  of porous  c o n c r e t e s  w i t h  peop le  invo lved  i n  t h e  f i e l d  of c o n c r e t e  

rechnology ,  s e v e r a l  s c a t t e r e d  a p p l i c a t i o n s  of porous  c o n c r e t e s  were d i s -  

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

w a t e r  cou ld  n o t  be  c o n s i d e r e d  widespread.  Exper ience h a s  g e n e r a l l y  

tended t o  make e n g i n e e r s  s t r i v e  t o  produce impermeable c o n c r e t e s ,  espe- 

c i a l l y  when t h e  c o n c r e t e  i s  t o  he  s u b j e c t e d  t o  t h e  a c t i o n s  of w a t e r .  

The f o l l o w i n g  t h r e e  examples d e p i c t  well-documented u s e s  of 

porous c o n c r e t e s .  Other  examples were found,  b u t  documentat ion a s  t o  

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

Concre tes  used t o  produce porous p i p e s  a r e  n o t  d i s c u s s e d  because  

t h e y  a r e  normal ly  s team cured.  

POROUS DRAINTILES DRAINS 

Porous c o n c r e t e s  have been used i n  t h e  p a s t  by t h e  Water and 

Power Resources  S e r v i c e  (WPRS, fo rmer ly  t h e  U .  S. Bureau of Reclamation 

(USBR)) t o  c o n s t r u c t  porous  d r a i n t i l e s  a s  w e l l  a s  d r a i n s  benea th  

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

w a t e r s  from benea th  sewer p i p e s .  These c o n c r e t e s  a r e  produced by us ing  

gap-graded o r  s i n g l e - s i z e d  a g g r e g a t e s ,  between No. 4  t o  318 i n ,  o r  

318  i n .  t o  112 i n . ,  low-water cement r a t i o s ,  and a  minimum cement con- 

t e n t  o n l y  s u f f i c i e n t  t o  b ind  t h e  p a r t i c l e s  t o g e t h e r .  Type V cement is  

recommended where s u l f a t e  a t t a c k  i s  an  expected problem. The USBR 

Concre te  Manual i n d i c a t e s  t h a t  c o n c r e t e s  f o r  porous  c o n c r e t e  d r a i n s  

benea th  sewer p i p e s  shou ld  have compress ive  s t r e n g t h s  i n  e x c e s s  of 

1000 p s i  and s h o u l d  b e  a b l e  t o  p a s s  wa te r  a t  a r a t e  of a t  l e a s t  10 g a l /  

min/sq  f t  when a  4- in .  w a t e r  d e p t h  i s  main ta ined  on a  12- in . - th ick 

s l a b .  
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A s t u d y  conducted by t h e  USBR on no- f ines  c o n c r e t e s  s i m i l a r  t o  

t h o s e  c i t e d  f o r  d r a i n t i l e s  o r  d r a i n a g e  b a s e s  concluded t h a t  porous  

c o n c r e t e s  had low r e s i s t a n c e  t o  f r e e z i n g  and thawing when t e s t e d  by ac- 

c e l e r a t e d  methods u s i n g  s a t u r a t e d  specimens.  The specimens t e s t e d  



f a i l e d  w i t h i n  9-16 c y c l e s  by b reak ing  through t h e  middle .  1t was 

p o i n t e d  o u t  t h a t  because  of t h e  r a p i d  d r a i n a g e  c h a r a c t e r i s t i c s  of porous 

c o n c r e t e s ,  such s a t u r a t e d  c o n d i t i o n s  were n o t  l i k e l y  t o  occur .  Th i s  

s u g g e s t s  t h a t  a c t u a l  r e s i s t a n c e  t o  f r e e z i n g  and thawing cou ld  be g r e a t e r  

t h a n  t h a t  produced i n  t h e  l a b o r a t o r y .  T e s t  specimens w i t h  a  0 .33 water-  

cement r a t i o  and a  5 .5  aggregate-cement r a t i o  ach ieved  a  28-day compres- 

s i v e  s t r e n g t h  of 2610 p s i .  T e s t  r e s u l t s  do n o t  c o n t a i n  any i n d i c a t i o n  

on t h e  u s e  of e n t r a i n e d  a i r .  

Two problems c i t e d  from r e c e n t  work by t h e  WPRS were t h e  f a i l u r e  

due t o  l e a c h i n g  of a  porous  c o n c r e t e  benea th  t h e  s p i l l w a y  on t h e  Fresno 

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

t o  l a b o r a t o r y  r e s u l t s  f o r  a  porous  c o n c r e t e  p l a c e d  benea th  t h e  Welton- 

Mohawk Canal i n  New Mexico. 
12 

POROUS CONCRETE FLOORS I N  GREENHOUSES 

Researchers  a t  Rutgers  U n i v e r s i t y  have used a  porous  c o n c r e t e  

f l o o r  i n  p l a s t i c  g reenhouses  a s  p a r t  of a  s o l a r  h e a t i n g  system. l3  The 

f l o o r  sys tem,  which i s  capped w i t h  3  i n .  of porous c o n c r e t e ,  s e r v e s  a s  a  

s t o r a g e  a r e a  and h e a t  exchanger  f o r  t h e  s o l a r - h e a t e d  greenhouse.  A 

c u b i c  ya rd  of t h e  porous  c o n c r e t e  con ta ined  6  bags (564 l b )  of cement, 

2800 l b  of 318-in. a g g r e g a t e ,  and 20 t o  25 g a l  of w a t e r .  Expected com- 

p r e s s i v e  s t r e n g t h s  were between 500 and 600 p s i .  Data on t h e  perme- 

a b i l i t y  of t h i s  m i x t u r e  were  n o t  a v a i l a b l e .  

POROUS CONCRETE BLANKET-- 
SANTEE COOPER DAM 

Use of a  porous  c o n c r e t e  was r e p o r t e d  i n  a n  i n v e s t i g a t i o n  con- 

duc ted  t o  de te rmine  t h e  r e a s o n s  f o r  d e t e r i o r a t i o n  of a  porous  c o n c r e t e  

b l a n k e t ,  10 i n .  t h i c k ,  p l a c e d  on t h e  upst ream f a c e  of S a n t e e  Cooper 

Dam, South C a r o l i n a .  
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The c o n c r e t e  b l a n k e t  was c o n s t r u c t e d  of rounded 

q u a r t z  a g g r e g a t e  approximately  314-in. nominal maximum s i z e  w i t h  what 

appeared t o  be t y p e  I p o r t l a n d  cement. When i n v e s t i g a t e d  n e a r l y  two 

y e a r s  a f t e r  p lacement ,  t h e  c o n c r e t e  b l a n k e t ,  which extended below t h e  

w a t e r l i n e ,  had been eroded approx imate ly  112 i n .  because of wave a c t i o n  



and water  flow. Cores taken  from above the  high-water mark ind ica t ed  

t h a t  t h e  concre te  was gene ra l ly  sound. Compressive t e s t s  conducted on 

these  co re s  revea led  average  compressive s t r e n g t h s  ranging from 1325 t o  

1560 p s i .  Cores taken from below t h e  high-water mark were o f t e n  found 

t o  show s i g n s  of d e t e r i o r a t i o n  and d i s c o l o r a t i o n .  It was determined 

t h a t  t h e  d e t e r i o r a t i o n  of t h e  porous concre te  was caused by a combina- 

t i o n  of a c i d  a t t a c k  from t h e  s o i l ,  p o s s i b l e  s u l f a t e  a t t a c k ,  wave a c t i o n ,  

and water flow. 



PAVEMENT APPLICATIONS OF POROUS CONCRETES 

I n v e s t i g a t i o n  i n t o  a p p l i c a t i o n s  of porous  p o r t l a n d  cement con- 

c r e t e s  i n  t h e  f i e l d  of pavements r e v e a l e d  a t t e m p t s  t o  use  porous con- 

c r e t e s  i n  t h r e e  a r e a s :  (1)  pavement edge d r a i n s  o r  s h o u l d e r s ,  (2) por- 

ous  pavement l a y e r s ,  and (3) complete ly  porous  pavements. With t h e  

e x c e p t i o n  of porous  c o n c r e t e s  used by t h e  French L a b o r a t o i r e s  d e s  Pon ts  

e t  Chausees a l l  e x p e r i m e n t a t i o n s  o r  commercial a p p l i c a t i o n s  have been 

ex t remely  l i m i t e d .  E f f o r t s  were made i n  t h e  Uni ted Kingdom t o  develop 

s k i d - r e s i s t a n t ,  f r e e l y  d r a i n i n g  no- f ines  c o n c r e t e  pavements, b u t  t h i s  

approach h a s  been dropped i n  f a v o r  of us ing  grooved pavement s u r f a c e s .  

Two d e v e l o p e r s  i n  t h e  Uni ted S t a t e s  a r e  c u r r e n t l y  promoting complete ly  

porous  pavements,  and t h e  C a l i f o r n i a  Department of T r a n s p o r t a t i o n  has  

r e c e n t l y  i n s t a l l e d  a n  edge d r a i n  s e c t i o n  of porous c o n c r e t e  on an i n t e r -  

s t a t e  highway. By f a r  t h e  most exper imenta t ion  a p p e a r s  t o  have been 

done by French e n g i n e e r s ,  who a r e  r o u t i n e l y  us ing  porous  c o n c r e t e  i n  

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

NO-F INES PAVEMENT 

Engineers  i n  t h e  Uni ted Kingdom have exper imented w i t h  t h e  

m o n o l i t h i c  c a s t i n g  of a  no- f ines  s u r f a c e  pavement l a y e r  over  a  conven- 

t i o n a l  r i g i d  pavement t o  t a k e  advan tage  of t h e  d r a i n a g e  p r o p e r t i e s  of 

no-f i n e s  c o n c r e t e .  l5 The 600-f t - long t e s t  road s e c t i o n  c o n s t r u c t e d  i n  

Not t inghamshi re  c o n s i s t e d  of a  2- in . - th ick s u r f a c e  l a y e r  c a s t  on top  of 

8  i n .  of w i r e  mesh r e i n f o r c e d  dense  c o n c r e t e .  The no- f ines  c o n c r e t e ,  

which had a n  e x p e c t e d  d e n s i t y  of 90 l b / c u  f t ,  was made u s i n g  s i n g l e -  

s i z e d ,  318-in. c rushed  g r a n i t e ,  a n  aggregate-cement r a t i o  of 4:1, and 

a  m o i s t u r e  c o n t e n t  of 6  t o  7 p e r c e n t .  A n t i c i p a t e d  compress ive  s t r e n g t h s  

a t  28 days  were  2000 p s i .  

Placement of t h e  n o - f i n e s  l a y e r  occur red  w i t h i n  30 min a f t e r  

t h e  m a t e r i a l s  were mixed, and compaction of t h e  b a s e  s l a b  was completed.  

A l a y e r ,  2-112-in. t h i c k ,  was p laced  and l e v e l e d  by hand t o  r e s u l t  i n  a  

compacted l a y e r  of 2  i n .  Compaction was accomplished w i t h  s i x  p a s s e s  of 

a  12-in.-diam p i p e  (30 l b / f t  minimum) a l t h o u g h  mechanical  r o l l i n g  was 



c o n s i d e r e d  f e a s i b l e  f o r  l a r g e r  p r o j e c t s .  P o l y e t h y l e n e  s h e e t s  were used 

t o  cover  t h e  s u r f a c e  f o r  seven  days .  

T r a n s v e r s e  doweled c o n t r a c t i o n  j o i n t s  were p l a c e d  a t  33-f t  

i n t e r v a l s .  Grooves,  1-in.  wide and 3-112-in. deep,  were formed i n  t h e  

composi te  pavement and p a r t i a l l y  f i l l e d  w i t h  a  b i tuminous  s e a l i n g  com- 

pound. The completed j o i n t  e x t e n d s  th rough  t h e  no- f ines  s u r f a c e  l a y e r  

i n t o  t h e  b a s e  s l a b  approx imate ly  1-112 i n .  

E a r l y  r e p o r t s  i n d i c a t e d  t h a t  t h e  t e s t  s e c t i o n  was pe r fo rming  

w e l l ;  however, t h e  p r o j e c t  was n o t  c o n s i d e r e d  a  long-term s u c c e s s .  
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Because t h e  pavement had been c o n s t r u c t e d  i n  a  r u r a l  a r e a ,  farm ma- 

c h i n e r y  e n t e r i n g  from f i e l d  a c c e s s  r o a d s  caused t h e  p o r e s  of t h e  no- 

f i n e s  c o n c r e t e  t o  f i l l  up w i t h  s o i l .  These a r e a s  tended t o  pond w a t e r ,  

and s u r f a c e  d e t e r i o r a t i o n  was no ted .  Damage may have been due t o  

f r e e z i n g  and thawing a c t i o n ,  h y d r a u l i c  pumping, o r  a  combinat ion of t h e  

two f a c t o r s .  F u r t h e r  r e s e a r c h  i n t o  t h e  u s e  of no- f ines  c o n c r e t e  r o a d s  

i n  t h e  Uni ted  Kingdom h a s  been abandoned. Other  a p p l i c a t i o n s  f o r  roof  

pavements ( p a r k i n g  g a r a g e s )  and t e n n i s  c o u r t s  have e v i d e n t l y  c o n t i n u e d .  
17 

POROUS PAVEMENTS 

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

development of i n c r e a s e d  runof f  f lows  from new pavements c o n s t r u c t e d  i n  

t h e  S a r a s o t a ,  F l o r i d a ,  a r e a ,  two d e v e l o p e r s  a r e  exper iment ing  w i t h  and 

promot ing t h e  c o n s t r u c t i o n  of porous  p o r t l a n d  cement c o n c r e t e  pavements. 

These pavements would a l l o w  d r a i n a g e  of w a t e r  v e r t i c a l l y  through t h e  

pavement. S i m i l a r  pavements u s i n g  a s p h a l t  cement have been developed 

and have r e c e i v e d  l i m i t e d  a p p l i c a t i o n  f o r  p a r k i n g  l o t s  and s e r v i c e  

r o a d s .  l8 None of t h e  porous  a s p h a l t  pavements were c o n s t r u c t e d  t o  

w i t h s t a n d  heavy high-speed wheel l o a d s .  

The f i r s t  of t h e s e  porous c o n c r e t e s  i s  p a t e n t e d  a s  a  "porous 

pavement." l9  The pavement s t r u c t u r e  c o n s i s t s  of a  porous  c o n c r e t e  

l a y e r  c o n s t r u c t e d  o v e r  s u c c e s s i v e  l a y e r s  of compacted a g g r e g a t e  and por-  

o u s  f i l l .  The porous  c o n c r e t e  i s  p r o p o r t i o n e d  w i t h  p o r t l a n d  cement,  

medium-sized c rushed  a g g r e g a t e ,  and a  l i q u i d  a d h e s i v e  m i x t u r e .  Aggregate-  

cement r a t i o s  of 3 : l  a r e  used.  Gradings  of t h e  a g g r e g a t e  a r e  u s u a l l y  



between 114 and 112 i n .  Other  m i x t u r e s  w i t h  l a r g e r  a g g r e g a t e s  would 

i n c o r p o r a t e  s m a l l  amounts of sand.  Admixtures used i n c l u d e  an a i r -  

e n t r a i n i n g  a g e n t  and a  " s i n g l e  component water-base epoxy v i n y l  a c r y l i c  

emuls ion."  Other  polymer admix tures  may be used t o  a c h i e v e  s p e c i f i c  

s t r e n g t h  requ i rements .  The m i x t u r e s  a r e  p r o p o r t i o n e d  f o r  low slumps 

between 0 and 1-112 i n .  Type I p o r t l a n d  cement i s  used.  Labora to ry  

t e s t i n g  i s  n e c e s s a r y  t o  de te rmine  t h e  s p e c i f i c  component volumes r e -  

q u i r e d  t o  a c h i e v e  t h e  d e s i r e d  p o r o s i t y .  Accord ing ly ,  u n i t  we igh t s  v a r y  

w i t h  p o r o s i t y ,  

The o n l y  t e s t  d a t a  a v a i l a b l e  on t h e  s t r e n g t h  and d u r a b i l i t y  of 

t h e s e  porous  c o n c r e t e s  a r e  con ta ined  i n  t e s t  r e p o r t s  p r e s e n t e d  i n  

l i t e r a t u r e  p u b l i s h e d  by Porous Concre te ,  I n c o r p o r a t e d .  20-22 These r e -  

p o r t s  i n d i c a t e  t h a t  28-day compress ive  and f l e x u r a l  s t r e n g t h s  of 4000 

and 650 p s i ,  r e s p e c t i v e l y ,  may be ach ieved .  Other  r e p o r t e d  t e s t  r e s u l t s  

i n d i c a t e  improvements i n  r e s i s t a n c e  t o  f r e e z i n g  and thawing, a b r a s i o n ,  

and s c a l i n g .  A c t u a l  numer ica l  t e s t  d a t a  a r e  n o t  a v a i l a b l e ,  however, 

s i n c e  t h e  r e p o r t s  on ly  quo te  p r e c e n t a g e  improvements based on ASTM 

s t a n d a r d  tests when compared w i t h  s i m i l a r  c o n c r e t e  m i x t u r e s  w i t h o u t  ad- 

m i x t u r e s .  T e s t s  f o r  s k i d  r e s i s t a n c e  a r e  n o t  known t o  have been conducted.  

The polymer admix ture  r e f e r r e d  t o  i n  t h e  p a t e n t  ( s i n g l e  compo- 

n e n t  water-base  epoxy v i n y l  a c r y l i c  emuls ion)  a p p e a r s  t o  b e  a p r o p r i e -  

t a r y  m o d i f i c a t i o n  of a  v i n y l  a c r y l i c  polym2r. Polymer p o r t l a n d  cement 

c o n c r e t e  made w i t h  such  l a t e x  emuls ions  can e x h i b i t  i n c r e a s e d  d u r a b i l i t y  

and a d h e s i o n .  
2  3 

As a n  emuls ion,  t h e  admix ture  p robab ly  has  a  p o s i t i v e  

e f f e c t  on r e s i s t a n c e  t o  f r e e z i n g  and thawing due t o  t h e  a i r  t h a t  would 

b e  e n t r a i n e d  by t h e  e m u l s i f i e r .  These emuls ions  a r e  commonly used i n  

combinat ion w i t h  defoaming a g e n t s  t o  prevenE an  u n i n t e n t i o n a l  e n t r a i n -  

ment of a i r .  C o n t r o l l e d  mixing may be  n e c e s s a r y  t o  p r e v e n t  e x c e s s i v e  

e n t r a i n m e n t  of a i r  i f  defoaming a g e n t s  a r e  n o t  used.  It shou ld  be  

p o i n t e d  o u t  t h a t  some l a t e x e s  a r e  pH s e n s i t i v e  and could  hydro lyze  

because  o f  t h e  a l k a l i n e  environment of p o r t l a n d  cement, r e s u l t i n g  i n  a  

s t r e n g t h  l o s s  w i t h  t ime.  Compression t e s t s  on s a t u r a t e d  specimens a r e  

recommended t o  de te rmine  whether t h i s  i s  t r u e  f o r  a  p a r t i c u l a r  polymer. 24 

A c t u a l  c o n s t r u c t i o n  of porous pavements u s i n g  t h i s  p a t e n t  has  



been l i m i t e d  t o  test s t r i p s  and c o n s t r u c t i o n  of a  church p a r k i n g  l o t  

i n  S a r a s o t a ,  F l o r i d a .  A t  l e a s t  one of t h e  t e s t  s t r i p s  was p l a c e d  u s i n g  

commercia l ly  a v a i l a b l e  paving equipment. M a t e r i a l s  f o r  t h e  t e s t  s t r i p  

were  mixed on s i t e ,  s p r e a d  by a paving machine,  and r o l l e d  w i t h  a  s t e e l  

wheel r o l l e r .  The church park ing  l o t ,  which has  been t h e  o n l y  commer- 

c i a l  a p p l i c a t i o n  t o  d a t e ,  was p l a c e d  and r o l l e d  by hand p r i m a r i l y  because  

t h e  p a r k i n g  s t a l l s  were t o  b e  d e l i n e a t e d  by i n s e r t i n g  p r e s s u r e - t r e a t e d  

lumber i n  t h e  pavement. Approximately 40 cu yd of c o n c r e t e  were p l a c e d  

i n  a  4 - in . - th ick  u n r e i n f o r c e d  l a y e r  over  a n  e x i s t i n g  c rushed  s h e l l  base .  

The m i x t u r e  c o n t a i n e d  a  c rushed  l i m e s t o n e ,  graded from 3 /8  i n .  by No. 1 6 ,  

and u n s p e c i f i e d  amounts of cement, w a t e r ,  and admix tures .  

A v i s i t  t o  t h e  church p a r k i n g  l o t  approx imate ly  one y e a r  a f t e r  

comple t ion  ( F i g u r e  1) found t h e  l o t  i n  e x c e l l e n t  c o n d i t i o n .  No r a v e l i n g  

o r  d e t e r i o r a t i o n  was e v i d e n t .  However, i t  had n o t  been s u b j e c t e d  t o  

high-speed,  heavy v e h i c l e  l o a d s  o r  a  s i g n i f i c a n t  number of c y c l e s  of 

f r e e z i n g  and thawing. D e s p i t e  heavy r a i n s  t h e  day p r e v i o u s  t o  inspec-  

t i o n ,  l a r g e  q u a n t i t i e s  of l e a v e s  from a n  overhanging t r e e  s t i l l  l i t t e r e d  

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

would have washed o f f  t h e  l o t .  The r a i n  e v i d e n t l y  passed  d i r e c t l y  

F i g u r e  1. One-year c o n d i t i o n  of a  porous  
c o n c r e t e  p a r k i n g  l o t  



t h r o u g h  t h e  pavement and was d i s s i p a t e d  by t h e  crushed s h e l l  base .  A 

g a r d e n  hose  was d i s c h a r g e d  o n t o  t h e  pavement t o  conf i rm i t s  p e r m e a b i l i t y .  

I n i t i a l l y ,  t h e  wa te r  had a  tendency t o  f low on t o p  of t h e  pavement (Fig- 

u r e  2 ) ,  b u t  a f t e r  w e t t i n g  a n  a r e a  i t  began t o  d r a i n  r a p i d l y  ( F i g u r e  3 ) .  

To e n s u r e  t h e  pavement p e r  s e  was permeable ,  c a r e  was t a k e n  n o t  t o  p l a c e  

t h e  h o s e  n e a r  a  pavement j o i n t .  The s u r f a c e  t e x t u r e  was f a i r l y  smooth 

( F i g u r e  4) b u t  open. Smoother t e x t u r e s  may be o b t a i n e d  by o v e r l a y i n g  

t h e  s u r f a c e  w i t h  a f i n e r  a g g r e g a t e  m i x t u r e  ( a s  shown by t h e  b lock  i n  

F i g u r e  5 ) .  

F u r t h e r  commercial a p p l i c a t i o n s  of porous  pavements a r e  planned 

f o r  s u b d i v i s i o n s  t o  be  c o n s t r u c t e d  i n  New J e r s e y  and Pennsy lvan ia  d u r i n g  

1980. These p r o j e c t s  may p r o v i d e  t h e  c o s t  d a t a  t h a t  a r e  now l a c k i n g  

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

b r o c h u r e s  a r e  based on p r o j e c t i o n s  r a t h e r  t h a n  a c t u a l  e x p e r i e n c e .  

From d i s c u s s i o n s  w i t h  t h e  i n v e n t o r ,  i t  was l e a r n e d 2 5  t h a t  

(1) a i r  c u r i n g  was adopted t o  p r e v e n t  s u r f a c e  r a v e l i n g  which had o c c u r r e d  

on an e a r l y  t e s t  s t r i p ;  ( 2 )  when t h e  porous c o n c r e t e  was m o i s t  cured ,  t h e  

polymer admix tures  s e t t l e d  c a u s i n g  a  weakening of t h e  top  s u r f a c e  of t h e  

pavement; (3 )  n e i t h e r  c o n t r a c t i o n  j o i n t s  n o r  re in forcement  have been used 

i n  t h e  work t o  d a t e ;  (4) a  p o s s i b l e  s o l u t i o n  t o  c o r r o s i o n  of r e i n f o r c e -  

ment i n  a  porous  m a t e r i a l  i s  t h e  u s e  of c o a t e d  r e i n f o r c i n g ;  (5) p a t c h i n g  

methods o t h e r  t h a n  o v e r l a y  t e c h n i q u e s  have n o t  y e t  been developed;  and 

(6 )  t h e  o v e r l a y  method could  be used t o  c o n s t r u c t  a  porous  f r i c t i o n  

c o u r s e  a l t h o u g h  t h e  i n v e n t o r  f a v o r s  a  porous  pavement. 

The o t h e r  porous c o n c r e t e  be ing  promoted i n  F l o r i d a  i s  termed 

"perv ious  concre te"  and i s  made w i t h  s i n g l e - s i z e d  a g g r e g a t e ,  normal 

p o r t l a n d  cement,  and wate r  (no admix tures  a r e  u s e d ) .  The p r o d u c t i o n  of 

t h i s  c o n c r e t e  d i f f e r s  i n  a  number of ways. Mixing of t h e  c o n c r e t e  i s  

accomplished i n  two s t a g e s .  F i r s t ,  t h e  g r o u t  i s  mixed i n  a  high-speed 

m i x e r ,  and t h e n  t h e  g r o u t  and a g g r e g a t e  a r e  combined i n  a c o n v e n t i o n a l  

mixer .  The c o n c r e t e  i s  p l a c e d  u s i n g  a  paving machine developed t o  

p l a c e  and compact t h e  zero-slump c o n c r e t e ,  and t h e  c o n c r e t e  i s  m o i s t  

cured  by cover ing  w i t h  p o l y e t h y l e n e  s h e e t s .  

T e s t  d a t a  on t h e  p r o p e r t i e s  of t h i s  no- f ines  c o n c r e t e  a r e  n o t  



F i g u r e  2 .  I n i t i a l  s u r f a c e  ponding of w a t e r  
a f t e r  r a p i d  f l o o d i n g  

F i g u r e  3 .  Drained s u r f a c e  o f  pa rk ing  l o t  
s h o r t l y  a f t e r  f l o o d i n g  
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F i g u r e  4 .  Reasonably smooth, open t e x t u r e  
on p a r k i n g  l o t  

F i g u r e  5. Smoother s u r f a c e  t e x t u r e s  r e s u l t i n g  from 
o v e r l a y s  oE f i n e r  a g g r e g a t e  m i x t u r e s  ( a s  shown by bloc  



a v a i l a b l e  o t h e r  t h a n  a c la imed d r a i n a g e  c a p a c i t y  i n  e x c e s s  of 10 i n .  of 

r a i n f a l l  p e r  minute .  Although t h e  deve lopers  have produced d i f f e r e n t  

m i x t u r e s  t o  a l t e r  p o r o s i t y  and s u r f a c e  t e x t u r e ,  s t a n d a r d  ASTM tests have 

n o t  been conducted.  The mixing of t h e  g r o u t  i n  a high-speed mixer i s  

r e p o r t e d  t o  g i v e  improved c o n c r e t e  s t r e n g t h s .  Repor t s  on programs t o  

de te rmine  i f  high-speed s l u r r y  mixing does improve c o n c r e t e  s t r e n g t h  
2 6 

p r o p e r t i e s  have g i v e n  c o n f l i c t i n g  r e s u l t s .  The most r e c e n t  r e s u l t s  

s u g g e s t  t h a t  high-speed s l u r r y  mixing may n o t  be  r e s p o n s i b l e  f o r  i n -  

c r e a s i n g  c o n c r e t e  s t r e n g t h s .  
2 7 

One t e s t  s t r i p ,  3-112 i n .  t h i c k ,  h a s  been c o n s t r u c t e d  u s i n g  

t h e  s m a l l - s c a l e  equipment developed t o  v a l i d a t e  t h e  concept  of p l a c i n g  

t h e  low-slump c o n c r e t e .  The m i x t u r e  used 3/ 8-in.  crushed g n e i s s i c  

g r a n i t e  a g g r e g a t e ,  a 0.43 water-cement r a t i o ,  and 2800 l b  of a g g r e g a t e .  

T h i s  s t r i p  was approx imate ly  s i x  months o l d  when observed and was i n  

e x c e l l e n t  c o n d i t i o n .  However, because  of i t s  l o c a t i o n  and s i z e ,  t h e  

s t r i p  had r e c e i v e d  l i t t l e  t r a f f i c  o t h e r  than  v e h i c l e s  used t o  test i t s  

s k i d  r e s i s t a n c e  ( F i g u r e s  6 and 7 ) .  A s t r e a m  of w a t e r  d i r e c t e d  from a 

hose  o n t o  a s e c t i o n  t aken  from t h e  pavement demonstra ted t h e  r e l a t i v e  

p e r m e a b i l i t y  of t h e  c o n c r e t e  ( F i g u r e  8 ) .  

The paving machine ( F i g u r e s  9 and 10) h a s  a t r i a n g u l a r  c r o s s -  

s e c t i o n  hopper ( F i g u r e  11) t h a t  i s  r a i s e d  and dropped t o  e x t r u d e  con- 

c r e t e .  Tamping a c t i o n  i s  a p p l i e d  by t h e  bottom of t h e  hopper and a 

s e r i e s  of pneumatic tampers a r r a n g e d  a c r o s s  t h e  r e a r  of t h e  paver  

( F i g u r e  1 0 ) .  A s  p r e s e n t l y  c o n f i g u r e d ,  t h e  tamping f e e t  produce s l i g h t  

r i d g e s  a t  t h e i r  i n t e r f a c e .  The paver  t r a v e l s  a t  abou t  4 f t / m i n .  

According t o  t h e  i n v e n t o r ,  t h e  s p e c i a l  equipment was developed because  

o f  t h e  d i f f i c u l t y  exper ienced  i n  u s i n g  c o n v e n t i o n a l  paving equipment 

t o  p l a c e  v e r y  low-slump c o n c r e t e .  

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

a r e a s  were  addressed .28  A i r  en t ra inment  i s  thought  t o  be  unnecessa ry  

s i n c e  t h e  c o n c r e t e  d r a i n s  s o  r a p i d l y .  Over lays  t o  produce porous  f r i c -  

t i o n  c o u r s e s  may be p o s s i b l e ,  b u t  he f a v o r s  porous  pavements. R e p a i r s  

would be accomplished by o v e r l a y s .  Reinforcement and c o n t r a c t i o n  j o i n t s  

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



Figu re  6. Ove ra l l  v iew of  s k i d  r e s i s t a n c e  t e s t  
s t r i p  of perv ious  c o n c r e t e  

F igu re  7 .  Close-up of s k i d  r e s i s t a n c e  t e s t  s t r i p  
of pe rv ious  conc re t e  showing s u r f a c e  t e x t u r e  



Figu re  8. Demonstrated pe rmeab i l i t y  of  
pe rv ious  conc re t e  

F igu re  9. Paving machine used t o  p l a c e  
pe rv ious  conc re t e  



F i g u r e  10. Rear view of  paving machine 
showing pneumat ic  tampers  

F i g u r e  11. T r i a n g u l a r  c r o s s - s e c t i o n  hopper used t o  
e x t r u d e  c o n c r e t e  from paving machine 



a v a i l a b l e  a r e  thought  t o  be reduced because  f i n i s h i n g  i s  unnecessa ry .  

S e v e r a l  p a t e n t s  on t h e  equipment t o  mix and p l a c e  p e r v i o u s  c o n c r e t e  a r e  

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

PAVEMENT EDGE DRAINS 
OR POROUS HARD SHOULDERS 

The most e x t e n s i v e  e x p e r i m e n t a t i o n  w i t h  t h e  use  of porous  p o r t -  

l a n d  cement c o n c r e t e s  h a s  been done i n  France a t  t h e  L a b o r a t o i r e s  d e s  

P o n t s  e t  Chausees. E f f o r t s  t o  reduce  pumping benea th  c o n c r e t e  pave- 

ments  have l e d  t o  t h e  r a t h e r  r o u t i n e  u s e  of porous  l e a n  c o n c r e t e  l a y e r s  

i n  t h e  s h o u l d e r s  of highways a d j a c e n t  t o  c o n c r e t e  pavements a s  a  means 

of r a p i d l y  d r a i n i n g  w a t e r  from t h e  pavement s t r u c t u r e .  The s h o u l d e r s  

c o n s t r u c t e d  of porous  c o n c r e t e s  a r e  n o t  i n t e n d e d  a s  wear ing c o u r s e s  b u t  

a r e  s u r f a c e d  o f t e n  w i t h  a  b i tuminous mix. 

Although v a r i o u s  m i x t u r e s  have been t r i e d ,  a  t y p i c a l  m i x t u r e  

would seem t o  make u s e  of c o a r s e  crushed a g g r e g a t e  between 0.2-0.8 i n .  

(5  and 20 mrn), s m a l l  amounts of sand weighing between 169 and 508 l b /  
3  

cu yd (100 and 300 kg/m ) ,  and a  cement c o n t e n t  of approximately  
3  270 l b / c u  yd (160 kg/m ) . Water-cement r a t i o s  have been found t o  va ry  

between 0 .36 and 0 .55.  29 A i r - e n t r a i n i n g  admix tures  a r e  used t o  i n c r e a s e  

t h e  r e s i s t a n c e  t o  f r e e z i n g  and thawing of t h e  mor ta r  b i n d e r .  Most 

m i x t u r e s  were  found t o  u s e  e i t h e r  p o r t l a n d  b l a s t  f u r n a c e  s l a g  cement 

o r  p o z z o l a n i c  b l a s t  f u r n a c e  s l a g  cement. Cement c h o i c e s  a r e  made 

based  on t h e  d e s i r e d  r e s i s t a n c e  t o  w a t e r  and a n  a p p r o p r i a t e  r a t e  of 

s t r e n g t h  g a i n .  
30 

Compressive s t r e n g t h s  ach ieved  by t h e  d i f f e r i n g  m i x t u r e  pro- 

p o r t i o n s  a r e  o f t e n  l e s s  t h a n  2000 p s i  a t  28 days .  P o r o s i t i e s  between 
3 15 and 25 p e r c e n t  have r e s u l t e d  i n  p e r m e a b i l i t i e s  of 6 .84 t o  9.5 f t  / 

2 
s / f t 2  (18 t o  25 L / s / m  ) . These p o r o s i t i e s  have been found t o  n e a r l y  

e l i m i n a t e  r i s k  due t o  f r e e z i n g ,  u n l e s s  t h e  c o n c r e t e  is  a l lowed t o  become 

s a t u r a t e d .  It has  been s u g g e s t e d  t h a t  t h e  f a t i g u e  c h a r a c t e r i s t i c s  of 

porous  c o n c r e t e s  a r e  s i m i l a r  t o  t h o s e  of t r e a t e d  g r a v e l s .  30 
Design 

compress ive  s t r e n g t h s  t a k e  i n t o  account  reduced f a t i g u e  s t r e n g t h  due t o  

p o r o s i t y  and p o s s i b l e  chemical  a t t a c k .  



S a t i s f a c t o r y  c o n c r e t e  placement has  been accomplished u s i n g  b o t h  

s i d e  s p r e a d e r s  and s l i p - f o r m  machines.  S i d e  dumping from t r u c k s  o r  

t r a n s i t  mixers  r e s u l t s  i n  uneven s p r e a d i n g  and compaction problems. 

S e l e c t i o n  of compaction equipment i s  dependent on t h e  l a y e r  d e p t h  and 

l e a n n e s s  of t h e  mix ture .  Care must be t aken  t o  e n s u r e  t h a t  t h e  equipment 

s e l e c t e d  can a c h i e v e  p r o p e r  d e n s i t i e s  a t  dep ths .  A c l o s e d  s u r f a c e  tex-  

t u r e  i s  d e s i r e d .  Curing i s  accomplished by c o a t i n g  t h e  s u r f a c e  w i t h  

emuls ions  w i t h i n  15 t o  30 min a f t e r  placement.  F a i l u r e  t o  p r o p e r l y  

c u r e  t h e  porous  c o n c r e t e  can r e s u l t  i n  r a p i d  d r y i n g .  
3  1 

E x t e n s i v e  q u a l i t y  c o n t r o l s  a r e  sugges ted  f o r  t h i s  t y p e  of con- 

s t r u c t i o n ,  s u c h  a s  l a b o r a t o r y  t e s t i n g  f o r  minimum compress ive  s t r e n g t h s  

and p o r o s i t i e s ,  and f i e l d  check of m a t e r i a l s ,  p r o p o r t i o n i n g ,  equipment,  

and methods of c o n s t r u c t i o n .  Acceptance t e s t s  t o  measure t h e  d r a i n a g e  

e f f e c t i v e n e s s  a r e  a l s o  conducted.  

PAVEMENT EDGE DRAINS (UNITED STATES) 

C o n s t r u c t i o n  of a  porous ,  l e a n  c o n c r e t e  edge d r a i n  s i m i l a r  t o  

t h e  French  d e s i g n s  has  r e c e n t l y  been completed by t h e  C a l i f o r n i a  Depart-  

ment of ~ r a n s ~ o r t a t i o n . ~ ~  The permeable c o n c r e t e  was i n s t a l l e d  on a  

s e c t i o n  of I n t e r s t a t e  5 n e a r  Sacramento,  and e n g i n e e r s  r e p o r t  t h a t  t h e  

c o n c r e t e  i s  performing w e l l  t o  d a t e .  F i g u r e  12 d e p i c t s  a  c r o s s -  

s e c t i o n a l  view. 

P r i o r  t o  i n s t a l l a t i o n ,  l a b o r a t o r y  m i x t u r e s  were t e s t e d  u s i n g  

b o t h  a  c rushed  (314 i n .  t o  No. 4) and a  rounded ( 1  i n .  t o  No. 4) aggre- 

g a t e  w i t h  water-cement r a t i o s  and aggregate-cement r a t i o s  between 0 .35 

and 0 .41  and 6 : l  and 8 :1 ,  r e s p e c t i v e l y .  Compressive s t r e n g t h  and perme- 

a b i l i t y  tests were conducted t o  s e l e c t  optimum m i x t u r e  p r o p o r t i o n s .  

Admixtures were  n o t  used i n  l a b o r a t o r y  m i x t u r e s .  Labora to ry  r e s u l t s  

showed 28-day compress ive  s t r e n g t h s  and v e r t i c a l  p e r m e a b i l i t i e s  a s  h i g h  

a s  2400 p s i  and 15.8  g a l l m i n  ( t a p e d  12-in. c y l i n d e r s ) ,  a l t h o u g h  n o t  i n  

t h e  same m i x t u r e s .  

The m i x t u r e  p r o p o r t i o n  s e l e c t e d  f o r  use  c o n s i s t e d  of rounded 

a g g r e g a t e  graded from 1 i n .  t o  No. 4 ,  a n  aggregate-cement r a t i o  of 

8 : 1 ,  and a  water-cement r a t i o  of 0.36.  Laboratory  t e s t s  i n d i c a t e d  a  





p o s s i b l e  28-day compress ive  s t r e n g t h  o f  2210 p s i  and a  p e r m e a b i l i t y  

of 8 .2  ga l /min .  

The c o n c r e t e  was mixed on s i t e  i n  5-cu-yd b a t c h e s  i n  a n  8-cu-yd 

c a p a c i t y  c e n t r a l  mixer .  Bottom dump t r u c k s  were used t o  t r a n s p o r t  t h e  

c o n c r e t e  t h a t  w a s  s p r e a d  by t h e  t r u c k s  a s  they  s t r a d d l e d  t h e  t r e n c h .  

L a b o r e r s  l e v e l e d  t h e  c o n c r e t e  w i t h  s h o v e l s ,  and a  s t ee l -whee l  r o l l e r  

was used f o r  compaction.  



CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

From t h e  rev iew of t h e  s t a t e  of t h e  a r t  of porous  c o n c r e t e s ,  i t  

was concluded t h a t :  

E f f o r t s  t o  produce porous ,  f r e e l y  d r a i n i n g  c o n c r e t e s  have 
been  s c a t t e r e d  w i t h  v a r i a b l e  r e s u l t s .  

E i t h e r  gap-graded o r  n o - f i n e s  c o n c r e t e s  can be p r o p o r t i o n e d  
t o  produce f r e e l y  d r a i n i n g  c o n c r e t e s  w i t h  p e r m e a b i l i t i e s  
s u i t a b l e  f o r  porous  f r i c t i o n  c o u r s e s .  

S t r e n g t h s  expec ted  of porous  c o n c r e t e s  a r e  g e n e r a l l y  much 
l e s s  t h a n  t h o s e  of dense  c o n c r e t e s .  

Mix tures  a r e  p ropor t ioned  by water-cement and aggrega te -  
cement r a t i o s .  Lean m i x t u r e s  a r e  n e c e s s a r y  t o  p r e v e n t  
f i l l i n g  of t h e  v o i d s  by mor ta r .  

R e s i s t a n c e  t o  f r e e z i n g  and thawing w i l l  be  s a t i s f a c t o r y  i f  
t h e  porous  c o n c r e t e s  a r e  n o t  s a t u r a t e d  when f r o z e n .  

A i r  en t ra inment  appears  t o  s i g n i f i c a n t l y  improve t h e  r e s i s -  
t a n c e  t o  f r e e z i n g  and thawing of n o - f i n e s  c o n c r e t e .  

Porous c o n c r e t e s  have r e c e i v e d  some a p p l i c a t i o n  i n  highway 
c o n s t r u c t i o n  l a r g e l y  a s  d r a i n a g e  l a y e r s .  Data on t h e  s u i t -  
a b i l i t y  of porous  c o n c r e t e s  f o r  s u r f a c e  courses  a r e  
i n c o n c l u s i v e .  

Polymer-modified p o r t l a n d  cement c o n c r e t e s  may be  c a p a b l e  
of producing porous  c o n c r e t e s  of s u p e r i o r  s t r e n g t h  and 
d u r a b i l i t y .  

Cost  d a t a  f o r  placement of porous  pavements a r e  n o t  a v a i l -  
a b l e  due t o  l i m i t e d  commercial a p p l i c a t i o n .  

Based on  t h i s  r ev iew of t h e  s t a t e  of t h e  a r t  of porous  p o r t l a n d  

cement c o n c r e t e s ,  t h e  f o l l o w i n g  recommendations should be c o n s i d e r e d :  

a. Labora to ry  t e s t i n g  shou ld  be conducted t o  de te rmine  whether - 
e i t h e r  n o - f i n e s  c o n c r e t e s  o r  o t h e r  p r o c e s s e s  can s a t i s f y  t h e  
s t r e n g t h  and d u r a b i l i t y  requ i rements  f o r  porous f r i c t i o n  
c o u r s e s .  

b .  I f  t h e  l a b o r a t o r y  t e s t i n g  y i e l d s  s a t i s f a c t o r y  r e s u l t s ,  con- - 
t r o l l e d  f i e l d  t e s t s  shou ld  be conducted t o  v e r i f y  t h e  t e s t  
r e s u l t s  and develop recommended c o n s t r u c t i o n  p r a c t i c e s .  

c .  Any f u t u r e  commercial a p p l i c a t i o n s  of porous  c o n c r e t e s  - 
s h o u l d  b e  c l o s e l y  moni tored f o r  c o s t  and performance d a t a .  
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