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ABSTRACT 

The Iowa DOT has been u s i n g  t h e  "Iowa Method" t h i n  bonded low-slump dense 

P o r t l a n d  Cement Concrete  (PCC) b r i d g e  deck o v e r l a y  f o r  r e h a b i l i t a t i o n  o f  de- 

l a m i n a t e d  decks s i n c e  1963. I n  t ime,  c o n t i n u e d  use o f  s tudded t i r e s  w i l l  

wear away t h e  t r a n s v e r s e  grooved t e x t u r e .  

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

h a r d  d u r a b l e  aggrega te  i n t o  a  dense PCC o v e r l a y  t o  p r o v i d e  f r i c t i o n a l  p rop -  

e r t y  l o n g e v i t y .  The p r o j e c t  i n c l u d e d  t h r e e  o v e r l a y s  on 1-35 near  Ankeny. 

The t e x t u r e  and f r i c t i o n  p r o p e r t i e s  o f  two o v e r l a y s ,  one c o n s t r u c t e d  w i t h  

c rushed  g r a n i t e  and t h e  o t h e r  w i t h  c rushed  q u a r t z i t e  coarse  aggregate ,  were 

compared t o  an o v e r l a y  c o n s t r u c t e d  w i t h  l o c a l l y  a v a i l a b l e  c rushed  l imes tone .  

There were no c o n s t r u c t i o n  problems r e s u l t i n g  f r o m  t h e  use o f  c rushed g r a n i t e  

o r  q u a r t z i t e .  There was no s i g n i f i c a n t  f r i c t i o n a l  p r o p e r t y  b e n e f i t  f rom t h e  

c rushed  g r a n i t e  o r  c rushed q u a r t z i t e  t h r o u g h  s i x  y e a r s .  



INTRODUCTION 

B r i d g e  deck d e t e r i o r a t i o n  i s  one o f  t h e  most e x t e n s i v e  problems i n  t h e  h i g h -  

way f i e l d .  Many decks i n  Iowa were designed w i t h  t h e  t o p  r e i n f o r c i n g  s t e e l  

uncoated and w i t h i n  2  inches  o f  t h e  s u r f a c e .  The t o p  s t e e l  i n  some b r i d g e s  

had as l i t t l e  as 1 /2  i n c h  o f  cover  i n  some areas.  I n i t i a l l y ,  t h e  p o r t l a n d  

cement b e i n g  a  s t r o n g  base c h e m i c a l l y ,  i n h i b i t s  c o r r o s i o n .  Wi thou t  c h l o r i d e  

i o n s  t h e r e  would  be no d e t e r i o r a t i o n  o f  t h e  PCC encased s t e e l .  

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

sur face a l l o w s  t h e  c h l o r i d e  i o n  t o  i n f i l t r a t e  t h e  concre te .  When t h e  

c h l o r i d e  c o n t e n t  o f  t h e  c o n c r e t e  around t h e  r e i n f o r c i n g  s t e e l  exceeds t h e  

" t h r e s h o l d  va lue" ,  which i s  about  1.5 pounds p e r  c u b i c  y a r d ,  t h e  p r o t e c t i v e  

p r o p e r t y  i s  des t royed .  The s t e e l  then  cor rodes and t h e  c o r r o s i o n  p r o d u c t  has 

g r e a t e r  volume than  t h e  s t e e l .  T h i s  expansive f o r c e  causes d e l a m i n a t i o n  

and/or s p a l l i n q  o f  t h e  c o n c r e t e  above t h e  t o p  l a y e r  o f  s t e c l .  These decks 

then  r e q u i r e  some fo rm o f  r e h a b i l i t a t i o n .  

The predominate s o l u t i o n  t o  t h i s  prob lem i n  Iowa i s  a  t h i n  bonded dense 

P.C. Concrete o v e r l a y  known as t h e  "Iowa Method" o v e r l a y .  T h i s  r e h a b i l i -  

t a t i o n  system was i n i t i a t e d  i n  1963 and i s  now i n c l u d e d  i n  s e c t i o n  2413 o f  

t h e  Iowa DOT Standard S p e c i f i c a t i o n s .  W i t h  t h e  n a t i o n a l  prob lem o f  o b s o l e t e  

o r  substandard b r i d g e s  and i n s u f f i c i e n t  funds t o  meet t h e  needs, t h e  d e s i r a -  

b l e  r e s u l t  f rom r e s t o r a t i o n  would be 50 years  o f  a d d i t i o n a l  s e r v i c e .  W i t h  

t h i s  aim, a  c l a s s  2 o r  b e t t e r  d u r a b i l i t y  coarse  aggregate i s  s p e c i f i e d  f o r  

t h e  h i g h  qua1 i ty, low-slump concre te .  



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

s a f e t y ,  consequen t l y  t h e  e f f e c t i v e  l i f e  o f  t h e  o v e r l a y  may be dependent upon 

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

t i e s  o f  t h e  b r i d g e  deck i s  dependent upon s u r f a c e  t e x t u r e  and aggrega te  

c h a r a c t e r i s t i c s .  

The Iowa DOT s p e c i f i e s  a  t r a n s v e r s e  grooved t e x t u r e  t o  p r o v i d e  t h e  d e s i r e d  

f r i c t i o n .  The grooves a r e  impar ted  t o  t h e  PCC s u r f a c e  by  hand u s i n g  a  s t e e l  

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

dense low-slump c o n c r e t e .  The t r a n s v e r s e  groove becomes worn away, espe- 

c i a l l y  i f  t h e r e  i s  heavy s tudded t i r e  use, l e a v i n g  s u r f a c e  f r i c t i o n  dependent 

upon t h e  aggrega te  c h a r a c t e r i s t i c s .  

An aggrega te  f r i c t i o n a l  p r o p e r t y  c l a s s i f i c a t i o n  has been e s t a b l i s h e d  by  t h e  

Iowa DOT w i t h  Type 1 h a v i n g  t h e  b e s t  f r i c t i o n a l  p r o p e r t i e s  and Type 5 h a v i n g  

t h e  p o o r e s t  f r i c t i o n a l  p r o p e r t i e s .  The m a j o r i t y  o f  c rushed l i m e s t o n e  

q u a r r i e d  i n  Iowa i s  Type 4 o r  Type 5 w i t h  a  l i m i t e d  p r o d u c t i o n  o f  Type 3, 

m a i n l y  i n  n o r t h e a s t  Iowa. 

OBJECTIVE 

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

h a r d  d u r a b l e  aggrega te  i n  a  dense P.C. Concre te  b r i d g e  deck o v e r l a y  t o  p r o -  

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

PROJECT DESCRIPTION AND LOCATION 

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

g r a n i t e ,  c rushed  q u a r t z i t e  and crushed l i m e s t o n e  as t h e  coarse  aggrega te  i n  



t h e  c o n c r e t e  o v p r l a y .  The c rushed  l i m e s t o n e  was t h e  l o c a l l y  a v a i l a b l e  aggre-  

g a t e  t h a t  would  n o r m a l l y  have been used i n  c e n t r a l  Iowa. The Iowa DOT f r i c -  

t i o n a l  c l a s s i f i c a t i o n  o f  t h i s  c rushed l i m e s t o n e  i s  Type 4 w i t h  t h e  crushed 

g r a n i t e  and c rushed  q u a r t z i t e  i n  t h e  Type 2 c l a s s i f i c a t i o n .  

The p r o j e c t ,  P o l k  I - IG-35-4(39)89--04-77,  was l o c a t e d  on 1-35 near  Ankeny. 

The o v e r l a y  w i t h  c rushed  l i m e s t o n e  used as a compar ison was d e s i g n  1678 

southbound o v e r  t h e  C R I  & P (now t h e  Nor thwes te rn )  R a i l r o a d  a t  m i l e p o s t  (MP) 

88.2. The c rushed  g r a n i t e  coarse  aggrega te  was used i n  d e s i g n  1778 

southbound ac ross  Four M i l e  Creek a t  MP 93.6. Des ign 1878 nor thbound ac ross  

a l o c a l  r o a d  a t  MP 94.6 was t h e  deck o v e r l a y  w i t h  t h e  crushed q u a r t z i t e .  The 

t r a f f i c  volume on t h i s  s e c t i o n  o f  1-35 v a r i e s  n o r t h  and s o u t h  o f  t h e  Ankeny 

e x i t s .  The 1980 and 1984 one way average d a i l y  t r a f f i c  (ADT) c o u n t s  f o r  t h e  

l i m e s t o n e  o v e r l a y  (MP 88.2) were 9,850 and 10,000 r e s p e c t i v e l y .  The one way 

ADT coun ts  f o r  t h e  g r a n i t e  (MP 93.6) and q u a r t z i t e  (MP 9A.6) o v e r l a y s  f o r  

1980 and 1984 were 6,700 and 7,650 r e s p e c t i v e l y .  The percentage o f  t r u c k s  

ranges from 15 t o  20. 

MATERIALS 

The v a r i a b l e  c o n s t i t u e n t  i n  t h e  c o n c r e t e  m ix  was t h e  coarse  aggregate .  The 

c rushed  l i m e s t o n e  was f rom t h e  B. L. Anderson Q u a r r y  a t  Montour,  Iowa. 

J. L. S h i e l y  produced t h e  c rushed  g r a n i t e  a t  t h e  S t .  Cloud, Minnesota  Q u a r r y  

and t h e  crushed q u a r t z i t e  was f rom New Ulm Q u a r t z i t e  o f  New Ulm, Minnesota .  

The t y p i c a l  g r a d a t i o n s  were: 



Sieve  A n a l y s i s  
Percen t  Pass ing 

Screen 
S i z e  L imestone G r a n i t e  Q u a r t z i t e  

Tes ts  on p h y s i c a l  p r o p e r t i e s  y i e l d e d  t h e  f o l l o w i n g  r e s u l t s :  

T e s t  R e s u l t s  

T e s t  L imestone G r a n i t e  Q u a r t z i t e  

"A" Freeze & Thaw ? 1 
A b r a s i o n  34 22 
S p e c i f i c  G r a v i t y  2.69 2.81 
A b s o r o t i o n  2.03 0.40 
% ~ h a i e  
% Coal 
% Brown C h e r t  
% Whi te  Cher t  
% C l a y  Lumps 

The c o n c r e t e  sand was f r o m  t h e  M a r t i n - M a r i e t t a  P i t  a t  Johnston ( n e a r  Des 

Moines) w i t h  t h e  f o l l o w i n g  g r a d a t i o n :  

Screen S i z e  % Pass ing 



The cement was Type I from both t h e  Penn-Dixie and Monarch p l a n t s  i n  

Des Moines. 

The admixtures were CSC a i r  e n t r a i n i n g  agent from Cont rac to r  S tee l  Corpo- 

r a t i o n  o f  Des Moines and P las toc re te  161 water  reducer from S ika  Corporat ion.  

CONSTRUCTION 

The successfu l  b idde r  on t h i s  p r o j e c t  (March 27, 1978, l e t t i n g )  was Waterloo 

Const ruc t ion  Company o f  Waterloo, Iowa. Const ruc t ion  o f  t he  th ree  over lays  

was completed d u r i n g  J u l y  and August 1979. The concrete was produced through 

a  vo lumet r ic  Concrete Mob i le  Mixer.  Tests o f  t he  concrete du r i ng  con- 

s t r u c t i o n  y i e l d e d  the  f o l l o w i n g  r e s u l t s :  

Concrete P rope r t i es  

Test  Limestone Gran i te  Q u a r t z i t e  

A i r  6.2 t o  6.7% 6.2 t o  6.8% 5.6 t o  6.2% 
Slump 1/2" t o  3/4" 3/4" t o  1.0" 1/2" t o  3/4" 
Wet Dens i ty  142.85 l b / c u . f t .  145.25 l b / c u . f t .  142.95 lb /cu.  ft. 
(cor rec ted  t o  

6.0% a i r )  

P r i o r  t o  cons t ruc t i on ,  i t  was suggested by some t h a t  t h e  hard, sharp, angular  

c h a r a c t e r i s t i c s  o f  t he  g r a n i t e  and the q u a r t z i t e  would r e s u l t  i n  a  harsh mix 

t h a t  would be d i f f i c u l t  t o  f i n i s h .  This  was no t  t he  case. The Iowa DOT con- 

s t r u c t i o n  inspec tor  noted f o u r  advantages o f  t he  mix tu res  con ta in ing  the  

g r a n i t e  and q u a r t z i t e :  

1. The slump o f  t he  mix was more cons i s ten t  than the  mix con ta in ing  
l imestone. 

2. The sur face  f i n i s h e d  eas ie r  than t h e  mix con ta in ing  l imestone. 



3. There was l e s s  d i f f i c u l t y  i n  i m p a r t i n g  t h e  t i n e d  t e x t u r e  i n t o  t h e  g r a n i t e  
and q u a r t z i t e  mixes t h a n  t h e  l i m e s t o n e  m i x .  

4. The g r a n i t e  o r  q u a r t z i t e  m i x  c o u l d  be e a s i l y  worked a f t e r  a  20 t o  30 min-  
u t e  breakdown wh ich  i s  n o t  t y p i c a l  o f  a  m i x  c o n t a i n i n g  l i m e s t o n e .  

EVALUATION 

The d r y  d e n s i t i e s ,  a i r  c o n t e n t s  and d e n s i t i e s  c o r r e c t e d  t o  6.0% a i r  were de- 

te rm ined  f r o m  c o r e s  o b t a i n e d  f rom t h e  o v e r l a y s  on August 30, 1979. 

R e s u l t s  From Cores 

Limestone G r a n i t e  Q u a r t z i t e  
Dry  D e n s i t y  130.8 l b / c u . f t  137.0 l b / c u . f t  138.0 l b / c u . f t  
A i r  Content  6.4% 5.5% 3.0% 
D e n s i t y  C o r r e c t e d  t o  131.4 l b / c u . f t  136.3 l b / c u . f t  133.7 l b / c u . f t  

6.0% A i r  

The t e x t u r e  d e p t h  was de te rm ined  by  t h e  s i l l y  p u t t y  t e s t  method a t  t h r e e  l o -  

c a t i o n s  i n  t h e  d r i v i n g  l a n e  on each deck o v e r l a y .  The average t e x t u r e  dep th  

f o r  t h e  t h r e e  o v e r l a y s  i n  1979 was: 

Limes tone  
Average T e x t u r e  Depth, i nches  0.046 

G r a n i t e  Q u a r t z i t e  
0.040 0.036 

The dep th  o f  t h e  t r a n s v e r s e  grooves were measured i n  March 1986 u s i n g  a  t i r e  

t r e a d  dep th  gage. The groove depths  o f  t h e  l i m e s t o n e  o v e r l a y  a r e  

p r e d o m i n a t e l y  2/32" i n  t h e  wheelpath  (WP) w i t h  a  maximum o f  4/32".  Between 

t h e  wheelpaths  ( a t  t h e  1/4 p o i n t ) ,  wh ich  would  be r e p r e s e n t a t i v e  o f  t h e  o v e r -  

l a y  as c o n s t r u c t e d ,  t h e  groove dep th  i s  p r e d o m i n a t e l y  3/32" w i t h  a  maximum o f  

5/32". 



The g r a n i t e  o v e r l a y  groove depths  a r e  p r e d o m i n a t e l y  1/32" i n  t h e  WP w i t h  a 

maximum o f  5/32". A t  t h e  1/4 p o i n t ,  t h e  depths  a r e  p r e d o m i n a t e l y  2/32" w i t h  

a maximum 5/32". 

Groove depths  on t h e  q u a r t z i t e  o v e r l a y  a r e  p r e d o m i n a t e l y  1/32" o r  l e s s  i n  t h e  

WP w i t h  a maximum o f  2/32". The 1 /4  p o i n t  measurements a r e  p r e d o m i n a t e l y  

1/32" t o  2/32" w i t h  a maximum o f  3/32". 

The p r i m a r y  c h a r a c t e r i s t i c  t o  be e v a l u a t e d  f o r  t h i s  r e s e a r c h  was t h e  f r i c -  

t i o n a l  p r o p e r t y .  F r i c t i o n  t e s t i n g  has been conducted p e r i o d i c a l l y  u s i n g  an 

ASTM E-274 t e s t  u n i t  w i t h  an ASTM E-501 s t a n d a r d  t r e a d  t e s t  t i r e  a t  40 mph. 

F r i c t i o n  Numbers ( c o e f f i c i e n t  o f  f r i c t i o n  t i m e s  100) have been o b t a i n e d  b o t h  

i n  t h e  WP and a t  t h e  1 /4  p o i n t .  

Date  

9-13-79 
J u l y  1980 
9-8-81 
6-2-82 
6-13-84 
5-17-85 

F r i c t i o n  Number Summary 

L imestone G r a n i t e  Q u a r t z i t e  
:point  WP f p o i n t  WP f p o i n t  WP 

DISCUSSION 

Sur face  t e x t u r e  and f r i c t i o n a l  p r o p e r t i e s  a r e  c l o s e l y  r e l a t e d .  To p r o v i d e  

t h e  s a f e s t  d r i v i n g  c o n d i t i o n s ,  h i g h  F r i c t i o n  Numbers a r e  d e s i r a b l e .  Iowa 

S p e c i f i c a t i o n s  do n o t  r e q u i r e  a minimum f r i c t i o n  number but. s p e c i f y  a minimum 

t e x t u r e  depth.  U n f o r t u n a t e l y ,  t h e  s p e c i f i e d  groove dep th  i s  n o t  a lways 
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ach ieved  on t h e  Iowa deck o v e r l a y s .  The f r i c t i o n a l  p r o p e r t i e s  w i l l  t o o  soon 

be dependent upon t h e  aggrega te  i n  t h e  conc re te .  

As t h e  groove depths  ach ieved  on t h e  t h r e e  deck o v e r l a y s  i n c l u d e d  i n  t h i s  r e -  

sea rch  were f o r  t h e  most p a r t  n e a r  t h e  minimum s p e c i f i c a t i o n ,  t h e  i n i t i a l  

f r i c t i o n  numbers may have been l o w e r  t h a n  a  s u r f a c e  w i t h  g r e a t e r  groove 

depth.  I t  would, however, b e n e f i t  t h e  r e s e a r c h  as t h e  t e x t u r e  w i l l  be worn 

away i n  a  s h o r t e r  t i m e  and t h e  F r i c t i o n  Numbers w i l l  become dependent upon 

t h e  c o n c r e t e  and aggregate  p r o p e r t i e s .  

The average t e x t u r e  dep th  a t  t i m e  o f  c o n s t r u c t i o n  ranged f r o m  0.036 i n c h e s  t o  

0.046 as measured w i t h  t h e  S i l l y  P u t t y  t e s t .  The average t e x t u r e . d e p t h s  and 

groove depths  x e r e  g r e a t e s t  f o r  t h e  l i m e s t o n e  aggrega te  o v e r l a y .  The Iowa 

DOT i n s p e c t o r  and t h e  c o n t r a c t o r  s a i d  t h e  w o r k a b i l i t y  o f  t h e  g r a n i t e  and. 

q u a r t z i t e  aggregate  mixes was s u p e r i o r  t o  t h e  l i m e s t o n e  m ix .  T h i s  s h o u l d  

have a l l o w e d  t h e  t e x t u r e  t o  be i m p a r t e d  e a s i e r ,  b u t  f o r  some reason  t h e  

groove depths were l e s s .  

No c u r i n g  compound was used, b u t  a  l i n s e e d  o i l  s u r f a c e  s e a l  was a p p l i e d  soon 

a f t e r  c o n s t r u c t i o n .  The i n i t i a l  F r i c t i o n  Numbers ranged f r o m  36 t o  40. The 

f r i c t i o n  i n  t h e  WP dropped t o  3 1  and 32 w i t h i n  one y e a r .  Two y e a r s  a f t e r  

c o n s t r u c t i o n ,  t h e  F r i c t i o n  Numbers i n c r e a s e d  8 t o  10 numbers t o  40 t o  42. 

T h i s  i n c r e a s e  between one and two y e a r s  may have r e s u l t e d  a f t e r  t h e  removal 

o f  t h e  l i n s e e d  o i l  sea l  r e s i d u e .  The most  r e c e n t  F r i c t i o n  Numbers o b t a i n e d  

i n  1985 ranged f r o m  35 t o  40. The F r i c t i o n  Number f o r  t h e  l i m e s t o n e  o v e r l a y  

i s  39 compared t o  35 f o r  t h e  g r a n i t e  and 40 f o r  t h e  q u a r t z i t e .  These numbers 

a r e  n e a r l y  t h e  same as t h o s e  o b t a i n e d  i n i t i a l l y  b e f o r e  t h e  aggrega te  became 



exposed. This  would i n d i c a t e  t h a t  the f r i c t i o n  i s  s t i l l  p r i m a r i l y  dependent 

upon the  imparted t e x t u r e  r a t h e r  than the spec ia l  aggregate. Pe r i od i c  f r i c -  

t i o n  t e s t i n g  and groove depth measurements w i l l  determine whether t he  spec ia l  

aggregate w i l l  be more e f f e c t i v e  than l imestone i n  ma in ta in ing  acceptable 

f r i c t i o n  values. 

CONCLUSION 

This  research on f r i c t i o n a l  p r o p e r t i e s  o f  b r i dge  deck over lays  supports t he  

f o l l o w i n g  conclus ions:  

1. There were no c o n s t r u c t i o n  problems t h a t  r e s u l t e d  from the use o f  crushed 
g r a n i t e  o r  crushed q u a r t z i t e  aggregate. 

2. F r i c t i o n  t e s t s  do n o t  i n d i c a t e  s i g n i f i c a n t  b e n e f i t  f rom the  crushed gran- 
i t e  o r  cru;hed q u a r t z i t e  through s i x  years. 

RECOMMENDATIONS 

It i s  recommended t h a t  p e r i o d i c  f r i c t i o n  t e s t i n g  and groove depth measure- 

ments o f  these decks be cont inued through 15 years.  
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