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FLY ASH I N  PORTLAND CEMENT CONCRETE PAVEMENT 

MONONA COUNTY PROJECT HR-200 

FM-67(3)--55-67 

INTRODUCTION 

I n  t o d a y ' s  e r a  o f  s p i r a l i n g  c o s t s ,  env i ronmen ta l  r e g u l a -  

t i o n s  and s h o r t a g e s  o f  v a r i o u s  raw m a t e r i a l s ,  i t  is  i n t e r e s t i n g  

t o  n o t e  t h a t  we may n o t  be u t i l i z i n g  a l l  a v a i l a b l e  m a t e r i a l s .  

One o f  t h e  underused  m a t e r i a l s  is f l y  a sh .  Although it h a s  

been used  i n  some a s p h a l t  work, I d o u b t  t h a t  t h i s  u s e  o f  f l y  

a s h  is  u t i l i z i n g  it t o  i t s  f u l l  p o t e n t i a l .  

I n  t h i s  p r o j e c t  we were u t i l i z i n g  t h i s  m a t e r i a l  a s  a  

cement s u b s t i t u t e  and n o t  a s  a  m i n e r a l  f i l l e r .  Iowa h a s  had 

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

c a n  b e n e f i t  some from t h e  e x p e r i e n c e  o f  o t h e r  s t a t e s .  Both 

Minnesota  and North Dakota have used f l y  a s h  w i t h  good r e s u l t s  

Nat ionwide ,  f l y  a s h  is a v a i l a b l e  i n  l a r g e  q u a n t i t i e s  from 

hundreds o f  power p l a n t s ,  b u t  we, a s  e n g i n e e r s ,  u s i n g  t h i s  f o r  

pav ing  m a t e r i a l  must n o t e  t h a t  t h e  p r i n c i p a l  p roduc t  o f  a  

g e n e r a t i n g  p l a n t  i s  e l e c t r i c a l  power. Much f l y  a sh  produced 

is n o t  o f  s u i t a b l e  q u a l i t y  f o r  u s e  a s  a  cement ing  a g e n t .  

The f l y  a sh  used  i n  t h i s  p r o j e c t  was un i form and o f  h i g h  

q u a l i t y . ( A p p e n d i x  A )  T h i s  f l y  a s h  was produced by P o r t  Neal P l a n t  

#3  i n  S ioux  C i t y ,  Iowa. T h i s  p l a n t  p roduces  app rox ima te ly  

181 ,000  t o n s  p e r  y e a r .  



U s u a l l y  o n l y  p l a n t s  which bu rn  c o a l  from a s i n g l e  s o u r c e ,  

ground f i n e l y  and u n i f o r m l y  f o r  combust ion,  and c o l l e c t e d  by i 
an e l e c t r i c a l  p r e c i p i t a t o r  c a n  d e l i v e r  t h e  q u a l i t y  o f  f l y  a s h  1 
r e q u i r e d .  

A s  Monona County is  c l o s e  t o  S ioux  C i t y ,  I have a t  d i f f e r e n t  

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

t o  pu r sue  a  r e s e a r c h  p r o j e c t  u t i l i z i n g  f l y  a sh  a s  a  cementing 

a g e n t .  

I b e l i e v e  i f  we, a s  e n g i n e e r s ,  a r e  w i l l i n g  t o  i n c o r p o r a t e  

some o f  t h e s e  by-products  where it  is a d v i s a b l e  t o  d o  s o ,  we 

c a n  h e l p  t h e  n a t i o n  save  ene rgy .  The s a v i n g s  w i l l  be  i n  t r a n s -  

p o r t a t i o n  o f  raw m a t e r i a l s ,  t h e  cost o f  t h e  d i s p o s i n g  o f  f l y  

a s h  a s  a was te  m a t e r i a l  and i n  t h e  p r o c e s s i n g  o f  p o r t l a n d  cement. 

OBJECTIVES 

The pr imary  o b j e c t i v e s  o f  t h i s  r e s e a r c h  p r o j e c t  w e r e :  

1. Determine and recommend s o l u t i o n s  f o r  
problems r e l a t i n g  t o  s h i p p i n g ,  s t o r i n g  
and b a t c h i n g  o f  f l y  a sh .  

2.  E s t a b l i s h  a  p rocedure  f o r  b a t c h i n g ,  m i x -  
i n g  and p l a c i n g  uni form c o n c r e t e  w i t h  
s p e c i f i e d  a i r  c o n t e n t  and c o n s i s t e n c y .  

3 .  Demonstrate  t h a t  c o n c r e t e  o f  comparable 
q u a l i t y  can  be  produced.  

PROJECT LOCATION 

The p r o j e c t  i s  l o c a t e d  on Monona County Road E-54, begin-  1 
\ n i n g  t w o  m i l e s  n o r t h  o f  Blencoe,  Iowa, a t  Old 75 and e x t e n d i n g  



e a s t e r l y  f o r  f i v e  m i l e s .  I t  is i n c o r p o r a t e d  i n  Monona County 

P r o j e c t  FM-67(3)--55-67. 

PROJECT FUNDING 

The p r o j e c t  was funded w i t h  Monona County Farm-to-Market 

funds .  Funding f o r  a d d i t i o n a l  c o s t s  t o  t h e  p r o j e c t  were 

approved by t h e  Research  Board a s  fo l lows :  

A d m i n i s t r a t i o n  and T e s t i n g  $ 3,000.00 
( e x c l u d i n g  core t e s t i n g )  

Cor ing  and c o r e  t e s t i n g  6,300.00 
A d d i t i o n a l  C o n t r a c t o r  Set-Up C o s t s  4,000.00 
Cont ingency  f o r  Maintenance 3,000.00 

T o t a l  $16,300.00 

TEST SECTION AND M I X  PROPORTIONS 

The p r o j e c t  was c o n s t r u c t e d  by t h e  I r v i n g  F. J e n s e n  C o . ,  

I n c .  o f  S ioux  C i t y  and i n c l u d e d  s i x  s e c t i o n s  ( F i g u r e  1) w i t h  

d i f f e r e n t  mix p r o p o r t i o n s .  (Appendix B )  They a r e  a s  f o l l o w s :  

I. S tanda rd  B-4 mix ( approx ima te ly  % m i l e )  
R e f e r r e d  t o  i n  t h i s  r e p o r t  a s  Mix #I. 

2.  S t anda rd  B-6 mix ( approx ima te ly  % m i l e )  
R e f e r r e d  t o  i n  t h i s  r e p o r t  and Mix #6. 

3.  Modified B-4 mix w i t h  a  10% cement r e d u c t i o n  
and f l y  a sh  rep lacement  a t  1 . 5  t i m e s  t h a t  
we igh t  ( approx ima te ly  1 m i l e )  Re fe r r ed  t o  
i n  t h i s  r e p o r t  a s  Mix #2. 

4 .  Modif ied B-6 mix w i t h  a  15% cement r e d u c t i o n  
and f l y  a sh  rep lacement  a t  1 .5  t i m e s  t h a t  
we igh t  ( approx ima te ly  1 m i l e )  Re fe r r ed  t o  i n  
t h i s  r e p o r t  a s  M i x  # 3 .  
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5 .  Modif ied B-6 m i x  w i t h  15% cement r e d u c t i o n  and 
r ep lacemen t  w i t h  e q u a l  we igh t  o f  f l y  a sh  
( approx ima te ly  1 m i l e )  Re fe r r ed  t o  i n  t h i s  
r e p o r t  a s  Mix #4. 

6 .  Modif ied B-6 mix w i t h  10% cement r e d u c t i o n  and 
f l y  a s h  rep lacement  a t  1 . 5  t i m e s  t h a t  we igh t  
( approx ima te ly  1 m i l e )  R e f e r r e d  t o  i n  t h i s  
r e p o r t  a s  M i x  #5. 

S T I N G  AND EVALUATION 

A d d i t i o n a l  t e s t i n g  done on t h i s  p r o j e c t  by Monona County 

was a s  f o l l o w s :  

1. Determine t h e  modulus of  r u p t u r e  a t  7 ,  14 ,  28 
and 56 days  (4-6" x  6" x 33" beams pe r  s e c t i o n )  

2 .  C y l i n d e r s  (6-4%" x  9" pe r  s e c t i o n )  f o r  compressive 
s t r e n g t h  d e t e r m i n a t i o n  a t  3 ,  7  and 14 days  

3.  Cor ing  ( 5 p e r  s e c t i o n )  f o r  compress ive  s t r e n g t h  
d e t e r m i n a t i o n  a t  7  d a y s ,  14 days ,  28 days ,  6  months 
and 1 y e a r .  

The Iowa Department o f  T r a n s p o r t a t i o n  o b t a i n e d  and t e s t e d  

3-4" x  4"  x  18"  d u r a b i l i t y  beams p e r  s e c t i o n .  

EQUIPMENT 

The equipment used on t h e  p r o j e c t  was e s s e n t i a l l y  t h e  same 

a s  a  normal paving  p r o j e c t .  A Rexnord Model S p l a n t  w i t h  a 

s i n g l e  9 y a r d  drum produced t h e  c o n c r e t e  

The major  change was a  100 t o n  s i l o  a d j a c e n t  t o  t h e  mixing 

tower f o r  s t o r a g e  o f  t h e  f l y  ash ( s e e  p a g e 7  ) w i t h  an a i r  s l i d e  

p i p e  f o r  f e e d i n g  f l y  a sh  i n t o  t h e  cement weigh b i n .  A second 



l i m i t  s w i t c h  was added t o  t h e  cement s c a l e s  and t h e  b a t c h i n g  

was a u t o m a t i c a l l y  c o n t r o l l e d .  (see page 8 )  

Some problems were encoun te red  w i t h  t h e  boo t  between 

t h e  s i l o  and t h e  a i r  s l i d e  i n  e a r l y  o p e r a t i o n s .  T h i s  boo t  

was modi f ied  w i t h  a  s teel  c y l i n d e r  connec t ion .  I b e l i e v e  i f  

the s t e e l  c y l i n d e r  had been cone shaped ,  it would have provided  

a  b e t t e r  c o n n e c t i o n .  (see page 8) 

I n i t i a l  a i r  volume was n o t  enough f o r  t h e  f l y  a s h  s i l o  

and a n o t h e r  a i r  compressor  was provided  t o  f u r n i s h  more a i r .  

No s p e c i a l  problems o c c u r r e d  i n  c o n t r o l l i n g  p l a n t  d u s t  

w i t h  t h e  B u f f a l o  Forge d u s t  c o n t r o l  u n i t .  Some problems were 

encoun te red  w i t h  f l y  a s h  d u s t  i n  t h e  connec t ion  between t h e  

s i l o  and t h e  a i r  s l i d e .  I t  might  b e  noted  t h a t  f l y  a s h  is 

v e r y  f i n e  and w i l l  a lmos t  l e a k  o u t  where wa te r  w i l l  n o t .  (18% 

i s  r e t a i n e d  on a  325 w e t  s i e v e ) .  

The f l y  a s h  was hau led  t o  t h e  p l a n t  s i t e  i n  r e g u l a r  cement 

d e l i v e r y  t r a i l e r s .  

Out on t h e  g r a d e  a  C M I  "Iowa S p e c i a l "  Autograde trimmed 

t h e  subgrade  j u s t  ahead o f  t h e  Rex Town and Country pave r .  

( s e e  page 9) 

P l a s t i c  subgrade  s h e e t i n g  was used  on t h i s  p r o j e c t  a l o n g  

w i t h  12 f o o t  t r a n s v e r s e  b a r s  a l t e r n a t i n g  on 4 f o o t  c e n t e r s  each 

s i d e  of c e n t e r l i n e .  
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A bu r l ap  drag towed by t h e  paver and followed by an 

a s t ro -g ra s s  d rag  imparted t h e  f i n a l  t e x t u r e .  

The mixed concre te  on t h i s  p r o j e c t  was hauled t o  t h e  

paver i n  both batch t rucks  and 9 yard Agitor  t rucks .  No 

d i f f e r e n c e  was noted i n  t h e  mix ' s  workab i l i t y  due t o  t h e  

manner of  de l i ve ry .  

PHYSICAL M I X  CHARACTERISTICS 

We encountered no problems i n  c o n t r o l l i n g  t h e  a i r  o r  

slump on t h e  p r o j e c t .  Edge r a v e l i n g  was diminished wi th  

t he  use  of f l y  ash. Also t h e  f i n i s h e r s  d id  s t a t e  t h a t  t he  

f l y  ash mix f i n i shed  e a s i e r .  This  was probably due t o  t he  

l u b r i c a t i n g  q u a l i t i e s  of  t h e  f l y  ash. Hand f i n i s h i n g  could 

be done e a r l i e r  o r  l a t e r  wi th  no change in  t he  f i n i s h  a b i l i t y  

of  t he  concrete .  

We had no d i f f i c u l t y  i n  t he  sawing, experienced no r ave l -  

ing a t  t h e  saw c u t s ,  and had no random cracking on t h e  p r o j e c t .  

Transverse  j o i n t s  were sawed a t  40 f o o t  i n t e r v a l s .  A l l  o f  t h e  

c u t s  were made wi th in  24 hours of  placement of  t he  concrete .  

Temperature dur ing  cons t ruc t i on  ranged from t h e  low 6 0 ' s  

a t  n igh t  t o  t he  mid 8 0 ' s  i n  t he  day time. I f e e l  t h i s  icieal 

tcmpcrnturc may hovo snmc c f f c c t  on thc  random (-r,lcking and 

t h e  sawing. 



Gilmore t ime  o f  set  l a b o r a t o r y  t e s t i n g  on mor t a r  made 

w i t h  a  s t a n d a r d  cement y i e l d e d  an i n i t i a l  set o f  3.17 hour  

and a  f i n a l  set  o f  5.00 hour .  Using o n e  p a r t  f l y  a s h  and 

f o u r  p a r t s  s t a n d a r d  cement,  t h e  r e s u l t s  were 5.50 hour  f o r  

i n i t i a l  set and 7.33 hour  f o r  f i n a l  s e t  o r  a  58% r e t a r d a t i o n  

i n  i n i t i a l  set  and 33% r e t a r d a t i o n  on f i n a l  set. T h i s  r e -  

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

pav ing  o p e r a t i o n s .  

TEST RESULTS 

A summary of  test  r e s u l t s  a r e  i n  Appendix G. F l e x u r a l  

t e s t i n g  was done on 6" x 6" x  30" beams. Each beam was t e s t e d  

t w i c e .  The 7  day ave rage  mid-point  f l e x u r a l  b r e a k s  v a r i e d  

from t h e  low o f  434 p s i  on Mix #5 t o  h igh  o f  601  p s i  on Mix #l. 

These 7  day  f l e x u r a l  b r e a k s  i n d i c a t e d  t h a t  w e  w e r e  n o t  go ing  

t o  have any problem d e v e l o p i n g  a  d e s i r a b l e  f l e x u r a l  s t e n g t h  of  

550 p s i  f o r  t h e  normal 14 day  opening o f  t h e  road  t o  t r a f f i c .  

Average mix b r e a k s  a t  14 days  v a r i e d  from 592 p s i  on M i x  #5 t o  

686 p s i  on Mix #6. 

A l l  mixes c o n t i n u e d  t o  show i n c r e a s e s  i n  f l e x u r a l  s t r e n g t h  

through t h e  56 day  b r e a k .  The maximum d i f f e r e n c e  i n  t h e  ave rage  

f l e x u r a l  s t r e n g t h  o f  t h e  mixes was 167 p s i  a t  7  days ;  94 ps i  a t  

1 4  days ;  8 3  p s i  a t  28 d a y s  and 68  p s i  a t  56 d a y s .  The twenty-  

e i g h t  day  b r e a k  on beam 4-4 was d i s r e g a r d e d  f o r  ave rage  b reaks  

a s  it broke  2 3/4" o f f  c e n t e r .  



In checking wi th  p a s t  records  of  pavement placed in  

Monona County, t h e  fol lowing can be noted: The B-4 mix has 

had higher beam breaks ,  on t he  average, than  t h e  B-6 o r  B-8 

mixes. Some o f  t h i s  I f e e l  i s  due to  t h e  aggregate used. 

Most E 6  and B-8mixes i n  Monona County use  a d i f f e r e n t  source 

of  aggregate than was used i n  t h i s  p r o j e c t .  The same source  

a s  u sua l ly  used fo r  B-4 mixes was used f o r  t h i s  p ro j ec t .  The 

aggregate used on t h i s  p r o j e c t  was g rave l  produced by P e t e r s  

Construct ion a t  Rodney. 

Cyl inders  and cores  (Appendix D and E )  were t e s t e d  f o r  

compressive s t r e n g t h  a l s o  and t h e  c o n t r o l  and f l y  ash mixes 

a l l  were good. (Appendix I?) A s  of t h i s  w r i t i n g ,  t h e  c o r e s  on 

Mix #2 a r e  t he  h ighes t  on a 28 day core.  You might note ,  how- 

every,  t h a t  t h i s  mix produced t h e  lowest s t r e n g t h  of a l l  t he  

mixes on t h e  14 day c y l i n d e r s .  

Durab i l i t y  beams were run on each mix. The r e s u l t s  a r e  

a s  follows: Mix #1 ( 8 6 )  : Mix #2 (86) ; Mix # 3  ( 8 8 )  : Mix #4 (92) : 

Mix #5 (92 ) :  Mix #6 (92 ) .  A i r  t e s t s  and slump t e s t s  on t h e  

grade i nd i ca t ed  no c o n t r o l  problems i n  t he  f l y  ash mixes. We 

a l s o  encountered no problems in  swi tching from one mix t o  

another mix. 

When we look a t  t h e  water-cement r a t i o ,  we f i nd  t h e  design 

water-cement r a t i o  was lower on f l y  ash mixes than on the  con- 

ven t iona l  B-4 o r  B-6 mix. A l l  mixes except  Mix #5 were placed 

a t  a  water-cement r a t i o  below design mix. (See Appendix G )  



A 1 1  test  r e p o r t s  r e c e i v e d  t o  d a t e  i n d i c a t e  t h a t  f l y  a s h  

used w i t h  a  r e d u c t i o n  of cement and a  good sound aggrega te  w i l l  

produce a  good q u a l i t y  o f  c o n c r e t e .  

OBSERVATIONS 

With t h e  p r o j e c t e d  amount o f  f l y  a sh  t h a t  is  and w i l l  b e  

a v a i l a b l e  i n  t h e  S t a t e  o f  Iowa, I f e e l  t h a t  it is a d v i s a b l e  

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

pavements and a l s o  deve lop  t h e  u s e  o f  f l y  a s h  i n  s t r u c t u r a l  

c o n c r e t e .  Due t o  t h e  w o r k a b i l i t y  of  t h e  f l y  a sh  c o n c r e t e ,  it 

shou ld  l e a v e  less porous w a l l  f i n i s h e s  and should  r e q u i r e  l e s s  

e f f o r t  f o r  a  good f i n i s h  on f l a t  work. 

I do f e e l  from a l l  t h a t  I have h e a r d  and r ead  on f l y  a s h  

c o n c r e t e  t h a t  e n t r a i n e d  a i r  is an impor tan t  i tem (approx ima te ly  

6% - 6.5%) t o  a s s u r e  a  good p roduc t .  

The c o n t r a c t o r  on t h i s  p r o j e c t  i n d i c a t e d  t o  m e  t h a t  i f  

o n l y  one f l y  ash  mix had been used throughout  t h e  p r o j e c t ,  a  

c o s t  s a v i n g s  o f  20 t o  30 c e n t s  p e r  s q u a r e  ya rd  would have been 

r e a l i z e d .  On t h i s  p a r t i c u l a r  p r o j e c t ,  he i n d i c a t e d  a  s a v i n g s  

o f  approx ima te ly  8 t o  10 c e n t s  p e r  s q u a r e  yard .  

T h i s  s a v i n g s ,  due t o  t r a n s p o r t a t i o n  c o s t s ,  would va ry  from 

coun ty  t o  county .  With t h e  s h o r t a g e s  o f  cement encountered  

l a s t  summer and t h e  p r o j e c t e d  i n c r e a s e  i n  t h e  c o s t  o f  cement 

and h a u l i n g ,  I b e l i e v e  t h a t  f u t u r e  s a v i n g s  w i l l  b e  g r e a t e r .  



Considering a compromise on t h e  des igns  used in t h i s  

p r o j e c t ,  I would recommend reducing cement con ten t  12% and 

a f l y  ash replacement of  1.25 to 1.0. The amount of con- 

c r e t e  a v a i l a b l e  f o r  use w i l l  increase .  This r ep re sen t s  a 

mix t h a t  appears very  comparable t o  our p resen t  paving mixes. 

I do not be l ieve  t h a t  we need t h e  1.5 to 1 replacement on 

any work. 

Development f o r  use of  f l y  ash i n  por t l and  cement w i l l  

depend on t h e  a b i l i t y  of  t h e  power p l a n t s  t o  produce a con- 

s i s t e n t  q u a l i t y  f l y  ash a t  a l l  t imes. I f  t h i s  can be  done, 

I b e l i e v e  we can then recognize f l y  ash a s  a by-product and 

no t  a  waste product.  

CONCLUSIONS 

The primary o b j e c t i v e s  o f  t h i s  research p r o j e c t  have 

been achieved. On t h i s  p r o j e c t ,  it was shown t h a t  f l y  ash 

could  be shipped, s t o r e d  and batched in  t h e  same manner a s  

po r t l and  cement. Some a d d i t i o n a l  equipment was needed f o r  

t h e  s to r age  of f l y  ash. This included an add i t i ona l  s t o r a g e  

s i l o  f o r  t h e  f l y  ash and a second l i m i t  switch on t h e  cement 

s c a l e s .  

We were, under f i e l d  condi t ions  with t he  use of p r e sen t  

s p e c i f i c a t i o n s  f o r  por t land cement concre te ,  ab l e  t o  ba tch ,  

mix and p lace  a concre te  with s p e c i f i e d  a i r  content  and a 

c o n s i s t e n t  slump. 



The c o n c r e t e  produced has  shown t o  d a t e  t h a t  i t  is o f  

comparable q u a l i t y  t o  s t a n d a r d  p o r t l a n d  cement c o n c r e t e .  

RECOMMENDATIONS 

I would recommend t h a t  t h e  u s e  o f  f l y  a s h  b e  con t inued  

and s p e c i f i c a t i o n s  be  developed f o r  a f l y  ash  p o r t l a n d  cement 

c o n c r e t e  f o r  paving  and s t r u c t u r a l  work. 

A t  t h e  p r e s e n t  t i m e ,  I would recommend t h i s  m i x  be  p l aced  

o n l y  d u r i n g  warm wea the r .  

The c o n t r o l  o f  t h e  q u a l i t y  o f  t h e  f l y  a s h  should  be t h e  

r e s p o n s i b i l i t y  o f  t h e  p roduce r .  T h i s  would r e q u i r e  some t y p e  

o f  a c c e p t a b l e  t e s t  mon i to r ing  be  e s t a b l i s h e d  t o  p rov ide  pro- 

d u c t i o n  sampling w i t h  t e s t  r e s u l t s  be ing  provided  from each  

i n d i v i d u a l  producer  and p l a n t .  

I n  c o o l  wea the r ,  t h e  sawing o f  t h e  c o n c r e t e  xay  have t o  

b e  de layed  due t o  t h e  r e t a r d i n g  a c t i o n  o f  t h e  f l y  ash  i n  t h e  

mix. 

For an e a r l i e r  s t r e n g t h ,  t h e  u s e  o f  an admix tu re  should  

be c o n s i d e r e d .  T h i s  would be  d e s i r a b l e  f o r  formed c o n c r e t e  

or c o l d  weather  pours .  

It might be no ted  a t  t h i s  p o i n t  t h a t  i n  t h e  p a s t ,  w e  have 

had problems w i t h  e x c e s s i v e  h e a t  i n  l a r g e  mass c o n c r e t e  p i e r  

pours .  The s lower  set o f  t h e  f l y  ash  c o n c r e t e  c o u l d  be h i g h l y  

advantageous i n  t h l s  t y p e  of usage.  



It is my hope that fly ash can be used in future work 

throughout the State of Iowa. With the results Monona 

County has on its project, we will be willing to use it in 

the future. 
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SUMMARY OF TEST REPORTS 

The f i n a l  test  r e s u l t s  a r e  found  i n  Append ices  E, F 

and  G.  

The  t e s t  r e s u l t s  i n d i c a t e  t h a t  t h e  f l y  a s h  mixes w i l l  

h a v e  some lower  s t r e n g t h s  i n  t h e  f i r s t  30 d a y s  a f t e r  p l a c e -  

ment. By t h e  e n d  o f  56 d a y s ,  t h e  f l e x u a l  s t r e n g t h s  a r e  

a b o u t  e q u a l .  The cores i n d i c a t e  a  c o n t i n u a l  g r o w t h  i n  

s t r e n g t h  i n  a l l  mixes  t o  s i x  months .  Very l i t t l e  s t r e n g t h  

was g a i n e d  be tween  s i x  months and o n e  y e a r .  

S i x  month cores show v e r y  l i t t1.e d i f f e r e n c e  i n  s t r e n g t h  

be tween  t h e  v a r i o u s  mixes .  

Of t h e  mixes  u s e d .  t h e  B-6 was low on b o t h  t h e  s i x  

month and o n e  y e a r  cores. 

The  tests on t h i s  p r o j e c t  i n d i c a t e  t h a t  f l y  a s h  c a n  b e  

u s e d  a s  a  r e p l a c e m e n t  f o r  cement  i n  P o r t l a n d  Cement Pavement.  

CONCLUSIONS & RECOMMENDATIONS 

A t  t h e  e n d  o f  18 months of s e r v i c e ,  t h e  d i f f e r e n t  t es t  

s e c t i o n s  show no d i f f e r e n c e  i n  wear .  Some d i f f e r e n c e  i n  

color i s  n o t e d  be tween  t h e  f l y  a s h  and t h e  s t a n d a r d  mixes. 

The  f l y  a s h  m i x  h a s  a  t i g h t e r  w e a r i n g  s u r f a c e  t h a n  t h e  

s t a n d a r d  mix. The t e x t u r e  d e p t h  o f  t h e  f l y  a s h  mix is e q u a l  

t o  t h e  t e x t u r e  d e p t h  of t h e  s t a n d a r d  mix: however ,  w h i l e  

d r i v i n g  on t h e  s u r f a c e  t h e  f l y  a s h  t e x t u r e  a p p e a r s  t o  h a t ~ e  

less d e p t h .  



With r e s u l t s  a s  s a t i s f a c t o r y  a s  w e  had on t h i s  p r o j e c t ,  

Monona County has  w r i t t e n  s p e c i a l  p r o v i s i o n s  a l l o w i n g  t h e  u s e  

of  e i t h e r  C l a s s  F o r  C l a s s  C f l y  a sh  (see Appendix H )  on t w o  

paving  p r o j e c t s  f o r  t h e  1980 c o n s t r u c t i o n  season .  These 

s p e c i a l  p r o v i s i o n s  c a l l  f o r  t h e  removal o f  10% o f  cement by 

we igh t  and r e p l a c i n g  w i t h  1.25 p a r t s  o f  f l y  a s h  of  t h e  C l a s s  C 

t y p e  

I f e e l  t h a t  we c o u l d  have gone a s  h i g h  a s  15% r e d u c t i o n  i n  

cement on t h e  mix w ~ t h o u t  s a c r i f i c i n g  any s t r e n g t h  or d u r a b i l i t y .  

Due t o  t h e  w o r k a b i l i t y  o f  t h e  f l y  a sh  mixes,  I f e e l  t h e y  

w i l l  have u s e  r n  formed c o n c r e t e  and i n  c o n c r e t e  used  f o r  s l o p e  

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

I f e e l  some t e s t l n g  w i t h  t h e  u s e  of  admixtures  f o r  an 

e a r l i e r  i n i t i a l  set  would b e  a d v i s a b l e .  

The w e a r a b i l i t y  o f  t h i s  p r o j e c t  w i l l  c o n t i n u e  t o  b e  moni- 

t o r e d  f o r  t h e  n e x t  5  t o  1 0  y r s .  and compared t o  o t h e r  a d j a c e n t  

pavement. 

I t  might be n o t e d  h e r e  t h a t  i n  1979, t w o  and t h r e e  f o u r t h s  

m i l e s  o f  B-4 P o r t l a n d  Cement w e r e  added o n t o  t h e  e a s t  end o f  

this s l a b .  The t r a f f i c  on t h l s  a d d i t i o n  would be  about  t h e  

same a s  t h e  t e s t  s e c t i o n s .  

I hope t h a t  w i t h  t h e s e  p r o j e c t s  and c o n t i n u e d  r e s e a r c h ,  

t h a t  we can  s t a r t  u t i l i z i n g  more o f  o u r  l o c a l l y  a v a i l a b l e  

r e s o u r c e s  t h u s  h e l p i n g  t o  c u t  down o n  t h e  u s e  o f  ene rgy ,  b o t h  

i n  manufac tur ing  and t r u c k i n g .  
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APPENDIX B 

SP-212 

IOWA DEPARTMENT OF TRANSPORTATION 

Amos, Iowa 

SPECIAL PROVISION 

for 

PORTLAND CEMENT CONCRETE PAVING 

USING FLY ASH 

March 28, 1978 

THE STANDARD SPECIFICATIONS, SERIES 1977, ARE AMENDED BY THE FOLLOWING SPECIAL PROVISIONS. THESE 
SHAJiL PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS. 

ADD the following to 2301.01: j 
The location, class, and mix proportion number of concrete to be used shall be as indicated on the 
plans or the proposal. 

ADD the following to 2301.03: 1 
When fly ash is required and used in the mix proportions, the fly ash shall meet tho require- 

ments of ASTM C 618 Class C except that the loss on ignition shall he a maximum of 5 percent, the 
! 

available alkalies shall be limited to a maximum of 1.5 percent,and the total silicon dioxide (Si02) 
plus aluminum oxide (Al203) ~ l u s  iron oxide (Fe203) shall be not less than 70% by weight. 

Approval of the source of fly ash will be required. Fly ash will not be subject to certified 1, 

gradation testing by the contractor. Inspection will be arranged by the engineer. 1 
ADD the following proportions to 2301.04: 

Basic Absolute Volumes Per Volume of Co- 
B410-1.5 B61.0-1.5 B615-1.5 B615-1 C410-1.5 C415-1.5 ! 

coarse Aygr. .346770 ,275217 .273324 .278943 .329192 .324530 .331826 
Fine Aggr. .346770 .412825 .409987 .418415 .329192 .324529 .331825 

.06 .06 .06 .06 .06 .06 .06 Air 
.143637 ,143637 .I39482 .151947 ,155508 .15254O water .I44231 

Cement .083928 .OR9031 .On4117 .a84117 .I06422 .lo0562 .LO0562 i 
Fly Ash .018301 ,019290 .028935 .019043 ,023247 .034871 .023247 

Approximate Quantities of M.3torj.al.s per Cubic Yard of Concrete: (Pounds) i 
Coarse Aggr. 1548 1229 1220 1245 1470 1449 1482 i 
Fine Aggr. 1548 1843 1830 1068 1470 1449 1482 
Cement 444 471 445 445 563 532 532 
~ l y  Ash 74 78 117 77 94 141 94 

257 water 243 242 242 235 256 262 I 
I 

Design W/C 
Ratio .47 ,114 .43 .45 .39 .39 .41 

Max. W/C 
Ratio .53 .50 .49 .51 .45 .45 .47 \ 

Note: ~ l y  Ash is included in the water/cement ration calculation 

Those quantities are based on the following assumptions: 

Specific Gravity of Cement - 3.14 

Specific Gravity of ~ l y  Ash - 2.40 
Specific Gravity of Coarse 

and Fine Aggrcqntc - 2.65 

Weight of one cu. ft. of water - 62.4 lbs 
DELETE the second and third paragraphs of 2301.048. 
It is not the intention to increase cement content or to adjust proportions to correct the yield 
for this project. The mixture characteristics are to be controlled within the limits specified 
in 2301.04H and I and within the specified maximum wetar--cement ratio; these are to be modified 
only with specific, prior authorization of the engineer. \ 

( '  
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APPENDIX B 
Cont. 

Monona County FM-67(3)--55-67 

(Spec ia l  Prov is ions  Continued) 

PCC Pavement 

The concre te  s h a l l  be C la s s  "B" and f l y  ash modified 
C la s s  "B" wi th  p ropor t ions  and production i n  accordance 
wi th  t h e  supplemental s p e c i f i c a t i o n .  The mix propor t ions  
and loca t ion  s h a l l  be:  

S t a t i o n  t o  S t a t i o n  Area sq-yd.  Mix Propor t ion No. 

A t r a n s i t i o n  of  + 50 f e e t  w i l l  b e  allowed on t h e  
s t a t i o n s  above when changing mix propor t ions ,  
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Appendix C 

FLEX[RK BEAM DATA Cont. 

Monona County Project FM-67 ( 3  1-- 55-67 HR-200 

@ Fillet beam - D o  not use 



COP!PHESSIVE STRENGTH DATA - CYLINDERS 

h:onona County P r o j e c t  PI*-67--55-67 HR-200 



!t:onona County Project ~14-67--55-67 HR-200 

I Cylinder No. - Mix Identification I 



C O R I N G  DATA - LAB. NO.ACE8-581-677 

Monona County P r o j e c t  FM-67(3) - -  55-67 

I N F O R M A T I O N A L  T E S T S  

APPENDIX E 

HR- 200 

Mix S t a t i o n  
No. 

Lab .  
No. 

Core  
No. 

Average 

Average 

Average 

Average 

Average 

Average 

. / ~ ~ r r ~ p ; ~ ; d  ~ ~ 1 %  Hard A i r  

28 dav 1 v e a r C o n c .  



APPENDIX E 
Cont. 

CORING DATA - LAB. NO.ACE8-581-677 
Monona County Project FM-67(3) - -  55-67 HR-200 

I N F O R M A T I O N A L  T E S T S  

S t a t i o n  Lab. I No. 

I I Average 

I I Average 

I I I I Average 

1 I I I Average 

Average 

I I I I Average 



CORING DATA - LAB. NO.ACE8-581-677 

Monona County P r o j e c t  EM-67(3) - -  55-67 

I N F O R M A T I O N A L  T E S T S  

APPENDIX E 
Cont . 



APPENDIX E 
cont. 

CORING DATA - LAB. NO.ACE8-581-677 
Xonona County Pro jec t  FM-67(3) -- 55-67 HR-200 

I N F O R M A T I O N A L  T E S T S  



CORING DATA -. LAB. NO. 

Monona County Project FM-67 (3) - -55-6 '1 

APPENDIX E 

HR-200 

I N F O R M A T I O N A L  T E S T S  



APPENDIX E 
CORING DATA - LAB. NO, J 

, '  
Monona county Project FM-67.(3)--55-67 HR-200 I I 

4 

I N F O R M A T I O N A L  T E S T S  ! . 



CYLINDER AND CORES 
HR-200, "F ly  Ash i n  P.c. pavement-Monona County" 

Compression s t r e n g t h  i n  PSI 

1 3 day c y l i n d e r s  

1 1 4  day c o r e s  

1 28 day c o r e s  

1 6 month c o r e s  

1 y e a r  c o r e s  

Mix 2 

14 day cores 

1 1 y e a r  c o r e s  

1 Mix 3 

day c y l i n d e r s  

1 4  day c y l i n d e r s  
-- 

( 7 day c o r e s  

) 1 4  day c o r e s  

C a l c u l a t e d  Ave. 



CYLINDER AND CORES i 
H R - 2 0 0 ,  " ~ l y  ~ s h  i n  P.C.  p a v e m e n t - M o n o n a  C o u n t y "  
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