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FLY ASH I N  PORTLAND CEMENT CONCRETE PAVEMENT - WOODBURY COUNTY 

WOODBURY COUNTY PROJECT HR-20 1 

FINAL REPORT 

INTRODUCTION 

The e a r l i e s t  o v e r a l l  c o m p r e h e n s i v e  work o n  t h e  u s e  o f  f l y  

a s h  i n  c o n c r e t e  was r e p o r t e d  b y  D a v i s  and  A s s o c i a t e s  o f  t h e  

1 
U n i v e r s i t y  o f  C a l i f o r n i a  i n  1937 . S i n c e  t h a t  t i m e ,  t h e r e  

have been numerous a p p l i c a t i o n s  o f  t h e  u s e  and  v a r y i n g  p r o p o r -  

t i o n s  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  m i x e s .  

F l y  a s h  is a p o z z o l a n i c  powdery b y - p r o d u c t  o f  t h e  c o a l  

c o m b u s t i o n  p r o c e s s  which  is r e c o v e r e d  f r o m  f l u e  g a s e s  and is 

g e n e r a l l y  a s s o c i a t e d  w i t h  e lec t r ic  power g e n e r a t i n g  p l a n t s .  

E n v i r o n m e n t a l  r e g u l a t i o n s  e n a c t e d  i n  r e c e n t  y e a r s  h a v e  r e q u i r e d  

t h a t  f l y  a s h  be removed f rom t h e  f l u e  g a s e s  t o  m a i n t a i n  c l e a n  

a i r  s t a n d a r d s .  T h i s  h a s  r e s u l t e d  i n  a n  i n c r e a s e d  volume o f  

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

b y - p r o d u c t  t h a t  c a n  be u t i l i z e d  i n  p r o d u c t s  s u c h  a s  p o r t l a n d  

cement  c o n c r e t e .  T h e r e  a r e  s e v e r a l  s o u r c e s  o f  t h e  h i g h  q u a l i t y  

f l y  a s h  l o c a t e d  i n  Iowa (Appendix  A )  c u r r e n t l y  p r o d u c i n g  a com- 

b i n e d  t o t a l  o f  281 ,000  t o n s  o f  m a t e r i a l  a n n u a l l y .  

1 

Highway R e s e a r c h  B u l l e t i n  284 ,  F l y  Ash C o n c r e t e  1961.  



Due t o  r e c e n t  cement s h o r t a g e s  and t h e  r a p i d l y  i n c r e a s i n g  

highway c o n s t r u c t i o n  c o s t s ,  t h e  Iowa Department o f  Transpor-  

t a t i o n  h a s  become i n t e r e s t e d  i n  u t i l i z i n g  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  paving  mixes.  A p r e l i m i n a r y  rev iew of t h e  

Iowa Department o f  T r a n s p o r t a t i o n  M a t e r i a l s  Labora to ry  s t u d y  

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

w i t h i n  l i m i t s ,  is n o t  d e t r i m e n t a l  t o  t h e  o v e r a l l  c o n c r e t e  

q u a l i t y  (Appendix B ) .  Also t h e  use  of f l y  a s h  i n  c o n c r e t e  

would r educe  t h e  cement consumption a s  w e l l  a s  p rov ide  a  poten-  

t i a l  c o s t  s a v i n g s  i n  a r e a s  where h i g h  q u a l i t y  f l y  a s h  is  a v a i l -  

a b l e  w i t h o u t  e x c e s s i v e  t r a n s p o r t a t i o n  c o s t s .  

The p r e v i o u s l y  e x p r e s s e d  conce rns  have shown t h e  need f o r  

a  r e s e a r c h  p r o j e c t  t o  d e v e l o p  o u r  knowledge o f  f l y  a sh  r e p l a c e -  

men,: i n  t h e  Iowa Department o f  T r a n s p o r t a t i o n  p o r t l a n d  cement 

c o n c r e t e  paving  mixes. 

OBJECTIVES 

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

1. Determine and recommend s o l u t i o n s  f o r  problems 
r e l a t e d  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 q  f l y  a s h .  

2 .  E s t a b l i s h  a  p rocedure  f o r  b a t c h i n g ,  mixing and 
p l a c i n g  uniform c o n c r e t e  w i t h  s p e c i f i e d  a i r  con- 
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. 



CONCLUSIONS 

The o b j e c t i v e s  o f  t h e  r e s e a r c h  p r o j e c t  have been s u c c e s s -  

f u l l y  m e t  f o r  t h e  s h i p p i n g  and s t o r i n g  o f  t h e  f l y  a sh .  I t  is 

d e s i r a b l e  t o  have i s o l a t e d  s t o r a g e  f a c i l i t i e s  a v a i l a b l e  t o  

accommodate t e s t e d  and approved m a t e r i a l .  The s t o r a g e  u n i t  

needs  t o  be  o f  s u f f i c i e n t  c a p a c i t y  t o  i n s u r e  t h a t  paving  is  

n o t  de l ayed  w h i l e  w a i t i n g  on test r e s u l t s .  

Manual b a t c h i n g  o f  t h e  f l y  a s h ,  a s  was done on t h i s  p ro -  

j e c t ,  can  be  i n t e g r a t e d  i n t o  t h e  au tomat i c  b a t c h i n q  c y c l e .  By 

u s e  o f  a  second l i m i t  s w i t c h  i n  t h e  cement b a t c h i n g  c y c l e ,  an 

accumula t ive  we igh t  o f  f l y  a sh  and cement can  be  made on a  

s i n g l e  s c a l e  d i a l .  Th i s  would improve b a t c h i n g  e f f i c i e n c y .  

O c c a s i o n a l  s p e c i f i c a t i o n  d e f i c i e n c i e s  i n  c u r r e n t  f l y  a sh  

p r o d u c t  i o n  w a r r a n t  a d d i t i o n a l  s o u r c e  e v a l u a t i o n  b e f o r e  deve lop-  

i n g  a  s o u r c e  c e r t i f i c a t i o n  program f o r  f l y  a sh  accep tance .  

F l y  a s h  can  be  used s u c c e s s f u l l y  i n  paving  mixes.  A l l  

pav ing  s p e c i f i c a t i o n s  can  be  m e t  w i t h  t h e s e  mixes w i t h o u t  any 

obse rved  problems b e i n g  encoun te red .  Q u a l i t y  c o n t r o l  test 

r e s u l t s  show t h a t  s p e c i f i c a t i o n  a i r  c o n t e n t ,  slump and f l e x -  

u r a l  s t r e n g t h  can be ach ieved  w i t h  normal paving o p e r a t i o n s .  

Compressive s t r e n g t h  r e s u l t s  th rough 1 y e a r  v e r i f y  t h a t  

a d e q u a t e  s t r e n g t h s  can b e  ach ieved  i n  f l y  a sh  mixes t o  s a t i s f y  

Iowa DOT s t r e n g t h  r equ i r emen t s .  



RECOLWENDATIONS_ 

Based on r e s u l t s  o f  t h i s  p r o j e c t ,  I am recommending t h a t  

a d d i t i o n a l  e f f o r t s  be  made t o  u t i l i z e  f l y  a sh  i n  p o r t l a n d  

cement c o n c r e t e  paving.  T h i s  e f f o r t  shou ld  i n c l u d e  develop-  

ment of  t h e  s p e c i f i c a t i o n s  u s i n g  an optimum amount o f  f l y  a s h  

a s  a  cement rep lacement  i n  t h e  b a t c h  p r o p o r t i o n .  F u t u r e  pro-  

j e c t s  should  then  a l low an o p t i o n  f o r  t h e  c o n t r a c t o r  t o  u s e  

s t a n d a r d  paving  mixes or a  s p e c i f i c  f l y  a s h  mix. 

T e s t  r e s u l t s  from t h e  p r o j e c t  i n d i c a t e  t h a t  15% o f  t h e  

cement i n  t h e  C-4 mix c o u l d  be r e p l a c e d  w i t h  Iowa P u b l i c  

S e r v i c e  P o r t  Neal # 3  f l y  a sh  a t  a  r a t i o  o f  I.& pounds o f  f l y  

a s h  pe r  pound of  cement reduced.  According t o  t h e  t e s t  r e s u l t s ,  

t h e r e  would be no  a p p r e c i a b l e  change i n  a n t i c i p a t e d  c o n c r e t e  
I' 

s t r e n g t h .  

F l y  a s h  s h o u l d  b e  t e s t e d  and approved p r i o r  t o  use .  T h i s  

s h o u l d  be done on a  l o t  or b i n  b a s i s  s o  t h a t  approved m a t e r i a l  

is i s o l a t e d .  I n  t h e  f u t u r e ,  p o s s i b l y  a  c e r t i f i c a t i o n  program 

s i m i l a r  t o  t h e  cement program c o u l d  be  implemented. 

I f e e l  t h a t  it would be a p p r o p r i a t e  t o  e v a l u a t e  t h e  u s e  

of  f l y  a s h  i n  t h e  "C"  s t r u c t u r a l  c o n c r e t e  mixes. Most s t r u c -  

t u r a l  c o n c r e t e  is  b a t c h e d  through a  r eady  mix c o n c r e t e  p l a n t .  

T h i s  p r o j e c t  has  shown t h a t  it is e a s y  t o  modify a  r eady  mix 

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



PROJECT LOCATION ---- 

F l y  a sh  r e s e a r c h  was be ing  conducted on two Woodbury County 

b r i d g e  rep lacement  p r o j e c t s  on Iowa 982 (Old Iowa 1 4 1 ) .  Wood- 

bu ry  TQFS-982-O(5)--30-97, l o c a t e d  $ m i l e  s o u t h e a s t  o f  t h e  

S ioux  C i t y  c i t y  l i m i t ,  i nc luded  paving  two b r i d g e  approach 

s e c t i o n s  1100 and 1300 f e e t  i n  l e n g t h .  Woodbury TQFS-982-O(7)-- 

30-97 is l o c a t e d  9 m i l e s  s o u t h  o f  S ioux  C i t y  and inc luded  paving  

2 b r i d g e  approach  s e c t i o n s  approximate ly  1300 and 500 f e e t  i n  

l e n g t h .  ( F i g u r e  1) 

The c o n t r a c t  f o r  c o n s t r u c t i o n  o f  t h e  two p r o j e c t s  was 

awarded t o  t h e  I r v i n g  F. J e n s e n  Company o f  S ioux  C i t y ,  Iowa, 

o n  March 23, 1978. The 8" s t a n d a r d  formed p o r t l a n d  cement 

c o n c r e t e  paving  was completed between October  17 ,  1978 and 

October  26, 1978 

M I X  PROPORTIONS AND TEST SECTIONS 

The f o u r  b r i d g e  approaches  on t h e  two p r o j e c t s  provided 

t h e  f o l l o w i n g  c o n v e n i e n t  t e s t  l o c a t i o n s :  

1. C-4 S t a n d a r d  C-4 mix used a s  t h e  c o n t r o l  mix 
was p l a c e d  on t h e  500 f o o t  s o u t h e a s t  approach 
s e c t i o n  o f  t h e  b r i d g e  l o c a t e d  9 m i l e s  sou th -  
e a s t  o f  S ioux  C i t y .  

2. C-4-10-1.5 Modif ied C-4 mix w i t h  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 e  we igh t  o f  cement r e d u c t i o n  was p l a c e d  on 
t h e  no r thwes t  approach t o  t h e  b r i d g e  l o c a t e d  
9 m i l e s  s o u t h e a s t  o f  S ioux  C i t y .  





3 .  C-4-15-1 Modified C-4 mix w i t h  15% cement 
r e d u c t i o n  and replacement  of  an equa l  weight  
o f  f l y  ash  was p l a c e d  on t h e  nor thwest  
approach o f  t h e  b r i d g e  l o c a t e d  $ mile  sou th-  
e a s t  o f  Sioux C i t y .  

4 .  C-4-15-1.5 Modified C-4 mix wi th  15% cement 
r e d u c t i o n  and f l y  ash  replacement  a t  1.5 t i m e s  
t h e  weight  of  cement r e d u c t i o n  was p laced  on 
t h e  s o u t h e a s t  approach t o  t h e  b r i d g e  l o c a t e d  
$ mi le  s o u t h e a s t  o f  Sioux C i t y .  

P r o p o r t i o n s  f o r  mix 2, 3 ,  and 4 a r e  p a r t  o f  S p e c i a l  P ro -  

v i s i o n  212 f o r  t h e  p r o j e c t  (Appendix C )  . 

SHIPPING, STORING AND BATCHING 

F l y  ash  f o r  t h e  p r o j e c t  was ob t a ined  from Iowa P u b l i c  

S e r v i c e  P o r t  Neal #3 P l a n t  l o c a t e d  n e a r  Sioux C i t y .  Weekly 

samp1ing and t e s t i n g  o f  t h e  a v a i l a b l e  f l y  ash  was done d u r i n g  

t h e  summer o f  1978 t o  monitor  t h e  q u a l i t y  of  t h e  m a t e r i a l  

a v a i l a b l e  from t h i s  sou rce .  High q u a l i t y  f l y  ash  was main- 

t a i n e d  wi th  t h e  excep t ion  o f  one i s o l a t e d  sample ob t a ined  

September 22, 1978 (Appendix D ) .  A s  a r e s u l t  o f  t h e  non- 

compliance,  it was dec ided  t h a t  t e s t i n g  f o r  t h e  r e s e a r c h  

should  b e  on a l o t  b a s i s  w i t h  a cement t r a n s p o r t  (approx imate ly  

24 t o n s )  r e p r e s e n t i n g  t h e  l o t .  ( F i g u r e  2)  

Acceptance of  t h e  i n d i v i d u a l  t r a n s p o r t  l oads  o f  f l y  ash  

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

P o r t  Neal  does  no t  have s t o r a g e  c a p a c i t y  f o r  i s o l a t i n g  t e s t e d  



~ i g u r e  2 :  Sampl ing  t h e  i n d i v i d u a l  t r a n s p o r t  
l o a d  o f  f l y  a s h .  

and approved  f l y  a s h .  P o r t a b l e  s t o r a g e  t a n k e r s  ( F i g u r e  3 )  w e r e  1 
moved i n  t o  a s s u r e  t h a t  a n  a d e q u a t e  volume o f  approved  m a t e r i a l  I 

\ 
would be a v a i l a b l e  t o  s u s t a i n  t h e  c o n c r e t e  product i .on .  

The c o n t r a c t o r  e l e c t e d  t o  b a t c h  t h e  c o n c r e t e  a t  a  perma- 

n e n t  r e a d y  mix p l a n t  i n  S i o u x  C i t y  t h a t  r o u t i n e l y  u s e s  f l y  a s h  

i n  c e r t a i n  commerc i a l  mixes .  The p l a n t  is e q u i p p e d  w i t h  Johnson-  
I 

D e t e c t o  s c a l e s  and a u t o m a t i c  ba tch i -ng  equ ipmen t .  I n i t i i a l  mix ing  1 



F i g u r e  3: P o r t a b l e  s t o r a g e  t a n k e r s  u s e d  t o  
s t o r e  approved  f l y  a s h .  

o f  t h e  c o n c r e t e  is  accompl i shed  w i t h  an  11 c u b i c  y a r d  Johnson  

c e n t r a l  m i x e r .  One compar tment ,  o f  t h e i r  t h r e e  compartment  

cement  s l l o ,  was u t i l i s e d  t o  h a n d l e  t h e  f l y  a s h  i n  t h e  b a t c h -  

i n g  p r o c e s s .  

The  a u t o m a t i c  b a t c h i n g  c y c l e  was u s e d  t o  b a t c h  t h e  cement  

and a g g r e g a t e s .  T h i s  b a t c h ,  a l o n g  w i t h  a  p o r t i o n  o f  t h e  mix ing  

w a t e r ,  was t h e n  c h a r g e d  i n t o  t h e  mixer. F l y  a s h  was t h e n  



b a t c h e d  m a n u a l l y  u s i n g  t h e  cement  hopper  and s c a l e  and t h e n  

c h a r g e d  i n t o  t h e  mixer a l o n g  w i t h  t h e  r e m a i n i n g  mix ing  w a t e r  

t o  c o m p l e t e  t h e  b a t c h  c y c l e .  T r a n s i t  m i x e r s  were u s e d  t o  

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

PZACIN.: AND FINISHING - .- . . 

The c o n c r e t e  f o r  t h e  f i x e d  form p a v i n g  was s p r e a d ,  

v i b r a t e d ,  and f i n i s h e d  w i t h  a  Pave-Saver  f i n i s h i n g  machine  

Model #16-22. ( F i g u r e  4 )  

F i g u r e  4:  Pave-Saver  f i n i s h  machine i n  
o p e r a t i o n  



Minor hand f i n i s h i n g  n e a r  t h e  s i d e  fo rms  was done  p r i . o r  t o  

t h e  f i n a l  s t r a i g h t e d g e  o p e r a t i o n .  ( F i g u r e  5 )  A s t r o  g r a s s  

t e x t u r i n g ,  f o l l o w e d  by a hand a p p l i e d  c u r e ,  c o m p l e t e d  t h e  

c o n c r e t e  p l a c i n g  s e q u e n c e .  No s p e c i a l  equ ipment  was r e q u i r e d  

i n  t h e  o p e r a t i o n .  

F i g u r e  5: F i n i s h e d  pavement  b e h i n d  t h e  
Pave-Saver  



MATERIALS AND QUALITY CONTROL 

The fo l lowing  m a t e r i a l s  w e r e  used i n  t h e  r e s e a r c h  p r o j e c t :  

1. Coarse  Aggregate  - Gravel  meet ing s e c t i o n  4115 
g r a d a t i o n  #3 o f  t h e  S tandard  S p e c i f i c a t i o n  1977 
S e r i e s .  The s o u r c e  w a s  L. G. E v e r i s t  C o .  p i t  
l o c a t e d  a t  Hawarden, Iowa. 

2.  F i n e  Aggregate  - Sand meet ing S e c t i o n  4110 
g r a d a t i o n  #I o f  t h e  S tandard  S p e c i f i c a t i o n .  
The s o u r c e  was L. G .  E v e r i s t  Co. p i t  l o c a t e d  
a t  Hawarden, Iowa. 

3. Ash Grove cement. 

4 .  F l y  Ash - Iowa P u b l i c  S e r v i c e  P o r t  Neal  #3 
p l a n t .  

5. Admixtures - Master  B u i l d e r s  MBVR s t a n d a r d  
a i r  e n t r a i n i n g  a g e n t  meet ing ASTM C-260-74. 

The c o n c r e t e  p roduc t ion  f o r  t h e  p r o j e c t  was a v e r y  normal 

o p e r a t i o n .  Two minor problems developed r e g a r d i n g  s p e c i f i c a -  

t i o n  compliance. 

The f i r s t  problem o c c u r r e d  d u r i n g  t h e  p l a c i n g  of  t h e  C-4- 

15-1.5 mix. The a i r  c o n t e n t  o f  t h e  c o n c r e t e  was less t h a n  t h e  

minimum s p e c i f i e d  (6 .5  - + 1.5%) and t h e  slump was nea r  t h e  upper 

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

Due t o  t h i s  c o n d i t i o n  and t h e  s h o r t  s u p p l y  o f  cement 

a v a i l a b l e ,  c o n c r e t e  o p e r a t i o n s  w e r e  suspended by t h e  c o n t r a c -  

t o r .  Concre te  o p e r a t i o n s  were resumed when a d d i t i o n a l  cement 

was a v a i l a b l e .  No f u r t h e r  problems w i t h  a i r  c o n t e n t  i n  t h e  

mix w e r e  expe r i enced .  



A r ev i ew  o f  t h e  i n c i d e n t  was conduc ted  by  t h e  Dis t r i c t  #3 

M a t e r i a l s  S t a f f .  The f o l l o w i n g  c o n c l u s i o n s  were  reached:  

1. The non-compliance o c c u r r e d  a t  abou t  t h e  same 
t i m e  t h a t  a  sh ipment  o f  cement was r e c e i v e d .  

2. The s lump o f  t h e  c o n c r e t e  p r i o r  t o  t h e  non- 
compl i ance  was n e a r  t h e  3" s p e c i f i c a t i o n  l i m i t  
f o r  f i x e d  form pav ing .  

3 .  P r o j e c t  c o n t r o l  test  r e s u l t s  show t h a t  t h e  a i r  
c o n t e n t s  p r i o r  t o  t h e  non-compliance o f  5.5% 
and 5.8% ( S p e c i f i c a t i o n  6 .5  5 1.5%).  

The s econd  s p e c i f i c a t i o n  problem r e l a t e s  t o  c o a r s e  aggre-  

g a t e  g r a d a t i o n  t e s t  r e s u l t s .  Two o u t  o f  t h r e e  samples  o f  

c o a r s e  a g g r e g a t e  u sed  i n  t h e  C-4-15-1.0 mix on October  23 ,  

1978,  f a i l e d  t o  m e e t  t h e  s p e c i f i c a t i o n  r equ i r emen t  on t h e  %" 

s i e v e  (25  - 60% p a s s i n g ) .  

The r e s u l t s  o f  t h e  t h r e e  samples  t e s t e d  ranged  from 17% 

t o  26% p a s s i n g  t h e  %" s i e v e  y i e l d i n g  a  c o a r s e r  m a t e r i a l  on 

t h e  $" s i e v e  t h a n  d e s i r e d  by  t h e  S p e c i f i c a t i o n .  

PROJECT TEST RESULTS 

P r o j e c t  c o n t r o l  t e s t i n g  r e s u l t e d  i n  an a v e r a g e  a i r  c o n t e n t  

o f  5.7% w i t h  t h e  a v e r a g e  s l u m p b e i n g  2  3/4" for  t h e  C-4 m i x .  

The a i r  c o n t e n t  o f  t h e  C-4 mix r anged  from 5.6% t o  6.8% w h i l e  

t h e  slump ranged  between 2%" t o  3 " .  T h e a v e r a g e  w a t e r  cement 

r a t i o  f o r  t h o  mix wg:; 0.444. 

The r a n g e  o f  a i . r  c o n t e n t  f o r  1.0 tests was 5.5% t o  7.6% 

( a v e r a g e  6.7%) f o r  t h e  C-4-10-1.5 mix. T h i s  slump ranged  from 



1 3/4" t o  3" ( ave rage  2 3 / 8 " ) .  D a i l y  w a t e r  cement r a t i o s  

i n c l u d i n g  b o t h  t h e  we igh t  o f  f l y  a s h  and cement i n  t h e  mix 

w e r e  0.403 and 0.385. 

The C-4-15-1.0 m i x  a i r  c o n t e n t  ranged  from 5.6% t o  8.0% 

w i t h  t h e  ave rage  o f  12 tests b e i n g  6.6%. The ave rage  wa te r /  

cement r a t i o  was 0.417. The t o t a l  weight  o f  f l y  a s h  p l u s  t h e  

we igh t  o f  t h e  cement was used  i n  c a l c u l a t i n g  t h e  water/cement 

r a t i o .  

The C-4-15-1.5 mix ranged  i n  a i r  c o n t e n t  from 5.0% t o  

7.2% w i t h  an ave rage  o f  5.9%. The slump ranged from 1%" t o  

3" w i t h  an average  o f  2%". These a v e r a g e s  a r e  based  on 7 a i r  

and slump tests.  D a i l y  w a t e r  cement r a t i o s  of  0.383 and 0.352 

a r e  based  on c a l c u l a t i o n s  i n c l u d i n g  t h e  we igh t  o f  f l y  a s h  p l u s  

t h e  we igh t  o f  cement i n  t h e  mix. 

Due t o  t h e  work load  i n  t h e  Residency,  f l e x u r a l  beams 

w e r e  n o t  broken r e g u l a r l y  on a  7  day and 14 day i n t e r v a l  a s  

i n t e n d e d .  R e s u l t s  o f  f l e x u r a l  beam s t r e n g t h s  ranged from 

502 p s i  a t  7  days  t o  754 p s i  a t  14 days  f o r  tk C-4 m i x .  The 

C-4-10-1.5 f l e x u r a l  s t r e n g t h s  v a r i e d  from 592 p s i  a t  5  days  

t o  686 p s i  a t  14 days .  The C-4-15-1.0 beam b reaks  y i e l d e d  

s t r e n g t h s  r a n g i n g  from 481 p s i  a t  5  days  t o  670 p s i  a t  14 days  

The f l e x u r a l  s t r e n g t h  i n  t h e  C-4-15-1.5 mix ranged from 

624 p s i  i n  5 days  t o  695 p s i  i n  14 days .  The lowes t  s t r e n g t h  



f o r  t h e  10 beams made and t e s t e d  w i t h  t h i s  mix was 582 p s i  

f l e x u r a l  s t r e n g t h  i n  9 d a y s .  

A comple te  t a b u l a t i o n  of  f l e x u r a l  s t r e n g t h  d a t a  is  l o c a t e d  

i n  Appendix E. 

Two c y l i n d e r s  w e r e  t e s t e d  f o r  compress ive  s t r e n g t h  a t  3 ,  

7 ,  and 14 day i n t e r v a l s .  A t  3  days ,  t h e  ave rage  c y l i n d e r  

s t r e n g t h  o f  t h e  C-4-10-1.5 and C-4-15-1.5 mixes appear  t o  be 

n e a r l y  e q u a l  and a r e  s l i g h t l y  lower than  t h e  s t r e n g t h  shown i n  

t h e  C-4 mix. The C-4-15-1.0 ave rage  was c o n s i d e r a b l y  lower 

t h a n  t h e  C-4 mix. A t  7  d a y s ,  t h e  3 f l y  a s h  s t r e n g t h  a v e r a g e s  

were n e a r l y  e q u a l  and approx ima te ly  800 p s i  less than  t h e  C-4 

mix s t r e n g t h .  A t  14 d a y s ,  t h e  c y l i n d e r  ave rage  compress ive  

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

c y l i n d e r  r e s u l t s  is  shown i n  Appendix F. 

The ave rage  compress ive  s t r e n g t h  o f  s i x  c o r e s  c u t  from 

e a c h  mix were very s i m i l i a r  a t  7  days .  The ave rage  s t r e n g t h  

ranged  from 3140 p s i  f o r  t h e  C-4-10-1.5 mix t o  3390 p s i  f o r  

t h e  C-4-15-1.0 mix f o r  a  d i f f e r e n c e  o f  8%. 

A t  14 days ,  t h e  r ange  f o r  t h e  ave rage  s t r e n g t h  broadened 

w i t h  t h e  low ave rage  s t r e n g t h  o c c u r r i n g  i n  t h e  C-4-10-1.5 m i x  

(3370 p s i )  and t h e  h igh  ave rage  s t r e n g t h  o c c u r r i n g  i n  t h e  

C-4-15-1.5 mix (4600 p s i )  f o r  a  36% d i f f e r e n c e .  The C-4-15-1.5 

mix a t  4600 p s i  was 8% h i g h e r  than  t h e  C-4 mix ave rage  o f  

4240 p s i .  



A t  28 d a y s ,  t h e  l o w  a v e r a g e  s t r e n g t h  o c c u r r e d  i n  t h e  C-4- 

10-1.5 mix (4350  p s i ) .  The h i g h  a v e r a g e  s t r e n g t h  o c c u r r e d  i n  

C-4-15-1.0 mix (5210  p s i ) .  The C-4 mix and  t h e  C-4-15-1.5 m i x  

b o t h  show a v e r a g e  s t r e n g t h  o f  4610 p s i ,  o n l y  11% lower t h a n  

t h e  C-4-15-1.0 mix s t r e n g t h .  

The o n e  y e a r  test  r e s u l t s  show t h e  C-4 m i x  and  t h e  C-4- 

15-1 .5  mix w i t h  an e q u a l  a v e r a g e  s t r e n g t h  (6640  p s i )  a b o u t  6% 

h i g h e r  t h a n  t h e  o t h e r  two mixes  t h a t  w e r e  e v a l u a t e d .  

A c o m p l e t e  t a b u l a t i o n  o f  core s t r e n g t h  r e s u l t s  is i n c l u d e d  

i n  Appendix G. 

D u r a b i l i t y  beams w e r e  made f rom t h e  p l a s t i c  c o n c r e t e  a t  

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

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

s p a 1 1  p r o d u c i n g  m a t e r i a l  i n  t h e  c o a r s e  a g g r e g a t e  i n  t;he c o n c r e t e  

mlx, t h c  test r e s u l t s  h a v e  n o t  been i n c l u d e d  i n  t h i s  r e p o r t .  

TESTING AND EVALUA'PION 

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

s lump and  f l e x u r a l  s t r e n g t h  was c o n d u c t e d  b y  t h e  S i o u x  C i t y  

R e s i d e n t  E n g i n e e r ' s  s t a f f .  

The f o l l o w i n g  s p e c i a l  s a m p l i n g  and  t e s t i n g  was c o n d u c t e d  

b y  t h e  D i s t r i c t  #3 and C e n t r a l  O f f i c e  M a t e r i a l s  L a b o r a t o r y  S t a f f :  

1. Two 4%" x  9" c y l i n d e r s  t e s t e d  f o r  c o m p r e s s i v e  
s t r e n g t h  of e a c h  mix a t  3 ,  7 ,  and 14 d a y s .  



2 .  Cor ing  ( 5  p e r  mix 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 ,  14  and 28 days  
a s  w e l l  a s  6 month and 1 y e a r  i n t e r v a l s .  

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

QB_S_EXVAT I O N S  

The p r o j e c t  was c o n s t r u c t e d  u s i n g  normal equipment d e s i g n e d  

f o r  r e a d y  mix c o n c r e t e  p r o d u c t i o n  and f i x e d  form paving .  

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

Both p o r t a b l e  s t o r a g e  s i l o s  and permanent s i l o s  d e s i g n e d  f o r  

h a n d l i n g  cement w e r e  used f o r  t h e  f l y  a sh .  There  appeared  t o  

b e  no problems i n  h a n d l i n g  t h e  f l y  a s h  o r  b a t c h i n g  t h e  f l y  a sh  

th rough  a  c e n t r a l  r e a d y  mix p l a n t .  

The re  was l i t t l e  d i f f e r e n c e  i n  paving  w i t h  t h e  f l y  a s h  

mixes a s  compared t o  t h e  r e g u l a r  C-4 mix. The c o n c r e t e  f i n i s h e r s  

e x p r e s s e d  t h a t  t h e  f l y  a sh  c o n c r e t e  was e a s i e r  t o  f i n i s h  t h a n  

t h e  C-4. T h i s  is  due  i n  p a r t  t o  t h e  f a c t  t h a t  t h e  f l y  a s h  

p a r t i c l e s  a r e  s p h e r i c a l  i n  shape .  

A minor problem w i t h  a i r  c o n t e n t  was encoun te red  on one  

o c c a s i o n  when u s i n g  t h e  C-4-15-1.5 mix. The slump o f  t h e  con- 

c r e t e  was n e a r  t h e  upper  l i m i t .  I t  is my o p i n i o n ,  i f  t h e  s p e c i -  

f i c a t i o n  t a r g e t s  f o r  t h e  slump and a i r  c o n t e n t  had been obse rved  

more c l o s e l y  p r i o r  t o  t h e  i n c i d e n t ,  a p p r o p r i a t e  slump and a i r  

c o n t e n t  c o u l d  have  been ach ieved  w i t h  l i t t l e  d i f f i c u l t y .  I do  



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

problem. 

The paving  was completed i n  October  w i t h  t h e  mean n i g h t -  

t i m e  l o w  t empera tu re  a t  36OF and t h e  dayt ime mean h igh  t e m -  

p e r a t u r e  a t  67OF. Due t o  t h e  c o o l  c o n d i t i o n s ,  t h e  f l e x u r a l  

beam and e a r l y  c y l i n d e r  and c o r e  compress ive  s t r e n g t h s  a r e  

lower than  one  might e x p e c t  d u r i n g  mid-summer paving  w i t h  more 

f a v o r a b l e  t empera tu res .  

I t  appeared t h a t  t h e  c o o l  wea the r  c u r i n g  of t h e  pavement 

was i n i t i a l l y  s lower  f o r  t h e  f l y  a sh  c o n c r e t e  than  f o r  t h e  

C-4 m i x .  

A r e c e n t  f i e l d  i n s p e c t i o n  h a s  been completed on a l l  test  

s e c t i o n s  o f  t h e  p r o j e c t .  A t  t h i s  t i m e ,  t h e r e  is no v i s i b l e  

d i f f e r e n c e  i n  t h e  s u r f a c e  appearance  o f  t h e  f o u r  test a r e a s .  

The re  i s  no ev idence  of pavement d e g r a d a t i o n  a f t e r  two 

w i n t e r  s e a s o n s  o f  u s e .  
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APPENDIX B 

FLY ASH MIXES 
FLY ASH SOURCE - PORT NEAL NO. 3 

C-4 M i x  

% Cement 1  : 1 Rep1 acement  1 : 1 : 5  R e p l a c e m e n t  
R e d u c t i o n  Comp. S t r .  - - 5 .  i. Cornp. S t r .  - p . s . i .  

7 day  ' 28 day  56  day  7 day  28 d a y  5 6  d a y  

D u r a b i l i t y  F a c t o r  - ASTM C666 P r o c e d u r e  B 
C. A .  S o u r c e  - Menlo  

% Cement 
R e d u c t i o n  1 : 1 R e p l  acement  1 : 1 . 5  R e p l a c e m e n t  



APPENDIX C - 1  

SP-212 

IOWA DEPARTKENT OF TRANSPORTATION 

Amcs, Iowa 

SPECIN. PROVISION 

for 

PORTlAND CLKENT CONCRETE PAVING 

USING FLY ASH 

March 28, 1978 

TXE STANDARC SPECIFICATIONS. SERIES 1977. ARE AMENDED BY THE FOLLOWING SPECIAL PROVISIONS. THESE 
5- PREVAIL OVER THOSE PUBLISHED IN THE STANDARD SPECIFICATIONS. 

; \ 3 ~  the following to 2301.01: 
Tne location, class, and mix proportion number of concrete to be used shall be as indicated on the 
plans or the proposal. 

ADD the folloving to 2301.03: 
When fly ash is required and used in the mix proportions. the fly ash shall meet the require- 

ments of ASTH C 618 Class C except that the loss on ignition shall be 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 (A1203) plus iron oxide (Fe203) shall be not less than 7% by weight. 

Approval of the source of fly ash will be required. Fly ash will not be subject to certified 
testing by the contractor. inspection will be arranged by the engineer. 

ADD the following proportions to 2301.04: 
Basic Absolute Volumes Per Volume of Concrete 

8410-1.5 B610-1.5 B615-1.5 B615-1 -- C410-1.5 C415-1.5 

Coarse Aggr. .346770 .275217 .273324 .278943 .329192 .324530 .Z7LZ26 
Fine Aggr. -346770 .412825 .409987 -418415 .329192 .324529 .331R25 
ALr .06 -06 .06 .06 .06 -06 .06 
Water .144231 -143637 .143637 .139482 .I51947 .I55508 .I52540 
Cement -083928 .089031 .084117 -084117 .lo6422 .lo0562 .lo0562 
Fly Ash .Ole301 .019290 .028935 .019043 ,023247 .034871 .023247 

Approximate Quantities of Materials per Cubic Yard of Concrete: (Pounds) 

Coarse hggr. 1548 1229 1220 1245 1470 1449 1462 
Fine iiqsr. 1548 1 3 4 3  1830 lBbe 1470 1449 1482 
Cement 444 471 445 445 563 532 5 32 
Fly Ash 74 78 117 77 94 141 94 
Water 243 242 242 235 256 262 257 

Design w/C 
Ratio .47 .44 .4 3 .45 - 39 .39 .41 

Max. W/C 
Ratio .53 .SO .49 . 5 1  .45 .45 .47 

~ o t e :  fly ~ s h  is included in the vater/cement ration calculation. 

m o s e  quantities are based on the follovlnq assumptions: 

Specific Gravity of Cement - 3.14 

Specific Gravity of Fly Ash - 2.40 
Specific Gravity of Coarse 

and Fine Aggregate - 2.65 
weight of one cu. ft. of water - 62.4 lbs. 

DSLJIETE the second and third ~aragraphs of 2301.04H. 
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 controlked vithin the limits specified 
in 2301.04H and I and vithin the specified maximum vatxr-cement ratio; these are to be modified 
onlv with specific, prior authorization of the engineer. 

2 2 



APPENDIX C - 2  I 
I 

Page 2 1 
I - ADD the f o l l w i n g  t o  2301.06A: 

P ly  a s h  s h a l l  be t r a n s p o r t e d .  s t o r e d ,  and b a t c h e d  i n  s u c h  a manner as t o  keep it d r y .  Pro-  
p o r t i o n i n g  equipment  f o r  the fly a s h  s h a l l  meet r c q v i r c m e n t s  o f  2001.20, c i t h e f  Paragraph  A. 
manual Batchmg Equipment, o r  Paragraph 8.  Automat ic  B a t c h i n g  Equipment. 1 

1 
ADD the f o l l o w i n g :  

C e r t a i n  aspects of the work on t h i s  p r o j e c t  are o f  a r e s e a r c h  n a t u r e .  Because o f  t h i s ,  the 
e n g i n e e r  may modify r e q u i r e m e n t s  i n  o r d e r  t o  assure t h a t  m e a n i n g f u l  r e s e a r c h  r e s u l t s  a r e  ob ta ined .  1 
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FLEXURAL BEAM DATA 

Woodbury  F l y  A s h  R e s e a r c h  

A P P E N D I X  E 

- 
Age Air W a t e r /  F l e x u r a l  

I d e n t i f i c a t i o n  D a y s  C o n t e n t  S l u m p  Cement S t r e n q t h  

10 -20 -1  7  6.8% 3.0" 0.434 502 p s i  
10 -17 -1  8  5 .8% 2.5" 0 .444  604 p s i  
10-17-2  1 4  5 .8% 2.5" 0 .444  754 p s i *  
10-20-2  14 6.8% 3.0" 0 .434 719 p s i *  

W a t e r / c e m e n t  r a t i o  i s  c a l c u l a t e d  o n  t h e  c o m b i n e d  w e i g h t  o f  
c e m e n t  a n d  f l y  a s h  i n  t h e  m i x .  

* B r i d g e  a p p r o a c h  h a n d w o r k .  

10- 18 -  1 5  7.2% 2.5" ' 0.403 592 p s i  
10-18-2  5  7.2% 2.5" 0 .403 592 p s i  
10 -19 -1  7  7.0% 2.0"  0 .385 543 p s i  
10-18-3  8  6.5% 2.0" 0 .403 663 p s i  
10-18-4  9  6 .5% 2.0" 0 .403 598 p s i  
10-18-5  10 6.8% 3 .0 "  0.403 701  p s i  
10-18-6  14 6.8% 3.0" 0.403 666 p s i  
10-19-2  14 7.0% 2 . 0 "  0 .385 686 p s i  

1 0 - 2 8 - 1  5  6.0% 1.5"  0.417 4 8 1  p s i  
10-28-2  6  6 .0% 1 .5 "  0 .417 538 p s i  
10 -28 -3  9  7 .0% 2 .0 "  0 .417 494 p s i  
10-28-4  10 7.0% 2.0" 0.417 511  p s i  
10 -28 -5  11 7.2% 2.0"  0 .417 633 p s i  
10 -28 -6  14 7.2% 2 . 0 "  0 .417 670 p s i  

2 o u t  o f  3  g r a d a t i o n s  o n  C . A .  w e r e  n o n - c o m p l i a n c e  o n  4'' 
s i e v e  ( a v e r a g e  22% p a s s i n g :  s p e c i f i c a t i o n  r a n g e  25 -60%) .  

0.352 624 p s i  
0.383 613 p s i  
0.352 657 p s i  
0.383 619 p s i  
0.352 668 p s i  
0.352 690 p s i  
0.383 582 p s i  
0.352 715 p s i  
0.383 653 p s i  
0.352 695 p s i  



APPENDIX F - 1  

COMPRESSIVE STRENGTH RESULTS 

Woodbury F ly  Ash Research  3  Day R e s u l t s  - C y l i n d e r s  

* Non-complying c o a r s e  a g g r e g a t e  was r e p o r t e d  f o r  t h e  m i x  i n c l u d e d  i n  t h e  
c y l i n d e r  s amples .  S p e c i f i c a t i o n  r ange  f o r  m a t e r i a l  p a s s i n g  .Lz" s i e v e  i s  
25-60%.  P r o j e c t  c o n t r o l  g r a d a t i o n  p a s s i n g  .Lz" s i e v e  was 22% ( a v e r a g e  of  
3  t e s t s .  

C y l i n d e r  No. 

C-4-1-1 
1-2 

3JY-197 
197-2  

3CH8-111-1 
111-2  

3CH8-107-1 
107-2  

* *  Wate r l cemen t  r a t i o  i s  c a l c u l a t e d  on t h e  combined w e i g h t  of cement  and 
f l y  a s h  i n  t h e  mix. 

C-4-10-1.5 
C-4-10-1.5 

C-4-15-1.0 
C-4-15-1.0 

C-4-15-1.5 
C-4-15-1.5 

5 . 5  
5 . 5  

3  
3  

Average 

0 .383  
0 . 3 8 3  

Average 

2 ,383*  

2 ,880  
2 ,754  

2 ,817  



APPENDIX F-2 I 
I I 

COMPRESSIVE STRENGTH RESULTS i 

. Woodbury Fly Ash Research 7 Day R e s u l t s  - C y l i n d e r s  I 

* Non-complying c o a r s e  a g g r e g a t e  was r e p o r t e d  f o r  t h e  m i x  i n c l u d e d  i n  t h e  
c y l i n d e r  s amples .  S p e c i f i c a t i o n  range  f o r  m a t e r i a l  p a s s i n g  t h e  Ji" s i e v e  

I 
i s  25-60%. P r o j e c t  c o n t r o l  g r a d a t i o n  p a s s i n g  % "  s i e v e  was 2 2 %  ( a v e r a g e  
o f  3 t e s t s ) .  i 

** Water/cement  r a t i o  i s  c a l c u l a t e d  on t h e  combined w e i g h t  o f  cement  and I 

f l y  a sh  i n  t h e  mix. i 
i 

C y l i n d e r  No. 

3CH-105-3 
105-4 

101-3 
101-4 

3CH8-111-3 
111-4 

3CH8-107-3 
107-4 

A i r  Content  
% 

5.0 
5.0 

6.4 
6.8 

8.0 
8.0 

5.5 
5.5 

, 

Mix No. 

C-4 
C-4 

C-4-10-1.5 
C-4-10-1.5 

C-4-15-1.0 
C-4-15-1.0 

C-4-15-1.5 
C-4-15-1.5 

Compress ive  
S t r e n g t h  PSI 1 

1 

4,722 
4,732 I 
4,727 

, 

I 
4,332 I 
3,810 

4,071 
? 
i 

3,905* 1 
3,905* 

I 

3,905* I 

3,678 
3,942 

I 
I 

3,810 1 
I 

Slump 
I n c h e s  

3% 
3 % 

2.5 
3.0 

3 
3 

2% 
2% 

W J C * *  
R a t i o  

0.434 
0.434 

Average 

0.403 
0.403 

Average 

0.417 
0.417 

Average 

0.383 
0.383 

Average 



APPENDIX F-3 

COMPRESSIVE STRENGTH RESULTS 

Woodbury  F l y  Ash R e s e a r c h  1 4  Day R e s u l t s  - C y l i n d e r s  

* N o n - C o m p l y i n g  c o a r s e  a g g r e g a t e  g r a d a t i o n  r e p o r t e d  f o r  m i x  i n c l u d e d  i n  
t h e  c y l i n d e r  s a m p l e s .  S p e c i f i c a t i o n  r a n g e  f o r  m a t e r i a l  p a s s i n g  4" 
s i e v e  25-60%.  P r o j e c t  c o n t r o l  g r a d a t i o n  p a s s i n g  4" s i e v e  was 2 2 %  
( a v e r a g e  o f  3  t e s t s ) .  

CH8-105-5 
I 

J Y 8 - 1 9 7 - 5  

** W a t e r / c e m e n t  r a t i o  i s  c a l c u l a t e d  o n  t h e  c o m b i n e d  w e i g h t  o f  c e m e n t  a n d  
f l y  a s h  i n  t h e  m i x .  

3CH8- 1 1 1 - 5  
1 1 1 - 6  

, 

3CH8-10-5 
1 0 - 6  

--- 
C-4-15-1 .0  
C - 4 - 1 5 - 1 . 0  

C-4-15-1 .5  
C-4 -15 -1 .5  

8 . 0  
8 . 0  

6 . 0  
6 .0  

3  
3  

2  
2  

0.417 
0 .417 

A v e r a g e  

0 .383  
0 .383  

A v e r a g e  

4,464* 
4,854* 

4,659* 

5,483 
5,238 

5,360 



APPENDIX F - 4  I 
8 I 

COMPRESSIVE STRENGTH SUMMARY 

Woodbury  F l y  Ash R e s e a r c h  Cyl i n d e r s  

C o m p r e s s i v e  S t r e n g t h  A v e r a g e  

M i x  No. 

3,279 4,727 5,082 



APPENDIX G - 1  

COMPRESSIVE STRENGTH RESULTS FOR 
WOOOBURY FLY ASH RESEARCH 

C o m p r e s s i v e  S t r e n g t h  ( P S I )  
--- - 

M i x  Number 7 d a y  14 d a y  28  d a y  6  mo. 

- - - -  

I 

j 

3510 4450 
39 10 4660  
3760 4180 4990  
2900 4030 4830 

1 y e a r  

6460 
5710 
6900 
6980 
7140 

5840 
6030  
5420 
6 5 6 0  
7450 

6485  
7 0 4 0  
6405 
5460 
5945 

5700 
8220  
5580 
7 2 0 0  
7370  



APPENDIX 6-2 
I 
I 

COMPRESSIVE STRENGTH SUMMARY 

Woodbury Fly Ash Research Cores 

-r---- Compressive Strength Average 

Mix No. 

C-4 

C-4-10-1.5 

C-4-15-1.0 

C-4-15-1.5 

*One core @ 3040 psi was not utilized in this average as i t  d i d  not 

appear to fit the remaining core strength population. 

28 day 6 mo. 1 year 7 day 

3380 

3140 

3390 

3270 

4610 

4350 

5210 

14 day 

4240 

3370 

3680 

4600 

5800 

5 150 

*5160 

6640 

6260 

6270 



AVERAGE CONCRETE PAVEMENT APPENDIX G-3 

CORE CCi4PRESSIVE STRENGTH 

PROJECT . HR - 201 

day day dqy mo yr  
TIME 3 2  

C - 4 -  lo*/. -1.5 

day day day rno yr  

TIME 




