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Disc la imer  

The c o n t e n t s  of  t h e  r e p o r t  r e f l e c t  t h e  
views of t h e  au tho r  who is r e s p o n s i b l e  f o r  
t h e  f a c t s  and t h e  accuracy  of t h e  d a t a  pre-  
s e n t e d  he re in .  The c o n t e n t s  do  n o t  n e c e s s a r i l y  
r e f l e c t  t h e  o f f i c i a l  views o r  p o l i c i e s  of  t h e  
Iowa Department of T r a n s p o r t a t i o n  or t h e  Fede ra l  
Highway Adminis t ra t ion .  T h i s  r e p o r t  does  n o t  
c o n s t i t u t e  a  s t a n d a r d ,  s p e c i f i c a t i o n ,  o r  requ- 
l a t  i on .  
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RECYCLED PORTLAND CEMENT CONCRETE PAVEMENT I N  IOWA 

INTRODUCTION 

I n  r e c e n t  y e a r s ,  t h e r e  h a s  been an i nc rea sed  i n t e r e s t  i n  

conse rva t ion  o f  o u r  r e s o u r c e s ,  p r e s e r v a t i o n  o f  ou r  environment 

and ma in t a in ing  ou r  ecology.  Recycling o f  m a t e r i a l s  is a pro- 

cedu re  t h a t  w i l l  immediately c o n t r i b u t e  t o  a l l  o f  t h e s e  d e s i r -  

a b l e  end r e s u l t s .  Our economy is b u i l t  on p r i v a t e  e n t e r p r i s e  

and p r o f i t  i n c e n t i v e  and i n  t h e  p a s t ,  w i t h  abundant inexpensive  

r e sou rces ,  t h e r e  was l i t t l e  i n c e n t i v e  t o  r e c y c l e .  Shor tages  o f  

m a t e r i a l s  and energy (once cons ide red  abundant)  a long w i t h  regu- 

l a t i o n s  t o  p r d t e c t  t h e  environment have emphasized t h e  need f o r  

r e c y c l i n g .  These environmental  c o n d i t i o n s  coupled w i t h  t h e  l o s s  

of  purchase  power by i n f l a t i o n  h a s  genera ted  more i n t e r e s t  i n  

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

The Iowa Department o f  T r a n s p o r t a t i o n  (Iowa DOT) is i n t e r -  

e s t e d  i n  r e c y c l i n g  p o r t l a n d  cement c o n c r e t e  (pcc )  pavement t o :  

1. Provide  agg rega t e  where h igh  q u a l i t y  aggrega te  
is no longer  economical ly  a v a i l a b l e .  

2 .  E l imina t e  t h e  need f o r  l o c a t i o n s  t o  was te  t h e  
l a r g e  amount of  pavement rubble .  

3 .  Conserve t h e  p r e s e n t  agg rega t e  sou rces .  

4. Reduce t h e  need f o r  d i s r u p t i n g  land f o r  
q u a r r y i n g  purposes.  

5. Save f u e l  and energy by reduc ing  aggrega te  
t r a n s p o r t a t i o n .  



6.  Reduce damage t o  h a u l  roads  near  paving p r o j e c t s  

7. Achieve a monetary s av ings  w h i l e  c o n s t r u c t i n g  
h igh  q u a l i t y  roadways. 

EARIER PROJECTS 

Lyon c o u n t y  

The f i r s t  Iowa DOT p r o j e c t  ( i n  1976) u t i l i z i n g  c rushed  

pavement a s  an  agg rega t e  i n  pcc was l o c a t e d  i n  Lyon County 

(extreme nor thwes t  Iowa ) .' The p r o j e c t  c o n s i s t e d  o f  t h e  

approaches t o  two b r i d g e s  t o t a l i n g  about  1.5 m i l e s  of  paving.  

The o l d  pavement was c o n s t r u c t e d  i n  1936 u s i n g  a g r a v e l  c o a r s e  

agg rega t e  and was i n  good c o n d i t i o n  p r i o r  t o  r e c y c l i n g .  The 

crushed pcc was used w i th  n a t u r a l  sand i n  t h e  c o n s t r u c t i o n  o f  new 

9 inch  t h i c k  pavement. Some of  t h e  o l d  7 t o  10" t h i c k  pcc 

pavement w i t h  3" o f  a s p h a l t  r e s u r f a c i n g  was crushed a s  a mix- 

t u r e  and used i n  a 7"  econocre te  lower course .  The 4" t o p  

c o u r s e  o f  c o n c r e t e  u t i l i z e d  c rushed  pcc aggrega te  w i thou t  A.C. 1 
r e s u r f a c i n g .  The Lyon County r e s e a r c h  was ve ry  s u c c e s s f u l  and i 
demonstra ted t h e  p o t e n t i a l  f o r  r e c y c l i n g  pcc pavement. 

I 

I 

Pot tawat tamie  County 
I 
I 

Iowa r e c y c l e d  ano ther  pcc pavement i n  1977 based upon t h e  ! 

succes s  o f  t h e  1976 Lyon County p r o j e c t .  Th i s  p r o j e c t  was 1 
I 

3 miles of  1-680 i n  Po t tawat tamie  County. The o l d  pavement, 
I 
i 

c o n s t r u c t e d  i n  1952 wi th  a good q u a l i t y  c rushed  l imes tone  
I 

I 
I 
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( G i l m o r e  C i t y )  c o a r s e  aggregate ,was  i n  good c o n d i t i o n  e x h i b i t i n g  

e s s e n t i a l l y  no d i s t r e s s  when it was r ecyc l ed .  The c rushed  pcc 

agg rega t e  was used w i th  n a t u r a l  sand i n  t h e  4" econocre te  b a s e  

and t h e  6" pcc shou lde r s  on one l a n e  o f  1-680. 

PROJECT LOCATION 

Three  pcc r e c y c l i n g  paving p r o j e c t s  (Page TQF-2-2(16)--29-73, 

Tay lor  TQF-2-3(15)--29-87 and Taylor  TQF-2-3(18)--29-87 l o c a t e d  

i n  southwest  Iowa were c o n s t r u c t e d  i n  1978 w i t h  completion i n  

1979. The m a t e r i a l  f o r  t h e s e  p r o j e c t s  was crushed i n  1977. The 

combined p r o j e c t s  were approximately  16 m i l e s  i n  l e n g t h  beg inn ing  

n e a r  C l a r i n d a  and ex t end ing  e a s t e r l y  t o  nea r  Bedford. 

SOURCE OF RECYCLED AGGREGATE 

The o l d  pavement was c o n s t r u c t e d  i n  1929 u s i n g  P l a t t e  River  

sand-gravel  agg rega t e  from O r e a p o l i s ,  Nebraska. The s l a b  t h i c k -  

n e s s  v a r i e d  from 7" i n  t h e  middle t o  10" a t  t h e  o u t e r  edges  

(F igu re  1). The pavement was 18' wide w i t h  3" c u r b  on a l l  b u t  

about  t h r e e  o f  t h e  s i x t e e n  m i l e s .  I n  1964, a l l  curbed s e c t i o n s  

were r e s u r f a c e d  w i t h  Type " A "  a s p h a l t  c o n c r e t e  f o r  c u r b  e l i m i n a t i o n .  

The o l d  pavement was i n  g e n e r a l l y  good c o n d i t i o n .  There  was 

some s u r f a c e  check c r a c k i n g  t h a t  is t y p i c a l ,  t o  vary ing  deg rees ,  

o f  t h e  F e l d s p a t h i c  P l a t t e  River  m a t e r i a l .  T h i s  s u r f a c e  c r a c k i n g  

had l i t t l e  adverse  e f f e c t  on t h e  pavement excep t  i n  a few l o c a l i z e d  

a r e a s .  Twenty-three 4"  d iamter  c o r e s  were taken  from t h e  o l d  



pavement. The average  s t r e n g t h  of  t h o s e  c o r e s  was 6535 p s i  

( c o r r e c t e d  f o r  H/D). The reason  f o r  r e c o n s t r u c t i o n  o f  t h i s  road- 
\ 

way was obso lescence  o f  w id th  and al ignment.  1 
There was s u b s t a n t i a l  r e i n f o r c i n g  s t e e l  (F igu re s  1 and 2 )  I 

I 
w i t h  fotir l o n g i t u d i n a l  5/8" d iamete r  smooth round b a r s .  The 

t r a n s v e r s e  steel c o n s i s t e d  o f  11 f e e t  by 5/8" diameter  p l a i n  b a r s  \ 

a t  3 '  c e n t e r s .  They were p laced  s o  t h a t  t h e y  extended w i t h i n  6" 

o f  t h e  edge o f  pavement and a l t e r n a t e  from edge to edge. There  
i 

were dowels and a d d i t i o n a l  8 f o o t  by 5/8" d iamete r  b a r s  a t  a l l  
\ 
I 

c o n s t r u c t i o n  j o i n t s .  I 

. . 

' r C R O S S  S E C T I O N  

' , E X I S T I N G  PAVEMENT 
. . . . .  . . . . . ~ . .. ~ ... .. ~ . . ....... ..... . 

I 

F i g u r e  1: c r o s s  s e c t i o n  -- e x i s t i n g  pavement 

Bars are Plain 51B'0 
PAVEMENT REINFORCING 

EXISTING PAVV<lENT 

Figu re  2: P l an  o f  pavement r e i n f o r c i n g  e x i s t i n g  pavement 



CONTRACTS AND CONTRACTORS 

The Iowa DOT l e t  two sets o f  t i e d  c o n t r a c t s  ( ~ p p e n d i x  A )  

f o r  t h e  complete r e c o n s t r u c t i o n  of  t h e  roadway. The f i r s t  was 

"grad ing"  which inc luded  t h e  "Removal and Crushing of  Old Pavement". 

The s p e c i a l  p r o v i s i o n s  f o r  t h e  removal and c rush ing  of  o l d  pave- 

ment a r e  inc luded  a s  Appendix B. The c o n t r a c t o r s  f o r  t h e  g rad ing  

were S t e r l i n g  McLaren Cons t ruc t i on  Company, Inc .  of  Shenandoah, 

Iowa and Johnson Bros.,  I n c . , o f  Red Oak, Iowa. S t e r l i n g  McLaren 

and Johnson Bros.  performed t h e  g rad ing ,  b u t  subcon t r ac t ed  t h e  

b reak ing  and removal t o  R e i l l y  Cons t ruc t i on  Company o f  Oss ian ,  

Iowa, and t h e  c r u s h i n g  t o  Kuhlman Cons t ruc t i on  Company o f  Colesburg,  

Iowa. The second s e t  o f  t i e d  p r o j e c t s  was f o r  t h e  "paving" .  The 

s u c c e s s f u l  b idde r  was I r v i n g  F. Jensen Company, Inc .  o f  Sioux C i t y ,  

Iowa. 

REMOVAL OF THE ASPHALT OVERLAY 

The f i r s t  phase i n  t h e  r e c y c l i n g  p r o j e c t  was t h e  removal of  

t h e  two t o  t h r e e  i nches  of  a s p h a l t  r e s u r f a c i n g .  I n  p lann ing  f o r  

t h e  p r o j e c t ,  t h e  g e n e r a l  consensus  was t h a t  t h e  a s p h a l t  removal 

would be r e l a t i v e l y  easy .  Unfo r tuna t e ly ,  t h i s  was n o t  t r u e  and 

it r e q u i r e d  s u b s t a n t i a l  e f f o r t  and a  number o f  o p e r a t i o n s  t o  

remove t h e  a s p h a l t .  

S h a t t e r i n g  o f  t h e  a s p h a l t  r e s u r f a c i n g  was t h e  f i r s t  opera-  

t i o n  i n  t h e  removal. T h i s  was accomplished w i t h  a  s p e c i a l  pave- 

ment b r eake r  des igned and manufactured by R e i l l y  Cons t ruc t i on .  



The pavement b reaker  (F igu re s  3 & 4 )  was f a b r i c a t e d  u s i n g  a new 

d i e s e l  p i l e  d r i v i n g  hammer mounted on t h e  running g e a r  o f  a  

motor g r ade r  and towed w i t h  an end loade r .  

F i g u r e  3 :  S p e c i a l  pavement b r eake r  

F i g u r e  4: S p e c i a l  pavement b r eake r  
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The d i e s e l  hammer was a d j u s t e d  t o  produce t h e  r i g h t  amount of  

energy when coo rd ina t ed  w i t h  t h e  forward speed (1 t o  3 MPH) t o  

f r a c t u r e  t h e  o v e r l a y  w i t h  minimal damage t o  t h e  unde r ly ing  s l a b .  

A f t e r  t h e  f r a c t u r i n g ,  a  #16 motor pat rol .  equipped w i t h  

t h r e e  r i p p e r  t e e t h  t o r e  t h e  a s p h a l t  from t h e  pcc s l a b .  There 

were t imes  when t h e  a s p h a l t  adhered very t i g h t l y  and t h e  p a t r o l  

cou ld  n o t  p u l l  t h r e e  t e e t h .  I n  some c a s e s ,  t h e  p a t r o l  cou ld  

p u l l  o n l y  two t e e t h ,  and i n  some c a s e s ,  o n l y  one t oo th .  

A rubber  t i r e d  end l o a d e r  was used t o  remove t h e  loosened 

m a t e r i a l  and s c r a p e  f r e e  any adhe r ing  m a t e r i a l .  The f i n a l  opera-  

t i o n  was brooming t o  remove t h e  f i n e  m a t e r i a l .  

BREAKING , REMOVAL AND CRUSHING OF TNE PAVEMENT 

There is no s t anda rd  method o f  b r eak ing  and removal. The 

procedure  s e l e c t e d  is dependent  on t h e  c o n t r a c t o r ' s  p l ans  f o r  

steel removal and c rush ing .  I n  t h e  f i r s t  Iowa DOT r e c y c l i n g  

p r o j e c t  (Lyon County) t h e  Oont rac tor rused  a  pneumatic hammer 

mounted on t h e  r e a r  o f  a  backhoe t o  punch ho l e s  i n  t h e  o l d  s l a b  

on 3 f o o t  c e n t e r s .  The c o n c r e t e  r u b b l e  was t r a n s p o r t e d  i n  l a r g e r  

chunks and most o f  t h e  steel was removed a t  t h e  c r u s h i n g  p l a n t .  

On t h e  second r e c y c l i n g  p r o j e c t ,  a  commercial pavement b r e a k e r  

was used. 

T h i s  r e c y c l i n g  p r o j e c t  was much l a r g e r  and, t h e r e f o r e ,  al lowed 

t h e  c o n t r a c t o r  more o p t i o n s  and t h e  c o n s i d e r a t i o n  o f  more s p e c i a l -  

i z ed  equipment. A s  no ted  p r e v i o u s l y ,  t h e  o l d  s l h b  o f  t h i s  p r o j e c t  



conta ined  more steel  than  t h e  f i r s t  two Iowa p r o j e c t s .  With 

t h i s  i n  mind, t h e  c o n t r a c t o r  in tended t o  e x t e n s i v e l y  s h a t t e r  

t h e  c o n c r e t e ,  b u t  because t h e  c o n c r e t e  rubb le  was t o  be picked 

up, c a r e  was r e q u i r e d  n o t  t o  punch t h e  c o n c r e t e  i n t o  t h e  grade .  

The s p e c i a l  d i e s e l  p i l e  d r i v e r  b reaker  would accomplish t h e s e  

t a sks .  For b reak ing  o f  t h e  o l d  pcc s l a b ,  a l a r g e  f r o n t  end 

loade r  towed t h e  s p e c i a l  b reaker  a t  about  1 MPH w i t h  8 0  t o  90 

blows pe r  minute. ?he break ing  o p e r a t i o n  r e q u i r e d  12 passes  

(6  per  l a n e )  to p rov ide  t h e  d e s i r e d  s h a t t e r i n g  on t h e  curbed 

s e c t i o n s .  Another p r e c a u t i o n , t o  avoid  inc lud ing  subgrade 

m a t e r i a l ,  was to  b l a d e  away t h e  shou lde r sand  expose t h e  edges 

o f  t h e  s l a b .  

A rubber  t i r e d  h y d r a u l i c  excava tor  (F igu re  5 )  equipped 

w i t h  a r i p p e r  t o o t h  (F igu re  6 )  which was r e f e r r e d  t o  a s  a 

"Rhino horn" was used t o  d i s l o d g e  and remove p a r t  o f  t h e  r e i n -  

f o r c i n g  steel. To avoid  punching t h e  conc re t e  rubb le  i n t o  t h e  

base ,  theURhino hornUwas ope ra t ed  from t h e  excavated shoulder  

a r ea .  The o p e r a t o r  would reach  t h e  "Rhino horn" t o  t h e  o p p o s i t e  

edge and r i p  back to t h e  c e n t e r  of  t h e  s l a b .  

The steel was hooked and e l e v a t e d  t o  expose it f o r  removal 

(F igure  7 ) .  T h i s  o p e r a t i o n  was conducted from each shoulder  so 

t h e  rubb le  was moved toward t h e  c e n t e r  o f  t h e  o l d  s l a b .  



F i g u r e  5: Excava to r  e q u i p p e d  w i t h  "Rhino horn"  

F i g u r e  6: "Rhino horn"  r i p p e r  t o o t h  
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F i g u r e  7: Dis lodg ing  and expos ing  t h e  s teel  

A c u t t i n g  t o r c h  was used t o  c u t  t h e  exposed steel f ree  Of 

t h e  c o n c r e t e  r u b b l e  (F igu re  8 )  

F i g u r e  8: Removing t h e  s tee l  w i t h  a c u t t i n g  t o r c h  
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A s h e a r  ( F i g u r e  9 )  was used t o  c u t  t h e  s teel  i n t o  two f o o t  

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

vaqed 200 t o n s  o f  s c r a p  from t h e  16 miles o f  r e c v c l i n q .  

F i g u r e  9:  Shear ing  t h e  s tee l  

The c o n c r e t e  r u b b l e  (F igu re  10 )  was t hen  loaded w i t h  a 

t r a c k  mounted f r o n t  end l o a d e r  ( F i g u r e  11) f o r  t r a n s p o r t  t o  t h e  

c r u s h i n g  s i t e .  

F i g u r e  10: The r e c y c l e d  "Quar ry"  



Figu re  11: Loading t h e  c o n c r e t e  rubb le  

Opera tor  c a p a b i l i t y  was very  impor tan t  a s  s p e c i a l  p r o v i s i o n  

183 (Appendix B) r e q u i r e d  recovery  o f  a t  l e a s t  80% of  t h e  o l d  

c o n c r e t e  s l a b .  I t  was neces sa ry  t o  avoid  i n c o r p o r a t i n g  e a r t h  

subgrade i n t o  t h e  r u b b l e  t h a t  would cause  problems i n  producing 

a  crushed produc t  w i t h  no t  more than  5% pas s ing  t h e  No. 200 s i e v e .  

This  was d i f f e r e n t  from t h e  normal p r a c t i c e  o f  when a l l  c o n c r e t e  

p l u s  some e a r t h  i s  loaded.  

The c o n c r e t e  was s t o c k p i l e d  f o r  c r u s h i n g  a t  two si tes t h a t  

had been l e a s e d  by t h e  Iowa DOT. Crushing t h e  c o n c r e t e  r u b b l e  

p re sen t ed  some problems n o t  encountered i n  qua r ry ing  o p e r a t i o n s .  

F i r s t ,  a  s c a l p e r  r e f e r r e d  t o  a s  a  " g r i z z l y "  was used ahead of t h e  

pr imary jaw (Un ive r sa l  20-76) c r u s h e r  t o  remove mud b a l l s  and 

o t h e r  f i n e s  (F igu re  1 2 ) .  



Figure  1 2 :  The pr imary c r u s h e r  w i t h  conveyor from s c a l p e r  

This  was e f f e c t i v e  i n  a l l e v i a t i n g  t h e  problem o f  meeting 

t h e  No. 200 s i e v e  s p e c i f i c a t i o n .  

There was s t i l l  some r e i n f o r c i n g  i n  t h e  rubble .  S u f f i c i e n t  

c l e a r a n c e  o f  t h e  conveyor b e l t  a t  t h e  p r imary  c r u s h e r  was r e q u i r e d  

t o  a l low t h e  meta l  p i e c e s  t o  l e ave  t h e  jaw. I t  was t hen  neces sa ry  

t o  remove t h i s  s t e e l  t o  avoid  damage t o  t h e  secondary c rushe r .  

Th i s  was accomplished by a  l a r g e  e lec t romagne t  (F igu re  1 3 ) .  

u r e  : Magnet f o r  f i n a l  s t e e l  removal 



A l a b o r e r  manually removed t h e  s t e e l  from t h e  magnet. The 

pr imary c r u s h i n g  reduced t h e  c o n c r e t e  t o  approximately  

3 inch  s i z e  m a t e r i a l .  The c rushed  produc t  was f u r t h e r  pro- 

cessed  i n  t h e  secondary c r u s h e r  w i t h  a Un ive r sa l  10-36 jaw 

and s e p a r a t e d  i n t o  1% inch  t o  3/8 inch  and minus 3/8 inch  

s i z e  m a t e r i a l .  A t  t h e  s t a r t ,  t h e  f i n e s  w e r e  removed from 

t h e  minus 3/8" m a t e r i a l  a t  t h e  secondary c r u s h e r ,  bu t  a f t e r  

t h e  " g r i z z l y "  was opened f o r  s c a l p i n g ,  t h i s  was no longer  

necessary .  The c rushed  produc ts  were s t o c k p i l e d  by a con- 

veyor be145 w i t h  r a d i a l  movement c a p a b i l i t y .  

Typ ica l  g r a d a t i o n  o f  t h e  two s i z e s  w e r e :  

Coarse  F r a c t i o n  

S ieve  S i z e  

1% inch  
1 inch  
3/4 i nch  
% inch  
3/8 inch  
NO. 4 
No. 8 
NO. 200 

Percen t  P a s s i n g  

100 
7 2 
3 9 
21  

9.3 
2.9 
2.0 
0.7 

Clay  lumps 0.2% 



Sieve S ize  
3/8 inch 
NO. 4 
No. 8 
No. 16 
No. 30 
No, 50 
NO. 100 
NO. 200 

Fine Fract ion  
Percent Passinq 

100 
76 
5 1 
30 
16 

8.0 
3.5 
2.0 

The crushing operat ion produced approximately 65% coarse  

f r ac t i on  and 35% f i n e  f r a c t i o n .  The t o t a l  estimated production 

f o r  use was 28,000 tons a t  t h e  New Market s i t e  and 26,000 a t  

t h e  Bedford s i te .  

The brekking, removal and crushing operat ions w e r e  com- 

p l e t ed  i n  1977 as pa r t  of t h e  grading con t rac t .  

TESTING OF RECYCLED AGGREGATE 

The crushed concrete was evaluated using t he  conventional 

aggregate tests (Appendix C ) .  The 59% abrasion l o s s  was s l i g h t l y  

above the  50% allowed f o r  crushed stone.  The 42% "A" f r eeze  and 

thaw l o s s  was, much higher than t he  6% set f o r t h  by t h e  s tandard 

spec i f i c a t i on .  There is some ques t ion  whether these  tests a r e  

appl icable  t o  recycled aggregate. The recycled aggregate,  may 

i n  f a c t ,  provide high performance i n  t he  new concrete.  The 

recycled aggregate was accepted on t h e  ba s i s  of high performance 

i n  t h e  o r i g i n a l  s l ab .  



TRIAL MIXES 

A number o f  t r i a l  mixes were made u t i l i z i n g  t h e  r ecyc l ed  

aggrega te  i n  d i f f e r e n t  p ropo r t i ons  (Appendix D )  . The two 

e a r l i e r  Iowa DOT pcc r e c y c l i n g  p r o j e c t s  had demonstrated t h a t  

some n a t u r a l  sand was neces sa ry  t o  p rov ide  a workable mix, 

t h e r e f o r e ,  a l l  t r i a l  mixes included a n a t u r a l  sand.  Iowa 's  

s t anda rd  pcc  mix p r o p o r t i o n s  u se  o n l y  two agg rega t e s  and a \ 

Standard  S p e c i f i c a t i o n  C-4 mix would b e  t y p i c a l  f o r  a primary 
r 

road pavement. 

( C-4 Mix P ropor t i ons  
Q u a n t i t i e s  per  cu.yd.* 

M a t e r i a l  Absolute  Volumes (pounds ) I I 

Cement (Type 1) 0.118330 
Water 0.159808 
En t r a ined  A i r  0.06 
F ine  Agg. 0.330931 
Coarse  Agg. 0.330931 

*Assume agg rega t e  Sp.Gr. = 2.65 

An e f f o r t  was made t o  u se  percen tages  of  r ecyc l ed  m a t e r i a l s  t h a t  

were i n  keeping w i t h  t h e  q u a n t i t i e s  a v a i l a b l e .  A number o f  pre-  I 
l iminary  t r i a l  mixes were made w i t h  a sand (Hallett-Ames) t h a t  I 

i s  normal ly  used by t h e  l a b o r a t o r y .  Most o f  t h e  mixes were made 
I 

wi th  626 pounds o f  cement which is t y p i c a l  f o r  pr imary road  paving.  i 
I 

D u r a b i l i t y  o f  t h e  r e c y c l e d  c o n c r e t e  was 94 when t e s t e d  by ASTM 
\ 

C666 Method B ( f r e e z i n g  i n  a i r ,  thawing i n  wate r )  . A 90-day 
/ 

mois t  c u r e  c o n d i t i o n i n g  preceeded t h e  freeze-thaw t e s t i n g .  Con- 1 
c r e t e  ab ra s ion  tests were conducted on bo th  r ecyc l ed  c o n c r e t e  and I 



c o n c r e t e  made w i t h  v i r g i n  aggrega te .  The r e s u l t s  w e r e  almost  

i d e n t i c a l .  

Most o f  t h e  p r o j e c t  t r i a l  mixes ( w i t h  southwest  Iowa sand) 

inc luded  a wate r  reducing admixture.  The 28-day s t r e n g t h s  

ranged from 5300 p s i  t o  6010 p s i .  Workab i l i t y  was n o t  s e r i o u s l y  

a f f e c t e d  by  t h e  u s e  o f  c rushed  c o n c r e t e  aggrega te .  

The t r i a l  mixes were t h e  b a s i s  f o r  development of  t h e  mix 

p r o p o r t i o n  s e c t i o n  o f  t h e  s p e c i a l  p r o v i s i o n s  (Appendix E) . 

PAVING PROJECT 

The paving was l e t  independent o f  t h e  p r o j e c t  f o r  pavement 

removal and c rush ing .  The paving began on J u l y  10,  1978 w i t h  

- i 

t h e  m a j o r i t y  be ing  c o n s t r u c t e d  d u r i n g  1978 and completed May 7, 

Paving w i t h  r ecyc l ed  aggrega te  p re sen t ed  o n l y  minor d i f f e r e n c e d  

from a conven t iona l  pav ing  ope ra t i on .  F i r s t ,  t h e r e  were t h r e e  

aggrega tes  i n s t e a d  o f  t h e  normal two. The second was somewhat 0f:git+,.6<~~ 

a problem r e s u l t i n g  from t h e  r e c y c l e d  agg rega t e  and s p e c i f i c a l l y  

t h e  f a c t  t h a t  t h e  c r u s h i n g  was i n  1977 w i t h  paving i n  1978. The 

f i n e  crushed c o n c r e t e  aggrega te  developed a t h r e e  inch c r u s t  

appa ren t ly  from recement ing of  t h e  c rushed  product .  To minimize 

t h i s  problem, t h e  m a t e r i a l  was passed  through a 3 i nch  b y  3 inch  

s c r een  p r i o r  t o  hatching. 

The paving t r a i n  was comple te ly  conven t iona l  w i th  t h e  f i r s t  



piece o f  equipment be ing  a  C M I  Autograde w i t h  t h e  conveyor t o  

c a r r y  t h e  p l a s t i c  c o n c r e t e  over  t h e  subgrade trimmer. A Rexnord 

Town and Country s l i p f o r m  paver p laced  t h e  8" t h i c k  24' wide 

s l a b .  A f t e r  a  l i m i t e d  amount o f  handwork, s t r a i g h t e d g i n g  o r  

f l o a t i n g ,  a  t r a n s v e r s e  t i n e  grooved t e x t u r e  was imparted by a  

C M I  machine. Th i s  was fol lowed by a p p l i c a t i o n  o f  a  w h i t e  p ig-  

mented wax b a s e  c u r i n g  compound. 

Cons t ruc t i on  t e s t i n g  inc luded  slump, a i r  c o n t e n t ,  f l e x u r a l  

s t r e n g t h  and d e n s i t y  (Appendix F ) .  A summary of  t h e  averages  

of  t h e s e  t e s t s  by p r o j e c t  is: 

Modulus of  Rupture 
P r o j e c t  Slump - A i r  7 day 14 day D e n s i t y  

Page TQF-2-2 
(16 )  --29-73 1.65 6.8 7  18 
Taylor  TQF-2-3 
(15)  --29-87 1.46 6.9 745 
Tay lo r  TQF-2-3 
(18) --29-87 1.47 7.0 771 

The o n l y  r e i n f o r c i n g  s t e e l  o t h e r  t han  doweled work j o i n t s  

a r e  #4 x  36" t i e  b a r s  a c r o s s  c e n t e r l i n e  a t  30" c e n t e r s .  Con- 

t r a c t i o n  j o i n t s  skewed a t  1 t o  6 w e r e  sawed on 20 f o o t  c e n t e r s .  

Both t h e  c o n t r a c t i o n  and l o n g i t u d i n a l  c e n t e r l i n e  j o i n t s  were 

sawed a  nominal 1/4" wide and a  minimum o f  2  inches  deep (T/B). 

ENVIRONMENTAL FACTORS 

Recycl ing p rov ides  a  d i r e c t  b e n e f i t  i n  conse rva t ion  of  raw 

m a t e r i a l  and energy.  On t h e s e  Page-Taylor p r o j e c t s ,  28,124 t o n s  



of coarse and 12,661 tons of fine crushed concrete aggregate were used. This 

eliminated the need of disposing of 40,785 tons or 20,602 cubic yards 

(Sp.Gr.=2.35) of concrete rubble. It also saved 45,991 tons of virgin 

aggregate (Sp.Gr.=2.65). Approximately 200 tons of steel were salvaged for 

recycling. 

If the gasoline and diesel fuel used in reclaiming the old slab are 

considered similar to that used for removing the overburden and obtaining 

virgin aggregate, there is a substantial fuel savings in eliminating the 

aggregate transportation from the quarrry to the project (estimated at 75 

miles). It is further estimated that this prevented $27,000 damage to haul 

roads in the vicinity of the project. 

COST COMPARISON 

The project was let as a recycled concrete project and bid data using 

conventional aggregate is not available. The estimated cost analysis summary 

is: 

Average Cost of Recycled Material 

33,904 s.y. Removal & crushing @ $3.70 = $ 125,444.80 
127,845 s.y. Removal & crushing @ $3.30 = 421,888.50 

Minus normal removal cost 
161,749 s.y. @ $1.00 = - 161,749.00 

Plus added cost for Class 10 material 
54,000 tons @ $0.30 = + 16,300.00 

TOTAL COST $ 401,784.30 

Material Cost Using Recycled Concrete 

Crushed coarse aggregate 0.542 ton @ $7.44/ton = $ 4.03 
Crushed fine aggregate 0.319 ton @ 7.44/ton = 2.37 
pc sand 0.467 ton @ 5.60/ton= 2.62 
Cement 0.313 ton @ 48.00/ton = 15.02 m 

8" paving = $5.34/s.y. 



Material Cost Using Locally Available Material for A-6 Mix 

Coarse aggregate (Class 2) 0.582 tons @ $10.50 = $ 6.11 
pc sand 0.873 tons @ 5.60 = 4.89 
Cement 610 lbs @ 48.00 14.64 

$25.64 
8" paving = $5.70/s.y. 

Savings: 

243,356 s.y. 8" paving @ $0.36 = $ 87,608.16 
2,765 s.y. 6" paving @ 0.27 = 746.55 
Haul Road savings 27 000 00 m$mh 

Savings per mile = $115,354.71 + 16,656 miles = $6,925./mile 

POST CONSTRUCTION TESTING 

The Iowa DOT drills 4" diameter cores to determine the pavement thickness 

which is a factor in the basis of payment. These cores are tested to 

determine compressive strength and air content (Appendix G) . The averages for 
the three projects are: 

Project 
TQF-2-2 

Paae 

r -  - 
Slab Strength 

Thickness 28 day 

(16)--29-73 8.2 
Taylor 
(15)--29-87 8.3 
Tay 1 or 
(18)--29-87 8.4 

Hardened 
Concrete 

PERFORMANCE EVALUATION 

The riding quality was determined using the BPR Type Roughometer with 

101, 94 and 99 inches per mile on the three projects (Appendix H ) .  These 

values indicate a relatively poor riding pavement which is attributed to the 

quality of workmanship during construction, not from problems caused by the 

use of recycled aggregate. There were three end-of-day work joints that were 

so rough, they were not acceptable and were repaved. 

20 



The frictional quality has been determined by ASTM E-274 (Appendix I). 

The initial friction values were exceptionally good with project averages of 

50, 56, and 61 (SN40). Friction numbers at 40 MPH have been determined 

annually from 1979 through 1982. The friction numbers in 1982 after three 

years of traffic were 45, 52, and 49. These values would be typical of 

transverse tine textured PCC pavement. 

A field review of the three projects was made in October, 1979. The 

general surface appearance was very similar to that of conventional paving 

projects. The joints appeared to be in good condition exhibiting no faulting 

or deterioration even though some did not appear to be well sealed. An 

October 1982 field review found very little joint faulting, but faulting up to 

1/8 inch was measured at a few joints. The joint faulting had increased to an 

average of 1/8" by November 1983. The most recent joint faulting survey was 

conducted in September 1984. Three joints were measured at each of 15 

milepost markers. The average faulting at the 45 joints was 0.09 inches. The 

I faulting just before and after the recycled project ranges from 1/8 to 1/4 

inch. Both the pavement prior to and beyond the project are slightly older 

than the recycled project. The joint faulting appears to be progressing very 

similar to the comparative sections on either end. Load transfer devices were 

not used on any of these projects. 

There is a number of surface popouts which have little adverse effect on 

the integrity of the pavement. They are more numerous than would be expected 

on a conventional pavement resulting from iron oxides in gravel or unsound 

chert in crushed limestone. The cause of the popouts in the recycled concrete 

were chunks of the crushed material from the fine crushed concrete 

stockpile. The weakly cemented chunks came to the surface during 

consolidation and through the freezing of one winter season resulted in 



popouts. The popouts resulting from the fine crushed aggregate chunks have i 
not caused any significant problem. There has been little change in this I 

I 
problem since the initial popouts. 

A substantial amount of random cracking has occurred beginning soon after I 
I 

construction. There are areas exhibiting a significant amount of longitudinal 

1/4 point cracking. This 1/4 point cracking is probably attributed to 
I 
I 

differential settlement of the grade. \ 

The frequently occurring midpanel cracking is of greater concern. It is 
I 

suprising that these are so prevalant considering the skewed joints at 1 
I 

intervals of 20 feet. A survey of this midpanel cracking was conducted in 
I 
I September 1984. The number of midpanel cracks were counted in the 50 panels 

immediately east of each milepost marker. The results were: I 

Cracks per 
MP 50 Panels 

Cracks per 
50 Panels 

The range is from 0 to 36% with an average of 20% of the panels having 
I 
1 

cracked. The project to the east with transverse tine texturing and skewed I 
1 

joints at 20 feet had 6% midpanel cracking east of milepost 70. 

Cores were drilled in July 1982 to investigate the reason for this I 
I 

problem. The strength of three cores taken from an area with a predominance 
I 

of midpanel cracking ranged from 7,080 to 7,140 psi with an average of 7,120 I 

psi. These relatively good strengths were very consistent and the midpanel 1 

cracking is apparently not due to poor strength. Four cores were also drilled 
I 

through contraction joints in this area to verify that they had cracked and I 
I 



were functioning. All four cracked as intended and were functioning. The 

midpanel cracking generally follows the transverse tine texturing. In 

addition to the reduced section at this point, subsequent laboratory 

evaluations have shown that the standard cure application of 1978-79 was not 

fully effective in sealing the transverse tine texturing. This in conjunction 

with the relatively porous recycled aggregate may have allowed drying 

shrinkage which contributed to the cracking. 

The chloride content of the pavement was determined from the cores taken 

in 1982. The chloride contents at various depths were: 

Depth 
Inches 

Chloride Content 
Pounds per Cubic Yard 

The general appearance of the recycled pavement is very good. There is 

no indication of deterioration even though the joint sealant has not prevented 

water infiltration. The pavement has performed very well to date with no 

maintenance problems. 

CONCLUSIONS 

This study of PCC pavement constructed with recycled aggregate supports 

the following conclusions: 

1. The recycled PCC pavement has exhibited a good performance. 

2. The major problem with this recycled PCC pavement has been a high 

frequency of mi dpanel cracking. 

3.  The faulting is typical of conventional pavement without load transfer 

assemblies. 



4. There is a substantial economic benefit for recycling PCC pavement in 

areas where quality aggregate are not in close proximity. 

5. The recycled PCC pavement has exhibited good frictional 

characteristics. 

RECOMMENDATION 

Recycling of PCC pavement should be considered as an alternate on all 

future reconstruction or rehabilitation projects. 
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> l l l i l h ~ l W T  C O N S l i l U i C  T l l t  CONTEACT UETiilEEN THE PARTIES HERETO. 

!HAT I1 IS TIIRTIIER UNOERSTOOD AN0 AGREED OY Tl iE PARTIES O F  THIS CONTRACT THAT i H I <  AOOVE WORK SHALL ZE COhl?AENCED OR COMPLETED I11 ACCDR3ANCE WlTH 

I 8 0  WORKING D A Y S /  O C T O  20- 1 9 7 8  I 

UNIT 

I I I 
'iYE 15 lli: IS~CNCL OF THIS CDNlRACT AND THAT SAID CONl l lACT CONTAINS ALL  OF TllE TER4IS AND CONOITIONS OOHEED UPON BY TIIF PARTIES HERTTO. 

VII TNESS W l i E l l E O F  THE Pnl3Tll:S lfERETO HAVC SE! 1ttClR tlANOS FOR TIIE PURPOSE HEREIN EXPRESSED TO THIS AflD THREE OTHER IDENTICAL INSTRUMENTS AS OF 

OAY OF-- J2:$-"j_2.JQ& 19 

UNIT PRICE 

F o  JENSEIJ CO-I:NC'b OF S I O U X  C I T Y I  IOWA. ._________.__ 

'2 
,, ,;. 7-j--" 

;( ..' 
! B~<*&-L~:.;.d;~g;z.;:y=<54./ - - 

I ' A n t v  of i n r  r lcono ~.ART-  



' (1 j ~ ' l i i ~ . C T  NO. 1 4 1 1 5  P R O J E C T  T Q F . , 2 - 3 f  L 8 E -  
X TEM I T E M  

1 5  CLJLVCRT., UNCLASSIFIED E N T R A N C E  
P I P E ,  1 8  I N "  D I A .  
C U L V E R T *  UNCL.ASSI.FIED ENTRANCE 
P I P E ,  Z Y  I N -  D I A c  

f 7  C U L V E R T . >  U N C L A S S I F I E D  ENTRANCE 
(' P I P E *  3 6  I N Q  D I A -  - - 

L A  CLROWS, CORK0 MCTAC P I P E  
I,& I N *  DXAo . 

I ,?  IN ' I .AK t l  R A - 3  - M O D I F I E D  
:!r I N T A K E *  RA.,3 
?I, LN'I'AKE, R A . h  

MANI.iOi.E -, RAs .2  
SEWER-, 1,591D STORM, 2 2  I N .  D I A .  
3EWER> 20GOD STORM, 2 5  I N .  D I A o  
B R I D G E  END D R A I N ?  R F - 3 5  
GLJAR!,RAII.:,. FORMED S T E E L  B E A R  
G U A R D R A I L z  P O S T S '  B E A M  
GUARDRAIL . *  E N D  ANCWORAGESr B E A R  
RE'..33 
L U A R D R A I L y  END ANCHORAGESo B E A M  
R E - . S 2  
B A R R I C A D E a  ROAD CLOSUREu R E - 3  
B A R R I C A D E S  
REMOVAL O F  PAVEMENT 
REROVAL. 01' E X I S T I N G  S T R U C T U R E S  
S I L T  E A S I N  
S I L T  D I T C H  
B A L E  F O R  D I T C H  CHECKS 
S O D D I N G  
S T A B I L I Z I N G  CROP - 
S E E D I N G  AND F E R T I L I Z I N G  
ML11..CCIING 
F E R T I L I Z I N G  
T R A I N E E '  R E I M B U R S E M E N T  

- 2 9 - 8 7  
Q U A N T I T Y  W B T  

L ONLY 
I ONLY 
I ONLY 
L  ONLY 
I ONLY 
Q L I N m  F T -  

70 L I N *  R T o  
4 ONLY 

3 3 7 . ~ 0 0  LIN. r r .  
b 8  0NL.Y 

L ONLY 

3  ONLY 
I ONLY 

I 3  ONLY 
4 ,032 S Q *  Y B S -  

L U M P  SUM 
22 O N L Y  

Lp7160 L I N .  'FTe 
55 ONLY 
3 SQUARES 

9.300 ACRES 
5aL00 ACRES 
5 - L 0 D  ACRES 

5 0 0  HOURS 

Appendix A 
P A G E  2 

U N I T  P R I C E  Af lO i  

GRAND T O T A L  $2&7,3lYbeLt  1 
I 
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*" r,,. "I V 1 0 ~ k  L . R . A ? . I L  P,O~OCIN~. F-2-Zl 41 - - 2 0 - 7 3  
' 3. a l l  ui1.t COST CENTER bE%OOO OBJECT 8 7 7  

County- PAGE 

....... 
ON IOWA 2  F R O M  THE T A Y L O R  COUNTY LINE A T  NEW M A R ~ ~ T S T  

3. a ~ X L E S  
11,1) ~CE~(M; I IT  mud. end oiitorad by and bcrwoen Ls low. Daparlmcnl of Tronaportrrfion. Del Moinin.,. Iowo. mmeisfing ~f fho following rnombarsl 

R O O E  R.T ... R-.R~~GLE~.~-~L~.P_H.'~-~.A~S~= DONALD K G A _ R ~ Y - ! & L A N  THOMS1 - 
W e  F * f lC L RA:T!! Q. ,.B~-KBA.R~-I)UKN~&~?=_L_S?~LEVSCHOECE~N , pony of ih. f irrt pett, end 

r r ~ l . 1 ~ 6  McLAREN CONSTR. C0.o INC. OF SHENANDOAH. - IOWA 4 0 2 0 0  
.... 

JOI-INSON .F~~'~S~_I_N_CL.E--RE~K*-_I-@!A 
wr~I  0; tilo c~ tond  purl. 

* * * *b33~97O.9 .E I  WIIN[SSIII~: Tho, tho pmiy .f tho rorond pan, for ond In considor~tion of I- - , payable as sol forsh i n  the rperifica- 

c,,ntlifvli,lg ~ f . t i , i ~  r o n t 8 0 ~ .  Ihrraby anroar lo <omt>fruct vorloul itoms of work and, ar. to supply v.tioun imetorials o, suppiisl i n  o~eordanco with tho plans 
<.O< I .,,e.;~:c,,t;,~m.b, ~harnfor ?y! in_!)~.!~~:!ioo..d~~p:~$ddj?.jhs~!L'~~?-g<der?, ad I ~ I I ~www - .- ........ - 

!;<.in ITEM 1 Quantity ] Unit I Unit Price 1 Amount 
l o  I . - -- - 

EXCAVATIONP CLASS 101 ROADUAY & 
DOliROW 
EXCAVATION. CLASS 2 2 ~  BOULDERS 
OVCRI{AUL 
EXCAVATLON. CLASS 2 0  
BACKTILL.  CORPACTINGu ADJACENT TO 
CULVERTS AND STOCKPASSES 
Y A C K F I L L *  SELECTED* S O I L  
REMOVAL & CRUSIITNG OF PAVEMENT . 
R F M O V A L  OF E X I S T I N G  STRUCTURES ....... .. . 

R E M O V A L  OF SIDEWALK 
CULVERT. CONCRETE ROADUAY P I P E  
2Y I N *  D I A -  
CULVERT- CONCRETE ROADWAY P I P E  
3 b  I N *  D I A e  
CULVERT* CONCRETE ROADWAY P I P E  
60 I N .  DIA.  
APRONS. CONCRETE, 2 4  I N *  D I A *  
APRONS* CONCRETE* 3b I N -  DPAo 
APRONS. CONCRETEu b 0  I N .  DXAo 
HALF P I P E .  CONCRETE* 3 6  I M e  

92 L I N .  FP. : 

3 2 2  L I N .  FB* 
2 ONLY 
1 ONLY 
2 ONLY 

2 4  L I N .  F T .  .... -- . .. 
Poclv o l  8i.r racond port rerti(icl by lhir aignolurs on this ro~>fracl that he ha, compiiad with 324.17(8) of tile 1975 ,Code of lowo es ammded. 
Iuid $(,o<ififof;on, and ~ l ~ n r  are hsieby m ~ d e  . part of tho bolir of thir agreemanl, ond a true aopy of soid plonr and rpc~ifiralisns is now on 

~ i i r  ih !I,.+ ot;iw or ti,. low. ~ r ~ ~ ~ t ~ ~ ~ t  o~ ~mnsportation vndcr dmc of DECERRER 30. 1 9 7 b  
Iho! ih ron.iciorolion of ,ha I~regoino. tiir Pony of ihc first p o r t T G & G ~ e G ( o i l l l e p D r f p o f  the sewnd w r f ,  promptly and a<coiding to tho ioqulrrrnents of 

!Ilu ~ iu : l f i l~~ t ic , r l  fllc omounfs sol lorlh, $ubiort 10 fhe ron.iilion8 " 5  ref forth in the rperificatienr. 

l i i e  irortic, Iharalu oaros t b ~ t  the notice and instrucfion~ to bidders, the propo%al ' f i lcd herein. ths g m r a l  spaeifirotlonn of lhs low" Dcpartmont of 

1.e . .  ,.. tt,.,,,, fur Lq? 2 , logethcr with spedd prori,ionl attadad, together with the gcnaloi ond detwllled pion%, i f  ony, far sold pioicd 

( 1 .  ;'( q )  20..'73 ..- , lon~ther with second puny's partorrnon~e bond, ors nw& m,part hr,aef, and logethot with this lnraurnenf ron- .. ... 
':,I.'. 1I.n i,iilflnrf ikufwrm tho parliar harrto. 

11b.11 i g  i, fu<li,oi understood ogreod by the portior of thi, conirort that tho obova werk shall be ~ ~ ~ r n ~ c d  on vr bsforo, and rhati bo completed 
-- -. -. - - .-.....-. ......... ........ .. 

Apprax. or Specified Starling Dele Spce i f i ~d  Comple t i~n  Dais 
ax$ Y ,  I : ~ I o ~ + ~  m Nvmbor of Working Day* ........... 

I APPROX APR. 4 . ~ 9 7 7 1  1130 YORKING DAYS I 
li,''' t;.i'r 1% llmr ni*rsira of ~ b i r  canlrucf and that $.id controd containr a l l  of iho tormr ond mndifionl ogrced upm b y  dha parties horalo: 

W i ~ F ~ l i S  WHtRlOF tho por!irz hereto have fl,cir Ihoad, for tl,e ourpole lheiein oxprurrrd to thb mad three other mdrumont~ of Ilk" tenor, as of 
18\11 . '9-- 



CONTRACT NO- . 1 2 9 4 %  PROJCC'T F - 2 - 2 f 1 0 - - 2 0 - 7 3  
I T E M  I TER QUANTITY U N I T  

NO 

L 7  ELBOWS. CONCRETE P I P E *  
3 6  I N '  D I A o  

1 8  CULVERT, UNCLASSIF IED ROADWAY 
L, ONLY 

. PIPE. 2 4  I N *  D I A o  2 b b  L I N e  F T *  
1 9  CLILVERT, UNCLASSIF IED ROADWAY 

a i P I P E ?  42  I R o  D I A o  72 L I N .  F T *  
2 0  ' APRONS, UNCLASSIF IED*  2 4  IN.  D I A m .  LO ONLY 

' 2 1  APRONS- UNCLASSIF IEDY 4 2  I N 0  D I A * .  , 2 ONLY 
2 2  CULVERTv CORR. METAL ROADIJAY 

PIPE.  2 4  I N -  D I A o  
CULVERTa CORRo MCTAL RQABWAY 
P I P E 2  3 6  I N .  D I A o  
APRONS* ,,METAL- 24 I N .  D I A o  
APRONS, METAL.* 3 6  I N 0  D I A D  
CLBOWS* CORRo METAL P I P E  
2 4  IN.  D I A o  
ELBOWS* CORR- RETAL P I P E  

, A p p e i d i ~ A  ' 

PAGE *: 
UNIT PRICE, A R ~ N  

118 L I N Q  F T -  L h - 8 0  L.982.40 
L ONLY 83.50 8 3 - 5 0  
L ONLY 173.80 173 .80  

L ONLY 4 4 -  3 0  4 4 a 3 0  

3h I N .  D I A o  1 ONLY L3Y.40 
DIAPHRAGM9 CORRo METAL" TYPE A 
24  IN .  L ONLY 80.30 
DIAPHRAGM- CORRo RETALx TYPE A 
3 h  IN .  1 ONLY L 0 4 * 8 5  
STOCKPASS, 4 '  X b0  PRECAST 
CONCRETE RF- f i  7 8  L I N e  F T *  b b - L S  
STOCKPASS APRON* 4 '  X b V R E C A S T  
CONCRETE RF-8 2 ONLY 7 0 1 e 0 5  
CULVERT7 U N C L A S S I F I E D  ENTRANCE 
PIPE. L B  IN. DIA. 1.742 LIN. ,FT. : 8.30 
CULVERT* UNCLASSIF IED ENTRANCE 
P I P E *  2 4  I N *  D I A s  : 5 5 0  L I N e  . F T o  5 9 - 8 5  
CULVERT- UACLASSIF IED ENTRANCE 
P I P E *  3 b  I N .  D I A *  3 2 2  L I N .  F T .  Lb.30 
LOCATING T I L E  L I N E S  2 0  STAS* L00.00 
BARRICADES 1 8  ONLY LOOeOO 
I T  D ITCH 2.650 L I N -  FTe  *BO 
SURFACING* GRANULAR. CLASS A 
CRUSHED STONE - ON ROAD 8 0 2 4 4  TONS 5 - 7 0  
SUBDRAIN. CORRo METAL P I P E  

b I N *  D I A o  6 6 8  L I N -  F T -  3 - 4 0  
SUBDRAIN* CORR* METAL P I P E  
PERFORATED* b I N *  D IA .  1.50 L I N *  F T o  4 0 7 5  
SURDRAIN OUTLETS R F - 2 2  3 ONLY 72.00 
SRANULAR f lATERIAL FOR BLANKETS 
AND SUBDRAINS 3 u 8 2 b  CU* YDSo 4.60 
BACKFILL*  POROUS 2 b  CU. YDSe 22.50 
COMPACTING EMBANKMENT WITH 
MOISTURE 8 DENSITY CONTROL Lw 4L4 CU. YDS. - 2 2  
STABILIZING CROP - 
SEEDING AND FER'T1I.IZXNG 1 0 0 * 1 0 0  ACRES 125.00 
F I E L D  LABORATORY L ONLY L v O O O ~ O 0  
CLEARING & GRUBBING 1 5 0 0 0 0 %  
TRAINEE REIMBURSEMENT 1'; Y ": ,-, -, , 

i~ . . f i ~L i i . : : .~~~bqO~O HOURS . 4 . . ,  < j / /  

a 8 0  

/' ! ,I ( .,.. , 
, , . . I  . ,  .~ , .  ,, ?\, , , . , . . . ; , . . f !  ., 

/ I . . . , . ,  1 .  . ',, ,:i 
GRAND TOTAL 



F ~ I M *  o . i o o t ~  0 7 7  ~ . > s l s  Lubq 1 H f i &  I NO. 216lLz Appengix A 
d Page J 

,- 
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ON I O W A  2 FROM TAYLOR COtJNTY LINE IdEST 3.2 MILES 

I - 
1 THIS AGREEMENT MAOE ~ i o  ENTERCDDY AND BETWEEN THEIOWADCP: 
1 -- - ROBERT - - R -- RIGLER. STEPHEN GARST* DONALD K GARDNER. ALLAN THONSI 
I -- u *  F e  M C G R A T I I ,  BARBARA _DUNNF 8 L *  STANLEY SCHOELERMAN ,PARTYOFTHEFIRSTPART,ANO 
I IRVJPIL F*  JENSEN COnINCn OF S I O l J X  CITY* IOWA. 221600 

/ F n n i r  o r  rwc s r c o f i o  PART 

, ,$.i ,+I i . ,  . r n ~ l  i l % f  P i i l  I I  or TllE SICC'.3 PART I O H  A v o  ih COIIS.OEHATIOI( OF _ -.-4,.mwe PAl.0-E AS SET FORTH IN 1t lE SPECIFICA- 
t , . 3 z . ;  6 l . l i i s V  O i  I n  I CCYTRACT HEREBY aiGRELS 1U COt.STRdCT vAUIO.5 I t t r ' l  OF dORA A\U (i . OSJPPLY VARIOUI WATERIALI CR SJPPLILS IN ,.:. . C,C , . .  I T , ~  ,"E P. ~h', m o  I P E C I F I C ~  i(i'.~ T ~ F R E F O R  A ~ O  11, T H E  LOCATIOII DI.SIG~ATEO ih 1 t 1 ~  WTICE rn B ODERS AS FOLLO..~ . . - . - . - . - - -. . - . - - -. . - -. ----- 7 

GRAND TOTAL $16?3q80202 

I T E M  

. - . . -. . .. - . . - -- - - - - .. . . .-. . .- --- -- -- -- -- -. 
i'ART5 O r  7°C :iCO\? P A R T  CER1.F LI 0, r l S  S8ChATJRE Lh TtllS COhlRACT. b>8OtRPAmh OF PENALTIES FOR FALSE CERTIFICATIOh. THAT HE HAS COMPLIED 

I i *  12' ' 4 O r  T h t  !9 )5  C 1 0 t  OF l O n l  al AMLhOE? I F  APPL.CI\BLE 
l a  O S"tC TiCATiOhS Ah0  PLAYS ARC HERESY MADE A PA111 OF AND THE BASIS OF Tll lS AGREEMENT. AND A TRUE COPY OF SAID PLANS A h 0  SPECIF,CATIONS IS N W O N  

DECEMBER 28% 1977 bLt IN THE OFFICE OF THE PARTY OF THE FIRST PART UNDER DATE OF 

-. 
PAVEMENT* STANDARD OR SLIP FORM 
P. C c  C0NC.r CLASS A s  8 I N -  48pb45 St20 YDS. b*bO 32Es057.0 
SURFACE TREATMENT 
O F  P. C .  C O N C R E T E  PAVERENT ualbqs sa. Y D S -  .I! 
STABILIZED SHOULDER MATERIAL 13-725  TONS 7.33 1 0 B ~ 7 5 3 ~ 9  
SURfACINGm GRANULAR3 CLASS A 
CRUSHED STONE - ON R O A D  39013 TONS b.35 1 3 ~ 1 3 2 m  5 
STABILIZING CROP - 
SEEDING AND FERTILIZING 12.800 ACRES 1 2 5 * 0 0  lt167-t.I: 
NIII.CHING lrL*BOO ACRES 1bO.00 1 . ~ 8 8 ~ 0 0  
FERTILIZING LL.BOO ACRES 80. 00 944.0 
GUARDRAIL* CABLE 3.528 F I N *  FT. 2.b5 9~i349.2 
GtlARDRAIL? POSTS. CABLE 243 ONLY 25. 50 b ~ L 9 6 - S  
GUARDRAIL* END ANCHORAGES% CABLE 1 2  ONLY 300eOO 3sb00.C 
FIELD LABORATORY 1 ONLY lrr000.00 19000~C i  
'TRAINEE REIMBURSEMENT 500 HOURS a 80 tlCI0.0 

QUANTITY 

~ ~ ~ ~~ ~-~~~~-pp 

T H A I  \ !"%ilcr~&.r:f. O F  T S E  F O I ~ E C O $ ~ C  THE PARW O r  1 n E  FlnST PART HEREBY AGREES TO PAV TI4E PARTY OF T n E  SECOIIO PART PRClnPTLv A h 0  A C C O R D ~ ~ C  
' I l ~ l i ! L ~ I ~ l ' A t . h T l  O r  1r.E SPEC FtCATIONS TdE A'AOU.sTS SET FCRTI? SUBJECT TO THE CONDlTlOhS ASSET FORTUIH THE TPECIFICAT OhS 

i , , L  * ' A ' s 1  C I  n C h t r 0  AGIIEt TnAT THE NOTICE Ah0 II.ITRJCII.JIS T J  OiUOEHS. TAE PROPOSAL FILED HEREll i  THE CEhERAL SPECIFICATIONIOF ThE lOuA DEPARTMENT OF 

I ~ A N I P O I ~ J A T ~ O N  FOR I ? ? ?  TOGETHFR WlTH SPECIAL PROVISIONS ATTACHEU, TOGETHER WlTH THE GENERAL A N 0  DETAILEO PLANS. I F  ANY. FOR 51\10 PROJECT 

1-7 t '  . .z ..2 ( 1 L  ...- .. 24-93  , TOGETHER WITH SECOND PARTY'S PERFOWANCE BONQ ARE MADE A PART HEREOF.AN0 TOGETHER WIT11 THIS 
*) lRUh!LNT CONSTIIUTE THE CONTRACT BETWEEN THE PARTIES HERETO. 

THAT I T  IS rURTHER UNOERSTOOO AN0 AGREED 6Y THE PARTIES OF THIS CONTRACT THAT THE ABOVE WORK SHALL BE COMMENCE0 OR COMPLETED IN ACCORDANCE WlTH 

UNIT 

'"I I O i L O i l l N C  SCHEDULE: 

I 80 WORKING D A Y S ~  OCT* 20% 1978 I 

UNIT PRICE 

I I 
-'?I 1 5  l * f  f I9CNCE O r  THIS CONlRACT AN0 Tl lAT SAID CONTRACT CONTAINS A L L  OF THE TERMS AN0 CONOlTlOM AGREED UPON BY THE PARTIES HERETO. 

h WITNESS WHEREOF THE PARTIES HERETO HAVE SET 1' EIR HANOI FOR THE PURPOSE HEREIN EXPRESSED TO THISAND M R E E  OTHER lOENTlCAL INSTRUMENTS AS OF 

"'I..- D A Y  OF 1 7 1978 .19 

AMOUNT 

Ioera D E P A R T M E N T  OF  TRANSPORTATION -, .. . . .. . . . . . , . --- - . -- - -- - 

i l C V l d f ' .  ---- dENSEN CO-INC. O f  SIOUX C I T Y .  I O W A .  



.F;ili!4 h f o t l )  8 . 1 1  * . J I I I R  3' NO. 14LL4 Appendix A 
, A -  .! Page 6 

., < 

' r w r  or won~.J!.O.X.LSfSl.U\UlLQUL-&% -PROJECT NO . . - T M - : U !  
$A,,  ~ L - X L G . ~ ~  COST CENTER - .  b l  ... 

il:z L9-L--  
LOO0 O B J E C T  878 

c o u ~ n - . J N l Q L  - 
ON-LOJA 2 FROM P A G E  COUNTY L I N E - E A A T m - T O  WEST JUN_CTZ[lO_P?_ , ... ..^,,. . , . n  s., n r n f A o n  

IT tM -- - - - - - - 
1 QUANTITY 1 U N I ~  UNIT PRICE 1 *MOUNT 

- \ 
E X C A V A T I O N \  C L A S S  1 2 %  ROADWAY & 

I 

hOKROW 57L12 C U =  Y D S s  1 .00  5,11200 
PAVEMENI', STANDARD OR S L I P  FORM 
P. Cs C O N C u \  CLP,SS A T  B I N -  ' 1 7 0 * 0 b 9  SQo Y D S -  
F A V E M E V T ,  S T A N D A R D  O R  SLIP F O R M  
P o  C n  C O N C O T  C L A S S  A*  b I N *  2 ~ 7 b 5  SQ. YDS. 7 - 2 0  3 9 * 9 0 8 = 0  
YIEDTAN, la I N -  P C  C e  CONCRETE 5 SQ. YDSo 1 5 - 0 0  7:-0 
G R I D G E  APPROACH S E C T I O k  

/ 

R E I N T 0 4 C E D  AS PER P L A N  213 SQ. YDS. 3 0 . 0 0  b539CaO 
S U R F A C E  T R E A T M E N T  
OF P o  C o  CONCRETE PAVEMENT 1733047  S B -  YDSo  
GUARDRAIL .a FORMED STEEL  B E A M  750 L I N .  F T e  
LUARDRAIL. . i .  P O S T S *  B E A R  L Y b  ONLY 
6 U A R D R A I L . v  E N D  ANCHORAGES-r B E A R  
R E . 5 2  B ONLY 
GUARDRA1L.v C A B L E  LINQ F T -  
G U A R D R A I L ?  P O S T S *  C A B L E  13A ONLY 
6L lARDRAI l . v  E N D  ANCHORAGES* C A B L E  1 0  ONLY 

B ONLY 
? S Q U A R E S  

............... -- .- ........... - - ..... ...... -- ..... - -. . -. .. -. .-- .- ...... -- -- -. - .-. ............... .- -. . .- -. ....... - - - ...... -. ........ -. .. -. .. ...... -. . - -- .... - --- - 
I 1. 1 r .,.L 5 :!t,3i.i?1 ' ' i  f. ? I :  :'.a7 . P E  t t s  ' - 3  5 L., i l l<' .Cl V I t . ' t R F A l N O r  Pt8.Al.T t S  F36 </.LS€ CIR11F~CA113'1 1 d A T f t  ,I*! O P I ' L I E O  . " . . k I i ;' ..': r . : C  < ~ , . \ : . 5 A t ~ , < , L i ?  , r  A$','. C A 3 . L  
!i.. \ i  I : i L A 7  '.i '.I i v . i % 5  A e l i  31. .: 6) U A !  F. 6 I ' A I ' -  li t.I.3 TnL '41 ; L '  To i A;$(EEMEi,T 1',0 A TR; .: COPY 01 S r  1, PLA,,i  A h 9  I' I C ' l l . A l  0I.S . I  I.:.. C'S 

I ti t !N 1841 OFFICF OF THI PARTI  OF THC r i R s T  P A R T  UNDER DATE or. DECERBER 28%-1377 - - ~~.~ ~ ~ 

11 ,A I  IN CONSIOI:HA~~ON O r  THE FOIIEGOING. THE PARTY OF THE FIRST PART HEREBY AGREES TO PAY THE PARTY OF THE SECOND PART. PROMl'7I.Y ANDACCOROJNF ' 
0 f '  R i  Oi i i I l fA l fNTS 01- 1°F S i ' r c l ~ l c ~ ~ l o ~ s  THC AMOUNTS SET FORi t l ,  SUlj lECT TO THE CONDITIONS AS SET FORTH IN THE SPECIFICATIONS. 

' I s !  l'fii*lil:> IVINETO ACNEE THAT THE N O l i C L  AN0 INSTRUCTIONS TO BIODCRS. THE PilOPOSAL FILED NCREIN. THE GENERAL SPECIFICATION$ O F  P ! E  1OI' lADEPARThlE~T.3F 

r.......".... niiOn ruli TOGETHER WlTll SPECIAL PROViSlONS ATTACIIED. TOGETHER WIT11 THE GENEllAL AND DETAILED PLANS. I F  ANY, FOR SAID PROJECT I 
F:%:.I : 2 : 3 (  2.5 ;:.:..2?LfLe.z- -, TOGETHER WITH SECOND PhRTY'S PERFORMANCE BOND. ARE MAOE A PART HEREOF. AND TOGETHER IYITH Tii iS 

i N ' ~ l * < i v i  t i 1  i l W , l i l L ! i C  l i l t .  Cu.iTnACT nETWECN THE PARTIES HERETO 
1 I I A I  8 I , I  I U l l l i ( L l <  I 'N I l tR I IOOD AN11 ACIIEED BY TIlE PARTICS OF THIS CONTRACT THAT THE ABOVE WORK SHALL BE COMMENCED OR COYPL&EI) IN ACCOROhNCE iY!TH 

1M1 l i !L.,oxiYI: IC,,( ""LC 

1 8C WORKING D A Y S /  OCTa  2gq 1 7 7 6  1 
I I I 

( v " '  "''' t \  i v l  !S::NTi. i i F  1I(Is CONlR'ICT AN0 THn7 SklD C O N l l i A C i  CONTAINS A L L  D i  THE TERMS AND CONOITIONS AGREED UPON' BY TIIE PARTIES HERETO. j 
IN VCl 1Nf >S Y i l l E l l t O T  1111: I'ARTILS HEi lC10 !+AYE SET T H E ~ R  I~,ANUI lrOR THE PURPOSE 11TRLIN EXPRESSED TO THIS liND THREE OTIIER IOEt4TlCAL INSlHUMCNTS AS dr ! 

'"' ..-... DAY Or.-- 19 

! 
j 

i 'Al<TY OF TI([ FINS1 P n n l  '1 
N S E N  C O o I N C c  OF S I O U X  C I T Y ,  IOWA. i 

r.-.r <7 
,, ." r I 

t*\/LA<iL..( . .,,: !i~!ic<:<~::~ II1,IIIY ,\F ,<ti irrn.l,l w l l r  - -- i 



, .  Appendix A 
);'ON?RACT. NO" L Y L L Q  PROJECT T Q F - 2 - 3 ( 1 5 ) - - 2 9 - 8 7  PAGE 7 
I T E M  I T E M  Q U A N T I T Y  U N I T  U N I T  P R I C E  AMC 

1 5  S T A B I L I Z E D  SHOULDER M A T E R I A L  
],b SHOULDER CONSTRUCTIONT EARTH 
L 7  SURFACING, GRANULAR, CLASS A 

CRUSHED STONE - ON ROAD 
2 8  S I L T  B A S I N  
L1 BALE  FOR D I T C H  CHECKS 
2 0  S T A B I L I Z I N G  CROP - 

SEEDING AND F E R T I L I Z I N G  
21, MUI. CHXNG 
2 2  F E R T I I  l Z I N G  
Z3 SEWER, CORRo P t fTAL  STORfl 

B l f L J f l I N ~  COATED, 1 5  I N .  D I A o  
2 4  APRONS> METAL*  1 5  I N *  DSA. 
> S  F I E L D  LABORATORY 
2b  TRAINEE REIMBURSEMENT 

5 3 9 0 7 1  TONS 
1 Z 0 b 9 0  STAS*  

1O.s'4E& TONS 
17 ONLY 

5 2 0  ONLY 

44 .700  ACRES 1 2 5 0 0 0  
4'4.700 ACRES 1 b O - 0 0  
44 .700  ACRES 8 0 0 0 0  

1 L 5  L I N *  F T o  12 .00  
1 ONLY LOO 0 0 0  
1 ONLY 1 - sOOO~OO 

L,OOO HOURS ao 

GRAND TOTAL 4 L ~ b 7 7 r 9 2 1 - l  



Wighwuy Uivision 

COHrRh6'$ L29q2 Appendix A Page 8 
i 

' I. &pe,,t w:k&.f7A?J NG No.--. F -2-3(41- -20-87 .. 
12.05L f i i l c l - - _ _ _ -  COST CENTER bLlOOO OBdECT 8 7 7  

' 1  
/ 

TAYLOR covnw 

ON I O W A  2 FROM PALE COUNTY LINE A ~ ~ S T E D G E  OF NEW-NTRKET . ... .. ......... -- . 
E A S T "  ......... SOUTH AND EAST . ...-.---.-.-...---------..-.-,.-p- 10  UEST JCT. I A *  .LQ8 I N  BEDFORD 

THiS AGREEMENT rsludo and enleisd by and between tho Iowa Dsportrnsnl ef Tronrporl-tien, Der Moincs. low.. -Wing of >ha foilorins mernborr, 

ROBERT R RIGLERe .... STEPHEN LARSTo DONALD K G A R D N E R I  .ALLAN . THOMSB .- 
W e  Fe MCGRATHu BARBARA DUNNv & Lo STANLEY SCHOELERflAN , p0.1~ of ,130 first port, and - .. , .. ...... .-...... 

STERLING MCic.AREN CONSTR- COOS INNLn OF SHENANDOAH- I O W A  
i 402oa : 1 

JOR-N-SON BROSa INC* OF RED OAK, I O W A  
mr fy  of the i ~ r o n d  pail 

WITNE~SETHI Thal ;Ii* party of the second pan, for and in mnsidsrolian of $* 8% b s 03Ya 30  , peyobia or $01 forth in the ipscifira- / I 
tion, r~r~sfifutiny . port of ,his ronlran, hvroby ogress to ronrlrucl ~clriour item% of work and, or, to supply vmriour rnmteri.1~ or supplies in ormrdonia wili l the plons 
ond .perific.,ionr ,l?srolor, in tho locotionr dllrign.,ed in the nolire 10 bidder*, .r foll.w,: 

I .. - 
. - --.---A -- -. - 

lfetn ITEM / Quantity I Unit I Unit Price Amount 
No. 1 - :' ' I  

' i 
I EXCAVATHONs CLASS 10-  ROADWAY & 

BORROW Lv54b*839 CU. YDS. e42 b49*b?2*38  ...: 
e50 2 EXCAVATIONo CLASS LO* CHANNEL 150 CU. YDS* 75*DO I 

3 EXCAVATHONe CLASS L Z q  BOULDERS 200 CU- YDS- 20 r00  2sDODeOU .-r 
4 OVERHAUL. 8m850.LSb STA. YBS. e O 1  BBw501*5t 
5 EXCAVATION9 CLASS 20 2-994 CUe Y B S D  3.00 Bs982e00 :"'I 

b BACKFILL- SELECTEDv SOIL 120.423 CU. YDS- : e 59500 7L*bSl~mLb % .A 1 
7 BACKFILL;. COMPACTINGP ADJACENT T O  

CULVERTS AND STOCKPASSES 1 *292  CU* YDS. 2-00 2*58'4*00 : 

5 BACKFILL* POROUS 9 1  CU. YB%e 15.00 1 ~ 3 b 5 ~ 0 C  . 1 
9 GRANULAR MATERIAL FOR BLANKETS i 

AND SUBDRAINS 3 r347  CUa YDS* 6.00 2 0 ~ 0 8 ? ~ 0 0  
LO CULVERT. CONCRETE R O A D M A Y  PIPE I 

2Y IN. , D I A o  2.068 L I N *  F B o  12.75 2b,b22mOO : / 
11 CULVERT* 3000D CONCRETE R O A D W A Y  

PZPE. a11 IN. DIAO 322 LXN. FT. 1 4  . 30 Y ~ ~ O Q . D D  
2 2  HALF PIPE, CONCRETE* 216 I N *  350 LIN. FT* 29.55 bq84205C i 1 
23 CULVERTv CONCRETE ROADliAY PIPE . > 

30 INs  DICA 0 L l b 5 8  LXN* FT. L7.15 20043qm7C; 
1 4 ,  CULVERT. 30OOD CONCRETE ROADWAY 

: '1 
PIPE. 30 IN. DIA* .. -. . -. -- - - 156 L I N -  F K *  31.00 4,848*0[! 1 

. ... - ... - .- 
Port of the second port ierfifior by lhir rigooburo an this contra.! tho! he ha$ mmpliad with 324.17(8) of the ,975 Cede of lowo 0s ornandcd. 
soidY spmificafirin oad pions ore iirieby made 0 port of and tho basis d this ~ ~ ~ m m e n t ,  end o true -py of roid plans end rpeeifirofionr is now an 

film in the office of tho iowo Deportment ~f Tronsporlation vndor dote of.-- DECERBER 30. %197b "- 
: ( That in roorideiolion of tha foregoii~g. tho party of the firs4 pvrf hareby agrees fa poy !lie porfy of tho second wrt ,  promptly und eccordins to the resviremcnlr of 

1118 spcrifirofionl tho olnovnlr let forth, rubiccl go the ~oodilionr -2 set forth in the ~ p ~ ~ i f i ~ ~ l i o ~ ! .  

The portinr hereto asrco the* tha nolico and inrtrvrtionr to bidders, the pioposol filed heroin, the gsnmvoi sperifimtions of the low. Dcp~rlment of 

lronsp~r!ation fer 17 -1 i? , loysthor with lpeti(i1 proviaions efmdad, iogclhcr with fits g"nero1 and deeiiad plans, i f  ony, for raid prabct 

f -  ?- ( I - .+@-'-&;7 , logolhar will? second pvrfy's performonte bond. aro mods r, ,part harsof, and togsfbor wifh this fn~trumonl con- 8 
.... 
l l i l v f ~  tho iontrod bulvoal, tho pc~rlira horrlo. 

Tho1 it is furti?er ~ ~ ~ d o ~ ~ t o o d  and ogracd by iho por+ior of this tontrait i h d  tho &ove work rhoil he oo.,,mnnrsd on dr before, ond ,l,ilIl ba r o m ~ l a t ~ d  
..-.-.--... . - .................... .- 

I 
, . 

Appvox or Specified Slorting Dote qpacified Completion Dote 
or o i  beloroc or Number of Working Doyr ow Number of Working Days-_, 

i 
, I  / APPROX APRm 4.1977/ LbO WORKING DAYS I a I 

I 
1 1 1 ~ 1  tilas 1% iho csscixa of this cun~rod amid iiiot loid contreri mnioinr a11 ot 11,o tnrmr and cenditian~ egir.ud upan by )hs p~rt ies herem. ;, 1 

IN WITNLSS WI~EREOF tiio porfior lhorako hnva rot their ihon tire purporm heroin vrpras8ed to this mmd fhrse olhar lnrtrvmsntl of like tenor. of 

FEB 1 4 fgf7 th,, ,-.--.-..doY of , 19 . ............ 

1:. I. j 
, 1 \ . . I  

'>. lo.. 



CONTRACT NO0 1 2 9 4 2  PROJECT F - 2 - 3 1 4 ) - , - 2 0 - 8 7 '  
JTEM I T E M  QUANTITY U N I T  

Appen$\ixYA,. ' 
PAGE 9 , , 

U N I T  PRICE: .A hO U N 

HALF P I P E *  CONCRETEn 3 0  IN,, 
CUI-VER'Iv CONCRE'I'E KOADWAV P I P E  
3h IN< ,  DnIAo 
CI.ILVERT* CONCRETE ROADUAY P I P E  
42 I N *  D I A o  
CU1.VERTv CONCRETE ROADWAY P I P E  
48 XNe D I A =  
APRONS. 'ONCRETEu 2'4 I F I m  D X A o  
APRONS- CONCRETE- 3 0  I N 0  D%Ao 8 

APRONS* CONCRETE* 3 b  I N 0  .DXAo 
APRONSl) COI\'CRE?'E= 42  I N 0  D I A n ,  
APRONS* CONCRETE2 'IN T N G  DLAo 
EI.,DOIIISU CONCRETE PIPEIS 
216 IN .  D I A o  
ELBOWST CONCRETE P I P E  

1 4 4  L I N a  , F T e  
35 ONLY 
20 ONLY 

4 ONLY 
2 ONLY 
2 ONLY 

I1 ONLY 

8 ONLY 30 I N 0  D I A *  
STOCKPASS- Y o  X b o  PRECAST 
CONCRETE RF-,8 
STOCKPASS APRON* '4" h c  PRECAST 
CONCRETE RF-8 
CULVERT3 UKCL,ASSIFIEB ROADWAY 
P I P E *  2 4  I N 0  D I A o  
CULVERTn UNCLASSIFIED ROADWAY 
P I P E P  3 6  I N c  D I A o .  
CULVERT" UNCLASSIFIED ROADUAY 
P I P E -  Y2 I N *  D I A o  
CULVERT* UNCL.ASSIFIED ROADWAY 
P I P E v  '48 I N 0  .DXAo 
APRONS* UNCLASSIFIEDD 2 4  IN.  DIA.  4 

APRONS* UNCL.ASSLFIEDo 3 b  I N *  ; DXAo 
APRONS* UNCL.ASSIFHED, q 2  IN.  . D I A o  , 
APRONS* UNCLASSIFXEDu '48 %No R I A 0  ; 
CULVERTu CORRm METAL ROADWAY 
PXPEn 2 4  I N "  . D I A o  
CULVERTa CORRa METAL ROADWAY 
P I P E *  3 0  I N c  D X A n  
CUI-VER'T, CORR* METAL. ROADWAY 
PIPE-)  3 b  IN* ,DXAo 
CULVERT, CORRo METAL ROADWAY 
P I P E S  48 i N o  D L A o  
CULVERT- CORR. METAL ROADWAY 
P I P E 3  5 4  IN. ,  D I A *  
APRONST METAL* 216 I N o  D E A o  i 

APRONS, METAL.w 3 0  IN. nrw. 
APRONS* METAl..r 3 b  I N *  BXA. 
APRONSu RETA1.v I N *  P I A *  
APRONSv METAL,, 5 4  IN., D I A o  
BIAIJI4RAGtlv CORR. META1.s TYPE A 
24  INc> 
DIAPI.IRAGRa CORR* fiETAI.* TYPE A 
3 0  I N 0  
QIAPHRAGMu CORR. METALS TYPE A 
3L I N -  

. DIAPI.IRAGflv C:ORRm METAL>, TYPE A [{-?, 
II R IN ,, 

'4 ONLY 

132 L I N o  ~ F T w  

1 3 2  L I N .  + F T -  
2b ONLY 
(I ONLY 
2 ONLY 
'4 ONLY 

2 0 0  L I N *  FPn 
, Y  ONLY 
2 ONLY 
3 ONLY 
3 ONLY 
1 ONLY 

2 ONLY 

I ONLY 

2 ONLY 
" -?,--I\ 'ihkf:f~! 

1 ONLY . .- - . ., 
ELBOWS,> CORR* METAI. P I P E  i \ j  ', ::: 



. . . . I  Appendix A 
C O N ~ ~ A C T '  NO- 129 '42  PROJECT F-2. .3E4)- . .20-67 PAGE It 

I 
ITEM< I T E M  QUANTITY U N I T  U N I T  P R I C E  AflOUN , 

2 4  IN.  D I A o  
ELBOWS* CORR.  PTETAL P x r E  
3 0  I N -  D I A o  
ELBOWS* CORRo METAL P I P E  
3 L  I N .  D I A u  
EI.BOWSxt CORR- IIETAL. P I P E  
4 6  I N .  . D I A o  
SUBDRAIN* CORRo METAL P I P E  

b I N *  D I A o  
SUBDRAINv CORR* METAL PZPE 
B I T U f l I N o  COATED* b PNo D I A o  
SUBDRAINU CORR. METAL,. P I P E  
PERFORATED-z b I N .  D I A o  
SUBDRAIN OUTLETw R F - 2 2  
SUBDRAXN, TRENCH 
L.OCA'l+ING. TI1.E L I N E S  

I ONLY 

2 ONLY 

I ONLY 

2 ONLY 

3 7 8  LXNo F T o  
4 ONLY 

1 .620 LPN. F T -  
3 0  STAS. 

7 SQUARES SODDING 
TOPSOIL*  S T R I P o o  SALVAGE AND 
SPREADkNG 
SURFACING* GRANULAR* CLASS A 
CRUSHED STONE - ON ROAD 
CULVERT* UNCLASSIF IED ENTRANCE 
PIPE, 1 6  I N .  D%Ae 

29.326 TONS 

CULVERT* UNCLASSIFIED ENTRANCE 
P I P E *  24  I N .  B I A *  
CULVERT* UNCLASSIF IED ENTRANCE 
P I P E P  5 4  I N -  DXA. 
REMOVAL OF E X I S T I N G  STRUCTURES 
REMOVAI. & CRLISMING OF PAVEMENT 
REMOWAI OF SIDEWALK 
REMOVAL OF FLUMES 
BARRIChDEu R O A D  CLOSURE* RE-3 

LO2 LPN. .FTe  
LUMP SUM 

327.845 SO. YDSe 
6 3  SO. YDS- . 
8 0  ONLY 

2 ONLY 
2 7  ONLY 

17.354 LXN. FT. 
1 7  ONLY 

5 2 0  ONLY 

BARRICADES 
S I L T  DITCH 
S I L T  B A S I N  
BALE FOR DITCH CHEEKS 

7 5  S T A B I L l Z I N G  CROP - 
SEEDING AND FERTILIZING 

7 b  TRAINEE REXrlBURSEI'lEN'T 
'77 CLEARING 8. GRIJDBINL 
78 F I E L D  1,ABORATORY 

3 3 5 0 2 0 0  ACRES 125. 00 t+L-a90G;00 
2 ~ 0 0 0  HOURS 0 6 0  1 e b l l D ~ O O  

L 5 0 0 0 0 %  3Lm844=71 t  I 

1 ON1 Y 1.000.00 L P O O ' J * ~ ~  I 

GRAND TOTAL S L v 6 Z L n 0 3 9 ~ 3 R  I 
I 



Appendix B 

IOWA DEPARTMEW OF TRANSPORTATION 
Ames, Iowa 

SPECIAL PROVISIONS 

for  

REMOVAL AND CRUSHING OF OLD PAVEMP.NT 

Page F-2-2 (4)--20-73 
Taylor F-2-3(4)--20-87 

January 4,  1977 

183.01 REMOVAL. A l l  mainline pavement on the  project  is t o  be removed and salvaged as described 
below, unless spec i f i ca l ly  excluded by the  plans. 

Where aspha l t i c  concrete resurfacing is present,  the  asphal t ic  concrete s h a l l  be removed before the  
portland cement concrete pavement is removed. The aspha l t i c  concrete t h a t  i s  removed i s  t o  be buried i n  
the  f i l l .  ~t i s  intended t h a t  a l l  of the asphal t ic  concrete be removed. Isolated areas  of adhering 
asphal t ic  concrete up t o  one inch i n  thickness w i l l  be considered acceptable, including patches of as- 
pha l t i c  concrete. 

The portland cement concrete pavement s h a l l  be  removed i n  a manner t h a t  does not  develop a large  
amount of f ines  in  the  salvaged concrete and which excludes subgrade and subbase mater ia l  t o  the  maximum 
extent  practicable.  I t  i s  intended t h a t  t h i s  operation w i l l  produce a maximum amount of salvaged port- 

' land cement concrete t h a t  is  crushed and stockpiled,  su i t ab le  f o r  use i n  new portland cement concrete: 
the  oweration is t o  be conducted i n  such a manner as t o  salvase.  i n  t h e  s t o c k ~ i l e .  a t  l e a s t  80 nercent 
of t1& portland cement concrete t o  be removed. The method of-breaking and removing s h a l l  be sugject  t o  
approval of the  engineer. 

A l l  re inforcing s t e e l  s h a l l  be removed from-the salvaged pavement, e i t h e r  p r i o r  t o  o r  during the  
crushing operation. 

183.02 CRUSHING AND STOCKPILING. The salvaged pavement s h a l l  be crushed and stockpiled a t  the  s i t e ,  
designated on t h e  plans fo r  stockpil ing.  

Salvaged portland cement concrete s h a l l  be  crushed t o  pass a l$-inch sieve. A hammermill secondary 
crusher is prohibited. The crushed material  s h a l l  be separated by screening on a 3/8-inch screen, and 
the two products s h a l l  be stockpiled separately.  Processing equipment s h a l l  include a screen by whlch 
excessive f ines  i n  the  minus 3/8-inch product can be controlled by removal of f ines  passing a No. 8 
screen. Control w i l l  be as d i rected by the  engineer, so  t h a t  the  maximum passing t h e  No. 200 s ieve 
in  the minus 3/8-inch material  is 5 percent. Washing w i l l  not  be  required. Fines removed from the  minus 
3/8-inch mater ia l  s h a l l  be stockpiled separately.  

The two main products of the  operation, 14 inch t o  3/8 inch and minus 3/8 inch s h a l l  be stockpiled 
in  accordance with 2301.16, i n  locations designated by the  engineer a t  the  designated s i t e .  

Reinforcement removed from the  pavement s h a l l  become property of the  contractor and s h a l l  be d i s -  
posed of o f f  the  project .  

183.03 LIMITATIONS. A l l  pavement s h a l l  he removed during the  1977 construction season. A t  the  
o p t i o n o f  the  contractor,  crushing operations may be postponed u n t i l  a l l  of the  pavement has been re- 
moved. The crushing may be done during the  followins winter period, t o  be  completed by February 1, 1978. 

The contractor  s h a l l  maintain the  s tockpi les  and t h e  s tockpi le  s i t e s  u n t i l  completion of the  work on 
the  contract .  

183.04 MEASUREMENT AND PAYMENT. Removal and Crushing of Old Pavement s h a l l  be based on the  ~ l a n  
quanti ty computed i n  accordance with 2301.390. Payment s h a l l  be i n  accordance with 2301.406, and t h i s  
s h a l l  be f u l l  payment f o r  a l l  removal. t ranspor ta t ion,  crushing and stockpil ing,  removal and disposal  of 
reinforcement, and other incidenta ls  necessary t o  complete t h i s  work i n  accordance with the  plans and 
specif ica t ions .  
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Appendix C I 

TEBT REPORT - MISCELLANEOUS MATERIALS ,"eolOgy 

AXE3 LABORATORY 
P r o j e c t s  l i s t e d  
below 1 

I 
Material 1%" crushed concre te  (P.C.) - Laboratory No. AAt7-75 

P. C. Concrete 
I 

Intended Use - - -  -- - I 

mtV Page & Taylor pmj. NO. F-2-3- (4) --20-87 
I 
I 

Kuhlman Rodurn Contractor 

Source New Market HWY 2 \ 

Sampled by H .  Wayne Jackson Sender's No. 
1 

,PL"a 
.te Sampled Daw Roo'd 4-14-77 Date Reported 4-19-77 i 

% Psg. #8 a f t e r  16 cyc l e s  F&T, Water-Alc. Sol .  42 

% Wear, L a  Abrasion, Grading A 5 9 

Spec i f i c  Gravi ty  (S .S .D.) 2.346 

% Absorption (S. S. D. )  5.10 

1 
DmSrrrON:  F&T and A b r .  do n o t  comply Shed 

rn--.? .- " . .,,.I +'h "+-.-2.,~,3 =: --,-:--- 



Appendix D 
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TRZAL MIXES 

A .  Prel iminary T r i a l  Mixes 

1. Recycled aggregates were used i n  C-3 mix wi th:  

55% coa r se  aggregate)  recycled 
25% Pine aggregate ) 
20% H a l l e t t  sand v i rg in  agg. 

2. Recycled aggregates were used i n  C-4 mix wi th:  

C.A.  crushed 40% 
F.A. crushed 30% 
F.A. sand 30% 

Resul ts  of  concre te  compression, f l e x u r a l  s t r e n g t h  
and d u r a b i l i t y  t e s t s  on specimens made wi th  t he se  
ma te r i a l s  and 626 lb s .  of cement a r e  a s  fol lows:  

Compression 4350 p s i  @ 7 days 
5510 p s i  @ 28 days 

F lexura l  700 p s i  @ 14 days 
Durab i l i t y  Fac tor  300 cyc l e s  94 

Concrete t e s t  s l a b s  were a l s o  made f o r  determining 
the  r e s i s t a n c e  of t h e  concre te  t o  abrasion.  T e s t  
s l a b s  made with crushed recycled concre te  a s  aggre- 
g a t e  were compared wi th  concre te  made us ing a t yp i -  
c a l  conventional  aggregate.  The t e s t  r e s u l t s  were 
almost i d e n t i c a l .  

3. C-4 mix - Recycled Concrete 

50% C.A. crushed 
20% F.A. crushed 
30% F.A. (Natural  Sand) 

w/c = 0.497 
F lexura l  s t r e n g t h s  @ 14 days was 740 p s i .  

4 .  C-4 mix - Recycled Concrete 

626 l b s .  cement 
45% C .A. crushed 
35% F.A. crushed 
20% F.A. n a t u r a l  sand 



Appendix D 
Page 2 

Compressive s t r e n g t h  t e s t  r e s u l t s :  

Avg. 7 day 4350 p s i  
Avg. 28 day 5520 p s i  

5. Concrete c o r e  t e s t  - o l d  pavement between New Market 
and Bedford 

t o t a l  co re s  23 co re s  
t o t a l  average s t r e n g t h  i n  p s i  - 6535 (cor rec ted)  

6. C-4 mix - Recycled Concrete 

626 lbs .  cement 
70% 35% C.A. crushed 

Recycled 30% F.A. n a t u r a l  sand 
Aggregate 35% F.A.  crushed 

Compressive s t r e n g t h  t e s t  r e s u l t s :  

Avg. 7 day 4130 p s i  
Avg. 2 8  day 5300 p s i  

7. Abrasion r e s i s t a n c e  t e s t s  were run u s i n g  Gilmore C i t y  
coarse  aggregate and recycled aggregates .  From t h e  
graphs and t e s t  d a t a ,  it is found t h a t  t h e  recycled 
coa r se  aggregates and t h e  Gilmore C i t y  coarse  aggre- 
g a t e  have very s i m i l a r  wear c h a r a c t e r i s t i c s .  With 
t h e  r e s u l t s  obta ined,  it can be presumed t h a t  replac-  
ing Gilmore C i t y  aggregate with recyc led  concre te  
aggregate w i l l  h ive  no s i g n i f i c a n t  change i n  abras ion 
r e s i s t a n c e .  

8 .  C-4 mix (626 lbs .  cement) 

Coarse aggregate (crushed) 47% 
Fine aggregate (crushed) 23% 
Fine aggregate  (Hal lBt t  sand) 30% 

Avg. Compressive s t r e n g t h  @ 7 days  5050 
Avg. compressive s t r e n g t h  @ 28 days 5890 

9. C-4 mix (626 lbs .  cement) 

Coarse aggregate (crushed) 42.5% 
Fine aggregate (crushed) 25. Ph 
Fine aggregate (crushed) 32.5% 
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Avg. compressive s t rength  @ 7 days 5010 
Avq. compressive s t r e n g t h  @ 28 days 4570 

Avg. compressive s t rength  @ 38 days 6270 
Avg. compressive s t r e n g t h  @ 28 days wi th  w/r 6020 
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Appendix E \ 

Excerpt from PAVING SPECIAL PROVISIONS i 
Mix Propor t ion \ 

I n  l i e u  of p ropor t ions  s p e c i f i e d  i n  2301.04, t h e  fol lowing 
propor t ions  s h a l l  be used: 

I 
Basic Abs. Approximate Dry 
Volume Quant i t i es /c .y .  

I 
Cement 
Water 
A i r  
Crushed Concrete, Coarse 
Crushed Concrete,  F ine  
Concrete Sand 

0.118330 626 lb s .  
0.178063 
0.060000 
0.273533 1083 lb s .  
0.160902 637 lbs .  
0.209172 934 l b s .  

Design water  - cement r a t i o  0.48 
I 

Maximum water- cement r a t i o  0.545 

The q u a n t i t i e s  a r e  based on t h e  fol lowing assumptions: 1 
I 

S p e c i f i c  g r a v i t y  o f  crushed concrete ,  coarse  2.35 
S p e c i f i c  g r a v i t y  of  crushed concre te ,  f i n e  2.35 I 
Spec i f i c  g r a v i t y  o f  crushed sand (4110) 2.65 

1 

Spec i f i c  g r a v i t y  of cement 3.14 
Weight of water  62.4 l b s .  per  c u . f t .  I 
A water reducing admixture, approved i n  accordance wi th  
E M .  403, w i l l  be required.  
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Average 
Maximum 
Minimum 

PAVING PROJECT CONSTRUCTION TESTS 

(Does n o t  inc lude  handwork concre te )  

Page TQF-2-2 (16) --29-73 

Beam ~ o d u l u s  o f  Rupture 

Air - No. 14 day 

1 3/4 7.0 16-9 79 2 858 
1 3/4 6.7 16-10 (M-4 mix) 

Nuclear 
Dens i t y  
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I 

Date 

Taylor TQF-2-3 (15) --29-87 I 
I 

Beam Modulus of Rupture Nuclear 
Slump - A i r  - No.  7 day 14 day Densi ty  i 

1 1/2 5.0 
1 1/2 5.8 15-3 767 857 
2 7.8 15-4 (M-4 mix) 
2 6 . 1  15-5 843 883 

2 7.1 15-6 7 34 69 1 
1 1/4 6.2 15 -7 (M-4 mix) 
1 1/2 7.6 15-8 7 27 692 
1 3/4 7.7 

1 1/2 6.3 15-9 751 810 
1 1/2 6.2 15-10 (M-4 mix) 
1 3/4 6.2 
1 3/4 6.4 

1 1/2 6.8 15-11 (M-4 mix) 
1 1/2 6.7 15-12 744 791 
1 1/2 6.5 
1 3/4 6.5 

1 3/4 5.8 15-17 7 05 797 
1 3/4 7.6 15-19- 7 00 827 

I 
1 6.6 15-18 (M-4 mix) i 
1 1/2 15-20 702 892 

i 
6.5 

? ;. ! 

1 1/4 7.7 15-21 869 864 *137.0 @ 6.2 
1 7.6 15-22 7 37 789 134.5 

I 
136.0 1 

! 
*Rodded d e n s i t y  = 135.1 lb/cu. @ 6.0"k a i r  



Page 3 

Cont. Taylor  TQF-2-3 (15) --29-87 

Average 
Maximum 
Minimum 

Beam Modulus o f  Rupture Nuclear 
S l u m p  - A i r  NO. 7 day 14 day Densi ty  

7.8 
8.0 15-25 706 739 
7.0 15-26 (M-4 mix) 
7.5 
7 - 4  15-27 7 14 780 

'/ 

7.1 15-28 7 12 748 
7.9 15-29 626 763 
7.8 

1 1/4 8.0 15-31 742 866 
1 1/2 8.0 15-30 (M-4 mix) 
1 1/4 7.9 15-32 771 807 
1 1/4 7.7 15-33 (Handwork) 

1 1/4 7.1 15-34 661 803 
1 1/2  8.0 15-35 (M-4 mix) 
1 3/4 6.0 15-36 730 803 
1 1/2 7.1 

*Rodded d e n s i t y  = 135.1 lb/cu. @ 6.0% a i r  



Average 
Maximum 
Minimum 

Slump 
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Taylor  TQF-2-3 (18) --29-87 

Beam Modulus of Rupture Nuclear 
A* No. 7 day 14 day Density 
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ROAD ROUGHll ESS REPORT 

Lab. No. R R  Rcport D a t e  County Page .- 

P r o ) ,  Mllea 3 . 2 3 ~ ~ _ _ Y e a r  B u l l t  1978 FloadNo. I a 2  -- 
Cont rac tor  I rv ing  F. Jensen pro,  . N O .  TQF-2-2 (16) --29-73 ----- 

Aoph. Conc. A . C .  Resur. 
Locat ion From Tavlor county  l i n e  P . C .  Conc. x S l ~ p  Form x 

f i x e d  Form 
wes t e r lv  3.2 m i l e s  

Dd t  e Tested 11-2-78 Weather c l e a r  

T e s t  Observers Twnhev - land - 
W Bound Lane E D o u n d  Lane - 

% poin t  
S e c t .  Length Rouqh.lcss Rouyhrirss Terminus 

T m v e r s e  Groove No. (b l l l c s )  I n c h c s / M ~ l e  Inchcs/Mi l e  

bl l les Measurcd 3-36 n v c .  96  Ave. 106 



Page 2  

I O W A  D E P A R T V E N T  O F  T R A N S P O R T A T I O N  
M a t e r ~ a l s  Dcpartment 

AMES LABORATORY 

ROAD ROUGHNESS REPORT 

L a b . N o . R K  R e p o r t D a t e  County T a y l o r  -- 

Pro ] .  Mllee&O51 Yea r  B u l l t  1978 Road N o .  I a  2  -- 
C o n t r a c t o r  ~ r v i n d  F; J e n s e n  P ro ]  . N o .  TQF-2-3 (15 )  ----- 

Asph. Conc .-A .C.  Resur . - 
Location- County l i n e  e a s t e r 1 y P . C .  Conc. x S l l p  Form x 

F l x e d  Form 
t o  w e s t  i u n c t i o n  of Iowa 148 

Dd t e  T e s t e d  11-2-78 Weather  c l e a r  

T e s t  O b s e r v e r s  Twohev - V e l a n d  

W B o u n d  Lane E B o u n d  L a n e  
% p o i n t  

Termlnus  
S e c t .  Lenq th  Rough,?ess Rouqhnfss  

- T-oove No. ( M l l c s )  Inches/MlLe Inches /Mi  le 

S t a r t  20 Rev. W o f  I a  148 -- 1 1.00 9  5 8 1 

2 _LM_ A A- 

O m i t  b r  i d a e  3 1.00 101  9  7 

- 4 1.00 103 8 9  

7  1 .00 8 9  8 3  

8 1.00 94 9 7 

O m i t  b r  i d s e  9 1.00 90  9 0  

1(L-.-.Adu- 119 114 

- Ih 1.00 98 105 

Stow - Countv l i n e  12 0.71 8 7  8 9  

Mlles Measured 11.71 Ave. 96 Ave. 9 2  
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I o k i ~  IIEP~RT~~:ENT OF T R A I J S P ~ R T A T I O ~ I  
Materials Dcpar t z ~ c n t  

AMES LADOMTORY 

ROAD ROUGHNESS REPORT I 

L a b .  No. R R  R c p o c t  D a t e  County  Taylor .- 
I 

P I O ) .  M r l e o  1.394 Y e a r  B u r l t  1978 Road N o .  I a  2 -- I 
I 

Con t rac tor  I r v i n s  F. Jensen Pro J . N o .  TQF-2-3 (18) --29-87 
Aoph.  C o n c .  A . C .  R e s u r .  

Location From E J c t .  I a  148 i n  BedSord P .C. Conc. x S l r p  Form 7- 
f r x e d  Form 

I 
e a s t e r l y  1.4 miles t o  o l d  Ia .  2 

I 
I 

Dd t t' T e s t e d  11-2-78 W c a t h e r  Clear  I 

T e s t  O b s e r v e r s  Twohey - Veland I 
E Bound L a n e  Z B o u n d  Lane  - 

$ po in t  
Te r rn rnus  S e c t .  L e n g t h  R n u q h . l e ~ s  R o u y h n ~ s s  

t lo .  (1.1 1 l c  s ) I n c h c s / ~ ~ l e  I n c h c s / M l  l e  . 1 
S t a r t  20 Rev. E of Ia  148 -- 1 0.25 104 116 I 

O m i t  RR & Bridqe 3 0.25 108 96 
I 

I 

- -- 
Miles  M e a s u r e d  1.23 h v c .  9 9 A v e .  99 

I 

i 
. .. .. . . ,.~. . 
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FRICTION TESTING SUMMARY 

Date: 6-20-79 6-25-80 6-17-81 6-16-82 

Page TQF-2-2(16) 50 45 

Tay lor  TQF-2-3(15) 56 55 52 52 

Tay lor  TQF-2-3(18) 61 47 46 49 




