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I n t r o d u c t i o n  

S t o p p i n g  and  t u r n i n g  m a n e u v e r s  o n  h i g h  t r a f f i c  vo lume 

a s p h a l t  cemen t  c o n c r e t e  s u r f a c e d  r o a d s  a n d  s t r e e t s  o f t e n  

c a u s e  d i s t o r t i o n  o f  t h e  p a v e m e n t .  D i s t o r t i o n  may show up 

as  e x c e s s i v e  r u t t i n g  i n  t h e  whee l  p a t h ,  s h o v i n g  o f  t h e  pavemen t  

a n d / o r  r i p p l i n g  o f  t h e  s u r f a c e .  O f t e n  t i m e s  r e p e a t e d  

c o r r e c t i v e  w o r k  s u c h  as  c o l d  m i l l i n g  o r  h e a t e r  p l a n i n g  i s  

r e q u i r e d  i n  t h e s e  a r e a s  t o  m a i n t a i n  t h e  pavemen t  s u r f a c e  i n  

a  r e a s o n a b l e  c o n d i t i o n .  

I n  r e c e n t  y e a r s  p o l y m e r  a d d i t i v e s  h a v e  been  d e v e l o p e d  

f o r  a s p h a l t  cemen t  c o n c r e t e  p a v i n g  m i x e s  t h a t  show p r o m i s e  

i n  i m p r o v i n g  t h e  i n p l a c e  s t a b i l i t y  o f  t h e  p a v e m e n t s .  AC-13 

( S t y r e l f  1 3 )  a v a i l a b l e  f r o m  B i t u c o t e  P r o d u c t s  Company, 

S t .  L o u i s ,  M i s s o u r i  i s  an  a s p h a l t  cement  t h a t  has  been 

m o d i f i e d  b y  an  a d d i t i v e  t o  e x h i b i t  c h a r a c t e r i s t i c s  o f  v e r y  

h i g h  s t a b i l i t y  i n  a s p h a l t  m i x e s .  

R e s e a r c h  O b j e c t i v e  

R e s e a r c h  p r o j e c t  H R - 5 2 2  was d e v e l o p e d  t o  e v a l u a t e  

AC-13 ( S t y r e l f  1 3 )  i n  r e g a r d  t o  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

1. S t a b i l i t y  i n  t h e  a s p h a l t  cemen t  c o n c r e t e  m i x .  

2 .  A s p h a l t  c e m e n t  and  a s p h a l t  cemen t  c o n c r e t e  m i x  c h a r a c t e r -  

i s t i c s .  

3 .  Pavement  s u r f a c e  d i s t o r t i o n  c a u s e d  f r o m  s t o p p i n g  and 

t u r n i n g  movements when AC-13 i s  u s e d  i n  m i x e s .  

4 .  V i s u a l  o b s e r v a t i o n  o f  c r a c k i n g  o r  r a v e l i n g  t h a t  m i g h t  

o c c u r  when AC-13 i s  u s e d  i n  an  a s p h a l t  cement  c o n c r e t e  

pavemen t  m i x t u r e .  



Project Location 

The urban project selected for the research was located 

on Iowa Primary Road 12 (Gordon Drive) in Sioux City. The 

project begins near the east City Limits of Sioux City and 

continues west 2.6 miles to near US 75. Traffic volumes 

range from 6,000 A.D.T. with 10% trucks near the east City 

Limits to 16,700 A.D.T. with 5% trucks near US 75. The route 

is a limited access four lane facility with turning lanes at 

service roads and intersections. 

PARTOF CITY O F  SDUX CITY 

Figure 1 



Eva1 u a t i o n  S e c t i o n s  

E v a l u a t i o n  s e c t i o n s  f o r  AC-13 a s p h a l t  c e m e n t  p a v i n g  

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

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

t h a t  was n o t  s u p e r  e l e v a t e d .  The c u r v e  i s  l o c a t e d  a t  a  45  

M . P . H .  s p e e d  z o n e  w h e r e  t r a f f i c  s p e e d s  a p p r o a c h  5 0  M . P . H .  

S e c t i o n  1 S o u t h  F a i r m o n t  S t r e e t  I n t e r s e c t i o n  

A .  P o s t e d  s p e e d  l i m i t  35  M . P . H .  

B .  T r a f f i c  v o l u m e  1 6 , 7 0 0  A . O . T .  

C .  AC-13 e v a l u a t i o n  a r e a s  ( F i g u r e  2 )  

1. E a s t b o u n d  T r a f f i c  L a n e s  

a .  L e f t  t u r n  l a n e  S t a t i o n  1 7 6 + 6 2  - S t a t i o n  178+90 

b .  I n s i d e  t h r o u g h  l a n e  S t a t i o n  176+22  - S t a t i o n  

1 7 8 + 8 0  

c .  O u t s i d e  t h r o u g h  l a n e  S t a t i o n  1 7 6 + 2 2  - S t a t i o n  

178+62  

d .  R i g h t  t u rn  l a n e  S t a t i o n  1 7 6 + 6 2  - S t a t i o n  1 7 8 + 2 5 +  

2 .  Wes tbound  T r a f f i c  L a n e s  

a .  L e f t  t u r n  l a n e  S t a t i o n  1 7 8 + 9 0  - S t a t i o n  1 8 0 + 4 2  

b .  I n s i d e  t h r o u g h  l a n e  S t a t i o n  178+00  - S t a t i o n  

1 8 0 + 4 2  

c .  O u t s i d e  t h r o u g h  l a n e  S t a t i o n  1 7 7 t 4 0  - S t a t i o n  

1 8 0 + 4 2  

d .  R i g h t  t u r n  l a n e  S t a t i o n  1 7 8 + 0 0 +  - S t a t i o n  

1 8 0 + 4 2  



1 WB RT TURN LANE 

I W.B OUSSlDE L A M  
W.8. INSICE LANE 

EB L I  N R N  W E  WB LT. TURN UWE 

EB INSICE LAM: 
E . 8  OUTSIDE LANE 

E.B RT. TURN LANE 

Figure 2 

Figure 3 

* 
E ,. ,. 

? ? 
I 3 m w 

I 
WB RI. N R N  LANE 

I 

a W. W I S E  LANE 
g W0 lNSlDE LANE 

-- 
' E B L I T U R N L A E  ' WE LT TURN LANE ' 
E B  WSlE L A N  
EB ouisa L ~ E .  
EQ RK R R N  L A N  

I 
m " ,. ,. 
P w 

R 



S e c t i o n  2  S o u t h  M a r t h a  S t r e e t  I n t e r s e c t i o n  

A .  P o s t e d  s p e e d  l i m i t  35 M . P . H .  

B .  T r a f f i c  vo lume  15,400 A . D . T .  

C .  AC-13 e v a l u a t i o n  a r e a s  ( F i g u r e  3 )  

1. E a s t b o u n d  T r a f f i c  L a n e s  

a .  L e f t  t u r n  l a n e  S t a t i o n  214+73 - S t a t i o n  217+35 

b .  I n s i d e  t h r o u g h  l a n e  S t a t i o n  214+73 - S t a t i o n  

2  17+00 

c .  O u t s i d e  t h r o u g h  l a n e  S t a t i o n  214+73 - S t a t i o n  

216+73 

d .  R i g h t  t u r n  l a n e  S t a t i o n  214+73 - S t a t i o n  216+73 

2. Westbound  t r a f f i c  L a n e s  

a .  L e f t  t u r n  l a n e  S t a t i o n  217+35 - S t a t i o n  218+87 

b .  I n s i d e  t h r o u g h  l a n e  S t a t i o n  216+87 - S t a t i o n  

218+87 

c .  O u t s i d e  t h r o u g h  l a n e  S t a t i o n  216+87 - S t a t i o n  

218+87 

d .  R i g h t  t u r n  l a n e  S t a t i o n  216+87 - S t a t i o n  218+87 

S e c t i o n  3  S t o n e  Avenue  I n t e r s e c t i o n  

A .  P o s t e d  s p e e d  l i m i t  45 M . P . H .  

5 .  T r a f f i c  volume 1 2 , 6 0 0  A . D . T .  

C .  AC-13 e v a l u a t i o n  a r e a s  ( F i g u r e  4 )  

1. E a s t b o u n d  T r a f f i c  L a n e s  

a .  L e f t  t u r n  l a n e  S t a t i o n  254+44 - S t a t i o n  257+00 

b .  I n s i d e  t h r o u g h  l a n e  S t a t i o n  254+44 - S t a t i o n  

257+00 
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c .  O u t s i d e  t h r o u g h  l a n e  S t a t i o n  254+44  - S t a t i o n  

257+00 

d .  R i g h t  t u r n  l a n e  S t a t i o n  2 5 4 + 4 4  - S t a t i o n  2 5 5 t 4 4  

2 .  Wes tbound  T r a f f i c  L a n e s  

a .  I n s i d e  t h r o u g h  l a n e  S t a t i o n  2 5 4 + 7 5  - S t a t i o n  

257+03  

b .  O u t s i d e  t h r o u g h  l a n e  S t a t i o n  2 5 5 + 0 0  - S t a t i o n  

257+1)3 

S e c t i o n  4  P a l m e t t o  S t r e e t  I n t e r s e c t i o n  

A .  P o s t e d  s p e e d  l i m i t  4 5  M . P . H .  

B .  T r a f f i c  vo lume  9 , 4 2 0  A.D.T. 

C .  AC-13 e v a l u a t i o n  a r e a s  ( F i g u r e  5 )  

1. E a s t b o u n d  

a .  I n s i d e  t h r o u g h  l a n e  S t a t i o n  2 7 6 t 2 5  - S t a t i o n  

2 7 8 + 2 5  

b .  O u t s i d e  t h r o u g h  l a n e  S t a t i o n  276+25 - S t a t i o n  

278150  

S e c t i o n  5  F o u r  D e g r e e  C i r c u l a r  C u r v e  With  no S u p e r  

E l e v a t i o n  S t a t i o n  2 3 2 t 4 5  - S t a t i o n  241+60  

A .  P o s t e d  s p e e d  l i m i t  45  M . P . H .  

B .  T r a f f i c  vo lume  1 2 , 6 0 0  A . D . T .  

C .  AC-13 e v a l u a t i o n  a r e a s  ( F i g u r e  6 )  

1 .  Wes tbound  Only  

a .  I n s i d e  t h r o u g h  l a n e  S t a t i o n  2 3 2 + 2 5  - S t a t i o n  

242+00  
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b .  O u t s i d e  t h r o u g h  l a n e  S t a t i o n  232+75 - S t a t i o n  

241+60  

c .  R i g h t  t u r n  l a n e  S t a t i o n  237100  - S t a t i o n  

239+00 

P r o j e c t  C o n c e p t  

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

r e m o v i n g  t h e  o l d  a s p h a l t  cemen t  c o n c r e t e  f r o m  t h e  o l d  PC 

c o n c r e t e  b a s e .  T h i s  was f o l l o w e d  b y  b a s e  r e p a i r  w o r k .  The 

l o n g i t u d i n a l  j o i n t s  w e r e  c o v e r e d  w i t h  an  e n g i n e e r i n g  f a b r i c  

p r i o r  t o  o v e r l a y i n g  t h e  b a s e .  The r e s u r f a c i n g  o f  t h e  o l d  P C  

c o n c r e t e  b a s e  was t h e n  c o m p l e t e d  u s i n g  t w o  ( 1  1 / 2 "  t h i c k )  

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

p r o j e c t  e x c e p t  t h e  s p e c i a l  AC-13 r e s e a r c h  a r e a s .  

V i r g i n  a g g r e g a t e  a s p h a l t  cemen t  c o n c r e t e  c o n t a i n i n g  AC-13 

was p l a c e d  i n  b o t h  t h e  1 1 / 2 "  t h i c k  b i n d e r  and  1 1 / 2 "  t h i c k  

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

r e p o r t .  

C o n s t r u c t i o n  W i t h  AC-13 

The AC-13 a s p h a l t  cemen t  was h a n d l e d  and s t o r e d  i n  a  

c o n v e n t i o n a l  manner  i n  a  s e p a r a t e  s t o r a g e  t a n k  a t  t h e  a s p h a l t  

p l a n t .  The t e m p e r a t u r e  was m a i n t a i n e d  a t  a  r a n g e  o f  290°F 

t o  305OF. 

A B a r b e r  G r e e n e  B a t c h  p l a n t  was u t i l i z e d  f o r  p r o p o r t i o n -  

i n g  and m i x i n g  a s p h a l t i c  c o n c r e t e  m a t e r i a l s  f o r  t h e  p r o j e c t .  

When t h e  AC-13 m i x  was needed  f o r  t h e  s p e c i a l  a r e a s  t h e  

n o r m a l  A C  f l o w  was c u t  o f f  and  t h e  AC-13 was a l l o w e d  t o  f l o w  



t o  t h e  b a t c h i n g  equ ipmen t .  The v i r g i n  a g g r e g a t e s  were t h a n  

ba t ched  a l o n g  w i t h  t h e  AC-13 t o  p r o v i d e  t h e  s p e c i a l  mix.  

T h i s  sys t em worked we l l  w i t h  minimum i n c o n v e n i e n c e  t o  t h e  

c o n t r a c t o r .  

The t e m p e r a t u r e  o f  t h e  AC-13 mix was ma in t a ined  n e a r  

300°F.  Normally t h i s  would be i n  t h e  r ange  t h a t  c o n v e n t i o n a l  

a s p h a l t  cement c o n c r e t e  mixes  a r e  produced .  Th i s  c h a r a c t e r -  

i s t i c  o f  t h e  AC-13 makes i t  c o n v e n i e n t  and p r a c t i c a l  t o  u s e  

i n  s e l e c t e d  a r e a s  of  a  p r o j e c t .  

The AC-13 m i x  was p l a c e d  and r o l l e d  u s i n g  c o n v e n t i o n a l  

pav ing  and r o l l i n g  equ ipmen t .  No paving  gaps were needed 

f o r  t h e  s w i t c h  from r e c y c l e d  mix t o  t h e  AC-13 m i x  on t h e  

p r o j e c t .  The a v e r a g e  mat t e m p e r a t u r e  a t  t h e  t i m e  of  p l a c e -  

ment was 284 'F .  

M a t e r i a l s  

The m a t e r i a l  t h a t  i s  be ing  e v a l u a t e d  on t h i s  p r o j e c t  

i s  t h e  v i r g i n  a s p h a l t  cement c o n c r e t e  paving  mix c o n t a i n i n g  

AC-13 a s p h a l t  cement .  ( S t y r e l f  13 produced and marke ted  by 

B i t u c o t e  P r o d u c t s  Company of  Des Moines ,  Iowa and S t .  L o u i s ,  

M i s s o u r i . )  

AC-13 has t h e  un ique  c h a r a c t e r i s t i c s  o f  h i g h e r  t h a n  

normal p e n e t r a t i o n  ( 7 7 O F ,  100 gm 5 s e c ;  60-90 r a n g e )  w i t h  

high a b s o l u t e  v i s c o s i t y  ( 1 4 0 ° F ;  2500 p o i s e  minimum). A copy 

of  t h e  AC-13 s p e c i f i c a t i o n  i s  f o u n d  i n  Appendix A-2. 

The v i r g i n  a g g r e g a t e  AC-13 mix used i n  t h e  s p e c i a l  

e v a l u a t i o n  a r e a s  was composed o f  t h e  f o l l o w i n g  m a t e r i a l s :  



Job  Mix Aggrega t e  

30% p a s s i n g  5 / 8 "  s i e v e  r e t a i n e d  on #4 s i e v e ,  c r u s h e d  

q u a r t z i t e  - L . G .  E v e r i s t ,  Del l  R a p i d s ,  South  Dakota 

10% p a s s i n g  3 /8"  s i e v e  r e t a i n e d  on #8  s i e v e ,  c r u s h e d  

q u a r t z i t e  - L.G. E v e r i s t ,  Del l  R a p i d s ,  South  Dakota 

15% p a s s i n g  3 / 1 6 "  s i e v e ,  c r u s h e d  q u a r t z i t e  - L . G .  E v e r i s t ,  

De l l  R a p i d s ,  South  Dakota 

15% f i n e  l i m e s t o n e  - Midwest L i m e s t o n e ,  Gi lmore C i t y ,  Iowa 

30% c o n c r e t e  s and  - L . G .  E v e r i s t ,  Hawarden, Iowa 

5 .15% AC-13 ( S t y r e l f )  - B i t u c o t e  P r o d u c t s  Company 

The j o b  mix f o r m u l a  i s  found  i n  Appendix A-4. 

E v a l u a t i o n  o f  A s p h a l t  Cement and A s p h a l t  Mix 

The p r o j e c t  c o n t r o l  t e s t s  were ve ry  c o n s i s t a n t  f o r  a s p h a l t  

cement c o n t a i n i n g  t h e  AC-13. The a v e r a g e  p e n e t r a t i o n ,  7 7 " F ,  

100 gm, 5  s e c  o f  t h e  a s p h a l t  cement was 8 1 .  The a v e r a g e  a b s o l u t e  

v i s c o s i t y  14OoF, 300 mmHg was 3912 p o i s e  ( s e e  Appendix 8 - 2 ) .  

T e s t s  were  r u n  on t h e  AC-13 a r t i f i c a l l y  aged by t h e  t h i n  

f i l m  oven t e s t  method.  The p e n e t r a t i o n  7 7 ' F ,  100 gm, 5 s e c  

was 48 w h i l e  t h e  a b s o l u t e  v i s c o s i t y  was 14 ,990  p o i s e  ( s e e  

Appendix B-2). 

T e s t  r e s u l t s  from t h e  r e c o v e r e d  a s p h a l t  AC-13 o b t a i n e d  

from t h e  p l a n t  mixed a s p h a l t  cement c o n c r e t e  s ample s  showed 

good c o r r e l a t i o n  t o  t h o s e  t e s t  v a l u e s  o b t a i n e d  from t h e  

l a b o r a t o r y  aged AC-13. The a v e r a g e  p e n e t r a t i o n  o f  t h e  

r e c o v e r e d  a s p h a l t  cement  was 48 and t h e  a v e r a g e  a b s o l u t e  

v i s c o s i t y  was 13 ,000  p o i s e  ( s e e  Appendix B - 1 ) .  



Pavement Core  E v a l u a t i o n  

D a i l y  p r o j e c t  c o n t r o l  c o r e s  t a k e n  from t h e  roadway were 

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

d e n s i t y  o f  a l l  b i n d e r  and s u r f a c e  c o r e s  c o n t a i n i n g  t h e  AC-13 

mix was 2 .284  ( 9 7 . 8 %  o f  75 blow M a r s h a l l  d e n s i t y ) .  

The a v e r a g e  f i e l d  v o i d s  f o r  a l l  pavement c o r e s  c o n t a i n i n g  

AC-13 was 6 . 9 %  w i t h  a  r a n g e  f rom 5 . 6 %  t o  7 .9%.  D a i l y  p r o j e c t  

c o n t r o l  c o r e  t e s t  r e s u l t s  a r e  shown i n  Appendix 8-3 .  

A s e t  of f i v e  c o r e s  was c u t  e a c h  y e a r  f o r  t h r e e  y e a r s  i n  

t h r e e  s e c t i o n s  o f  t h e  roadway c o n t a i n i n g  AC-13. The pavement 

c o r e s  were  t e s t e d  t o  d e t e r m i n e  t h e  change i n  t h e  a b s o l u t e  

v i s c o s i t y ,  p e n e t r a t i o n ,  and t h e  d u c t i l i t y  of t h e  AC-13 

r e c o v e r e d  from t h e  mix.  The c o r e s  were s e p a r a t e d  i n t o  b i n d e r  

and s u r f a c e  l i f t s  f o r  t e s t i n g  p u r p o s e s .  

The t e s t  r e s u l t s  from t h e  s u r f a c e  l i f t  c o r e s  show t h a t  

a f t e r  one y e a r  t h e  a v e r a g e  a b s o l u t e  v i s c o s i t y  140°F,  300 mmHg 

was 19 ,557  p o i s e .  A t  t h e  end o f  t h e  second  y e a r  t h e  a v e r a g e  

had i n c r e a s e d  a  nominal amount t o  1 9 , 7 3 5  p o i s e .  A f t e r  t h r e e  

y e a r s  t h e  a v e r a g e  a b s o l u t e  v i s c o s i t y  was 34 ,994  p o i s e .  ( F i g u r e  7 )  

The a v e r a g e  p e n e t r a t i o n  77'F, 100 gm 5 s e c  o f  t h e  

r e c o v e r e d  AC-13 i n  t h e  one y e a r  o l d  s u r f a c e  was 3 9 .  The 

a v e r a g e  p e n e t r a t i o n  was 38 a f t e r  two y e a r s  o f  s e r v i c e .  A t  t h e  

end o f  t h e  t h r e e  y e a r s  t h e  a v e r a g e  p e n e t r a t i o n  had dropped  t o  

33.  ( F i g u r e  8 )  

The a v e r a g e  d u c t i l i t y  77"F ,  5cm/min cm of t h e  r e c o v e r e d  

AC-13 i n  t h e  s u r f a c e  c o r e s  showed a  h a r d e n i n g  t r e n d  s i m i l a r  t o  



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

t i o n .  The a v e r a g e  d u c t i l i t y  a f t e r  one  y e a r  was 29,  a f t e r  t w o  

i t  was 28,  and a t  t h e  e n d  o f  t h r e e  y e a r s  i t  was 2 3 .  ( F i g u r e  9 )  
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The b i n d e r  l i f t  c o r e s  f o r  a l l  t h r e e  y e a r s  were a l s o  t e s t e d  

f o r  changes  i n  t h e  AC-13 c h a r a c t e r i s t i c s .  The b i n d e r  l i f t  t e s t  

d a t a  a p p e a r s  t o  be s u s p e c t  f o r  two o f  t h e  t h r e e  c o r e  l o c a t i o n s  

where c o r e s  were  t a k e n .  The e a s t b o u n d  South  Martha S t r e e t  a n d  

e a s t b o u n d  S t o n e  Avenue c o r e  t e s t  r e s u l t s  from t h e  b i n d e r  l i f t  

do n o t  f i t  we l l  w i t h  t h e  t r e n d  o f  t h e  o t h e r  t e s t  r e s u l t s  f o r  

t h e  b i n d e r  and s u r f a c e .  All  t e s t  d a t a  i s  shown i n  Appendixes  

C - 1  and C-2. 

R u t t i n g  and D i s t o r t i o n  

R u t  d e p t h  measurements  were  t a k e n  a t  t h e  end o f  t h e  f i r s t ,  

s e c o n d ,  and t h i r d  y e a r  i n  t h e  l o c a t i o n s  where t h e  mix c o n t a i n -  

i ng  t h e  AC-13 was p l a c e d .  The r u t  d e p t h s  were measured u s i n g  

a  s t a n d a r d  f o u r  f o o t  ru t  g a g e .  The measurements  were  made a t  

25 f o o t  i n t e r v a l s  i n  each  wheel p a t h  o f  t h e  f o u r  i n t e r s e c t i o n s  

and a t  50 f o o t  i n t e r v a l s  on t h e  4' c i r c u l a r  c u r v e  c o n t a i n i n g  

t h e  AC-13. 

The re  was e v i d e n c e  o f  some r u t t i n g  i n  t h e  pavement t h e  

f i r s t  y e a r  a f t e r  p l a c e m e n t ,  w i t h  an a v e r a g e  r u t  d e p t h  o f  0 . 0 8  

i n c h e s  and a  maximum r u t  d e p t h  o f  0 . 2 0  i n c h e s .  The second  

y e a r  a v e r a g e  i n c r e a s e d  t o  0 . 1 2  i n c h e s  and t h e  t h i r d  y e a r  a v e r a g e  

was 0 . 1 4  i n c h  w i t h  a  maximum r e a d i n g  o f  0 . 3 8  i n c h .  ( F i g u r e  1 0 )  

A d e t a i l e d  t a b u l a t i o n  o f  t h e  rut  d e p t h  measurements  can be 

found i n  Appendixes  D-1 t h r o u g h  0 - 3 .  
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A f t e r  t h r e e  y e a r s  o f  s e r v i c e  t h e r e  a r e  no v i s a b l e  s i g n s  

o f  l a t e r a l  d i s p l a c e m e n t  o r  r i p p l i n g  o f  t h e  pavement i n  advance 

o f  t h e  s t o p  l i g h t s  a t  t h e  f o u r  i n t e r s e c t i o n s  where  maximum 

s t r e s s  i s  d e v e l o p e d  by s t o p p i n g  t r a f f i c .  The pavement i n  t h e  

4' c i r c u l a r  c u r v e  a r e a  i s  p e r f o r m i n g  we l l  w i t h  no e v i d e n c e  o f  

l a t e r a l  d i s p l a c e m e n t .  

R e f l e c t i o n  Cracks  

The e x i s t i n g  f o u r  l a n e  p o r t l a n d  cement  c o n c r e t e  base  was 

mod i f i ed  s e v e r a l  y e a r s  ago t o  p r o v i d e  r a i s e d  medians  w i t h  l e f t  

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

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

c o i n c i d e n t  w i th  t h e  normal l a n e  l i n e  l o c a t i o n s .  

As p a r t  o f  t h e  c o n s t r u c t i o n  on t h i s  p r o j e c t ,  t h e  



l o n g i t u d i n a l  j o i n t s  i n  t h e  p o r t l a n d  cement  c o n c r e t e  b a s e  

t h a t  d i d  no t  c o i n c i d e  w i th  l a n e  l i n e s  were  cove red  w i t h  f o u r  

f o o t  wide e n g i n e e r i n g  f a b r i c  s t r i p s .  The i n t e n t  o f  t h e  p l a n  

was t o  r e t a r d  t h e  r e f l e c t i v e  c r a c k i n g  a t  t h e s e  l o n g i t u d i n a l  

j o i n t s .  No i n v e n t o r y  o f  t h e  c r a c k s  c o v e r e d  w i t h  f a b r i c  was 

made p r i o r  t o  p l a c i n g  t h e  o v e r l a y .  

The pavement s u r f a c e  c o n t a i n i n g  AC-13 mix was s u r v e y e d  

each  y e a r  a f t e r  c o n s t r u c t i o n ,  f o r  t h r e e  y e a r s  t o  d e t e r m i n e  t h e  

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

c r a c k s  were  d i v i d e d  i n t o  two t y p e s .  The f i r s t  t y p e  was 

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

c o n c r e t e  b a s e .  The second  t y p e  o f  c r a c k  was t h e  f a b r i c  

t r e a t e d  l o n g i t u d i n a l  c r a c k  t h a t  d i d  no t  match t h e  e x i s t i n g  

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

A c r a c k  t h a t  was e v i d e n t  a c r o s s  t h e  f u l l  t r a f f i c  l a n e  

was coun ted  a s  one t r a n s v e r s e  j o i n t  c r a c k .  A c r a c k  t h a t  

ex t ended  p a r t  way a c r o s s  t h e  t r a f f i c  l a n e  was coun ted  a s  0 . 5  

of a  t r a n s v e r s e  j o i n t  c r a c k .  A summation of t h e  f u l l  and 0 . 5  

t r a n s v e r s e  c r a c k  coun t  was made f o r  e a c h  y e a r  o f  t h e  s u r v e y .  

A t  t h e  end o f  t h e  f i r s t  y e a r  t h e r e  were 164 .5  t r a n s v e r s e  j o i n t  

c r a c k s  c o u n t e d .  A f t e r  two y e a r s  t h e r e  were  2 1 6  t r a n s v e r s e  

c r a c k s  r e c o r d e d .  The t h i r d  y e a r  t h e  c o u n t  showed 236.5 

t r a n s v e r s e  j o i n t  c r a c k s .  N e a r l y  a l l  o f  t h e  normal t r a n s v e r s e  

j o i n t s  had r e f l e c t e d  t h r o u g h  t h e  pavement i n  t h r e e  y e a r s .  

The l e n g t h  o f  l o n g i t u d i n a l  c r a c k s  t h a t  o c c u r r e d  i n  t h e  

pavement s u r f a c e  was e s t i m a t e d  by t h e  s u r v e y  team from v i s u a l  

o b s e r v a t i o n  a t  t h e  t i m e  o f  t h e  s u r v e y .  The f i r s t  y e a r  r e s u l t s  



show 1060 l i n e a l  f e e t  o f  l o n g i t u d i n a l  c r a c k  i n  t h e  pavement 

s u r f a c e .  The c r a c k i n g  i n c r e a s e d  t o  1610 l i n e a l  f e e t  t h e  

second  y e a r  and was e s t i m a t e d  a t  1960 l i n e a l  f e e t  a f t e r  t h r e e  

y e a r s  o f  s e r v i c e .  ( F i g u r e s  11  and 1 2 )  

AC- -13  MIX 
C.U.2l.d Il",..".,.. 2uil.* 

F i g u r e  11 

AC-13  MIX ;:; l-;t,"dr"o, *ock.l 

F i g u r e  12 

S u r f a c e  Ravel i n g  

Each y e a r  t h e  s u r f a c e  c o n t a i n i n g  A C - 1 3  was checked  f o r  

s u r f a c e  r a v e l i n g .  No e v i d e n c e  o f  r a v e l i n g  has  been found t o  

d a t e .  The s u r f a c e  a p p e a r e n c e  i s  v e r y  good a f t e r  t h r e e  y e a r s  

o f  s e r v i c e .  



Conc lus ion  

The c o n c l u s i o n s  t h a t  have been r eached  from t h i s  s t u d y  o f  

AC-13 per formance  on t h i s  p r o j e c t  may n o t  n e c e s s a r i l y  a p p l y  t o  

a l l  t y p e s  of  c o n s t r u c t i o n  where AC-13 might  be u sed .  They a r e  

1 i s t e d  a s  f o l l o w s :  

1. P e n e t r a t i o n  and a b s o l u t e  v i s c o s i t y  t e s t  r e s u l t s  

o b t a i n e d  f o r  t h e  po lymer i zed  AC-13 a s p h a l t  cement conformed 

wel l  w i th  t h e  p r o j e c t  s p e c i f i c a t i o n  l i m i t s .  

2 .  A C  r e c o v e r e d  t h e  d a i l y  p l a n t  mixed p r o j e c t  c o n t r o l  

sample t e s t  r e s u l t s  show a g i n g  c h a r a c t e r i s t i c s  c o n s i s t a n t  w i t h  

t e s t  r e s u l t s  o b t a i n e d  from a r t i f i c i a l l y  aged AC-13 u s i n g  t h e  

t h i n  f i l m  oven t e s t  method. 

3 .  T e s t  r e s u l t s  from s u r f a c e  l i f t  c o r e s  t a k e n  from t h e  

roadway s u r f a c e  show a  h a r d e n i n g  o r  ag ing  of  t h e  r e c o v e r e d  

AC-13 each  y e a r  of  t h e  s t u d y .  The ha rden ing  a p p e a r s  t o  have 

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

The measured p r o p e r t i e s  of  t h e  r e c o v e r e d  AC-13 were p e n e t r a t i o n ,  

a b s o l u t e  v i s c o s i t y ,  and d u c t i l i t y .  

The h i g h e r  a b s o l u t e  v i s c o s i t y  ( 3 4 , 9 9 4  p o i s e )  i n  t h e  

r e c o v e r e d  AC-13 a f t e r  t h r e e  y e a r s  of  s e r v i c e  does  no t  a p p e a r  

t o  be d e t r i m e n t a l  i n  t h e  pavement pe r fo rmance .  The t e s t  d a t a  

from t h e  b i n d e r  l i f t  c o r e s  i s  i n c l u d e d  i n  Appendixes C - 1  and 

C-2 of t h i s  r e p o r t ,  however a  p o r t i o n  of  t h e  t e s t  r e s u l t s  

a p p e a r  t o  be s u s p e c t .  I t  a p p e a r s  t h a t  t h e  l o c a t i o n  of t h e  

mix c o n t a i n i n g  t h e  AC-13 may have been i m p r o p e r l y  l o c a t e d  on 

t h e  b i n d e r  l i f t .  

4 .  AC-13 d i d  n o t  s t o p  a l l  r u t t i n g  from o c c u r r i n g .  R u t t i n g  



has i n c r e a s e d  each  y e a r  f o r  t h r e e  y e a r s ,  however t h e  amount of  

r u t t i n g  a p p e a r s  t o  be s t a b i l i z i n g  a t  an a v e r a g e  dep th  of  l e s s  

t h a n  114  i n c h .  The f i r s t  y e a r  o f  t h e  s t u d y  t h e  a v e r a g e  r u t  

dep th  of  0 . 0 8  i n c h  was l i k e l y  due  i n  p a r t  t o  c o n s o l i d a t i o n  of 

t h e  pavement unde r  t r a f f i c .  

5 .  The paving  mix u s i n g  AC-13 a p p e a r s  t o  be e f f e c t i v e  i n  

c o n t r o l l i n g  s h o v i n g  and l a t e r a l  movement o f  t h e  pavement s u r -  

f a c e  on t h i s  p r o j e c t .  

6 .  The polymer mod i f i ed  a s p h a l t  cement was n o t  e f f e c t i v e  

i n  c o n t r o l l i n g  t r a n s v e r s e  j o i n t  r e f l e c t i o n  c r a c k s  from 

o c c u r r i n g  on t h i s  p r o j e c t .  Approximate ly  7 0 %  r e f l e c t e d  t h r o u g h  

t h e  f i r s t  y e a r .  Th i s  e s t i m a t e  was based on j o i n t  s p a c i n g  i n  

t h e  p o r t l a n d  cement c o n c r e t e  base  a s  no p r e - c o n s t r u c t i o n  j o i n t  

s u r v e y  was made. 

7 .  Based on r e s u l t s  of t h i s  p r o j e c t  s t u d y  t h e r e  i s  l i t t l e  

e v i d e n c e  t o  s u p p o r t  t h a t  AC-13 i s  e f f e c t i v e  i n  r e d u c i n g  t h e  

r a t e  of l o n g i t u d i n a l  j o i n t  c r a c k  r e f l e c t i o n  i n  t h e  pavement.  

L o n g i t u d i n a l  j o i n t s  i n  t h e  p o r t l a n d  cement c o n c r e t e  base  t h a t  

were no t  c o i n c i d e n t a l  w i th  t h e  t r a f f i c  l a n e  l i n e s  on t h e  

pavement s u r f a c e  were covered  wi th  e n g i n e e r i n g  f a b r i c  p r i o r  t o  

r e s u r f a c i n g .  

During t h e  f i r s t  y e a r  a f t e r  r e s u r f a c i n g  c r a c k i n g  o c c u r r e d  

ove r  a p p r o x i m a t e l y  40% of  t h e  t o t a l  l e n g t h  of  t h e  l o n g i t u d i n a l  

j o i n t s .  T h i s  i n c r e a s e d  t o  a p p r o x i m a t e l y  7 0 %  by t h e  end of  

t h r e e  y e a r s .  There  were few random c r a c k s  i n  t h e  pavement a r e a s  

c o n t a i n i n g  AC-13 a s p h a l t  cement .  No a t t e m p t  was made t o  

e v a l u a t e  AC-13 e f f e c t i v e n e s s  i n  c o n t r o l l i n g  random c r a c k i n g .  



8. Mix containing A C - 1 3  shows no signs of raveling after 

three years. The pavement appears to be performing well. 

Recommendation 

The Iowa Department o f  Transportation aggregate gradation 

specification and crushed aggregate particle requirement have 

been modified for heavy service pavements since this study 

was developed. 

The use of the recently developed polymerized asphalt 

cement specifications ( P . A . C .  series) should be evaluated 

using the new mix standards to see i f  polymerized asphalt 

cement provide increased resistance to rutting when compared 

to the standard heavy service mix design currently being 

specified. 
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? P R I n C R  C C  1 A C C - C O A T  8 I l U n E A  
18  ASPH. ccn. CONC-.  i r p r  A v c ~ c c .  

LCVCL O K  S T R L T H -  C O u R S C .  R L C i C L C D  
7 8  ASPH. ccn. CONC.. T r P c  A 8 1 h t C 1  

COURSC. n l x T .  JIZC 3/c-. RCCICLCD 
108 LSPH. ccn. couc. T Y P C  A sunrrcc 

COURSC. n la t .  S I X  1/2-. TCCICLCP 
11 ASPHALT c c n c u T  C O M C R C T C  P o L y r c m  

n o D I r r c D  I A C - 1 3 1  
LZB ASPHILT ccncw  
13 AIP~ALT c c n c k T  IAC-131 
11 C U R B  R f F A I R .  A S  P G I  P L A N  
1s F l R R I C  L C l h T O R C C n C k T  

nrr l l t w  PUILIITY 

3 L Y  T  CNS 

Y - 1 S b  T C N S  

L . 2 C 3  T O N S  

I r Y 3 2  T O N I  
Y.)L T C N S  

us11 UNIT r a l c t  

63 I O N S  
? r 5 S 0  L I N .  T I -  

11.111 sc. I P S .  

AYOVIT 

3 . 2 5 0  S T h l -  
Y Y 3 - L S O  S T A S .  

LL O I L Y  
L u n P  sun 

- .  
% S Y i l E O l S .  A S  P C R  R A N  
ZX r u i r r l c  CONTROL 
2z s A n P L c s  
23 J O I X T ,  P T C S S U R C  R C L I C r  
21 n O B I L I Z I 1 1 O N  

LVW sun 
67 L I N -  r l -  

100 .00~  
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Appendix A-2 

-22- Specification 992 

lowa Department of Transportatjon 
.- , .@ 

SUIWEKKIM SPECIFICATIMI 
for 

M P W  CWKl K - 1 3  

December 2 0 ,  1983 

942.01 rnIPTIDW. This material is a polymerized asphalt cement intended to be used in aibhalt cement 
rnncretc rnlxturrsJKre hioh stabilitv reouir-ntr r r r  necmqqrrv ~ . .  - ~~. ~~ ~ 

" . . . - . . . . . . -. - . . -. - - - . . 
The ptradind authority believes this to be a propri&;ry product. It ii available as Styrelf 13 f r m  

Biti.cote Froducts EmrPanY. St. Louis. Hissouri. and Des Hoines, Iwa. Illdders should contact this supplier for 
infonnation conuning this material. 

Other s q u r m  of a similar material may also be approved. Specific approval will be required. Approval will be 
based on the drcturer's proposed method of polymerization, as well as compliance with .the test requirements 
specified. 

942.02 )uIEUN, Asphalt cunent AC-13 shall meet re~uireaents of AASMO H 226. Table 1. f o r  w a d e  AC-40. 
except as f o l l m  

Penetration. 25% (770~). 100 g, 5 sec; M)-90. 
Viscosity, f& (140'~). poises;2.500 min. 
Tensile St&& ASTH D 412. @ 8Wi 

elongatia of the sample. 20'~ (~E~F). 
500 mnhla. kg/cm2; 0.50 min. 

The contramrshall furnish certified'test results for each load of this material furnished :o the project. 

942.03 a61I(LTTIMI. Asphalt C m n t  AC-13 shall be incorporated in the ACC nrlxtke to be placed in the 
locations desi- on the plans. in lieu of the asphalt cement specified for other mixtures specified for the 
project. The mi- shall be prepared and placed according to requirements of the Standard Specifications. 

The contra- shall furnish facilities and use a procedure that keeps this material separate fron other 
. ( ' 

asphalt cement d o n  .the project during storage and incorporation into the mixture. 

942.04 XUSaD(MT AN0 PAWMI. Asphalt cement AC-13 will be separately neasured and paid for in accord with 
2303.198 and 2 W 8 .  The quantity shall be for mixture in the areas designated on the plans and such additional 
mixture as was namsary to cover the destgnated areas using full truck loads of mixtwe. This p a m n t  shall be full 
canpensation for furnishing and incorporating this material into the mixture and for the special facilities and 
procedures n e c e s w  to accmplish this. , 

The quantity.+ ACC mlxture with asphalt cement AC-13, furnished and placed as designated,will be included with 
the other quantities of ACC mixture and will be paid for accordingly. 



Appendix A-3 

(+?Iowa oepartment of Transportation 

SPCCIAL PROV1SIOK - 
for 

NPNALT CKEKT COKCRfTE 

FK-75-l(39)--21-97. hodbury Countj 
FR-12-l(8)--26-97, Woodbury County 

May 9, 1984 

This w ~ r k  st~all consist of removal by scarification and salvage of the asphaltic pavement surface. 
Incorporation of the salvaged matcrial into a recycled asphalt cement concrete for the projects is a bidding 
alternate. Only one group of alternates for each project is to be bid, and the contracts will be awardcd on the 
basis ofllhe alternates bid. 

Scarjfication 
Scarif.icati~ shall be in accord with the plans and Supplemental Specification 940. 

Asphalt C-nt C w r e t e ,  Trpe A. 
When Type A asphalt cement concrete is furnished with virgin aggregates. the mixture shall meet requirements of 

the Standard Specifications, with the folloring modifications. 
I. The asphalt cement shall meet requirements of Section 4137, grade AC-20. . 
2. Coarse aggregates for surface course mixtures shall be Type 3 skid-resistant aggregate, as classified in 

Materials I.H. 7-203, dated 1983. 

AC-I3 P o l p e r  W i f i e d  Asphalt Canent Concrete. 
This. mixtvrc shall be furnished and placed in accord with Supplemental Specification 942. A virgin aggregale 

mixtvre is r e q u i d  for all courses, using the aggregate mixture designated herein fur the surface course. For lower 
lifts, the contractor may substitute a virgin aggregcte mixture designated for the binder course. 

The quantityof this mixture required will be separately identified as an item on the proposal. 

Asphalt C-nt Cmrete. Trpe A. Recycled. 

I 
Vhen the r e c ~ l e d  mixture is to be furnished, the following provisions shall apply. 
These mixturn shall be furnished. mixed. and placed in accord with Supplemental Specification 939. 
Asphalt cemmt for the recycled mixture shall mcet requirements of Section 4137. grade AC-2.5. AC-5 or AC-10. 

The exact grade will be determined,at the time of job-mix approval. 
The salvaged material to be used for both projects shall be that vhich is removed by scarification Iran the 

roadway of project FR-12-l(8)--2G-97. The existing surface is a 318-inch Type A surface mixture on a 3/4-inch Type A 
binder course mixture. For the purpose of Canputing crushed particles, it can be assmed that the material salvaged 
contains 70 p e r c d  crushed particles, and the remainder is natural sand. 

She aggregate t o  be used shall be a mixture of 4 0  or more percent salvaged asphaltic material. cmbined with new 
aggregate. It is expected that the material removed from the designated project will be sufficient to provide at 
least enough salvaged material for the quantity of mixture shown on the plans for both projects. The amount of 
salvsged asphaltic material ir. one of the recycled mixtures may be less than the percentage specified. if the 
perrentage in the other mixtures is increased suffidently to provide for a minimum total usage of salvaged material 
equivalent to that specified. 

HPYOXXS= aggregate furnished for recycled surface course mixture shall 
classified in malaials I.M. T-203. dated 1983. 

For the 1/Z-kh mixtvre, the required percent passing the 112-inch sieve 
For the cptractor's infonnation, the average job-mix gradations 

FR-12-l(8)--2C-97 project are as follows: 

- 
3/4 inch 
1/2 inch 
3/8 inch 
No. 4 
No. 8 
No. 30 
NO. X X )  

3/4-inch 
Binder Course 

318-inch 
Surf ace Course 

be Type 3 skid-resistant aggregate. as 

will be modified to 95-100 percent. 
for the existing surface on the 

There is a significant difference between the binder and surface courses. Separate stoctpiles will not be 
required. Howera. the method o l  rmoval, Drocessinp. and handling of the salvaged material shall rcsult in a 
uniform blending d salvaged material. The method shall be subject to ap~roval of the engineer. 

This material ~hal) not bc intermingled with material salvaged Iran the FH-75-l(39)--21-97 project. 
The recyclingwrk will be paid for according to Supplemental Specification 939. 

Rmaining Salvapcd hjerial: 
Any salvaords<erial taken I r a  the roadway of either project and remaining at the ccmpietion of the wort shall 

be the properly of the contractor, regardless of the a1:rrnate basis on which these contracts are awarded. 
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IOWA DEP~ARTEIENT OF TRAEISPORTA~IO~~ 
.+pendix A-4 OFFICE OF MATERIALS 

ASPI~AL.~. COHCRETE MIX DESIGN 
LAB LOCATION AMES 

- 2 4 -  , .. .. .. 
. . 

M I X .  TYPE AND CLASS: TYPE A SURFACE - RINDEIX LAB NO. AEID4-4S 

INTENDED USE: 

S I Z E  1 / 2 '  SPEC. NO. 9 4 1 .  9 5 1  DATE REPORTED 1 /3 /84  
9 4 2  

COUNTY WOODHLIRY - PROJECT FR-12 - I  (8)--2647 

CONTRACTOR BROWER 

FROJ. LOCATION FROM SOUTH L I N N  STREET TO E.C.L. I N  S IOUX CIET ,. 
AGG. L I M E  - HALLETT.  GILMORE C I T Y  - FOCAHONTASiZZ3.: 3 / 1 6 " .  

AGG. SOURCES 5 / 8 ' X 4 .  3 / 9 " X 8  BTZ. - L. G. EVERIST ,  M1NNEHAHA:lld.. S. DAK.: 
SAND - L. G. EVERIST .  15 -95 -49  - SIOUX CO.. 

JOB M I X  FORMULA AGGREGATE PROPORTIONS: 1 5 %  AAT4-408;  1 5 %  AAT4=2; 3 0 %  AAT4-351:  
. . 10% AAT4-372;  30% AAT4-353 

JOB MIX  FORMULA - COMBINED GRADATION 
1 - 1 2  1 '  3 / 4 '  1 / 2 '  3/8' N0.4  NO.8 NO.16 N0 .30  N0.511 NO.100 N0.200 

1 00 99 9 0 6 8 57 '1 6 3 2 1 7  9.0 5.4 

TOLERANCE: ? 8 / 1 0 0  7 7 5 $1 2% 

ASPHALT SOURCE AND APPROXIMATE VISCOSITY 
P L A S T I C I T Y  INDEX 
% ASPH. I N  M I X  
NUMBER OF MARSHALL BLOWS 
MARSHALL S T A B I L I T Y  - LEIS. 
FLOW - 0 .01  I N .  
SF. GR . BY DISPLACEMENT ( LAB DENS. ) 
BULK SF. GR. COMB. DRY AGG. 
S P A  GR. ASPH. @ 77 F. 
CALC. SOL ID  SP.GR. 
-' '/OIDS - CALC. 

,CE SF. GR. 
% VOIDS - R I C E  
% WATER ABSORPTION : AGGREGATE 
% VOIDS I N  TME MINERAL AGGREGATE 
% V.H.A. F I L L E D  WITH ASPHALT 
CALCULATED ASFI-I.I=ILM T&IICI(NESS ( I Y I C ~ O N S )  
FILLER/BITUMEN RATIO  

A CONTENT OF 5.15% ASPI-IAI-T I S  RECOMMENDED T O  STAI?'T Tt-IE JOE1 
a ALSO CONTROLLED BY F ILLER/RITUMEN RATIO. 
COPIES: 

ASPI-I. M I X  DESIGN 
FR-12-1 (8 ) - -2G-97 .  WOODBURY 
J. BUMP 
R. BOLTON 
R. SHELQUIST 
D. JOI::I)ISON 
D. IkiEINS 
DROWER 
W .  OPPEDAL. 

(STYRELF 1 3 )  

6 .50  
7 5 
31  3 0  
1 2  
2.36 
2.65 1 
1 . 0 2 8  
2.444 
2.24 
2 .398  
1.58 
0 . 3 7  
1 5 . 6 7  
8 6  .65 
9.77 
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. . .  .. 

111. F i e 1  d T e s t  R e s u l t s  f o r  C o n s t r u c t i o n  ~ e s t i n g  

A .  F i e l d  C o r e  T e s t  R e s u l t s  

L i f t  Date 75 Blow % Lab % Voids Day ' s Ave Day's Ave 
Placed Placed Marshall Density in  F ie ld  Core % Density % Air Voids 

Density Fie ld  Core Fie ld  Cores Fie ld  Cores 

Binder 7-6-84 2.35 
I, 

Binder 
I 

, 

I, 

Binder 

8 ,  

Binder 

. 
Surface 7-13-84 2.35 

I 

Surface 7-16-84 2.33 97.9 , 7.3 
11 If 100.0 5.3 
I,  98.3 6.9 

Surface 7-17-84 2.34 98.7 6.5 

* Lab D e n s i t y  r u n  a t  5 0  b l o w ,  t r a f f i c  vo lume  r e q u i r e s  7 5  b low.  
..: ... ,... .. ....*. 
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Characteristics 
o
f
 Asphalt 

Cement 
Concrete Mix 

and 
Extracted 

Asphalt 
Cement 

4" 
Circular 

Curve 
Station 

2
3

2
1

4
5

 
to 

Station 
2

4
1

+
6

0
 

Uncompacted Mix 
Binder 

Surface 

Extracted % AC 
---- 

5.13 

Marshall 
Stability ** 

* 
3958 * 

Marshal 1 
Flow 

---- 
10 

Abs Vis Extracted AC 
14O

oF, 300 MMHG Poises 
---- 

14,100 

Penn Extracted AC 
77"F, 

100 gm, 5 sec 
---- 

49 

1985 
Cores Cut After 1 yr 

Binder 
Surface 

5.26 
5.18 

1167 
1404 

15 
15 

1986 
Cores Cut After 2 yr 

Binder 
Surface 

5.33 
5.22 

1421 
1612 

10 
11 

Ductility, Centimeters 
---- 

---- 
33 

2 1
 

2 2 
2 3 

1987 
Core Cut After 3 yr 

Binder 
Surface 

5.58 
5.52 

* 75 blow Marshall 
** Core values corrected for thickness variation 
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