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Problem Statement 

The Federa l -Aid  Highway Program Manual,  Volume 6 ,  E n g i n e e r i n g  and 
T r a f f i c  O p e r a t i o n s ,  C h a p t e r  4 ,  C o n s t r u c t i o n  a n d  H a i n t a n e n c e ,  
S e c t i o n  2 C o n s t r u c t i o n ;  S u b s e c t i o n  7, S a m p l i n g  a n d  T e s t i n g  o f  
M a t e r i a l s  a n d  C o n s t r u c t i o n  ( r e f e r r e d  t o  a s  FHPH-6-4-2-7) d a t e d  
J a n u a r y  2 2 ,  1987 e s t a b l i s h e s  g e n e r a l  r e q u i r e m e n t s  f o r  t h e  
s a m p l i n g  and t e s t i n g  o f  m a t e r i a l s  and c o n s t r u c t i o n  on F e d e r a l - a i d  
h i g h w a y  p r o j e c t s .  A r i z o n a  D e p a r t m e n t  o f  T r a n s p o r t a t i o n  i n  an  
e f f o r t  t o  u p d a t e  i t s  Q u a l i t y  A s s u r a n c e  p r o g r a m  t o  meet t h e s e  
r e q u i r e m e n t s  h a s  f o r m u l a t e d  t h i s  r e s e a r c h  p r o j e c t .  T h i s  program 
c o n s i s t s  o f  e x t r a c t i n g  m a t e r i a l s  f r o m  p r o j e c t s  i n  t h e  f o r m  o f  
s a m p l e s  a n d  p e r f o r m i n g  a  b a t t e r y  o f  t e s t s  on e a c h  o f  t h e s e  
s a m p l e s .  T h e  n u m b e r  o f  s a m p l e s  and  t h e  a p p r o p r i a t e  v a l u e  o r  
v a l u e s  r e s u l t i n g  f rom t h e s e  tes t  is t h e  c e n t e r  o f  t h i s  r e s e a r c h .  

T h e r e  a r e  t h r e e  t y p e s  o f  s a m p l e s  d r a w n :  p r o j e c t  a c c e p t a n c e  
s a m p l e s ,  c o r r e l a t i o n  t e a t  s a m p l e s  and  i n d e p e n d e n t  a s s u r a n c e  
s a m p l e s .  T h e  n u a b e r  o f  p r o j e c t  a c c e p t a n c e  s a m p l e s  d r a w n  a r e  a  
f u n c t i o n  o f  t h e  p r o j e c t  t y p e  and s i z e .  Each o f  t h e s e  p r o j e c t  
s a m p l e s  a r e  s e l e c t e d  and t es ted  by t h e  Depar tmen t  t o  d e t e r m i n e  i f  
t h e  p r o j e c t  i s  c o n f o r m i n g  t o  s p e c i f i c a t i o n s .  C o r r e l a t i o n  t e s t  
s a m p l e s  a r e  s e l e c t e d  f r o m  t h e  a c c e p t a n c e  s a m p l e s  by c h o o s i n g  
e v e r y  f i f t h  a c c e p t a n c e  s a m p l e  and s p l i t t i n g  i t  i n t o  two s a m p l e s ,  
one  f o r  t h e  p r o j e c t  a c c e p a t n c e  and one  f o r  t h e  c o r r e l a t i o n  test.  
T h i s  s a m p l e  i s  a l s o  c a l l e d  a  s p l i t  sample .  

The  i n d e p e n d e n t  a s s u r a n c e  s a m p l e s  a r e  d r a w n  by i n d i v i d u a l s  
u n r e l a t e d  t o  t h e  c o n t r a c t o r  o r  t h e  s t a t e .  Test r e s u l t s  o b t a i n e d  
f r o m  these s a m p l e s  a r e  m e a n t  t o  c h e c k  o n  t h e  r e l i a b i l i t y  o f  t h e  
r e s u l t s  o b t a i n e d  i n  t h e  a c c e p t a n c e  s a m p l i n g  and  t e s t i n g .  The 
number  o f  s a m p l e s  d r a w n  f o r  t h e  a s s u r a n c e  t e s t  is  d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  number o f  a c c e p t a n c e  s a m p l e s  drawn. 

According t o  FHPM-6-2-7, t h e  f r e q u e n c y  f o r  i n d e p e n d e n t  a s s u r a n c e  
t e s t s  s h o u l d  b e  a p p r o x i m a t e l y  10 p e r c e n t  o f  t h e  f r e q u e n c y  o f  t h e  
p r o j e c t  a c c e p t a n c e  tests. ADOT, however,  h a s  been a l l o w e d  a 2.5 
p e r c e n t  f r e q u e n c y  r a t e  d u e  t o  t h e  s p l i t  s a m p l e  c o r r e l a t i o n  
p r o g r a m .  One c e n t r a l  q u e s t i o n  t o  t h i s  r e s e a r c h  i s  d o e s  t h i s  
s a m p l i n g  r a t e  f o r  a s s u r a n c e  t e s t s  p r o v i d e  t h e  i n f o r m a t i o n  
n e c e s s a r y  t o  make an  i n d e p e n d e n t  check on t h e  r e l i a b i l i t y  o f  t h e  
r e s u l t s  o b t a i n e d  i n  t h e  a c c e p t a n c e  s a m p l i n g  a n d  t e s t i n g .  I n  
o t h e r  words ,  a r e  t h e r e  enough s a m p l e s  t o  make t h i s  d e t e r m i n a t i o n  
a n d  how n c l o s e n  m u s t  t h e  s a m p l e  t e s t  r e s u l t s  b e  i n  o r d e r  t o  b e  
c o n s i d e r e d  " t h e  same?" 

There  a r e  s e v e r a l  t a s k s  t h a t  l e a d  u p  t o  t h e  o v e r a l l  o b j e c t i v e  o f  
t h i s  r e s e a r c h  a s  o u t l i n e d  i n  t h e  communica t ion  a u t h o r e d  by Mr. S. 
T r i t s c h  ( see  A p p e n d i x  A ) .  T h e s e  i n c l u d e  a  r e v i e w  o f  t h e  
l i t e r a t u r e ,  ADOTts p r e s e n t  a c c e p t a n c e  t e s t  p r o g r a m  a n d  
i d e n t i f i c a t i o n  o f  w h a t  c o n s t i t u t e s  a  m e a s u r e  o f  c o m p a r i s o n  
b e t w e e n  ( 1 )  t h e  s p l i t  s a m p l e  t e s t  r e s u l t s  o b t a i n e d  i n  t h e  
D i s t r i c t  l a b  a n d  t h o s e  o b t a i n e d  i n  t h e  P r o j e c t  l a b ,  a n d  (2) a  
p o p u l a t i o n  o f  a c c e p t a n c e  t e s t s  r e s u l t s  a n d  i n d e p e n d e n t  a s s u r a n c e  



t e s t s  r e s u l t s .  I n  a d d i t i o n ,  a  c r i t e r i a  n e e d s  t o  b e  i d e n t i f i e d  
f o r  d e t e r m i n i n g  w h a t  c o n s t i t u t e s  a n  i n d e p e n d e n t  t e s t  r e s u l t .  
T h i s  would i n c l u d e  examin ing  b o t h  t h e  F e d e r a l  and ADOT s a m p l i n g  
r a t e s  o f  10 and 2.5 p e r c e n t ,  r e s p e c t i v e l y .  

A c t i v i t i e s  Dur ing  Phase I 

The p r i m a r y  f o c u s  o f  t h i s  f i r s t  p h a s e  h a s  b e e n  t o  d e t e r m i n e  t h e  
adequacy  o f  t h e  h i s t o r i c a l  test d a t a  i n  a n s w e r i n g  t h e  f u n d a m e n t a l  
s t a t i s t i c a l  p r o b l e m s  o f  t h i s  r e s e a r c h .  These  c e n t e r  around t h e  
i d e n t i f i c a t i o n  o f  a  m e a s u r e  o f  c o m p a r i s o n  a n d  i n d e p e n d e n c e  i n  
s a m p l i n g  and t e s t i n g  r e s u l t s .  A r e s e a r c h  t eam o f  D r .  Norma Hubele 
( I n d u s t r i a l  a n d  Management  S y s t e m s  E n g i n e e r i n g )  a n d  D r .  J o h n  
Z a n i e w s k i  ( C i v i l  E n g i n e e r i n g )  a n d  a  g r a d u a t e  s t u d e n t ,  Mr. Chin- 
Yuh L i n ,  worked t o g e t h e r  f o r  a  two month p e r i o d  i n  Phase  I. T h i s  
work i n c l u d e d  t h e  c r e a t i o n  o f  d a t a  f i l e s  on  t h e  U n i v e r s i t y  
c o m p u t i n g  s y s t e m  t h a t  c o n t a i n e d  t h e  h i s t o r i c a l  t e s t  r e s u l t s  
p r o v i d e d  by Mr. J o h n  E i s e n b e r g .  T h e s e  f i l e s  i n c l u d e d  c o d e d  
i n f o r m a t i o n  on p r o j e c t s ,  s a m p l e s ,  t e s t  r e s u l t s  and r e l a t e d  d a t a .  
C o p i e s  o f  t h e  l a y o u t  o f  t h e  r e c o r d s  i n  t h e s e  f i l e s  i s  shown i n  
A p p e n d i x  B. There a r e  863 ,380  r e c o r d s  i n  t h i s  f i l e .  T a b l e  I 
g i v e s  a  b r e a k d o w n  o f  t h e  t y p e s  o f  r e c o r d s ,  i d e n t i f i e d  by t h e i r  
f i r s t  two columns o f  t h e  r e c o r d .  

I n  o r d e r  t o  d e t e r m i n e  t h e  adequacy o f  t h e  d a t a  f o r  t h i s  r e s e a r c h  
o b j e c t i v e ,  i t  w a s  n e c e s s a r y  t o  s t u d y  t h e  " S a m p l i n g  G u i d e  
S c h e d u l e n  c o n t a i n e d  i n  Appendix C. T h i s ,  i n  e s s e n c e ,  d e f i n e s  t h e  
t e s t s  a n d  s a m p l i n g  p r o c e d u r e s  f o r  t h e  v a r i o u s  m a t e r i a l s .  An 
i m p o r t a n t  p r e r e q u i s i t e  t o  a n a l y z i n g  t h e  d a t a  was f i n d i n g  t h e  
l o c a t i o n  o f  r e s u l t s  o f  t h e s e  t e s t  s t o r e d  i n  t h e  i n d i v i d u a l  
h i s t o r i c a l  c o m p u t e r  r e c o r d s .  A p p e n d i x  D g i v e s  t h e  n e c e s s a r y  
l o g i c  and f i e l d  l o c a t i o n  on t h e  d i f f e r e n t  r e c o r d s  f o r  e a c h  o f  t h e  
d i f f e r e n t  t e s t s .  T h i s  p r o v e d  t o  b e  a  f a i r l y  i n t e n s i v e  t a s k  and  
s t i l l  t h e r e  r e m a i n s  a  f e w  t e s t  r e s u l t s  t h a t  h a v e  n o t  b e e n  
l o c a t e d .  The p r i m a r y  d e f i c i e n c y  of t h e  p r e l i m i n a r y  r e v i e w  o f  t h e  
d a t a  b a s e  was  a  f a i l u r e  t o  d e f i n e  t h e  l o g i c  f o r  s e l e c t i n g  t h e  
d a t a  f o r  t h e  c o a r s e  a g g r e g a t e s  f o r  c o n c r e t e .  The A S U  t e a m  w i l l  
need f u r t h e r  a s s i s t a n c e  f rom ADOT p e r s o n n e l  f o r  i d e n t i f y i n g  t h e s e  
d a t a  d u r i n g  t h e  n e x t  p h a s e  o f  t h e  p r o j e c t .  

Once t h e  t e s t  r e s u l t s  f o r  t h e  v a r i o u s  m a t e r i a l s  were l o c a t e d  on 
t h e  computer  r e c o r d s ,  summary s t a t i s t i c s  were compi led .  Again, 
the  o b j e c t i v e  was t o  p r o v i d e  i n f o r m a t i o n  t o  u n d e r s t a n d  t h e  n a t u r e  
o f  t h e  d a t a  and  t o  j u d g e  t h e  a d e q u a c y  o f  t h e  d a t a  i n  a n s w e r i n g  
t h e  c e n t r a l  r e s e a r c h  q u e s t i o n .  Appendix E ( c o n t i n u i n g  o v e r  many 
p a g e s )  d i s p l a y s  t h e  f i n d i n g s  o f  t h i s  e f f o r t .  The i n f o r m a t i o n  is 
o r g a n i z e d  i n  r o u g h l y  t h e  s a m e  o r d e r  a s  t h e  S a m p l i n g  G u i d e  
S c h e d u l e .  ( " A b b r e v i a t e d  V e r s i o n n  c o n t a i n s  o n l y  a  s u b s e t  o f  t h e  
c o n t e n t s  o f  Appendix E.) 

S i n c e  i t  was assumed t h a t  t h e  t e s t i n g  l a b o r a t o r y  and t h e  p u r p o s e  
o f  t h e  t e s t  may i n f l u e n c e  t h e  r e s u l t s ,  m o s t  o f  t h e  d a t a  i s  
s u b d i v i d e d  b y  " l a b w  a n d  " p u r n  ( p u r p o s e ) .  F o r  e x a m p l e ,  i n  t h e  
t a b l e s  t h e  f i r s t  e n t r y  Is f o r  s u b g r a d e  m a t e r i a l ,  c o d e d  S G ,  w i t h  
p r o c t o r  d e n s i t y  t e s t  r e s u l t s  f o u n d  i n  c o l u m n s  39-42 o f  a  "P2" 
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c a r d  number ing 6,846 o b s e r v a t i o n s .  These  o b s e r v a t i o n s  s u b d i v i d e d  
by l a b o r a t o r y  a r e  6 ,221  were r e c o r d e d  a t  t h e  p r o j e c t  l a b ,  5 8  a t  
t h e  d i s t r i c t  l a b ,  n o n e  a t  t h e  c e n t r a l  l a b  and  5 6 7  e n t r i e s  had a  
' b l a n k '  i n  t h e  l a b  f i e l d  on  t h e  c o m p u t e r  r e c o r d .  A l t e r n a t e l y ,  
t h e  6,846 may be s u b d i v i d e d  by "purW ( p u r p o s e )  w i t h  391 hav ing  a  
p u r p o s e  o f  "PW r e p r e s e n t l y  p r o c t o r  and 6,455 h a v i n g  a  purpose  o f  
"Dm r e p r e s e n t i n g  d e n s i t y .  Wi th  t h e s e  c o u n t s  a  f a i r l y  good 
p i c t u r e  c a n  b e  f o r m e d  o f  t h e  v o l u m e  o f  d a t a  a v a i l a b l e  f o r  
a n a l y s i s .  

The  s e c o n d  h a l f  o f  t h e  t a b l e  c o n t a i n s  a  f i n e r  c o u n t  o f  t h e  
r e c o r d s  by a  c r o s s  o f  l a b o r a t o r y  a n d  p u r p o s e  l a b e l l e d  " l a b / p u r W  
and n#n. For  t h e  6,846 p r o c t o r  d e n s i t y  t e s t  r e s u l t s  on subgrade  
m a t e r i a l  t h e r e  a r e  343 computer  r e c o r d s  f rom t h e  p r o j e c t  l a b  when 
t h e  p u r p o s e  was p r o c t o r  d e n s i t y ,  whereas  t h e r e  a r e  5,878 r e c o r d s  
f r o m  t h e  p r o j e c t  l a b  when t h e  p u r p o s e  was  r e c o r d e d  a s  d e n s i t y  
t e s t ,  48  r e c o r d s  f r o m  t h e  d i s t r i c t  l a b  when t h e  p u r p o s e  was  
p r o c t o r ,  and s o  f o r t h .  

When t h e s e  c o u n t s  exceeded 100 r e c o r d s ,  t h e n  summary s t a t i s t i c s  
were computed and a  h i s t o g r a m  was drawn. The s t a t i s t i c s  
g i v e n  a r e  e s t i m a t e s  on t h e  mean, t h e  s t a n d a r d  d e v i a t i o n  ( n s t d n ) ,  
t h e  minimum,  t h e  maximum, t h e  2 5 t h  p e r c e n t i l e  and  t h e  7 5 t h  
p e r c e n t i l e .  The  e s t i m a t e  o f  t h e  mean a n d  s t a n d a r d  d e v i a t i o n  
( " s t d n )  g i v e  t h e  l o c a t i o n  a n d  s p r e a d ,  r e s p e c t i v e l y ,  o f  t h e  d a t a .  
These numbers a r e  h e a v i l y  i n f l u e n c e d  by t h e  minimum (nminn)  and 
maximum (nmaxn) v a l u e s  found i n  t h e  d a t a .  Some o f  t h e s e  e x t r e m e  
v a l u e s ,  i n  f a c t ,  a r e  n o t  t h e o r e t i c a l l y  p o s s i b l e  (e.g., t h e  
l a r g e s t  p r o c t o r  t e s t  v a l u e  o f  412 .3 ) ,  t h u s  i n d i c a t i n g  some 
p r o b l e m s  w i t h  t h e  q u a l i t y  o f  t h e  d a t a .  The  2 5 t h  p e r c e n t i l e  
(n25%n) and t h e  7 5 t h  p e r c e n t i l e  (n75%n)  l o c a t e s  50 p e r c e n t  o f  t h e  
d a t a  be tween t h e s e  e n d p o i n t s ,  t h e r e f o r e  e l i m i n a t i n g  t h e  e x t r e m e  
v a l u e s .  

T h e  h i s t o g r a m  f o r  m o s t  o f  t h e  m a t e r i a l s  and t e s t  f o l l o w s  t h e  
s t a t i s t i c s .  These  g r a p h s  a r e  l a b e l e d  " f requency  b a r  c h a r t n  w i t h  
a  s h o r t  c r y p t i c  t i t l e  of  t h e  m a t e r i a l  and t e s t  i d e n t i f i e r s .  The 
s c a l i n g  o f  t h e s e  p l o t s  i s  h e a v i l y  i n f l u e n c e d  by t h e  e x t r e m e  
v a l u e s .  However, t h e  f r e q u e n c y  d o e s  p r o v i d e  some i n f o r m a t i o n  a s  
t o  t h e  number o f  v e r y  low and v e r y  h i g h  v a l u e s  i n  t h e  d a t a .  

Conclusions 

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

T h e r e  a r e  s o m e  t e s t  r e s u l t s  t h a t  n e e d  t o  b e  i d e n t i f i e d  and  
m b r d i z g a r d e d .  D a t a  f r o m n x y e v e r y  t e s t  show the 
d e  o f  e x t r e m e  v a l u e s  t h a t  a r e  t h e o r e t i c a l l v  i m ~ o s s i b l e .  
 he t e n d e n c y  i s  t o  l a b e l  t h e s e  " o u t l i e r n  o r  w m i s i a k e s w  and  t o  
d i s r e g a r d  them. It is recommended t h a t  each  o f  t h e s e  i n s t a n c e s  
b e  e x a m i n e d  a n d  a  w e l l - f o u n d e d  a p p r o p r i a t e  a c t i o n  b e  t a k e n ,  
e i t h e r  t o  d i s r e g a r d  them i n  t h e  a n a l y s i s  o r  t o  i n c l u d e  them. 



F o r  c e r t a i n  t e s t s  and  m a t e r i a l s  i t  w i l l  b e  n e c e s s a r  
e c t  s eci-fic i n f o r m a t i o n ,  t h y s r e d u x n  --mz-&o$ % 

v a T k F I F T i n  i n c r e a s i n  € K T  e d e " t y a t ' m  tEZ 
7 s i s  One of~e-: o m h m w a s  e e r m T n e T  %%hf enough  d a t a  i n  t h e  h i s t o r i c a l  f i l e s  t o  a n s w e r  t h e  
s t a t i s t i c a l  r e s e a r c h  q u e s t i o n s .  Answering t h i s  q u e s t i o n  r e q u i r e d  
somewhat o f  an i t e r a t i v e  p r o c e d u r e  of u n d e r s t a n d i n g  t h e  problem 
s t a t e m e n t  a n d  e x a m i n i n g  w h a t  ex i s t s  i n  t h e  d a t a  f i l e s .  The 
t a b l e s  a n d  f i g u r e s  shown i n  t h i s  r e p o r t  r e f l e c t  some of t h e  
i n f o r m a t i o n  uncovered d u r i n g  t h i s  p rocedure .  

T h i s  p r o c e d u r e  a l s o  h a s  uncovered t h e  r e a l i z a t i o n  t h a t  t h e r e  a r e  
s o m e  c a t e g o r i e s  o f  t e s t s  a n d  m a t e r i a l s  i n  w h i c h  t h e  h i s t o r i c a l  
d a t a  s h o u l d  n o t  b e  c o m b i n e d  a c r o s s  p r o j e c t s .  F o r  e x a m p l e ,  
c o n s i d e r  t h e  a n a l y s i s  o f  m i n e r a l  a g g r e g a t e  f o r  a s p h a l t  c e m e n t .  
I t  i s  w e l l  known t h a t  d i f f e r e n t  p r o j e c t s  a d h e r e  t o  d i f f e r e n t  
s p e c i f i c a t i o n s ,  i n  t h i s  e x a m p l e ,  i t  may b e  3.6 t o  4.2 o r  6.0 t o  
6.6. One would e x p e c t  t h a t  t h e  d i s t r i b u t i o n  o f  t h e  t e s t  r e s u l t s  
b e t w e e n  s p e c i f i c a t i o n  l i m i t s  w o u l d  b e  s o m e w h a t  n o r m a l l y  
d i s t r i b u t e d ,  each w i t h  t h e i r  own l o c a t i o n  and s p r e a d  s t a t i s t i c s  
r e l a t e d  t o  t h e  s p e c i f i c a t i o n  limits. T h i s  c o n c e p t  i s  r e p r e s e n t e d  
i n  F i g u r e  la .  When t h e  d a t a  is  combined a c r o s s  p r o j e c t s  such  a s  
t h a t  shown i n  F i g u r e  I b  t h e n  a n  e s t i m a t e  on t h e  mean a n d  s t a n d a r d  
d e v i a t i o n  i s  a  c o m b i n e d  e s t i m a t e  n o t  r e v e l a n t  t o  a n y  o n e  s e t  o f  
s p e c i f i c a t i o n s .  T h e s e  s t a t i s t i c s  w o u l d  p r o b a b l y  n o t  b e  
r e p r e s e n t a t i v e  o r  u s e f u l .  For t h o s e  tests and m a t e r i a l s  t h a t  a r e  
c l o s e l y  t i e d  t o  v e r y  d i f f e r e n t  s p e c i f i c a t i o n  l imits,  a  p r o j e c t  by 
p r o j e c t  a n a l y s i s  may b e  n e c e s s a r y .  C l e a r l y ,  t h i s  i n c r e a s e s  t h e  
e f f o r t  r e q u i r e d  t o  c a r r y  o u t  t h e  r e s e a r c h  o b j e c t i v e .  

P r o p o s a l  - f o r  Follow-on Phases  

We recommend t h a t  w e  a d o p t  a n  i n c r e m e n t a l  a p p r o a c h  t o  r e a c h i n g  
o u r  r e s e a r c h  o b j e c t i v e .  P h a s e  I w a s  v e r y  s u c c e s s f u l  i n  
i l l u r n i n a t  i n g  t h e  r e q u i r e m e n t s  and  c o n s t r a i n t s  s u r r o u n d i n g  this 
e f f o r t .  Consequen t ly  w e  recommend t h e  f o l l o w i n g :  

Phase 11: 

S t a t e m e n t  o f  Work 

T h e  r e s e a r c h  o b j e c t i v e  o u t l i n e d  i n  Mr. S. T r i t s c h ' s  
c o r r e s p o n d e n c e  and i n c l u d e d  i n  Appendix A of  t h i s  r e p o r t  w i l l  b e  
pe r fo rmed  f o r  t h e  f o l l o w i n g  m a t e r i a l s  and tes ts :  

(F) Aggrega te  Base  
p r o c t o r  d e n s i t y  
f i e l d  d e n s i t y  
c r u s h e d  f a c e s  
PI: 
g r a d a t i o n  1.5" 
g r a d a t i o n  1" 
g r a d a t i o n  88 
g r a d a t i o n  #ZOO. 



Figure la 



(L) M i n e r a l  Aggrega te  f o r  A s p h a l t i c ' c o n c r e t e  
g r a d a t i o n  I n  
g r a d a t i o n  3/4" 
g r a d a t i o n  1/2" 
g r a d a t i o n  88  
g r a d a t i o n  #40 
g r a d a t i o n  840 
g r a d a t i o n  8200 

(W) F i n e  A g g r e g a t e  P o r t l a n d  Cement C o n c r e t e  
P I  3,  b ,  u 

g r a d a t i o n  3/8" 
g r a d a t i o n  84  
g r a d a t i o n  #16 
g r a d a t i o n  #50 
g r a d t  i o n  6100 
g r a d t i o n  #ZOO 

(Y) P o r t l a n d  Cement C o n c r e t e  Pavement 
comp. s t r .  28 
slump 
e n t r a i n e d  a i r  

(Z) P o r t l a n d  Cement C o n c r e t e  S t r u c t u r e  
cornp. s t r .  28 
s lump 
e n t r a i n e d  a i r  

(A51 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  G r a d a t i o n  T a b u l a t i o n  
a s p h a l t  c o n t e n t  
g r a d a t i o n  3/8" 
g r a d a t i o n  #8  
g r a d a t  i o n  #40 
g r a d a t i o n  8200 

( A 6 1  A s p h a l t i c  C o n c r e t e  Pay F a c t o r  T a b u l a t i o n  
a s p h a l t  c o n t e n t  
g r a d a t  i o n  3/8" 
g r a d a t i o n  #8  
g r a d a t i o n  840 
g r a d a t i o n  #200 

( A 9 1  A s p h a l t i c  C o n c r e t e  F r i c t i o n  c o u r s e  
a s p h a l t  c o n t e n t  
g r a d a t i o n  84 
g r a d a t i o n  #8 
g r a d a t  i on 8200 
m o i s t u r e  c o n t e n t  

T h i s  s u b s e t  o f  m a t e r i a l s  was chosen w i t h  t h e  u n d e r s t a n d i n g  t h a t  
i ts  a n a l y s i s  w i l l  l e a d  t o  t h e  deve lopment  of a  methodology t h a t  
may b e  e x t e n d e d  t o  o t h e r  m a t e r i a l s  a n d  tes t s .  T h e  n u m b e r s  i n  
t h e  p a r e n t h e s e s  p r e c e e d i n g  t h e  m a t e r i a l s  r e f e r e n c e  t h e  t a b l e  
l o c a t i o n  o f  s t a t i s t i c s  r e p o r t e d  i n  Appendix E. The "Abbrevia ted  
V e r s i o n n  o f  t h i s  r e p o r t  c o n t a i n s  o n l y  a  l i m i t e d  n u m b e r  o f  t h e s e  



t a b l e s .  (Mr. S. T r i t s c h  h a s  a  c o p y  o f  t h e  f u l l  a p p e n d i x  w h i c h  
numbers 196 pages.) 

A l l  t h e s e  m a t e r i a l s  w i l l  r e q u i r e  a  p r o  j e c t - b y - p r o j e c t  a n a l y s i s ,  
a s  d i s c u s s e d  above. Consequent ly ,  t h e  f i rs t  s t e p  i n  t h e  a n a l y s i s  
o f  P h a s e  I1 w i l l  b e  t o  d e t e r m i n e  i f  t h e r e  e x i s t  a  l a r g e  enough  
s a m p l e  s i z e  f o r  t h e  p r o j e c t - b y - p r o j e c t  a n a l y s i s ,  Fur the rmore ,  

As p a r t  o f  P h a s e  11, i f  it i s  deemed  a p p r o p r i a t e  by b o t h  t h e  
r e s e a r c h e r s  a n d  ATRC, a  p r o p o s a l  w i l l  b e  made t o  e x t e n d  t h e  
r e s e a r c h  t o  o t h e r  m a t e r i a l s  and tes ts  i n  Phase  111. 

D e l i v e r a b l e  

A f i n a l  r e p o r t  c o n t a i n i n g  t h e  d o c u m e n t a t i o n  o f  t h e  f i n d i n g s  o f  
t h i s  s t u d y ,  a  d e s c r i p t i o n  o f  t h e  methodology o f  t h e  r e s e a r c h  and 
t h e  recommended p r o c e d u r e s  and measures  o f  compar ison t o  b e  used  
i n  t h e  a c c e p t a n c e  and independen t  a s s u r a n c e  t e s t i n g  of  t h e  above 
m a t e r i a l s .  A l so ,  i f  a p p r o p r i a t e ,  a p r o p o s a l  f o r  fo l low-on phases.  

T i m e t a b l e  and Budget 

The f o l l o w i n g  r e q u i r e m e n t s  need  t o  b e  s u p p l i e d  by A T R C  f o r  t h e  
1988 c a l e n d a r  y e a r :  

................... T o t a l  f a c o l t y  m a n - m o n t h s  4.75 
I n d u s t r i a l  and Management S y s t e m s  Engineering....2.5 
C i v i l  E n g i n e e r i n g  ...........,................... 2.25 

G r a d u a t e  S t u d e n t  S u p p o r t  ............ 20 h o u r s / w e e k  f o r  36 w e e k s  

The work h a s  an e x p e c t e d  c o m p l e t i o n  d a t e  o f  December 31, 1988. 
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Q U A U N  ASSURANCE PROGRAM FOR MATERIALS TESTING METHODS AND PROCEDURES 

PROBLEM STATEMENT 

The Artzona Department of Transportation is updating its Quality Assurance Program In order 
to meet the requirements of FHWA Federal-Aid Highway Program Manual (WPM); Volume 6, 
Engineering and Traffic Operations; Chapter 4, Construction and Maintenance; Sectlon2, 
Construction; Subsecffon 7, Sampllng and Testlng of Materials and Construction; dated 
January 22, 1987. FHPM 6-4-2-7 estaMishes general requirements for the sampling and 
testing of materials and construction on Federalaid hlghway projects. 

Three major rwlslons to the previous manual deal with the Letter of Certification. The letter 
now states: 

1. The resutts of the tests on acceptance samples fndlcste....were In conformity 
with the approved plans .... The previous statement was 'reasonabty close' 
confo rmrty.... 

2. The results of sampling and testing for acceptance compare favorably with the 
resut!s of the independent assurance sampling and teating. This statement 
implies that an independent assurance sampling and testing program is functioning 
as intended; however, what do the results of the Independent assurance tests really 
mean In regard to acceptance and overall quality of the rnaterjals incorporated Into 
the project? 

3. Exceptions to the plans and speciflcationr are explained on the back or an 
attached sheet An exception is considered to be any material represented by an 
acceptance test that is shown to not meet the criteria contained in the plans and 
speciffcat ions 

Per FHPM 64-27, the frequency for independent assurance tests should be approximately 10 
percent of the frequency of the acceptance tests. ADOTs acceptance test criterh (induding 
the Sampling Guide Schedde maintained by the Materials Section) has been approved by the 
M W A  Additionally, approval has been granted to ADOT to allow a 2.5 percent frequency rate 
for lndependent assurance samples versus acceptance samples. 

FHPM 64-2-7 states the resul!s of the independent assurance samples and test are used 
for the purpose of making independent checks on the reliability of the results obtained in 
acceptance sampling and testing and not for determining the quality and acceptability of 
the material and workmanship directly. The question then becomes, what is an acceptable 
independent assurance test result in relation to the acceptance criteria? Is there a range for 
the Independent assurance test, or is it simply pass or fad. based on the statistical framework 
of the acceptance test program? If there is a range, what should it be? 

In Federal Reafster, Vd. 51, No. 216. November 7, 1986, p. 40416, a comment was made in 
regard to precision statements for independent assurance sampling and testing. The response 
was that the assurance tests are to check the reliability of the acceptance test results; therefore 
it is not necessary to have statistically proven precision statements to perform this fmctfon. 
The FHWA h s  recommended, and continues to belleve? that a nngr should be used as 
a guide when precision statements do not exist. 



RESEARCH OBJECTIVE 

The objective of the research project is to determine a statistical range of acceptable values 
when comparing an independent assurance test result (based on a frequency d 2.5 percent 
and 10 percent of the frequency for acceptance tests) to the results of the acceptance tests. 

In order to meet the objective. the following tasks shalt be addressed: 

1. Perform a Iherature review to ascertain what information is avatlable on comparing 
Independent assurance test results to acceptance test resutts. 

2. Review ADOTs acceptance test program in sufftcient detail to Nly understand the 
amount of testing required for the lndMdual materials being sampled. 

3. Determine what constitutes a measure of comparison between: 

a. Split samples, i.e., the fifth sample is divided into 2 portlons to be tested in 
the District lab and In the Project Lab. 

b. A population of acceptance tests results and independent assurance tests 
results. 

4. Determine what an acceptable independent test result would be. based on the 
sample s&e and criteria used for acceptance, for 26 materials (with chracteridcs 
ranging from 1 to 15 for each material) selected by the Department and found In 
the Sampling Guide Schedule. Elaborate as to whether a range of values is 
acceptable or H simply pass, fail is sufficient Base the analysis of the independent 
assurance tests on a frequency of 2.5 percent and 10 percent of the frequency for 
acceptance tests. 

5. Prepare a final report containing a thorough documentation of the findings of this 
study and lndude all condusions and recommendations. 

The Department wlil provide approximately 1200 historical files on a computer tape and the 
appropriate documentatton to sort and retrieve the data as needed. The historical Rles should 
provide the necessary test W e s  from which a statistician can devefop a program to use for 
testing a confidence level and determining what a favorable comparison would be. 

EXPECTED IMPLEMENTATION 

The results of this project will be incorporated into ADOTs Quality Assurance Program in order 
to comply with the requirements as outlined in FHPM 6-4-2-7. 

FUNDING LEVEL 

STUDY DURATION 

12 months 
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SAMPLING GUIDE SCHEDULE 

1. SCOPE 
. . 
. \  

1.1 The purpose of including the sampling frequency 
schedule in the Materials Testing Manual is to 
bring together in one reference source the 
guidelines for the sampling and testing procedures 
necessary to assure materials quality. 

This sampling schedule supersedes all previous 
Sampling Guide Schedules and directives. 

The sampling frequency has been established to 
relate - to current production capabilities, 
staffing abilities and FHWA regulations. 

It is the intent of this schedule to give guidance 
to personnel responsible for sampling and testing 
materials, yet allow them reasonable latitude for 
adapting to specific project needs. The frequency 
may vary for individual projects or phases of 
projects in accordance with job conditions such as 
the uniformity of materials at the source, the 
methods and equipment used, and weather 
conditions. The number of samples and the 
distribution of the locations from which they are 
taken should be such as to adequately assure or 
verify that the materials incorporated and 
construction produced are acceptable in accordance 
with the plans and specifications. The Engineer 
may direct that less acceptance sampling be 
accomplished in particular cases of 1 imited 
quantities of materials on the project, or for 
small projects. Conversely, he may direct that a 
greater amount of acceptance testing than that 
shown as "minimum sampling frequencyn be done when 
he deems necessary for adequate materials quality 
control. 

Reliance should not be placed wholly on the 
results of sampling and testing in determining the 
acceptability of the materials and construction 
work. The sampling and testing should be 
supplemented by sufficient visual inspection of 
the materials as a whole to determine whether the 
samples and tests are reasonably representative of 
the entire mass of materials. In addition, there 
should be sufficient observation of the actual 
construction operations and processes to ascertain 
whether they can be expected to consistently 
produce uniformly satisfactory results. 
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2. ACCEPTAriCE SAMPLING AND TESTING 

The following tables for sampling frequency apply 
only to acceptance sampling and testing- Table 9 
is an index of the materials referenced to in 
Tables 1 through 8. Also given in the index is a 
listing of the corresponding abbreviations when 
applicable- "Independent Assurance Sampling" and 
correlation sampling (splits with project and 
District) are discussed later in this document. 

Acceptance by manufacturer's material 
certification, will be in accordance with Section 
106.05 of the Standard Specifications. 

Small quantities may be accepted on the basis 
manufacturer's material certification or based 
upon visual observations of the Engineer. Small 
quantities may be considered to be approximately 
500 cubic yards or less of processed aggregate 
material or approximately 20 tons of bituninous 
or portland cement and flyash. A small quantity 
of portland cement concrete should be considered 
to be 5 cubic yards or less. The Engineer should 
exercise careful judgement in the acceptance of 
small quantities. These considerations must 
include the significance of the product to the 
construction as well as the quantity. The 
recommended sizes of small quantities are to be 
considered approximate, not maximums. 

Some materials are pre-sampled and pre-approved at 
the  supplier*^ yard by the District or Central 
Laboratory and tagged with an ADOT green sticker 
with the project number, date sampled and lab 
number on it. For materials that are green 
tagged, it is not necessary to do any further 
sampling . However, the proper laboratory should 
be notified for verification of the materials 
acceptability. 

3. INDEPENDENT ASSURANCE SAMPLING AND TESTING 

3.1 Independent assurance sampling and testing will 
normally be limited to: 

3.1.1 Naturally occurring materials such as soils and 
aggregates, and mixtures containing naturally 
occurring materials. 
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. . -  

Processed aggregates and mixtures containing 
processed aggregates. K :L:- 

The independent assurance sampling and testing 
program is to be separate from acceptance and 
correlation sampling and testing. Whenever 
practical the independent assurance sample will be 
split with the project laboratory. This will 
provide information relative to the sampling and 
testing variance. 

Independent assurance samples are to be taken and 
tested by the District Materials Engineer or a 
designated representative. Should this laboratory 
be involved with acceptance testing, the 
independent assurance samples must be tested by 
the Materials1 Section Central Laboratory. All 
testing must be accomplished with equipment that 
is not used for project acceptance testing. The 
results of the independent assurance sampling will 
be compared by the District Materials Engineer, to 
the project level splits and acceptance tests to 
determine if the comparison is favorable. 

The results of tests on independent assurance 
samples are to be promptly compared with those 
obtained from acceptance samples representing 
similar materials and an evaluation made as to the 
dependability and accuracy of the acceptance 
sampling and testing. To obtain similar 
materials, those taking independent assurance 
samples may take samples at the same time the 
project takes acceptance samples or split the 
samples, if desired, but correlation samples are 
not to be used as independent assurance samples. 
The results of tests and evaluations made with 
other comments are to be reported on the 'IReport 
of Independent Assurance Sampling and Testing" 
form (copy attached). As indicated, copies of the 
completed form shall be sent promptly to the 
Resident Engineer, Area Engineer, District 
Engineer, and Materials Section, with a copy 
retained in the District lab file. 

Independent assurance samples should be obtained 
early in the production of any particular material 
type or as soon after processing mixtures as is 
practical for the particular testing purpose. 

The number of independent assurance samples are 
indicated on the Sample Check List. The frequency 
is established as at least one for each material 
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type per project but in no event should the 
frequency be less than 2.5 percent, as a 
percentage of the number of acceptance tests. 
Therefore, if the sample check list does not 
indicate a material that requires independent 
assurance sampling, it should be added to the 
sample check list and tested accordingly. 

Independent assurance samples will not be required 
on small quantities. This decision will be made 
by the Quality Assurance Branch of the Materials 
Section and presented on the "Sample Checklist". 
The Quality Assurance Branch should be contacted 
regarding any small quantity item not appearing on 
the "Sample Checklistw. 

Additional independent assurance samples shall be 
taken if the results of the acceptance tests and 
the independent assurance tests vary 
significantly. As a basis for evaluation, the 
Materials Section has prepared a Policy and 
Procedure Directive on the subject of Independent 
Assurance Sampling and Testing. This 2. P. & D. 
provides ranges for acceptable correlation. 
Shoald the results of any comparison exceed those 
ranges additional investigations must be 
initiated. The investigations may include the 
inspection of Project Laboratory facilities, 
equipment and procedure. In any event, an 
additional sample must be taken to verify the 
source of the variance has been eliminated. All 
measures taken to mitigate a deficiency shall be 
documented on the "Report of Independent Assurance 
Sampling and Testing". 

4. CORRELATION SAMPLING AND TESTING 

4.1 The following supersedes Policy and Procedure 
Directive 81-5, wCorrelation of Sample Test 
ResuItsl* . 

4.2 Correlation sampling and testing is a separate 
program from the independent assurance sampling 
and testing program. 

4.3 Two way splits of acceptance samples shall be 
obtained for testing by project and district 
laboratory on a regular basis. It is recommended 
that approximately every fifth sample be split. A 
prompt comparison and evaluation should be made of 
test results so that any necessary corrective 
action may be taken. 
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P. 

FOR SOILS 

MINIMUM 
SAMPLING FREQUENCY - 

One p e r  s o i l  t y p e  

----------- 
One p e r  1500' 

- A _ - - - - - - -  

One per 150C' o r  
change i n  m a t e r i a l  

One p e r  s o i l  type 

- - - - - -  
One per 15001per  
l i f t  

_ - - - - -  
One p e r  s o i l  type 

------- 
One p e r  1500' 

C e r t i f i c a t i o n  and 
one p e r  s o i l  type 

TABLE 1 - ACCEPTANCE SAMPLING GUIDE 

STANDARD 
SPEC. 

SECTION 

2 03 

TYPE OF 
TEST (S ) 
REQUIRED 

p r o c t o r  f' J Densi ty  --- 

MATERIAL 
CODE, NAME 

AND TYPES 

SG 
Subgrade 

SAMPLING 
POINT 

Roadway 

Roadway 

d. 7- g Compactio< _ - _  
Gradat ion,  J 
PI  Nf 

2 03 

203 

8 54  

EM 
Embankment 

NG 
Natural 
Ground 

. 

TS ~ r a d a t i o n ?  In-Place 

P roc to r  
Density p J _ _ _  
Compaction 

f J 
No tests 
i f  EM>5' ----  
p r o c t o r  J' 
Densi ty  ? ---- 
C o m p a c t i o n ~  

In-Place 

In-Place 

1n-place 

, - -  
~ n - ~ l a c e  



Sampling Guide Schedule 
December 1967 

STANDARD 
SPEC. 

SECTION 

203 
501 

I 3 03 
i 

! I 
I 
I 
I 
I 

I 
I 

* If 
I I I I 

TABLE 2 - 
MATERIAL 
CODE, NAME 
AND TYPES 

SB or BF 
Structure 
Backfill 
Backfill 

A 6  
Aggregate 

Base 1 , 2 , 3  

historical values 

ACCEPTANCE SAMPLING GUIDE FOR AGGREGATES 

TYPE OF 
TEST(S) 
REQUIRED 

Proctor 
Density 

or--- - - -  
Compaction - - - -  

Resistivity, 
PH - - - -  
Gradation 
PI 

Abrasion* - - - -  
Proctor Density 

- - - -  
Compaction 

- - -  
Crushed 
Faces, PI, 
Gradation 

are acceptable, 

SAMPLING 
POINT 

Stockpile 

- - -  
In-Place - - -  
Source or 
Stockpile 

On Job Site 

source ---- 
Crusher Belt or 
Stockpile - -  
Roadway 

Windrow 

MINIMUM 
SAMPLING FREQUENCY 

One per source 

---- --- 
One every 50 CY - - - - - -  
One per source 

----------- 
One per 300 CY per 
source 

One per source - - - -  

At production, 7 start of then as 
Kzterial changes ------- 
One per lift per 
1000 ' ----------- 
One per 2000 T. or 
one per shift 

no tests are required. 
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' 1 ,  

(Conttd.) 

MINIMUM 
SAMPLING FREQUENCY 

At start of 
production, then as 
material changes - - - - - - - - -  
One per source - - - - - - - - -  
One per lift per 
1000 ' 
c - - - -  

One per 2000 T. or 
one per shift 

- - - -  
One per 2000 T. or 
one per shift 

One per 2000 T. or 

1 
one per shift 

- - - - - - - - - -  
One per source 

One per source 

One per 300 T. 

- - - - - - - - - -  
One per source 

- - - - - - - - -  
One per Source 

- - - - - -  
One per 200 T. 

tests are required. 

- 
TABLE 2 - ACCEPTANCE SAMPLING FOR AGGREGATES 

STANDARD 
SPEC. 

SECTION 

3 03 

SAMPLING 
POINT 

Crusher 
Belt or 
Stockpile 

Source 

Roadway 

- - - - -  

MATERIAL 
CODE, NAME 
AND TYPES 

AS 
Aggregate 
Subbase 
4 , 5 , 6  

- -  
Windrow 

Windrow 

stockpile 

Source 

Final 
Stockpile 

Final 
Stockpile 

Final 
Stockpile 

Source 

Trucks at 
Scale 

I 
acceytable, no 

TYPE OF 
TEST ( S )  
REQUIRED 

Proctor 
Density 

- - -  
Abrasion* - - -  
Compaction 

Crushed 
Faces, PI, 
Gradation - - - - -  
Gradation, 
PI 

Gradation, 
PI, Crushed 
Faces _ _ -  
Abrasion* 

Gradation 

Gradation 

_ - -  
Crushed 

303 
304 
3 05 

4 04 

4 04 

4 

_ -  
5 , 6  

AG 
Aggregate 
for CB and 
LC 

BL 
Blotter 
Material 

CM 
Cover 
Material 

* If 

- - -  
%Carbonate, 

_ _ -  
Unit Weight 

1 
historical values are 
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I 

- 
AGGREGATE (Contld.) 

MINIMUM 
SAMPLING FREQUENCY 

One per source 

- - - -  
One per 5000 T. 
minimum of 2 per 
pro j ect - - - - - -  
One per 500 T. of 
Asphaltic Concrete 
Production 

_ - - - - - I  

TABLE 2 - ACCEPTANCE SAMPLING GUIDE FOR 

Discretion of 
Engineer during 
Production of 
Mineral Aggregate. 
Minimum of 2 per 
pro j ect . 

406 
Alternate 

Acceptance 

SAMPLING 
POINT 

Stockpile 

Crushed 
Faces, Sand 

--- 
Gradation Cold Feed 

or Bins 

--- 

TYPE OF 
TEST (S) 
REQUIRED 

See 
Special 
Provisions 

Abrasion*, 
Combined 
Specific 
Gravity, 
%Absorption 

S TANDARD 
SPEC. 
SECTION 

4 05 

406  

4 07 

I 

Sand 
Equivalent 

MATERIAL 
CODE, NAME 
AND TYPES 

AG 
Aggregate 
for RM 

MA 
Mineral 
Aggregate 
for AC 

Stockpile 
or Crusher 
Belt 

* If historical values are acceptable, no tests are required. - 

MA 
Mineral 
Aggregate 
for FC 

%Carbonate, 
Abrasion, * 
Specific 
Gravity _ _  
Sand 
Equivalent, 
Flakiness 
Index, 
Crushed 
Faces _ -  
Gradation 

Source or 
Stockpile 

One per source 

Stockpile 

Cold Feed 
or Bins 

- - - - - - -  
One per 5000 T. 
minimum of 2 per 
project 

- - - - - -  
One per 500 T. of 
Asphaltic Concrete 
production 

I 
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. -  . 

1 

STANDARD 
SPEC. 

SECTION 

4 08 

4 09 

411 

* If 

TABLE 2 - ACCEPTANCE SAMPLING GUIDE FOR AGGREGATE (Cont'd.) 
MATERIAL 
CODE, NAME 
AND TYPES 

MA 
Mineral 
Aggregate 

TYFC OF 
TEST (S) 
REQUIRED 

Abrasion* - - - -  
Crushed 

SAMPLING 
POINT 

Source 

Stockpile 
for RC 

MINIMUM 
SAMPLING FREQUENCY 

One per source - - - - - - - - - -  
Each days production 
of MA 

----------- 
One per 1000 T. of 

Faces, Sand 
Equivalent, 
Gradat ion - - - -  
Gradat ion 

Recycled Asphaltic 
Concrete production 

One per source - - - - - - - -  
One per source 

- - - - - - -  
At the discrerion 
of the Engineer 

One per source - - - - - -  
One per source 

----------- 
At the discretion 
of the Engineer 

are required. 

Cold Feed 
or Bins 

Source 

Stockpile 

Cold Feed 
or Bins 

Source 

Stockpile 

Cold Feed 
or Bins 

no tests 

I 
MA 
Mineral 
Aggregate 
for AC 
Misc. 
Structural 

MA 
Mineral 
Aggregate 

Abrasion* - - -  
Sand 
Equivalent - - - -  
Gradation 

Abrasion* - . - -  
Sand 

for FC - 

I 
Equivalent, 

M i s c .  Flakiness 
Index, 
Crushed 
Faces - - - -  
Gradation 

historical values are acceptable, 
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TABLE 2 - ACCEP 
STANDARD 
SPEC. CODE, NAME 
SECTION AND TYPES 

TYPE OF 
TEST ( S )  
REQUIRED 

MA 
Mineral 
Aggregate 
for AC - 
End Product 

Abrasion* - - - - -  
Sand 
Equivalent, 
Crushed 
Faces, 
Combined 
Specific 
Gravity, 
%Absorption - - - - -  
Coatinq 
Index 

; GUIDE FOR AGGREGATE (Cont'd.) 

- 

4 17 

501 

Stockpile One per source or 
at the discretion I 

SAMPLING 
POINT 

Source 

Stockpile 

MA 
Mineral - - - -  
Aggregate 
for FC 

Index, Sand 

I of the Engineer 1 

MINIMUM 
SAKPLING FREQUENCY 

One per source ----------- 
one per source 

Filter 
Material 
for 
Perforated 
Pipe 

source I One per source I 

Gradation 

Gradation, 
PI 

501 

Stockpile I One per source I 

Plating 
Material 

501 
9 13 

Source or 
Stockpile 

BM Gradation 
Bedding 
Material - - - -  
for Pipe Compaction 
and Bank 
Protection 

I 
I 

:able, no tests are required. 

One per 300 C.Y. 
per source 

Source or 
Stockpile 

Source or 
Stockpile 

In-Place 

1 1 * If historical values are accep 
1 

One per source 

One per 300 C.Y. 
per source ----------- 
One every 50 C.Y. 
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L 15- 

! 

AGGREGATE (Cont 'd .)  

MINIMUM 
SAMPLING FREQUENCY 

One p e r  source  

----------- 
One p e r  source  

- - - - - - - -  
One per  source  

- - - - - - - -  
One p e r  source  

One every o t h e r  day 

- -  
One per  source  per  
yea r  - - - - - -  
One p e r  source  per  
yea r  

One every o t h e r  day 

- - - -  
One p e r  source  - - - - -  
One p e r  source  per 
y e a r  

are requi red .  

TABLE 

STANDARD 
SPEC. 

SECTION 

913 

1006 

1 0 0 6  

* If 

2 - ACCEPTANCE 
MATERIAL 

CODE, NAME 
AND TYPES 

RK 
Rock f o r  
W i r e  Tied 
Riprap, 
Gabions, 
Riprap, 
(Slope 
Mattress) - - - - -  
For Grouted 
Riprap, 
Dumped 
Riprap, 
R a i l  Bank 
Pro tec t ion  

FA 
Fine 
Aggregate 
f o r  PCC 
Classes 
P,S,B,U 

CA 
Coarse 
Aggregate 
f o r  PCC 
Classes 
P,S,B,U 

h i s t o r i c a l  values 

SAMPLIhG 

TYPE OF 
TEST (S ) 
REQUIRED 

S p e c i f i c  
Gravi ty  

- - - - -  
Gradation 
(Visual  ) 

-------- 
S p e c i f i c  
Gravi ty  _ - -  
Gradat ion 
and o t h e r  
Requirements 
See Spec ia l  
Provis ion  

Gradation, 
Sand 
Equivalent  

- -  
Mortar 
S t reng th  - - -  
Soundness 
when over 
4500'  Elev. 

Gradation 

- - -  
Abrasion* - -  
Soundness 
when over 
4500' Elev. 

are acceptable ,  

GUIDE FOR 

SAMPLING 
POINT 

Source 

Source 

Source 

Source 

Batch P l a n t  
Conveyer 
B e l t  o r  
S tockp i l e  

S tockp i l e  

Source 

Batch P l a n t  
Conveyer 
B e l t  o r  
S tockp i l e  

S tockp i l e  

Source 

no tests 
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BITUMINOUS MATERIAL 

MINIMUM 
SAMPLING FREQUENCY 

------- 
Certificate Required 
and Duplicate Sample 
per 1/2 Shift 
(Recommended) ------- 
Certificate Required 

* 
Certificate Required 
and Duplicate Sample 
per Delivery Unit 
(Recommended) 

See PPD. 

* 
Certificate Required 
and Duplicate Sample 
per Delivery Unit 
(Recommended) 
See PPD. 

BY THE CONTRACTOR 

TABLE 

STANDARD 
SPEC . 
SECTION 

1005 

406,407, 
408,409, 
411,416, 

4 17 

4 04 

1005 

405 
404 

1005 

-. 

4 04 

1005 

I I I 
* Point of Sampling and Number of Samples Specified by Engineer. 

3 - ACCEPTANCE 
MATERIAL 
CODE, NAME 
AND TYPES 

Aspha l t 
Cement - - - - - 
For AC, 
FC, RC 

- - - - -  
For Tack 

Liquid 
Asphalt 
Type MC 

For RM, 
Prime 

Emulsified 
Asphalt 
Type RS-1, 
CRS-1, RS-2, 
CRS-2, SS-1 
CSS-1 

For Chip 
Seal, Tack 

Emulsified 
Asphalt 
Special Type 
Diluted SS-1 
or CSS-1 

I 
NOTE: SAMPLES OF BITUMINOUS 

SAMPLING 

TYPE OF 
TEST (S ) 
REQUIRED 

Per Tables 
1005-1 or 
1005-lA, 
and 1005-5 

Per AASHTO 
M 82 and 
Table 
1005-5 

Per Tables 
1005-2 and 
1005-5 

Residue 

AND WITNESSED BY THE ENGINEER 

GUIDE FOR 

SAHPLING 
POINT 

* 
----- 
Circulation 
Line 
Recommended 

_ - - - -  

* 
Distributor 
Recommended 

Supplier 

* 

MATERIAL 

Distributor 
Recommended 

S H A U  BE TAKEN 
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MATERIAL (Conttd.) 

MINIMUM 
SAMPLING FREQUENCY 

* 
Certificate Required 
and Duplicate Sample 
per 1/2 Shift 
(Recommended) 

See PFD. 

- - - - - -  
*For diluted ERA 
Certificates required 
and Duplicate sample 
per Delivery Unit 
(Recommended) 
See PPD. 

Certificate Required 
Duplicate Sample f o r  
each shipment - not 
less than 1 set of 
samples for each 
40 Tons. 

TAKEN BY THE 
CONTRACTOR AND WITNESSED BY THE ENGINEER. 

I I I I * Point of Sampling and Number of Samples Specified by Engineer. 

FOR BITUMINOUS 

SAMPLING 
POINT 

* 
Circulation 
Line 
Recommended 

Supplier 

- _ -  
*Distributor 
Recommended 

Circulation 
Line 
Delivery 
Unit 

SHALL BE 

SAMPLING GUIDE 

TYPE OF 
TEST (S) 
REQUIRED 

Per Tables 
1005-3 and 
1005-5 

Per Tables 
1005-4 and 
1005-5 

Per Tables 
1005-1 and 
1005-1A 

BITUMINOUS MATERIAL 

TABLE 3 - ACCEPTANCE 
STANDARD 
SPEC. 
SECTION 

1005 

1005 

MATERIAL 
CODE, NAME 
AND TYPES 

RA 
Recycling 
Agent RA-1, 
RA-5, RA-25 
RA-75 

ERA 
Emulsified 
Recycling 
Agent ERA-1 
ERA-5, 
ERA-2 5, 
ERA-75 

1005 

410 

Asphalt 
Cement 
for Asphalt 
Rubber 

NOTE: SAMPLES OF 
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TABLE 3 - ACCEPTANCE SAMPLING GUIDE FOR BITUMINOUS MATERIAL (Contld.) 
MINIMUM 

SAMPLING FREQUENCY 

Certificate Required 
duplicate sample for 
each shipment - not 
less than 1 set of 
samples for each 
40 Tons. 

Certificate Required 
Duplicate sample per 

STANDARD 
SPEC. 

SECTION 

410 

410 

Asphalt 
Rubber I f = r  

410 Extender 
Oil - 

I Asphalt 
Cement 
Blend for 
Asphalt 
Rubber 

410 Rubber for 
Asphalt 
Rubber 

MATERIAL 
CODE, NAME 
AND TYPES 

Extender 
Oil for 
Asphalt 
Rubber 

Kerosene 

Absolute 
Viscosity 

Sieve 
Analysis 

TYPE OF 
TEST (S) 
REQUIRED 

Saybolt 
Viscosity, 
Flash Point, 
Molecular 
Analysis 

Boiling 
Point 

Delivery / shipment. 
Unit 

1 
I 

Circulation Duplicate Szmple per 
Line Batch 
Mixing Tank 

Stockpile Certificate Required 
Project 1 Bag per lot per 

Type. 

SAMPLING 
POINT 

Circulation 
Line 
Delivery 
Unit 

Circulation 
Line 
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> 

CFD¶ENT CONCRETE 

MINIMUM 
SAMPLING FREQUENCY 

Four sets per day 
when using slip form - - - - - - -  
1 set per day using 
other than slip form - - - - -  
See Std. Spec. 

One set per 
consecutive 50 CY or/ 
fraction thereof per 
day ------- i 
For less than 20 CY 1 
at the Discretion of 
the Engineer 

One set per member 
or for each days 
production. 

One set of readings 
per precast unit 

BE SUBMITTED TO 
MATERIALS SECTION TO SERVE AS DATA FOR FINAL RECORD SAMPLING 
AND TESTING REPORT TO FHWA. I I 

** WHEN CONCRETE IS PUMPED, SAMPLES SHOULD BE TAKEN AT BOTH THE 
TRUCK AND HOSE DISCHARGE TO DETERMINE THAT THE SPECIFICATIONS 
ARE MET IN THE STRUCTURE AND TO CORRELATE SLUMP AND AIR-ENTRAIN- 
MENT RESULTS. IF CORRELATION IS SATISFACTORY SAMPLING MAY 
CONTINUE FROM THE MOST CONVENIENT LOCATION WITH OCCASIONAL 
RETESTING FOR CORRELATION. 

I 

GUIDE FOR PORTLAND 

SAMPLING 
POINT 

At 
Discharge 

Roadway 

At 
Discharge** 

At 
Discharge** 

At 
Fabrication 
Yard 

CORES SHOULD 

SAMPLING 

TYPE OF 
TEST (S) 
REQUIRED 

Compressive 
Strength, 
Slump, 
Entrained 
Air 

P ) - - -  
Thickness* 

Compressive 
Strength, 
Slump, 
Entrained 
Air 

Compressive 
Strength, 
slump, 
Entrained 
Air 

Rebound 
Hammer 

TAKEN ON 

TABLE 

STANDARD 
SPEC. 

SECTION 

401 
1006 

601 
1006 

602 
1006 

601 
1006 

1 
* THICKNESS 

4 - ACCEPTANCE 
MATERIAL 
CODE, NAME 
AND TYPES 

Portland 
Cement 
Concrete 
Pavement 
(PCC 

Class 

Structural 
Class S & B 

Prestressed 
and Post- 
tensioned 

Portland 
Cement 
Structural 
Concrete 
for Minor 
Precast 
Structures 

MEASUREMENTS 



Sampling Guide Schedule 
December 1987 

CEMENT CONCRETE(Cont.) 

MINIMUM 
SAMPLING FREQUENCY 

As per Engineer. 

TABLE 4 - 
STANDARD 
SPEC. 
SECTION 

9 12 

922 
1006 

FOR PORTLAND 

SAMPLING 
POINT 

Test 
Panels 

ACCEPTANCE 

MATERIAL 
CODE, NAME 
AND TYPES 

Shotcrete 

Utility, 
Class U 

SAMPLING GUIDE 

TYPE OF 
TEST (S) 
REQUIRED 

Compressive 
Strength 

None 
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TABLE 5 - ACCEPTANCE SAMPLING GUIDE FOR MATERIALS USED WITH 
PORTWUJD CEMENT CONCRETE 

I I I 
! 

MINIMUM 
SAMPLING FREQUENCY 

Two 6 Ft. pieces 
from each reel and 
Certification. 

Certification of 
krlalysis 

Certificatisn zn5 I Fabric I Strength, I Yard or I 3ne 2 X 2' sarngle I , 
I 'iliameter, I Pro jecz  I per 25 rolls 

STANDARD 
SPEC. 

SECTION 

602 
1003 

604 

1003 

Spelter I 

MATERIAL 
CODE, NAME 
AND TYPES 

Prestressing 
Steel 

Bearing Pads 

Welded Wire 

TYPE OF 
TEST (S ) 
REQUIRED 

Tensile 
Strength, 
Diameter 

Durometer 
Hardness, 
Thickness 

Tensile 

! 

1003 EPOXY Tensiie 
I Coatec o r  Strength, i I 
I Uncozted Bendins 

Reinforce- Strength, i 
i ! 

I --- --- ------ 
One E Ft. bar 2er 

-I 

! 20 tons per bar 
size and Cerrific- 
ation. See PPD. 

I ------ 
1 

! 
-I 

One 6 Ft. bar per i 

SAMPLING 
POINT 

Pro j ect 

Project 

Suppliers 

shipment. See PPD. --- --- ------- 
Pro j ect One 6 Ft. bar per 

Sources 20 tons per bar 
size and Certific- 
ation. See PPD. 

I 
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TABLE 5 - ACCEPTANCE SAMPLING GUIDE FOR MATERIALS USED WITI! 
PORTLAND CEMENT CONCRETE (Cont Id. ) 

STANDARD 
SPEC. 

SECTION 

1006 

MATERIAL 
CODE, NAME 

' 1006 i 

- 

- - ---  
Plant 

-----  
Commercial 
Source or 
Project 

TYPE OF 
TEST (S) 

I 

- - - - - A -  
i 

Certification and 
1 Gal. per weekly. 
See PPD. ------- 

i Certification and 
i Gal. weekly. 
See PPD. --------  
Certification only 
when used for 
Mineral Admixture 
for Asphaltic 
Concrete 

/ Hydraclic I C~emical, 
Cement 
(All types) - - - - -  
Arizona 
.Sources 

-----  
Other 
Sources 

SAMPLING 
AND TYPES I REQUIRE3 

Physical 

MINIxU?4 
POINT 

SupplYers 
Yard or 
Pro j ect 

Curing 
Compound 

SAMPLING FREQUENCY 

For pre-approved 
material, 
Certificate only. 
For materiel not 
pre-approved, 
Certificate and 
1,/2 Gal. sample per 
lot. See PPD. 

Water Loss, 
% Solids 



TABLE 5 - ACCEPTA 

STANDARD 
SPEC. 

SECTION 

MATERIAL 
CODE, NAME 
AND TYPES 

- ~ 

Fly Ash - - - - -  
Arizona 
Sources 

Ocher 
Sources 

t 
* NO SAMPLE IS NECE 
A PROVEN SOURCE. 
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. . 

Chemical, 
Physical --- ------- 

Certification and 
1 Gal. per month. 
See PPD. ------- 
Certification and 
1 Gal. at beginning 
of production, end 
then monthly. i 

_I See FPD. 
L - - -  I 

- - - - I  
I 

ICE SAMPLING GUIDE FOR MATERIALS USED WITH 
'ORTLAND CDSENT CONCRETE (Contld.) 

I 
MINIMUM 1 

S.XMPLIRG FREQUEBCY 

TYPE OF 
TEST (S) 
REQUIRED 

I I Commercial Certification 2nd 
Source or 1 Gal. weekly. I 

I 
Pro j ect See PPS. I 

I I 

Seluble I ~ o c r c e  I one srm;lle p o r  
I 

SAMPLING 
POINT 

Salts, pH source* (One pinc 
in glzss cairziner) I 

I 
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TABLE 5 - ACCEPTANCE SAMPLING GUIDE FOR MATERIAL U S E 3  WITH 
PORTLAND CEMENT CONCRETE (Conttd.) 

MINIMUM 
SAMPLING FREQUENCY 

For pre-approved 
material, certific- 
ation only. Fcr 
material not pre- 
appr~ved, certific- 
azlon and 1/: gal. 
sample per lot. 

For pre-approved 
n a t e - l a 1  , eer' ----- ; "' P -  ! 

SAMPLING 
POINT 

Project or 
plant 

Project 

STANDARD 
SPEC.  

SECTION 

1006 

I 2ci .o~  ~nll-. F o r  
material not pre- 
approved, certific- i 
ation and one samFlel 
( 1 ,  1 .  tor liquid! 
materials). 

I 

i 

, Materials 

MATERIAL 
CODE, NAME 

AND TYPES 

Admixtures 

Visccsity, 

TYPE OF 
TEST (S)  
REQUIRED 

Chlorides 

Compressior, 
I Thickness 

Durometer, 1011 Joint 
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TABLE 6 - ACCEPTANCE SAMPLING GUIDE FOR STABILIZED SOILS AND BASES 

STANDARD MATERIAL TYPE OF 
SPEC. CODE, NAME TEST (S)  SAMPLING M I N I M U M  

SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY 

3 0 1  LS P r o c t o r  Roadway A t  s t a r t  o f  prc- 
Lime D e n s i t y  d u c t i o n  t h e n  as 
T r e a t e d  material changes  
Subgrade  - - _  - - - - - - - - -  

Compaction Roadway One p e r  lift p e r  
1000 ' 

302 CS Cement p,:, , Roadway A t  s t a r t  o f  pro-  
d u c t i o n  t h e n  a s  

T r e a c e d  material changes  
Subgrade  --- - - - - - - - - -  

I 
One per l i f t  per 

I 
Coapaction Roadway 1 

I 1000 '  I 
1 304 CB P r o c t o r  Roadway 1 

1 A t  s t a r t  of  pro-  
I Cement D e n s i t y  d u c t i o n  t h e n  one 

I , T r e a t e C  per week 
Base I --- -_--I----- 

I 
Compaction Roadway o r  One p e r  lift p e r  1 

P o i n t  o f  1000 ' 
Placement  

i - - -  - - - - - - - -  
Compressive Roadway o r  F i v e  random sets of 
S t r e n g t h  P o i n t  o f  t h r e e  per s h i f t  

P lacement  

3 05  LC Compressive A t  Four  random sets pe r  
Lean S t r e n g t h ,  D i s c h a r g e  1000 l i n e a r  feet of 
C o n c r e t e  Slump, p a s s  
Base E n t r a i n e d  

A i r  - - -  - - - - - - - -  
Thickness*  Roadway Four  random cores 

p e r  1000 l i n e a r  f e e t  
o f  p a s s  

* THICKNESS MEASUREKLENTS TAKEN ON CORES SHOULD BE SUBMITTED T3 
MATERIALS SECTION TO SERVE AS DATA FOR FINAL RECORD SAKPLING 
AND TESTING REPORT TO FHWA. 
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* To include Asphalt Content, Gradation, and Moisture Content. 

TABLE 

STANDARD 
SPEC. 

SECTION 

405 

S O 6  

I 
1 
I 406-i3 

I 
I 4 07 

7 - ACCEPTANCE SAMPLING GUIDE FOR 
MATERIAL 
CODE, NAME 
AND TYPES 

RM 
Road Mix 

AC 
Asphaltic 
Concrete 

BITUMINOUS MIXTURES 

MINIMUM 
SAMPLING FREQUENCY 

One sample per 
2000 T. 

1 per 1'2 shift - - - - - - - - - - - -  
3 per day ----------- 
At the discretion 

I of the Engineer ----------- 
lo per day (1 lot) I 
4 per day (1 l o t )  ! 

----------- 
lo per day (1 i o t )  

Each 1/2 shift 

----------- 
At the discretion 
of the Engineer ----------- 
At the discretion 
of the Engineer 

TYPE OF 
TEST (S) 
REQUIRED 

Moisture 
Content 

Extraction* -----  
Marshall - - - - -  
Ross Count 

I 

SAMPLING 
POINT 

Roadway 

Roadway 

Roadway 

Plant 

tC,e, - 4 Roadway 

I 

AC 
Asphaltic 
Concrete 
Alternate 
Acceptance 

Extraction*, 
Marshall, 
Rice - - - - -  
Cores 

Roadway 

Roadway I 

FC Extraction* 
As?haltic 
Concrete 
Friction ---- 
Course Moisture i Content ---- 

Ross Count 

Trucks at 
Mixing 
Plant 

Roadway 

Trucks at 
Mixing 
Plant 
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* Ta include Asphalt Content, Gradation, and Moisture Content 

I 

TABLE 7 - ACCEPTANCE SAMPLING GUIDE FOR BITVMINOUS MIXTURES (Cont'd.) 

MINIMUM 
SAMPLING FREQUENCY 

3 required on first 
day. Thereafter, at 
the discretion of 
the Engineer, 
(Minimum of 2 per 
day recommended) . 

- - A - - - - - -  

Each days 
production 

- - - - - - - - - -  

SAMPLING 
POINT 

Roadway 

Stockpiles 

r 1 409 

411 

4 16 

4 17 

- 

particles - - - -  J 

TYPE OF 
TEST (S) 
REQUIRED 

Extraction*, 
Marshall, 
Rice 

- - -  
Gradat ion 
of salvaged 
pavement 

STANDARD 
SPEC. 
SECTION 

AC 
Asphaltic 
Concrete - 
Misc. 
Structural 

FC 
Asphaltic 
Concrete - 
Friction 
Course - 
Misc. 

AC 
Asphaltic 
Concrete - 
End Product- 

FC 
Asphaltic 
Concrete 
Friction 
Course - 
End Product 

Cores 

Extraction*, 
Marshall, 
Rice 

Extraction* 

Extraction*, 
Marshall, 
Rice -- - - 
Cores 

Extraction* 

MATERIAL 
CODE, NAME 
AND TYPES 

Roadway 1 0 p e r d a y  (1 lot) ! 

408 

Roadway 

T~UCKS at 
Mixing 
Plant 

Roadway 

- - - -- 
Roadway 

Trucks at 
Mixing 
Plant 

RC 
Recycled 
Asphaltic 
Concrete 

At the discretion 
of the Engineer 

At the discretion 
of the Engineer 

4 per day (1 Lot) 

-- --- - 
10 per day (1 Lot) 

4 per day (1 Lot) 
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' 

MISCELLANEOUS 

MINIMUI! 
SAMPLING FREQUENCY 

Certification and 
one sample per 
project (one gallon 
in metal can). 
Certification only 
when used for 

' Mineral A&.ixture 
for AC 

certification and 
pre-approved 
material. See PP3. 

Certificztion of 
Analysis 

TABLE 8 - ACCEPTANCE SAMPLING GUIDE FOR 

One sample for each 

i 
100 sections per 
size per type 

See Std. Spec. 

TEXEN AT BOTH THE 
THE SPECIFICATIONS 

SAMPLING 
POINT 

Project or 
commercial 
Source 

Contractors 
St orage 
Tank 

Suppliers 
Yard 

ARE FET IN THE STRUCTURE AND TO CORRELATE SLUMP AND AIR-ENTRAIN- 
MEN" RESULTS. IF CORRELATION IS SATISFACTORY S E L I N G  MAY 
CONTINUE FROM THE MOST CONVENIENT LOCATION WITH OCCASIONAL 
RETESTING FOR CORRELATION. 

1 I I 

TYPE OF 
TEST (S ) 
REQUIRED 

Chemical 
Physical 

IR Scan, pH 
and Base 
Value 

Yearly 
check by 

501 
1010 

- 

STANDARD 
SPEC. 
SECTION 

301 

4 07 

501 

Corrugated 
Metal Pipe 

Reinforced 
or Non-re- 
inf orced 
Concrete 
Pipe 

I 

MATERIAL 
CODE, NAME 
AND TYPES 

Lime 

Asphalt 
Cement 
Liquid 
kadit ive 

Bituminous 
Coated 

Central Lab 

501 
1006 

* WHEN 
TRUCK 

Compression 
Absorption, 
Wall 
Thickness 

Suppliers 
Yard 

At Non-rein- Compressive 
forced, 
Cast-in- 
Place 
Concrete 
Pipe 

CONCRETE IS PUMPED, SAMPLES SHOULD BE 
AND HOSE DISCHARGE TO DETERMINE THAT 

Strength, 
Slump, 
Entrained 
Air - - - - -  
Wall 
Thickness 

Discharge* 

---- 
Site 
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I 

TABLE 8 - ACCEPTANCE SAMPLING GUIDE FOR MISCELLANEOUS (Contld.) 
MINIMUM 

SAMPLING FREQUENCY 

Certification of 
Analysis and one 
sample per 2000 
linear feet 

Certification of 
Analysis and one 

SAMPLING 
POINT 

Pro j ect 

Pro j ect 

Compression 

TYPE OF 
TEST (S ) 
REQUIRED 

Wall 
Thickness, 
Burst 
Pressure, 
Diameter 

Resistance 
to Crushing 

STANDARD 
SPEC. 
SECTION 

Refer to 
Special 
Provisions 

Refer to 
Special 
Provisions 

Project 

sample per 2000 
linear feet 

MATERIAL 
CODE, NAME 
AND TYPES 

Polyvinyl 
Chloride 
Pipe for 
Water Pipe 

Vitrified 
Clay Pipe 

Provisions 

Certification and 
one sample for each 
100 sections per 
size per type 

Pipe for 
Electrical 
Conduit 

5 0 5  

Refer to 
Special 
Provisions 

604 
1004 

7 01 

- 

Refer to 
Special 

Project 

Project 

Pro j ect 

Suppliers 
Yard or 
Pro j ect 

Polyvinyl 
Chloride 

5 bricks per project 

10 Cinder/Slump 
blocks per project 

Certification and 
One sample per lot 

Certification of 
Analysis 

I 
Brick 

Cinder 
Block or 
Slump Block 

High 
Strength 
Bolts, Nuts 
and Washers 

Traffic 
Paint 

Compression 

Compression 
and 
Absorption 

Rockwell 
Hardness 

Viscosity, 
Dry Time, 
Wt . /Gal. 
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1 TABLE 8 - ACCEPTANCE SAMPLING GUIDE FOR MISCELLANEOUS (Conttd.) 
~ ~ T R N D A R D  
I SPEC. 

SECTION 

701 
704 
705 

7 0 6 1 Raised 1 Specific ; Pro3ecz Cerrificztisn cf 

MATERIAL 
CODE, NAME 
AND TYPES 

Glass Beads 

I 
I 
I 

i - 
i 902 

i 

9 02 
903 

902 
903 

I 

TYPE OF 
TEST (S ) 
REQUIRED 

Roundness, 
Gradation, 
Chemical 
Resistance, 
Index of 
Reflection 

701 
705 

Fabric Diameter I Yard or / sample per 25 rolls j 
I I Prc3ect  I ! 

I Suppliers i 5 ee:b per project 1 903 and Hog Diemeter Yare or I 

1 Rings L Project i 
- - - C - - - -  4 

Ref lector 

Tie Wire, 
Tension 
Wire 

ThicXness Pavement 
Marking 
Tape 

Intensity, 1 Analysis 
Abrasion, , 

i 
i I 
I C~rnpression; i 

SAMPLING 
POINT 

Suppliers 
Yard ,or 
Project 

I I 
Chain Link 1 Speicer, One 1 fooz wide i Suppliers 

i 
MiE;II.."JM 1 

SAMPLING FREQUENCY I 
One sample ; f u l l  
sack) per 10,000 
pounds. ' 

Project 

One 4 foot sample 
per 25 rolls 

I 

I 

Certification of 
Analysis 

One samzle per type 
per project 1 

t 
3ne post of each I 
type 

i 

i 

! 

Spelter, 
Diameter 

Coating I [ 
I I I 

Suppliers 
Yard or 
Prc j ect 

Suppliers 
Yard or 

Misc. Fence 
Herdware 

Spelter 

Fence Post 
and Rails 

project 

Wt . /Ft . , 
Spelter , 
Diameter, 
Length, 

Suppliers 
Yard or 
Project 

Acrylic 
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TABLE 8 - ACCEPTANCE SAMPLING GUIDE FOR MISCELLANEOUS (Cont'd.) 
STANDARD MATERIAL TYPE OF 
SPEC. CODE, NAME TEST (S) SAMPLING KINIMUM 
SECTION AND TYPES REQUIRED POINT SAMPLING FREQUENCY 

1 
I 

9 0 3 Fence StzysiSpelter, 
Yard or bundles 
Project 

Barbless 
Wire or 
Barbed Wire 

Tensile . 
Strenath, 
Sprlter, 
Barb 
Spacing, 
Diameter 

Suppliers 
Yard or 
Project 

One 4 foot sample I 
per 25 rolls i 

I 

' Suppliers One ? >: 2 ' samsle : 
Yard or per 25 rolls i 

Tensile Project 
Strength 1 \ 

~ ~- - -. - 

Filter permeability! Suppliers 
Fabric Tensile Yard or 

Strength, Project 
Elongation, 
Flow Rate, 
Grab 
Strength 

Wire Rope 

Paint 

Spelter, 
Diameter 

-- 

Wt./Gal., 
Viscosity, 
Dry Time, 
Pigment, IR 
Scan, 
Chemical 
Analysis 

P r c j  ect 

Supplier or 
Project 

Certification r e -  
quired and one 
sample (1 square 
yard) sent to 
Materials Section. 
See PPD. 

One 3 '  sample per 
size 

One szmple per 
batch per type 
(One quart can) 

Prismatic l~it Project Certification and 
I 

1008 
Reflectors Tightness one sample (5-10) 

I 
per type per project I 

i 
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TABLE 8 - ACCEPTANCE SAMPLING GUIDE FOR MISCEUANEOUS (Cont8d.) 

KINIKUM 
SAMPLING FREQUEKCY 

Certification of 
Analysis 

For timber guard 
rail posts and 
blocks see PPD. 

Certification and 

SAMPLING 
POINT 

Project 

TYPE OF 
TEST (S  ) 
REQUIRED 

None 

I 

STANDARD 
SPEC. 

SECTION 

1012 

MATERIAL 
CODE, NAME 

AND TYPES 

Guardrail 
Posts and 
Blocks 

1012 

I 
Guardrail 
Fasteners 

Spelter , one sample per type 

I 

Project 



Admixtures - -- - -  . -  
-e 
Aggregate 
7 
Asphalt Cement 
Asphalt Cement Liquid ~dditive 
& p h L , i ~ n ~ e  
"c--Cabcrete F ~ i c t k m - - C o u r s a  
Backfill 
Barbless or Barbed Wire 
Bearing Pads 
l ! b d a h + M a t B T - i d  
-Ma- 
Brick 
Cemenb.!Ereat&-Base 
CamenL-T-~eated Suhgra* 
Chain Link Fabric 
Cinder Block or Slump Block 
-?='- 
F--m*.H&e~+bb 
Curing Compound - 
Emulsified Asphalt 
Emulsified Recycling Agent 
Extender Oil for Asphalt Rubber 
Fence Post and Rails 
Fence Stays 
Filter Fabric 
Filter Material for Perforated Pipe . - -egate -for-- 
Fly Ash 
Glass Beads 
Guardrail Fasteners 
Guardrail Posts and Blocks 
High Strength Bolts, Nuts, and Washers 
Hydraulic Cement 
Joint Materials 
Kerosene for Asphalt Rubber 
J#ran &ncrete -Base 
Lime 
-mated -Subgrad- 

TABLE 9 - INDEX OF MATERIALS 

I 

Sacpling Guide Schedule 
December 1987 

- 
C;A, 
4 4  - 
- 

ERA - 

PAGE MATERIAL ABBREVIATION 
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TABLE 9 - INDEX OF MATERIALS (Contad.) 
1 -  MATERIAL I ABBRNIATION I PAGE 1 
Liquid Asphalt 

Paint 
Pavement Marking Tape 
Pipe, Bituminous Coated Corrugated Metal 
Pipe, Non-Reinforced Cast in Place Concrete 
Pipe, Poll-vinyl Chloride for Electrical Conduit 
Pipe, Polyvinyl Chloride for Water 
Pipe, Reinforced or Non-Reinforced Concrete 
Pipe, Vitrified Clay 

L _ . . . . . . - - -. -) I 
PP 
Portland Cement Structural Concrete 
Post Clips and Hog Rings 
Prestressed and Post-Tensioned 
Prestressing Steel 
Prismatic Reflectors 
Raised Reflectors 
w d c . - * k -  

- - to 
Recycling Agent 
Reinforcement Bars 
Road Mix 
Rock 
Rubber for Asphalt Rubber - 
Structural Class S and B 

3i%gr&e 
Tie Wire, Tension Wire - - 

=Paint 
Utility, Class U 
Water 
Welded Wire Fabric 
Wire Rope 
Woven Wire F a b r i c  



ARIZONA IlEPARlMENT O F  fRANSPORTATION 
REPORT OF INDEPENDENT ASSURANCE SAMPLING AN0 TESTING 

R0ieCl No: Dale 01 VISI~ 

Pr0jecl Name: ncslder~l Englnecr - 
Contractor: Dtslrict Lab No: - 
Malerial Type: Snl~~pled By 

Sample Localion: 

Location Of St~pply: Teslrd By . 

FAVORARLE COMPARISON. - _  YES . .--_ -- - - NO (EXP'hIN BELOW) 

ACTION TAKEN: ., - - -, , - -- 

SAMPLE TYPE 

I.A. SAMPLE 

I.A. SPLIT SAMPLE 

ACCEPTANCE TESTS 

REMARKS: .. . . . . . -. . - , . . . - -. . -, . . - _ . A _  . .. - - - - 

TESl  CllAf7A(:TERlSTIC 

DIS I nlCT MATERIALS ENGINEER (SIGN& TllREl 

ST ATlSTtCS 



Appendix D 
Location of Data Fields in the ADOT 
Construction Materials Data Base 

On February 26, 1988, John Eisenberg presented a 

revised list of the material test that ADOT wishes to review 

as part of the quality assurance program. Review of this 

list found that some of the tests identified on the list 

were not on the data sheets. Mr. Eisenberg said we can 

ignore any tests that are not explicitly identified in the 

data sheets. This eliminated the need to review several 

tests : 

Abrasion 

Resistivity 

PH 

Absorption 

Coating Index 

Mortar Strength 

Soundness 

Moisture content of asphalt concrete materials 

Ross Count 

Thickness 

Marshall Stability 

Marshall Flow 

Rice Density 

Mr. Eisenberg also indicated we do not need to evaluate 

Top Soil and Slurry Backfill. Don Green indicated that we do 

not need to evaluate lime and cement treated bases. In 

addition, no tests were defined for Rock for Wire Tied 



Riprap and Rock for Grouted Riprap. The tests for Aggregate 

for RM are controlled by special provision and therefore can 

not be extracted from the current data base. Finally, there 

are very few data elements for aggregates for LC and 

therefore we could assume the variability of concrete 

aggregates can represent the variability of the aggregate 

for LC. 

The list of tests for each material identifies using 

the Flakeness Index and Sand Equivalent for several 

materials. However, the Flakiness Index is only used in the 

data base when the material type in columns 7 and 8 is CM. 

The Sand Equivalent test is only used in the data base when 

the material type in column 7 and 8 is FA and the type in 

column 9 10 is S. 

Based on this review of the required material tests, 

the attached table was prepared to define the cards and 

columns for the data in the data base. Review of the 

specifications for the data base indicates there are several 

complexities to the way some of the data are recorded. Thus, 

a review of each of the fields on each of the cards is in 

order. 

CARD Pi 

This card contains identification information for each 

test that is performed. The sample identification are in 

columns 3 through 19. This information should match the 

information in the same columns on cards P2 and P3. The only 

other data field that has particular significance is the 



METHOD information in column 35. This column should contain 

an A, C, or D for Proctor Method codes A, C, and D 

respectively. These codes refer to the type of Proctor test 

performed. Methods C and D are used for cinder type 

materials so the majority of cases should be A. In reviewing 

a sample of the database, it was noted that there are other 

values in this column. The meaning of values other than 

blank, A, C, or D are unknown at this time. 

CARD P2 

This card contains data associated with the Proctor 

test. The primary data of interest are the Proctor of the 

material smaller than the # 4  in columns 39 to 42, and the 

field density in columns 57 to 60. None of the other 

information are of interest at this time. 

CARD P3 

This card contains comments about the tests reported on 

card P2. At this time the information on these cards is not 

of interest. However, some of the comment columns on this 

card were used to store miscellaneous data, so this card may 

be important in the future project. 

CARD M1 

This card contains identification of materials 

gradation tests. The needed identification tests are also 

contained on the M2 card. The other information on this card 

is not needed at this time. 



CARDM2 

Unfortunately, there are two cards with M2 in columns 1 

and 2, the materials and gradation card and the asphalt 

concrete pay factor tabulation. Columns 1 through 19 of 

these cards are the same with the exception the pay factor 

tabulation card has the material, purpose, and lab fields 

filled in with AC, A, and P respectively. The other fields 

on these cards have different definitions. These cards can 

be distimguished by examining columns 16 and 17; a number in 

these cards indicates a Pay Factor Card, there are no 

numbers in these columns for the material gradation cards. 

The Suffix or Lot# columns, 16 to 17, have significance 

for the future evaluation. If there is a number in these 

columns then the test was for statistical acceptance of 

asphalt concrete only. A letter in these columns indicates a 

replicate test, usually for compaction or gradation. 

For the materials gradation card, there are two sets of 

columns that have a variable meaning. The standard 

definition of columns 66 to 67 is the Plasticity Index, PI. 

However, if the material type in columns 7 to 8 is LW for 

Cover Material, then the value in columns 66 to 67 is the 

Flakiness Index. Although the Flakiness Index is now used 

for other materials, the data base we are working with only 

has results for Cover Materials. The other exception is in 

columns 71 to 72, which is normally defined as the Percent 

Crushed Faces. When the material type in columns 7 to 8 is 

Fine Aggregate and the type in columns 9 to 10 is S ('it may 



be either S blank or blank S) then columns 71 to 72 contain 

the values for the Sand Equivalent test. The data base we 

are working with only has Sand Equivalent results for type S 

Fine Aggregates. These exceptions are correctly identified 

in the attached table of the data layout. 

ADOT relies on the ASTM specifications for the 

gradation of course aggregates for concrete, material type 

CA. The sieves and the gradation requirements for each sieve 

in the ASTM specifications varies depending on the class of 

t h e  material. The class of the material is not specified on 

the ADOT gradation card. Thus, a data layout specification 

could not be prepared for t h e  initial investigation i n t o  the  

data base, This is an area that can be further explored in 

the second phase of the project. 

All other columns of the material gradation card should 

have a single definition as defined in the table of the data 

lay out. However, in reviewing the sample data base comments 

were found on card M4 indicating that in one case there was 

a change order that called for a specification for an 

114 inch sieve rather than for the standard 3/8 inch sieve 

so the data for the 1/4 inch sieve were recorded in the 

columns for the 3/8 inch sieve. Detection of this type of 

variance in the data base will require manual review of all 

of the M4 cards. Without reviewing a larger sample of the 

data base, we do not know how prevalent these exceptions are 

nor do we know the effect of ignoring these exceptions. 



CARD n3 

This card contains voids analysis for asphalt concrete. 

We have not been requested to evaluate these data, thus the 

M3 card can be ignored. 

CARD MI 

This card contains comments about the test, As noted 

above, it may be necessary to review the data on this card 

to find exceptions to the definition of the data cards. Also 

the M4 card was used to record data for tests that are not 

defined in the definition of the M2 fields. Review of the 

sample data set shows there are data for sand equivalent, 

resistivity, pH, etc. tests on the M4 card. If we need to 

access these data in the future, then rules for searching 

through the fields of the M4 card will be required. These 

rules will probably be complicated as there was not a 

standard method for recording the data. 

CARD MS 

This card is only used with the pay factor tabulation 

M2 card. The only data on the M5 card is the number of tons 

inkhe lot which the data on the M2 represents. Thus we will 

probably not need to use this card. 

CARD Xl 

This card is used for identification of concrete tests. 

The data on this card are not required for this project. 

This card is used for tests at the concrete batch plant 

and no data from this card are required for this project. 



CARD K3 

This card is used for tests at the concrete site tests 

and no data from this card are required for this project. 

CARD x4 

This card is used for tests at the concrete site tests. 

The data for the entrained air content and measured slump in 

columns 21 to 23 and 39 to 41 respectively are required for 

this project. 

CARD XS 

This card should contain lab tests of concrete at times 

other than 28 days. The instructions for test results from 

Don Green did not specify the time of testing, in which case 

the normal assumption is to use the test results at 28 days. 

Discussions with ADOT personnel indicated there was some 

confusion in filling out this card and that sometimes this 

card was used for 28 day strength tests. Thus, the AGE 

columns 21 to 23 should be examined to determine if the card 

has data for the strength at 28 days. 

CARD A6 

The AGE field, columns 21 to 23 should be examined to 

verify that the data are for 28 days. The average 

compressive strength at 28 days is recorded in columns 69 to 

73. These columns are also used for the results of beam and 

Schmidt hammer tests. The results of the compressive 

strength at 28 days should always be greater than 1000 where 

as the results of the other tests should always be less than 



1000. This criteria should be sufficiently robust to 

distinguish the data in this field. 

CARD A7 

This card contains comments about the concrete tests 

and therefore should not be required for this project. 

CARD C1 

Some concrete strength data may be recorded on the "Ctl 

series of cards. The number of C1 cards should be counted to 

determine if there is a significant number of these cards. 

SUMMARY 

The recommendations presented in this memo are based on 

the current understanding of the methods used to record the 

data in the materials data base. The number of exceptions 

noted in this memo compromises the level of confidence in 

these recommendations. The analysis of the data base was 

performed with the understanding that some parts of the 

analysis may need to be repeated if exceptions are found in 

the way the data are recorded or if more accurate 

information becomes available. 



TABLE D. 1 LAYOUT OF DATA CARDS 

material mtl. tests 
code 

values in data 
col 1 , 2  columns 

subgrade 

embankment 

SG proctor density P2 
field density P2 
moisture content M2 
gradation #200 M2 
PI M2 

EM proctor density P2 
field denstiy P2 
moisture content M2 

natural ground NG proctor density P2 
field density P 2 
moisture content M2 

Strc. backfill SB proctor density 
field density 
moisture content 
PI 
gradation 3" 
gradation 3/4Iv 
gradation #8  
gradation #200 

backfill 

agg . base 

agg subbase 

BF proctor density P2 
field density P 2 
PI M2 
gradation 3" M2 
gradation 3/4" M2 
gradation #8  M2 
gradation #200 M2 

AB proctor density P2 
field density P2 
crushed faces M2 
PI M2 
gradation 1. 511 M2 
gradation 1" M2 
gradation #8  M2 
gradation #200 M2 

AS proctor density P2 
or field density P2 
SM crushed faces M2 

gradation 3" M2 
gradation -25" M2 
gradation #200 M2 
PI M2 



material  m t l .  t e s t s  
code 

values i n  data  
col  1 , 2  columns 

gradation 1.5n 
gradation In 
gradation #8 
gradation #200 
crushed faces 
P I  

agg. fo r  CB 

agg. fo r  l c  
w i l l  not 
have, use 
v a r i a b i l i t y  f o r  
AB 

gradation 1.5n 
gradation ln 
gradation #8 
gradation #200 
crushed faces 
gradation 3/8 
gradation #4 
gradation #16 
gradation #50 
gradation # l o 0  
gradation # 2  00 
gradation ca 

b l o t t e r  m t l  

cover m t l  . 

gradation 3/8" 
gradation #4 
gradation #16 
gradation #200 

gradation 3/aqt 
gradation #4 
gradation #8 
gradation #200 
crushed faces 
f lakiness  

mineral agg. 
f o r  AC 

gradation 1 I q  

gradation 3/4" 
gradation 1 / 2 I q  
gradation #8 
gradation #40 
gradation 8200 

f lakiness  
crushed faces 
gradation 3/8" 
gradation #4 
gradation #8 
gradation #200 

mineral agg. 
f o r  fc 

mineral agg 
f o r  rc 

crushed faces 



material mtl. tests 
code 

values in data 
col 1,2 columns 

-. . . . . . . - - . . . . . 

mineral agg. MA gradation3/4" 
for ac, misc gradation 3/8" 

gradation #8 
gradation #200 

mineral agg MA flakiness 
for FC crushed faces 

gradation 3/8" 
gradation #4 
gradation #8 
gradation #200 

mineral agg. 
for AC 
end product 

mineral agg 
for FC 
end product 

filter mtl. 

plating mtl. 

bedding mtl. 

bank protection 

MA crushed faces 
coating index 

MA sand equivalent M2 71-72 

gradation 3/8" 
gradation # 4  
gradation #16 
gradation #50 
gradation #lo0 
gradation #200 

BM gradation1.5" 
gradation 1" 
gradation #8 
gradation #200 
PI 
field density 
moisture content 

gradation 2" 

fine agg pcc 
p,stb,u 

FA gradation 3/8" 
gradation #4  
gradation #16 
gradation #50 
gradation #I00 
gradation #200 

for type S only sand equivalent 

coarse agg. pcc CA gradation m43 
~ , ~ t b t U  



material mtl. tests values in data 
code col 1 , 2  columns 

-------a -- ----- - -- - _1- 

PCC pavement comp. str. 28 K6 69-73 
slump K4 39-41 
entrained air K4 21-23 

PCC Struc. 

PCC prestress 
post tension 

shotcrete 

comp. str. K6 69-73 
slump K4 39-41 
entrained air K4 21-23 

comp. str. K6 69-73 
slump K4 39-4 1 
entrained air K4 21-23 
comp. str. K6 69-73 

cem. treat base CB proctor density P2 39-42 
field density P2 57-60 
comp. str. K6 69-73 

lean conc. base LC comp. str. K6 69-73 
slump K4 39-41 
entrained air K4 2 1-2 3 

asphalt concrete AC asph content M2 68-7 0 
materials gradation 3/8" M2 36-38 
gradation. gradation #8 M2 45-47 
tabulation gradation #40 M2 54-56 

gradation #200 M2 63-65 

asphalt concrete AC asph content M2 * 45-47 
pay factor gradation 3/811 M2 * 30-32 
tabulation gradation #8 M2 * 36-38 

gradation #40 M2 * 39-41 
gradation #200 M2 * 42-44 

asphalt concrete AC asph content M2 68-70 
alt acceptance gradation 3/8" M2 36-38 
materials gradation #8 M2 45-47 
gradation gradation #40 M2 54-56 
tabulation gradation #200 M2 63-65 

asphalt concrete AC asph content M2 * 45-47 
alt acceptance gradation 3/ae1 M2 * 30-32 
pay factor gradation #8 M2 * 3 6-38 
tabulation gradation #40 M2* 39-41 

gradation #200 M2 * 42-44 

asphalt concrete FC asphalt content M2 68-70 
friction course gradation #4 M2 42-44 

gradation #8 M2 45-47 
gradation #200 M2 63-65 
moisture cont. M2 7 6-7 8 



material mtl. tests 
code 

values in data 
col 1,2 columns 

recycled asphalt 
concrete 

asphalt concrete 
misc. str 

asphalt concrete 
misc. str FC 

asphalt concrete 
end product 

asphalt concrete 
end product FC 

RC asph content 
gradation 3/8" 
gradation #8 
gradation #40 
gradation #ZOO 
moisture cont. 

AC asph content 
gradation 3/8" 
gradation #8 
gradation #40 
gradation #200 
moisture cont. 

FC asph content 
gradation 3/811 
gradation #8 
gradation #40 
gradation #ZOO 
moisture cont. 

AC asph content 
gradation 3/8" 
gradation #8 
gradation #40 
gradation #200 
moisture cont. 

FC asph content 
gradation 3/8" 
gradation # 8  
gradation #40 
gradation #ZOO 
moisture cont. 



Appendix E 

S t a t i s t i c a l  T a b l e s  and F i g u r e s  

Note: An e x p l a n a t i o n  of  t h e  column h e a d i n g s  is 
g i v e n  on p a g e s  3-6 i n  t h e  body of t h e  
r e p o r t .  The c h a r a c t e r  ' ' i n d i c a t e s  
a ' b l a n k t  a p p e a r e d  i n  t h e  field. The 
"Abbrev ia ted  Vers ionw o f  t h e  F i n a l  Repor t  
c o n t a i n s  o n l y  a  s u b s e t  of  a l l  t h e  t a b l e s  
and f i g u r e s  g e n e r a t e d  i n  t h i s  r e s e a r c h .  
The e n t i r e  se t  may b e  o b t a i n e d  by c o n t a c t i n g  
Mr. S teven  L. T r i t s c h  of  Ar izona  T r a n s p o r t a t i o n  
Research  Cen te r .  



Material mtl. tests  value column. no. of lab -nu 
code col 1.2 obs. p d c A P D 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

L 
subgrade 93 proctor density P 2  39-42 6846 6221 5 8  0 567 391 6455 

field density P 2  57-60 6251 5716 9 0 526 0 6251 
moisture content M2 76-78 7 2  7 2  0 0 0 
gadat ion#200 M2 66-67 3411 2521 5 7 9 3 1 1  0 
PI M2 63-65 5008 3785 843 380 0 

m. test 95% 75% 
L 

9S proctor density 6846 p /P  343 1163 66 192 75 83.4 41&3 1143 123.6 
p /D 5878 1117 79 24J 50 9.0 9111 1046 12L2 
d / P  4 8  
d/D 1 0  
A/P 0 
A/D 5 6 7  1061.58 2.52 07 11.4 1335 1056 119.6 

field density 625 1 p/P 0 
p/D 5716 111.777 27.870 10.4 7 1 U  105.7 126.3 
d / P  0 
d/D 9 
Alp 0 
A / D  526  980 41 404 18 105 1460 984 1234 

moisture content 7 2  p / 
gradation W200 341 1 p / 2521 11.93 8.09 1 9 6  6 16 

d l  5 7 9  11.51 7.96 1 7 1 5 16 
C /  3 1 1  12.6 1 9.86 1 5 7  5 17 

P I  socp p /  3785 237.25 204.61 2 972  87 341 
d /  8 4 3  251.46 198.98 6 946 103 363 
C /  380  278.15 207.68 7 9 5 3  119 406 



Material mtl. tests value column. no. of lab -pllt 
code col 1,2 obs. p d c  A P D 

---.-- 1------1--1------*---..------.--------------------------.----------------------------.--- 

L 
agg. base AB proctor density P2 39-42 2631 2093 3 4  0 503 160 2471 

field density P2 57-60 2265 1764 0 0 501 0 2265 
crushed faces M2 71-72 124 115 6 3 0 
PI M2 66-67 392  258 9 7  3 6  0 
gradation 1.5" M2 24-26 1958 1385 295 276 2 
gradation 1" M2 27-29 5828 4446 8 7 3  507 2 
gradation It8 M2 45-47 5244 3902 847 493 2 
gradationf200 M2 63-65 5964 4500 922 540 2 

test t- # 

L 
AB proctor density 2631 p /P  126 119.8 73 115 51 

p/D 1967 122.3.21 16.7 69 
d / P  3 4  
A/D 5 0 3  119.287 25.178 
v/D 1 

field density 2265 p /P  0 
p/D 1764 130.9 83 29.0 50 
A D  501 124,544 36.715 

crushed faces 124 p /  115 77.85 17.57 
d / 6 
c / 3 

PI 3 9 2  p /  258 4.10 4.2 1 
d / 9 7  
c / 3 6  

gradation 1.5" 1958 p / 1385 93.91 23.77 
d /  295 99.99 0.17 
c /  276 99.79 1.49 
A/ 2 

gradation 1" 5828 p /  4446 97.4 1 5.88 
d /  873  97.38 5.92 
c /  507  98.71 4.32 
A 2 

gradation #8 5244  p /  3902 37.26 15.83 
d /  847  40.12 15.11 
c 49 3 43.90 11.73 
A 2 

gradation #200 5964  p /  4500 4.871 3 0 9 0  
d l  9 2 2  15.67 311 64 
c /  540  5.7.56 27.43 
A/ 2 

min 





FPE'JUZNCI B A R  CHART 

FR €0 PERCEWT 

52.71 

30-62 

8- 14 

5.43 

1.16 

0-78 

0.39 

0.00 

0-39 

0.00 

8-00 

0.00 

0. 00 

0-00 

0.00 

0.00 

0.00 

0.00 

0.39 

0.00 

CUM. 
PERCENT 

52.71 

83-33 

91-47 

96.90 

98-06 

98.84 

99-22 

99-22 

99.61 

99.61 

99.61 

99-61 

99-61 

99.61 

99.61 

99-61 

99-61 

99.61 

100.00 

100.00 



FREO 

---+---+---+--+---+---+---+---+---+---*---+---+---*---+-- 
20 40 60 80  i o n  I r a  140 160 190  zoo 220 2 4 0  260 2 8 0  

cull. 
FREO 

0 

0 

1 

1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

295 

295 

295 

PERCENT 

0.00 

0.00 

0.34 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0. 00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

99-46 

0.00 

0.00 

CUM . 
PERCENT 

0.00 

0.00 

0.34 

0.34 

0.34 

0.34 

0.34 

0-34 

0.34 

0.34 

0.34 

0.34 

0.34 

0.34 

0.34 

0.34 

0 -34  

100.00 

100.00 

100.00 











FREQ L CUPFSE9 CHLRT M A f ' A 8  LABzp C 0 ~ 4 5 - 6 7  ( 8  

FRE'JUENCT BAR CHART 

R E  cum. P E R C E N ~  cum. 
FREJ C E l C E l l l  

I ----+---+---+---+---+--+---+---+---+---+---+---+---+---+---+---+--+---+-- 
30 60 90 120 150 180  ZlC 240  270 300 330 360 3 9 0  420 450 480 510 5 4 0  

F REOUENCT 







F R E Q  C C U M F Q E Q  C H l  RT M A T l P B  LABsP C O L C S - 4 7  1200 

FRE3UEtlCY 8 A R  CHART 

FREO 

I * b t * 0 ~ * + ~ * * * 8 1 * 0 1 * 4 * 0 1 p ~ S * t O * 8 * ~ ~ * * * 8 * L O ~ ~ ~ ~ 8 t * ~ ~ ~ * t * ~ * ~ ~ * t *  1194 

PERCENT 

26-13 

12.58 

24-42 

20.38 

9.93 

4.13 

1.09 

0.24 

0.31 

0.18 

0.07 

0.00 

0.00 

0.02 

0.04 

0.00 

0.02 

0.00 

0-04 

0.00 

cum. 
PERCENT 

26453 

39-11 

63-33 

83-91 

93.84 

97-90 

99-07 

99-31 

99162 

99-80 

99.87 

99.87 

99-87 

99-89 

99.93 

99.93 

99.96 

99-96 

100.00 

100.00 







Material mtl. tests value column. no. of lab 
code col 1.2 obs. p d c 1 A 

--------------------.-------------------------------------------------------------------------- 
L 
mineral agg. MA gradation 1" M2 27-29 36416 29744 4833 1836 2 1 
for AC gradation 314" M2 30-32 41973 34012 5756 2200 3 2 

gradation 1/2" M2 33-35 48831 39765 6535 2526 3 2 
gradation Y8 M2 45-47 42510 32907 6906 2693 1 3 
gradation #40 M2 54-56 28163 20471 5425 2264 1 2 
gradation #200 A42 63-65 30812 22324 5908 2577 1 2 

Mat- tpqt total # nd 7 5 ~ ~  75% 
L 

MA gradation 1" 36416 p l  29744 89.91 13.73 26 100 7 8  100 
f d l  4833 97.40 8.07 10 100 100 100 

c /  1836 98.60 6.18 4 3  100 100 100 
gradation 314" 41973 p l  34012 82.19 16.78 3 100 6 8 9 7 

d /  5756 90.90 12.66 1 100 8 9 99  
c l  2200 92.37 10.80 11 100 90 100 

gradation 1/2" 48831 p / 39765 64.04 27.45 1 100 4 4  9 5 
d l  6535 71.42 25.16 1 182 54  9 2  
c /  2526 72.64 26.43 1 100 5 5  99 

gndation #8 42510 p / 32907 43.49 34.54 1 100 4 79  
d /  6906 42.33 28.84 1 100 2 1 6 3 
c l  2693 43.64 31.29 1 100 10 7 4 

gradation #40 28163 p / 20471 23.69 12.96 1 327 15 32  
d /  5425 21.11 12.08 . 1 8 5 14 2 8 
c /  2264 20.23 14.13 1 100 I I 2 9 

gradation #200 308 12 p / 22324 18 44 48.25 .1 71.2 1.9 8.5 
d /  5908 53.07 39.87 .I 97.7 3.2 67 
c /  2577 47 14 39 19 .1 283 1.5 6A 



FREQ a c u n F n e a  CHIRT NAT-sn LIB-P co~rt-2s 1 xw 
FREPUEMCY BAR CHART 

-------*---------+--------+-------+-------+--------+-------+--------+------ 
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FREQ L CUMFREQ CHLRT SAT=NA LA0rO COL27-29 1 I N  

FREQUENCY B A R  cnAuT 
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cum, 
FREQ 
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FREQ L CUHFREO C H A ~ T  nr t=ma u e = p  c 0 ~ 3 3 - 3 s  

FREJUENCT B A R  CHART 
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MIDPOINT 
6 R A 1 3  
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WIOPOINT 
6 P  A 1  3 

FRHUENCV BAR CHART 
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Material mtl. tests value column. no. of lab 
code col 1.2 obs. P d c A ' 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - * - -  

IL 
fine agg pcc FA gradation 318" M2 36-38 12687 10184 1898 595 10 
p,s,b,u gradation #4 M2 42-44 16014 12216 2706 1082 10 

gradation #16 M2 48-50 16015 12219 2707 1079 10 
gradation #SO M2 57-59 16013 12218 2708 1077 10 
gradation #I00 M2 60-62 16014 12214 2710 1080 10 
gradation W200 M 2  63-65 15980 12204 2690 1077 9 

for type S only sand equivalent M2 7 1-72 140 4 1 9 90 0 

Mat- test total # sd mn mi= 7_Cq 75Qa 

4Y, 
FA gradation 3/8" 12687 p / 10184 99.99 0.66 33 100 100 100 

d l  1898 99.99 0.08 99 100 100 100 
c 595 99.83 4.06 1 100 100 100 

gradation #4 16014 p /  12216 99.26 1.57 14 100 99 100 
d /  2706 99.24 2.3 1 1 110 99 100 
C /  1082 99.33 1.23 92 100 99 100 

gradation #I6 16015 p /  12219 66.65 7.82 25 100 6 3 72 
d l  2707 66.45 8.47 16 98 6 1 72 
c l  1079 66.05 8.65 39 9 5 60 7 2 

gradation #50 16013 p /  12218 18.10 4.19 4 70 15 20 
d l  2708 18.71 4.59 1 7 8 16 2 1 
C /  1077 18.80 5.09 4 45 16 2 2 

gradation #I00 16014 p l  12214 6.08 1.92 1 3 1 5 7 
d l  2710 6.32 2.58 1 92 5 7 
c /  1080 6.10 2.22 1 2 6 5 7 

gradation #200 15980 p / I2204 2.2,43 1.2 09 .I 183 1.6 29 
d l  2690 2.3,75 11.81 .1 139 1.6 3.0 
c /  1077 23.53 1 .1 14.7 1.7 3J 

sand equivalent 14 0 p / 4 1 
d / 9 
c / 9 0 
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F R E Q  L CURFREQ C n A R T  nrT=Fr Lhs=C COL42-44 t 6  

FRNUENCT BAR C H A R f  

CREP cum. 
FREQ 

1 

1 

3 

3 

6 

6 

6 

17 

17 

s 0 

so 
5 0 

113 

113 

200 

200 

200 

334 

334 

1082 

PERCENT 



l * * 
u a u  

i o "  
* * *  * * *  I z 

I * * *  I * * *  
* a *  

i i i a  l o  
0 

I O 

i i i  
* * a  

I i" 
pi*  * * *  i z  

u  * * *  
a * * * *  

!!I(!: 
iljptif 

i 11 
1: 

* l 
$ E E Z t *  

I - 
I j i g t r l r  + I O  O 

* * * e * e  
* I ) , * * * * *  
* * * * a * * * *  * * * * * * * *  

a * { : g * : g g :  
* 8 : * * * 3 * * * * *  

i + 
- I 



Y i i f i  * * * *  
# a * * * *  

i 
I 0  

f ~ f i i ~ ~  0 i" l a  

* * * i t * *  + m 
* * * * * a  
I ) * * * * *  

+ * * * * * I )  
i t * * * * *  1 1 * * * * * *  

i * 
I 0  + 0 

* * * * I * *  
* * a * * * * *  
* I ) * * * * * #  

I - 
I * * * * * * * *  

* * * * * * a * *  t :: * * * * * * * * *  
* * Z E t E : g : :  

* : : * * * * * * * * a  f 
I  



FREQ L cumFaEa CHAVT mrr=FA ~ r s = c  co~4e-so  r l 6  

FRE3UENCl D&R CHART 

FREO CUM. 
FUEO 

0 

1 

5 

1 2  

3 3 

6 1 

110 

174 

280 

397 

512 

674 

138 

957 

1027 

1052 

1061 

1065 

1073 

1075 

1079 

PERCENT cum. 
PERCENT 

0.00 

0-09 

0-46 

1.11 

3-06 

5 - 6 1  

10.19 

16-13 

2 5.95 

36.79 

67-45 

62-41  

17- 66 

88-69 

95.18 

97-50 

98-33 

98-70 

99-44 

99.63 

100.00 











FREQ C CUMfREQ C H A t t  M i T = F A  LAB-0 COLb0-62 0100 

F R E a U E N C T  B A R  CHART 

cum. 
FREO 

207s 

2690 

2704 

2709 

2709 

2709 

2709 

2709 

2709 

2'109 

2709 

2709 

2709 

2709 

2709 

2709 

2709 

2710 

2710 

2710 

CUM. 
PERCENT 

76.57 

99-21 

99-70 

99.96 

99-96 

99.96 

99-96 

99.96 

99. 96 

99-91 

99-96 

99-96 

99-91 

99-96 

99.96 

99.96 

99.96 

100*00 

100.00 

100.00 

FREQUENCY 



FREQ C CUMFREP CHART M ~ T - F A  L&B'C COL6O-62 (100 

FREPUENCV BAR CHART 

PREQ 

* f * * * *C* * *+ * * * *#$*# * I *#C8#8~* *8$8#*~* * * * * *88* * *0  272 

#I****+* t***L* 63 

8*+*8**8** 48 

3 

6 

0 

2 

0 

2 

0 

0 

0 

1 

0 

0 

0 
---+--*--+--+--C-+---*--+---+---+--+---*--+--+-- 

20 40  60 80 100 120 140 160 110 200 220 240 260 280 300 320 360 

FREQUENCY 

cum. 
FREO 

32 

8 9 

4 37 

683 

955 

1018 

1066 

1069 

107s 

1075 

1077 

1077 

1079 

1079 

1079 

1079 

1080 

1080 

1080 

1000 

PERCENT 

2.96 

5-20 

32-22 

22-70 

25-19 

5- 83 

4.44 

0.28 

0.56 

0.00 

0-19 

0.00 

0-19, 

0.00 

0.00 

0.00 

0.09 

0.00 

0.00 

0.00 

CUM. 
PERCENT 

2.96 

8-26 

40.46 

63.24 

88.43 

94.26 

98.70 

90.90 

99.51 

99.54 

99.72 

99.72 

99.91 

99.91 

99.91 

99.91 

100.00 

100.00 

100.00 

100.00 
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PERCENT 

23-59 

39-10 

27-00 

7.72 

1-19 

0.21 

0.10 

0-07 

0.07 

0.10 

0.11 

0.07 

0.02 

0.02 

0.00 

6-00 

0.00 

0-02 

0.00 

0.00 

CUM. 
PERCENT 

23-39 

63-29 

90-29 

98.01 

99-20 

99.41 

99-51 

99*f8 

99-66 

99-75 

99-87 

99.94 

99.97 

99. 98 

99-98 

99-91 

99-98 

100.00 

100.00 

100.00 



m m a o  
- m e *  
a a a a  
N N N N  





Material mtl. tests value column. no. of lab 41lE 
code col 1.2 obs. p d c A P D 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - -  

X. 
coarse agg. pcc CA gradation m43 column number ? 
p.s,b,u 

Material mtl. tests value colwnu no. of - IbU 
code col 1,2 o b s . 5 6  7 8  7 2 8  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L 
PCC pavement comp. str. 28 K6 69-73 no record for pavement 

slump K4 39-41 
entrained air K4 21 -23 



Material mtl. tests value column. no. of strn dav 
code col 1.2 obs. 5 6 7 8 7 2 8  

PCC Stmc. comp. str. K6 69-73 5017 2546 177 113 2181 1 5016 
slump K4 39-41 2914 1424 124 7 6  1290 
entrained air K4 21-23 1506 752 8 9  39  626 

Mat. f e ~ t  total SF/& t std .)TOo 7TYa 

2. 
PCC Sm. comp. str. 50 17 5 17 1 

(test1 34-38) 5 /28  2545 4107.84 1006.82 1397 7430 3384 4875 
6/28 177 4467.82 984.80 1950 7395 3715 5150 
7 /28  113 4488.09 950.12 2060 6650 3826 5077 
8 /28  2181 5023.19 908.61 2060 7430 4341 5670 

(test2 52-56) 5 /28  2545 4111.10 1001.21 1392 7360 3385 4857 
6 /28  177 4487.13 984.23 2328 6954 3715 5211 
7/28 113 4459.56 927.79 2060 6580 3790 5040 
8/28 2181 5023.24 915.19 2060 7500 4340 5690 

slump 2914 5 1  1424 3.48.38 .88 90 .25 8.00 3.00 4.00 
124 3 3 5 8 5  1.01.57 1-50 8.00 3.00 425 

6 /  7 /  7 6  
8 / 1290 3.64.23 ,69 95 $ 0  6.50 3,OO 4.00 

entrained air 1506 5 / 752 4.4 43  13.36 .6 8.8 4.0 5 2 
8 9  
39  7 / 

8 / 626  4.247 l J 2 4  .9 10.0 35 5.0 



PREQ AN0 CUMFREQ C H A R T  FOR ' ~ 4  tL1SS .S  Sll.5 TESl 2 8 0  

F R E Q U E N C Y  B A R  C H 1 R f  

FREQ 

8 ----+---+---+---+---+---+---+---+---+---+---+---+---+--+---+--+---+- 
20 40 60 SO 100 120 140 I60 180 200 220 240 260 280 300 320 

F R E Q U E N C Y  

CUM. P E R C E N T  CUM. 
FRCO PEilcenT -... 





M I D P O I N T  
TESL 

f R E O  AND CUMFREQ CHART FOR K 4  C L A S S = S  S T R I 7  fEfl 280 

FREQUEMCY BAR C H l R T  

F R E O  

----*---+-+---+---*---+---+---+---+--&*---+---+---+ 
2 4 6 6 10 12 14 16 18 20 22 24 26 

FREOUEHCT 

CUM. 
F R E O  

2 

4 

13 

27 

4 3 

69 

8 5 

97 

106 

111 

113 

PERCENT cum. 
PERCENT 

1-77 

3-56 

11.50 

23-69 

38-05 

61-06 

7 5.22 

85-84 

93-81 

98-23 - - 
100.00 





MIDPOINT 
T ESZ 

FREd AN0 CUMFRE? CHART F O R ' K ~  CLASS-S S T R - 5  T E S 2  280 

FREQUENCY 9 A R  CHART 

FREQ 

I ----+---*---+---+---+---+---+---+---+---+---+---+---+---+---+---*--- 
20 40 60 80 100 120 140 160 100 200 220 240 2 6 0  280 300 320 

FREQUENCY 

CUM. 
FREq 

2 

6 

3 0 

7 6 

182  

3 5 6  

539 

793 

1092 

1425 

1675 

1893 

2090 

2269 

2391  

2469 

2520 

2537 

2539 

2543 

2545 

PERCENT cum, 
PERCENT 

0.08 6-08 

0- 16 0-24 

0-94 1 - 1 8  

1 -81  2-99 

6 -17  7 -15  

8 13 -99  

7-19 21-18 

9-98 31-16 

11-15 42-9-1 

13-08 53-99 

9-82 65.12 

8-57 74 -31  

1-74 l 2 I l Z  

7-03 89-16 

6-79 93-95 

3-06 97 -01  

2 -06  99.02 

0-67 99-69 

0.08 99-76 

0.16 99-92 

0.08 1 0 0 ~ 0 0  







F R E ?  AND CUnFRfO CHART FOR f 4  C L A S S * S  SfR.8  T E S Z  28D 18:51 

FREQUENCY B A R  CHIRt 

FRE Q  CUM. PERCENT 
FREQ 

CUR. 
PERCENT 

0.14 

0.28 

0.92 

1.97 

3-91 

1-39 

15-73 

24-44 

34 -23  

45-16 

51.11 

66.90 

7q.41 

82-49 

89-50 

94.73 

98-58 

99.45 

99- 95 

1 0 0 ~ 0 0  

FREQUENCY 



Material mtl. tests  value column. no. of Inh 
code col 1.2 obs. P d c A 

-----.-----------------------------------------------------------.----------------------------- 
as. 
asphalt concrete AC asph content M2 68-70 14582 10021 3186 1354 21 
materials gradation 3/8" M2 36-38 16085 11074 3596 1384 3 1 
gradation gradation #8 M2 45-47 16170 111573609 1373 31 
tabuiation gradation lt40 M2 54-56 14399 9875 3286 1207 31 

gradation #200 M2 63-65 15744 10783 3605 1325 3 1 

test t o u l a b / n u r  # mean std mm max 35F0 75% 

az 
AC asph content 14582 p /  10021 5.2.52 l.624 .4 57.1 4.7 5.4 

d / 3 186 5.1.49 .9 65 .2 13.5 4.7 5.4 
c / 1354 5.2.66 .9 90 .7 13.7 4.7 5.6 

gradation 3/8" 16085 p / 11074 64.70 13.40 2 100 6 0 73 
d /  3596 67.80 11.88 21 100 6 3 7 4 
C /  1384 69.19 11.32 26 100 6 3 7 5 

gradation #8 16170 p / 1 1  157 42.41 8.63 1 I29 3 8 4 7 
d /  3609 41.46 9.44 4 122 3 7 4 6 
c /  1373 41.67 9.10 2 110 3 7 4 6 

gradation #40 14399 p /  9875 67.75 132.19 1 996 14 2 3 
d /  3286 44.20 102.78 1 997 15 2 2 
C /  1207 17.74 4.25 2 3 5 15 2 0 

gradation #200 15744 p / 10783 8.5.13 169 20 -1 9 1.6 1.8 5.7 
d /  3605 4338 1t1.96 .1 91.5 3.3 5.8 
c /  1325 4.3.70 q0 80 ,1 149 3.4 5.6 



MPT=aC M A T t R I A L  C A R 0  L A B X P  C O L 6 8 - 7 0  ASPH 13:12 H O H O A V r  MARCH 2 1 8  1'988 1 5  
FREQUENCY BAR C H l l T  

FPEQ CUR. 
F R E O  

893 

9660 

9952 

9997 

l O O l C  

1 0 0 1 4  

1001 b 

l o o t 4  

1 0 0 1 4  

1OOTC 

1001 4 

1 0 0 1 4  

1 0 O t 4  

1 0 0 1 C  

l 0 O l b  

1 0 0 1 5  

10016 

10017 

1 0 0 1 d  

T O O 2 1  

PERCENT CUM. 
P E R C E N T  

8 .9T  

96.48 

99..t 

99.76 

99.93 

99-93 

99.93 

99.93 

99.93 

99.93 

99.93 

99.93 

99.95 

99.93 

99.'93 

99.94 

99.95 

99.96 

99.97 

1OO.CO 



C b l = d C  FATERIAL CARL LAB+D COLbb-70 ASPh 

FRSOUENCI B A R  CnART 

FREO 

* n * a t ~ * w * x ~ L ~ i w r ~ w ~ ~ ~ h n ~ * * ~ ~ ~ w ~ ~ ~ 1 ~ ~ ~ ~ + ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ * ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 ~ ~ w ~ ~ ~ ~ ~ ~ ~  I . .  

I -- - - -+ - - - -+ - - - -+ - - - -+ - - - - - - - * - - - -+ -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - -+ - - - - * -~ - -+  
I C C  2 L 3  5% ban sac a s  709 sco goo ~ c s o  1100 1 2 1 ~ 0  i 3 c c  i 4 c 0  1500  

F R E C U E N C Y  

CUM. 
FRE 0 

2 

Z 

Z 
1s  

86 

588 

208 4 

2 8 1 0  

3 0 4 4  

3101 

31  1 2  

3 1 3 9  

31 53  

5 1  67 

3 1 7 5  

3 1  8 0  

31 8 2  

3182 

3 1  86 

3 1  86 

PERCENT CUM. 
PERCENT 

C .06 

C.06 

0.06 

0.47 

2.70 

16-46  

65-41 

9C.40 

9 5 . 5 4  

97 .35  

97.68 

91 -52  

98.96 

99.40 

99.65 

99-17 

99.87 

99.87 

1OC.OO 

1 O@. 00 



X.. 
.- . 

13:12 HONOAY, MARCH 2 1 ,  t ? a s  50 

CUM. 
PERCENT 

0.07 

0.57 

0.75  

0.75 

1 a77 

18 .46  

58.57 

1 4 - 5 6  

92.61 

9 4 - 4 5  

98 .75  

9 6 - 8 2  

99.19 

99 .34  

99.85 

93-85  

99.85 

99 .93  

9 9 - 9 3  

100.00 





F P T = A C  V P T E R I A L  CARC LLB=D COL36-38 3181N 

FREOUENCT B4R CHART 

cun. 
F R E P  

5 

1 3  

41 

94 

167 

255 

t a b  

383 

554 

881 

1460  

2099 

2720 

31 42 

3350 

3458 

3486 

3 SO6 

3522 

3196 

CUR. 
PERCERT 

0 .14 

0 .36 

1 .14 

2.61 

4.62 

6.54 

7 .95 

f0.65 
15-21  

24.50 

40.60 

51-37 

75:bb 

87.37 

93.1 6 

95.88 

96.94 

97.50 

97.94 

100 .00  
----r---*---*---+---*----t---*---*---+---*---*---*---*---+---*---+---*---+---+---+---+---+- 

3C4 du 9u 1ZG 15'; 18C 210 Z C C  27C 30C 330 360 390 42C 450 480 S I C  S4C 570 60C 630 

FRECUENCY 



i i i  
- . a  

r i  
r r  * a 
C L  

S 
# L C  
L C *  
* a s  
L C *  
* * I  
* * * I  
. . I *  



C l 
* . I  
8 . 9  * * *  
* L *  
* I *  
9 % .  

* a * *  
* C * *  
* * I *  
I * * *  
4 . Z C  
* . w e  
* * 4 *  

* * a *  
* I # *  * . . *  
* . * I  
* I . *  
* C * b  
C C C *  
R X * C  
t e a *  



W P T = a C  M A T E R I A L  C P R C  LA8=0 C O L 4 s - 4 7  I 8  

FREOUENCV B A R  CHART 

PERCENT 

0.30 

t.50 
5.39 

3.82 

16.80 

3 4 . 9 4  

27-74 

t3 .72  

2.05 

0.19 

0.00 

0.03 

0 . 0 3  

0 . 0 3  

0.03 

0.17 

0.11 

0.06 

(1.11 

0 . 0 0  



C P T - P C  f l P t E R I A L  C A R C  L L l = C  COLCS-67 l d  

FREQUENCY B A R  CHART 

P R C Q  

1?:12 MOROATr MARCH Z l r  1918 44  

PERCENT CUM. 
PERCENT 

0.15 

1 .?? 

1 - 5 5  

2.33 

6.77 

19.81 

47.7f 

75.75 
93.30 

97.89 

99.42 

99.49 

99 -19  

99.49 

99.56 

99.66 

99.66 

99.64 

99.78 

io0.00 



I- ' O o ~ ~ ~ ~ n ~ h u e r o n o ~ c o o n  
2 N O O Y ~ m N m u N t - O O O ~ O O O O Q  
UI e a m a . ~  e . . . e  m e e m . . . .  
u O O O O ~ ~ ~ N N N O O O O C , O O O O O  
a .) 



M b T = A C  C P T E Q I A L  CARC L A B = O  C O L S C - 5 0  X 4 O  

FREUUENCV B A R  CH1ST 

I --------*-------,-------+-----*-------+-------+-------+----- 
4 0 3  eCu l i O C  1 6 0 0  2 0 0 0  2 4 0 0  2 8 0 0  

FRECUENCY 

13 :12  HONDAIr  MARCH Z l r  1918 2 9  

PERCENT tun. 
PERCENT 

92 .81  

92.91 

92.97 

93.43 

9 3 . 7 9  

95.22 

96 .84  

9 7 . 6 9  

98 .71  

99 .45  

9 9 - 6 3  

99.63 

99 .63  

99 .63  

99 .67  

99.76 

99 .79  

9 9 - 1 1  

99 .91  

100-00 



c ~ n m o c ~ m w h ~ ~ u m + h ~ a , o o o  
z ~ ~ ~ ~ n n ~ c ~ * o a w e r ~ o o o o  
w m . . . . . . .  m . . . . . . m . . . .  
u O O O O ~ O ~ ~ ~ ~ ~ ~ N ~ O O O O O O  
a 
w 

C I - C C C  

0 



CPT=IC WPTERIAL CARC LAB=P COLDS-05 l2OC 

FREUUENCI B A R  cnAuf 

CUM. 
FREO 

9203 

9778  

9795 

9795 

9918  

9918 

10039 

10039 

10163 

10163 

10214 

10284 

10419 

10419 

10420 

10537 

10537 

10654 

10654 

1 0 7 8 1  

PERCENT CUM. 
PERCENT 

85.35 15.55 

5.33 90.61 

0.16 90.64 

0.00 90.84 

1 91.98 

0.00 91.98 

1.12 93.10 

0.00 93.10 

1.15 94.25 

0 - 0 0  94.25 

1.12 95.37 

0 - 0 0  95-37 

1.25 96.62 

O.OC 96.62 

0.01 96.65 

1.09 97.72 

0.00 97.72 

1 - 0 9  98.80 

0.00 9 8 . ~ 0  

1.26 100.00 



C P T = b C  C d T E R I l L  C l R C  L A B = O  C O L 6 3 - 6 5  #ZOC 

F R E U U E N C T  B A R  C H A R T  

I --------*-------+-------+-----*-------*-------+-------+-------+ 
425 ?UO 1 2 B O  1 t i O  2 0 0 0  2 4 0 0  2800 32GO 

F R E C U E N C Y  

FREC CUM. 
F REQ 

3177 

3460 

3468 

3468 

3482 

3483 

3 5 0 3  

3503 

3 5 20 

3520 

3538 

3538 

3 5 5 0  

3SSG 

3 5 5 2  

3 5 7 1  

3571 

3586 

3 5 86 

3605 

P E R C E N T  CUM. 
P E R C E A T  

88.1 3 

9 5 - 9 8  

9 6 - 2 0  

96.20 

96.59 

96.62 

97.17 

9 7 - 1 1  

97.64 

97.64 

98.T4 

98.14 

98.47 

98.47 

98.53 

99.06 

9 9 - 0 6  

99.47 

99.47 

100.00 



WAT=rc M A T E R I A L  C A R C  L A B = C  ~ 0 ~ 6 3 - 6 s  nzao 
FREQUCNCY BAR CHART 

FREC CUM. 
FREU 

159 

1 9 5  
2 6 2  

4 t 0  

7C 1 

9 t 9  

I f 4 6  

1247 

1291 

13C 8 

f 3 1 5  

131 9 

1321 

1 3 i 3  

1 3 2 3  

1 3 Z S  
1 5 i 3  

1323 

1 3 2 4  

1325 

PERCENT 

M O N D l Y r  MARCH ZTI 1918 4 8  

CUM. 
PERCENT 

t z . 0 0  

T4.72 

f  9.77 

36-72 

52.91 

73.73 

86.49 

94.11 

97.43 

98 -72  

99.25 

99.55 

99.70 

99 -82  

99.85 

99.85 

99.85 

99.85 

99.92 

100.00 



Material mtl .  tests  value column. no. of lab 
code col 1.2 obs. P d c A 

A L  
asphalt concrete AC asph content M2* 45-47 377 1 377 1 0 0 0 
pay factor gradation 3/8" M2* 30-32 4554 4554 0 0 0 
tabulation gndation #8 M2* 36-38 4554 4554 0 0 0 

gradation MO M P  39-41 3860 3860 0 0 0 
gradation 47200 M2* 42-44 4554 4554 0 0 0 

Mat- test t o t a l  # m ~ 5 n  std mm W 750a 75% 

r14. 
AC asph content 3771 p /  3771 5.1 72 .5 64 2.5 10.7 4.8 5.5 

gradation 318" 4554 p / 4554 66.38 7.65 3 6  100 6 1  7 1 
gradation It8 4554 p /  4554 38.65 6.47 1 2  6 2  3 4  4 3  
gradation #40 3860 p /  3860 17.89 4.53 5 4 9  14  2 1 
gradation #200 4554 p /  4554 4,710 1.517 .3 145 3.9 5.6 



Material mil. tests value column. no. of lah 
code col 1.2 obs. P d c A 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

ae 
asphalt concrete FC ash. content M2 68-70 2299 1603 459  227 10 
fr:ction course gradation114 M2 42-44 2240 1514 494 227 5 

gradationb8 MZ 45-47 2231 1513 489 224 5 
gradation %200 M2 63-65 2167 1456 486  220 5 
moisture cont. M 2  76-78 640 481  158 1 0 

tm taral * x q  -~q , ,  

A9. 
FC aspb content 2299 p /  1603 6.0 13 2.808 .5 605  5.5 6.2 

d /  4 5 9  5.6 10 1.230 5 15.6 5.1 6ll 
C /  227 5.4 84 .9 8 1 2.8 1 3.8 5.1 5.8 

gradation 84 2240 p /  1514 41.79 11.23 4 100 3 5 4 8  
d /  4 9 4  41.75 11.63 3 100 36  4 8  
C /  227 43.10 10.33 4 8 8 3 7  4 9  

gradation #8 2231 p /  1513 13.63 8.97 1 9 1 10 1 5  
d /  489  13.05 7.68 1 7 8 I 0  14  
c /  224 13.41 7.54 1 6 4  10  1 5  

grada~ion #ZOO 2167 p /  1456 24.53 1.659 .1 1 2.9 L5 3.1 
d /  486 2.2 41 13  41 .I 8.2 1.4 28 
C /  220 2.2.46 1.5 62 .I 142  1.1 3.0 

moisture cont. 640 p l  481  6.71 64.30 1 9 9 9  1 2 
d /  158 2.24 2.57 I 2 4  1 2 
c / 1 



MIDPOINT 
aspn 

[% 10) 

FREP L C U N F R E Q  CHAQT naT=FC LAI=P COI.68-TO ASPH 

FREIUENCV'  8AR C H A R T  

F REQ 

* 2 2 

f 1 8  

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

1 
.----*----+----+----+----+---+----+---+----+---+----+-----*---+--.- 

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 

FREQUENCY 

CUM. 
FREO 

94 

1556 

1578 

1596 

1599 

1599 

1599 

1599 

1599 

1599 

1599 

I S 9 9  

1599 

1599 

1599 

1599 

1599 

1600 

1602 

1603 

CUM. 
PERCENT 

5-86 

97.07 

98-44 

99. 54 

99.75 

99.7s 

99-75 

99.7s 

99.75 

99. 75 

99.75 

99.75 

99.7s 

99.75 

99.75 

99-15 

99 -71  

99.81 

99.94 

109.00 



FgEp L CUHFREQ CHAPT n L T + F C  LAI- i )  cOL68-70 ASPH 

FRElUENCY SAR CHART 

FREO cum. 
FREO 

3 

4 

4 

a 
4 2 

124 

368 

CERCEHT PERCENT CUM. 

0.65 0.65 

0.22 0.87 

0.00 0.87 

0.87 1 -74  

7 - 4 1  9 -13  

17-86 27.02 

53 -16  80.17 

15.90 96.08 

1 - 5 3  97.60 

0-44 90-04 

0.00 91-04 

0 -22  98-26 

0 -44  98.69 

0.65 99.35 

0.22 99-56 

0.00 99-16 

0100 99-56 

0.22 99-78 

0.22 100.00 

0.00 100.00 
---- +---+--+--+--+--+---+---+---+--+---+--+- 

20 40 6 0  8 0  100  120 14" 160  180  ZOO 220  240 

FREQUENCr 





FAEO t CUMFREP C H I q T  M ~ T T F C  LAB'P COLbt-44 I 4  

FREIUEHCY BAR CHART 

FREP 

:---+---+---+--+---+---+---*----+---+---,---+---+---t--*---c*-+---+ 
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 

FREQUENCY 

cur(. 
FREP 

8 

23 

4 4 

6 1  

98  

219 

4 9 1  

831 

1108 

1302 

1437  

1483 

1495 

1 4 9 7  

1500 

1505 

1505 

1505 

1505 

1514 

PERCENT 

0.5 3 

0-99 

1.39 

1.12 

2 -44  

7.99 

17.97 

22-66 

10.30 

12.81 

1-02 

3.01 

0.79 

0.13 

0.20 

0-33 

0.00 

9.00 

0.00 

0.59 

cum. 
PERCENT 

0.53 

1.52 

2 - 9 1  

4.03 

6-47 

14.46 

32.43 

54.89 

73-11) 

86.00 

94-91 

97.95 

98.75 

98.88 

99-00 

99.41 

99.41 

99.41 

99 -41  

100.00 





M I D P O I N T  
CR A 7  

F R E O  t CUMFREC CHbt T n A T a F C  LAB'C COL42-44 1 4  

F R E ~ U E H C Y  B A R  c u m r  

FREO cum. 
FREO 

1 

1 

1 

3 

3 

1s 

2 6 

72  

1 1 s  

IS9 

190 

211 

217 

220 

223 

223 

223 

226 

226 

227 

PERCENT cum. 
PERCENT 

0.44 

0.44 

0.44 

1-32 

1-32 

6-41 

11-65 

31-72 

50.66 

70.04 

83-70 

92.95 

95.59 

96-92 

98.24 

98-21 

98.24 

99.56 

99-56 

100.00 



FREJ L CURFREQ CHA?f  wLf-FC LAarp cOL4S-47 #I 

FRE?tJENCV BAR CHART 

CUM* 
FREQ 

139 

792 

1311 

1446 

1471 

1473 

1474 

1474 

147s 

1482 

1490 

1501 

1 SO7 

IS08 

1509 

1510 

IS12 

1313 

1513 

1513 

CUM. 
PERCENT 

9-19 

5z-35 

86- bS 

95-57 

97-22 

91-36 

97.42 

97-42 

97.49 

91-91 

98-48 

99-21 

99-60 

99-67 

99-16 

99.80 

99.93 

100.OO 

100.00 

100.00 
.--+---+---+---+---+---+---+--+---+--+--+---C--*--+--+--+--+--+--+---+c-+-- 

30 60 90 1 2 0  150 180 210 2 6 0  2 7 0  300 330 363 390 420  450 480 510 560 570  600 630 

FREQUENCY 





FREQ C CUMFREQ CHA2T M l T = F C  LABxC COLCS-67 

FRE1UENCY BAR C H A R 1  

FREQ cum. 
FREO 

5 5 

28 33 

. -----+----+----+----+---+---+---+--+---+---+----+---+---+---+---+--+- 
5 10 15 LO 25 30 35 40  4s S O  5 5  60  65  70 7 5  00 

FREQU ENCl  

cum. 
PERCENT 

2-23 

14. 73 

50.89 

80036 

92.86 

96.43 

97.32 

97.77 

97-71 

98.21 

98.21 

98.21 

98-21 

98.21 

98-21 

99.11 

99.11 

100.00 

100.00 

100.00 
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FREQ L CUMFREQ C n A t T  M ~ T = F C  L A B ~ P  CnL76-78 nOIS 2:48 MOMOAVr MARCH Z l r  1908 20 
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*******************************#*****O****#******t***********L***********#*********I********* 479 
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0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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L.--+---+---+---*---+---+---+---*--+--+--+---+---,---*---+---+---+--+--+--+---*--*---+--.I+ 

20 40 6 0  80 100 120 140 160 180 200 2 2 0  2 6 0  250 280 300 320 3 5 0  3 6 0  380 400 420 440 460 480 

FREPU ENCf 

CUM. 
FREQ 
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479 
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PERCENT 



MIDPOINT 
n o l s  

FREQ t CUMFREQ C H l ? f  n4T=Ft LAB=o cOL76-79 M o t s  2:48 MONOAfr U&RCH Zlr 1918 41 I 
FRElUENCT BAR CHART 

FREQ 

-----+----+---+---+---+----+----+----+----+---+----+----+---+-- 
lo 20 30 40 so LO T O  so 90  too 110 120 130 

FREQU ENCl 

CUM. 
FREQ 

135 

147 

152 

156 

157 

157 

If7 

157 

157 

158  

PERCENT CUM. 
PERCENT 

85.44 

93.04 

96.20 

90.73 

99.37 

99.37 

99.37 

99.37 

99.37 

100.00 


